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FOREWORD

The ultimate goal of the programme of the Department of Soil Science 
is the best use of our land resources. A strip of land 50 miles wide running 
from Windsor to Quebec City contains less than 1% of Canada’s land area, but 
over 60% of the population. Eighty per cent of Canada’s industrial productivity 
and 33% of her agricultural productivity as measured by dollar value occurs in 
this area. Obviously there is a real challenge to land use in this region - 
a challenge that must be met if we are to retain the kind of environment for 
living that we all desire.

There are many branches of science - both natural and social - which 
have a role to play in meeting this challenge. The role of the Department of 
Soil Science is to improve our understanding of physical, chemical and biological 
aspects of the earth’s surface and to apply this understanding towards the 
development of improved land use practices for agriculture, forestry, recreation, 
urban and industrial development or any other use to which the land may be put. 
Prime consideration must be given to the capability of the land for a given use 
and to the effect of that use on the quality of the environment from an aesthetic 
as well as a health stand point. Within the department, the combined knowledge 
and efforts of soil scientists, geologists and atmospheric scientists is being 
applied to these problems through our teaching, research and extension programmes.

Of particular significance in 1969 was the modification of the B.Sc. . 
(Agr.) Land Management Major to a Resources Management Major. This change 
recognizes the need for graduates with a broader understanding of the biological 
and social as well as the physical environment. This and other developments 
within the department during the period April 1, 1969 to March 31, 1970 are 
outlined in the following pages of this report, which has been compiled and 
edited by Dr,. J.W. Ketcheson.

During the year, we welcomed Professor I.P. Martini and Professor 
M.E. Brookfield into the Geology Section. Their respective specialties are 
sedimentology and palaeontology. We also welcomed Professor E.E. Mackintosh 
into the department to permit an expansion of the programmes in the interpre
tation of soils information for land use. We were pleased to have three post
doctoral fellows, Dr. I. Ghanem, Dr. A. Raad, and Dr. N, Rossi join the 
department during the year. Two faculty members were on leave for a portion 
of the year. Professor T.E. Bates was at the University of California at 
Davis from September 1969 to May 1970. Professor L.R. Webber was at the 
University of Florida from January to April, 1970.

As in past years, we have cooperated with, and received assistance 
from the Ontario Department of Agriculture 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, the Advisory Fertilizer Board 
for Ontario, and many other organizations and individuals. In particular, the 
provision, without charge, of land and facilities by a large number of interested 
farmers greatly assisted our programme.
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SERVICES

The general public as well as farmers want answers to specific 
questions on a variety of problems because farming and the enterprises 
associated with it are becoming more complex and competitive. Increasing 
emphasis is being placed on management, specialization, and efficiency.

The research programmes of the Department of Soil Science is farm- 
problem oriented. In our Service work, we undertake to interpret our 
research findings for the benefit of the farm industry and the rural community 
as well as the urban community. In this respect, Department of Soil Science 
faculty provide weather information, fertilizer recommendations from the soil 
testing programmes, supervision of soil science correspondence courses, and 
general extension information such as talks at public meetings and material 
for bulletins and newspapers.

Weather Information - D.M. Brown

The Agrometeorology Section of the department provides the following: 
(a) Observation and recording of the daily weather for the Research Stations 
at Guelph and Elora and submitting monthly summaries to the Meteorological 
Branch for publication. Weekly summaries of the Guelph weather records are 
also prepared and distributed. (b) A summary of the growing season weather 
records for the progress reports of the cereal and forage crop regional tests 
conducted throughout Ontario. (c) Provision of climate and weather infor
mation for local radio stations, newspapers and home-heating suppliers on a 
regular basis and periodically for other research projects on campus, other 
agricultural research stations, greenhouse growers, pollution studies, etc. 
In 1969, there were over 200 calls for special weather and climate information.

Summaries for 1969 - (a) GUELPH. The temperature graph (Figure 1) 
showed the typical pattern of cooler weather following the arrival of each cold 
front, then a gradual warming for a few days before the next cold front passed 
by. No prolonged warm or cold spells occurred until late August-early 
September. The hot spell at this time brought the first above normal August 
temperatures since 1959. The remainder of the year was typical of the up and 
down pattern, with temperatures averaging on the cold side. December was 4°F 
below the longtime average.

Precipitation for Guelph (Figure 1) was near normal in January, 
below normal in mid-March, then wet weather prevailed until mid-June. Dry 
weather in late June continued through to mid-October, with only two rainstorms 
of any account occurring during the period - one in late July and the other in 
mid-August. Wet weather returned in mid-October and continued through to the 
end of the year.

Accumulated degree-days for Guelph (Figure 1) were above normal in 
April, below normal in May, June and to mid-July, then above normal through to 
the end of the growing season. Total degree-days for the growing season were 
123 above the long-time average, compared to 97 above in 1968, which was the first 
above normal total since 1959. Other 1969 totals and their departures from 
normal are presented in Table 1.



Fig. 1. Weather records (air temperature) at Guelph for 1969 compared with normal.
03
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Fig., 1. contd. Weather records (accumulated precipitation and accumulated 
degree-days) at Guelph for 1969 compared with 56-year average.
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TABLE 1. Summary of 1969 Weather at Guelph

19^9 Normal Departure 
from Normal

Mean Maximum Temperature (°F) 52.7 53.3 -0.6
Mean Minimum Temperature 35.3 35.8 -0.5
Mean Annual Temperature 44.0 44.6 -0.6
Total Degree Days Below 65°F 7912 7749 + 163
Total Degree Days Above 42°F 3483 3360 + 123
Corn Heat Units between May 11

and First Killing Frost 2780 2650 +130
Total Rainfall (inches) 23.25 27.16 -3.91
Total Snowfall (inches) 75.1 56.4 + 18.7
Total Water Equivalent of Snowfall 5.59 - -
Total Precipitation (Inches) 28.84 32.80 -3.96
Total Bright Sun (hours) 2279 1880 +399

Miscellaneous Data
Temperatures: Highest for year 

Lowest for year 
Last Frost in Spring 
First Frost in Autumn

90°F June 27, July 16
60 below 0°F Dec. 24
May 26, 32°F 
September 29, 28°F

Precipitation; Greatest Rainfall in a day
Greatest Snowfall in a day 
Longest period with measurable 
precipitation each day
Longest period without 
measurable precipitation each 
day

Last measurable snowfall in 
spring

First measurable snowfall in 
autumn

Number of days with freezing 
rain

1.82", August 16
5.6", February 2

8 days, Jan, 5-12, 23-30

10 days, Feb. 13-22, Aug. 19-28

May 9, 0.9"

October 21, 5.4"

9
Thunderstorms: Number of days with 

First of year 
Last of year

17
March 20
September 15

(b) ONTARIO. Over most of Ontario, the 1969 growing season will be 
remembered for the cool, wet spring and early summer and the warm, dry conditions 
during late summer and early fall, (Tables, 2, 3, 4, and 5). The Southwestern 
region was hit hardest with wet weather during the planting season. Much of the 
corn and soybeans acreage was not planted until mld-June and many acres were never 
planted. Some spring grains were seeded in mid-March on 3 to 4 inches of dry 
soil over a frozen layer in Essex, Kent, and Lambton. When the soil thawed, con
ditions were not suitable for planting in some areas of these counties until late 
May or early June.
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Mid-May was particularly cool and wet in most regions and June 
temperatures averaged much below normal across Ontario. Temperatures remained 
below normal for most of July, but August was much warmer than it has been for 
the last 10 years (first time since 1959 when monthly mean temperature has been 
above normal at Guelph).

Dry weather in most regions continued from mid-August through 
September. The only region with above normal rainfall in August and September 
was the big clay belt (Kapuskasing, Table 5).

The growing season ended on the cool, wet side in most regions. The 
first killing frost (32°F at 5-foot level) occurred on September 29th at Guelph, 
the average date for this area. The first snowfall came on October 21st (5.4 
inches at Guelph), the earliest on record, of this amount.

TABLE 2. Average Daily Maximum and Minimum Temperatures For Each Month 
During the 1969 Growing Season.

Station April May June July Aug. Sept. Oct.

Harrow Max. 56.7 66.5 70.7 78.9 81.2 71.0 58.7
Min. 38.2 46.8 55.6 63.1 62.3 55.3 43.3

Ridgetown Max. 55.2 64.4 69.6 78.4 81.1 70.9 58.1
Min. 37.3 45.8 54.1 62.0 61.6 54.8 43.2

London Max. 55.9 65.1 70.8 79.0 82.6 72.0 56.5
Min. 33.9 40.4 50.3 58.6 56.3 49.2 37.7

Guelph Max. 53.7 63.1 70.6 78.5 80.8 70.0 55.5
Min. 34.3 41.7 51.4 56.9 56.1 48.8 38.5

Elora Max. 52.6 63.4 70.0 77.6 80.3 69.5 55.4
Min. 34.2 41.4 50.3 55.8 54.8 48.2 36.5

Smithfield Max. 54.4 62.3 70.7 77.0 78.7 69.6 55.9
Min. 34.0 40.9 51.3 57.5 59.0 49.4 38.6

Kemptville Max. 52.2 62.7 72.6 79.3 80.5 68.0 55.7
Min. 33.9 41.7 53.6 58.5 59.0 48.9 36.3

Ottawa Max. 50.9 62.1 72.8 78.5 80.1 66.8 53.9
Min. 33.8 41.2 54.0 58.2 60.0 49.4 38.3

New Liskeard Max. 45.7 59.3 67.9 75.7 77.2 6 .3 47.3
Min. 23.0 37.4 46.1 53.1 55.5 42.5 34.7

Kapuskasing Max. 42.5 55.3 62.8 73.8 74.6 58.1 62.6
Min. 21.3 33.4 42.2 50.1 53.4 39.6 29.2

Gore Bay (A) Max. 47.5 57.0 64.2 75.2 78.1 65.6 50.7
Min. 30.8 39.4 47.1 57.2 60.2 48.7 39.8

Fort Frances Max. 54.7 61.8 63.9 75.8 78.9 64.5 44.1
Min. 31.6 40.0 43.3 53.5 56.9 46.2 31.9

Fort William Max. 50.4 58.5 62.2 75.0 78.8 63.5 46.4
Min. 28.5 33.7 40.5 50.5 54.5 42.5 29.4
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TABLE 3. Departure of 1969 Growing Season Temperature from Normal

Station April May June July Aug. Sept. Oct.

Harrow Max. +1.6 -0.6 -7.3 -3.4 +0.5 -2.3 -3.1
Min. + 1.5 -0.9 -3.0 0.0 +0.4 +1.0 -0.5

Ridgetown Max. +1.6 -0.9 -7.6 -3.9 +0.7 -1.7 -2.8
Min. +1.1 -0.6 -2.7 +0.5 +1.4 +0.9 -0.7

London Max. +3.2 +0.1 -4.7 -1.5 +3.7 +1.3 -2.5
Min. -0.2 -3.7 -3.9 -0.1 -1.3 -1.1 -2.4

Guelph Max. +2.4 -0.8 -3.7 -0.8 +3.1 +0.2 -2.4
Min. +1.0 -1.9 -1.9 -0.5 +0.1 -0.3 -0.8

Smithfield Max. +2.9 -1.1 -2.7 -1.7 +0.9 +1.1 -1.2
Mln. +1.5 -1.9 -1.9 -0.6 +2.0 +0.7 +0.7

Kemptville Max. -0.1 -3.8 -3.8 -2.1 +1.4 -1.9 -1.7
Min. +1.1 -2.1 0.0 +0.6 +3.5 +1.1 -0.7

Ottawa Max. +0.6 -3.3 -2.2 -1.4 +1.9 -1.5 -2.0
Min. +1.4 -2.5 +0.5 +0.3 +4.4 +1.3 +0.8

New Liskeard Max. -1.6 -3.3 -5.1 -1.8 +1.9 -1.8 -6.7
Min. -1.3 +1.1 -1.9 -0.1 +4.9 -0.7 +0.4

Kapuskasing Max. -0.6 -2.3 -6.6 -0.8 +2.6 -1.8 -5.5
Min. -0.2 -1.4 -4.0 -1.7 +3.8 -2.3 -3.8

Gore Bay (A) Max. +0.5 -2.8 -5.7 -0.6 +3.5 +1.0 -3.2
Min. +1.0 -1.6 -4.2 -0.8 +2.4 -1.7 -0.7

Fort Frances Max. +5.7 -1.2 -8.3 -2.5 +3.9 +0.1 -9.1
Min. +3.2 -0.6 -7.4 -2.8 +2.9 + 1.7 -2.9

Fort William Max, +4. 7 -0.1 -6.3 -0.2 +5.7 +0.5 -5.6
Mln. +2.6 -2.6 -5.6 -1.3 +3.6 -0.1 -3.8

TABLE 4. Monthly Total Precipitation for 1969 Growing Season.

Station April May June July Aug. Sept. Oct.
inches

Harrow 4.6 5.5 3.8 8.7 2.5 2.4 2.2
Ridgetown 4.5 6.3 3.3 4.9 1.4 1.5 2.1
London 4.0 4.3 3.4 2.0 0.8 1.0 3.6
Guelph 3.9 3.5 2.0 2.5 2.2 0.6 2.9
Elora 4.1 3.6 1.8 3.7 1.4 0.5 3.1
Smithfield 2.7 4.5 3.0 6.4 1.6 0.9 2.2
Kemptville 4.5 3.5 4.1 2.2 1.3 2.6 2.1
Ottawa 4.7 3.5 3.0 3.9 2.6 1.1 1.7
New Liskeard 1.0 2.1 4.7 4.2 1.7 3.3 5.7
Kapuskasing 1.6 2.5 3.6 6.3 5.6 3.6 4.6
Gore Bay (A) 3.5 1.6 3.7 2.1 0.7 2.0 5.4
Fort Frances 1.5 2.7 3.3 5.0 2.5 2.0 3.6
Fort William 1.4 2.5 2.3 1.6 2.1 2.3 1.6
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TABLE 5. Departure of 1969 Growing Season Precipitation From Normal

Station April May June July Aug. Sept. Oct.
inches

Harrow +1.9 +2.8 +0.8 +6.2 -0.1 +0.1 0.0
Ridgetown +1.4 +3.3 +0.6 +2.1 -1.3 -1.0 -0.6
London +0.8 +1.2 +0.2 -1.4 -2.0 -2.3 +0.7
Guelph +1.2 +0.3 -1.0 -0.7 -0.8 -2.3 +0.3
Smithfield -1.1 +1.2 +0.6 +3.9 -1.6 -2.1 -1.0
Kemptvilie +1.8 +0.6 +1.4 -0.6 -1.6 -0.5 -0.5
Ottawa +2.0 +0.8 0.0 +0.7 -0.7 -2.1 -0.9
New Liskeard -0.5 -0.2 +1.5 +0.7 -1.7 -0.4 +3.1
Kapuskasing 0.0 0.0 +0.7 +3.2 +2.5 +0.5 +2.2
Gore Bay (A) +0.5 -0.7 +1.2 -0.3 -1.4 -1.2 +2.3
Fort Frances -0.5 0.0 -0.8 +1.2 -1.4 -1.3 +1.7
Fort William -0.6 -0.3 -0.9 -1.4 -1.3 -0.9 -0.9

Soil Testing - T.J. Heeg and J.A. Smith

During the soil testing year of July 1, 1968 to June 30, 1969, 
approximately 53,000 samples were analyzed for 15,000 Ontario farmers. 
Beginning July 1, 1969, some significant changes were made in the soil testing 
service.

A new phosphorus test was introduced, using 0.5 N sodium bicarbonate 
extracting solution. The former test, in use since June, 1957, used 0.IN 
hydrochloric acid with 0.05N ammonium fluoride. It was found that phosphorus 
extracted by the new method agrees more closely with the amount of phosphorus 
absorbed by plants (1968 Progress Report pp. 56-58). The new method was 
primarily designed for high pH soils but it also works well in soils of moderate 
acidity. Ontario soils have a general pH average of near the neutral point of 
7.0. From the 1968-69 summary of soil test data 87% of our samples had pH values 
above 6.0 and 47% were above 7.0, The new procedure extracts approximately one- 
third as much phosphorus as the former test, depending on the soil; consequently 
new phosphorus requirement tables have been calculated using several years of crop 
response data. The concentration of phosphorus in the soil extract is now 
determined automatically by means of a Technicon AutoAnalyzer. A pump manifold 
was designed to accommodate two sample streams simultaneously which permits the 
analysis of 80 samples per hour on a continuous basis. The system has proven 
to be almost trouble-free and to give excellent reproducibility.

Other changes, made at the same time, are to report all elements in 
parts per million instead of in pounds per acre (reducing each value by two 
times), and to report phosphorus as elemental P instead of P2O5 and potassium 
as elemental K Instead of K2O (further reducing phosphorus values by 2.3 times 
and potassium values by 1.2 times).

A permanent soil test registration numbering system has been introduced. 
Farmers on record as having submitted a sample to the Ontario Soil Testing Service 
during the period of July 1, 1968 to June 30, 1969, received the form "Information 
on Soil Samples", on which there was a computer print-out of the farmer’s name, 
address and permanent soil test registration number. Farmers will now be 
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identified with the permanent number, and will be mailed a preprinted 
"information Form" each summer.

From the soil tests conducted in the laboratory, and the fertilizer 
requirement tables, fertilizer recommendations for growers are made by Agri
cultural Representatives, Fruit and Vegetable Specialists, Soil and Crop 
Specialists and Tobacco Specialists at the county level.

The average soil phosphorus values appear to have increased over the 
five-year period for which data are available (Table 6). Potassium values 
increased over the years 1964-65 to 1967-68. However, in the year 1968-69 
average potassium values dropped to a level comparable to the 1964-65 figures. 
No explanation can be offered for this trend.

TABLE 6. Comparison of Average Soil Test Values from Computer Summaries 
for the years 1964-1965 through to 1968-1969.

Soil Test Year Phosphorus Potassium pH

1964-65* 240 288 6.9

1965-66 257 307 7.0

1966-67 No summary available

1967-68 303 354 6.7

1968-69 307 277 6.9

* Year of the first computer summary of soil test data.

The average pH fluctuated slightly in the four years for which 
there was data. While there was some indication from the 1967-68 data that
the pH of Ontario soils was decreasing,the 1968-69 summary does not confirm 
this.

Correspondence Courses - W.T. Ewen

Three courses were continued through 1968-1969 with the following 
numbers completing the work in the year: Introduction to Soil Science - 25, 
Soils, Manures, and Fertilizers - 100, Soil Management for Conservation and 
Crop Production - 8.

Extension - T.H. Lane

The extension education specialists must be well qualified to advise 
farmers on soil management since this is an important part of the advisory 
service of the Ontario Department of Agriculture and Food. This is done by 
keeping the extension personnel in touch with the research program of the 
Department of Soil Science. Activities included (a) Continuing Education 
sessions for personnel of the Ontario Department of Agriculture and Food at 
Sudbury, Ottawa, London, Lindsay, Guelph, and in Toronto for Fruit and Vegetable
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Extension specialists, (b) Soil and Crop Improvement Association meetings in 
the following counties - Perth, Ontario, York, Oxford, Leeds and Frontenac, 
and Quinte region, (c) Drainage day in Grey and Simcoe Counties, (d) Fruit 
and Vegetable Growers’ day in Peel County, (e) Participation in Bankers’ 
School, 4-H Leadership Conference, Advisory Fertilizer Board of Ontario, 
Junior Farmer Annual Soil and Land Use Tour, Agricultural Representatives 
Conference, Ontario Tax Assessment Committee, O.A.C. and Ridgetown Farmers’ 
Week, (f) Consultations with Air Management Branch regarding Code of Practice 
for Animal Wastes, at county and farm levels on waste management, and (g) 
Special Courses in Soil Fertility and Fertilizers and Environmental Quality 
Lecture Series.

Information for Extension Personnel (Agdex)

Brown, D.M. Ill 1969 Corn Heat Units.
31

Sheard, R.W. 120 Fertilizer Reaction Time in Soil Reduces 
542 Phosphorus Uptake by Forage Species.

Sheard, R.W. 120 Utilization of Surface-Applied Phosphorus 
542 by Forage Species.

O.D.A.F. Information Leaflet

Brown, D.M. 1969. Heat units for corn in Southern Ontario.

Press Releases

Heeg, T.J. A Bilingual Computer Joins the Soil Test Program.

Heeg, T.J. Soil Test Values Change.

Ketcheson, J.W. Why Plow?

Ketcheson, J.W. No Tillage - How to Use It.

Ketcheson, J.W. Reduce run-off losses with surface stover.

Miller, M.H. No major pollution from agricultural fertilizers.

Radio Tapes

Heeg, T.J, Soil Test Procedure Has New Look.

Permanent Registration For Farmers.

New Soil Sample Information Sheet

New Soil Phosphorus Test.

Lower Soil Test Values and What They Mean.

Ketcheson, J.W. Why Plow?
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Ketcheson, J.W. No Tillage - How to Use It.

Livestock Manure Increases Crop Yield.

Lane, T.H. Managing Our Land

Soil Test Ratings for Land Assessment

Agricultural Research - Is It Ahead of the Farmer.

Fertilizers - For Some Its Confusion

Manure For Corn Production.

No Tillage For Corn - Is It A Success?

What Is No Tillage, What Farmers Can Use It and When 
Can It Be Used?

The Effect of Soil Fertility on No Tillage and Erosion 
Problems.

How Does No Tillage Affect Corn Yields.

Television Programs

Elrick, D.E. Pollution Panel CKCO (Kitchener)

Hoffman, D.W. Down To Earth E.T.V.O. Geology Series Dept, of 
Education (Toronto).

King, K.M. Agricultural Meteorology. CKCO (Kitchener) CBC (Toronto)
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RESEARCH

The research program of the Department was until recent years directed 
almost entirely to the use of soil for agricultural purposes. Encroachment of 
urban and Industrial development on agricultural lands, requirements for 
recreational space for urban dwellers, and problems in disposal of wastes have, 
however, caused changes in emphasis in the last few years.

Our research is directed towards increasing our knowledge of the soil 
and its environment. The ultimate goal is the best use of our land resources. 
Although use of land for agricultural production still receives the greatest 
emphasis in the program, increasing attention is directed towards use for 
recreation, for urban and industrial purposes, and for forestry.

An appreciation of the scope of the program may be gained from the 
realization that projects deal with practically all components of land resources; 
that is, the soil, the geologic materials, the water resources in and on the land, 
the vegetative cover and the lower layers of the atmosphere. The best use of 
land involves the choice among the alternate uses to which it may be put, and the 
selection of the most efficient management for that use. Many problems cannot 
be solved without an improved understanding of the chemical, physical and biological 
reactions occurring in this system. We will therefore continue to develop a 
research program that ranges from the study of complex molecules in soils, and the 
physics of beat and mass transfer in the atmosphere to the response of crops to 
fertilizer application on farmer's fields.

AGROMETEOROLOGY

The overall object of this research program is to study the influence 
of climate on crop production in Ontario so that existing conditions can be 
utilized to their best advantage. The program includes studies of frost effects 
as well as of growing conditions and provides valuable information and background 
for teaching and service programs.

Energy Transfer, Photosynthesis, and Evapotranspiration. - K.M, King, W.M. 
Blacklow, T.J. Gillespie, G. Kidd, G.W. Thurtell, T. Totsuka.

The experimental program during 1969 was conducted mainly at the Elora 
Research Station. The team approach was used and is in fact the best possible 
way to do this research because of the need for simultaneous measurement of many 
environmental and crop variables with costly instruments that require continual 
attention. The basic approach to this work consists of the use of theoretical 
models and actual determination of the processes and control mechanisms (a) for 
transfer of radiant and sensible forms of energy which determine the microclimate 
and, in fact, the actual condition of the plant (e.g., leaf temperatures) and 
(b) for mass transfers of water vapour and carbon dioxide which determines water 
use and accumulation of dry matter.

Hourly records of evapotranspiration from two 10.5 feet diameter 
lysimeters were obtained over about 50 days during August and September. In 
each lysimeter there were nearly 50 corn plants at a population of 24,000 per 
acre; in one lysimeter the plants were on 16-inch squares while in the other 
they were in 30-inch rows. The difference in hourly and daily values of 
evapotranspiration between lysimeters did not differ by more than a few percent 
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thus showing that the radiation interception and the vapour transfer away 
from the evaporating surfaces were similar in each planting arrangement.

Two commercially available leaf wetness sensors were evaluated 
during the summer of 1969, Such a study was Initiated because wetness duration 
is of primary importance in the life processes of pathogens, in the effectiveness 
of applied pesticides, and in harvesting and drying operations, yet we do not 
know If this parameter can be routinely measured sufficiently well for practical 
applications. Agreement between the wetness duration in an apple orchard with 
that at the climatological station (O.A.C.) was within ± 30 minutes on 64% of 
the observed periods. A small electronic circuit (materials cost less than $10) 
was devised to provide a temperature marker on the de Witt Chart. This development 
will improve considerably the usefullness of the instrument for use in predicting 
disease development.

Considerable emphasis in research continued to be directed toward 
methods for actual measurement and prediction of the photosynthesis and growth 
of corn (Zea mays L.) in relation to the physical environment. Estimation of 
the photosynthesis of the whole canopy in the field was obtained by using micro- 
meteorological techniques and an air-conditioned plastic chamber. Gas exchange 
measurements of individual leaves under various controlled conditions were 
obtained for use in prediction models.

Estimation of actual carbon-dioxide exchange of the whole canopy, 
assuming similarity in turbulent transfer for heat, water vapour and CO2 was 
successfully achieved only at the very end of the season using half-hourly rates 
of evapotranspiration obtained with a lysimeter along with gradients of water 
vapour and CO2. The air-conditioned plastic chamber, enclosing 28 corn plants, 
maintained the air temperature within .05 C and the relative humidity within 10% 
of the outside environment. Prediction curves for production rates of the 
canopy at various levels of radiation and temperature were obtained. The dry 
matter increment over a week estimated from the measured CO2 exchange in the 
chamber and mean radiation and temperature was within a few percent of that 
obtained outside, by harvesting.

The dark respiration of attached leaves in the field at night was 
measured using a temperature controlled cuvette. From these data along with 
measured leaf temperatures it was possible to describe the CO2 source - strength 
profile of the canopy. A Siemans climate controlled cuvette was evaluated and 
used in a modified way in a semi-closed system to obtain gas exchange of leaves 
at various controlled light intensities in the field in early September. At 
that time it appeared that the mesophyll resistance had a considerable control 
on the photosynthesis rate. Further modifications of this equipment is 
desirable in order for it to be completely suitable for use with corn plants. 
Using another cuvette, operating on the open system, along with direct 
measurement of stomatai resistance, it was found that a moderate plant moisture 
stress had no effect on the internal (mesophyll) resistance of corn leaves. 
Stomatal resistance accounted completely for the change in the net photosynthesis- 
light relation with increasing moisture stress until severe stress caused visible 
rolling of the leaves. Other research traced the change in stomatal resistance 
over nearly a month without significant rain fal] and showed there was no 
difference in the stomatal resistance of sunlit leaves between different canopy 
layers but lower shaded leaves had greater stomatal resistance than upper ones. 
With a change from sun to shade or vice versa the stomatal resistance of a leaf 
responded completely within 2-3 minutes. Thus a major improvement in 
existing light models of photosynthesis appears to be likely when these results 
on stomatal resistance can be incorporated.
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Members of the agrometeorology group also took part in cooperative 
experiments with two graduate students from the University of Wisconsin and 
one from Cornell University. The studies involved statistics of light 
fluctuations in the corn crop canopy and eddy correlation measurements of 
exchange of heat, momentum and, on one day, carbon-dioxide above the canopy.

Effect of Early Frost on Corn Yields - D.M. Brown.

The simulated freezing (paraquot sprayed on leaves) experiment with 
grain corn was repeated for the third year in September, 1969. Results were, 
in general, similar to the previous two years, "Freezing" treatments applied 
prior to September 15th reduced yields of recommended hybrids by 25 to 50 
percent, whereas very little yield reduction occurred when treatments were 
applied after mid-September. Dry weather In September, 1969, resulted in a 
reduced rate of carbohydrate production and subsequent kernel dry matter 
accumulations. Consequently, increases in kernel weight following the 
"freezing" treatments were much less in 1969 than in 1967 and 1968.

The same freezing treatment was applied to the soybean variety, Altona, 
in 1969. Yield reductions were comparable to those in corn. "Frost" in late
August or early September reduced yields by 20 to 30 percent. However, a frost
after September 10th would not have reduced yields materially.

From a survey of crop losses due to frost it was concluded that the 
small losses are usually the result of poor management and cultural practices 
and these have very little effect on the agricultural economy as well-managed 
operations usually fill the need. The large, but infrequent, losses resulting 
from untimely outbreaks of cold, arctic air during the growing season, much below 
normal temperatures during winter at times of little snow cover, and ice sheet 
formation over large areas do effect the economy of a region as well as individual 
producers. Fortunately, large losses due to freezing temperatures seldom occur 
in Ontario, although small losses in fruit production occur fairly frequently in 
some regions and small acreages of winter wheat and alfalfa are winter-killed 
nearly every year. Programs have been designed for economic protection of crops 
against damage by freezing temperatures.

Soil Moisture and Temperature - D.M. Brown

Grain crops usually yield more when seeded early, but this is determined 
in part by soil moisture conditions. To determine the probabilities of the first 
and subsequent dates of seeding, surface soil moisture was estimated from daily 
climatological data. In 1968 and 1969, there was good agreement between the soil 
moisture estimated this way and the observed soil moisture. Comparison of the 
estimated dates of tractionability based on soil moisture estimates and the actual 
dates of cultivation and seeding showed that in 17 out of 23 years, the first day 
of actual cultivation and seeding was done on the date estimated to be tractionable. 
Subsequent days of seeding on five occasions each year occurred on days estimated 
to be tractionable in 65 percent of the cases and were within 3 days of the closest 
estimated date of tractionability in 87 percent of the cases.

Test of the applicability of the estimates in S.W. Ontario locations is 
currently in progress using Harrow climatological data and farm records of actual 
dates of cultivation and seeding in that area. A probability study of tractionable 
days, estimated from the 50-year climatological records at Harrow, Guelph, Vineland, 
Lindsay, Ottawa, and Kapuskasing, is also in progress.



18

Comparisons of soil temperature under sod and in "bare" soil 
continued in 1969. These will enable a better prediction of "bare" soil 
temperatures for locations and periods where only sod temperatures are available.

Phenological Observations on Grain Corn - D.M. Brown.

Mathematical models of crop growth and development have been checked 
against some field observations on emergence, leaf development, tasselling, 
silking and maturity of a few short-season hybrids at Guelph since 1956 (Table 7).

TABLE 7. Dates of occurrence of Stages of Development of Eunks G2 and 
Pride 5*  at Guelph, 1956 to 1969.

Year Planting Emergence Tasselling Silking Kernel Moisture
40% 35%

1956 May 26 — July 27 Aug. 6 Oct. 24 —
1957 May 22 - July 26 Aug. 2 Sept. 25 -
1958 May 17 July 27 Aug. 3 Sept. 29 -
1959 May 18 -* July 12 July 21 Aug. 28 —
1960 May 19 - — — - -
1961 May 16 - July 18 July 27 - Sept. 17
1962 May 14 July 18 July 22 Sept. 18
1963 May 14 — July 21 July 31 - Oct. 4
1964 May 7 - July 22 July 26 - Oct. 3
1965 May 19 May 27 July 30 Aug. 3 - Sept. 23
1966 May 10 May 26 July 12 July 24 Sept. 18 Sept. 22
1967 May 19 May 30 July 18 July 25 Sept. 18 Oct. 6
1968 May 15 June 4 July 29 Aug. 5 Sept. 27 Oct. 4
1969 May 15 May 31 July 27 Aug. 2 Sept. 17 Sept. 20

*Funks G2 1956 to 1959, Pride 5 1961 to 1969.

The foregoing observations were also used for checking the heat-unit 
ratings on the new short-season hybrids at Guelph, Elora R.S. and Ailsa Craig 
in 1969 (Tables 8 and 9). The heat units accumulated to 40% kernel moisture 
for some of these hybrids is shown in Table 10.

The rate of kernel moisture loss from ear corn standing in the field 
determines the time at which it can be harvested and safely stored in cribs or, 
if artificially dried, determines the cost of drying. Kernel moisture data 
collected in the phenology study to determine dates of 40 and 35 percent kernel 
moisture (see Table 9) provided information on rates of kernel moisture loss 
during different time intervals in September and October. A summary of this 
data collected at Guelph since 1965 indicates that moisture loss rates varied 
from zero percent per day in mid-October, 1967, to nearly 2 percent per day in 
early September, 1968 (Table 11).
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TABLE 8. Dates of Tassel and Silk Emergence In 1969.

50% Tassel Emergence 50% Silk Emergence
A 

A.C. Guelph Elora
A 

A.C. Guelph Elora

Morden 88 July 27 July 21 July 22 July 31 July 29 July 31
Pride 109 July 29 July 27 July 29 Aug. 2 Aug. 1 Aug. 4
Belle River 14 July 31 July 22 July 24 Aug. 2 July 31 Aug. 2
Stewart 2300 July 28 July 20 July 22 Aug. 1 July 30 Aug. 2
United 108 Aug. 2 July 24 July 27 Aug. 5 Aug. 2 Aug, 5
Pride 5 Aug. 2 July 27 July 30 Aug, 4 Aug. 2 Aug. 3

A
A.C. - Ailsa Craig

TABLE 9. Dates of 40 and 35 percent Kernel Moisture in 1969.

40% Kernel Moisture 35% Kernel Moisture
*A.C. Guelph Elora

*
A.C. Guelph Elora

Morden 88 Sept. 5 Sept. 6 Sept. 12 Sept. 12 Sept. 9 Sept. 17
Pride 109 Sept. 10 Sept. 11 Sept. 22 Sept. 13 Sept. 15 Sept. 28
Belle River 14 Sept. 10 Sept. 8 Sept. 15 Sept. 15 Sept. 13 Sept. 21
Stewart 2300 Sept. 10 Sept. 9 Sept. 16 Sept. 14 Sept. 17 Sept. 30
United 108 Sept. 13 Sept. 15 Sept. 25 Sept. 18 Sept. 18 Oct. 2
Pride 5 Sept. 11 Sept. 17 Sept. 21 Sept. 16 Sept. 20 Oct. 1

A
A.C. - Ailsa Craig

TABLE 10. Corn Heat Units for the Hybrids grown in Phenology Test in 1969.

* A.C. Guelph Elora

Morden 88 2450 2400 2420
Pride 109 2540 2460 2590
Belle River 14 2540 2440 2490
Stewart 2300 2540 2450 2520
United 108 2600 2560 2630
Pride 5 2620 2610 2650

* A.C. - Alisa Craig (Heat units determined from the A.C. test plots 
and London Temperature records).
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TABLE 11. Kernel-Moisture Loss Data from Samplings in Phenology Test, 
1965 to 1969, O.A.C. Guelph.

* Period 1965 1966 1967 1968 1969

Sept. 7-16 1.4 0.9 1.1 1.9 1.4
Sept. 14 - 20 1.5 - 0.8 - -
Sept. 16 - 23 - 0.3 - 0.8 1.6
Sept. 20 - 28 - - 0.8 - 0.1
Sept, 26 - Oct. 6 - 0.4 0.5 - 0.2
Sept. 30 - Oct. 15 — - - 0.8 —
Oct. 12 - Oct. 20 — - 0.0 - -
Oct. 20 - Oct. 26 - •— 0.8 - -
Oct. 26 - Nov. 8 — — 0.02 •* -

*Sampling dates were not the same each year, so average dates were used for 
illustration purposes

GEOLOGY

The inclusion of Geology within the Department of Soil Science is a 
unique feature in Canada. Our research aims at developing a better under
standing of the origin and formation of rocks and minerals particularly under 
earth-surface conditions in the Province of Ontario. The program contributes 
not only to our teaching, but to the Department’s research in the evaluation of 
natural resources. We have four active projects.

Drumlins and drumlinoid features of S.W. Ontario - I.P. Martini.

(The project is carried out in collaboration with Mr. A. Falconer, Department 
of Geography, University of Guelph).

It is well known that different natural processes, singly or in com
bination, may produce similar end results. Thus, a streamlined hill of till 
or stratified drift may be formed either by direct glacial action or by running 
water, or by a combination of the two. Because the last stage of the Pleistocene 
history in S.W. Ontario was a deglaciation stage, any landform or sediment formed 
by direct glacial action must have undergone some degree of modification or 
reworking by meltwater, surface creep and/or wind action. Other similar land
forms and sediments have been formed entirely by post-glacial processes.

Drumlins and drumlinoid hills, as any other similar geological feature, 
maintain part of the record of their genesis and subsequent modification in their 
geomorphological and sedimentological parameters. It follows that the history 
of these hills, of their sediments and of the soils that cover them can and will 
be reconstructed during this research program.
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The first event of a programmed approach to the understanding of this 
"history'1 will be a numerical classification of the streamlined hills of S.W. 
Ontario based on geomorphological characters. The clusters (classes) that will 
be obtained will form the basis of the sedimentological and geographic analysis 
which will lead us to the understanding of the genesis of these hills.

Anatomy of Silurian Deltaic and Littoral Environments - the Medina Formation. - 
I.P. Martini.

The Medina Formation is an 80 feet thick unit, which crops out along 
the Niagara Escarpment between Hamilton (Ont.) and Fulton (N.Y.), It is of 
Lower Silurian age, and it comprises five members:

Thorold - Gray sandstone and shale

Grimsby - Red, gray mottled, sandstone and shale

Cabot Head - Gray shale and siltstone

Manitoulin - Gray dolomite and shale

Whirlpool - Gray sandstone

In a previous study (Martini, 1966 Ph.D. Thesis), the gradational regional and 
stratigraphic variation of the sedimentological parameters (e.g. petrography, 
grain size, orientation, packing, etc.) lead to the conclusion that the sedi
mentological cross-section of the Median Formation exposed along the Niagara 
Escarpment is an off-set section of a submerged delta-littoral environmental 
complex. Combining the information obtained from the outcrops of the Medina 
Formation with the information available on recent environments, a general model 
has been constructed which is applicable to the Silurian clastic rocks exposed 
along the Niagara Escarpment.

The suite of sedimentary structures, textures, fabrics and lithologies 
present in the Medina Formation, is suitable for a more detailed analysis of the 
various environments presently recognized. Such an analysis will be made in 
the course of this research program. The results will be applicable to the inter
pretation of similar ancient rocks. Hence, the evolution of their reservoir 
potential for water and hydrocarbons, and the distribution of stratigraphic 
traps in certain areas may be predicted.

The Grand River Watershed - I.P. Martini.

The geology of the Grand River Watershed and the sedimentology of the 
Grand River itself and of the Pleistocene glaclo-fluvial deposit outcropping in 
the area have been chosen as a tentative research project for the following 
reasons:

1. The Grand River is one of the major fluviatile systems in S.W. Ontario.

2. A suitable amount of background information is available in the area 
e.g. hydrologic data of the Pleistocene geology, soil maps.

3. Urban development is active in the area.
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4. The Grand River has its head waters in the Orangeville moraines. It 
received tributaries which cross areas covered by till deposited by both 
the Ontario-Erie ice lobe (Pleistocene) and the Huron ice lobe. The river 
crosses Pleistocene sediments formed in different environments of deposition 
- glacial, glacio-fluvial and glacio-lacustrine. In certain reaches, the 
river cuts directly into the dolomitic bedrock (Silurian) of the region. If 
these different sources of sediments may be characterized the:

(a) the rate of erosion, transport and deposition in this fluviatile system 
may be analyzed.

(b) subenvironments along this meandering stream may be defined from a 
sedimentological point of view, and they may be correlated with the 
better known fluviatile system studies in non-glaciated areas.

(c) the analysis of the present day sediments of the Grand River will 
serve as an analog for a better understanding of Pleistocene or 
older fluviatile systems.

5, The petrological and sedimentological analysis of the Pleistocene sediments 
(hills in particular) in the Grand River watershed, are needed for part of 
the study of the recent sediments of the Grand River, This analysis is 
useful also for:

(a) study of the variabilities existing within the tills themselves

(b) study of the clastic dispersal by meltwater during the last 
Pleistocene deglaciation

(c) study of the source areas of the tills, thus study of the movement 
of the pleistocene ice lobes.

6, Results of the project are expected to be utilized both in classical 
geological studies ("the past") and in studies of environmental geology 
("the future").

The first events of a programmed approach to the analysis of the Grand River 
watershed are:

1. A stratified random sampling along the river to analyse the variability 
of the sedimentological parameters,

2. Compilation of the available information,

A Metamorphic Grid for the Haliburton Highlands - Ward Chesworth.

An important objective of geochemistry is to determine the physio
chemical conditions under which minerals and rocks formed. To this end Bowen 
(1940, J. Geol, 48: 225) developed the idea of a petrogenetic grid - an idea 
extended by Wyllie (1964, Chern, Earth’s Crust II: 156) into the concept of a 
metamorphic grid.



23

Here a metamorphic grid is constructed for a part of the Grenville 
province of the Canadian Shield occurring in the Haliburton Highlands about 150 
miles north of Toronto. The pertinent field observations on which the grid is 
based are:

a. sillimanite is stable in psammo-pelitic rocks;

b. epidote is found coexisting with quartz;

c. the assemblage calcite-tremolite-diopside occurs in marble;

d. granitic magma was once prevalent in the region and was apparently 
produced by melting in situ (Chesworth, 1969, Can. Mineral. 10: 129).

Fig. 2. The metamorphic grid, where Kb = pressure in kilobars; Km = distance 
in kilometers (a distance of about 30 kilometers and a pressure of 
just less than 10 kilobars represents the base of the earth’s crust).

Ractions pertinent to these observations are shown in Figure 2.
Reactions 1 and 2 partly delimit the stability field of sillimanite (Fyfe, 1968 
Chem. Geol. 2: 67). Reaction 3 marks the breakdown of the assemblage zoisite 
+ quartz in a closed system where PEH2O = PS (Newton, 1966, Am. J. Sci. 264: 204).

Reaction 4 defines the stability limit of the assemblage calcite-tremolite-diopside 
calculated for the condition PECO2 + PEH2O = PS where PECO2 = PEH2O (by the method 
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of Turner, 1967, N. Jb. Miner. Mh. pt: 1: 1). Reaction 5 is beginning of 
melting curve of granite in the presence of an aqueous fluid phase containing 
Li2O (Wyllie and Tuttle, 1964, Am. J. Sci. 262: 930).

The stippled area of Figure 2 is the region of the PT diagram in which 
the field observations (a) to (d) above, hold good. This gives the following 
limiting conditions on metamorphism in this region:

PS = 3.5 to 6.5 kilobars

T = 550 to 650°C.

The diagram also indicates that this region was at one time between 12 and 25 km. 
down in the earth’s crust.

A Device for the Semi-Automated Lapping of Rock and Soil Thin-Sections 
Brad Hilliard.

Lapping, is a process which involves the use of an abrasive cutting 
material (usually aluminum oxide or silicon carbide) on a rotating wheel for the 
purpose of cutting a second material. For thin section grinding either Al2O3 
(alundum) or silicon carbide (crystolon) is allowed to impregnate a grooved 
cast iron lap wheel. The impregnating grit forms a very efficient cutting 
surface which "licks" or laps away the rock placed upon the wheel.

Since the speed of the lap wheel increases radially, a sample which is 
held stationary on the wheel will be cut differentially and will also tend to 
hollow grind. A sample which is moved back and forth will tend to grind in a 
convex fashion since the operator will inevitably apply different pressures at 
various points on the lap wheel surface causing the specimen to rock from side to 
side. To offset these two problems, the sample is swept by hand from the center 
of the wheel to the outside and back at the rate of about one cycle every 2 or 3 
seconds. After each cycle the sample is rotated 90⁰ , The pressure exerted on 
the sample should not be heavy but it must be even if the specimen is to have a flat 
finish. If this simple lapping method is used the final specimen surface will be 
flat.

Lapping in this fashion is a tedious and time consuming process and a 
simple device was developed to enable the process to become semiautomated. The 
apparatus is a simple plastic ring, with a diameter slightly smaller than the 
radius of the lap-wheel (Fig. 3). The ring is divided into six compartments 
each of which can hold a slice or thin-section of rock or impregnated soil. 
The ring rotates on the lap-wheel and the specimens are systematically swept 
across it from the rim to the centre. The use of the ring on the lap tends 
to keep the wear on the wheel constant since the rim of the ring picks up 
grinding powder and in turn grinds the lap wheel flat.
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Fig. 3. Detail of a new method for controlling thin-sections on the lap wheel.

POLLUTION CONTROL AND WASTE UTILIZATION

With increasing attention now being focused on all aspects of our 
environment, there is a greater need to know to what extent the soil and modern 
agricultural practices contribute to environmental pollution as well as to what 
extent the soil itself is being polluted by man's activities. Potential 
pollutants include fertilizers, pesticides, radio-active compounds, animal, 
municipal, and industrial wastes. The objective of this program is to determine 
how best to manage the soil .system to be efficient in absorbing wastes and yet not 
adversely affect the environment. It involves a better understanding of the 
nature and extent of movement of pollutants through our soils and the possibilities 
of their appearance at certain depths or in the underlying groundwater.

Contribution of Nutrients to Groundwater from Liquid Manure Disposal. 
L.R. Webber (in part from D.S. Bielby M.Sc. Thesis Project).

The intensive rearing of poultry and livestock in confinement has created 
serious problems of manure disposal. Although application to the land provides an 
effective disposal system as well as returning valuable plant nutrients, there is 
a limit to the amount that can be applied without causing pollution of the ground
water. Studies have been conducted during 1968 and 1969 to establish more 
accurately the maximum rates that can be applied safely and to determine the fate 
of the components of the manure after application.

1Eight natural-core lysimeters of Guelph loam soil were established in 
the fall of 1967. Liquid poultry manure was applied in the spring of 1968 and 
1969 at four rates. Corn was grown each year and the yield and nitrogen contents

Soil core, 34.5" dia. x 42" deep, resting on a bed of 3/4" gravel and separated 
from the gravel by a mesh screen.
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were determined. During the summer of 1969 water was added to provide a 
minimum of 1.5" of precipitation per week.

The percolates from the lysimeters were collected continuously from 
the spring of 1968 and the nitrogen, phosphorus and potassium contents were 
determined. Only a small proportion of the added nitrogen was recovered in 
the percolates up to Oct. 5, 1969 (Table 12). The percentage of the addition 
recovered appeared to be the same,for each amount of N added.

TABLE 12. Nitrogen Balance from Manure-treated Lysimeters - Guelph Loam Soil.

Treatment*
A (Check) B C D

Nitrogen Added 1968 0 26 51 77
(grams/lysimeter) 1969 0 34 68 102

Total 0 60 119 179

Nitrogen Removed 1968 11.2 12.0 13.5 14.2
By Corn 1969 8.3 13.5 12.7 12.4
(grams/lysimeter) Total 19.5 25.5 26.2 26.6

Total - Check 0 6.0 6.7 7.1

Nitrogen Leached gm/lys, 4.5 6.4 11.6 13.1
Total - Check 0 1.9 7.1 8.6

(May 1968 to
Oct. 5, 1969) % of Added N - 3.1 6.0 4.8

Nitrogen Leached gms/lys. 5.4 19.4 30.4 39.8
(Oct. 6 to Total - Check 0 14.0 25.0 34.4
Dec. 1969) % of Added N - 23.3 21.0 19.2

Total Added 
Nitrogen gms/lys. 23.1 37.7 46.3
Removed % of Added - 38.5 31.7 25.9
Nitrogen Not gms/lys. — 36.9 81.3 132.7
Accounted For % of Added - 61.5 68.3 74.1

grams/lysimeter X 14.8 = lb./ac. ^Refers to rate of manure added.

To determine the amount of NO3 remaining in the lysimeters after the 
1969 growing season, 10.5 inches of water were added to each lysimeter in 1-inch 
increments between Oct. 6 and Nov. 26. With some 15 inches of percolate 
collected (Table 13), the nitrogen removed still tends to be a constant percentage 
of that added (Table 12). The total is still less than 25 percent.

The concentration of NO3-N in the percolates as a function of time for
the check (Treatment A) and the highest rate of manure addition (Treatment D) is
shown in Fig. 4. The other two treatments were intermediate. The concentration
of NO3 in the percolate from the lysimeter receiving the highest rate of manure
passed through a maximum and was declining rapidly. This indicates that most of
any remaining NO3 had been flushed from the lysimeter.



Fig. 4. Amount of lysimeter percolate, and concentration of NO3-N in percolates from two manure 
treatments, as a function of time.
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TABLE 13. Percolate Collected (inches)

A
Treatment

B C D

May - December 1968 5.15 5.03 4.44 4.46

January 1 - October 5, 1969 9.43 6.92 7.77 6.79

October 5 - December, 1969 14.52 15.06 14.62 14.92

It Is not known whether leaving the NO^-N in the lysimeter instead of 
flushing it out in the fall would have retained it until the spring of 1970 or 
whether part of it would have been lost through denitrification during the late 
fall and early spring. The study is continuing to elucidate this point.

Further study is also underway to determine whether the nitrogen not 
accounted for was immobilized in the soil or lost through denitrification.

This knowledge is essential to the establishment of safe rates of 
manure application.

The amount of phosphorus and potassium leached from the lysimeters is 
presented in Tables 14 and 15. The phosphorus data are particularly significant 
because of the concern with phosphorus in surface waters promoting excessive 
algal growth. Even with additions of almost 1000 lb of P per acre only 0.3 lb 
of P per acre appeared in the percolates. This includes the P in the percolates 
during the flushing period which represents a much more severe leaching than 
would naturally occur. It is quite obvious that there is essentially no leaching 
of phosphorus to the groundwater in this soil.

TABLE 14. Phosphorus Balance (May 1968 to Dec. 1969).

A
Treatment

B C D

Phosphorus Added gm P/lys. 0 21.6 43.2 64.8

Phosphorus 
by Corn

Removed
gm P/lys. 4.7 5.8 6.0 6.7

Phosphorus 
from Soil

Leached
gm P/lys. 0.015 0.029 0.013 0.020

grams/lyslmeter X 14.8 = Ib./ac.
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TABLE 15. Potassium Balance (May 1968 to Dec. 1969).

Treatment
A B C D

Potassium Added gm K/lys. 0 24.5 49.2 73.8

Potassium 
by Corn

Removed gm K/lys. 12.74 17.74 18.38 17.33

Potassium 
from Soil

Leached gm K/lys. 0.569 0.704 0.916 0.795

grams/lysimeter X 14.8 - Ib./ac.

Laboratory Studies on the Transport of Chemical and Biological Substances 
through Soils. - D.E. Elrick.

Laboratory investigations on the movement of both chemical and biological 
substances through soils include reaction and dispersion studies on nitrogen, 
diffusion experiments on the herbicides 2, 4-D and atrazine, and diffusion and 
dispersion studies on soil viruses.

A study on the hydrodynamic instability of miscible fluids in porous 
materials has been completed. The experimental results, substantiated by 
theoretical analyses, indicate that the main contributor to the Influx of salt 
into the porous column (Initially saturated with pure water) was the convective 
dispersion arising from the onset of horizontal variations of the salt concen
trations and of the vertical velocity component (see Bachmat and Elrick, 1970).

RESOURCES INVENTORY, PLANNING AND DEVELOPMENT

Research in this program touches on the whole breadth of problems in 
the resources area. It includes the actual mapping of soils in areas of the 
province previously unmapped and in those areas requiring a greater detail of 
information. Research on photogrammetric techniques, soil-geomorphological 
relationships and soil variability is designed to expedite the production of 
more informative soil maps.

Work on mineralogy, alteration of micas or weathering of rocks aids 
in the understanding of basic processes. This understanding may lead to 
Improvements in planning and development of the soil resource.

In the production of a soil map research areas are located. The 
results of basic research are directed to aid in the use of the inventory 
information. In this sense it can be said that this is a complete program.
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Soil Survey and Land Use.

Soil surveys are the part of the resources inventory that has been 
conducted in Ontario for over fifty years. Last year soil surveys were con
ducted in Brant County, Peterborough County and in Northern Ontario.

In Brant County the survey is being done in some detail and this 
year 61,000 acres were mapped bringing the total acreage completed to 
approximately 210,000 acres. About 70,000 acres remain to be mapped and 
classified and it is expected these will be completed during the 1970 summer 
season. Some field work was done in Peterborough County consisting of the 
checking of soil boundaries and the collection of soil samples for analyses but 
no mapping was required since it was completed last year.

In Northern Ontario the soils were mapped in certain inaccessible 
areas by air and on foot. This mapping was conducted mainly in an area located 
about 15 miles south of Dryden. Once this work was completed the field party 
worked in the Great Clay Belt region checking soil boundaries and conducting 
soil correlation studies.

Soil maps for most of the regions of Northern Ontario in which surveys 
were conducted have been prepared from the airphoto mosaics used as base maps. 
These maps are prepared on sheets of the national topographic series 1:50,000 
scale. It is also planned to produce soil maps of these areas at a scale of 
1:250,000. This is being done to provide generalized soil information which can 
be used for planning land use in large regions.

The program of soil sample collections from surveyed areas is being 
continued. These soil samples are analyzed and the information gathered is used 
to assist with classification of the soils. The chemical and physical data along 
with the soil descriptions can also be used for prediction purposes. Crop yields 
under defined management can be predicted as can the capability of different soils 
for housing, recreation and waste disposal.

The preparation of detailed soil maps (1:20,000 scale) for Waterloo 
County was continued during the year. This has proven to be a difficult project 
but the maps are almost complete, the acreages of the various soils have been 
calculated and it is anticipated the project will be finished by early 1971.

One soil survey report was published and released for distribution. 
This is the soil survey of Leeds County Report No. 41.

Soil Interpretation

Interpretive classifications of the soils are being made for different 
purposes. These are essentially predictions of soil response to different uses. 
For example the soil capability for agriculture classification groups soils into 
seven classes and indicates that one site is better or worse than another for the 
production of general farm crops. It also indicates the major limitations to 
production of any site. During 1969-70 A.R.D.A. printed the Tobermory map sheet 
41H showing the soil capability for agriculture for that region.

Soil capability for agriculture is being used to assess farmland because 
it provides a tax base that is stable (see the Report of the Committee on Farm 
Assessment and Taxation, Ontario, 1969). Until now, the soil capability 
classification for agriculture applied only to mineral soils. This left several 
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thousand acres of land unclassified as to agricultural capability because 
the soils are organic in nature. In 1969, a capability classification for 
agriculture on organic soils was developed. Such characteristics as stage 
of decomposition, depth, reaction, the presence of woody layers and climate 
are considered in establishing the capability class. An additional classi
fication is used along with that for capability which indicates the degree 
of difficulty of reclamation.

A program has been started to map and classify organic soils in 
Ontario. At the time of mapping, each soil area will be classed for its 
agricultural capability and degree of difficulty of reclamation.

Soil capability classifications for urbanization and waste disposal 
were also developed during 1969-1970 and are being used to designate the most 
appropriate soil sites for buildings and waste disposal. University, govern
ment and private agencies are making use of these and other soil capability 
classifications for regional planning and resources development.

Relationship between geomorphic, morphological and chemical variables within 
small landscape units. - R. Protz.

A study of the genetic development of soils in the Blue Springs 
drainage basin was completed. The basin is located 3 miles northeast of 
Guelph and has an area of approximately 28 sq. miles. The soil parent materials 
in the basin are mainly derived from dolomite from the Niagara Escarpment. The 
landforms in the basin are best described as glacial landforms that have been 
modified by the fluvial action of glacial and post-glacial water. Each glacial- 
fluvial landform is therefore defined in terms of an upland and a lowland com
ponent that constitute the erosional and depositional surfaces of the landform 
respectively. Due to the instability of landforms, soils in the basin are 
youthful as indicated by their poor horizon differentiation.

Twelve soil profiles were sampled from the upland and lowland com
ponents of the six major landforms that characterize the basin. The landforms 
differ basically in their degree of dissection as indicated by the steepness 
and length of slopes. The parent materials differ in texture and stratification 
of sediments. Thus genetic development of soils in the basin is mainly affected 
by the soil forming factors of parent material, topography and time since the 
effects of climate and vegetation are at a minimum due to the facts that the 
basin lies within one broad climatic region and the soils were sampled within 
one broad uniform vegetation region.

In order to adequately define the kinds and rates of the pedogenic 
processes that take place in the soils, greater detail of landforms and textural 
variations in the parent materials were analyzed. Profile textural uniformity 
as indicated by the unity of depth function of the ratios of % total sand/^ 
total silt was calculated on the clay-free and carbonate-free basis. The 
hue component of color, magnetite and fine pebble contents were used as visual 
properties indicative of inherent differences between sediments. There was a 
close agreement between the depth limits of different sediments as indicated 
by the unity of depth function of the textural parameter and the depths at 
which considerable changes take place in the visual properties of sediment.
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The deposits identified in the basin include the older dolomitic 
sediment and the younger dolomitic shaly sediment. The older sediment is a 
glacial-deposit derived locally whereas the younger sediment is a fluvial-deposit. 
Original stratification in sediments was established and usefully employed to 
reconstruct the process history of landform development and to explain soil 
development.

The degree of genetic development of soils in the basin was evaluated 
in terms of the rates of the early pedogenic weathering, and transfer of the 
weathering products of dolomite, iron and aluminum bearing minerals. Under the 
geochemical conditions characteristic of the soil profile, dolomite weathers into 
calcite. Indices to measure the rate of dolomite weathering and the extent of 
calcite leaching were obtained from the ratios of "dolomite content at bottom of 
the solum/dolomite content in soil horizons" and the ratios of maximum calcite 
below the solum/% calcite in soil horizons" respectively. The maximum relative 
change in content of pedogenic iron and aluminum obtained from the difference 
between maximum content in the solum and content at bottom of the solum of NH4- 
oxalate extractable Fe and Al and Na-dlthionite extractable Fe was used to 
measure the rate of weathering and transfer of weathering products of iron and 
aluminum bearing minerals.

Under conditions of parent material uniformity and free internal drainage, 
the twelve soil profiles were grouped using the previously mentioned criteria into 
four different groups according to their degree of genetic development. From 
this grouping, it was concluded that the effects of parent material and time 
factors on soil development were minimal whereas that of the topography factor 
(i.e. slope and position) was maximal.

Techniques in photogrammetry as aids in studies of soil properties and geomorphic 
parameters.

Approximately a 3 x 6 mile area South of Brantford had been photographed 
in 8 and 12"/mile in color and 4, 8 and 12"/mile in pan. The photographs will be 
used to estimate the increase in information content on the color photographs as 
compared to the black and white. The scale-information content relationships 
will also be evaluated for the pan photographs. Orthophotographs will be made of 
the area. Soil landform relationships will be investigated on the orthophoto base. 
The value of contoured orthophotographs to soil survey operations will be investi
gated. The soil extension value of contoured color orthophotographs will be 
evaluated as a teaching aid. The value of orthophotographs for speeding up the 
cartographic procedure will also be evaluated. Eventually a comparison of the 
economic implications will also be made.

Mineralogical Characterization of Soils from Active Soil Surveys in Ontario.

The clay mineralogical identification of nine soil profiles has been 
completed in approximately 5 cm increments and textural discontinuities have been 
located within each profile. In addition to the X-ray diffraction characterization 
of the <2μ clay fraction the total K, Mg, Fe and Al contents have been determined. 
These data are the framework from which the scheme for characterization and inter
pretation of clay mineralogy in Soil Survey Projects will be established on a con
tinuing basis. A high temperature controlled humidity sample chamber has been 
purchased for furthering this and other research work.
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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 concurrent gain in 
replacing ions and water. Main objectives of the program are (i) to study the 
relative influence of physical and chemical weathering factors and (ii) to obtain 
an understanding of the mechanism which allows layer charge reduction as potassium 
is removed and expanding layer silicates are formed. Especial consideration is 
being given to the proposal that reduction 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 minerals.

Samples of muscovite and phlogopite (supplied by the Mica Company of 
Canada Ltd.) were broken-down with a Sorvall Omni-Mixer, fractionated into several 
particle size ranges and freeze dried for storage. Preliminary investigations 
have involved characterization of the micas and determining their behavior when 
they undergo alteration with only a sodium tetraphenylboron treatment.

Chemical analysis and X-ray diffraction data indicate that the micas 
are of high purity and good crystallinity suitable for the weathering studies. 
Chemical characterization is not yet complete; methods for determination of both 
ferrous and ferric iron still remain to be tested.

Several size fractions of muscovite have been left in a sodium tetra- 
phenylboron solution for nearly 4 months. Expected alteration time is about 
1 year.

Preliminary experiments with the phlogopite have been with the 20-50 
micron fraction only. Phlogopites alter with sodium tetraphenylboron much more 
rapidly than muscovites. Atomic absorption analyses for potassium and sodium 
show that after 3 weeks in the sodium tetraphenylboron solution, about one third 
of the 20-50 micron material had been converted to the expanding sodium-form. 
Information about the swelling behavior of the alteration product after magnesium 
and potassium saturation was obtained from X-ray diffraction data. The alteration 
product is a well-defined single phase which exhibits properties similar to those 
of a well-crystallized vermiculite.

More detailed experiments will be initiated with the various size 
fractions of phlogopite. Work will continue to gain more information about the 
alteration rate and products of both micas.

Studies Related to the Weathering of Granite. - Ward Chesworth.

Granites make excellent subjects for weathering studies in that they 
constitute a system that is compositionally well known. The granites of 
southern Ontario for example can be grouped into three types (Table 16) and the 
compositional variability of a representative sample can be shown on the usual 
haplogranite triangle (Figure 5).
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TABLE 16

(Chesworth, 1969. Min. Mag. 36: 879-882)

Mineralogy Mode of occurrence
Type I 30% quartz, 45% plagio

clase (An15-An30), 10%
microcline, 10% biotite. 
Hornblende common.

1. Grey, well-foliated gneiss.
2. Granitic layers in migmatite.
3. Massive granite with angular 

xenoliths.
4. Discordant plutons.
5. Dikes.

Type II 35% quartz, 30% plagio
clase (An5-An20), 25% 
microcline, 2% biotite. 
Perthite common.

1. Pink, well-foliated gneiss.
2. Granitic layers in migmatite.
3. Discordant lenses and phacoidal 

bodies. Xenolithic in places.
4. Dikes and veins.

Type III 20% quartz, 20% plagio
clase (An0-An10) , 55% 
microcline. Perthite com
mon, biotite masses in 
some pegmatites.

1, Dikes and veins ) commonly
2. Tabular sheets ) pegmatitic.
3. Patches of graphic granite in 

type II granite.

Fig. 5. Compositional variability of a representative sample of granite 
from Glamorgan township in the Haliburton Highlands. Thirty- 
two individuals are the basis of the diagram and the contours 
are at 2, 3, 4, 5, and 6 points per 1% area.



35

The haplogranite system is a restricted part of the four component 
system SiO2-Al2O3-Na2O-K2O (Figure 6A) and this larger system can be used to 
construct a first approximation model for the study of the weathering of these 
rocks.

Virtually all studies of the modility of geochemical components in 
the zone of weathering lead to the conclusion that SiO2 + AI2O3 will be 
progressively enriched in residual materials while Na20 + K2O will be progressively 
impoverished in them. In other words, during weathering, the composition of the 
residuum will move away from Na20 and K2O in Figure 6-A and will tend to reach the 
SiO2-Al2O3 sideline. This sideline therefore, can be extracted from the tetra
hedron and used to set up a framework within which to discuss the authigenic 
mineralogical products found in such materials as residual soils. In Figure 6-B
this has been done and the minerals that exist in this system under earth surface 
conditions (assuming the ubiquitous presence of water) are shown.

Fig. 6. A: the haplogranite system as part of the four component system 
Na20 - K2O - SiO2 - Al203 . B: the residual system SiO2 - Al2O3 
and its mineralogy assuming the presence of H2O.
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Fig. 7. Minerals in the system Al2O3 - SiO2 - H2O under conditions that 
prevail at the earth's surface.

Figure 6-B can be expanded into a triangular presentation (Figure 7) 
that can be used to determine all possible reactions that can exist between the 
minerals stable in residual materials. For example let us take gibbsite to be 
the stable aluminum hydroxide in our residual system. This in fact follows 
from the not unreasonable assumption that water is present in the system in 
excess. Then the configuration of all possible tie lines in the system would be 
as shown in Figure 7. In this kind of diagram reactions are indicated by two 
kinds of chemographic relationship (Zen, 1966. U.S. Geol. Surv. Bull. 1225). 
The first is by the simple crossing of tie lines, the second by the containment 
of one phase within a triangle bounded by tie lines connecting three other phases.

From an application of these geometrical criteria, the possible 
reactions that emerge are:

(1) Gibbsite + Quartz = Kaolinite + Water

(2) Gibbsite + Quartz - Montmorillonite + Water

(3) Gibbsite + Montmorillonite = Kaolinite + Water

(4) "Smectite" = Kaolinite + Quartz + Water

(5) "Smectite" = Kaolinite + Quartz + Gibbsite

These five reactions will delimit stability fields for all assemblages in the 
system Al2O3-SiO2 -H2O.

To proceed further, much additional data is required and this falls 
under two main headings:
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(a) thermodynamic and/or experimental data concerned with the 
stability of the phases listed in the above reactions;

(b) data concerning natural assemblages studied in the field.

Studies in both of these areas were advanced during the last year. 
A manuscript concerned with the stability relations in the bounding binary 
system Al2O3-H2O has been completed, and five profiles of the deeply weathered 
Methuen granitoid pluton (first described by Protz and Gillespie, 1969. Can. J. 
Earth Sci. 6: 1217-1225) have been collected by B.C. Hilliard, (Figure 8).

Fig. 8. The geology of Methuen township (Hewitt, 1961. Ont. Dept. Mines.
69: part VII). The numbered black squares represent the sites of 
samples of weathered rock
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SOIL MANAGEMENT AND PLANT NUTRITION

Soil management and plant nutrition aims at a better understanding 
of the physical, chemical (both organic and inorganic) and biological chara
cteristics of soil as they relate to nutritional and environmental requirements 
for crops. This also involves studies in biochemistry and physical chemistry. 
Some ten faculty contributed to this program in 1969. We seek to maintain 
high levels of productivity at lowest cost by better predictions of nutrient 
requirement, more effective tillage and fertilizer placement practices and 
better management of forage crops.

Tillage and Fertilizer Response - J.W. Ketcheson.

Tillage studies have a high priority in our research program since the 
tilth of the soil influences the general rooting habits of plants, the uptake of 
moisture and fertilizer, and consequently yield. Aeration, temperature and 
mechanical impedance are the main physical factors related to tilth. To date, 
we have evidence of benefits from reducing some of the secondary tillage and sub 
stituting chemical weed control, but the elimination of plowing for continuous 
corn appears to reduce yields (1970 Canada Soil Fertility Committee Report 
pp 63-73, and Table 17).

TABLE 17. Effect of plowing on yields of continuous corn.

Soil Year Plowed Not Plowed

bu/ac
Burford loam 1964-65 56 45

1966 130 124
1967 112 98
1968 128 112

Conestoga loam 1969 112 94

mean 6 year 100 86

The reasons for reduced yield with no plowing may be less favourable 
germination conditions coupled with a greater mechanical impedance to root 
development (Fig. 9). While soil moisture at the surface where the planting 
operation takes place is often lower with plowing, the moisture of the entire 
surface layer is not necessarily lower. Likewise soil temperature is not 
necessarily higher with plowed soil. (Table 18). A chemically-killed sod on 
the other hand may favour moisture retention and storage, and has been found by 
some Investigators to benefit yields more if left undisturbed than if plowed.
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Fig. 9. Effect of plowing on length and weight of corn roots excavated 
from Guelph loam soil, Guelph, 1969.

It does not appear that soil nutrient levels can compensate for lack 
of good soil tilth. The build-up of phosphorus and potassium along with 
adequate nitrogen did not overcome yield reductions from no plowing at Elora 
and Guelph (Fig. 10 and 11). Potassium equivalent to 600 pounds of K2O plowed 
down before commencing the Elora experiment satisfied most of the requirement 
for this nutrient on both plowed and non-plowed soil in 1969, but did not affect 
the yield advantage for plowing. It does not appear that higher rates of 
potassium fertilizer would bring the two curves together. The similarity in 
leaf potassium for the two tillage treatments at each application rate suggests 
that nutrient supply was not the main reason, for the yield differences. The 
phosphorus requirement of this soil was nil under conventional tillage, and 
phosphorus equivalent to 2500 lb P2O5 did not eliminate the reduction in yield 
due to no-plowing. . Soil phosphorus was also high in the Burford soil at Guelph, 
and although a slight response to fertilizer application is indicated, the trend 
is again parallel for the two tillage treatments (Fig. 11).
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TABLE 18. Typical values for soil conditions and associated growth of 
com following corn for plowed and non-plowed soil, 1969.

Conestoga loam - Elora

Plowed
April 29

Not Plowed 
(with stover)

Soil temperature - 10 cm max. °C
May 16-25

13.6 14.3

Soil moisture - 10 cm - May 15 - percent 28.3 29.6

Soil compaction - bulk density July 7 1.23 1.27

Plant emergence - at 20 days after planting 
(48,000 seeds U.108 planted) plants/ac May 13 35,800 26,000

Plant height - at 20 days after planting cm. 6.0 4.5

Root growth per unit soil volume 1.2 1.0

Yield shelled corn (15 percent H20) bu/ac 112 94

Guelph loam - Guelph

Plowed
May 2

Not Plowed 
(with stover)

Soil temperature - 10 cm max - May 12-25 °C 13.8 12.8

Soil compaction - bulk density - August 1.18 1.44

Plant emergence - 16 days after planting 
(48,000 seeds U.108 planted) plants/ac May 5 10,600 9,200*

Plant height - at 23 days after planting cm. 6.0 5.5 *

Root growth per unit volume of soil 1.3 1.0

Yield shelled corn - (15 percent H2O) bu/ac 96 92

* where stover was removed from non-plowed soil, emergence was 16,200 and height 
was 6.7 cm.
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Fig. 10. Effect of plowing and 
potassium application on 
yield of corn grain on 
Conestoga loam soil, 
Elora Research Station, 
1969.

Fig. 11. Effect of plowing and 
phosphorus application on 
yield of corn grain on 
Burford loam soil, Guelph 
1968.

This failure of increased P or K level to eliminate yield difference 
due to reduced tillage is in agreement with earlier work on Burford loam at 
Guelph where non-plowed yields were consistently lower than plowed yields.

Manure Produces Maximum yields of Corn, but Excessive Nitrogen Applications May 
Reduce Yield. - J.W. Ketcheson.

From the last three years' results of a 5-year study of manure and 
residues for corn, the maximum yield occurred with 100 pounds of N applied in 
conjunction with liquid poultry manure containing approximately 100 pounds of N 
(50% available) (Fig. 12). Increasing levels of N, in addition to the manure 
N tended to reduce yields, indicating that increasing the rate of application 
will not force yields beyond a certain point. This yield maximum will be set 
largely by the season and the varietal characteristics of the crop. The reason 
for the decline at high N levels is believed due to a reduction in rooting 
(Fig. 13) which in turn could interfere with soil moisture availability. Severe
wilting in high nitrogen plots supported this latter possibility.

Soil Temperature and Insulation Affects the Growth of Corn in the Field. 
J.W. Ketcheson.

Although germination will take place as low as 13°C (55°F), (the optimum 
soil temperature for corn growth is in the range 21-25°C (70-80°F). In the
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Fig. 12. Effect of stover, 
liquid poultry manure, 
and nitrogen applic
ation on yield of 
corn grain on Guelph 
loam soil, Guelph, 
1967-69.

Fig. 13. Effect of manure and nitrogen application on length and weight of 
corn roots excavated from Guelph loam soil, Guelph, 1969.
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Guelph area, temperatures tend to be 11°C below this in May, 6° below in June, 
and 4 below in July. Mulches can aggravate this situation by keeping the soil 
even cooler, but may also constitute an advantage in terms of better moisture 
relations. Four years’ work with field plots at Guelph indicated that an 
insulating cover on the soil surface can benefit yield provided soil temperature 
is maintained.

Heating to 22°C advanced germination by three days, improved emergence, 
advanced growth, and increased grain yield at maturity by 13 bushels. Insulation 
alone retarded early growth, delayed silking, reduced yield and increase ear 
moisture content. Combining insulation with heat, however, increased yields 28 
bushels and gave the lowest ear moisture.

Heat and insulation appears to have a marked effect on nutrient uptake 
and the effects of fertilizer placement under different levels of these treat
ments will be studied in future work.

Influence of Nitrogen Fertilizer on Soybean Yield and Nutrient Composition - 
E.G. Beauchamp.

It has been hypothesized that soybean plants may become deficient in 
nitrogen during the latter part of the growth cycle because of a reduction of 
the capacity of the symbiotic bacteria to fix N2. Meanwhile, the N requirement 
of the crop persist until maturity. Since soybean yields usually do not exceed 
30 to 40 bu./ac, in Ontario, it was thought plausible that an induced nitrogen 
deficiency may be an explanation for the low yields.

A field experiment was conducted to determine if different N fertilizer 
sources and methods of application would increase soybean yields. An early 
maturing variety, Altona, was planted with a 24 inch row spacing at the Elora 
Research Station. The soil (silt loam; pH 7.4) which contained adequate quantities 
of P, K, and Mg according to soil tests, carried a soybean crop the previous year.

Six replications of the treatments listed in Table 19 were employed in a 
randomized block experimental design. Treatments 4 and 5 involved the deep 
placement (18 inches) of anhydrous ammonia with the idea that this treatment 
possibly would not influence fixation yet would provide N later in the growth 
cycle of the crop. Sulfur-coated urea was used to provide a continuous but 
regulated supply of N which possibly would not adversely affect the N^ fixing 
capacity of the Rhizobium bacteria yet would continue to supply N when the N^ 
fixing capacity of the bacteria decreased.

Only the anhydrous ammonia treatment of 120 lb. N/ac. at the 8 inch 
depth increased the soybean yield significantly above that of the control 
(Table 19). This increase was slightly in excess of 5 bu./ac. While 120 lb. 
N/ac. as urea tended to increase the yield, the 240 lb. N/ac. treatment of 
sulfur-coated urea did not depress the yield in the same manner as did ordinary 
urea.

The N concentration of the soybean seeds from plants which received 
240 lb. N/ac. as anhydrous -ammonia or ordinary urea was significantly higher 
than for seeds from most of the other treatments. The phosphorus concentration 
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of the seeds was depressed by the larger quantities of applied N fertilizer 
especially ordinary urea (Table 19). Otherwise, the treatments had relatively 
little influence on the N and P concentration of the seeds.

Thus it may be concluded that the application of N in the forms or by 
the methods used in this study will have little benefit with the possible 
exception of anhydrous ammonia at the 8 inch depth. Further work will be done 
to determine more precisely the effect of different amounts of this N source 
applied at the 8 inch depth on soybean yield.

TABLE 19. Yield and composition of soybean seeds from different N fertilizer 
treatments.

Treatment Yield 
bu/ac

Composition 
N P

No. Description per cent per cent

1. No N 29.7 bcd 6.83 cd 0.71 ab
2. 120 lb N (anh. NH3)*/ac  8" directly below 

seed row; preplant
35.3 a 6.83 cd 0.70 abc

3. 250 lb N (anh. NH3/ac same depth as 
trt. 2

31.4 abcd 7.15 a 0.69 bcd

4. No N - subsoiler applicator 18” depth 28.1 cd 6.79 d 0.70 abc
5. 120 lb N (anh. NH3)/ac 18" directly below 

seed row; preplant
30.6 abcd 6.91 cd 0.69 bcd

6. 240 lb N (anh. NH3)/ac same depth as 
trt. 5

31.2 abcd 6.90 cd 0.68 cde

7. 120 lb N (urea)/ac broadcast, disced; 
preplant

33.5 abc 6.90 cd 0.70 abc

8. 240 lb N (urea)/ac applied same as trt. 7 28.0 d 7.12 ab 0.66 e
9. 120 lb N (S-coated urea)/ac applied same 

as trt. 7
32.1 abcd 6.96 bcd 0.71 ab

10. 240 lb N (S-coated urea)/ac applied same 
as trt. 7

32.1 abcd 6.95 bcd 0.66 de

11. 1/8" irrigation applied at mid-flowering 
(July 22)

31.8 abcd 6.82 d 0.72 a

12. 120 lb N (NH4NO3 solution)/ac applied 
with irrigation equal trt. 11.

33.7 ab 7.02 abc 0.68 cde

Values followed by the same lower case letter are not significantly different at 
the 95% level of probability (Duncan’s Multiple Range Test).

Anhydrous NH3 Injected - on a 24" spacing.
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Optimum Fertilizer Rates for Grain Corn, Barley and Spring Wheat Production, 
T.E. Bates.

The supply of available phosphorus and potassium in Ontario soils has 
been Increasing over the years. This study is designed to determine how rapidly 
the levels of available phosphorus and potassium increase, or decrease, with 
different rates of application and what rates of fertilizer application are most 
profitable at any one level of available nutrients. Yield will be related to 
both soil test values and plant nutrient contents to obtain better measures of 
plant requirements.

Corn - Two experiments were begun in 1967, one on Fox sandy loam in 
Brant County and one on Conestoga loam at the Elora Research Station. A third
experiment was added in 1968 on an Oneida clay loam in Halton County. These
experiments have received the same rates of fertilizer on each individual plot 
each year since establishment. Thus 1969 was the third year for the Fox and 
Conestoga soils and the second year for the Oneida soil (Table 20).

TABLE 20. Yield of Corn Grain with Different Rates of Fertilizer

Fertilizer Rate
*

Yield of Shelled Corn
N P2O5 K2O Fox sandy loam 

Brant Co.
Oneida clay loam

Halton Co.
Conestoga loam*  * 
Elora Res. Sta.

lb/ac bu/ac
0 91 96*** 48a 84 - c 75 d
50 91 96 58a 102 ab 94 abc

100 91 96 66a 98 b 103 ab
150 91 96 53a 100 ab 100 abc
200 91 96 52a 105 ab 100 abc
300 91 96 58a 112 a 96 ab
150 0 96*** 54a 105 ab 93 bc
150 23 96 62a 107 ab 94 abc
150 46 96 57a 107 ab 100 abc
150 91 96 53a 100 ab 100 abc
150 182 96 57a 111 a 104 a
150 91 0 46a 104 ab 78 d
150 91 24 48a 104 ab 91 c
150 91 48 51a 100 ab 92 c
150 91 96 53a 106 ab 100 abc
150 91 192 49a 108 ab 104 a
300 91 192 52a - 101 abc

* Recommended phosphorus application on plots without P fertilizer - 80 lb 
P2O5/ac
Recommended potassium application on plots without K fertilizer - 70 lb K2O/ac

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

***
On the Oneida soil the K20 rate was 48 lb/ac instead of 96.
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Phosphorus has produced a response on the Conestoga loam, which was 
initially low in available phosphorus, but not on the other two sites which were 
initially high. Phosphorus fertilizers have increased the phosphorus soil tests. 
The potassium test on plots without potassium on the Conestoga soil has dropped to 
a level at which there is a potassium yield response. The potassium level is 
dropping on the Fox sandy loam and to some extent on the Oneida clay loam but there 
was no yield response on either of these sites in 1969. Yield was low on the Fox 
sandy loam due to drought.

Barley and Wheat - The barley and wheat experiments are similar to those 
with corn but have two dates of planting in years when this is practicable. One 
trial was set up with barley on a Bennington loam soil in Dufferin County in 1967 
and one on Conestoga loam at the Flora Research Station in 1968. In 1969 plots 
were split on both trials so that both Herta barley and Opal spring wheat could be 
grown on each plot.

In 1969 an April seeding was possible only at the Flora site. At the 
Dufferin County site a June seeding was substituted as June seeding was fairly 
common in the area in 1969 due to wet weather.

Herta barley yielded appreciably more than Opal wheat at the Flora 
Research Station (Table 21) regardless of seeding date but there was no difference 
in yield between species at the Dufferin County site (Table 22). April seeded 
barley responded considerably more to nitrogen and less to phosphorus than May 
seeded barley or either seeding of wheat at the Flora site. The reduced response 
to phosphorus with early seeded barley in 1969 was the opposite to what happened in 
1968.

TABLE 21. Yield of Barley and Wheat as Affected by Fertilizer Rate and Seeding 
Data on Conestoga loam - Flora Research Station.

Fertilizer Rate Seeded April 22 Seeded May 15
N P2O5 K2O Barley Wheat Barley Wheat

lb/ac lb/ac
0 91 96 1610 h 1340 e 1850 fg 1360 e

20 91 96 2090 g 1730 bcd 2280 cde 1980 ab
40 91 96 2440 cdef 1730 bcd 2250 cde 1990 ab
80 91 96 2810 b 1690 bcd 2910 a 1890 abc
160 91 96 3140 a 1730 bcd 2290 bcde 1750 abc
40 0 96 2220 fg 1340 e 1760 g 1430 de
40 23 96 2340 defg 1480 de 2170 de 1840 abc
40 46 96 2560 bcd 1650 cd 2510 bc 1890 abc
40 91 96 2440 cdef 1730 bcd 2250 cde 1990 ab
40 182 96 2370 defg 1890 abc 2270 cde 2010 a
40 91 0 2260 efg 1640 cd 2060 ef 1330 e
40 91 24 2380 defg 1850 abc 2170 de 1630 cd
40 91 48 2440 cdef 1800 abc 2400 bcd 1860 abc
40 91 96 2440 cdef 1730 bcd 2250 cde 1990 ab
40 91 192 2690 bc 1880 abc 2370 bcd 2000 a
40 182 192 2500 cde 2010 a 2560 b 1950 ab

160 182 192 3100 a 1910 ab 2240 cde 1860 abc
Average 2460 1710 2270 1780

*Values in any one column not followed by a common letter are significantly 
different at the 0.05 probability level.
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TABLE 22. Yield, Average of Barley and Wheat, as Affected by Fertilizer Rate 
and Seeding Date on Bennington loam, Dufferin County.

Fertilizer Rate Seeding Date
N P2O5 K20 May 16 June 5

lb/ac grain yield lb/ ac*

0 91 96 2660 de 2070 bcde
20 91 96 2720 cd 2180 bc
40 91 96 2510 f 2040 cdef
80 91 96 2850 c 2040 cdef
160 91 96 2130 g 1970 ef
40 0 96 2200 g 1750 g
40 23 96 2560 def 1880 fg
40 46 96 2730 cd 2140 bcd
40 91 96 2510 f 2040 cdef
40 182 96 3260 a 2220 ab
40 91 0 2730 cd 1990 def
40 91 24 2400 f 1950 ef
40 91 48 2810 cd 1990 def
40 91 96 2510 ef 2040 cdef
40 91 192 2870 c 1960 ef
40 182 192 3080 b 2350 a
160 182 192 2180 g 1930 ef

Average 2650 2030
Barley-Average 2740 1990
Wheat-Average 2550 2070

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

Notes: 1. Barley and wheat yields were similar.
2. May seeding yielded more than June seeding.
3, Response to N and P was greater in May seeding than in June seeding.

April seeding was little better than May seeding at the Elora site in 
1969 (Table 21) although it was appreciably better at both sites in 1968, Mid 
May seeding was better than June 5 at the Dufferin County site (Table 22). The 
overall response to nitrogen has been small except at Elora in 1969.

Response to potassium is beginning to show on both sites as the soil 
potassium levels of the non-fertilized plots decrease. Phosphorus response has 
been important each year as both sites were initially low in phosphorus.
Response to phosphorus was not as large in 1969 as it was in 1968, however.
The relation of response to soil and plant tissue concentrations of nutrients will 
be studied as the experiments progress.
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Fertilizer Requirements for Carrots and Onions on Organic Soils - A.L. Willis,

Phosphorus and potassium fertilizer effects on carrots and onions 
grown on the muck soils of the Bradford Marsh have been studied for five 
consecutive years, commencing in 1965.

Phosphorus was applied at rates of 0, 100, and 200 pounds P2O5 per 
acre, with nitrogen (N) and potassium (K2O) kept constant at 60 and 120 pounds 
per acre, respectively. The addition of fertilizer phosphorus did not produce 
a yield response or improve the likelihood of maximum yield with the soil test 
values shown in Table 23. The tentative test value above which yield response 
cannot be expected is 430 (see next section for the corresponding value for the 
new phosphorus test). In spite of this, a compilation of soil phosphorus test 
values for the entire marsh area by years indicates an increase from 846 in 
1965 to 899 in 1969, and this is presumably due to continued application of 
phosphorus fertilizer.

TABLE 23. Yield of Carrots and Onions on Organic Soils at Different Soil 
Phosphorus Levels and with Different Rates of Fertilizer Phosphorus.

Carrots 1966 Onions 1968

Soil
Test*

Phosphorus 
applied Yield Soil

Test
Phosphorus 
applied

Yield

lb P2O5/ac bu/ac lb P205/ac bu/ac

368 0 1727 476 0 1170
566 0 1826 716 0 1209

718 0 1691 934 0 1077
432 100 1914 430 100 1210
474 100 1630 618 100 1117
856 100 1587 809 100 1218

304 200 1759 435 200 1300
704 200 1843 621 200 1145

938 200 1823 897 200 1121

* Values determined before fertilizer application by 0.05N NH4F + 0.1N HC1 
(expressed at P2O5 in lb/ac - see text for relationship to new sodium 
Bicarbonate test values).

The rate at which the available soil phosphorus test can be increased 
is evident from the variable potassium blocks where 120 pounds of P2O5 was applied 
annually. (Table 24). The values in this Table also indicate that soil test 
values tend to level off with continuing application of phosphorus. This suggests 
a reversion of extractable forms to those less easily extractable, or a limit
ation of the extractant to remove more than this amount.
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1965 1966 1967 1968

TABLE 24. Phosphorus soil Test values previous to each annual application 
of 120 pounds P2O5 and cropping.

Soil 
Test*

Crop 
Grown

Soil
Test

Crop 
Grown

Soil
Test

Crop 
Grown

Soil
Test

Crop 
Grown

Block A 554 Onions 1063 Carrots 1161 Onions 1168 Onions
Block B 449 Carrots 781 Onions 1137 Carrots 1244 Carrots

* All soil test values are the average of 25 plots sampled in the spring previous 
to the current year’s fertilization and cropping. Values determined by 0.05N 
NH4F + 0.1N HC1 . (expressed as P2O5 in lb/ac.)

The New Sodium Bicarbonate Soil Test for Phosphorus.

On July 1, 1969, the sodium bicarbonate (0.5N NaHCO3) method for 
extracting soil phosphorus was introduced. Where the former extractant (0.1N 
HC1 + 0.05N NH4F) was strongly acid in reaction, this extractant is alkaline, and 
the amounts of phosphorus extracted are considerably lower. The average values
of a series of 75 samples taken in 1968 and 1969 and analyzed by each method 
indicates a ratio of 2.3 to 1, i.e. for organic soils, the former method extracted 
an average of 2.3 times more phosphorus than the new one. In addition, phosphorus 
values obtained by the former method were reported as pounds of P2O5 per acre. 
While the present method reports them as elemental P and arbitrarily in parts per 
million (ppm). The relationship between parts per million and pounds per acre is 
as follows: P in ppm x 4.6 = pounds P2O5 per acre. Considering both factors, 
i.e. less phosphorus extracted and difference in form of phosphorus reported, the 
value of 430 by the former method will be comparable to 40 by the new method. 
The expression ppm is arbitrary since the volume of organic soil used for the test 
weighs much less than the corresponding volume of mineral soil.

Maintenance requirements for phosphorus fertilizer

The available phosphorus content of Bradford marsh soils is already high 
and still tending to increase. Losses in drainage water appear to be nil so that 
the only removal is through cropping. Therefore, once the soil test level reaches 
the 40 value by the current Sodium bicarbonate test, maintenance requirements 
should be relative to removal. The recommended amount for this purpose is 60 
pounds P2O5 per acre per year*

Potassium was applied at rates of 0, 150, and 300 pounds K20 per acre 
with nitrogen (N) and phosphorus (P2O5) kept at 60 and 120 pounds per acre, 
respectively. In contrast to phosphorus, the soil test values obtained following 
potassium additions were quite variable with little evidence of a trend to 
increase. (Table 25). This might be attributed to two facts: (1) compared to 
phosphorus, crop removal is large, (2) significant losses occur by leaching. The 
latter is particularly effective in causing year to year variation. For instance, 
frequent and heavy precipitation following the application of potassium fertilizer 
can cause a large leaching loss. The larger the application, the larger the loss. 
The soil test values presented in Table25 fluctuate regardless of the crop grown.
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TABLE 25. Potassium soil test values previous to each annual application of 
120 pounds K20 and cropping.

1965 1966 1967 1968 1969

Soil
Test*

Crop
Grown

Soil
Test

Crop
Grown

Soil
Test

Crop
Grown

Soil
Test

Crop
Grown

Soil
Test

Crop
Grown

Block C 62 Onions 93 Carrots 81 Onions 80 Carrots 45 Onions
Block D 66 Carrots 85 Onions 116 Carrots 125 Onions 110 Carrots

* All soil test values are the average of 25 plots sampled in the spring previous 
to fertilization and cropping. Values determined by neutral normal ammonium 
acetate (arbitrarily expressed as K in ppm to correspond with Department soil 
test calibration tables).

Although soil test values tend to fluctuate, yield and response to 
fertilizer does correlate closely with these values. (Table 26). Values of 207 
and 136, for carrots and onions respectively, indicate maximum yield with no need 
for potassium fertilizer. For lower values, 150 pounds (K20) appears adequate 
except for carrots on the lowest testing soil. For values in the vicinity of 
200, a starter of 40 pounds K2O is recommended.

TABLE 26. Yield of carrots and onions on organic soils at different soil 
potassium levels and with different rates of potassium fertilizer.

Carrots 1966 Onions 1968

Soil 
Test*

Potassium 
applied 

lb K20/ac

Yield 
bu/ac

Soil
Test

Potassium 
applied 

lb K2O/ac

Yield 
bu/ac

40 0 813 33 0 751
100 0 1655 85 0 940
207 0 2006 136 0 1074
37 150 1686 30 150 1093

110 150 1998 54 150 1096
260 150 1950 78 150 1087
48 300 1873 30 300 910
90 300 1928 78 300 1039

230 300 1930 82 300 1068

* Arbitrarily expressed as K in ppm.

Because of the possibility of high leaching losses, it is not advisable to make 
fall applications or to build up residual potassium levels on organic soils.
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The Use of Magnesium Sources on High Lime Soils for Grass Production - R.W. Sheard 
(from M.Sc. Thesis of J. Paul Fish.)

Low magnesium levels have been observed in bromegrass grown on an 
Otonabee loam in an area where there has been an incidence of hypomagnesaemia, 
commonly called grass tetany (see 1968 Progress Report, pp. 47). The ability 
of a number of magnesium sources to alleviate the low magnesium level in timothy 
was investigated in the greenhouse on a soil which is representative of the area.

The magnesium salts used in this study did not influence the dry 
matter produced by the timothy (Table 27). There was a tendency for a slightly 
higher magnesium concentration in the tissue where magnesium sulphate was applied 
at a rate of 200 kg Mg/ha or greater (Table 28). The magnesium concentration in 
the timothy, however, was not raised significantly above 0.20%, the minimum level 
for prevention of hypomagnesaemia in cattle. The ammonium acetate extractable 
magnesium was increased where, magnesium oxide or magnesium sulphate was added to 
the alkaline Otonabee loam (pH 7.5) (Table 29).

TABLE 27. The Yield of Timothy Obtained from an Otonabee Soil Receiving 
Additions of Magnesium.

Source
0

Rate of Application (kg Mg/ha) Mean
100 200 400

Magnesium Oxide 6.3
(gm/pot)

7.7 7.5 6.6 7.0
Magnesium Sulphate 7.4 7.4 5.8 6.8 6.8
Promesium 6.8 7.1 7.3 6.9 7.0
Magnesium Carbonate 7.0 7.4 6.9 7.1 7.1
Dolomite 7.0 7.2 7.2 7.0 7. 1
Mean 6.9 7.4 6.9 6.9

h.s.d.: Source = 1.0, Rate - .9

h.s.d.: Source = .03, Rate = .03

TABLE 28. The Magnesium Concentration in Timothy Grown on an Otonabee Soil.

Source
Rate of Application (kg Mg/ha)

0 100 200 400

Magnesium Oxide .16
percent 

.16 .17 .18
Magnesium Sulphate .15 .14 .21 .21
Promesium .16 .16 .14 .19
Magnesium Carbonate .14 .14 .16 .18
Dolomite .19 .14 .14 .16
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TABLE 29. Ammonium Acetate Extractable Magnesium in the Otonabee Soil After 
the Addition of Magnesium Salts.

Source
Rate of Application (kg Mg/ha)

0 100 200 400

Magnesium Oxide 55
(pp2m)

75 79 153
Magnesium Sulphate 57 85 117 156
Promesium 57 62 65 70
Magnesium Carbonate 59 78 95 73
Dolomite 57 55 57 64

It was concluded that magnesium applications, regardless of the source 
used and at rates up to 400 kg Mg/ha,would not raise the magnesium concentration 
in timothy grown on soils developed from the Trenton limestone formation, to a 
level considered adequate for the prevention of hypomagnesaemia. Magnesium, 
therefore, should be incorporated by some other system into a ruminant animal’s 
ration.

Plant Analysis augments Soil Analysis for Predicting Nutrient Requirements 
J.A. Smith.

Plant analysis is recognized by agricultural researchers as a potentially 
useful tool for diagnosing crop problems and as a guide to fertilizer practice. 
It is a relatively rapid way of diagnosing the nutritional needs of a crop by 
using the plant itself as an indicator. It provides Information about how much 
of an element from soil and fertilizer actually gets into the plant. Plant 
uptake is a useful criterion of nutrient availability and it is particularly 
helpful in evaluating those nutrients for which soil tests are not available.

Considerable progress was made during the first several months of 1969 
in the establishment of a complete plant analysis program in the Department.
A Perkin-Elmer Model 303 atomic absorption spectrophotometer was put into 
operation in February and calibrated for the determination of the elements K, Ca, 
Mg, Fe, Cu, Mn, and Zn in aqueous solution. A digital concentration readout 
device and a printer-sequencer plugged into the spectrophotometer added greatly 
to the accuracy, versatility, and convenience in the use of this instrument.

A Technlcon AutoAnalyzer system was also set up and manifolds assembled 
for the simultaneous determination of N and P, and for a separate determination 
of boron in plant ash solutions.

(1) Wet digestion method: N, P, K, Ca and Mg.

The sulfuric acid hydrogen peroxide digestion method (Thomas et al. 
1967, Agron. J., 59: 240-243), for determination of N and P by AutoAnalyzer was
found to be accurate, dependable, and convenient for these two elements and for 
the determination of K, Ca, and Mg by atomic absorption as well. The 1000-times 
dilution which results from this digestion procedure (0.250 gm of plant sample 



53

digested and made up to 250 ml) provides a suitable range of concentrations for 
all five elements. Further dilution for the determination of K, Ca, and Mg by 
atomic absorption spectroscopy was obviated by the use of proper burners rotated 
90 degrees to the lamp beam path to reduce sensitivity.

Dry ashing method - Fe, Mn, Zn, Cu and B.

A stainless steel liner and shelf were designated for a new large
sized muffle furnace to prevent possible contamination from the brick lining. 
Stainless steel crucible trays were also designed to hold ten fused silica 
crucibles each, giving a maximum muffle furnace capacity of 8 trays (80 samples).

The most suitable method, from the standpoint of accuracy, rapidity, and 
convenience, which finally evolved from a series of recovery tests was as follows:

Weigh 1.25 gm of oven-dried plant material into a 30-ml fused silica 
crucible. Place in muffle furnace preheated to 200°C and hold at 225-250°C for 
one hour. Raise the temperature to 500°C and hold for at least two hours or
overnight. After cooling, add 2 ml of 2N HC1, swirl, and let stand for 15 minutes.
Add 8 ml of glass-distilled water and filter into a plastic vial. Cover with air
tight cap.

The filtrate is analyzed for Fe, Mn, Zn, and Cu by atomic absorption. 
Boron is determined colorimetrically by the H2SO4 -quinalizarin procedure on an 
autoanalyzer.

The 8-times dilution produced by this technique was adopted to provide 
a sufficiently low detection limit for boron in some plant materials, e.g., corn, 
oats, etc. A further dilution is sometimes necessary for Mn in certain samples. 
The final ash-residue solution acidity of 0.4N HC1 was found to be almost the 
maximum that could be tolerated in the boron method without gas evolution problems.

Research will continue on improvement of methods and the establishment 
and refinement of critical levels, both deficient and excessive, of the nutrient 
elements involved. Interpretive techniques and corrective recommendation pro
cedures will be constantly under review.

Nutrient Element Composition of Sixteen Inbred Corn Lines - E.G. Beauchamp.

The ranges in concentration of N, P, K, Ca, and Mg in the flag (top most) 
and sub-ear (leaf opposite and below the ear) leaves of 16 inbred corn lines for 
one growing season were reported in the 1968 Progress Report. The flag and sub
ear leaves of the same inbred lines were sampled again at anthesis during the 
1969 growing season and analysed for N, P, K, Ca, Mg, Mn, B, and Zn. The samples 
collected in 1968 were analysed for Mn, B, and Zn. The analytical results for 
1968 and 1969 were considered as replications and statistically evaluated.

The concentrations of all the nutrient elements varied considerably 
depending on the inbred. In the cases of Mg, Zn, Cu, and B, there was approximately 
a two-fold difference from one end of the range of concentrations to the other 
(Table 30). There was a four-fold difference over the range of concentrations of 
Mn. A noteworthy feature was the fairly uniform distribution of concentration 
values over the ranges. It is also noteworthy that so few of the concentrations 
of a nutrient for either the flag or sub-ear leaves were significantly different - 
probably a result of using only two replications.
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The flag leaf generally had a higher concentration of N, P, Zn, and 
B than the sub-ear leaf while the latter had higher concentrations of Ca, Mg, 
Mn and Cu. Generally, the K concentration in both types of leaves was about 
the same. The ratios of concentration of any one element in the two leaf 
types was not constant and there were reversals from inbred to inbred in the 
relative concentrations of N, Zn, Mn, and Cu.

There was a 14-day period during which the leaves of the various 
inbreds were sampled as the plants reached the anthesis stage. Regressions of 
nutrient concentration on the number of days until anthesis resulted in only one 
significant relationship (5% level) - the N concentration of the flag leaf 
decreased over the sampling period (Days until anthesis = 101.7 - 7.44 (± 2.39) 
%N; R2 = 0.24).

TABLE 30. Range in nutrient element concentrations in the flag and sub-ear 
leaves of sixteen inbred corn lines.

Nutrient Element Flag leaf Sub-ear leaf

N 2.95 - 4.20% (*) 3.18 - 5.28%
P 0.37 - 0.49% 0.30 - 0.41%
K 1.87 - 2.33% 1.68 - 2.58%
Ca 0.39 - 0.70% 0.79 - 1.30%
Mg 0.12 - 0.30% 0.30 - 0.82%
Mn 26 - 86 ppm 23-99 ppm
En 39 - 92 ppm (*) 27 ~ 66 ppm
Cu 7-11 ppm 7-14 ppm 1
B 20 - 43 ppm 9-22 ppm

(*)  Concentration of nutrient element amongst the various inbreds was 
significantly different at the 95% probability level.

Water-Core and Boron Treatments in Rutabaga - E.G. Beauchamp (from I. Hussain 
M.Sc. thesis project).

There have been apparent increases in the incidence of water-core in 
rutabaga crops in some growers*  fields in southwestern Ontario. Water-core is 
a boron responsibe disease which is usually corrected by applying boron either to 
the soil or as foliar applications early during the growing season. However, 
in spite of these precautions, some growers are still finding rutabaga affected 
with water-core.

To elucidate this problem, two experiments were set out on a farm near 
Clandeboye, Middlesex County in 1969 where a heavy incidence of water-core was 
observed the previous year. Since it was deemed possible that weather conditions 
may influence water-core incidence, one experiment was planted April 26 and 
harvested August 8 and the second experiment was planted June 21 and harvested 
September 30. The soil pH on both sites varied between 7.7 and 7.9 to a depth of 
18 inches. The soil P test was medium in Experiment 1 but low plus in Experiment 2.



55

However, the soil at both sites was fertilized with P according to recom
mendations. The K and Mg soil tests were high. The hot water soluble B 
content of the soil layers are presented in Table 31.

TABLE 31. Hot-water Soluble B content (ppm) of the 0-6, 6-12, and 12-18 
inch soil layers of Experiments 1 and 2.

Experiment Soil Layer

0-6" 6-12" 12-18"
1 0.87 0.55 0.24
2 1.87 0.84 0.52

The same treatments were employed for both experiments and are briefly 
indicated in Table 32. One specific objective was to compare the effect of 
soil and foliar applications of B on yield, B concentration of the leaves, and 
water-core incidence. For present illustrative purposes, water-core incidence 
is measured as the percentage of plants affected as determined by the presence 
of brownish, water-soaked discolorations. The degree of affection may vary 
from root to root but it has been found that there is a high correlation between 
the degree of affection of rutabaga roots and the percentage roots affected. 
The rutabagas in Experiment 1 received an initial foliar application of 0.15 lb 
B/ac. on June 9 when the roots were about inch in diameter. A second foliar 
application of 0.75 Ib/ac was applied in one treatment on July 3 (early treatment) 
and with another treatment on July 18 (late treatment). A similar procedure was 
followed with Experiment 2 with the initial foliar application of 0.15 lb B/ac 
on July 18 and the second foliar application of 0.75 lb B/ac on August 8 (early 
treatment) and August 23 (late treatment). It was found in another unpublished
study at the University of Guelph that there was a high positive correlation 
between B and Na concentrations in corn, leaf tissues. This suggested that Na 
may enhance B uptake and since borax (Na2B4O7.l0H2O) is commonly used as a B 
source, Na treatments were included in this study (Table 32).

The yields were not significantly influenced by any of the treatments 
in either experiment (Table 32), but the incidence of water-core was much greater 
in Experiment 1 than in Experiment 2. This occurred in spite of the high con
centrations of B in the leaf blades (4th or 5th leaves from centre of whorl at 
harvest) of plants in Experiment 1 compared with Experiment 2. However, the 
soil samples from Experiment 1 contained less hot-water soluble B than that from 
Experiment 2 (Table 31).

A noteworthy result was the high incidence of water-core with the Na 
treatments in Experiment 1 (Table 32). The treatment where Na was applied 
without boric acid resulted in the lowest concentration of B in the leaf blades 
in both experiments although not significantly lower than that from the control 
treatment.

Increasing quantities of applied borax significantly increased the B 
concentration of the leaf blades in both experiments and tended to decrease water
core incidence in Experiment 1. There was no difference in any of the variables 
dependent on the sources of boron, i.e, boric acid and borax at the 2 lb B/ac rate.
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Experiment 1 Experiment 2

TABLE 32. The Influence of Foliar Applications of Boron and Soil Applications 
of Boron and Sodium on the Yield, Boron and Sodium Concentrations 
in Leaf Blades, and Water-Core Incidence in two experiments in 1969.

Treatment Yield B Na Water- 
Core

Yield B Na Water
core

kg/ha ppm % 2 of 
roots

kg/ha ppm % % of 
roots

Control 39,200 57 c 0.02 b 35 ab 48,600 41 d 0.05 bc 5

2 lb B,ac 
(borax) 37,000 63 c 0.02 b 20 b 50,300 45 bed 0.05 bc 3

4 lb B/ac 
(borax) 43,200 74 b 0.02 b 15 b 47,900 52 ab 0.03 d 5

8 lb B/ac 
(borax) 37,500 88 a 0.02 b 13 b 50,000 56 a 0.06 b 3

Foliar (early) 39,600 58 c 0.01 b 20 b 49,200 42 d 0.03 d 10

Foliar (late) 38,000 79 ab 0.02 b 18 b 50,000 51 abc 0.04 cd 8

2 lb B/ac 
(boric acid) 38,400 60 c 0.02 b 25 b 52,700 44 cd 0.05 bc 5

200 lb Na/ac 
(NaCl) 38,000 52 c 0.05 a 65 a 52,900 40 d 0.11 a 8

2 lb B/ac 
(boric acid) 
plus 200 lb 
Na/ac (NaCl) 39,400 59 c 0.05 a 68 a 52,300 44 cd 0.09 ab 8

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

The Na treatments significantly increased the Na concentration in the leaf
blades. Both foliar treatments were as effective in reducing water-core 
incidence as the soil applications of B In Experiment 1.

The difference in water-core incidence between the two experiments was 
not readily explainable on the basis of rainfall or soil moislture variability. 
Further studies will be required to elucidate this problem.
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The Influence of Nitrogen Source on Absorption of Phosphorus. - M.H. Miller, 
C.P. Mamaril and C.J. Blair.

It has been reported previously (1963, 1964, 1967 and 1968 Progress 
Reports) that ammonium nitrogen added to a phosphorus band increased phosphorus 
fertilizer absorption by corn plants. Experiments reported in the 1968 Progress 
Report showed the effect to be dependent on P and N concentration with the 
greatest effect at the highest concentration.

Further experiments, using a Burford loam soil of pH 7.5, were conducted 
in 1968-9 in the greenhouse and controlled environment rooms to elucidate the 
mechanism involved. If this were known we would be able to project our result to 
a much wider range of soil situations. Unlike the earlier work, where 32p was 
used as a tracer, these experiments were conducted using the P isotope which, 
because of its much weaker B- particle emission gives greater clarity in auto
radiographs (Fig. 14). Using this technique it could be seen that the accumulation 
in the roots of the P-only treatment observed earlier by Leonce and Miller was not 
in but clearly on the surface of the root. This was confirmed by root cross 
sectional autoradiography.

Fig. 14. A comparison of autoradiographs made from 33P- and 32P- tagged 
fertilizer-root systems.
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This finding changed the course of investigations. Instead of looking 
for effects inside the plant, as previously, the question now was: What is the 
chemical form of the P on the root surface and what caused it to be deposited 
there? Two separate methods were employed to answer this question. The roots 
were removed from the soil surface of the sloping-front boxes and washed for 1 
minute in 0.1N HC1. Analysis of this extract is shown in Table 33. There was 
a marked accumulation of Ca and P in the MCP (mono calcium phosphate) treatment 
and this corresponded to low P uptake by the plant. Less accumulation was found 
on the roots of the MCP + K2SO4 and these plants took up twice as much fertilizer 
P as the MCP treatment. Uptake of P from MCP in the presence of (NH^^SO^ was 
three times that from the MCP alone and only small quantities of Ca and P were 
found on the root surface. The close association of Ca and P on the root surface 
was confirmed by electron microprobe analysis (Fig. 15).

TABLE 33. Phosphorus and Calcium Removed from Root Surface with 0.1N HC1

Treatment Nutrients in HC1 Extract
P Ca

μg/mg of root
Control 1.09 19.01
MCP 10.44 23.00
MCP + K2SO4. 5.68 20.40

MCP + (NH4)2SO4 1.67 7.45

Standard error of mean 0.49 1.38

The pH of the roots and adhering soil, removed from the vicinity of 
the fertilizer pellets, was lowest in the MCP + (NH4)2SO4 and highest with the 
MCP treatment. The H2PO4 /HPO4= ratio at pH 7.3 (MCP) is 0.8 while at pH 6.7 
(MCP + (NH4)2SO4) the ratio is 3.2. Thus the lowering of the root surface pH 
in the presence of (NH4)2SO4 would reduce the tendency for precipitation of 
CaHPO4.H2O) at a given P concentration. The higher proportion of P in the 
H2P04“form at the lower pH would also increase the absorption of P by the root 
because of the greater rate of absorption of H2PO4- compared to HPO4= ions.

Experiments have also been conducted in soils with pH’s ranging from 
4.2 to 8.2. In these experiments both nitrate and ammonium sources of nitrogen 
were used. After 9 days uptake from the MCP + (NH4)2SO5 source was greatest and 
MCP + NO3- least in the soils of pH 8.2, 7.4 and 5.5.

These results support those of the earlier experiment and suggest that 
where NO3- is the nitrogen source uptake of anions greatly exceed cations and 
the resulting increase in root surface pH lowers the H2PO4-/HPO4= ratio which 
decreases P uptake. This experiment was completed after 17 days and, at this 
time, it appeared that in addition to the root-surface pH change, both stimulated 
root growth and increased metabolic P uptake resulting from the nitrogen treat
ment of the plants had contributed to the measured differences in plant phosphorus.
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Fig. 15. Electron microprobe scans of root cross-sections from three 
fertilizer combinations.
Top row - photo of portion of root cross-section showing surface 

on the right of each section.
Middle row - X-ray photo showing P accumulation (white areas) on 

the root surface.
Bottom row - X-ray photo showing Ca accumulation (white areas) on 

the root surface.

Studies are continuing in the area of the soil-root interface to 
examine the effect on nutrient uptake of plant and fertilizer induced pH changes 
in this zone.

Phosphorus in Soil Organic Matter - R.L. Thomas (from R. Veinot M.Sc. thesis 
project).

The amounts and particularly the quality of organic matter in soils can 
influence nutrient supply and productivity. Studies of high molecular weight 
fractions of soil organic matter and organic P in the high molecular weight 
fractions help characterize this influence.
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There are many reports in the literature of the occurrence of various 
organic phosphorus compounds in the soil. Much of this work has indicated that 
various esters of inositol are the largest group of identified compounds. These
inositol esters have a relatively low molecular weight while much of the soil 
organic matter appears to occur in much higher molecular weight complexes. To 
date there has not been very much success in determining the relationship of the 
inositol phosphates to the remainder of the organic material in soil. These 
studies are concerned with the occurrence of organic phosphorus in the high 
molecular weight fractions of soil organic matter.

Some of our previous work has reported the fractionation of organic 
matter extracts on the basis of molecular size by gel filtration. Separation 
on Sephadex G-75 has yielded four fractions. The first three of these contain 
phosphorus. The fourth fraction which appears after the low molecular weight 
compounds is assumed to be slightly adsorbed to the Sephadex. This fourth 
fraction does not contain any P. We are however looking at the fourth fraction 
with respect to its nitrogen, since it appears to differ in its N components.

Of the three P-containing fractions obtained on Sephadex G-75 the 
intermediate and low molecular weight fractions were found to contain inositol 
phosphates. Inositol phosphates could not be detected in the first fraction, 
the highest molecular weight fraction. This fraction G-75I contained about 39% 
of the organic P in the original extract.

Further fractionation studies have been attempted on fraction G-75I 
using Sephadex G-200 and G-150. Two fairly distinct fractions have been obtained. 
A fraction designated as G-200I is completely excluded from Sephadex G-200. A 
fraction designated as G-150II is completely excluded from G-75 and partially 
excluded from G-150.

The distribution of phosphorus in the fractions now available is as 
follows:

Fraction % of Org P in extract

G-75I 39
G 2001 32
G 150II 7

G-75II 38
G-75III 23

100
These fractions also contain a fairly high level of ash since no effort 

was made to replace the Na picked up by the organic matter during the extraction 
or to replace any residual Fe and Al.

When fraction G-200I was treated with dilute acid and a chelating resin, 
some P was released as mineral P. Re-fractionation of the treated G-200I yielded 
a lower molecular weight fraction that behaved identically to fraction G-150II. 
The fractions were then analyzed for their metal content, and their inositol 
content.

Considerable differences in inositol content were observed. A high 
level was found in fraction G-75II. This was expected since inositol phosphates 
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have been detected in this fraction. The separation of G-75I into the two 
fractions G-200I and G-150II greatly enriched fraction G-150II with respect to 
Inositol. The presence of inositol in these high molecular weight fractions 
suggests that inositol phosphates could be present even though they could not be 
detected. It is postulated that the inositol is probably present in the form 
of Inositol phosphates that are bound up in a high molecular weight form and 
are not released during the hydrolysis process of the inositol phosphate pro
cedure.

Differences have also been noted in the metal content of the various 
fractions. Fraction G-150II is much lower in Fe and Al than the other fractions.

Solute-induced structural alteration of the components of clay-water systems. 
- B.D. Kay.

The long range objective of the research program presently being 
developed is an improved understanding of the nature of water adjacent to the clay 
mineral surface. Recent evidence suggests this water is structurally different 
from bulk water. Processes occurring near the mineral surface such as the move
ment and/or adsorption of solutes (plant nutrients, pollutants, etc.) may be 
significantly influenced by the nature of the aqueous medium. In addition, the 
water next to the mineral surface may have a definite bearing on the ease with 
which water moves in freezing soils, particularly during the formation of ice lens.

The immediate objective of the studies conducted in 1968 was to determine 
the effect of specific solutes on the properties of clay suspensions. In addition, 
the effect of these solutes on the ability of the suspensions to support biological 
activity was to be determined. All of the solutes considered were believed to 
alter the structure of bulk water; the extent of alteration being related to the 
viscosity B coefficient. Increasing viscosity B coefficient is indicative of 
increasing structural development.

Solutes which were tested included CH3CONH2, CO(NH2)2, NaCl, C2H5OH, 
(CH3)4NBr, (C2H5)4NBr, (C3H7)4NBr and C4H9NBr. Preliminary tests indicated only 
the quaternary ammonium salts influenced the germination rate of lettuce seeds in 
clay suspensions. Germination rates increased with increasing viscosity B 
coefficient of the solute. Similar behavior was not observed in aqueous solutions 
suggesting these ions were modifying the properties of the clay suspension.

The influence of the quaternary ammonium salts on the extent of particle- 
particle interaction was evaluated through the following variables: floculatlon 
concentration, optical density and sedimentation volume. In all cases particle- 
particle interaction appeared to increase with increasing viscosity B coefficient.

There are two possible reasons for the observed relations with viscosity 
B coefficient: (1) different degrees of interaction between these ions and the 
water structure adjacent to the mineral surface, (2) different degrees of inter
action between these ions and the mineral surface. These aspects are currently 
under investigation.

Phosphorus and Potassium Fertilization and Exchangeable Magnesium in the Soil 
Profile - T.H. Lane (from W, Nap M.Sc. thesis project).

The objective of this study was to determine the effect of long term 
differential rates of potassium and phosphorus fertilizer applications on the 
exchangeable magnesium levels within a soil profile.
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Soil samples were taken from a field experiment initiated in 1958 by 
Dr. W.I. Findlay at the C.D.A. Harrow Research Station on a Fox Sandy loam soil. 
The purpose of the field experiment was to determine the amount of phosphorus and 
potassium fertilizer required to maintain soil test levels and to study the 
effects on crop yield. The samples were taken by increments to a depth of 3 
feet with 18 cores per plot composited to determine a plot mean for each depth 
increment,

Results - 1. Increasing rates of phosphorus fertilizer gave a signi
ficant linear decrease in exchangeable soil magnesium (Fig. 16), and increased 
extractable soil phosphorus to the 36-inch depth.

2. Increasing rates of potassium fertilizer produced a negative 
quadratic effect on exchangeable magnesium (Fig. 16), and increased exchangeable 
potassium to the 24-inch depth.

3. Potassium and phosphorus fertilizer additions did not affect soil 
pH or calcium levels.

Therefore, where high rates of phosphorus fertilizer are continuously 
used on coarse-textured soils it is suggested that magnesium deficiency may 
become a problem. Potassium at rates up to 120 lb K2O per acre does not depress 
magnesium deficiency below the zero rate, but attention should be given to rates 
of potassium in excess of this.

Fig. 16. The main effect of rates of phosphorus and potassium fertilizer on 
exchangeable soil magnesium averaged over a 3-ft depth.
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Micronutrient Requirements for Field Crops - T.H. Lane and G.J. Blair.

Objectives - 1. To determine the extent and degree of micronutrient 
deficiencies or excess for field crops in Ontario,

2. To establish "critical" levels (the levels associated 
with limitations in yield) of the different micro
nutrients for the various field crops in Ontario.

Yield responses in field trials - In 1969, this program included 
seven locations for corn, six locations for cereals, three locations each for soy
beans and white beans and two locations for potatoes. Sites were selected after 
the crop had emerged so that uniform stands were obtained. Six replicates on 
each site were treated with micronutrient solutions sprayed on the foliage at two 
or three growth stages (equipment described in the 1964 Progress Report). The 
individual micronutrient solutions contained 4900 ppm Mn (manganese), 600 ppm Zn 
(zinc), 100 ppm Cu (copper), 450 ppm B (boron) and 3700 ppm Mg (magnesium). 
The volume and number of sprays are presented in Tables 34 to 38 for the various 
crops along with yields obtained. Values are followed by a letter (a, b, or c) 
only for trials where differences were significant at the 95% level of probability. 
For trials where letters are used, values not followed by the same letter are 
significantly different at the 95% level,

A summary of the response pattern for the period 1965-69 is given in 
Tables 39 and 40.

TABLE 34. Yield of Cereals in 1969 with Foliar Application of Micronutrients 
and Magnesium.

County Foliar Treatments*
C.V.Check Cu Mn Zn B Mg

bu. per acre per cent
Perth (mixed) 61 59 62 62 64 64 11.7
Huron (barley) 69 71 73 72 70 68 8.9
Haldimand (oats) 34 37 52 41 35 39 28.6

a a b ab a ab
Simcoe N (barley) 35 37 35 35 35 35 17.2
Simcoe N (barley) 20 23 40 26 20 23 24.5

a a b a a a
Simcoe S (oats) 19 13 14 13 11 12 42.7

b ab ab ab a ab

* Foliar applications at two growth stages.
- first application (20 gallons per acre) 4 to 5 leaf stage (4"-6" height)
- second application (40 gallons per acre) shot blade to early boot 

(6 to 7 leaf stage).

1 Although magnesium is required by plants in quantities too large for it to be 
classed as a micronutrient, it has been included in these studies.
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TABLE 35. Yield of Potatoes in 1969 with Foliar Applications of Micronutrients 
and Magnesium.

County
*

Foliar Treatments C.V.
per centCheck Cu Mn Zn B Mg

bu. per acre
S. Simcoe 374 385 365 368 367 356 12.0
Dufferin 397 372 331 380 401 376 11.0 .

b ab a ab b ab

Foliar applications at two growth stages.
- first application (20 gallons per acre) - pre-bud at 5 to 6 branched

stems (6"-8" vegetation).
- second application (40 gallons per acre) - first bloom (16"-20" vegetative).

TABLE 36. Yield of Soybeans in 1969 with Foliar Application of Micronutrients 
and Magnesium.

County
*

Foliar Treatments C.V.
Check Cu Mn Zn B Mg

bu. per acre per cent
Essex 36 35 35 34 35 35 6.0
Essex 35 34 35 35 34 36 5.3
Elgin 22 25 24 24 25 24 7.4

b a ab ab a ab

Foliar applications at two growth stages
- first application (20 gal/ac) 3 to 5 trifoliate leaves (6"-8" height)
- second application (40 gal/ac) 8 to 9 trifoliate leaves (early bud to 

early flower).
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TABLE 37. Yield of White Beans in 1969 with Foliar Application of Micro
nutrients and Magnesium.

County
*

Foliar Treatments
C.V.Check Cu Mn Zn B Mg

bu. per acre per cent
Perth 35 36 38 37 31 34 16.8
Huron 20 18 20 23 18 19 19.8

ab b ab a b ab
Huron 33 36 34 33 35 34 4.8

b a ab b ab ab

*
Foliar applications at two growth stages
- first application (20 gal/ac) 4 to 6 trifoliate leaves (6"-8" height)
- second application (40 gal/ac) 6 to 8 trifoliate leaves (pre-bloom to 

very early bloom).

TABLE 38. Yield of Corn in 1969 with Foliar Application of Micronutrients and 
Magnesium.

County
*

Foliar Treatments C.V.
Check Cu Mn Zn B Mg

bu. per acre per cent
Kent 129 126 129 134 137 132 5.5

ab b ab ab a ab
Kent 139 129 124 135 132 136 6.9

a ab b ab ab a
Middlesex 105 104 107 104 111 113 6.1

ab ab ab b ab a
Elgin 109 98 111 116 105 99 9.8

ab b ab a ab b
Elgin 114 120 120 121 124 121 6.6
Middlesex 79 87 90 88 84 88 10.0
Middlesex 79 74 72 83 85 78 12.3

Foliar applications were applied at two growth stages with exception of the 
first Elgin location and the second Middlesex location where three applications 
of zinc were made up to the pre-tassel stage.
- first application (20 gal/ac) 4 to 8 leaf stage (4"-8" height)
- second application (40 gal/ac) pre-tassel stage (12 to 14 leaf stage at 
3' height).
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TABLE 39. Statistically Significant (95%) Responses to Foliar Application of 
Micronutrients or Magnesium 1965-69.

Crop
Total 

Number 
of Sites

Yield Increases
*

Yield Decreases
Number 

of Sites Nutrient Number 
of Sites Nutrient

Oats 10 2 Mn 1 B
1 B & Mg

Barley 20 1 Mn 0
Corn 48 1 B 1 B & Mn

1 Zn 1 B & Cu
1 Mn
1 Zn
1 Mg

Potatoes 17 2 B 2 Mn
Soybeans 17 2 Zn, Cu, B 1 Zn & Mg
Whitebeans 19 3 Zn, Cu 1 Zn

1 B & Mg
Sugarbeets 9 1 Zn & Mn 1 Zn

1 Mn
1 Mg

Total 140 16 (11%) 12 (9%)

* No observable foliage injury from application of micronutrients

TABLE 46. Number of Trials in which a Response was Obtained from an Individual 
Micronutrient 1965-69.

Micronutrient Yield Increase
*

Yield Decrease

Zinc 5 4
Boron 5 4
Manganese 5 4
Magnesium 2 3
Copper 2 1
Total (140 trials) 19 16

* No observable foliage injury from application of micronutrients 
Conclusion

There has been a statistically significant positive yield response on 
11 per cent of the sites on which micronutrients have been applied. However, 
the yield decreases occurring in these trials illustrate that random application 
of micronutrients to field crops in Ontario will decrease yields in some cases.

Summary of tissue analysis for macro- and micronutrients - 1964-69.

Samples collected from the micronutrient trials and random samples from 
various crops in Southwestern Ontario have been analyzed in the Soil Science 
laboratory at Guelph during the past year.
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Based on limits established for other areas, the samples have been 
classified according to the nutrient level in the tissue (Figs. 17-22). It 
must be recognized that these "critical levels" have not yet been clearly 
established for Ontario. Tissue designated "deficient" would be expected to 
respond to an application of that nutrient. Tissue designated "marginal" may 
or may not’respond while in that designated "normal" no response would be 
expected. Tissue designated "above normal" is considered to contain more than 
enough for healthy plant growth and if the level becomes extreme problems of 
toxicity and/or induced deficiencies of other nutrients may occur.

Average plant content and the range of nutrient levels found in the 
analyzed herbage is reported in Table 41. Data from the 182 corn samples have 
been classified to show the variability between years (Table 42). With the 
exception of boron and magnesium nutrients show relatively constant average 
values over the five-year period.

Fig. 17. Proportions of the total corn samples with different degrees of
nutrient deficiency. The value above each section of each bar
indicates the upper concentration (per cent or ppm) in tissue for
the respective categories.
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Fig. 18. Proportions of the total potato samples with different degrees of 
nutrient deficiency. The value above each section of each bar 
indicates the upper concentration (per cent or ppm) in tissue for 
the respective categories.

Fig. 19. Proportions of the total white bean samples with different degrees of
nutrient deficiency. The value above each section of each bar
indicates the upper concentration (per cent ppm) in tissue for the
respective categories.



69

Fig. 20. Proportions of the total oat, barley, wheat samples with different 
degrees of nutrient deficiency. The value above each section of 
each bar indicates the upper concentration (per cent or ppm) in 
tissue for the respective categories.

Fig. 21. Proportions of the total alfalfa samples with different degrees of
nutrient deficiency. The value above each section of each bar
indicates the upper concentration (per cent or ppm) in tissue for
the respective categories.
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Fig. 22. Proportions of the total soybean samples with different degrees of 
nutrient deficiency. The value above each section of each bar 
indicates the upper concentration (per cent or ppm) in tissue for the 
respective categories.
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TABLE 41. Average nutrient content and range of values in tissue from various 
crops sampled from 1964 to 1969.

Crop N P K Ca Mg Mn Zn Cu B
and part 
sampled Samples % ppm

Corn 182 Mean 3.15 0.32 2.14 0.99 0.37 69 25 11 11
Sub-ear leaf 
at silking Range 1.20-

4.80
0.17- 
0.51

0.87-
3.37

0.25- 
1.77

0.06- 
0.92

15-
789

12-
75

4-
27

6-
66

Cereals 156 Mean 1.77 0.24 2.28 0.50 0.18 31 22 6 16
Four culm 
leaves at 
anthesis

Range 0.70- 
5.85

0.05- 
0.48

0.81-
4.73

0.29- 
1.06

0.08-
0.56

5- 
158

5-
71

1-
48

3-
80

Alfalfa 68 Mean 3.65 0.30 1.82 2.18 0.31 35 29 9 48
Top 6" of 
plant early 
flower

Range 1.80-
4.90

0.14-
0.40

0.89- 
3.57

1.45-
3.75

0.15- 
0.51

17-
62

15-
43

3-
15

l6
88

Soybean
Upper fully 
developed leaf

57 Mean 5.22 0.40 1.91 1.33 0.42 39 51 13 58

minus petiole 
when lower 
pods full

Range 3.66-
6.50

0.25- 
0.63

1.14-
2.44

0.91-
2.32

0.27-
0.58

12- 
132

29- 
109

7-
49

6-
99

White Bean 60 Mean 4.10 0.32 1.60 3.37 0.64 57 22 9 41
Same part as 
for soybeans Range 3.10-

5.24
0.20-
0.50

0.79-
3.03

1.60-
5.40

0.31- 
1.18

15-
220

6-
47

4-
20

6-
76

Potatoes 
4th or 5th leaf

67 Mean 5.49 0.40 4.81 1.49 0.52 166 105 30 33

+ blade from 
primary stalk at 
early bloom

Range 3.10-
6.60

0.22- 
0.58

2.92-
6.50

0.55-
2.30

0.14-
1.10

22- 
621

12-
452

4-
522

15-
64



72

TABLE 42, Mean nutrient levels in corn leaf tissue grouped according to year 
of sampling.

Nutrient 1964 1965
Year of Sampling

1966 1967 1968

(23)* (31) (50)
per cent

(57) (21)

N 3.06 3.29 2.94 3.21 3.34
P 0.32 0.33 0.30 0.34 0.34
K 1.90 1.85 2.06 2.41 2.32
Ca 1.07 1.10 1.13 0.75 1.00
Mg 0.45 0.36 0.42 0.30 0.34

ppm

Mn 61 58 67 74 85
Zn 28 27 28 21 25
Cu 11 11 10 11 11
B 15 17 10 7 8

*

Number of corn samples
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TEACHING

1. Undergraduate

The Department of Soil Science is responsible for offering courses in 
three areas: Soil Science at the Diploma and Degree level; Agrometeorology; 
and Geology. The department is also responsible for the supervision of two 
undergraduate majors: Soil Science, and Resources Management. The former major 
in Land Management is being phased out and replaced by the new, broader program in 
Resources Management. The first students entered the Resources Management 
program during 1969-70. This program is designed to give students a very broad 
training in the general area of resources. As well it is a very flexible program 
so that students are able to select from a large number of electives to obtain 
greater depth in one or more areas of resources.

The addition of two more geologists in 1969-70 now enables the department 
to offer ten courses in geology. While there is no geology major offered, these 
courses are valuable supporting courses for Soil Science and Resources Management 
as well as other areas such as Geography. It is possible for Geography majors to 
take a minor in geology that enables them to teach geography and geology in high 
schools.

The Agrometeorology courses are support courses for other undergraduate 
programs and for the graduate program in Agrometeorology.

One new course has been added to the Soil Science offering to be given 
in 1970, viz. Environmental Quality. This course will acquaint students with the 
influence which man’s activities can have on the quality of his environment 
including air, water, and soil.

The introductory course, Soils 200, will be offered in an audio-tutorial 
format starting in 1971. The necessary renovations to a laboratory have been 
planned to accommodate the open lab. This innovation will greatly enhance the 
presentation of this course to the large enrolment which reached 330 in the Winter 
Semester 1970.

Seven soil science majors graduated in 1970.

2. Graduate

Seventeen students were enrolled for M.Sc. and nineteen were enrolled 
for Ph.D. degrees (Table 43). Four post-doctoral fellows were associated with 
the Department during the year.

Two Ph.D. and ten M.Sc. degree programs were completed (Table 44).
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Soil Science

TABLE 43. Graduate Students Registered in the Department of Soil Science, 
Winter Semester 1970.

M.Sc. Advisor Ph.D. Advisor

J.S. Anderson D.W. Hoffman J.H.M. Aalders D.E. Elrick
D.G.S. Bielby L.R. Webber C.J. Acton R. Protz
B, Cameron R. Protz L.D. Bailey E.G. Beauchamp
J. Cihlar R. Protz D.R. Cameron R. Protz
D. Cote D.E. Elrick D.A. Carandang J.W. Ketcheson
J.P. Fish R.W. Sheard L. Crosson R. Protz
A.U. Haq M.H. Miller J. H. A. Hamburger D.E. Elrick
B. Hilliard W. Chesworth R.W. Jones R.W. Sheard
I. Hussain E.G. Beauchamp D.W. Lawson D.E. Elrick
G.G. Roberts L.R, Webber K,B. MacDonald D.E. Elrick
G.W, Scott D.E. Elrick H. Mirreh J.W. Ketcheson
Wan Sulaiman E.G. Beauchamp P.N. Mosher M.H, Miller
P. Suffling D.W. Hoffman S. Venkataraman R, Protz
R.L. Veinot R.L, Thomas M.E. Watson E.G. Beauchamp

Ag r ome t eo rolo gy

A. Bootsma T.J. Gillespie G. den Hartog K.M. King
J.K. Chung K.M. King P.A. Dube K.M. King
P.J.P. Smith T.J. Gillespie H. Neumann K.M. King

R.W. Shaw G.W. Thurtell
R.H. Silversides G.W. Thurtell

Post Doctorates

G.J. Blair Soil-Plant Relations (with M.H. Miller)
C.P. Mamaril ii it n ( ti it ti )

N. Rossi " " ” (with E.G. Beauchamp)
I. Ghanem Soil Biochemistry (with R.L. Thomas)

TABLE 44 . Degrees Granted April 1, 1969 - March 31, 1970.

Name Degree Advisor Title

Soli Science

G.K. Asamoa Ph.D. R. Protz Discontinuity location and 
micromorphological analysis in 
a genesis study of the soils of 
the Honeywood catena.

F.R. Campbell M.Sc. L.R. Webber Fertilization of Canal Lake by 
agricultural sources.

M.G. Kakabeeke M.Sc. D.E. Elrick Osmotic flow in soils.
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TABLE 44 continued

B.F. Leeson M.Sc. D.W. Hoffman An organic soil capability 
classification for agriculture.

D.L. Massey M.Sc. R.W. Sheard Availability of applied phos
phorus to alfalfa (Medicago 
sativa L.) and bromegrass 
(Bromus inermis L.)

G.E. Mellor M.Sc. R.W. Sheard A comparison of the nitrate 
metabolism in orchardgrass and 
birdsfoot trefoil.

W. Nap M.Sc. T.H. Lane Exchangeable magnesium levels 
as related to long term 
differential rates of phosphorus 
and potassium fertilizer.

A.T. Raad Ph.D. R. Protz Genetic development of youthful 
soils derived from dolomitic 
materials in the Blue Springs 
drainage basin.

G.J. Wall M.Sc. D.W. Hoffman An investigation of two podzol
like profiles developed in 
calcareous materials.

Agrometeorology

I. Muzik M.Sc. K.M. King Determination of evapotrans
piration and drainage components 
of the soil moisture balance 
method.

J. J. Rahn M.Sc. D.M. Brown Air and plant temperature in 
a corn canopy.

I.S. Selerio M.Sc. D.M. Brown Climatological estimation of 
planting days.
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SCIENTIFIC PUBLICATIONS

Published in Refereed Scientific Journals

Bachmat, Y. , and D.E. Elrick. 1970. Hydrodynamic instability of miscible fluids 
in a vertical porous column. Water Resources Res. 6: 156-171.

Beauchamp, E.G. , and J.K. Torrance. 1969. Temperatures within young maize plant 
stalks. Plant and Soil 30: 241-251.

Beauchamp, E.G., and H.A. Hamilton. 1970. Optimum ratios of nitrogen and phos
phorus fertilizers for corn determined by Homes method of systematic 
variations. Can. J. Plant Sci. 50: 141-150.

Black, R.A., W.R. Gardner, and G.W. Thurtell. 1969. The prediction of cumulative 
evaporation, drainage rate, and soil water storage for a bare soil.
Soil Sci. Soc. Amer. Proc. 33: 655-660.

Blair, G,J., and F.C. Crofts. 1969. A quantitative and radioactive sulfur (S^) 
liquid scintillation counting method for determining soil and plant 
sulfur. Soil Sci. 107: 227-280.

Blair, G.J., G.W.E. Fernando, F.C. Crofts, and O.G. Carter. 1970. The influence 
of temperature on the growth and sulfur uptake of oats (Avena satlva L.) 
Comm, in Soil Sci. and Pl. Anal. 1 (2): 115-122.

Campbell, F.R., and R.L. Thomas. 1970. Automated method for determining and 
removing silica interference in determination of soluble phosphorus in 
lake and stream waters. Environmental Sci. and Technol. 4: 602-604.

Campbell, F.R., and L.R. Webber. 1969. Agriculture’s contribution to the ferti
lization of Canal Lake. J. Soil and Water Conserv. 24: 139-141.

Elrlck, D.E. 1969. Dispersion and reaction in unsaturated soils. Bull, Int. 
Assoc. Sci. Hydrology 14: 49-60,

Gillespie, J.E., and R. Protz. 1969. Evidence for the residual character of 
two soils, one on granite, the other on limestone in Peterborough 
County, Ontario. Can. J. of Earth Sci. 6: 1217-1225.

Gillham, R.W., and L.R. Webber. 1969. Nitrogen contamination of groundwater by 
barnyard leachates. J. Water Pollution Control Fed. 41: 1752-1762.

Goltz, S.M., C.B. Tanner, G.W. Thurtell, and F.E. Jones. 1970. Evaporation 
measurements by an eddy correlation method. Water Resources Res. 6: 
440-446.

Heywood, R.T., Trevor Stevens, and L.R. Webber, 1969. Cannery waste disposal 
on land. Can. J. Soil Sci. 49: 211-224.

Hunslgl, G., and J.W. Ketcheson. 1968, Effects of soil temperature and phos
phorus fertilizer reaction with soil on phosphorus absorption as deter
mined by anion-exchange resin paper. Indian J. Agr. Sci. 38: 767-775.
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Hunslgi, G. , and J.W. Ketcheson. 1969. Effect of soil temperature on phosphorus 
fertilizer reaction in soil and subsequent availability to plants. 
Agron. J. 61: 481-483.

Kanemasu, E.T., G.W. Thurtell, and C.B. Tanner. 1969. Design, calibration, and 
field use of a stomatai diffusion porometer. Plant Physiol. 44: 
881-885.

Ketcheson, J.W. 1968. Effect of controlled air and soil temperature and starter 
fertilizer on growth and nutrient composition of com. Soil Scl. Soc. 
Amer. Proc. 32: 531-534.

Ketcheson, J.W. and M. Jakovljevic\ 1970. Effect of plant growth on the trans
formation of mineral nitrogen in soils. Plant and Soil, XXXII: 
254-257.

Krupp, H.K., and D.E. Elrick. 1969. Density effects in miscible displacement 
experiments. Soil Sci. 107: 372-380.

Massey, D. Lawrence, and R.W. Sheard. 1970., Utilization of surface-applied 
phosphorus by established stands of alfalfa and bromegrass. Can. J. 
Soil Sci. 50: 9-16.

Moyer, J.R., and R.L. Thomas. 1970. Organic phosphorus and inositol phosphates 
in molecular size fractions of a soil organic matter extract. Soil Sci. 
Soc. Amer. Proc. 34: 80-83.

Norman, J.M., C.B. Tanner, and G.W. Thurtell. 1969. Photosynthetic light sensor 
for measurements in plant canopies. Agron. J. 61: 840-843.

Sharp, J.H., and S.A. Wentworth. 1969. Kinetic Analysis of Thermogravimetric 
Data. Analytical Chemistry, 41: 2060-2062.

Veinot, R.L., and R.L, Thomas. 1969. A protection device for temporary power 
failure to automatic fraction collectors. J. Chromatog. 44: 388-389.

Weseley, 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. Metero. , 
9: 45-50.

Winch, J.E., R.W. Sheard, and D.W. Mowat. 1970. Determining cutting schedules 
for maximum yield and quality of bromegrass, timothy, lucerne and 
lucerne-grass mixtures. J. Br. Grassld. Soc. 25: 44-52,

Published Conference Proceedings and Non-Refereed Papers

Brown, D.M., and W. Baier. Freezing temperatures in Canada, 
and

Brown, D.M., and W. Baier. Implications of freezing temperatures to Canada’s 
agriculture.
Portions of position paper on Frost and Freezing Temperatures in Canada, 
prepared for Canada Committee on Agrometeorology in Ottawa, January, 1970.
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Campbell, F.R, and L.R. Webber. 1969. Fertilization of Canal Lake from agri
cultural areas. Proc. Fourth Sym. Water Pollution Res., McMaster 
University.

Cooper, G.S., J.W. Ketcheson, and L.R. Webber, 1969. Agriculture as a con
tributor to pollution. Agric. Inst. Rev. 24(3): 9-15.

Dale, H.M. , and D.W. Hoffman. 1969. Bogland Ecosystems: Some Biogeographical 
Units. Can. Geol. XIII, 2.

Elrick, D.E., and D.W. Lawson. 1969. Tracer techniques in hydrology. Proc. 
Hydrology Symposium No. 7, Victoria, B.C. Queen’s Printer, p. 155-187.

Elrick, D.E. 1969. La diffusion et la dispersion en regime non-sature. Compte- 
rendu de la reunion d’Orleans, France, B.E.P., 67 boulevard, Haussmannm 
Paris.

Elrick, D.E. 1969. The land (I): its future-endangering pollutants. Impact 
of Science on Society (U.N.E.S.C.O.) 19: 195-207.

Gillham, R.W. and L.R. Webber, 1969. Groundwater quality near a livestock 
rearing area. 22nd Can. Soil Mechanics Conf. Queen’s University 
(Dec. 8-9).

Hoffman, D.W. 1969. Does Agriculture have a Monopoly on Good Land? A.I.C. 
Review Vol. 24/6.

Ketcheson, J.W. 1970. Chemical and biological aspects of minimum tillage - 
Eastern Canada. National Soil Fertility Committee. C.D.A. Ottawa.

Lane, T.H. 1969. Impact of Changing Land Use Patterns on Soil Conservation. 
Invitational paper presented at joint meeting of N.E. section A.S.A., 
C.S.A. and C.S.S.S. Cornell University, July 9-10.

Thomas, R.L. 1970. Organic phosphorus in soil organic matter. Proc. Work 
Planning Meeting. Res. Br. C.D.A. Ottawa, Ont. p. 37-38.

Wall, G.J. and L.R. Webber. 1970. Soil Characteristics and Subsurface Sewage 
Disposal. Can. Jour. Public Health. 61: 47-54.

Webber, L.R. and T.H. Lane. 1970. The nitrogen problem in the land disposal of 
liquid manure. Animal Waste Mgt. Conf, Syracuse, N.Y. (Jan, 13-15).

Webber, L.R. 1970. Agricultural wastes. Conf, on Solid Wastes. Economic 
Council: Erie Region, London (Jan. 29).

Webber, L.R. 1970. Environmental pollution. Seminar School of Business 
Administration, Univ, of Western Ontario, London (Jan. 30-31).

Webber, L.R. 1970. Soil pollution, Seminar, Calgary Chamber of Commerce, 
Calgary, Alberta (May 15).

Webber, L.R. 1969. Farm management practices to abate odours from livestock 
rearing areas. Air Pollution Control Assoc., Honey Harbour (Sept 14-16).
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Webber, L.R. and J.H. Nodwell. 1969. Guidelines to land requirements for 
disposal of liquid manures. Invitational paper published in Proc. 
Water Pollution Control Federation. Monterrey, Mexico (Oct.).

Technical Bulletins and Reports

Beauchamp, E.G., L.R. Webber, P.E. Siitam. 1969. Magnesium dust contamination 
of soil at Haley Station, Renfrew County, Ontario. Soil Science 
Department, Univ, of Guelph. 96 pages.

Brown, D.M., J. Rogalsky, and G.A. McKay. 1969. Daily temperature and pre
cipitation frequencies in Ontario. Climatological Studies No. 7 
100 pp. Meteorol. Branch, Canada Dept, of Transport, Toronto.

Gillespie, J.E. and R.E. Wicklund. 1969. Soil Survey of Leeds County. Report 
#41. Ont. Soil Survey, O.D.A.F. and C.D.A.

Hoffman, D.W. 1969. Soil Capability Classification for Organic Soils, A.R.D.A.

Leeson, B. 1969. A Use Capability Classification for Organic Soils, A.R.D.A.

Published Abstracts and Oral Presentations of Research Papers

Asamoa, G.K. and R. Protz. 1969. The theory and methodology for the location of 
discontinuities in soil profiles. Presented at the 1969 Annual Meetings 
of the Soil Sci. Soc. of America. Abstract in Agronomy Abstract.

Asamoa, G.K. and R. Protz. 1969. Influence of discontinuities on soil genesis of 
a Honeywood Catena. Presented at the 15th Annual Meeting of the Can. 
Soc. of Soil Sci. Abstract in Titles and Abstracts of Technical Papers.

Chesworth, W. 1969. Origin of the older granitoid rocks of Glamorgan township, 
Ontario. Paper presented at a joint meeting of the Mln. Assoc, of Can., 
the Geol. Assoc, of Can., and the Min. Soc. of Amer. Abstract in Can. 
Mln. 10: 129.

Ketcheson, J.W. 1969. Effect of soil heating and insulating on growth of com 
In field plots. Paper presented at joint meeting of N.E. section 
A.S.A., C.S.A., and C.S.S.S. Cornell Univ. Abstract in Titles and 
Abstracts of Technical Papers.

Raad, A.T., and R. Protz. 1969. Calcite as a developmental criterion in young 
soils derived from dolomitic materials. Presented at the 1969 Annual 
Meetings of the Soil Sci. Soc. of America. Abstract in Agronomy 
Abstracts.

Book Reviews

Chesworth, W. 1969. Handbook of World Salt Resources by S.J. Lefond. Library 
Journal 94: 2129.
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ACTIVE RESEARCH PROGRAMS

Listed by program, project leader, and fund granting agency.

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, Ont. Dept, of Agric, 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, Ont. Dept, of 
Agric, and Food).

Energy and water balances of agricultural land surfaces. 
(K.M. King, Met, Br., Can. Dept, of Transport).

Short term growth of field crops in relation to the micro
environment. (K.M. King, Can. Dept, of Agric.).

2. Photosynthesis of crops in relation to productivity. (W.M. Blacklow, 
T.J. Gillespie, G.E. Kidd, K.M. King, G.W. Thurtell, Can. Comm, for 
the Int. Biol. Prog.).

3. Climate and field crop production.

Effect of climate on agricultural practices and crop production. 
(D.M. Brown, Ont. Dept, of Agric, and Food).

Compilation and analysis of current and past weather records. 
(D.M. Brown, Ont. Dept, of Agric, and Food).

Geology

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

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

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

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

Origin of hypersthene-granite. (W. Chesworth, National Research Council).
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Pollution Control and Waste Disposal

1. Utilization and disposal of animal waste.

Movement of nutrients from liquid manure disposal. (L.R. Webber 
and J.W. Ketcheson, Ont. Dept, of Agric, and Food, and Dept, of 
Energy, Mines and Resources).

Nitrogen components in soil percolation following application of 
liquid manure. (L.R. Webber, Can. Dept, of Agric.).

2. Use of soil for waste disposal.

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

3. Transport phenomena in soils.

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

Dynamics of nitrogen transport in soils. (D.E. Elrick, Ont. Dept, 
of Agric, and Food).

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

Virus transport in soils. (D.E. Elrick, Dept, of Energy, Mines 
and Resources).

4. Soil, residue and manure management effects on soil, water and nutrient 
run-off from sloping land. (J.W. Ketcheson, Ont. Dept, of Agric, 
and Food).

Resources Inventory, Planning and Development

1. Classification, morphology and genesis of Ontario soils.

Mineral-equilibria in the system A^O^-H^O applied to soils. 
(W. Chesworth, National Research Council).

Relationship between geomorphic, morphological, and chemical 
variables within small landscape units. (R. Protz, Ont. Dept, 
of Agric, and Food, Can. Dept, of Agric.).

Mineralogical characterization of soils from active soil surveys 
in Ontario. (R. Protz, Ont. Dept, of Agric, and Food).

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

Use of the electron microprobe in soil genesis. (R. Protz, 
National Research Council).
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Evaluation of soil color as used in soil classification.
(R. Protz, National Research Council).

Techniques in photogrammetry as aids in studies of soil properties 
and geomorphic parameters. (R. Protz, Can. Dept, of Agric.).

Physical weathering of micaceous minerals. (S.A. Wentworth, 
Ont. Dept, of Agric, and Food).

Chemical alteration studies of micaceous minerals. (S.A. Wentworth, 
National Research Council).

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

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

2. Soil Survey and Land Use.
(Can. Dept, of Agric, and A.R.D.A.)

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 Northumberland County - D.W. Hoffman.
Soil Survey of Halton County - J.E. Gillespie.
Soil Survey of Thunder Bay - D.W. Hoffman.
Soil Survey of the Great Clay Belt - G.J. Wall.
Soil Survey of Rainy River, Dryden Areas ~ D.W, Hoffman.
Soil Survey of Sault Ste. Marie, Sudbury Area - D.W. Hoffman.
Soil Survey of Verner, Noelville Area - D.W. Hoffman.
Soil Survey of North Bay Region - G.J. Wall.
Soil Capability for Agriculture Studies - Productivity Ratings 
for corn, barley and hay by Soil Class - D.W. Hoffman, 
Interpretation of climate for land use planning (D.M. Brown 
Ont. Dept, of Agric, and Food).

Soil Management and Plant Nutrition

1. Prediction of macro and micronutrient requirements for field crops.

Evaluation of the needs for micronutrient additions for field 
crops on Ontario soils. (E.G. Beauchamp and T.H. Lane, Ont. 
Dept, of Agric, and Food).

Availability of micronutrients and magnesium in Ontario soils. 
(T.E, Bates, Can. Dept, of Agric.)
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Calibration of soil tests currently in use and evaluation of 
fertilizer requirements. (T.E. Bates and J.W. Ketcheson, Ont. 
Dept, of Agric, and Food).

Chemical behaviour of plant nutrients in organic soils as 
indicated by soil and plant analysis. (A.L. Willis, Ont. Dept, 
of Agric, and Food).

Methods and techniques for chemical analysis of soils and plants. 
(J.A. Smith, A.L. Willis and R.L. Thomas, Ont. Dept, of Agric, 
and Food).

2. Time, source and method of application of macro- and micronutrients 
for annual crops.

Time of nitrogen application for soybeans. (E.G. Beauchamp, Ont. 
Dept, of Agric, and Food).

Source and method of nitrogen, phosphorus and potassium 
application for com. (T.E. Bates, Ont. Dept, of Agric, and Food).

Method, source and time of application of boron for field crops. 
(E.G. Beauchamp, Ont. Dept, of Agric, and Food).

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

The influence of the ammonium ion on nutrient absorption by plants. 
(G.J. Blair, M.H. Miller, C.P. Mamaril, National Research Council).

3. Soil management effects on plant growth and nutrient requirement.

Effects of temperature on soil properties, and on growth and 
nutrient absorption by corn. (J.W. Ketcheson, Ont. Dept, of Agric, 
and Food, and National Research Council).

Effects of tillage practices on soil properties and on yield and 
nutrient absorption by corn. (J.W. Ketcheson, Ont. Dept, of 
Agric, and Food).

Effects of manure and residues on soil properties, yield and 
nitrogen requirements for continuous corn. (J.W. Ketcheson, 
Ont. Dept, of Agric, and Food).

4. Nutrition and management as related to growth, morphology and chemical 
composition of forage species.

Interaction of fertilizer use and harvest management on production, 
quality and longevity of forage species. (R.W. Sheard, Ont. Dept, 
of Agric, and Food).

Factors influencing the winter survival of legumes. (R.W. Sheard, 
Ont. Dept, of Agric, and Food, and Ont. Dept, of Univ. Affairs).
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Time of application and placement of phosphorus and potassium 
for grasses, legumes and mixtures thereof. (R.W. Sheard, Ont. 
Dept, of Agric, and Food).

Time and rate of application, and source of nitrogen for grass 
production, (R.W. Sheard, Ont. Dept, of Agric, and Food).

Interactions of soil drainage, species and plant nutrition. 
(R.W. Sheard, Ont. Dept, of Agric, and Food,and Can. Dept, 
of Agric.).

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

5. Characterization transformations and reactions of soil organic matter.

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

Characterization and identification of organic nitrogen compounds 
in soli. (R.L. Thomas, Can. Dept, of Agric.).

Mineralization studies of soil organic matter with reference to 
nitrogen and phosphorus. (R.L. Thomas, Ont. Dept, of Agric, aid 
Food).

Changes in the level and nature of organic matter in tile draining 
of a poorly drained soil. (R.L. Thomas and R.W, Sheard, Ont.
Dept, of Agr. and Food, and National Research Council).

6. Physical chemical reactions in soils.

Cation mobility in clay systems. (B.D. Kay, Ont. Dept, of Agric, 
and Food).

Effect of tetra-alkyl ammonium ions on rheological properties of 
clay suspensions. (B.D. Kay, Ont. Dept, of Agric, and Food).
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SEMINARS AND SYMPOSIA

Seminars

Nazeer Ahamad, University of West Indies, St. Augustine, Trinidad. 
Soils of the Carribean.

D.M. Anderson, U.S. Army Cold Regions, Research and Engineering Laboratory, 
Hanover, N.H.
Freezing and thawing phenomenon, and the anomalous behavior 
of water at interfaces.

W.M. Blacklow, University of Guelph.
The regional nature of Australian agriculture.

G.J. Blair, University of Guelph.
Influence of nitrogen on the uptake of phosphorus by corn.

R.W. Boyle, Canadian Geological Survey, Ottawa.
Chemical factors influencing the mobility and fixation of 
trace elements (e.g. Ag, Au, As, Mo, etc.) in soils.

G.W. Brindley, Penn. State University.
Clay-Organic studies.

R. Campbell, University of Guelph.
Systems development in university teaching,

J. Corey, Div. E.I. du Pont de Nemours & Co. Alkan, S.C.
Radioactive waste disposal.

J.F. Dormaar, C.D.A. Lethbridge, Alta.
Soil organic matter and soil genesis.

A. Dreimanls, University of Western Ontario.
Bimodal distribution of rock and mineral fragments in basal 
tills.

W.G. Duncan University of Kentucky, Lexington.
Modelling a cotton crop.

W.R. Gardner, University of Wisconsin.
Past, present and future fads in soil physics.

J.L. Monteith, University of Nottingham.
Agricultural Applications of Micrometeorology.

P. Mosher, University of Guelph.
Optimum placement of starter fertilizer for corn.

C.W. Rose, Environmental Biology Group, CSIRO Division of Land Research,
Canberra, Australia.
Alms for Research on the Interrelationship Between Crops and 
Their Environment.

S. Venkataraman, University of Guelph.
Clay minerals and discontinuities in nine Southern Ontario 
soil profiles.
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S.A. Wentworth, University of Guelph.
Alteration of micas.

A.J.H. Williams, University of Wisconsin.
Lake-deposited phosphorus compounds.

J. Williams, University of Manitoba.
Soil water and soil strength.

Symposia

1. Preparations for the Soil Conservation Society Annual Meeting - 1970.

A.D. Latornell, Department of Energy and Resources, Toronto. 
"Objectives of the Society."

K.G. Higgs, Metropolitan Toronto and Region Conservation Authority,
Toronto.
"Integration of people, politics, government and research."

B.C, Matthews, Acad, Vice-President, University of Guelph. 
"Turning Points in Time."

2, Animal Waste Disposal.

J,H. Nodwell, O.D.A.F., Lindsay.
"New Trends in Building Design."

C.J. MacFarlane, Air Management Branch, Toronto.
"Codes of Practice for Raising Farm Animals and Waste 
Disposal."

G.K. Bain and Community Planning Branch, Dept, of Municipal Affairs,
Peter Weston, Toronto,

"Municipal By-Laws and Land Use Regulation."

J.B. Robinson, Department of Microbiology, University of Guelph.
"Current Research in Animal Wastes Utilization and Disposal."

3. Various and Potential Uses of the Electron Microprobe.

J. Eady, Post Doctoral Research Fellow, Dept, of Physics,
Univ, of Guelph,

G.J. Blair, Post Doctoral Research Fellow, Dept, of Soil Science,
Univ, of Guelph.

C.J. Acton, C.D.A. Pedologist, Dept, of Soil Science, Univ, of Guelph.

4. The Resources-Land Management Program at the University of Guelph.

R.S. Rodd, Dept, of Economics, Univ, of Guelph,
"The Centre for Resources Development - Past, Present and 
Future."
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J.R. Wright, Dept, of Landscape Architecture, University of Guelph.
"Resources Development and Landscape Architecture."

D.W. Hoffman, Dept, of Soil Science, University of Guelph. 
"The Soil Science Department’s programmes in Resources 
Management and Land Management."

5. Significance of soil calcium and magnesium in studies of soil genesis, 
pollution, cation exchange, and plant nutrition at the University of Guelph.

A.T. Raad "Redistribution of soil calcium and magnesium as criteria
to evaluate degree of genetic development of youthful soils 
derived from dolomitic materials."

E.G. Beauchamp "A study of magnesium pollution."

W. Nap "Exchangeable soil magnesium levels within a soil profile
as related to long term differential rates of phosphorus 
and potassium fertilizers."

P. Fish "The effect of lime and magnesium additions on yield and
cation composition of grasses grown on calcareous soils."

6. Obligations of the Department of Soil Science to students from developing 
countries.

N.R. Richards, Dean, O.A.C.
"Present and future needs for training students from 
developing countries."

M.H. Miller, Chairman, Department of Soil Science.
"Problems faced in developing a relevant program for 
students from various countries."

D.A. Carandang, Ph.D. Candidate (from the Phillipines). 
"Assessment of the University of Guelph meeting my 
requirements."

N. Mohktar, B.Sc. (Agr.) Candidate (from Malaya).
"Undergraduate training for me at the University of Guelph."

7. The problems of classification of soils and sedimentary rocks.

F.F. Riecken, Prof, of Soil Science, Iowa State University, Ames, Iowa. 
"Soil development processes."

G.V. Middleton, Prof, of Geology, McMaster University, Hamilton, Ontario.
"Present basic concepts used in classifying sedimentary 
rocks."

G.D. Smith, Director, Soil Survey Investigations, U.S.D.A., Washington,
D.C.
"Present basic concepts used in classifying soils."

L.P. Wilding Prof, of Soil Science, Ohio State University, Columbus, Ohio. 
"Developing concepts in diagnostic criteria for soil 
classification."
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J.C. Griffiths Prof, of Geology, Director, Planning Research, Penn.
State University, Univ. Park, Penn.
‘'Classification of geological or other data."
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