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DEPARTMENT OF LAND RESOURCE SCIENCE

We Have Changed Our Name !!

As of July 1, 1971 the name of the Department of Soil Science will 

be the Department of Land Resource Science.

This change has been made to more adequately reflect the scope of 

the programs in the department which now include teaching and research in 

Geology and Agrometeorology as well as in Soil Science. While we will con

tinue with the programs of the past, we will be increasing our emphasis on 

multidisciplinary approaches to the use of our land resources and the effects 

of land use practices on the quality of the environment.

We look forward to continued association with our many present

friends as well as to developing new associations within our broader programs.





FORWORD

The 1970/71 year has been one of self evaluation for the Depart
ment of Soil Science. As a part of the study of the role and objectives 
of the O.A.C., we re-affirmed the role of the department as set down in 
our academic brief prepared in 1969.

While acknowledging the continuing need for teaching and 
research programmes to assist in the solution of problems in agricultural 
production, we recognize a growing responsibility for programmes with a 
broader view of the use of our land resources. The rapid urban and 
industrial expansion in Ontario has not only resulted in the loss of prime 
agricultural land, it has also created many land use problems. These 
problems will receive increasing emphasis within the teaching, research 
and advisory programs of the department.

We also re-affirmed the desirability of retaining the multi
disciplinary nature of the department to permit more effective approaches 
to the problems. Hence, the department will continue to have the three 
sections; Agrometeorology, Geology and Soil Science. However, to reflect 
more adequately our broader programmes we recommended that the name of 
the department be changed to the Department of Land Resource Science.
This name became effective on July 1, 1971•

This report, edited by Dr. T.E. Bates, outlines the various 
departmental programmes for the 1970/71 year. A significant development 
in our teaching programme was the establishment of the Honours Earth 
Science major within the B.Sc. programme. This major will provide students 
with an opportunity to obtain a thorough understanding of the earth's 
surface. Graduates of this programme should find employment in many areas 
related to land use and environmental quality.

The only change in our full-time faculty during 1970/71 was 
brought about by the resignation of Dr. Sally Wentworth. Dr. Protz was 
on leave from January 1st. to July 31st., 1971 while he was associated 
with a land use planning project in Malaysia. We were pleased to have 
two post doctoral fellows - Dr. H.F. Wilkinson and Dr. W.R. Watts 
associated with our programmes during the year.

All members of the department were saddened by the untimely pas
sing of Mrs. Olive McGill in the fall of 1970. Olive joined the steno
graphic staff of the department in 1950 and was secretary to the Chair
man for over 15 years. With her indomitable good spirits and devotion, 
she contributed much to the success of the department during these years.

As in past years, we have enjoyed our association with many 
individuals and organizations such as the Ontario Department of Agricul
ture and Food, Canada Department of Agriculture, Ontario Department of 
Municipal Affairs, Department of Lands and Forests, Ontario Department of 
Health, Ontario Water Resources Commission, as well as several other 
Departments of the Ontario Agricultural College, the Ontario Soil and 
Crop Improvement Association, and the Advisory Fertilizer Board for 
Ontario. In particular, the provision, without charge, of land and 
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facilities by a large number of interested farmers greatly assisted our 
programme.

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

Ontario Department of Agriculture and Food
Canada Department of Forestry and Rural Development 

(through A.R.D.A.)
National Research Council
Canada Department of Agriculture
Meteorological Branch, Canada Department of Transport 
Department of Energy, Mines and Resources 
Cyanamid of Canada Limited

M.H. Miller
Chai rman, 
Department of Soil Science

June, 1971.
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FACULTY AND THEIR INTERESTS

M.H. MILLER, B.S.A. (Toronto), M.S., Ph.D. (Purdue), Professor and Chair
man of the Department. Soil Fertility and Plant Nutrition.

AGROMETEOROLOGY

W.M. BLACKLOW, B.Agr. Sc. (Melbourne), M.S. (Cornell), Ph.D. (Oregon State) 
Assistant Professor. Environmental physiology.

D.M, BROWN, B.S.A., M.S.A. (Toronto), Ph.D. (Iowa State) Associate Profes
sor. Climate related to land use planning, crop zonation, 
climatological reference stations, relationships of crop 
growth and development to climate and weather, teaching 
c1i ma tology.

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, teaching meteorology.

K.M. KING, B.S.A. (Toronto) M.S., Ph.D. (Wisconsin) Professor. Director 
I.B.P. Guelph Project. Evapotranspiration and photo
synthesis 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 
canop i es.

SOIL SCIENCE

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

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

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

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

T.J. HEEG, B.S.A., M.S.A. (Toronto) Associate Professor. In charge of 
provincial soil testing laboratory, soil management, 
teach i ng.

D.W. HOFFMAN, B.S.A., M.S.A. (Toronto) Associate Professor. Soil calssi- 
fication and land use. The study of soil properties and 
the relationship to various land uses, soil classification 
sys terns, A.R.D.A J

Agricultural and Rural Development Act1



4

B.D. KAY, B.S.A. , M.Sc. (Guelph), Ph.D. (Purdue) Assistant Professor. 
Physico-chemical reactions in soils, includes frost 
heaving and mobility of water and plant nutrients at 
mineral surface, soil physical chemistry.

J.W. KETCHESON, B.S.A. (Toronto) M.S., Ph.D. (Illinois) Associate Professor. 
Soil management for better tilth, tillage related to fert
ilizer use, run-off and erosion studies, manure and crop 
res i dues.

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

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 miner- 
a1ogy.

R. PROTZ, B.S.A,, M.Sc. (Saskatchewan), Ph.D. (Iowa State) Associate 
Professor (on leave of absense on Cl DA sponsered planning 
study in Malaysia, Jan. 15 - July 1, 1971)• Soil genesis 
and classification, soil variability, soil clay mineralogy, 
mapping techniques and soil landform relationships.

N.R. RICHARDS, B.S.A. (Toronto), M.S. (Michigan State), D.Sc. (Laval) 
Professor. Dean of Agriculture.

L.A. RUDGERS, B.S. (Cornell), M.S. (Michigan State), Ph.D. (Kansas) 
Assistant Professor (temporary appointment Dec. 1970 - 
June 1971) teaching.

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

D.E. SMILES, B.Sc. (Agr.), Ph.D. (Sydney) Visiting Professor from the 
University of Sydney, Jan. 11 - May 14, 1971- Soil 
phys i cs.

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

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

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

A.L. WILLIS, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin) Associate Professor. 
Organic soils, teaching introductory soils.

GEOLOGY

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) Assistant Professor. Palaeoecology, 
palaentology, stratigraphy and tectonics, teaching geology.

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

1 Canadian International Development Agency
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I.P. MARTINI, Doct, Geol. Sci . (Florence), Ph.D. (McMaster) Assistant 
Professor. Sediments and sedimentary rocks, sedimentology, 
glacial and pleistocene geology, teaching general geology.

SALLY A. WENTWORTH, B.S. (Alfred), Ph.D. (Pennsylvania State) Assistant 
Professor. Resigned April 30, 1971•

CO-OPERATING PERSONNEL LOCATED IN SOIL SCIENCE BUILDING

Ontario Department 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)

Canada Department of Agriculture

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

J.E. GILLESPIE, B.S.A., M.S.A. (Toronto) Pedologist, Soil Survey.
E.W. PRESANT, B.S.A. (Toronto), M.Sc. (Carleton) Pedologist, Soil Survey.
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EXTENSION
THE PROGRAM

T.H. Lane

The public, both farm and urban, continually seek answers to a 
variety of problems as Agriculture and the food chain become more complex 
and competitive in their operations.

Our extension program attempts to interpret our research informa
tion for the benefit of both the agricultural industry and the urban commun
ity and to place this information in perspective with respect to the envir
onment.

Activities included:

(a) Rural Assessors Training Session on land use classification.
(b) A Conservation Authorities Workshop on land use classification.
(c) Soil and Crop Improvement Association sponsored meetings in Brant, 

Wellington, Kenora, Halton, Peel, Bruce, Peterborough and Toronto.
(d) Research station tours for 4-H clubs from Northumberland, Oxford 

and Chatham, the Soils and Crops Branch of O.D.A.F., Plant Food 
Council of Ontario, University of Newcastle (England) Agricultural 
Society, N. Simcoe Soil and Crop Improvement Association, Kitchener 
Chamber of Commerce.

(e) 15 group tours of the Provincial Soil Testing Laboratory.
(f) Updating sessions with Livestock Specialists, Soils and Crop 

Specialists, Fruit and Vegetable Specialists of the Ontario 
Department of Agriculture and Food.

(g) Special courses such as a Turfgrass Managers Course, Crownvetch 
Symposium, Nitrogen Symposium, Resource Management Seminar for 
Foresters.

(h) Participation in Elora Research Station field days, University 
sponsored winter farmer meetings - "Changing Concepts in Agricul
ture", Bankers' School, 4-H Leadership Conference, Ontario Tax 
Assessment Committee meetings, Provincial meteorology courses for 
Centralia and Ridgetown Colleges of Agricultural Technology, 
Subgroup 9 of Canada-United States Working Group on Great Lakes 
Pollution, Advisory Fertilizer Board of Ontario, Junior Farmers 
Soil and Land Use Tour, C.I.L. Fertilizer School, United Co-op
eratives Feed School, Purina Feed School, Good Roads Association 
Conference, Conference of City Engineers Association, Drainage 
Engineers Conference, Resource Managers Training Course, Public 
Health Inspectors Course, Ridgetown College Farmer's Week.

(i) Consultations with Air Management Branch, Animal Waste Committee, 
O.D.A.F. Pesticide Committee, Ontario Corn Committee, Committee 
on Agricultural Climatology, Canadian Canners.

(j) Speaking at service clubs in Scotland, Dryden, Woodstock, Brant
ford , Fergus.

(k) Sessions with High Schools and Colleges at Orangeville, Conestoga, 
Erin, Guelph and with Georgraphy specialists at Guelph.

(1) Contributions to the Ontario Agricultural Weather Service, Frost 
Protection bulletin, provision of climatic probability data for
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CAN FARM farm management system.
(m) Over 500 requests for climatic information were answered in 

addition to daily reports to radio stations, newspapers and home 
heating suppliers (see additional comments under Weather and 
Climatic Info rma t i on).

(n) Numerous consultations by letter and telephone.

Extension publications provided by the department are listed on 
pages 106 to 109.

ONTARIO SOIL TESTING SERVICE
T.J. Heeg^

The soil testing year for 1970 crops is taken as July 1, 1969 to 
June 30, 1970. During this twelve month period 43,388 samples were analyzed 
for 14,355 Ontario farmers. The average number of samples submitted per 
farm was slightly over 3-

Table 1 lists some of the pertinent data for each county and dis
trict in the province. Norfolk county heads the list for samples submitted. 
890 Norfolk farmers sent 5,070 samples to the laboratory. Other leading 
counties in this respect are, Wellington - 527 farmers and 3390 samples; 
Oxford - 526 farmers and 3254 samples; York - 480 farmers and 3169 samples; 
Ontario county - 490 farmers and 3151 samples; Simcoe S. - 488 farmers and 
3025 samples.

Southern counties with relatively high phosphorus averages are 
Norfolk with 49, Essex 40, Dufferin 48, Waterloo 39, and York 36 (Figure 1). 
Low average phosphorus values are noted in Grey, Bruce, Wellington, Huron, 
Perth, Ontario, Victoria, Peterborough, Russell, Prescott, Dundas, Stormont, 
Glengarry, Hastings, Lennox-Addington, Frontenac, Leeds, Lanark, Haldimand 
and We 11 and.

Lowest potassium averages in Southern Ontario are in the counties 
of York, Ontario, Durham, Victoria, Peterborough, Northumberland, Dundas, 
Stormont, Russell, Grenville, Grey, Wellington, Waterloo, Oxford and Simcoe 
S. (Fi gure 2).

In South Western Ontario the only county with a relatively low 
magnesium average is Norfolk but in Central Ontario the counties of Ontario, 
Durham, Victoria, Peterborough and Northumberland are low in this element 
(Figure 3)-

The most acid soils in Southern Ontario are in the Niagara Penin
sula counties of Welland, Lincoln and Haldimand. Essex county also has a 
relatively low average. In Eastern Ontario low average pH values are found 
for the counties of Prescott, Leeds, Frontenac and Renfrew. All the north
ern district averages are more .acid than those of the south (Figure 4).

In co-operation with the Ontario Department of Agriculture and Food1
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TABLE 1 1969-1970 Soil Test Summary

County or Di strict. No. Samples . No. Farmers

Algoma 534 140
Brant 1771 314
Bruce 2097 418
Carleton 727 224
Cochrane 259 102
Dufferin 1039 261
Dundas 531 145
Durham 830 161
Elgin 1796 259
Essex 1867 522
Frontenac 396 104
Glenga rry 66^ 166
Grenvi1 Ie 318 73
Grey 1473 321
Haldimand 1295 236
Halton 755 154
Hastings 796 171
Huron 2696 513
Kenora 144 45
Kent 2720 597
Lambton 1411 303
Lanark 579 168
Leeds 420 166
Lennox-Addington 357 69
Lincoln 552 136
Man i touli n 525 168
Middlesex 2030 342
Muskoka 102 37
N i pi ss i ng 544 136
Norfolk 5070 890
Northumberland 1432 225
Ontario 3151 490
Oxford 3254 526
Parry Sound 394 128
Peel 650 115
Perth 1564 338
Peterborough 1028 207
Prescott 2336 439
Prince Edward 845 146
Rainy River 1094 259
Renfrew 1192 361
Russel 1 1485 279
Simcoe N. 2026 349
S i mcoe S, 3025 488
Stormont 766 143
Sudbury 511 111
Temi skami ng 2191 426
Thunder Bay 522 146
V i ctori a-Hali burton 1179 257
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Table 1 continued

County or District No. Samples No. Farmers

Wate rloo 1281 209
Welland 761 137
Wellington 3390 527
Wentworth 1090 228
York 3169 480

Province of Ontario 45388 1 4355

Average per farm 3.16

TABLE 2 Comparison of Average Soil Test Values for the Province of Ontario 
for the Years 1964-65 Through to 1969“70

Soi1 Test Year Phosphorus 1 Potassium2 pH
ppm P ppm K

1964-65 

1965-66

1966-67 

1967-68 

1968-69 

1969-70

120 6.9

128 7.0

No Summary Available

147 6.7

115 6.9

32 128 6.8

In 1969-70 soil phosphorus was measured by the Olsen M/2 sodium bicarbonate 
method. In previous years phosphorus was determined by a modified Bray 
technique using 0.1 N HC1 and 0.5 N NH4F as an extracting solution. Aver
age results from these years cannot be compared with those of the Olsen 
procedure and are therefore omitted from the table.

All soil test values including potassium were reported for the first time 
in I969-70 as the element in parts per million (ppm) instead of pounds per 
acre of the oxide. Potassium results for the years 1964-65 to 1968-69 have 
been recalculated to the new method of expression in the above table so 
that results from the years shown are comparable.



FIGURE 1 Average Bicarbonate Extractable Phosphorus in Southern Ontario 
Counties in 1970, ppm-P

o



FIGURE 2 Average Exchangeable Soil Potassium Levels in Southern Ontario 
Counties in 197O> ppm-K



FIGURE 3 Average Exchangeable Soil Magnesium Levels in Southern Ontario 
Counties in 1970, ppm-Mg



FIGURE 4 Average Soil pH in Southern Ontario Counties in 1970
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WEATHER AND CLIMATIC INFORMATION

D. M. B rown

The weather observation program at Guelph and Elora continues in 
cooperation with the Canadian Meteorological Service. Observation of 
evaporation, solar radiation, soil temperatures, and winds began at Elora in 
1969 and after an overlap of a year these observations were terminated at 
Guelph in December, 1970.

The records collected were made use of in the following manner.

(I) Summaries of all weather records for both sites were submitted 
to the Canadian Meteorological Service for publication. Weekly summaries 
of Elora records and monthly summaries of Guelph records were prepared and 
distributed locally.

(2) The growing season weather records for several sites in the 
province were summarized for the Annual Grain Crops, Forage, and Soils 
Progress reports.

(3) Assistance was provided to the Agricultural Weather Forecast
ing Service and climatic information was provided to extension specialists,

(4) Current climatic information was reported daily to local 
radio stations, newspapers, and home heating suppliers,

(5) There were over 500 requests for special climatic informa
tion during the past year.

(6) With the assistance of the Institute of Computer Science a 
computer program was written to summarize the daily records onto the several 
forms for the Canadian Meteorological Service and for local distribution.

THE WEATHER IN 1970

D.M. B rown

Guelph

The temperature pattern at Guelph throughout the year is illustrated 
in Figure 5. Temperatures averaged much below normal for the first 3i months. 
Only one day in that period had a temperature above the 1 in 10 probability 
level. A warm air mass arrived in late April and daytime temperatures 
reached the 701s for six days in a row, all above the I in 10 level. In 
May and June, the typical pattern of cold weather arriving with each cold 
front (6 in May and 4 in June), followed by gradual warming for a few days 
was the trend and temperatures averaged near normal both months. The high
est temperature of the year (87°F) occurred on June 11th.

During the summer temperatures averaged near normal to slightly 
below. There were no highs above the 1 in 10 probability level from mid-



FIGURE 5 Air Temperatures at Guelph During 1970 Compared with Normals and 
Extremes
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June to mid-September, but minima below this level were common.

Dull, wet weather prevailed through the fall and early winter. 
Temperatures averaged slightly above normal through November, but cloudy 
weather resulted in high minima and narrow daily ranges of temperature. 
Sunshine hours were much below normal during this period. A record high of 
59°F was set on the first day of December and minima were below -10°F on the 
last two days.

Precipitation at Guelph (Figure 6) fell below normal in early 
January and remained below or near normal until the end of May. Dry weather 
prevailed during the latter part of May and early June. Then, adequate 
precipitation occurred for most of the summer except for three short dry 
periods in late July, and early and late August. As indicated above, the 
fall was wet and in spite of the deficit early in the year resulted in the 
actual accumulated precipitation exceeding the normal in early December. 
The year ended 1.3" higher than the long-time average.

Degree-days at Guelph (Figure 7) were near normal in mid-April, 
but the warm spell during the last five days doubled the accumulated total 
by the end of the month, which was over twice the normal total and this 
difference remained fairly constant throughout the remainder of the grow
ing season. Total degree-days for the season were 183 above the long-time 
average, compared to 123 above the 1969 and 97 above the 1968, the first 
above normal years since 1959* Other 1970 totals and means and their 
departures from normal are summarized in Table 31. The first frost in the 
fall occurred on the mean date (September 29) for the second year in a row.

Ontario

Monthly temperature and precipitation records for the 1970 growing 
season at several sites across Ontario are summarized in Tables if, 5, 6 and 
7. Warm weather in late April and early May in Southern Ontario got the 
season started well, except for some delay in seeding due to excess rain
fall in the southwest. Cool, wet conditions delayed seeding operations in 
Northern Ontario, as temperatures averaged much below normal and precipi
tation was nearly twice the long-time average in May.

Summer temperatures averaged below normal in the southwest, near 
normal in the rest of Southern Ontario, and much above normal in the north. 
As a result, crops matured very early in the Clay Belt and Lakehead regions 
and were harvested about two weeks earlier than in recent years.

Summer rainfall accumulation was close to average in most parts 
of the province, except for Eastern and Northwestern Ontario. June was 
particularly dry in Eastern Ontario and all three summer months were dry in North 
western Ontario. As a result spring grain yields were quite low in these 
two regions. Manitoulin Island was excessively wet in July and again in 
Septembe r.

Fall weather was dull and wet in most regions. The overcast, 
conditions kept daytime temperatures near normal and nighttime minima 2 to 
5°F above normal. Precipitation was above average in all regions except 
the southwest and the northern clay belts.
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FIGURE 6 Precipitation at Guelph for 1970 Compared with Normal

FIGURE 7 Accumulated Degree-days at Guelph for 1970 Compared with the 
70-year Average
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TABLE 3. Summary of 1970 Weather at Guelph

1970 Normal Departure 
from Normal

Mean Maximum Temperature (°F) 52.7 53.1 -0.4
Mean Minimum Temperature (°F) 34.2 35.2 -1.0
Mean Annual Temperature (°F) 43.5 44.2 -0.7

Total Degree Days Below 65°F 8130 7808 +322
Total Degree Days Above 42°F 3543 3360 +183
Corn Heat Units between May 11

and First Killing Frost 2869 2650 +219

Total Rainfall (inches) 27.3 27.1 +0.2
Total Snowfall (inches) 59.5 57.5 +2.0
Total Water Equivalent of Snowfall 6.8
Total Precipitation (inches) 34.1 32.8 + 1.3

Total Bright Sun (hours) 2023 1940 +83

Miscellaneous Guelph Data

Temperatures: Highest for year 87° June 11
Lowest for year -19° January 24
Last Frost in Spring 25⁰, May 7
First Frost in Autumn 31°, September 29

Precipitation: Greatest Rainfall in a day 1.32", July 9
Greatest Snowfall in a day 4.4", December 11
Longest period with measurable 

precipitation each day 18 days, Jan. 16-Feb. 2
Longest period without 

measurable precipitation each 
day 11 days, June 3-13

Last measurable snowfall in
spring 0.2", April 4

First measurable snowfall In 
autumn 2.0", November 14

Number of Days With:
J F M A M J J A S O N D

Freezing rain 2 1 2 2 0 0 0 0 0 0 1 2 10 days
Hail 0 0 0 1 0 0 0 0 0 2 0 0 3 days
Thunderstorms 0 0 0 3 5 2 4 6 4 1 0 1 26 days
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TABLE A. Average Daily Maximum and Minimum Temperatures (°F) For 
the 1970 Growing Season

Station Apri 1 May June July Aug. Sept. Oct.

Harrow Max. 56.2 68.8 76.3 79.5 80. 1 73.4 62.0
Min. 38.0 50.7 58.3 62.8 61.6 56.7 45.7

Ridgetown Max. 55.4 68.1 76.2 79.1 80.6 72.3 61 .5
Min. 37.7 49.6 57.3 62.9 61 .0 55.6 48.0

London Max. 55.0 66.7 75.1 79.0 80.7 70.6 60.0
Min. 34.5 45.3 51.5 59.5 55.2 50.1 43.5

Guelph Max. 53.6 64.9 73.9 78.0 77.7 68.1 58.1
Min. 33.4 44.2 52.1 57.8 54.7 49.4 42.7

Elora Max. 51 .9 64.4 73.0 77.4 77.5 69.0 57.1
Min. 32.3 43.6 52.0 57.5 54.5 49.7 42.3

Smithfield Max. 54.8 64.8 73.7 77.6 79.2 69.5 58.6
Min. 33.2 43.8 51 .9 59.0 57.3 51.6 43.8

Kemptville Max. 52.8 64.7 75.6 79.5 77.2 67.3 58.8
Min. 32.9 45.5 53.1 58.5 56.2 50.1 41.0

Ottawa Max. 51 4 64.2 75.2 79.8 79.1 67.0 58.2
Min. 32.8 44.6 53.7 60.2 58.2 50.6 42.3

New Liskeard Max. 46.1 58.9 7.15 77.3 76.6 63.5 55.7
Min. 27.5 35.1 42.7 48.3 54. 4 45.3 39.5

Kapuskasing Max. 42.4 52.2 70.0 76.1 72.6 59.9 54.6
Min. 22.7 33.3 44.4 52.9 51.1 43.3 37.8

Gore Bay (A) Max. 47.5 56.3 70.1 73.9 74.7 64.1 56.6
Min. 29.5 40.9 50.3 59.2 57.8 51.3 43.0

Fort Frances Max. 44.5 56.0 75.8 81.5 77.8 66.2 51.7
Min. 27.7 37.9 53.7 57.9 51 .5 45.4 36.4

Thunder Bay Max. 45.8 53.9 70.8 79.2 77.8 64.3 53.0
Min. 25.5 34.8 44.9 53.6 50.9 42.2 33.5
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TABLE 5. Departure of 1970 Growing Season Temperature (°F) from Normal

Station Apri 1 May June July Aug. Sept. Oct.

Harrow Max. + 1.1 + 1.7 -1.7 -2,8 -0.6 +0.1 +0.2
Min. + 1.3 +3.0 -0.3 -0.3 -0.3 +2.4 + 1.9

Ridgetown Max. +1.8 +2.8 -1.0 -3.2 +0.2 -0.3 +0.6
Min. + 1.5 +3.2 +0.5 + 1.4 +0.8 + 1.7 +4.1

London Max. +2.3 + 1.7 -0.4 -1.5 + 1.8 -0.1 + 1.0
Min. +0.4 + 1.2 -2.7 +0.8 -2.4 -0.2 +3.4

Guelph Max. +2.3 + 1.0 -0.4 -1.3 0.0 1.7 +0.2
Min. +0.1 +0.6 -1.2 +0.4 -1.3 +0.3 +3-4

Smithfield Max. +3.3 + 1.4 +0.3 -1.1 +1.4 + 1.0 + 1.5
Min. +0.7 +1.0 -1.3 +0.9 +0.3 +2.9 +5.9

Kemptville Max. +0.5 -1.8 -0.8 -1.9 -1.9 -2.6 + 1.4
Min. +0.1 + 1.7 -0.5 +0.6 +0.7 +2.3 +4.0

Ottawa Max. + 1.1 -1.2 +0.2 -0.1 +0.9 -1.3 +2.3
Min. +0.4 +0.9 +0.2 +2.3 +2.6 +2.5 +4.8

New Liskeard Max. -1.2 -3.7 -1.5 -0.2 +1.3 -1.6 +1.7
Min. +3.2 -1.2 -5.3 -4.9 +3.8 +2.1 +5.2

Kapuskasing Max. -0.3 -5.3 +0.7 + 1.9 +1.1 -0.6 +6.5
Min. +0.6 -1.7 -2.2 +0.9 +0.8 +0.9 +4.8

Gore Bay (A) Max. +0.5 -3.5 +0.2 -1.9 +0.1 -0.5 +2.7
Min. -0.3 -0.1 -1.0 + 1 .2 0.0 +0.9 +2.5

Fort Frances Max. -4.5 -7.0 +3.6 +3.2 +2.8 +1.8 -1.5
Min. -0.7 -2.7 +3.0 + 1,6 -2.5 +0.9 + 1.6

Thunder Bay Max. +0. 1 -4.7 +2.3 +4.0 +4.7 + 1.3 + 1.0
Min. -0.4 -1.5 -1.2 +1.8 0.0 -0.4 +0.3
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TABLE 6. Monthly Total Precipitation for 1970 Growing Season

Station April May June July Aug. Sept. Oct.

inches

Harrow 4.0 2.9 3.3 4.9 0.8 1.9 2.2
Ridgetown 3.7 1.8 3.7 3.8 0.8 2.7 2.3
London 3.4 2.5 2.7 4.3 2.8 3.0 4.3
Guelph 3.2 2.0 2.6 4.5 3.1 4.9 3.2
Elora 2.7 3.5 1.9 3.9 2.2 5.7 3.4
Smithfield 2.9 2.9 3.1 3.8 0.8 2.6 5.3
Kemptville 2.9 3.1 0.8 4.7 4.7 3.7 2.7
Ottawa 1.9 2.5 1.0 4.2 1.9 4.1 3.2
New Liskcard 1.5 4.5 4.3 4.1 1.3 2.2 1.7
Kapuskasing 1.2 3.3 2.7 2.7 3.7 3.5 1.6
Gore Bay 2.4 4.8 2.7 7.7 1.7 8.3 2.9
Fort Frances 2.4 5.0 1.7 1.2 2.5 2.7 4.9
Thunder Bay 4.2 5.7 1.9 3.7 1.6 3.4 6.6

TABLE 7. Departure of 1970 Growing Season Precipitation from Normal

Station April May June July Aug. Sept. Oct.

i nches

Harrow + 1.3 +0.2 +0.2 +2.4 -1.8 -0.4 0.0
Ridgetcwn +0.6 -1.2 +0.9 + 1 .0 -1 .8 +0.2 -0.4
London +0.2 -0.5 -0.4 +0.8 0.0 -0.4 + 1.4
Guelph +0.5 -1 .2 -0.4 + 1 .3 +0.1 +2.0 +0.6
Smithfield -0.9 -0.5 +0.7 + 1 .2 -2.4 -0.4 +2.1
Kemptville +0.2 +0.2 -1 .8 + 1 .9 + 1.8 +0.7 +0.1
Ottawa -0.8 -0.3 -2.1 + 1 .0 -1.4 +0.9 +0.6
New Liskeard 0.0 +2.2 + 1.1 +0.6 -2.1 -1.5 -0.9
Kapuskasing -0.5 +0.8 -0.2 -0.4 +0.6 +0.4 -0.8
Gore Bay -0.2 +2.3 -0. 1 +5.5 -0.6 +4.8 -0.2
Fort Frances +0.4 +2.3 -2.4 -2.6 -1.4 -0.6 +3.0
Thunder Bay +2.2 +2.9 -1.3 +0.7 -1.8 +0.2 +4.1
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AGROMETEOROLOGY

CLIMATE AND CROP PRODUCTION

D.M. Brown

Four phases of this project were under study in 1970 - two concerned 
with grain crops, one with the haying season and the other on winter-kill 
of alfalfa.

A. One phase of the project concerned with grain crops was the der
ivation of a model for estimating the probability of planting (cultivation 
and/or seeding) days in spring.

The model derived estimates of:

(1) dates of soil thawing from temperature and snow cover records;
(2) energy available for evaporation of water from the surface 

of a fallow loam soil at field capacity from net radiation, 
solar radiation, or sunshine records;

(3) planting days from the above estimates and precipitation 
records.

The model proved satisfactory when tested by comparing estimated 
dates with planting records from the small Grain program at Guelph and from 
a farm in Kent county.

Application of the model to climatic records for the past 50 years 
provided the probability of planting days at six sites in Ontario from Harrow 
to Kapuskasing.

The probability of the soil being dry enough for cultivation or 
seeding on any given day increases from just under 5 percent in late March 
to around 60 to 65% to early May in Southwestern Ontario (Harrow). It 
decreases slightly in mid-May and then increases to 65 to 70% by early June. 
Other sites in Southern Ontario from Guelph east proved to be about 3 days 
to a week later than the southwest in reaching the same probability level 
in April. However, by the end of April the probability for all sites in 
Southern Ontario is around 50 percent and follows a similar pattern in 
May and June.

Apparently it can be expected that land preparation in the 
Northern Clay Belt will be 3 to 4 weeks later, on the average, than in 
Southern Ontario.

B, The second phase of the grain crops project is concerned with 
kernel moisture loss from grain corn in the fall when standing in the field 
and the derivation of relationships between kernel drying rate and 
weather conditions.

Drying rates were very low in the fall of 1970, and kernel moisture 
decreased only 15 to 17 percent from mid-September to mid-October, averag
ing only 0.5% per day. There were very few good drying days and as a 
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result it was not possible to derive any relationships between daily 
values of kernel moisture loss and weather factors. There was an indica
tion that it may take one to two days following heavy rainfall to dry out 
the plants and soil before kernel moisture decreases significantly.

C. The phase of this project concerned with the haying season was 
started as a result of requests for information on the probability of occur
rence of periods long enough for handling forages for winter feed with 
equipment and storage facilities requiring 2, 3, and 4-day dry spells.

Climatic data for June and early July collected over the past 50 
years at 2 sites, Ottawa in the east and Harrow in the southwest, were 
analyzed for consecutive dry days.

It was concluded that the probability of a 2-day dry-spell occur
ring in this period is between 55 and 60 percent and for each additional 
day, up to 4 dry days, it decreases about 10% per day, to 45 to 50% for 3 
days and 35%-4O% for 4 days.

D. A phase of this project was cooperation in a study on the effect 
of snow cover and fall aftermath on the winter survival of alfalfa. Soil 
temperatures were measured at 3 depths, 2, 10 and 50 cms. to determine the 
extremes that occurred with and without snow cover and for comparison with 
standard soil and air temperatures recorded at a weather station.

Where there was no snow cover, soil temperatures at 2 cm. dropped 
to 12°F during a cold spell in late January, when air temperatures at 5 
feet dropped to - below zero; and the soil was frozen at least to a depth 
of 50 cm. for several days in February. Snow cover prevented frost from 
penetrating below the 10 cm. depth.

MICROMETEOROLOGY AND PHOTOSYNTHESIS

K.M. King, T.J. Gillespie and G.W. Thurtell

Experiments on turbulent transport processes were conducted in 
and above a corn crop canopy and within a red pine forest stand. Fast 
response temperature sensors were distributed within the stands to deter
mine the influence of the vegetative structure on the homogeneity of the 
turbulent field. Within the canopies it seems that isotropy exists at the 
higher frequencies (approaching 10 Hz). At low frequencies major differ
ences in the turbulent structure function were apparent only when the 
sensors were separated beyond the row width. Development of suitable hot- 
film sensors for in-canopy wind measurements will permit determination of 
the fluxes of heat and momentum. Two different sensor arrangements were 
tested and it appears that one configuration has sufficient accuracy and 
stability. Measurement of shearing stress by placement above the canopy 
was satisfactory and it is expected that measurements of the spatial var
iation in flux density within the canopy will be possible during 1971. 
These data will provide pertinent information on the effect of vegetative 
structure on its own microenvironment.

A new design of four-termina1 thermocouple hygrometer was devel
oped to provide in situ measurement of water potentials and considerable 
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progress was made towards accurate measurements without the need for precise 
temperature control. Overcoming slow equilibrium of reading when the sen
sor is placed on an intact leaf still is a significant problem.

One of the problems in determination of net photosynthesis by 
meteorological approaches is accurate measurement of the difference in con
centration between two heights above a surface. Measurements of the grad
ients of CO2 concentration were made over the corn crop at the Elora Research 
Station during the June to August period and for a few days in September 
over native grassland at Matador in Saskatchewan. Calculations of the CO2 
flux to and from these surfaces have not been completed but it has been 
concluded that differences in concentration between levels may be determined 
to an accuracy of 0.02 ppm. In some of the daytime periods studied, this 
error may be as large as 10% of the difference between levels. Another 
potential source of error which we have overcome arises from uncertainty 
in the true concentration of calibrating gases for analysers. Precision 
mixing pumps were used to provide concentrations constant to 1 ppm CO2.

The respiration rate for corn leaves at night was dependent on 
both their temperature and the previous day’s photosynthesis. Calculations 
of the respiration of a complete canopy, based on measured microclimate 
and the predicted respiration agreed within 5% with the direct measurements 
of respiration obtained with a plastic tent over the crop. In conjunction 
with this study it was found that the turbulent diffusivity for CO2 within 
the canopy did not fit the exponential decay equation used in some math
ematical models.

CROP MODELLING

W.M. Blacklow arid T.J. Gillespie

Progress was made in modelling of plant response and the micro
environment of plants in the field particularly for the early season when 
cool temperatures may retard growth. Classical heat flow theory was used 
to provide a mathematical model which on testing was found suitable for 
1°C accuracy below soil depths of 5 cm. Work is still in progress on a 
technique which combines theory, some measurement, and some approximations 
to provide a suitable predictor for the 0 to 5 cm soil layer.

Mathematical models are being developed to predict the emergence 
(PREM) and leaf area expansion (LAREXj of corn. Equations that describe 
imbibition of water by the seed, radicle and shoot extension to emergence, 
and leaf area expansion have been established for a range of constant 
temperatures. It has been found that each of these processes can be describ
ed for changing temperatures by merely altering the rate constants in the 
derived equations. Although the development of PREM and LAREX have been 
mainly empirical the physiology of the individual processes of the systems 
involved are also being studied. Thus, the processes of carbon assimil
ation and the partitioning of photosynthate in growth and development were 
studied in the field and in controlled environments. In the field, the 
maximum efficiency of carbon fixation by mature leaves subtending a rapidly 
filling ear was 5.9% of the energy of visible light. The efficiency of 
converting visible light to the starch of the grain was 1.1% of the incident 
energy from May 1 to September 30. The mobilization and utilization of the 
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pool of assimilated carbon was studied using ecotypes of tall fescue (F. 
arundinacea Schreb,) at different temperatures and included the hormone 
gibberiIlic acid.
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SOIL SCIENCE

CORN STOVER IS A VALUABLE SOIL AMENDMENT

J.W. Ketcheson

A previous Progress Report (1969, p. 42) indicated that manure
without nitrogen fertilizer produced corn yields comparable to those from 
100 pounds of nitrogen per acre without manure. Further examination of the 
treatments without manure shows that the annual return of stover did not 
depress yields when 50 or more pounds of nitrogen were also applied (Fig. 8 ). 
In six of the eight years of the experiment, the use of stover gave a 
higher yield potential than where stover was removed after each crop. There 
was no indication in the last five years of the study that more nitrogen 
was required to maintain yields where stover was returned than where it was 
removed.

Residues, such as corn stover, which have a wide carbon-nitrogen
ratio effect a temporary interruption in nitrogen mineralization. If a 
soil is deficient in nitrogen for the next crop, this interruption appar
ently aggravates the deficiency. If, however, the soil has the ability to 
supply sufficient nitrogen for a crop either from legumes, manures, and 
organic reserves, or because of applied fertilizer, the interruption may 
not interfere with yield. I speculate that this interruption comes at a 
time in the growth of the crop when nitrogen supply exceeds uptake. In 
fact the nitrogen ultimately mineralized from the stover should result in 
more nitrogen for crop yield, and there is evidence of this in the data. 
Any management system which conserves available forms of nitrogen in the 
soil and protects them against loss during periods of low demand should be 
valuable in pollution control. The return of stover to soil is a desirable 
practice and should be encouraged.

As a result of this study, I question our former practice of add
ing 50 pounds to the nitrogen requirements for corn where stover is re
turned. The adjustment has been deleted from the Ontario Soil Test Recom
mendations as of July 1, 1971.

FERTILIZER RATES FOR GRAIN CORN, 
SPRING BARLEY AND WHEAT

T.E. Bates

The supply of plant-available phosphorus and potassium in Ontario
soils has been increasing over the years and crop response to fertilizer 
is becoming less common. This study is designed to determine how rapidly 
the levels of extractable phosphorus and potassium increase, or decrease, 
with different rates of fertilizer application, and to determine what rates 
of application are profitable at different levels of extractable soil 
phosphorus and potassium. Yield is being related to both soil test value 
and plant nutrient content to obtain better measures of plant requirements.



FIGURE 8 Effect of Fertilizer Nitrogen and Stover in Grain Corn Yield
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Corn

Experiments were begun on a Conestogo loam and a Fox sandy loam 
in I967 and on an Oneida clay loam in 1968. Phosphorus and potassium fert
ilizers have been applied prior to plowing (in the fall on the Oneida clay 
loam) each year in these trials. Nitrogen has been in the form of ammonium 
nitrate broadcast before seeding.

Conclus ions:

1. Nitrogen has increased corn yields in all trials but there has been no 
measurable response to rates above 100 pounds of nitrogen per acre 
(Table 8)- Nitrogen has frequently increased lodging and there appears 
to be some tendency for lodging to increase at rates of nitrogen above 
those affecting yield.

2. High rates of nitrogen have lowered the soil pH on two of the soils. 
The effect of nitrogen on pH is greatest on the clay loam soil; the 
opposite to what would be expected. However, the other two soils were 
at high pH initially and it is probable that the effect of nitrogen 
was compensated for by dissolution of calcium and magnesium carbonates 
in these soiIs.

3. Since the trials began there has been a response to phosphorus only on 
one soil (Conestogo loam) where the soil test would lead one to expect 
response (Table 9 )• Phosphorus applications decreased the zinc con
tent of the leaf opposite and below the ear, sampled at silking time, 
in all trials. It appears that phosphorus applications would lead to 
zinc deficiency on soils which are not we 11 supplied with available zinc.

4. Extractable soil phosphorus has not decreased measurably during the 
trial period even in the no-phosphorus treatment. Half of the plots 
in each phosphorus treatment have received 60 pounds of 6-24-6 or 
more recently 60 pounds of 8-25-3 per acre per year. At this time this 
amount, averaging 6 or 7 pounds of P2O5 per year. appears to have been 
sufficient to maintain the original levels of extractable phosphorus. 
As these trials continue predictions of maintenance requirements will 
become more dependable.

5. Potassium response has increased on the Conestogo loam as the trial has 
progressed. Corn on the Fox sandy loam appears to be approaching a 
yield response to potassium, visual deficiency symptoms having appeared 
in 1969 and 1970.

6. Yield response has been obtained only where exchangeable K levels would 
lead one to expect response.

7. Potassium fertilization has decreased lodging more frequently than it 
has increased it but both increases and decreases have occasionally 
been significant.

8. Potassium application has markedly decreased the magnesium content of 
the leaf opposite and below the ear at silking. This illustrates that 
excessive applications of potassium can cause magnesium deficiency on 
soils which are not well supplied with extractable magnesium.
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Barley and Wheat 

One trial has been in progresses since 1967 and one since 1968 with 
Herta barley and fertilizer treatments similar to those in the corn trials. 

In 1969 the plots were split so that Opal spring wheat could be included 
and in 1970 this was replaced by Pitic 62 spring wheat.

Conclusions:

1. Barley outyielded spring wheat in both 1969 (1969 Progress Report) and 
in 1970 (Tables 11l and 12). Spring wheat varieties currently available 
do not appear to be satisfactory for feed grain production in Ontario 
and will no longer be included in these tests.

2. Response to both nitrogen and potassium was greater with April than 
with May seeding. As bar ley continues to be grown in these trails the 
optimum rate of nitrogen has increased from 20 to over 40 pounds per acre 
on the April seeding. Lodging has increased in most cases with increased 
rates of nitrogen, and will need further evaluation before rates of nitrogen 

greater than 40 pounds per acre can be recommended. The grain was 
hand harvested in these trials so that lodging did not appreciably increase 
harvest losses as it would in farm production. Straw has been removed
each year in both trials. 

3. Straw yields have been at least as high with May as with April seedings 
and this probably makes the May seedings look better during the season 
than they really are in terms of grain yield.

4. Both trials are on soils low in available phosphorus and there has 
been a phosphorus response each year. Only the trial on Conestogo 
loam has shown a response to potassium and this has developed gradually

as soil potassium is depleted on the no potassium treatments. The 
Bennington I loam contains sufficient exchangeable potassium that no 
response was exacted.
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TABLE 8 Effect of Nitrogen Fertilizers on Corn Yield, Lodging and on 
Soil pH

N Applied 
lb/ac/yr Soil pH

Grain 
bu/ac

% of Plants 
Lodged

Fox sand loam 1967 1970 1969 & 1970 1969 & 1970

0 7.3 7.3 51 2

50 7.2 7.2 71 11

100 7.0 6.8 77 22

150 7.3 7.2 66 28

200 7.4 7.0 70 34

300 7.3 6.8 71 36

Conestogo loam 1967 1970 1969 8 1970 1969 & 1970

0 7.8 7.8 78 8

50 7.8 7.7 108 19

100 7.8 7.8 114 24

150 7.8 7.8 111 35

2.00 7.8 7.8 109 37

300 7.8 7.8 106 37

Oneida clay loam 1968 1970 1969 & 1970 1969 & 1970

0 6.5 6.5 72 3

50 6.5 6.3 97 5

100 6.5 6.3 95 6

150 6.5 6.2 95 5

200 6.6 6.1 99 7

300 6.4 5.9 106 12
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TABLE 9 Effect of Phosphorus Fertilization on Corn Yield, Lodging, and 
Extractable Soil Phosphorus and Leaf Zinc

Phosphate Applied 
lb P2O5/ac/yr

Bicarbonate Extractable 
Soil Phosphorus-ppm

Grain Yield 
bu/ac

% of Plants 
Lodged

Leaf Zinc 
ppm

Fox sandy loam 1967 1970 1970 1969 1970 1970

0 27 24 85 17 44 25

23 27 30 93 15 37 22

46 27 30 86 17 39 26

91 26 38 80 14 41 20

182 25 51 85 18 47 19

Conestogo loam 1967 1970 1970 1969 1970 1970
0 6 7 112 14 39 27

23 6 8 113 21 45 26

46 6 9 124 27 31 24

91 7 15 123 32 39 22

182 6 33 124 33 34 20

Oneida clay loam 1968 1970 1970 1969 1970 1970
0 18 22 96 8 10 27

23 21 25 104 9 9 24

46 18 29 110 5 9 22

91 21 30 90 5 6 23
182 24 38 103 7 10 22
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TABLE 10 Effect of Potassium Fertilization on Corn Yield, Lodging, Leaf Magnesium 
and Exchangeable Potassium

Potash Applied Exchangeable Potass i urn Grain Yield % of Plants Leaf Magnesiurn
lb K20/ac/yr PPm bu/ac Lodged %

Fox sandy loam 1967 1970 1970 1969 1970 1970

0 97 93 82 16 48 .49

24 88 108 81 12 48 .42

48 105 126 82 21 47 .33

96 108 143 80 14 41 .30

192 84 174 83 11 52 .25

Cones togo 1oam 1967 1970 1970 1969 1970 1970

0 77 95 106 17 65 .98

24 82 98 120 26 50 .81

48 82 98 116 27 41 .71

96 80 112 123 32 38 .55

192 82 154 123 34 40 .40

Oneida clay loam 1968 1970 1970 1969 1970 1970

0 140 151 107 5 11 .39

24 148 151 100 9 14 .38

48 138 180 90 5 6 .36

96 144 160 106 10 8 .29

192 150 185 108 6 6 .23
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TABLE 11 Barley and Wheat Grain Yields on Bennington Loam in 1970 as 
Affected by Fertilization and Seeding Date

Nitrogen 
(N)

Fertilizer Rate 
Phosphate 

(P2O5)
Potash

(k20)

Herta Barley

May 13

Pi tic 62 Wheat

April 30
Da te

April 30 May 13

Ib/ac/yr grain yield - lb/ac

0 91 96 1600 1810 1260 1760

20 91 96 1820 2280 1350 1700

40 91 96 2420 2750 2180 1880

80 91 96 2870 2060 2330 1570

160 91 96 2470 1930 1660 1020

40 0 96 1890 1720 1480 1540

40 23 96 2250 2080 1870 1790

40 46 96 2360 2060 2160 1690

40 91 96 2420 2750 2180 1880

40 182 96 2970 2300 2080 2050

40 91 0 2460 2550 1930 1690

40 91 24 2310 2720 1580 1900

40 91 48 2690 2510 2130 I960

40 91 96 2420 2750 2180 1880

40 91 192 2470 2450 2030 1970

40 182 192 2560 2300 2030 1740

160 182 192 2760 2200 1480 970

AVERAGE 2390 2250 1840 1680
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TABLE 12 Barley and Wheat Grain Yields on Conestogo Loam in 1970 as 
Affected by Fertilization and Seeding Date

Fertilizer Rate
Potash 

(k2o)

Herta Barley Pitic 62 Wheat

April 17
-------  Seeding

May 7
Nitrogen

(N)
rnospnate 

(P205) April 17 May 7

lb/ac/yr grain yield - Ib/ac

0 91 96 1790 1530 1680 1460

20 91 96 2770 2350 2510 1810

40 91 96 2740 2490 2560 1650

80 91 96 3520 2320 2850 1240

160 91 96 3690 2270 2220 1190

40 0 96 2250 1700 2240 1320

40 23 96 2990 2200 2660 1930

40 46 96 3110 2350 2630 1570

40 91 96 2740 2490 2560 1650

40 182 96 3060 2570 2780 1930

40 91 0 2420 2200 2320 1500

40 91 24 3230 2360 2540 1620

40 91 48 3200 2280 2760 1690

40 91 96 2740 2490 2560 1650

40 91 192 3430 2300 2810 1980

40 182 192 3160 2280 2740 2260

160 182 192 3710 2180 2380 1460

AVERAGE 3000 2230 2510 1640
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PHOSPHORUS PLACEMENT FOR THE ESTABLISHMENT OF ALFALFA

R.W. Sheard

A serious deterrent to efficient production of forage species is 
the uncertainty associated with stand establishment. A recognized practice 
for increasing the vigor of seedlings during the establishment phase is 
"band seeding". This practice denotes the placement of forage seed directly 
over a band of fertilizer drilled one to two inches below the surface. The 
importance of locating the fertilizer band directly below the seed was in
vestigated by means of 32P-lablled triple superphosphate in the field at 
the Elora Research Station.

Fifteen days after seeding, alfalfa seedlings emerging directly 
over the fertilizer band obtained 50% of their P content from the fertilizer 
(Figure 9). Only 2.5% of the total P was obtained from the fertilizer where 
the band was located 3 cm (1.2 inches) laterally and none from bands located 
at a six (2.4 inch) or nine cm (3-5 inch) lateral displacement. The root 
system of the alfalfa did not reach the 9 cm band until 29 days after plant
ing. Fifty days after planting 10% of the P was derived from the fertilizer 
band by plants growing with a 9 cm displacement of fertilizer in contrast to 
over one-half the P absorbed from the fertilizer by plants grown directly over 
the band. The total P in plants not receiving fertilizer P closely paralleled 
that in plants where the P was laterally displaced 9 cm.

The dry weights of the alfalfa seedlings reflect the fertilizer 
phosphorus uptake (Table 13). Similiar results for phosphorous uptake and 
plant growth were also shown for bromegrass.

The effort directed toward localizing the fertilizer band directly 
below the seed will result in more vigorous seedlings of both grass and leg
ume and reduce the hazards of forage establishment.

TABLE 13 The Effect of Lateral Displacement of a Fertilizer Band on the 
Dry Weight of Alfalfa Seedlings Sampled at Five Dates After Planting

Days After 
Planting

No 
Phosphorus

Lateral Displacement of Fertilizer Band

0 cm 3 cm 
(1.2 in)

6 cm 
(2.4 in)

9 cm
(3-5 in)

Seedling Weight - mg/plant

22 9 19 9 9 8

29 18 52 28 22 16

36 52 130 67 59 36

43 82 205 115 108 71
50 88 225 145 108 85



FIGURE 9 The Influence of Lateral Displacement of a Fertilizer Band and Time 
on the Concentration of Total Phosphorus and Fertilizer Phosphorus 
in Alfalfa Seedlings



37

SLOW-RELEASE NITROGEN FERTILIZERS FOR GRASS PRODUCTION 

R.W. Sheard and E.G. Beauchamp

In the past decade several nitrogen fertilizer materials have been 
developed which offer some advantages for grass production through release 
of nitrogen over an extended period of time. These advantages are (1) a 
single application per season, (2) more uniform distribution of production 
and protein content, (3) reduced danger of nitrate toxicity and (k) reduced 
ground water pollution hazard.

Three slow-release materials, sulphur coated urea, crotonyl diurea, 
and urea formaldehyde were compared with urea under greenhouse conditions for 
the production of orchardgrass. The materials were applied to the soil sur
face and three cuts were taken at five week intervals.

In terms of total production all three slow-release materials were 
inferior to urea (Figure 10). Urea produced considerably higher yields for 
the first and second cuts than the slow release materials. However, the 
third harvest from the sulphur coated urea and crotonyl diurea exceeded that 
from urea. Although urea formaldehyde produced more than crotonyl di urea 
for the first harvest, yields from further harvests were very low.

The uptake of nitrogen by orchardgrass was low but most evenly dis
tributed over the three cuts with crotonyl diurea (Table 14). The majority 
of the uptake from urea and sulphur coated urea occurred during the first 
growth period. The apparent recovery of nitrogen in top growth ranged from 
a high of 52.6% for urea to 12.9% for urea formaldehyde (Table 15)» The 
analytical data showed that with the exception of the 592 and 888 mgm N/pot 
rate of urea, the concentration of nitrogen in the tissue was less than 
2.5% N, indicating a deficiency of nitrogen.

The slow-release materials, when used as a single, surface applica
tion, do not appear to have an advantage over urea for orchardgrass. Crotonyl 
diurea appears superior to urea formaldehyde which may warrant considera
tion of its use in turf fertilizer.

TABLE 14. Uptake of Nitrogen From Four Sources Applied at 592 mgm N/pot 
(300 kg N/ha) by Each Harvest of Orchardgrass

Nitrogen (Material)
Harvest

1 2 3

mgm N/pot

Urea 305.6 53.4 17.8
Sulphur Coated Urea 128.0 46.0 58.8

Crotonyl Diurea 29.9 41.4 53.6
Urea Formaldehyde 72.4 11.4 31.3



FIGURE 10 The Influence of Nitrogen Materials on the Dry Matter Yield of 
Orchardgrass
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TABLE 15 Recovery of Applied Nitrogen From Four Sources by Three 
Harvests of the Top Growth of Orchardgrass

Nitrogen (Material)

Rate of Nitrogen (mgm N/pot)

296 592 888 Ave.

Urea 46.5

(%)

57.9 53.5 52.6

Sulphur Coated Urea 25.0 33.3 32.1 30.1

Crotonyl Diurea 19.2 15.2 14.1 16.2

Urea Formaldehyde 11.5 13.7 13.4 12.9
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NITROGEN EXCESS OCCURS IN ORCHARDGRASS PRODUCTION

R.W. Sheard

Nitrogen fertilizer is required for satisfactory grass production
and multiple applications are suggested where high production is desired 
from species such as orchardgrass. Repeated applications, made in September, 
April and after the first and second cut, were investigated at several rates 
on orchardgrass at the Elora Research Station.

Increases in yield were obtained up to the maximum rate used (100 
pounds of nitrogen per acre per application) resulting in a maximum yield 
of 9130 pounds of dry matter per acre (Figure 11). Whereas 76% of the total 
yield was obtained at the first harvest without nitrogen, 50 to 56% of the 
total yield was obtained at the first harvest where nitrogen was used; the 
remainder being divided between the aftermath harvests.

Increasing the rate of nitrogen application resulted in more total 
nitrogen in the orchardgrass (Fig. 12). A higher concentration of nitrogen in 
the second and third harvests than in the first reflects the more vegetative 
nature of the plants at the later time of harvest. Repeated applications of 
nitrogen fertilizer, however, increased the accumulation of nitrate-nitrogen 
in the plants with succeeding harvests. By cut 3 the grass which has received 
four, 100 pound applications of nitrogen per acre contained 0.3% nitrate
nitrogen, a level considered dangerous for animal feed.

This information would suggest that where high yield levels are
sought through the use of repeated applications of nitrogen, the amount used 
for a single application should not exceed 75 pounds of nitrogen per acre. 
Adherence to this rate is particularly important for late summer or fall growth 
which can be retarded by poor growing conditions and thus favour nitrate 
accumulation.

NITROGEN ALTERS THE UTILIZATION OF SURFACE-APPLIED PHOSPHORUS 
BY FORAGE

R.W. Sheard

Studies employing surface-applied, 32P-labelled, 46 percent super
phosphate on pure stands of timothy and alfalfa receiving varying rates of 
nitrogen were conducted at the Elora Research Station. The alkaline, well- 
drained, silt loam soil did not have a phosphorus requirement for the pro
duction of forage species. Nitrogen, as ammonium nitrate, was applied before 
spring growth occurred and following each harvest.

The dry weight of alfalfa was not increased by nitrogen fertiliz
ation whereas timothy responded to nitrogen, particularly during the after
math growth (Table 16). Greater aftermath growth by alfalfa in comparison 
to timothy resulted in greater total yield of alfalfa than of timothy for 
the two cuts.

Nitrogen fertilizer did not alter the proportion of fertilizer
phosphorus taken up by alfalfa (Table 17). The ratio of Soil P/Fertilizer P 
averaged 3.3 for the first harvest, but increased to 9.5 indicating that the 
legume was obtaining a greater proportion of the phosphorus requirement from



FIGURE 11 Dry Matter Yield and Seasonal Distribution of Orchardgrass 
Fertilized With Nitrogen in September, April, and After Each 
Harvest (4 Applications)



^2

FIGURE 12 The Influence of Nitrogen Applications on Total and Nitrate- 
Nitrogen in Orchardgrass (High Total N at Zero Rate was Due to 
White Clover Infestation)



43

the soil during aftermath growth. Nitrogen fertilization increased the up
take of fertilizer phosphorus by first-harvest timothy more than the uptake 
of soil P as shown by a decrease in the ratio of Soil P/Fertilizer P from 
4.0 to 1.7 (Table 17). A similiar decrease in the ratio was also observed for 
the second harvest up to an application rate of 30 lb N/acre. Above this 
rate the ratio increased,

Recovery of fertilizer phosphorus by alfalfa ranged from 9.3% with
out nitrogen to 7.8% where 60 pounds of nitrogen per acre was applied.
Timothy removed 3.5% of the fertilizer phosphorus where nitrogen was not used 
in contrast to 14.8% at 60 pounds of nitrogen per acre.

The application of phosphorus fertilizer to grass species without 
adequate nitrogen will result in a failure of the grass to utilize the applied 
phosphorus to full advantage.

TABLE 16 Nitrogen Response of Alfalfa and Timothy

Nitrogen Rate (lb N/ac)
Species Ha rves t 0 15 30 45 60

(gm
2 

dry wt/meter )

Alfalfa j 519 488 577 484 579
2 417 432 427 430 437

Timothy 1 502 611 621 739 732

2 38 66 97 116 153



TABLE 17 Uptake of Fertilizer and Soil Phosphorus by Pure Stands of Alfalfa 
and Timothy Fertilized with Nitrogen

Source of Rate of Nitrogen (1 b N/ac)
Species Harvest Phosphorus 0 15 30 45 60

(mnm/nintp.r )̂

Alfalfa 1 Fe r t. 337 276 491 398 266

Soil 1064 1092 1140 1006 1181

2 Fert. 121 145 149 137 184

Soil 1380 1324 13*5 1411 1422

Timothy 1 Fert. 220 287 404 635 739

Soil 884 996 962 1312 1237

2 Fert. 15 58 90 123 115

Soil 95 133 164 295 366

Ratio Soil
Fert.

p
, p

Alfalfa 1 3.2 4.0 2.3 2.5 4.4

2 11.4 9.1 9.0 10.3 7.7

Timothy 1 4.0 3.5 2.4 2. 1 1.7
2 6.3 2.3 1.8 2.4 3.2
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FERTILIZER ZINC EXPERIMENTS WITH CORN

E.G. Beauchamp and M.E. Watson

Two field experiments were conducted on sites where apparently zinc 
deficient soils occurred. The objectives of the experiments were (1) to estab 
lish a more precise critical level of zinc in corn plant tissues, (2) to com
pare broadcast and band applications of zinc fertilizer, and (3) to compare 
foliar applied zinc with that applied to the soil.

All the treatments including the control received 200 pounds of 
6-24-10 fertilizer per acre applied as a band 2 inches below and 2 inches 
horizontal to the seed. Three treatments consisted of applying 2, 6, and 
18 pounds of zinc per acre as zinc sulfate granules which were broadcast and 
incorporated into the soil before planting. Three other treatments of 1/2, 
2 and 6 pounds of zinc per acre as zinc oxide coated onto the 6-24-10 fert" 
ilizer granules were applied as a band tn the manner indicated above. in 
another treatment zinc sulfate solution was applied to the foliage three times 
when the corn plants were 5, 20 and 50 inches high. A total of 0.6 pounds 
of zinc per acre was applied, 0.2 pounds of zinc per acre in each application.

Corn seedlings in each plot were sampled when the plants were about 
5 inches high. Dry matter yield and zinc concentration in the seedlings were 
determined. The leaf opposite and below the primary ear was sampled for zinc 
analysis when the plants were at the anthesis stage. Grain yield was obtain
ed when the plants reached maturity.

The yield of seedlings was not influenced by any of the treatments 
in either experiment (Table 18). However, the zinc concentrat ion in the 
seedlings generally increased with increasing amounts of broadcast zinc sul
phate. The zinc concentration of the seedlings was not changed with the 
banded zinc coated onto the fertilizer granules in the band.

The zinc concentration in the leaf opposite and below the ear of 
plants not receiving a zinc treatment was considered to be low enough to be 
marginally deficient. The high zinc concentration in the leaf tissues of 
plants receiving the foliar zinc treatment was due to residual zinc which 
was sprayed on the leaf surface. The grain yield was not influenced signif
icantly by the application of zinc in any of the treatments. Although the 
availability of zinc in the soil was apparently low, the treatments had 
relatively little influence on the zinc content and yield of corn plants.



TABLE 18 Effect of Zinc Applications on Yield and Zinc Content of Corn in 1970

Treatment
Experiment 1 Experiment 2

Seedling Wt. 
(9/10 plants)

Seedling Zn 
(ppm)

Grain
(bu/ac)

Leaf Zn 
(ppm)

Seedling Wt. 
(9/10 plants)

Seed ling Zn 
(ppm)

Grain 
(bu/ac)

Leaf Zn 
(ppm)

Control 8.5 17.5 c1 102 ab 15.0 b 12.0 26.5 b 100 15.3 b
2 lb Zn/ac Broad 10.8 22.0 ab 1 14 a 22.3 b 13.1 24.0 b 97 17.3 b
6 lb Zn/ac Broad 9.3 21.3 be 104 ab 13.2 b 12.4 28.7 ab 95 16.0 b
18 lb Zn/ac Broad 9.7 25.2 a 111 ab 18.5 b 13.9 32.8 a 99 18.6 b
1/2 lb Zn/ac Band 9.2 20.2 bc 100 b 16.8 b 12.5 23.7 b 99 15.6 b
2 lb Zn/ac Band 10.4 19.2 bc 109 ab 18.3 b 12.5 27.0 b 101 16.0 b
6 lb Zn/ac Band 9.4 20.2 bc 102 ab 19.2 b 10.8 28.3 ab 102 17.8 b
0.6 lb Zn/ac Foliar 8. 4 19.0 bc 102 ab 125.7 a 12.5 24.0 b 96 113.8 a

Values in any one column not followed by a common letter are significantly different at 0.05 probability.



CHEMICAL EXTRACTION AS A MEASURE OF AVAILABLE 
ZINC IN ONTARIO SOILS

A, ul Haq and M.H, Miller

It appears from plant analysis that zinc may be deficient or in 
marginal supply in a significant proportion of Ontario soils (see 1969 
Progress Report). A soil test that would indicate the available zinc con
tent of soils would allow corrective treatment to be applied before defi
ciencies resulted in yield reductions. A greenhouse study was conducted to 
evaluate the effectiveness of four extractants for available zinc in 
Ontario soils.

Corn was grown for 16 days in the greenhouse on 85 soils collected 
from sites throughout southern Ontario and the zinc content of the corn was 
determined. Four extractants - namely EDTA - (NH4)2CO3, DTPA, EDDHA and 
HC1 + H2SO4 - were used to extract the zinc from the 85 soils. Organic 
matter content, pH, and clay content of the soils were also determined.

The zinc content of corn was related to the zinc extracted from 
the soil and to the other soil properties in both linear and multiple re
gression analyses. Zinc content of corn was more highly correlated with 
the amount of zinc extracted by EDTA (r = 0.607) and by DTPA ( r = 0.603) 
than with zinc extracted by EDDHA (r = 0.475) or HC1 + H2SO4 (r = 0.454). 
There was a significant negative correlation with soil pH ( r = -0.586) but 
no correlation with organic matter or clay content. In multiple regression 
analyses, the addition of pH as an independent variable along with EDTA or 
DTPA extractable zinc greatly increased the proportion of the variability 
accounted for. The regression equations are as follows:

Zn content of corn (ppm) = 191.2 + 3.00 EDTA Ext. Zn (ppm) - 47.6 pH + 3.1 pH2

R2 = 0.75

Zn content of corn (ppm) = 203.2 + 4.51 DTPA Ext. Zn (ppm) - 50.7 pH + 3.3 pH2

R2 = 0.76

The inclusion of pH with a negative coefficient indicates that at 
a given level of extractable zinc, the availability of the zinc decreases 
with increasing pH. This decrease in availability was greatest at the lower 
pH values.

Conclusions:

The EDTA and DTPA extractants are quite promising as measures of 
available zinc in Ontario soils if pH is included as well.

These extractants will be further tested in the field before they 
are used in a routine soil testing program.
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NUTRIENT ELEMENT COMPOSITION OF SIXTEEN CORN INBREDS
E.G. Beauchamp} L. W. Kannenberg\ R.B. Hunter

A study of the variability of nutrient element composition of 16 
corn inbreds was continued. The nitrogen, phosphorus, potassium, calcium, 
magnesium, manganese, zinc, calcium and boron concentrations in the middle 
third of the flag (uppermost) and sub-ear (opposite and below ear) leaves 
were determined when the plants were at the anthesis stage. A statistical 
analysis of data accumulated over three years revealed highly significant 
differences among inbreds with regard to concentration of most of the nutri
ent elements. The ranges In concentration of the nutrient elements in the 
flag and sub-ear leaves of inbreds are presented in Table 19,

TABLE 19 Ranges in Concent ration of N,P,K,Ca, Mg, Mn, Zn, Ca, and B in the 
Middle third of the Flag and Sub-ear Leaves of Sixteen Corn Inbred 
Lines at Anthesis

Nutrient Element Flag Leaf Sub-ear Leaf

N (%) 2.96-4.02 3.02-4.05
P (%) 0.33-0.50 0.30-0.39
K (%) 1.45-2.61 1 .45-2.83
Ca (%) 0.30-0.64 0.63-1.36

Mg (%) 0.12-0.33 0.23-0.96
Mn (ppm) 28-89 21-87
Zn (ppm) 38-77 21-59
Cu (ppm) 12-70 7-14

B (ppm) 13-36 7-25

The distribution of concentration values of the nutrients was 
generally uniform within the ranges indicated in Table 19.

Four corn inbreds were studied in greater detail with regard to 
changes in concentration of N,P,K,Ca,Mg,Mn,Zn,Cu and B in leaves, stalks 
and ears after anthesis. The individual leaves, stalks (stem + leaf 
sheaths) and ears were sampled at anthesis and at 2 weeks and 4 weeks after 
anthesis.

The concentration of N and especially of K in all the leaves 
decreased over the four-week period whereas the Ca,Mg,Mn, and B concentrations 
generally increased over the same time period. The concentration of Zn in 
the upper leaves of 2 inbreds and in all of the leaves of a third inbred

1 Crop Science Department 



increased over the four-week period. The Zn concentration in the leaves of 
a fourth inbred changed very little. The Cu concentration in the leaves of 
three inbreds generally decreased while increasing In the fourth inbred 
over the time period. Although changes in the P concentration occurred 
during the four-week period, these changes were variable and depended on 
the inbred and the leaf position.

The N,P, and K concentration of the stalks generally decreased
over the four-week period after anthesis. The Zn, B, Cu, Ca, and Mg 
concentration decreased during the two weeks after anthesis but then tended 
to increase during the following two weeks. The Mn concentration in the 
stalks varied unpredictably although the changes were not large.

The concentrations of all the nutrients in the ears at 2 and 4
weeks after anthesis usually differed significantly depending on the inbred 
line. The K,Mg, and Cu concentrations in the ears generally decreased or 
remained the same over the two week period. The N, P, Ca, Mn, Zn and B 
concentrations either increased or decreased over this same period depending 
on the inbred line.

With the exception of the Ca and Mg concentrations, the concen
trations of the elements in.the grain of the four inbred lines did not vary 
significantly. While the Mg concentration in the grain of the four inbred 
lines did not differ by much, there was a twofold difference in the Ca 
concentration.

The few results presented above illustrate the variability in
elemental composition which may occur in corn plants differing in genetic 
makeup. They suggest that use may be made of this genetic variability to 
breed plants which have different nutrient element requirements or differ 
in efficiency of utilization of elements in the plant. It may also be 
possible to improve the protein content of cultivars. This study has also 
provided useful information on changes in nutrient element composition in 
different plant parts within a time period in relation to critical levels.

SOIL TEMPERATURE AHO THE GEOTROPIC RESPONSE OF CORN ROOTS 

P.N. Mosher and M.H. Miller

The availability of banded fertilizer to plants during very
early growth stages depends to a large extent on the direction of growth of 
the young roots.

In greenhouse experiments on fertilizer placement for corn, it
was observed that in one experiment, a placement directly below the seed 
was best whereas in a second experiment, a placement directly to the side 
of the seed was superior. Of several possible causes of this difference, 
soil temperature was shown to be the most significant.

Corn radicles were found to turn and grow vertically downward 
when radiation from a heat lamp was directed on the soil surface to raise 
the soil temperature to 32°C at a depth of 3 cm. below the surface (Fig. 13). 
That this was due to soil temperature per se rather than a temperature grad
ient was shown by the observation that the radicle grew toward the source



FIGURE 13 Growth of Corn Roots in Soil With Radiant Energy Directed on the 
Soil Surface from Above (Left) and From Below (Right)
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of heat when the growth box was inverted and the radiation directed onto 
the soil surface from below.

The angle of radicle growth from the horizontal as a function 
of temperature was determined in an experiment in growth chambers (Fig. 14) • 
This demonstrates that the radicle will grow nearly horizontally at low soil 
temperatures and nearly vertically at high soil temperatures.

Soil temperatures may fluctuate considerably during early corn 
growth due to air temperature, soil texture and soil moisture content. Thus 
it is impossible to predict accurately the direction in which the radicles 
will grow.

WATER-CORE INCIDENCE IN RUTABAGA

E.G. Beauchamp

Research on water-core incidence in rutabaga (swede turnip) reported 
in the 1969 Progress Report was continued in 1970 to elucidate the factors 
involved. The experimental results of 19&9 showed that boron applications 
did not completely overcome water-core. Boron was applied both to the soil 
and in a foliar spray in two field experiments on farm fields in 1970.
Because an application of 200 pounds of sodium per acre as sodium chloride 
resulted in a large increase in water-core incidence in 1969, applications 
of sodium sulphate and calcium chloride were made in 1970. This was done to 
determine whether sodium or chlorine was responsible for the increase in 
water-core incidence. The specific treatments are indicated in Table 20.

The hot-water soluble boron concentrations in the 0-6, 6-12 and 
12-18 inch soil layers were 1.24, 1.80, and 0.38 ppm, respectively, in 
Experiment 1 (Middlesex County). In Experiment 2 (York County), the hot- 
water soluble boron concentrations in the 0-6, 6-12, and 12-18 inch layers 
were 1.12, 0.73, and 0.57 ppm respectively.

Boron was applied to the soil as borax broadcast before planting 
and disked in. Boric acid was used as the boron source in foliar applica
tions at a rate of 0.7 pounds of boron per acre in 40 gallons of water per 
application. The single foliar boron application was made when the roots 
were one half to one inch in diameter. The first application of the three 
foliar spray treatment was also applied at this time while the next two 
foliar sprays were applied at 10 day intervals thereafter. The sodium 
chloride, sodium sulphate, and calcium chloride salts were broadcast and 
disked in before seeding. Each treatment was replicated four times.

Leaf blades from each plot were sampled for chemical composition 
just prior to the second foliar spray treatment. The fourth, fully-grown 
leaf from the centre of the whorl was sampled from 20 plants per plot.

Yields were not affected by any of the treatments in either ex
periment. Only the four pounds of boron per acre treatment to the soil in 
Experiment 2 decreased water-core incidence but it did not completely over
come the condition. The results of the foliar boron treatments did not 
differ and were no better than the boron fertilizer applied to the soil. 
The sodium chloride treatment significantly reduced water-core incidence in



FIGURE 14 Average Angle of Growth of Corn Radicles at Different Constant 
Temperatures
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Experiment 1. This contrasted with the results of one field experiment the 
previous year when this same treatment had the opposite effect. The sodium 
sulphate and calcium chloride treatments had no influence on water-core inci
dence. Sodium sulphate and sodium chloride treatments increased the sodium 
concentration of the leaf blades. The boron concentration of the leaf 
blades was increased by boron fertilizer applied to the soil. The boron 
availability in the soil was not directly related to water-core incidence 
in these experiments.



J ABLE 20 Yield and Water-core Incidence of Rutabaga Roots, and Boron and Sodium Concentrations of Leaf 
B i ades

Treatment
____ _____ Experiment 1 Experiment 2
Yield 
bu/ac

Bo ron 
ppm

Sod iurn Water core Yield 
bu/ac

Bo ron 
ppm

Sod i 1 
%

um Wate r-co re 
% of roots% of roots

Control 700 33-3 bcd1 0.16 b 35 ab 621 42.8 c 0.15 b 48 ab
2 lb. B/ac. 661 34.3 b 0.21 ab 47 a 650 46.4 bc 0.17 b 58 a
4 lb. B/ac. 647 34.8 b 0.32 ab 39 a 656 52.0 b 0.17 b 26 b
8 lb. B/ac. 680 37.5 a 0.18 ab 39 a 595 69.0 a 0.20 b 37 ab

Foliar (1 appl.) 672 34.0 bc 0.17 b 41 a 631 45.8 bc 0.15 b 37 ab
Foliar (3 appl.) 623 33.3 bcd 0.18 ab 41 a 646 45.0 bc 0. 14 b 38 ab
200 lb. Na/ac. 

(NaCl)
670 30.8 d 0.42 a 22 b 646 41.5 c 0-53 a 45 ab

200 lb. Na/ac.
(Na2S04)

673 31.3 cd 0.40 ab 44 a 639 41.0 c 0.53 a 46 ab

300 lb. Cl ,/ac. 
(CaCl2)

693 32.8 bcd 0.15 b 42 a 674 45.0 bc 0.13 b 35 ab

Data in any one column not followed by a common letter are significantly different at the 0.05 
probab i1i ty.

1
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NUTRIENT CONTENT OF VEGETABLES ON THE BRADFORD MARSH

A.L. Willis

The work on organic soils in 1970 was confined to investigating the 
role of fertility in "rusty root" disorder of carrots, and a survey of the 
micronutrient content (manganese, copper, zinc and boron) of vegetable crops 
grown on the Bradford marsh.

The nutrient content of rusty root plants was of the same magnitude 
as those of non-affected plants.

Onions, lettuce, carrot, beet, and celery tissues were checked for 
their content of the 4 micronutrients mentioned above. Based on published 
values boron appeared to be sufficient in the foliage of all species checked.

Based on published values the manganese content was sufficient in 
onions and carrots, marginal to deficient in several lettuce and celery 
samples, and deficient in most red beet samples.

With copper, the leaf content was sufficient in carrots and lettuce, 
deficient in some samples of celery and beets and marginal to deficient in 
most samples of onion tissue. Only one onion sample out of 16 contained 
more than 6 ppm, the level generally considered to border on deficiency.

Zinc did not appear to be deficient in carrots, lettuce and celery. 
There were a few marginal values in onions and beets.

DEVELOPMENT OF METHODS FOR CHEMICAL ANALYSIS OF PLANT MATERIAL

J.A. Smith

Progress continued during the year in the establishment of routine 
methods of plant analysis using an autoanalyzer and atomic adsorption spec
trophotometer. Several analytical techniques were improved, particularly 
the automated procedure for boron, and a more routine system was developed 
for the determination of total nitrogen, phosphorus, potassium, calcium, 
magnesium, manganese, copper, zinc, and boron in plant tissue.

Approximately 7500 samples were analyzed during the year for all or 
for certain combinations of the above nine elements, representing over 
40,000 separate elemental determinations. The majority of these samples were 
analyzed in conjunction with the department’s soil management and plant nutri
tion research program. The data obtained contributed significantly to the 
interpretation of fertilizer trial data, to the development of plant sampling 
techniques, and towards attempts to establish critical nutrient concentrations 
in plant parts. The plant analysis program also assisted extension personnel 
in trouble-shooting problems, and assessed the nutrient content of certain 
waste products. Samples analyzed ranged through a large number of common 
vegetable and field crop plants, but also included such diverse materials 
as pine needles, coffee grounds, potato processing plant effluent, and equine 
blood serum.

The continued development of routine analytical capabilities for 
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plant tissue and waste materials will increase the understanding of, and 
control over, both crop nutrition and environmental quality.

DIFFUSION OF BORON IN SOIL

Wan Sulaiman and B.D. Kay

The diffusion of boron is an important component of nutrient trans
port to plant roots. The diffusive flux of boron is related to that immobil
ized by the soil colloids. Evidence in the literature suggests that "native" 
boron is immobilized to a different degree than newly added boron.

An experiment was designed to measure the diffusive flux of boron
through soil to a sink of constant low boron concentration. This design 
simulated one dimensional movement of boron to a plant root. Measurements 
were made on soil with and without added boron.

Rates of boron addition were 0.17 and 0.31 ppm. At these rates,
the quantity of boron diffusing into the sink from boron-treated soil was 
less than from the untreated soil. Sorption experiments indicated that this 
difference could be accounted for by a change in the degree of boron immobil 
ization when boron was added to the soil. These data suggest that small 
applications of boron to this particular soil would actually decrease the 
amount of boron in solution which was available for plant growth. It is not 
known if this observation pertains to other soils.

SOLUTE-INDUCED STRUCTURAL ALTERATION OF CLAY-WATER SYSTEMS

B.D. Kay

Previous measurements (1969 Progress Report) have indicated that
tetraalkylammoniurn ions are capable of altering, to a considerable degree, 
the particle-particle and/or particle-water interaction in clay suspensions. 
Processes occurring near the mineral surface such as the movement and/or 
adsorption of solutes (plant nutrients, pollutants, etc.) may be significantly 
influenced by a modfication of either particle-water or particle-particle 
interaction. In addition, the ease with which water moves in freezing soils, 
particularly during the formation of ice lenses may also be influenced.

Experiments were conducted to evaluate the extent to which tetraalkyl
ammonium ions are capable of modifying particle-particle and particle-water 
interaction in dilute aqueous suspensions of sodium aluminum bentonite. The 
effectiveness of these ions as flocculating agents increased with formula 
weight. However, the flocculation concentrat ion of each electrolyte gave 
rise to nearly equivalent surface coverages of the clay by the organic ions. 
Flocculation appears to be precipitated as the mineral surface becomes in
creasingly hydrophobic.

The apparent density of the clay mineral, which can be employed as
an index of the density of water next to the mineral surface, was found to 
increase as the surface coverage by organic ions increased to roughly 5%. The 
increase in density of the water must arise as a consequence of closer packing 
of water molecules which will necessitate disruption of bonds and increase 
in disorder. The apparent densities of the clay minerals decreased at sur
face coverages exceeding. 5%.
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No correlation appeared to exist between apparent density and 
suspension stability suggesting that the density of water next to the mineral 
surface does not play a major role in the stability of these suspensions.

The influence of other organic ions or molecules on the apparent 
density of the clay mineral remains to be established. If similar behavior 
is observed, then trace amounts of organic contamination adsorbed from the 
atmosphere or from solution may influence apparent clay-water interaction 
and account, in part, for the disparities in observations on the extent of 
clay-water interaction which abound in the literature.

If tetraalkylammoniurn ions are capable of altering the extent of 
clay-water interaction, then these ions would be expected to have a major 
influence on processes in soils such as the formation of ice lenses. Pre
liminary tests were conducted (W.R. Scott, Undergraduate Soil Science Pro
ject, 1971) to evaluate the extent to which tetramethylammoniurn and 
tetrabutylammoniurn bromides were capable of altering the susceptibility to 
heaving of a loam soil. The addition of 100 ppm N to this soil was capable 
of diminishing frost-heaving by a factor of 3 in a laboratory study. Tests 
are currently underway to check the applicability of these measurements to 
field conditions.

FACTORS AFFECTING FROST-HEAVING OF FORAGE SPECIES

B.D. Kay and R.W. Sheard

Climatic conditions in Ontario are often particularly favorable for 
the formation of ice lenses and the associated frost-heaving of soils. Al
though this is a significant problem in both crop production and the con
struction of buildings, highways, and airfields; research in this area has 
been conducted almost entirely by engineers. Scant attention has been paid 
to the problem by agriculturalists, and it is questionable if theories 
developed for pilings and footings apply equally well to plant roots.

Equipment and associated instrumentation which will permit simula
tion of freezing conditions in the field have been designed and fabricated. 
This equipment is in the final stages of testing. Subsequent measurements 
will be made:

(a) to determine the variation in formation of Ice lenses in soils 
under different environmental conditions.

(b) to determine the mode and extent of heaving of alfalfa under 
different conditions of ice lens formation.

(c) to determine those aspects of root morphology and plant nutrition 
which correlate most closely with minimum frost-heaving of alfalfa 
under different conditions of ice lens formation.
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NUTRIENT LOADINGS IN SWAN CREEK

L.R. Webber

Swan Creek meanders across 2050 feet of property on the northerly 
part of the Elora Research Station. Water sampling, analysis and stream 
gauging were started in March 1970 and are continuing on a bi-weekly basis. 
Eight sampling sites are used.

The concentrat ions of nutrients, such as nitrogen, phosphorus, and 
potassium will serve as basal or reference values and would be useful in eval
uating changes in stream quality due to changes in the use or management of 
the land adjoining the stream.

Sampling and Gauging Sites

The details regarding each site are given in Figure 15. Sites 2 
and 4 are gauging stations where data are collected to estimate the volume of 
flow.

In the northern corner of the property (Fig. 15) a small gully 
discharges drainage from a flowing spring and a tile drain into the main 
stream. The volume of flow from the gully is relatively insignificant in 
comparison to the main stream but sites G1, G2, and G3 were established to 
obtain samples for water quality characterization. The tile system drains 
land across the township road, not the station property.

Discharges from the Spring (G3) and the Tile (G2)_

Maximum nitrate-nitrogen concentrations of 5.5 ppm from the spring 
and the tile occurred in early April. During the summer the concentration 
ranged from 1.5 to 2.5 ppm, dropped to 1.0 ppm through October and November 
and rose to 2.2 ppm in December.

The maximum concentration of phosphorus from the spring and tile 
occurred in early April. Concentrations as low as 0.08 ppm were obtained in 
September.

The peak concentration of potassium, 4.6 ppm from the tile and 
drain occurred in the late fall. During the summer and fall the concentration 
of potassium varied from 0.5 to 1.2 ppm.

Because of the low volume of water from the gully, it is doubtful 
if the nutrient effect on the main stream could be measured.

Nutrient Concentration in the Stream

The range in values for nutrient concentrations in the stream for 
1970 are summarized in Table 21. Data from sites one and five and G1 were 
averaged.



FIGURE 15 Water Sampling Sites on Swan Creek
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TABLE 21 Nutrient Concentration Ranges in Swan Creek During 1970

Time period NO3-N P K

March 17 to Apri1 21

Concent rat i on-ppm

4.0 to 7.31 0.013 to 0.31 1.9 to 2.7

Apri1 28 to July 10 1.2 to 2.8 0.01 to 0.1 1.5 to 2.1

Sept. 1 to Nov. 15 1.7 to 2.8 0.02 to 0.09 2.0 to 4.81

Dec. 2 to Dec. 30 3.1 to 3.8 0.05 to 0.08 1.9 to 2.2

period of maximum concentration

Volume of Flow and Nutrient Loadings

Volumes of flow ranged from flood conditions estimated to be greater 
than 80 cfs (cubic feet per second) to approximately 2 cfs during the period 
June to August.

A flow of water at 1.0 cfs and containing 1.0 ppm of a nutrient 
would have a loading of 5.4 pounds per day. If the flow of Swan Creek 
averaged 30 cfs and the nitrate-nitrogen concentration was 5.0 ppm, the 
stream would be carrying about 810 pounds of nitrate-nitrogen per day.

Water Quality Changes

During the period of sampling, March to December, 1970, no signifi
cant changes in quantities of nitrates, phosphorus or potassium were noted 
between the point where the water entered the property (Site 1) and left 
the property (Site 5), (Fig. ).

PHOSPHORUS CONCENTRATIONS IN SOIL PERCOLATES

L.R. Webber

The Progress Report for 1966 reported a field study in which 300 
pounds of phosphorus (700 pounds P2O5) has been added to a loam soil over a 
seven-year period. Most of the phosphorus was retained in the cultivated 
layer of soil; increases in phosphorus in the 12 to 24 inch layer were small.

For three years, 1968-70 liquid poultry manure was added to natural 
soil lysimeters. The facility permitted the collection and analysis for 
phosphorus of water that percolated through 42 inches of soil. The crop of 
corn, stover plus grain, was analysed for phosphorus content.

The quantity of phosphorus added, all from poultry manure (except 
treatments A and B, 1970), and the phosphorus contained in the percolate and in 
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the crop of corn for all three years are summarized in Table 22.

TABLE 22 Phosphorus Added and Phosphorus Contained in the Crop of Corn 
and Percolates for Three Years, 1968-1970

A
Treatment

DB C

P added, Ib/acre 441 3631 1100 1410

P in crop, Ib/acre 79 96 109 118

P in percolate, Ib/acre 0.62 0.64 0.46 0.50

Average P concentrat ion 
in percolate ppm

0.065 0.066 0.048 0.052

Chemical fertilizer was added to provide 44 lb P/acre in 1970

Summary

Over a three year period 1410 pounds of phosphorus, all from liquid 
poultry manure, were added to a well-drained loam soil. During the period 
the percolate amounted to 42.5 inches and contained 0.50 pounds of phosphorus 
or a concentration of 0.052 ppm.

It is doubtful if the quantities of phosphorus in the percolates 
from the low phosphorus treatments, A and B, Table 22, are slgnficantly dif
ferent than those in percolates from the high phosphorus treatments, C and D.

Studies are underway to investigate the distribution of phosphorus 
in the soil profile in the lysimeters.

NITRATES FROM LIQUID MANURE - WHEN?

L.R. Webber

Those operators of livestock-rearing facilities that utilize a 
liquid or slurry manure disposal system store the waste until it is feasible 
to spread on land. In southern Ontario, this storage period amounts to 
four to six months which means that the operator attempts to empty the 
storage facility early in May, just before corn planting, and again as late 
in the fall as possible. These periods of land disposal of manures may 
coincide with periods of peak discharge of nitrates from the soil profile.

Normally animal manures are considered a valuable asset in main
taining or increasing soil fertility levels on a farm. However, there are 
operators with large livestock rearing facilities who are primarily inter
ested in manure disposal as contrasted to manure utilization.
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Since 1968 liquid poultry manure has been applied in May to 
lysimeters at three rates in an attempt to obtain guidelines for maximum rates 
of application without contaminating groundwater with excessive nitrates. 
The percolate from the lysimeters was analysed for nitrogen in the nitrate 
form.

In Figure 16, the nitrate nitrogen contained in the percolate for 
three years is plotted in bar graphs for three periods of each year. The 
January to April period includes the winter and early spring, the period when 
there would be no crop growth or crop utilization of the nitrates; May to 
September, the growing season when crops use the soil nitrates; and October 
to December, a period when unused nitrates may accumulate and remain in the 
soil over winter or they may be leached out by fall rains.

In May, 1968, liquid poultry manure was applied to the lysimeters 
at rates supplying 750 pounds of nitrogen per acre. The total loss of nitrogen 
as nitrates in the percolate amounted to 53 pounds per acre. Over 50 percent 
of the loss for the year occurred during the period October to December. If 
the percolate for the year amounted to 11 inches, a quantity of water likely 
to reach the groundwater, the concentration of nitrate nitrogen would be about 
20 ppm. Some of these nitrates were released from the soil itself, in other 
words, all of the 53 pounds did not come from manure.

Another 1,000 pounds of nitrogen from manure were added in May, 1969- 
The nitrogen in the percolate amounted to 550 pounds of which 460 pounds or 
82 percent was discharged in the period October to December (Fig. 16). These 
large losses are attributed to an addition of 10.5 inches of water by irriga
tion. If the nitrates had not been flushed out in the fall, nitrogen losses 
by denitrification would have occurred before the following spring as well as 
nitrates appearing in the spring percolates. For the year the average concen
tration of nitrate-nitrogen in the percolate was 130 ppm compared with an 
average value of 38 for 1968. Both concentrations are in excess of the 10 ppm 
level suggested as safe in water for animal or human drinking purposes.

In 1970, the January to April percolates contained more nitrate
nitrogen than in previous years (Fig. 16). The amounts of nitrogen discharged 
remained relatively high throughout the year. As in 1969, leaching in the 
fall removed large quantities of nitrates.

Conclusions

The application of 750 pounds of nitrogen per acre in one year con
tributed to groundwater pollution by excessive nitrates. Most of the nitrogen 
was discharged after corn harvest, that is, in the period October to December.

DYNAMICS OF NITROGEN TRANSPORT IN SOILS 

D.E. Elrick

The fate of nitrogen fertilizer is of considerable importance to 
agriculture because of its use in crop production as well as its possible 
contribution to groundwater pollution. Unlike phosphorus and potassium 
nitrogen has several oxidation states in nature. The reduced form, ammonium
nitrogen, is positively charged and participates in cation exchange reactions;



FIGURE 16 Discharge of Nitrate-Nitrogen from Lysimeters from 1968 to 1970
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the oxidized forms, nitrite- and nitrate-nitrogen are negatively charged and 
as there are relatively few anion adsorption sites on Ontario soils, these 
oxidized forms are free to move in some manner associated with the water move
ment patterns. Thus the movement of reduced and oxidized forms of nitrogen 
in soils is extremely different.

Under aerobic conditions, the movement of ammonium-nitrogen is 
retarded due to cation exchange and at the same time is subject to nitrifica
tion by soil bacteria. With the transformation to nitrite- and nitrate-nitro
gen, movement takes place with the water with little retardation. Experimen
tal studies were conducted in a miscible displacement cell (Fig. 17) to inves
tigate the effect of different water contents and different flow rates on the 
rate of nitrification. A recent modification to the apparatus included the 
addition of an inner air chamber to. control the radial flow of air across the 
soil column.

In this particular study 100 ppm nitrogen as ammonium sulphate was 
leached through an unsaturated column of Guelph loam. Effluent samples were 
analyzed for ammonium- and nitrate-nitrogen and periodic checks were made of 
pH. A summary of the experimental data is shown in Table 23- After an initial 
lag phase, rapid oxidation occurred when the pore water velocity was about 
0.15 cm/hr (a residence time of about 30 hr) and air was allowed to pass from 
the inner air chamber, through the soil to the outside of the pressure chamber 
at a rate of about 5 ml/min (Core 6, Fig. 18). In cases where no air was 
passed through the soil, little or no nitrification occurred and most of the 
ammonium-nitrogen was recovered in the effluent after the initial lag phase 
(Core 7, Fig. 18). One exception occurred as there was nitrification when 
the soil was packed very loosely (bulk density of 1.09 g/cm3, Core 3, Table 23).

Periodic checks showed that under conditions of no air flow (Core 7), 
the effluent quickly reached a pH of 8.3 and went as high as 8.5 before set
tling down at around 8.3. However, under conditions of air movement through 
the soil core, the effluent pH climbed from 7.6 to 8.1 before settling down 
at about 7.7. The initial pH of the soil was 7.6 and that of the effluent 
was 5.9.

A mathematical model is being developed to include the chemical 
and microbial reactions of nitrogen in soils as they affect the movement of 
nitrogen.



65

FIGURE 17 Schematic Diagram of Miscible Displacement Cell



TABLE 23 Summary of Experimental Data on Nitrogen Transport in Laboratory Cores

Core 
No.

Core
Length (L) 

cm

Bulk
Density (Db) 

g/cm3

Vol Moist. 
Content %

Pressure 
(bars)

Air
Supply

Pore
Velocity (u) 

cm/hr

Res idence

Time (L/u) 
hrs

Nitrification

1 2.5 1.15 36.3 .10 Yes . 128 19.5 No

2 2.5 1 .21 29.3 33 No .25 10.0 No

No .467 5.25 No

Yes .078 32.0 No

3 5.0 1 .09 29.6 .33 No .145 34.5 Yes

4 5.0 1.12 32.0 .33 Yes .152 33.0 Yes

5 5.0 1 .20 32.0 .33 No .162 30.75 No

6 5.0 1.35 32.0 .33 Yes .159 31.5 Yes

7 5.0 1 .34 32.0 .33 No .163 30.5 No
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FIGURE 18 Distribution of Nitrogen Effluent from the Displacement Cell
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COUPLING PHENOMENA IN SATURATED HOMO-IONIC CLAY SYSTEMS

D.E. El rick, D.E. Smiles and J.H.M. Aalders

In the study of fluid transport through porous materials, it is 
customary to assume that the volume flux is given by Darcy's law in which the 
total potential is the sum of the gravitational and capillary components. In 
the use of this equation, it is assumed that osmotic, electric, and tempera
ture gradients have negligible effect on the flow.

In clay-water systems a strong coupling can often exist because of 
the diffuse double layer associated with the solid matrix. Coupling here is 
defined as the transfer of one charge (a general term incorporated mass, 
electric charge, temperature) due to the influence of a gradient associated 
with a different charge.

An experiment to determine the diffusive, osmotic, and electrical 
coupling effects of a saturated, homo-ionic, sodium chloride Wyoming benton
ite paste under isothermal conditions showed a strong degree of coupling. 
Osmotic pressures were measured with a differential pressure transducer, salt 
concent rations by electrical conductivity with platinum electrodes, and vol
tage differences with an electrometer.

The reflection coefficient is here defined as the ratio of the ob
served osmotic pressure (the hydrostatic pressure recorded by the pressure 
transducer) to the osmotic pressure predicted from vant Hoff's law (the 
hydrostatic pressure that would be recorded across a perfect semi-permeable 
membrane). Experimental values of the reflection coefficient were generally 
greater than 0.5.

Measurements with reversible and non-reversible membrane electrodes 
are in progress.

VIRUS TRANSPORT THROUGH SOIL

K.B. McDonald and D.E. El rick

The transport of viruses in soils and porus media is of importance 
because of the health problems associated with the phenomenon and also because 
it provides a highly quantitative model for the movement of suspensions of 
small particles through a soil. The purpose of this research project is to 
examine in some detail the effects of ionic strength and composition of the 
solution on both the stability of the virus to inactivation and on the effi
ciency of Guelph loam in removing viruses at various flow rates.

Two bacterial viruses have been chosen as model viruses in this 
study. The reasons for this are that bacterial viruses resemble animal 
viruses in their characteristics but are technically simpler to use.

Preliminary experiments were performed with the bacteriophage Py 
(infectious on the bacteria Bacillus subtilis) to determine its stability 
with time in a phosphate buffer of pH 7.0 and of varying ionic strength. 
The virus was most stable in tap water and relatively stable in buffers of 
low ionic strengths ranging from 0.01 to 0.05. The stability of the virus 
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in buffers throughout this range appeared similar. The stability changed 
quite markedly at ionic strengths above 0.05 and was relatively low in buffers 
of ionic strengths 0.10 to 0.20.

Batch adsorption experiments were performed with the virus Py by 
mixing Guelph loam and buffered virus solutions in equal quantities on a 
weight to volume basis. The data from these experiments gave a straight line 
when plotted as a Freundlich Isotherm (Equation 1).

 log [C/x adsorbed] adsorbed = 1/n log [Cequilibrium] 
+ log k (1)

where C/x adsorbed is the amount of virus adsorbed per gram of soil, C equili
brium solution, and n + k are empirical constants.

For buffers of ionic strength 0.10 and 0.05 the plots gave a straight line 
with a slope of 1 indicating linear adsorption. At ionic strength 0.10 the 
value for "k" was 1.8 while at ionic strength 0.05 the value for "k" was 
4.7. This difference in"k" was statistically significant and shows that a 
larger fraction of the viruses was present in the adsorbed phase in the 
buffer at lower ionic strength.

In considering the transport of viruses through porous media, it 
was felt that this difference in the proportion of virus adsorbed should 
influence the virus transport. This effect was observed in column experiments 
at low flow velocities. In such miscible displacement experiments using the 
phage P7 as a tracer and a slow rate of flow, significantly fewer viruses 
passed through the soil column when the suspending buffer had an ionic 
strength of 0.10 then when the suspending buffer had an ionic strength of 
0.05. This effect was not observed at higher rates of flow and experiments 
are now in progress to more fully explain the interaction between flow rate, 
ionic strength, and removal of viruses.

It was shown that a reduction, by a factor of two, in the rate of 
flow of viruses through a soil column caused a reduction in the number of 
viruses in the effluent by approximately a factor of 10.

Research is continuing to further elaborate on the effect of flow 
rate on virus transport and to determine the interaction between flow rate, 
ionic strength, and adsorption characteristics on virus removal by soil and 
other porous media.

SOIL SURVEY

D.W. Hoffman and C.J. Acton

Soil surveys were continued in Brant, Peterborough and Waterloo 
Counties during the 1970 field season. Work on the Waterloo County survey 
was concentrated on writing the report and the printing and editing of the 
soil maps, which for the first time will appear on an airphoto mosaic base. 
It is expected that this report will be published in the summer of 1971. 
Soil mapping proceeded in Brant and was completed except for a section of 
the Indian lands. Soil mapping has also been completed in Peterborough 
County but collection of soil samples from representattve soils is required 
and will continue into 1971.
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Late last summer a new survey was started. This is the mapping and 
classification of all the bogs greater than 50 acres in size in Southern 
Ontario. These areas of organic soils will be classified according to the 
taxonomic system of the Canada Soil Survey Committee and will be classified 
according to their capability of vegetable crop production. Bogs in Dufferin, 
Peel, Simcoe, Wellington and York Counties were mapped and classified during 
the 1970 field season. The project is financially supported by A.R.D.aJ 
and will be completed with the preparation of maps and reports. The maps 
are of the 1:50,000 scale National Topographic Series and will show the 
location, extent, kinds and capabilities of the various organic soils. The 
organic soils and their potential will be fully described in a report.

LAND USE

D.W. Hoffman, E.E. Mackintosh and D.M. Brown

The term "land use" means different things to different people. 
To some it concerns present use of land and researchers are involved in 
studying the effects of these present uses on the socioeconomic structure of 
an area or a region. Maps showing the distribution of various uses are pre
pared and further research into causes and effects is conducted because it 
is thought that present use is often an indicator of "best use". This 
approach, however, is not that of the Soil Science Department. Here the 
concern is mainly with the role soil and soil characteristics play in var
ious uses. We are concerned with the potential of soils and their limita
tions for such uses as agriculture, recreation, waste disposal, and urbaniza- 
t i on.

The land use research program will aid in the solution of problems 
in land allocation and land use planning. It has provided a base for the 
equitable taxation of rural farm properties and will continue to provide 
estimates of the benefits and costs of farming. This research provides a 
strong base for any land assembly program, can be used to assist with land 
use decisions, and will indicate the areas which require the smallest number 
of inputs for the greatest outputs.

During the past year land use research has concentrated on soil 
survey interpretation. Soils information has been interpreted for agricul
ture with the development of the A.R.D.A. soil capability classification. 
Recently, soil capability systems have been developed for urbanization, 
recreation and waste disposal. Full descriptions of these cIassifications 
can be found in the publications listed in this report. They consists of 
5 classes which are divided into 9 subclasses defined in such a way that a 
person familiar with soils can estimate the potential of a site for urbaniz
ation, waste disposal, or recreation. As is the case with the soil capability 
classification for agriculture, socioeconomic factors are not considered in 
arriving at a rating.

To date the classification systems are largely qualitative. No 
quantitative estimate of the cost of production is included in the defin
itions of each class. Research in 1970 has provided quantification of class

Agricultural Rural Development Act providing Federal and Ontario govern
ment funds.
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definitions in the agricultural system and has indicated the effects of 
certain soil characteristics on specified uses. Some of the studies are 
briefly described below.

(a) Productivity Ratings of Soil Capability for Agriculture

Classes

The objectives of the research were:

1. To quantitatively define soil capability classes.

2. To determine the soil characteristics having the greatest effect 
on yield.

3. To develop mathematical models for predicting yield.

Grain, corn, barley, and oats were the crops used to develop the 
ratings defining each soil class. Using indices as the means of comparing 
classes the following were obtained.

C1 ass Index

1 1.00
2 .80
3 .64
4 .49
5 .00
6 .00
7 .00

These indices show that for every 100 bushels of a common field 
crop obtained on Class 1 land only 80 bushels are obtained on Class 2, 64 
bushels on Class 3, etc. Cultivated crops are seldom grown on classes 5, 
6, or 7 hence the yields are essentially zero.

The research also indicates that soil class is a good predictor 
of yield and that slope, texture, and soil moisture supply are the character
istics most highly correlated with yield.

(b) Interpretation of Climate for Land Use Planning

The untimely occurrence of freezing temperatures during the grow
ing season has a significant effect on the type of agriculture, especially 
horticultural crop production, that can be practiced in a region. Alterna
tive land use practices need to be considered where frost hazard is too 
great. A publication on the occurrence of freeze dates in Ontario is in 
preparation. It will provide maps and charts of the most recent long-time 
averages of 32°F freeze dates in spring and fall determined for Ontario 
weather stations with 40 or more years of record. Techniques for determin
ing freeze dates for temperatures below 32°F and for probabilities other 
than 1 in 2 (50%) will also be described. One phase of this project re
lates to that immediately following on tree fruit production.
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(c) Capability Classification for Tree Fruits and Vegetables

The objective of this project is to develop a model for determin
ing the capability of land for tree fruit and vegetable production based on 
climatic and soil characteristics. Yield data are being collected for the 
major apple producing areas in Southern Ontario and these data will be used 
to evaluate the effect of different climatic and soil variables on capability.

(d) The Significance of Soil-Water Table Levels in Relation to Land Use 
Interpretat ions

One of the more important parameters required for interpretation 
of soils information for a range of land use conditions, e.g. urbanization, 
septic tank installations, etc. is depth of water table. Since it is not 
feasible to measure water table levels over extended periods for individual 
site interpretations, some rapid field procedure is required for predicting 
seasonal as well as yearly variations. In addition, some knowledge of the 
effects of different land use practices on existing water table levels is 
often crucial. The present investigations were initiated to provide some 
data on these various aspects.

A prediction model for water table levels based on soil properties 
is being developed. Preliminary results indicate that depth to and the type 
of mottling patterns in soils give some indication of water table conditions. 
Methods are being developed to quantitatively describe mottle patterns based 
on their abundance, size, shape, boundary conditions and colour. The quan
titative description of the mottles together with water table and climatic 
data which are presently available at a large number of sites will allow 
statistical analysis of the data using descriminant analysis.

The relationship of urban and parks development to water table 
levels in soils is being studied. This is a long term project undertaken 
to evaluate the influence of urbanization on water table levels on a small 
watershed in the city of Waterloo. The effect of urban development on water 
table levels in the area is particularly important for establishment of a 
linear park adjacent to Clair Creek.

A woodlot developed on organic soils adjacent to the stream will 
be retained as a natural park. A detailed soil map of the area (1" - 2001) 
has been prepared. The microstratigraphy of the surficial sediments has 
been determined in relation to moisture movement and seepage flow for the 
surrounding uplands. Six sites have been chosen for water table measure
ments. These were located in relation to the registered plan of develop
ment to determine the effect of urban development and road construction on 
the water table levels beneath the woodlot. A significant drop in water 
table level would result in the death of trees within the woodlot.

(e) Hanlon Creek Ecological Study

This is a cooperative project undertaken by a number of Depart
ments at the University of Guelph. The overall objectives of the study 
are to evaluate the effect of the Hanlon Expressway upon the ecology of 
Hanlon Creek, and to evaluate the possible effects of long range urbaniz
ation upon the Hanlon Watershed area.
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The soil investigation associated with this project includes the 
fol lowing:

(1) a detailed study of the interrelationship between water movement 
and the microstratigraphy of the surficial sediments adjacent to 
the Hanlon Expressway in order to assess the effect of the express
way construction on water table levels on the downstream side of 
the highway.

(2) preparation of a detailed soil map of the watershed area and inter
pretation of these data for parks development, urban design, and 
storm sewer water renovation using sediment basins.

(3) monitoring water table levels to determine the effects of urbaniz
ation of the watershed.

(f) Influence of Amorphous Coatings on the Surface Reactivity of Clays

The surface reactivity of inorganic soil colloids is an important 
factor controlling the sensitivity of clays to slumping. Slumping problems 
and their associated effects on land use are an important consideration in 
planning, e.g. the urbanization of the Leda clays in Ottawa. The objectives 
of the investigation are to evaluate the affects of amorphous coatings on 
the shear strength properties of clays. The less than two micron fractions 
of several standard clay minerals have been fractionated and Al, Fe, and 
Si-Al coatings are being prepared to simulate those conditions occurring 
in nature. The affects of these coatings on shear strength will be evalu
ated by viscometer measurements. In addition, several soils and sediments 
have been treated with Na2C03 and 0.05 M CaC12 at pH 1.5 to remove amorphous 
materials. The shear strength of the treated and untreated samples will be 
determined to evaluate analogous conditions found under field conditions.

GROUND TRUTH PROGRAM IN GEOLOGY, GEOMORPHOLOGY, AND SOILS 
C.J. Acton\ I.P. Martini, J. Cihlar, and R. Protz

High-flight air photographs and satellite imagery of the Great Lakes 
area are and will be available in 1971-72. Ground information (i.e. ground 
truth data) is necessary to interpret correctly and to use the information 
provided by these remote sensings. It is the objective of this particular 
research project to measure specific properties of soils and sediments such 
as spectral reflectance, organic matter content, texture, depth of surface 
horizon, fabric, and soil moisture content to achieve the following goals.

1. To define the information content of high altitude aerial photo
graphs of various spectral bands, in terms of soil and sediment 
characteristics as well as geomorphic factors.

2. To extrapolate the information obtained from a study of various 
materials and landforms to other areas by the technique of aerial 
photographic analysis.

1 Canada Department of Agriculture
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3. To evaluate the advantages and/or disadvantages of the various types 
of imagery as a base for mapping soil, sediments, and bedrock.

The underlying philosophy in the approach taken to this study is 
that specific information must be obtained to support subsequent generaliza
tions made in interpretations from high altitude and satellite imagery.

The correlations between the measured properties of sol 1s-sediments 
and the tonal characters of the air photos will be analyzed in selected 
areas which differ with respect to parent materials (sediments) as well as 
landforms. These include:

1. undulating landform, deltaic sediments, Brant County.

2. rolling dissected landform, lacustrine sediments, Brant County.

3. drumlinoid landform, lacustrine sediments, Brant County.

4. drumlinoid landform, loam till sediments, Wellington County.

5- shallow glaciated landform overlying bedrock.

COLOR AERIAL PHOTOGRAPHY IN SOIL MAPPING

J. Cihlar and R. Protz

To take a comprehensive look at the problem of color aerial photo
graphy in soil mapping, a research project was initiated with the following 
objectives.

1. Investigation of spectral reflectance and color characteristics of 
the surface of soil units.

2. Comparison of the interpretability (defined as the number of 
threshold differences of gray or color tones changes which would be 
perceived by an average interpreter) of black-and-white (B & W) and 
color aerial photographs.

3. Investigation of the possibility of semiautomatic soil photo inter
pretation from density measurements of color aerial negatives.

The area investigated was located in Brant County, S.E. from 
Brantford. Eight transects, which could be located accurately in the field 
and in aerial photographs (scale 1:4000) were chosen: six of them on bare 
fields (four on dissected lacustrine plains, one on alluvial sediments, one 
on deltaic sediments), one on a hay field, and one on a mixed forest.

For the investigation of soil spectral reflectance and color, four 
of the transects were sampled in the fall of 1970, at 10 meter intervals, 
with four samples taken from each sampling point down to a depth of 15 cm. 
In addition, two of the transects were resampled in April, 1971, at a time 
when aerial photographs for soil mapping are usually taken. Soil series and 
slope classes along the transects were identified by Soil Survey Staff. 
Spectral reflectance of soil samples have been determined on a Cary 14 UV 
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double-beam spectrophotometer. All samples have been measured air dry, and 
approximately 50% were remeasured under moisture content from April, 1971. 
Colors calculated from the spectral reflectance curves were grouped for 
identified soil units and subjected to a statistical analysis.

As the main disadvantages of previous comparative studies of B & W 
and color aerial photographs was the subjective bias of photointerpreters 
involved, an alternative approach based on interpretability, has been developed. 
Colors of aerial transparencies have been determined using a Carl Zeiss PMQ-II 
single beam spectrophotometer, and gray tone densities by Macbeth Transmission 
Densitometer TD 203 AM. Psychological experiments were performed to establish 
the just perceptible difference (JPD) for the perception of color differences. 
Subsequently the number of JPD’s was summed for each of the four transects on 
B & W and color photos, respectively.

The possibility of semiautomatic soil photo interpretation was inves
tigated using densities measured by an Automatic Recording Microdensitometer 
Model 1010 and discriminant analysis. Each element along six transects was 
represented by three densities, taken with red, green, and blue filters. As 
soils had been mapped along the transects, the accuracy of identification by 
computer could be established.

Measurements of soil colors under diverse moisture conditons have 
shown that the range of Munsell hues was very small. Both color photos and 
wet soil color measurements indicated a wide range of Munsell values and 
ch romas.

It was found that there was no significant difference (5% probability) 
in the interpretability of B & W and color aerial transparencies. Experience 
from the investigation indicates that this was due to the inability of the 
human eye to make full use of chroma variations recorded on the photograph.

The accuracy of soil identification from the microdensitometric 
measurements was approximately 40%. This was surprising as accuracy achieved 
in crop identification under comparable conditions was 29% only. The results 
may be explained by the fact that color films record both Munsell values and 
chromas. The accuracy of soil identification from B & W photos was not tested 
but it can be expected to be low as B & W films respond to total reflectance 
which is related to Munsell value only. Thus if the human eye can be more 
rigorously disciplined it may make better use of information recorded on 
color photographs. It appears that in this research plot the use of color 
photographs in soil mapping would not be an improvement if the existing mapping 
procedure is maintained. On the basis of results it is expected that in areas 
with more diverse soil surface colors, color photographs will be more useful 
than B & W photographs. On the other hand, if the system of semiautomatic 
soil identification were further improved, it could be used for a more detailed 
description of bare soils in identification of terrain types.
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USE OF ORTHOPHOTOS FOR PEDOLOGICAL STUDIES

L.S. Crosson and R. Protz

Orthophotos have a distinct advantage over conventional aerial 
photographs in that accurate ground coordinates, including surface elevations, 
may be measured on them. This unique feature is the basis for a study of 
the relationships between land surface configurations and soil profile prop
erties. Surface elevation, slope and aspect measured on orthophotographs 
will be used as input for a stepwise multiple linear regression program in 
an attempt to estimate soil profile properties such as horizon thicknesses 
and soil surface color, pH, organic matter content and particle size dis
tribution. Preliminary studies using field measurements as estimates of 
orthophoto measurements have indicated that up to 70% of the variability in 
certain soil properties can be accounted for. It is planned to add photo
graph density to further improved the results (Photograph density represents 
soil color on photographs).

Information gained from this research should significantly improve 
the efficiency of soil surveys by providing a greater knowledge of how 
terrain surface features influence soil profile development. Since the 
terrain surface features may be measured on orthophotographs, a considerable 
amount of field work could be eliminated thereby reducing time and costs.

MICROPEDOLOGY AND ELECTRON PROBE ANALYSIS 
OF LACUSTRINE SOILS OF BRANT COUNTY

C.J. Acton and R. Protz

Five soil profiles each representing the central concept of a map
ping unit used in the detailed soil survey in Brant County were selected for 
study. Three profiles occurring on the upland component of a dissected lacus
trine landform, and designated Brantford 1, 2 and 3, were considered to be 
derived from deltaic sediments of glacial lakes Warren or Whittlesey age. 
The remaining two profiles, Onondaga 1 and 2, were situated on a nearly level 
lake plain, and were derived from deep-water sediments of Lakes Grassmere or 
Lundy age.

Using the least squares method of regression analysis on particle 
size data expressed on a clay-free basis, textural discontinuities were located 
in the solum of each of the profiles. Pedogenic processes appeared to be 
controlled by the presence of textural discontinuities within the solum, 
since in most cases, soil horizons coincided with discontinuity boundaries. 
The distribution with depth of "free11 iron, aluminum, and manganese, as well 
as clay, is indicative of eluviation of these constituents from the Ae hor
izon and their accumulation in the Bt horizon, characteristic of soils of the 
Gray Brown Luvisol Great Group, However, in several profiles the clay mixima 
occurred below the zone of illuviation suggesting finer textured layers of 
geologic origin in these profiles.

Although the profiles of this study occurred on well drained to 
moderately well drained landscapes, micromorphological studies indicate that 
gleyization processes have noticeably influenced the genesis in 4 out of the 
5 profiles examined. This is manifest in surface gleying features (pseudo- 
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gleying) which include a concentration of sesquioxide nodules and concretions 
in the Ah (or Ap) and Ae horizons. Cutanic forms of sesquioxide domains 
(ferrans and mangans) in the Bt horizon provide further evidence of conditions 
of excessive wetness throughout this portion of the solum. Gley-phenomena in 
the subsoil were recognized as diffuse darkened zones adjacent to planar voids 
in the C horizons of some profiles. Periods of excessive wetness were con
sidered to be more prolonged in the Onondaga soils than in the Brantford soils.

In the two Onondaga profiles studied, orientation of the plasma has 
occurred as a consequence of both illuviation and shear stresses, the latter 
attributed to shrinking and swelling due to the high clay content of these 
soils. There is sufficient micromorphological evidence of pressure-oriented 
plasma to suggest that the Onondaga 2 profile should be classified in a 
Grumic subgroup of the Canadian Classification system.

Electron microprobe analysis has been carried out on morphological 
features in thin-sections including cutanic materials, irregular opague domains, 
nodules and concretions. This has enabled positive identification to be made 
of these features and their inter-elemental relationships to be determined 
which has led to a clearer understanding of the genesis of these soils.

MINERALOGICAL CHARACTERIZATION OF SOILS FROM 
ACTIVE SOIL SURVEYS IN ONTARIO

R. Protz

One hundred clay samples and 100 sand size mica samples from 
Peterborough County were characterized by X-ray diffraction. Treatments used 
were air dry, glycol, 300°C, 550°C and 750°C. These samples represent very 
young soils derived from the range of bedrock found in Peterborough County.

Sixty-seven clay samples from the Brant County soil survey were 
characterized by X-ray diffraction.

The interpretation of results will be completed during the next 
year in association with other laboratory data now being determined on these 
soils.

CLAY MINERALS AND DISCONTINUITIES IN NINE SOIL PROFILES

S. Venkataraman and R. Protz

In Southern Ontario, soils which have developed in glacio-fluvial 
deposits overlying glacial till, and in lacustrine sediments are of wide
spread occurrence. Most of these soils have textural discontinuities.

The main objectives of the present investigation were (1) to define 
the relationship between clay mineral distribution and textural discontinu
ities and (2) to characterize the extent of alteration and translocation 
under different conditions of soil formation, in nine soil profiles of 
Southern Ontario. These soils differed in their drainage and parent material.

The soil samples were collected at 5 cm increments throughout the 
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solum and 10 cm increments in the subsoil. Textural discontinuities had 
been established in these soils by earlier workers.

For the present investigation a modified method of semi quantitative 
estimate of clay minerals based on the peak height was developed. Criteria 
have been established for a framework in which the results of total carbonate, 
calcium/magnesiurn ratio, clay minerals and elements of the clay fraction could 
be interpreted in terms of pedogenic and geological changes. The distribution 
of total carbonate, calcium/magnesiurn ratio, clay minerals and elements of the 
clay fraction were also analysed with reference to the textural discontinui
ties.

Changes in carbonate content and clay mineralogy were associated 
with textural discontinuities only in some cases. It is evident from the 
present investigation that the profiles of Honeywood catena and Harriston 
series were formed from the till and overburden of varying thickness. The 
overburden was derived from material similar in source to that of the under
lying till; most likely by the cut and fill action of the glacial melt-water. 
The difference in the clay mineral composition between the overburden and till 
of the Honeywood catena and Harriston profiles could be detected only from 
the distribution of the elements of the clay fraction and not from the clay 
mineral (qualitative and semi-quantitative) distribution with depth. The 
distribution of both minerals and elements of the clay fraction indicated the 
heterogeneous nature of the lacustrine parent material of the Brantford 
profiIes.

Illite has altered to a polymineralic mixture of clays in all these 
soils. It appears that the alteration of illite has been influenced by the 
thickness of the overburden in the well drained profiles (Harriston and 
Honeywood) and by the difference in drainage within the Honeywood catena.

On the basis of the present investigation, it is suggested that 
index minerals of the non-clay fraction may not be adequate to test the homo
geneity of clay mineralogy in the parent material of soils of Southern Ontario. 
Therefore in future pedogenic studies of clay minerals in the soils of South
ern Ontario the technique of sampling and analysis of clay minerals followed 
in the present investigation is recommended.
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GEOLOGY

THE GRAND RIVER WATERSHED

I . P. Martini

Recent and Pleistocene sediments have been sampled along the Grand 
River between Dundalk and Port Maitland, Ontario. The st ratified-nested 
sampling design which was applied was designed to evaluate (a) the operator 
error in sampling alluvial sediments, (b) the local vertical and lateral 
variations in properties of sediments, (c) the regional variations in the 
parameters measured.

This first regional study of the Grand River should constitute a 
modern analog for a better understanding of Pleistocene and older alluvial 
sediments.

Preliminary results from field measurements and laboratory analysis 
indicate a few features which, when better defined, thus recognizable in older 
rocks, may have strong implications in the reconstruction of ancient environ
ments.

1. Particular reaches of the stream, such as parts of the upstream 
sides of point-bars, are preferentially affected by ice pressure 
buildups and ice jams. These areas are characterized by particular 
types of sedimentary structures, pockets of ice-rafted sediments and 
peculiar distributions and characters of the arboreal vegetation. 
These features are not yet so well known to be recognizable in 
ancient sediments.

2. A downstream trend in coarsening of dead fresh-water pelecypoda 
(clams) is related to the presence of younger specimen in the upper 
shallower reaches of the stream. In these reaches the clams appear 
to be frequently killed before maturity by a complete freezing of 
the waters of the river.

3. The size analysis of the sand fraction of a few of the samples 
collected along the river indicate an overall decrease in grain 
size from a medium to coarse sand in the upper reaches to a fine to 
very fine sand in the lower reaches of the Grand River (Fig.19). 
Local anomalies exist (Fig. 20) and they can be correlated to the 
geology of the area, to the sediment sources, local slope variation, 
human activities and so on.
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FIGURE 19 Preliminary Analysis of Relations Among Slope, Grain Size, and 
Discharge along the Grand River (prepared by D. McQuay)
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FIGURE 20 Variation in Average Grain Size with Distance along the Grand 
River (prepared by D. McQuay)
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DRUMLINS AND DRUMLINOID FEATURES OF SOUTH WESTERN ONTARIO
I.P. Martini and A. Falconer^

The geomorphologic features and the processes responsable for the 
formation of drumlin and drumlinoid ridges in S.W. Ontario are under study. 
The basic concepts relating to this project are reported in the I960 Progress 
Report. Preliminary studies have been made in the Big Valley drumlin field 
and in the Guelph drumlin field. Textural and fabric data have been collect- 
ed from a few of the available exposures of till constituting drumlinoid 
ridges. The fabric data (e.g. pebble orientations and imbrications) will 
allow a test to be made of the more modern theories on the formation of 
drumlins.

ANATOMY OF SILURIAN DELTAIC AND LITTORAL ENVIRONMENTS 
- THE MEDINA FORMATION -

I .P. Martini

The major exposures of the Medina Formation (1969 Progress Report 
p. 21) were measured and sampled for the following purposes:-

1. Determination of the local environments of deposition of these 
Silurian clastic rocks, utilizing sedimentary structures, textures 
and fabric data.

2. Determination of the amount of loss of information incurred when 
the rocks are analyzed in simulated-core samples, ditch cuttings 
samples and remote sensing (E-logs) samples, with respect to the 
amount of information obtainable from direct observation in out
crop (Fig. 21). The three stratigraphic intervals represented here 
have been interpreted as deposits of a channel cutting through a 
sandy and muddy tidal flat (interval K.VI), of a marine tidal flat 
environment (interval K.V), and of a tidal channel laterally trans
itional to a beach environment (interval K.IV).

3. Determination of the minimum amount of quantitative information 
needed to retain the correct interpretation of selected environ
ments of deposition of sedimentary rocks.

WEATHERING OF MICACEOUS MINERALS

S.A. Wentworth

Laboratory studies of the alteration of micas are being directed 
towards extending the knowledge of natural weathering processes. Micas 
weather to expanding layer silicates through potassium depletion with a con
current gain in replacing ions and water. Main objectives of the program are 
(i) to determine the relative influence of physical and chemical weathering 
factors and (ii) to obtain an understanding of the mechanism which allows

1 Department of Geography
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FIGURE 21 Vertical Sequence of Sedimentological Features of the Grimsby 
Sandstone (Silurian) in an Exposure at Lockport, N.Y.
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layer charge reduction as potassium is removed and expanding layer silicates 
are formed. Special consideration is being given to the proposal that reduc
tion of net negative charge on the layers during weathering results from 
protonation of structural oxygen ions to form new hydroxyl groups. Results 
of the weathering studies and the nature of the weathering products can be 
correlated with observations of naturally occurring soil processes and min
erals.

A muscovite and a phlogopite are being altered using sodium tetra- 
phenly boron (NaTPB) solutions at room temperature. The micas and products 
of alteration have been chemically characterized. The micas were broken- 
down in water with a Sorvall Omni-Mixer, fractionated into several particle 
size ranges and freeze dried. Atomic absorption techniques were used to 
analyze for K, Na, Mg and Fe (total). Ferrous iron, Al and Si were determined 
colorimetrically; F and Cl analyses were made by the Geological Survey of 
Canada.

Approximate structural formulas for the 1-20μ particle sizes of the original 
micas:

Phlogopite - K0.95(Mg2.36Al0.34)Fe+30.01 Fe+20.14)(Si3.00AI)(F1.13Cl0.02)O2(OH)0. 85

Muscovite - K0.77Na0.05(Al1.93MG0.03Fe+30.01Fe+20.05)(Si3.15Al0.85)O10(OH)2

Muscovite Alteration One year of alteration has been completed. Precipita
ted KTPB was removed after 4 and 8 months of alteration and fresh NaTPB 
solution supplied. For the various particle sizes, the extent of alteration 
is shown in Table 24.

TABLE 24 Potassium Removal from the Muscovite by Sodium Tetraphenyl Boron 
Solutions at Room Temperature

Time of 
Alteration 
(months)

Muscovite Size Fraction
1μ 1 -5μ

K removed
5-10μ

- % of
15-20μ 

total ------

4 36 56 40 29
8 61 77 83 53

12 57 78 82 61

Phlogopite Alteration The 15-20μ fraction is being altered by cycling the 
mineral through alternate K-removal with NaTPB and K-saturation of the expan
ding product. Five cycles have been completed. Based on x-ray diffraction 
and chemical evidence, K-saturation of the alteration products does not 
restore the original phlogopite. Removal of 80% of the K in the original 
phlogopite required about 50 times as long as removal of an equivalent amount 
of K from the K-saturated products during cycles 2-5. X-ray diffraction 
properties of the alteration products are similar to those of naturally 
occurring minerals.
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MINERAL SYNTHESIS IN THE SYSTEM Al203-H20 
AT LOW TEMPERATURES AND PRESSURES

Ward Chesworth

An amalgamation technique of mineral synthesis has been developed 
and has been used to synthesise all the naturally occurring aluminum hydrox
ides but one (diaspore). Experimental results are shown in Table 25.

The fact that diaspore could not be formed would lend support to 
other workers' suggestions that a higher pressure than atmospheric is needed 
for that mineral. All the other hydroxides can be expected in soils and the 
products of weathering and indeed all but pseudoboemite have been recorded in 
such materials.

TABLE 25 Experimental Syntheses of Phases in System AI2O3-H2O at Low 
Temperatures and One Atmosphere Total Pressure, Using the Amalga
mation Technique

Nature of Reacting Duration Temperature Products
Medium of Run

Distilled H20 89 hours 25°C Bayerite
" " 18 hours 51°C Bayerite

+ Pseudoboehmite
" " 1 hour 99°C Pseudoboehmite

.5 M NaCI solution1 672 hours 25°C Bayerite
+ Pseudoboehmite

2 M NaOH solution 408 hours 30°C Boehmite
+ Nordstrandite

.1 M Na2C03 solution1 120 hours 44°C Boehmite

Conc. NH4OH 672 hours 40°C Gibbsite
" " 48 hours 30°C Nordstrandite

The charge was suspended above the solution in these cases so that the 
amalgam was in fact reacting with the vapour in equilibrium with the 
solution, i.e. it was reacting under lower H2O activities than the 
comparable state of pure water.
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ACTIVE RESEARCH PROJECTS

(Project leader and fund granting agency are shown following the title of each project)

Agrometeorology

1. Crop micrometeorology with emphasis on water relations

Addition of temperature sensing capability to a leaf wetness 
recorder and study of its use as a guide for scheduling 
fungicide spray operations in orchards and fields. (T.J. 
Gillespie, Ontario Department of Agriculture and Food).

Determination of evapotranspiration rates of a corn crop by 
lysimeters and the development of methods for predicting 
water use at various stages of growth. (K.M. King, Ontario 
Department of Agriculture and Food).

Energy and water balances of agricultural land surfaces.
(K.M. King, Meteorological Branch, Canada Department of 
T ransport).

Short term 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, (Funded by 
Canadian Committee for the International Biological Program).

Response of individual corn leaves to environmental parameters 
as measured in the field with cuvettes. (W.M. Blacklow).

Modelling the early season growth of corn in controlled and 
field environments. (W.M. Blacklow, T.J. Gillespie).

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

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

Micrometeorological measurements of photosynthesis (K.M. King).

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. Thurtell).

Environmental effects on the life cycles of pests and diseases.
(T.J. Gillespie).
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3. Climate and field crop production.

Effect of climate on agricultural practices and crop production. 
(D.M. Brown, Ontario Department of Agriculture and Food).

Climate and perennial forage crop production. (D.M. Brown, 
Atmospheric Environment Service, Canada Department of 
Environment).

Compilation and analysis of current and past weather records. 
(D.M. Brown, Ontario Department of Agriculture and Food).

A. Micrometeorology.

Turbulent transport processes above terrestrial surfaces and 
within plant canopies (G.W. Thurtell, Canada Department of 
T ransport).

Soil Management and Plant Nutrition

Evaluation of macronutrient requirements for corn. (T.E. Bates and 
J.W. Ketcheson, Ontario Department of Agriculture and Food).

Evaluation of macronutrient requirements for spring cereals. (T.E. 
Bates, Ontario Department of Agriculture and Food).

Ground and aerial photography for diagnosis of nutrient deficiencies 
in field crops. (T.E. Bates, National Research Council).

Effects of manure and residues on soil properties, yield, and nitrogen 
requirements for continuous corn. (J.W. Ketcheson, Ontario Depart
ment of Agriculture and Food).

Time of application and source of nitrogen on corn. (E.G. Beauchamp 
and C.T. Corke’, Ontario Department of Agriculture and Food).

Time and rate of application, and source of nitrogen for grass pro
duction, (R.W. Sheard, Ontario Department of Agriculture and Food).

Time of application and placement of phosphorus and potassium for 
grasses, legumes, and mixtures thereof. (R.W. Sheard, Ontario 
Department of Agriculture and Food).

Interaction of fertilizer use and harvest management on production, 
quality, and longevity of forage species. (R.W. Sheard, Ontario 
Department of Agriculture and Food).

Method, source, and time of application of boron for field crops. 
(E.G. Beauchamp and R.W. Sheard, Ontario Department of Agriculture 
and Food).

Department of Microbiology
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Evaluation of zinc requirements for corn. (T. E. Bates
Ontario Department of Agriculture and Food).

Evaluation of corn hybrids and breeding lines for macro-and micro
nutrient requirements. (E.G. Beauchamp, L.W. Kannenbergl , and R.B. 
Hunter^, Ontario Department of Agriculture and Food).

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

Methods and techniques for chemical analysis of soils and plants.
(J.A. Smith, A.L. Willis and R.L. Thomas, Ontario Department of 
Agriculture and Food).

Effects of tillage practices on soil properties and on growth and yield 
of corn. (J.W. Ketcheson and T.B, Daynard^, Ontario Department of 
Agriculture and Food).

Transport and availability of plant nutrients in soil. (B.D. Kay, 
Ontario Department of Agriculture and Food),

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

Solute-induced structural alterations of the components of clay
water systems. (B.D. Kay, Ontario Department of Agriculture and 
Food) .

Mineralization studies of soil organic matter with reference to 
nitrogen and phosphorus. (R.L. Thomas, Ontario Department of 
Agriculture and Food).

Interactions of soil drainage, species and plant nutrition.
(R.W. Sheard, Ontario Department of Agriculture and Food and
Canada Department of Agriculture).

Changes in the level and nature of organic matter due to tile 
drainage of a poorly drained soil. (R.L. Thomas and R.W. Sheard, 
Ontario Department of Agriculture and Food and National Research 
Council).

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

Chemicals affecting cell membrane permeability and the absorption 
of foliar applied nutrient elements. (E.G, Beauchamp, National 
Research Council).

1 Crop Science Department
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Reactions at the soil-root interface and their significance in plant 
nutrition. (M.H. Miller and H.F. Wilkinson, 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).

Relationship of visible radiation to growth and metabolism of plants. 
(R.W. Sheard, National Research Council).

Land in Relation to Water Quality

Movement of nutrients from liquid manure disposal. (L.R. Webber 
and J.W. Ketcheson, Ontario Department of Agriculture and Food 
and Department of Energy, Mines, and Resources).

The utilization of animal wastes in the production of forage 
species. (R.W. Sheard, Ontario Department of Agricutlure and Food).

Surface movement of soil and nutrients as influenced by tillage and 
stover management. (J.W. Ketcheson, Ontario Department of Agricul
ture and Food).

Pollution potential from nitrogen applied to grain corn. (T.E. Bates, 
Canada Department of Agriculture).

Soil suitability and the disposal of septic tank effluents.
(L.R. Webber, National Research Council).

Fertilizer use and water quality. (M.H. Miller in co-operation 
with the Soils and Crops Branch, Ontario Department of Agriculture 
and Food).

Effect of land use practices on water quality and inherent political 
issues. (T.H. Lane co-ordinator with O.P, Dwividi, Political Studies; 
R.G. Goel, Chemistry; R.A. Johnston and J.B. Robinson, Microbiology; 
Department of University Affairs).

Microhydrologic characteristics of soils. (D.E. Elrick, National 
Research Council),

Dynamics of nitrogen transport in soils. (D.E. Elrick, Ontario 
Department of Agriculture and Food).

Osmotic effects in clay soils. (D.E. Elrick, National Research 
Council).

Virus transport in soils. (D.E. Elrick, Department of Energy, 
Mines, and Resources).
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Resources Inventory, Planning and Development

Relationship between geomorphlc, morphological, and chemical variables 
within small landscape units. (R. Protz, Ontario Department of 
Agriculture and Food and Canada Department of Agriculture).

Mineralogical characterization of soils from active soil surveys in 
Ontario. (R. Protz, Ontario Department of Agriculture and Food).

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

Use of the electron microprobe in soil genesis. (R. Protz, National 
Research Council).

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).

Techniques in photogrammetry as aids in studies of soil properties 
and geomorphic parameters. (R. Protz, Canada Department of Agri
culture).

Ground truth information in the areas of Geology, Geomorphology and 
soils in Ontario for the I.F.Y.G.L. (R. Protz, I.P. Martini, and 
C.J. Acton, N.A.S.A.).

Soil Survey and land use. (Funded by Canada Department of Agriculture 
and Ontario Department of Agriculture and Food).

Soil Survey of Peterborough County - J.E. Gillespie’
Detailed soil survey of Brant County - C.J. Acton’
Detailed soil survey of Waterloo County - E.W. Presant
Soil survey of Halton County - J.E. Gillespie
Soil survey of Middlesex County - E.W. Presant^
Soil survey of Northumberland County - D.W. Hoffman
Soil survey of Rainy River, Dryden area - D.W. Hoffman
Soil survey of Sault Ste. Marie, Sudbury area - D.W. Hoffman
Soil survey of Thunder Bay - D.W, Hoffman
Soil survey of Verner, Noelville area - D.W. Hoffman

Soil capability for agriculture studies - productivity rating for corn, 
barley and hay by soil class. (D.W. Hoffman, Agricultural and Rural 
Development Act grant).

Interpretation of climate for land use planning. (D.M. Brown, Ontario 
Department of Agriculture and Food).

The development of soil capability classification for horiticulturaI 
crops. (E.E. Mackintosh, Ontario Department of Agriculture and Food).

Studies of organic soils; their classification and uses. (D.W.
Hoffman and G. Pohorol, Agiicultural and Rural Development Act).

Canada Department of Agriculture Personnel1
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Relationship between water table levels and soil properties. (E.E. 
Mackintosh, Canada Department of Agriculture).

Hanlon Creek ecological study: Interdisciplinary study group evalua
ting the effect of urbanization on the Hanlon Creek watershed area. 
(J.W. Milliken^, co-ordinator with D.E. Elrick, E.E. Mackintosh; 
funded by City of Guelph, Ontario Department of Transportation and 
Communications, Grand River Conservation Authority).

Computerization and interpretation of soil survey information for 
providing solutions to land use conflicts. (E.E. Mackintosh, Canada 
Department of Agriculture).

Ground truth program in the areas of geology, geomorphology and soils 
in Ontario. (C.J. Acton? I.P. Martini, R. Protz, Centre for Applied 
Research and Engineering Inc.).

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

Geology

Study of drumlins and drumlinoid features of South-Western Ontario 
(l.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. (l.P. Martini, National 
Research Council).

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

Effect of Silurian sphalerite-galena deposits on the environmental 
geology of regions along the Niagara Escarpment. (W. Chesworth, 
National Research Council).

Mineral-equi1ibria in system AI2O3-H2O applied to soils. (W. Ches
worth, National Research Council).

Origin of hypersthene-granite. (W. Chesworth, National Research 
Council).

Studies related to the weathering of granite. (W. Chesworth, National 
Research Council).

Palaeoecology and diagenesis of the Guelph Formation around Guelph. 
(M. Brookfield, National Research Council)-

School of Landscape Architecture. A number of faculty from several other 
departments are involved in this project.

2 Canada Department of Agriculture
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Stratigraphy and palaeontology of the Harris Lakes area British 
Columbia. (M. Brookfield, National Research Council).
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UNDERGRADUATE EDUCATION

The development of the undergraduate programs continued with a 
number of significant changes during 1970-71. The first students, eight in 
number, graduated from the new Resources Management major (Table 26). Eight 
students graduated in the Soil Science major.

A new Earth Science major in the B.Sc. program of the University has 
been added and is under the supervision of this department. This major based 
on the core requirements of the general science program is intended to give 
students a strong background in basic science and a broad training in the 
earth sciences - soils, water, air, and geology. The first group will enter 
Semester 3 of this program in the Fall semester 1971.

Changes in course offerings during the year included the addition 
of one course, Soil-Plant Relations. This course is designed to provide 
greater depth in this area and to serve as an integrative course covering the 
soil-plant system.

In the winter of 1971, the introductory course in soils (87’200) 
was offered in an audio-tutorial format. This concept obviates most of the 
limitations placed on a straight lecture course. Explanation by an instruc
tor may now be replaced or supplemented by any or all of the following pro
cedures: assigned reading, listening to tapes, watching films, observing a 
series of slides, doing experiments, or studying a demonstration. This 
approach is versatile, permitting each student to work at his own pace and 
at a time of his own choosing. Opportunity is provided for teacher-student 
contact during all work periods, and also during tutorial sessions where 
small groups of students are afforded the opportunity of discussing the 
previous week’s work. A total of 295 students took the course this year and 
were practically unanimous in their preference for this method of presenta
tion.

A summary of the enrollments in the credit courses offered by the 
department in the correspondence, diploma, and undergraduate degree programs 
is given in Table 27.
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TABLE 26 May 1971 Graduates In Soil Science and Resources Management

NAME HOME TOWN

Soil Science Major

Charles Downs 
Jalaludin Jipelos 
Bruce S. MacLean 
Murray B. McBride 
Ron Robertson 
William Scott 
S.M. Griffith 
J.A. Schwei tzer

St. Catherines, Ontario 
Tualang, Malaysia 
Napanee, Ontario 
Varna, Ontario 
Merlin, Ontario 
Waterford, Ontario 
Trinidad 
Rodney, Ontario

Resource Management Major

William J. G reen 
John R. Hardy 
Alan A. Jowett 
Donald A. MacDonald 
Greg M. Miller 
Alexander B. Taylor 
Kenneth Westman 
B.E. Hoganson

Elora, Ontario 
Goderick, Ontario 
Ottawa, Ontario 
Georgetown, Ontario 
Islington, Ontario 
Galt, Ontario 
Guelph, Ontario 
Ottawa, Ontario
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TABLE 27 Correspondence, Diploma and Undergraduate Courses Presented During 
1970/71

Course Enrol 1ment

Correspondence

2 Bh Soils for horticulturalists 79
201 Ba Introductory soil science 8
209 Aa Soil management 7

Diploma

87-010 Soils 134
87-011 Soils 120
87-020 Soils 8

Degree

64-304 Meteorology and climatology 57
64-403 Agrometeorology 26
64-405 Microclimatology 12
64-410 Physical meteorology 5
64-411 Dynamic and synoptic meteorology 5

87-200 Soil Science 293
87-302 Soil Classification 15
87-304 Soil Science Seminar 7
87-305 Land utilization 101
87-401 Soil chemistry 9
87-402 Soil phys ics 8
87-405 Soil management 96
87-406 Problems in soil science 7
87-407 Problems in soil science 8
87-408 Environmental quality 18

46-100 Principles of geology 205
46-102 Principles of geology (no lab) 148
46-202 Stratigraphy 22
46-203 Palaeontology 6
46-205 Glacial geology 15
46-208 Silicate Structures 11
46-301 Mineralogy 8
46-303 Petrology 11
46-305 Sedimentology 7
46-404 Geology of Canada 15
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GRADUATE EDUCATION

Twenty-five students were enrolled tn M.Sc. and in Ph.D. programs 
in the department in the winter of 1971 (Table 28), This compares with a 
total of 34 graduate students in 1969 and 35 in 1970. Degrees granted during 
the year are listed in Table 29 and post doctoral fellows in the department 
are Its ted in Table 30.

TABLE 28 Graduate Students Registered in the Department of Soil Science 
Winter Semester, 1971

M. Sc. Advisor Ph.!). Advi sor

So i 1 Science Program

J.S. Anderson D.W. Hoffman L.D. Bailey E.G. Beauchamp

J . Cihlar R. Protz and
E. E, Mackintosh

M.N.A. Caramancion

D. Carandang

R.L. Thomas

J.W. Ketcheson
B. Hilliard

S. Humphrey

W. Chesworth

D.W. Hoffman
L. Crosson R. Protz and

E .E. Mackintosh

M.S. Kargbo R.W. Sheard A.ul Haq M.H. Miller

A.J. Leyshon R.W. Sheard R.W. Jones R.W. Sheard

J.J. Onderdonk J.W. Ketcheson J. Koch B.D. Kay

P.R. Warman R.L. Thomas D.W. Lawson

K.B. Macdonald

H. Mirreh

M.E. Watson

Agrometeorology Program

D.E. Elrick

D. E. Elrick

J.W. Ketcheson

E.G. Beauchamp

A. Bootsma T.J. Gillespie M.C. Coligado 

G, den Hartog 

H.H, Neumann 

R.H. Shaw

R. H. S ilversides

D.M, Brown

K.M. King

G.W. Thurtell

G.W. Thurtell

G.W. Thurtell
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TABLE 29 Graduate Degrees Granted October 10, 1970 and May 28, 1971 
Sol 1 Science

Name Degree Advisor Thes is Title

Soil Science Program

J.H.M. Aalders Ph.D. D.E. Elrick Dispersion and coupling 
phenomena in saturated 
homo-ionic clay systems.

C.J. Acton Ph.D. R. Protz Micropedology and electron 
probe analysis in a genesis 
study of lacustrine soils 
of Brant County, Ontario.

D. Cote M.Sc. D.E. Elrick Soil water tracer studies 
using iodine - 131.

A. UI Haq M.Sc. M.H. Miller Chemical extraction as a 
measure of available zinc 
in Ontario soils.

I . Hussain M.Sc. E. G. Beauchamp Water-core rutabaga 
(Brass i ca rapa L.) in 
relation to B, Na, and K 
composition of leaves.

P.N. Mosher Ph.D. T.E. Bates and
M.H. Miller

Optimum placement of starter 
ferti1izer for corn.

G.W. Scott M.Sc. D.E. Elrick Evaluation of the diaphragm
cell technique for determin
ing diffusion coefficients 
in porous media.

B. Wan Sulaiman M.Sc. B.D. Kay Measurement of the diffusion 
coefficient of boron in soil 
using a single cell technique.

S. Venkataraman Ph.D. R. Protz Clay minerals and discontinu
ities in nine Southern Ontario 
soils.

Agrometeorology Program

P.J. Smith M.Sc. T.J. Gillespie Studies of night-time CO2
diffusion using environmental
variables to predict crop and 
soil respiration rates.
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TABLE 30 Post Doctorates in Department of Soil Science 
Winter Semester 1971

Name University Specialization Professor

H.F. Wilkinson West Australia Soil-plant relations M.H. Miller

W.R. Watts Nottingham Agrometeorology K.M. King



99

GUEST SEMINARS AND SIMILAR ACTIVITIES

DR, G.W, BUTLER, Director, Applied Biochemistry Division, Department of 
Scientific and Industrial Research, Palmerston North, New 
Zealand. - "Trace Elements in the Soi1/Plant/Anima1 Ecosystem:.

MR. DAVID CRESSMAN, Conservation Authorities Branch, Ontario Department of 
Energy and Resources - "Land Reform and Land Use Planning in 
North East Brazi1".

DR. R. PARVOLDEN, Chairman, Department of Earth Science, University of 
Waterloo - "Garbage and Groundwater".

DR. D.J. GREENLAND, Chairman, Department of Soil Science, University of 
Reading - "The Role of Iron and Aluminum Oxides in Soil 
Aggregation".

DR. J.F. LONERAGAN, Department of Soil Science and Plant Nutrition, Univer
sity of Western Australia - "Zinc Absorption by Plants".

DR. J.R. PHILLIP, Chief, Division of Environmental Mechanics, C.S.I.R.O., 
Canberra, Australia - "Water Transport in Swelling Soils".

DR. J.S. RUSSEL, Principal Research Scientist, Cunningham Laboratory, 
C.S.I.R.O., Brisbane, Australia - "The Use of Numerical 
Analysis in Static and Dynamic Soil Systems".

DR. G.W. THOMAS, Professor, Department of Agronomy, University of Kentucky, 
Lexington - Consultations on topics relating to soil chem
istry and pollution control.

DR. W.M. WALKER, Assistant Professor, Department of Agronomy and Biometry, 
University of Illinois, Urbana - "Plant Analysis as a Diag
nostic Tool - Where Do We Go From Here?".

DR. R.A. WOODING, Senior Research Scientist, Division of Plant Industry, 
Canberra, Australia - Consultations on transport phenomena 
in soils.

SYMPOSIUM - NITROGEN IN SOIL AND WATER1

March 30 and 31, 1971

DR. F.E. BROADBENT, Professor, Department of Soils and Plant Nutrition, 
University of California, Davis - "Nitrogen in Soil and 
Water".

DR, J.B. FARRELL, Acting Chief, Ultimate Disposal Research Program, 
Environmentai Protection Agency, Federal Water Quality 
Administration, Cincinnati, Ohio - "Nitrogen in Industry".

DR. V.J. KILMER, Chief, Soils and Fertilizers Research Branch, Tennessee 
Valley Authority, Muscle Shoals, Alabama - "Nitrogen Fert
ilizer Use and Misuse".

DR. E. MASTROMATTEO, Director, Environmental Health Services Branch, Ontario 
Department of Health, Toronto - "Nitrogen and Human Health".

This symposium was organized by the Department of Soil Science but financial 
support was also provided by the Departments of Horticulture, Engineering, and 
Microbiology, and by the Ontario Department of University Affairs, Canadian 
Industries Ltd., Cyanamid of Canada Ltd., and the Plant Food Council of 
Ontario Inc.
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DR. B.C. MATTHEWS, President, University of Waterloo - Symposium Summary.
DR. J.D. NORMAN, Professor, Department of Chemical Engineering, McMaster 

University, Hamilton - "Stop Looking Over Your Shoulder".

COLLOQUE SUR L'ETUDE DES MOUVEMENTS DE L'EAU DANS LES SOLS NON SATURES

13-15 Octobre, 1970

BORIES, M. (Universite de Toulouse)
CAZAL, M., Centre d'hydogeologie, Pessac - "Etude de la desaturation aupres 

d1un forage d’essai par des mesures de teneur en eau et de 
succion".

CHERRY, J., Department of Earth Sciences, University of Manitoba - "Hydrologic 
and hydrochemical characteristics of two shallow groundwater 
regimes in southern Manitoba".

COUCHAT, M., Centre D’Etude Nucleaire, Cadarache - "Resultata obtenus et 
projets en matiere d’etalonnage et d 1 uti1isation de sondes 
a neutrons".

BAHKTIARI, H., Department of Earth Sciences, University of Manitoba.
DAUDET, M., I.N.R.A., Versailles - "Rappel de la notion du potential efficace, 

et equation de diffusion de 1'eau dans un sol conforme a ce 
mode 1e".

DEGALLIER, R., S.P.E.P.E. Paris - "Ajustement de parametres d1un modele 
hydrologique par des mesures d’humidite du sol".

DEKIMPE, C., Ministere de 1'Agriculture du Canada, Ste. Foy, Quebec.
FARVOLDEN, R. , Chairman, Department of Earth Sciences, University of Water

loo, Waterloo, Ontario - "Significance of field capacity in 
relation to land fills",

FEODOROFF, A., I.N.R.A., Versailles
FORTIN, J.P., Centre Quebecois des Sciences de 1‘Eau, Quebec
HARLAN, R.L., Groundwater Subdivision, Inland Waters Branch, Department of 

Energy, Mines and Resources, Ottawa - "Water transfer in 
frozen and partially frozen soiIs".

LACAZEDIEU, M., Universite de Bordeaux.
MUTIN, P., C.A.C.G., Tarbes - "Estab 1issement de relations entre la teneur 

en eau du sol et des etats climatologiques anteriours dans 
le bassin de Mielan (Hautes Pyrenees)".

PESANT, A., Station de Recherches, Lennoxville, P.Q. - "L‘influence des 
regimes hydriques sur 1’efficacite de 11uti1ization de 
I’eau du sol par deux cereales et deux 1egumineuses".

ROCHETTE, F., Department of Earth Sciences, University of Waterloo.
SAINT-MARTIN, M., Centre Quebecois des Sciences de I'Eau, Quebec.
SAUCEROTTE, M., E.D.F., Montpellier - "Modele bidimentionne1 vertical par 

elements finis pour le traitement des echanges d'eau entre 
le sol et la nappe".

SOEIRO, M.F., B.E.R.G., Paris - "Etude des phenomenes d'infi11rat ion dans 
des sables non satures en modele reduit".

STAPLE, W.J., Soil Research Institute, Ottawa - "Water movement in columns 
of soil during surface evaporation and during rewetting".

THIRRIOT, C., Professor, Institute de Mecanique des Fluides, Toulouse - 
"Infiltration of simulated rain in day media".

THONY, M., Mecanique des Fluides, Grenoble - (1) Traitment automatique des 
mesures tens iometriques sur le terrain (2) Influence de la 
dynamique de I'ecoulement sur la mesure de la succion".
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TOPP, G.C., Soil Research Institute, Ottawa - "Soil-Water hysteresis". 
RANCON, M., - "Mesures simultanees des mouvements d'eau et de traceurs 

radioactifs dans les sols non satures (presentation d'un 
film sur 11infi1tration dans des milieux de granulometrie 
d i scont i nue).

VEILLEUNE, J.P., Centre Quebecois des Sciences, de I'Eau, Quebec.
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PUBLICATIONS

BOOKS

El rick, D.E. (editor). 1970. Environmental Change: Focus on Ontario. 
Science Research Associates, Toronto 173 pages.

REFEREED JOURNALS AND CHAPTERS IN BOOKS

Bailey, L.D. and E.G. Beauchamp. 1971. Nitrate reduction and redox poten
tials measured with permanently and temporarily placed platinum 
electrodes in saturated soils. Can. J. Soil Sci. 51: 51-58.

Bates, T.E. 1971. Response of corn to small amounts of fertilizer placed 
with the seed: II. Summary of 22 field trials. Agron. J. 
63: 369-371.

Bates, T.E. 1971- Response of corn to small amounts of fertilizer placed 
with the seed: III. Relation to P and K placement and tillage. 
Agron. J. 63: 372-375.

Bates, T.E. 1971. Factors affecting critical nutrient concentrations in 
plants and their evaluation: A review. Soil Sci. ]]2: 116-130

Bates, T.E., see Baweja and Bates.

Bates, T.E., see Miller, Bates, Singh and Baweja.

Bates, T.E., see Smid and Bates.

Baweja, A.S., and T.E. Bates. 1971. Response of corn to small amounts of 
fertilizer placed with the seed: IV. Comparison of dry and liquid 
forms. Agron. J. 63: 376-380.

Beauchamp, E.G., see Bailey and Beauchamp.

Blair, G.J., M.H. Miller and W.A. Mitchell. 1970. Nitrate and ammonium as 
sources of nitrogen for corn and their influence on the uptake of 
other ions. Agron. J. 62: 530-532.

Blair, Graeme J., C.P. Maniari 1 and M.H. Miller. 1971. The influence of 
nitrogen source on phosphorus uptake by corn from soils differing 
in pH. Agron. J. 63: 235-238.

Blacklow, W.M., and W.A. McGu i re] 1971. Influence of gibberellic acid on 
the winter growth of varieties of tall fescua (Festuca arundinacea 
Schreb.) Crop Sci. 1 1 :19~22.

Brookfield, M. 1970. Eustatic changes of sea-level and orogeny in the 
Jurassic. Tectonophysics 9: 3^7_363.

Authors whose names are underlined are not directly associated with the 
Department of Soil Science
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Brookfield, M. 1971. Location of mid-oceanic rises. Nature 229: 20*1-205.

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

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

Brown, D.M., see Rahn and Brown (2 papers).

Chesworth, Ward. 1970. Residual soil overlying mineralized Triassic rock 
at Alderley Edge, Cheshire. Soil Sci . 110: 208-210.

Chesworth, Ward. 1970. A chemical study of sodium-rich gneisses from 
Glamorgan township, Ontario (Canada). Chemical Geology 6: 
297-303.

Chesworth, Ward. 1971. Mineral synthesis in the system AI2O3-H2O: an 
amalgamation technique. Nature 230: 65-

Chesworth, Ward. 1971. Metamorphic conditions in a part of the Haliburton 
Highlands of Ontario. Lithos *1: 221-231.

Chesworth, Ward. 1971. Laboratory synthesis of dawsonite and its natural 
occurrences. Nature 231: 40.

Crown, P.H., and D.W. Hoffman. 1970. Relationship between water table 
levels and type of mottles in four Ontario Gleysols. Can. Jour. 
Soi 1 Sci . 50: /453“z+55.

Gillespie, T.J. 1971. Carbon dioxide profiles and apparent difffusivities 
in corn fields at night. Agr. Meteorol. 8: 51“57.

Gillespie, T.J., and K.M. King. 1971. Night-time sink strengths and appar
ent diffusivities within a corn canopy. Agr. Meteorol. 8: 59“67-

Goltz, S.M., C.B . Tanner, G.W. Thurtel1 and F.E. Jones. 1970. Evaporation
measurements by an eddy correlation method. Water Resource Res. 
6: ^0-^6.

Hoffman, D.W. see Crown and Hoffman.

Kay, B.D. and P.F. Low. 1970. Measurement of the total suction of soils by 
a thermistor psychrometer. Soil Sci. Soc. Amer. Proc. 3*+: 373~376.

Kanemasu, E.T, and G.W. Thurtell. 1970. A circuit for recording photocell 
type cup anemometers. Bioscience 20: 562.

Ketcheson, J.W. 1970. Effects of heating and insulating soil on corn growth. 
Can. J. Soi 1 Sci . 50: 379-38*4.

King, K.M., see Gillespie and King.

King, K.M., see Selirio, Brown and King

Mamari 1, C.P. and M.H. Miller. 1970. The effects of ammonium on the uptake 
of phosphorus, sulfur, and rubidium by corn. Agron. J- 62: 753“758.



104

Martini, l.P. 1971 - A test of validity of quartz grain orientation as a 
paleocurrent and paleoenvironmental indicator. J. of Sed. Petrol., 
Vol. 41, p. 60-68.

Martini, l.P. 1971. Grain orientation and paleoccurent systems in the 
Thorold and Grimsby Sandstones, Ontario and New York. J. of 
Sed. Petrol., Vol. 41: 425-434.

Massey, D.L., R.W. Sheard and M.H. Miller. 1970. Availability of reaction 
products of fertilizer phosphorus to alfalfa and bromegrass seed
lings. Can. J. Soil Set. 50: 141-149-

Miller, M.H., C.P. Mamaril and G.J. Blair. 1970. Ammonium effects on 
phosphorus absorption through pH changes and phosphorus precipita
tion at the soil-root interface. Agron. J. 62: 524-527.

Miller, M.H., T.E. Bates, D. Singh and A.S. Baweja. 1971. Response of 
corn to small amounts of fertilizer placed with the seed: I Green
house studies. Agron. J. 63: 365"368.

Miller, M.H., see Blair, Miller and Mitchell.

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

Miller, M.H., see Mamaril and Miller

Miller, M.H., see Massey, Sheard, and Miller.

Mitchell, W.A., see Blair, Miller and Mitchell.

Rahn, J.J. and D.M. Brown. 1971. Corn canopy temperatures during freezing 
or near freezing conditions. Can. J. Plant Sci. 51: 173"175.

Rahn, J.J. and D.M. Brown. 1971. Estimating corn canopy extreme tempera
tures from shelter values. Agr. Meteorol. 8: 129-138.

Selirio, I.S., D.M. Brown and K.M. King. 1971. Estimation of net and solar 
radiation. Can. J. Plant Sci. 51: 35"39-

Selirio, I.S. and D.M. Brown. 1971 A moisture budgeting technique for a 
fallow soil in spring. Can. J. Soil Sci. (in press),

Sheard, R.W. 1970. Characterization of food reserves as a basis for tim
ing nitrogen applications for timothy (Phleum pretense L.). Proc. 
XI Int. Grassi. Cong. 570-574.

Sheard, R.W., see Massey, Sheard and Miller.

Smid, A.E. and T.E. Bates. 1971. Response of corn to small amounts of 
fertilizer placed with the seed: V, Seed coating compared with 
banding. Agron. J. 63: 380-384.

Singh, D., see Miller, Bates, Singh, and Baweja.

Tanner, C.B. and G.W, Thurtel1. 1970. Sensible heat flux measurements with
a yaw sphere and thermometer. Boundary Layer Meteor., 1: 195-200.
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Thurtel 1 , G.W., C.B. Tanner and M. Wesely. 1970. Three dimensional pressure
sphere anemometer system. J. Appl. Meteor. 9: 379'385.

Thurtell, G.W., see Goltz, Tanner, Thurtell and Jones.

Thurtel 1, G.W., see Kanemasu and Thurtell.

Thurtell, G.W., see Tanner and Thurtell.

Thurtell, G.W., see Wesely, Thurtell and Tanner.

Webber, L.R. 1971. Animal Wastes. Jour. Soil and Water Conserv. 2.6: 
^7-50.

Wentworth, Sally A., and J.H. Sharp. 1970. Kinetic parameters from thermo- 
gravimetric data - a reply. Anal. Chern., ^2: 1297-

Wentworth, Sally A. 1970. Illite. Clay Science 3- 160-155-

Wesely, M. L . , G.W. Thurtell and C.B. Tanner. 1970. Eddy correlation measure
ments of sensible heat flux near the earth's surface. J. Appl. 
Meteor. 9: ^5"5O.

Willis, A.L. 1970. An automated procedure for the analysis of boron in
plant tissue. Soil Sci. and Plant Anal. 1: 205~211.

BOOK REVIEWS

Chesworth, Ward. 1970. Toward a History of Geology by C.J. Schneer. 
Library Journal 9'^: 1851.

Chesworth, Ward. 1970. Moon Rocks by H.S.F. Cooper. Library Journal 
95: 2^98.

Chesworth, Ward. 1970. The Earth in Decay by G.L. Davies. Library 
Journal 95: 2697.

Chesworth, Ward. 1970. The Elusive Bonanza by C. Welles. Library 
Journal 95: 3262.

Chesworth, Ward. 1971• Lunar Rocks by B. Mason and W.G. Melson.
Library Journal 96: A91.

Chesworth, Ward. 1971. Affluence in Jeopardy by C.P. Park. Library 
Journal 96: 1379-
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NON-REFEREED JOURNALS, REPORTS, CONFERENCE PAPERS AND ABSTRACTS

Aalders, J.H.M. and D.E. El rick. 1970- Experimental verification of the 
linear flux-force relations in mass and charge transport across a 
homionic clay plug. Compte-rendu du colloque Franco-Canadien, 
Guelph. S.P.E.P.E., 67, boulevard Houssmann, Paris, France.

Bachmat, Y. and D.W. Lawson. 1970. A new conductivity method for deter
mining concentrations in parallel plate models. J. Hydrology 
11: 145-158.

Blacklow, W.M. 1970. Quantitative analysis of the effect of temperature 
and gibberellic acid on the regrowth of varieties of tall fescue 
(Festuca arundinacea Schreb.). Agron. Abstracts p. 28.

Brown, D.M. 1970. Heat unit accumulation systems for evaluating corn 
development and maturity - the Ontario system. Corn Industry 
Seminar, Iowa State University, Ames, Iowa.

Chesworth, W. , see Martini, Protz and Chesworth.

Dorney, R.S., C.M. Kitchen, J ,W. Wil son and E.E. Mackintosh. 1970. An 
ecological appraisal of the Metropolitan Toronto Zoo project site. 
School of Urban and Regional Planning, University of Waterloo, 
141 pages.

Elrick, D.E. 1971. Lake Tahoe and soil pollution, p. 101 i n Man and the 
environment, edited by W. Jackson. W.E. Brown, Dubuque, Iowa.

Elrick, D.E., see Aalders and Elrick.

Elrick, D.E., see Lawson and Elrick,

Elrick, D.E., see MacDonald and Elrick.

Hoffman, D.W. 1971- The soils and their use capability around Port Elgin - 
Southampton. The Saugeen Study, Proctor, Redfern, Bousfield and 
Cacon Ltd., Toronto.

Hoffman, D.W. 1970. The development and use of the A.R.D.A. soil classifi
cation system. Aspects 1: 16-17, Dept, of Munic. Affairs, Toronto.

Hoffman, D.W. 1970. Land use capability. Proc, of the Drainage Engineer’s 
Conference, Eng. Tech. Bull, 21, Univ, of Guelph, Guelph, Ontario.

Hoffman, D.W., see Mackintosh and Hoffman.

Ke t cheson , J.W., G.A. Robinson and D.A. Rennie. 1971. Abstract: Canadian 
studies in applications of isotopes and radiation in agriculture 
and food preservation. Fourth International Conference on Peaceful 
Uses of Atomic Energy, Geneva.

Ketcheson, J.W. 1970. Editor, 
University of Guelph.

Progress Report, Department of Soil Science,
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Lane, T.H., J.B, Robinson and S.A. Black. 1970. Water pollution potential 
of farm animal and poultry manures. 27 pages. Prepared for the 
Canadian Working Group on Great Lakes Pollution.

Lane, T.H. and M.H. Miller. 1971- How much corn can be grown with manure. 
In "Soils and Crops 1971", Proceedings of Ontario Soil and Crop 
Improvement Association.

Lawson, D.W. and D.E. El rick. 1970. A numerical and experimental study of 
hydrodynamic dispersion. Compte-rendu du colloque Franco-Canadien, 
Guelph. S.P.E.P.E., 67, boulevard Houssmann, Paris, France.

McDonald, K.B. and D.E. Elrick. 1970. Virus properties and transport 
through soil. Compte-rendu du colloque Franco-Canadien, Guelph. 
S.P.E.P.E., 67, boulevard Houssmann, Paris, France.

Mackintosh, E.E. and D.W. Hoffman. 1970. Soils and geomorphology of the 
Clair Creek Development site, Waterloo. In The Economics of Open 
Space and Conservation, School of Environmental Studies, Univer
sity of Waterloo.

Mackintosh, E.E., see Dorney, Kitchen, Wilson, and Mackintosh.

Martini, I.P., R. Protz and W, Chesworth. 1970. Rocks and soils of 
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