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FOREWORD

The interests and efforts of the Department of Soil Science are 
directed toward the improvement of our knowledge of the soil and its environment 
and the application of this knowledge to two major problems: (1) developing 
more effective use of land resources not only for agriculture, but also for 
forestry, recreation, urban and industrial purposes, and (2) increasing the 
efficiency of food production from soil and climatic resources. The programs 
include the interrelationships among soils, plants, geological materials, water 
and the atmosphere and thus extend into the Earth and Atmosphere Sciences.

The 1968 Progress Report which has been compiled and edited by Professor 
T.E. Bates summarizes the results of these programs for the period April 1, 1968 
to March 31, 1969.

A grant from the Canadian Committee on the International Biological 
Program through the National Research Council to Prof. K.M. King has permitted 
major expansion of the Agrometeorology research and graduate training program. 
Four new faculty members, Prof. G.W. Thurtell, Prof. W.M. Blacklow, Prof. T.J. 
Gillespie, and Mr. G.E. Kidd became associated with this program during the past 
year. Professor Gillespie received his Ph.D. degree in the Agrometeorology 
program in 1968, the first Ph.D. granted from the Department of Soil Science,

We also welcomed to the department Prof. Sally A. Wentworth who will be 
responsible for a teaching and research program in clay mineralogy, and Prof. B.D. 
Kay, who will develop a graduate training and research program in soil physical 
chemistry. Dr. G.J. Blair accepted a postdoctorate appointment in August 1968 to 
conduct research in plant nutrition.

Prof. B.A. Liberty who joined the department in 1966 resigned as of Dec. 
31, 1968 to accept a professorial position in the Geology Department of Brock 
University.

As in past years, we have co-operated 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 Improve
ment Association, the Advisory Fertilizer Board for Ontario and many other organi
zations and individuals. In particular, the provision, without charge, of land 
and facilities by a large number of interested farmers greatly assisted our program.

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

Ontario Department of Agriculture and Food
Canada Department of Forestry and Rural Development (Through A.R.D.A.) 
National Research Council
Canada Department of Agriculture 
Meteorological Branch, Canada Department of Transport 
Dept, of Energy, Mines and Resources 
Ontario Dept, of Health 
American Potash Institute 
Cyanamid of Canada Limited

June, 1969 M.H. Miller
- 1 - Chairman
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AGROMETEOROLOGY
INTRODUCTION

The objective of the agrometeorology program is to understand and 
describe the influence of weather and climate on agricultural production in Ontario.

The program includes teaching, research and associated service projects.

The research projects are mainly concerned with the effects of climatic 
factors on crop production and the energy and water balances and photosynthesis 
of crop canopies using micrometeorological and plant physiological methods.

The service projects include:

1. 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.

2. Analysis of the growing season weather records throughout 
the province of the current year.

3. Provision of heat-unit ratings for recommended corn hybrids.

4. Provision of climate and weather information for local radio 
stations, newspapers and home-heating suppliers on a regular 
basis and periodically for other research projects on campus, 
air pollution studies, etc.

ENLARGED TRAINING AND RESEARCH PROGRAMS

K.M. King

Beginning April 1, 1968, a special grant was made available to Prof. K.M. 
King to direct a project, "Training in agrometeorology and research on photosynthesis 
of crops in relation to productivity".

This grant, from the Canadian Committee on the International Biological 
Program, provided for an increase in the faculty in agrometeorology as well as 
funds for postdoctoral fellowships, graduate research assistantships, technical 
support, equipment, supplies and expenses. Four additional members have been 
added to the faculty as a direct result of this grant. The graduate teaching and 
research program will now be able to meet the training needs for agrometeorologists 
in Canada, provided suitable candidates become available. The research on photo
synthesis of crops is conducted mostly under the natural field environment using a 
combination of micrometeorological and plant physiological approaches. A short 
summary of the first year’s progress follows.
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Progress

1. Recruitment of faculty members was completed in November, 1968. Five 
undergraduate and six graduate courses in agrometeorology, meteorology 
and climatology are now offered. There are nine graduate students in 
the training programme.

2. During May and June, the evolution of carbon dioxide from bare soil was 
determined by means of chemical absorption, an aeration technique, 
energy-balance and aerodynamic methods. The chemical absorption method 
provided the most consistent data; the meteorological methods gave 
variable results and values several times greater than the absorption 
method. However, further testing is required to determine if either 
method reliably indicates the respiration rate of unboxed soil.

The chemical absorption method showed that the soil respiration 
increased from 2.5 mgm CO2 dm2 hrl at 12°C ( at 5 cm) to 5.5 mgm CO2 
—2—1dm hr at 21°C. The need for much improved sensitivity in the measure

ment of carbon dioxide gradients in the air layer over the soil was 
apparent from the results of the meteorological methods.

3, Considerable effort was given to the development of a new 60 acre 
agrometeorological site at the Elora Research Station (12 Miles north 
of Guelph) including installation of three sensitive floating lysi
meters. During several days in late August and early September, 
measurements at this site were made over corn to provide values of 
evapotranspiration by lysimeters, water-balance, energy-budget and 
aerodynamic techniques. The net photosynthesis also was determined 
by meteorological techniques and by means of an air-conditioned plastic 
chamber 3.5 ft. wide by 12 ft. long by 9 ft. high. Vertical profiles 
of temperature, humidity, carbon dioxide and wind-speed were determined 
from 11 levels within and above the crop canopy.

Difficulties were encountered in obtaining the various profiles to 
the desired accuracy, with more errors evident on some days than on 
others. The values of photosynthesis from the plastic canopy appeared 
to be most reliable, when compared to incoming radiation, except for 
afternoon values which were somewhat lower. Possibly an increase in 
stomatai resistance as a result of moisture stress in the leaf may have 
been the cause but no observations were taken to establish the relation
ships .

Computer programs have just been completed for detailed editing and 
quality control of the data on punched tape. Rapid calculation of the 
carbon dioxide and vapour fluxes by the various techniques will be 
available during 1969.

4. As a result of the experience gained at the new site considerable effort 
by the staff and students is presently being given to the improvement in 
sensitivity and accuracy of the various sensors and measuring techniques 
and to purchase and fabrication of other instruments to provide reliable 
accurate data.
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THE 1968 GROWING SEASON IN ONTARIO

D.M. Brown

Monthly temperatures and precipitation records for several locations in 
Ontario are presented in Tables 1 and 3. Departures from the long-term average 
are shown in Tables 2 and 4.

The 1968 growing season was cooler and wetter than normal in most of the 
province. Following a relatively warm and dry April, the months of May through 
August were below normal in temperature and average to above average in precipi
tation. Isolated areas were much above average each month (Table 4) and June 
rainfall was above average across the province. Above normal temperatures 
returned in September and October throughout Ontario while precipitation varied 
from near average in the south to above average in the north.

Interrupting the usual west to east flow of air masses, south to north 
movement of tropical air masses dominated the first three weeks of April. 
Consequently, most stations reported April temperature departures of + 3°F or 
greater (Tables 1 and 2). Precipitation was generally 1 to 2 inches below average 
in the south but above average north of Lake Huron.

Successive thrusts of cold air were responsible for the 1° to 4° below 
normal temperatures recorded throughout the province in May. Only the northern 
clay belt region reported slightly above normal temperatures. With the exception 
of dry areas around Kapuskasing and the southeastern shores of Lake Huron, the 
province enjoyed near average precipitation. Corn planting was late and emergence 
much slower than usual.

The cool weather that prevailed throughout May was broken for a week in 
early June. This helped to bring most warm season crops along after the slow 
start. The remainder of June was cool and the month ended 1° to 3°F below normal. 
Average to well above average rainfall occurred in all regions.

Most of July was dominated by a low pressure area over Hudson Bay flanked 
on the west coast by a high pressure ridge which forced successive polar air masses 
to push southeastward. Hence, monthly temperatures were 2° to 4°F below normal. 
These cold anticyclonic intrusions clashed with tropical air streams causing 
turbulent localized thunderstorms and resulting in a variable precipitation pattern. 
The Lakehead and Clay Belt regions were wettest with 9 to 13 inches of precipitation 
in June and July.

During August a series of low pressure areas moving southeastward over the 
southern part of the province resulted in above average precipitation in some areas 
of the south, e.g. Guelph (Table 4). Near average precipitation was recorded 
throughout the remainder of the province. Once again, temperatures remained well 
below normal.

The exceptionally warm weather during the third week of September, caused 
by a high pressure ridge over the region, helped to mature full-season crops such as 
corn, soybeans, and tomatoes that were considerably behind normal early in the month. 
The first killing frost was one to two weeks later than normal in most regions. 
Rainfall was near the average in the south and above average in the north, where 3 
to 5 inches fell in September.
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October was much the same as September with very warm weather during the 
3rd week, near average precipitation in the south and wet in the north. Harvesting 
weather was ideal during the middle two weeks of the month. As a result, the 
growing season ended on the warm and dry side, similar to the way it started in 
April.

TABLE 1 Average Daily Maximum and Minimum Temperatures for Each Month During 
the 1968 Growing Season

Station April May June July August September October

°F

Harrow Max, 
Min,

59.0
40.4

62.5
46.3

76,0
58. 7

79.3
62.1

80.0
62.2

74.8
57.3

62.1
45.5

Ridgetown Max, 
Min.

57.6
38.2

61,1
43.7

74.2
56.3

78.5
60.9

78.4
60.4

73.6
57.0

61.2
45.4

London Max.
Min.

57.3
34.1

60.1
39.8

73.8
51.1

77.8
55.8

77.6
55.1

72.0
53.0

58.9
40.9

Guelph Max.
Min.

56.6
34.5

58.4
40.6

72.6
51.1

77.8
55.1

76.5
55.3

70.7
52.7

58.5
41.1

Elora Max.
Min.

56.7
34.3

58.1
40.3

72.5
50.4

77.5
53.4

76.4
54.0

69.9
52.0

57.7
40.0

Smithfield Max.
Min.

56.9
36.0

60.4
42.3

67.7
52,5

78.1
56.8

75.7
55.7

70.9
51.8

58.4
40.3

Kemptvilie Max.
Min,

59.4
36.3

63.8
42.2

71.8
51.3

80.5
56.7

75.7
52.8

73.7
49.8

58.9
41.4

Ottawa Max.
Min,

58.8
37.1

64.1
43.5

71.8
54.0

79.7
59.4

74.9
55.4

72.8
52.9

59.2
42.1

New Liskeard Max.
Min.

52.7
29.6

61.9
38.0

67.8
47.6

75.4
54.4

71.7
49.8

67.6
48.4

55.3
41,3

Kapuskasing Max.
Min.

45.4
25.6

61.0
35.0

66.5
44. 1

69.7
50.7

70.1
46.5

66.7
45.6

50.7
37.1

Gore Bay (A) Max.
Min.

51.5
32.5

58.1
40.5

67,3
50.4

72.5
54.7

71.5
54.3

67.8
53.8

56.6
43.2

Port Frances Max.
Min.

49.2
29.7

58.5
39.5

68.6
49.3

74.4
53.6

71.9
52.6

65.6
47.7

52.5
37.0

Fort William Max.
Min.

48.5
27,5

56.6
35.5

65.5
45.1

73.7
49.8

70.4
47.9

64.4
46.3

52.5
35.1
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TABLE 2 Departure of 1968 Growing Season Temperatures from Long-Term Monthly 
Averages

Station April May June July Augus t September October

°F

Harrow Max. +3.9 -4.6 -2.0 -3.0 -0.7 +1.5 +0.3
Min. +3.7 -1.4 +0. 1 -1.0 +0.3 +3.0 + 1.7

Ridgetown Max. +4.0 -4.2 -3.0 -3.8 -2.0 +1.0 +0.3
Min. +2.0 -2.7 -0.5 -0.6 +0.2 +3.1 +1.5

London Max. +4.6 -4.9 -1.7 -2.7 -1.3 +1.3 -0.1
Min. 0.0 -4.3 -3.1 -2.9 -2.5 +2.7 +0.8

Guelph Max. +5.3 -5.5 -1.7 -1.5 -1.2 +0.9 +0.6
Min. +1.2 -3.0 -2.2 -2.3 -0.7 +3.6 +1.8

Smithfield Max. +5.4 -3.0 -5.7 -0.6 -2.1 +2.4 +1.3
Min. +3.5 -0.3 -0.7 -1.3 -1.3 +3.1 +2.4

Kemptville Max. +7.1 -2.7 -4.6 -0.9 -3.4 +3.8 +1.5
Min. +3.5 -1.6 -2.3 -1.2 -2.7 +2.0 +4.4

Ottawa Max. +8.5 -1.3 -3.2 -0.2 -3.3 +4.5 +3.3
Min. +4. 7 -0.2 +0.5 +1.5 -0.2 +4.8 +4.6

New Liskeard Max. +5.4 -0.7 -5.2 -2.1 -3.6 +2.5 +1.3
Min. +5.3 +1.7 -0.4 +1.2 -0.8 +5.2 +7.0

Kapuskasing Max. +2.7 +3.5 -2.8 -4.5 -1.4 +6. 2 +2.6
Min. +3.5 0.0 -2.5 -1.3 -3.8 +3.2 +4.1

Gore Bay (A) Max. +4.5 -1.7 -2.6 -3.3 -3.1 +3.2 +2.7
Min. +2.7 -0.5 -0.9 -3.3 -3.5 +3.4 +2.7

Fort Frances Max. +0.2 -4.5 -3.6 -3.9 -3.1 + 1.2 -0.7
Min. + 1.3 -1.1 -1.4 -2.7 -1.4 +3.2 +2.2

Fort William Max. +2.8 -2.0 -3.0 -1.5 -2.7 +1.4 -0.5
Min. +1.6 -0.8 -1.0 -2.0 -3.0 +3.7 +1.9

- 9 -



TABLE 3 Monthly Total Precipitation for the 1968 Growing Season

Station April May June July Augus t September
---------------------- it

October

Inches

Harrow 2.14 6.87 3.94 4.87 1.70 1.39 2.07
Ridgetown 1.81 5.77 3.99 2.46 3.25 1.80 1.94
London 1.84 2.67 5.72 3.63 2.94 4.33 3.60
Guelph 1.44 2.85 3.14 5. 73 6.12 3.50 2.44
Elora 1.00 2.15 3.20 3.42 3.20 4.36 2.51
Smithfield 1.13 5.39 4.84 .96 2.61 2.90 3.22
Kemptville 1.13 2.82 4.24 1.98 1.80 3.93 2.98
Ottawa 1.53 2.11 4.86 3.14 2.34 3.63 2.24
New Liskeard 1.26 1.74 5.18 4.33 1.37 5.28 1.94
Kapuskasing 3.56 0.33 5.02 8.02 1.98 4.92 4.86
Gore Bay 2.46 2.49 3.03 1.63 6.82 4.80 2.13
Fort Frances 2.34 1.95 6.95 4.29 4.13 4.73 3.44
Fort William 2.91 3.62 4.83 6.64 3.45 2.69 3.79

TABLE 4 Departure of Monthly Precipitation During the 1968 Growing Season 
from the Long-Term Average

Station April May June July August September October

Inches
Harrow -0.6 +4.2 +0.8 +2.4 -0.9 -0.9 -0.1
Ridgetown -1.3 +2.8 + 1.2 -0. 3 +0. 7 -0. 7 -0.8
London -1.4 -0.3 +2.6 +0.1 +0. 1 +0. 9 +0.7
Guelph -1.3 -0.3 +0. 1 +2.5 +3.1 +0.6 -0.2
Smithfield -2.7 +2.0 +2.4 -1.6 -0.6 -0.1 0.0
Kemptville -1.6 -0.1 +1.6 -0.8 -1.1 +0.9 +0.4
Ottawa -1.2 -0.7 +2.1 -0.1 -1.0 +0.4 -0.4
New Liskeard -0.2 -0.6 +2.0 +0.8 -2.0 +1.6 -0. 7
Kapuskasing +1.9 -2.2 +2.1 +4.9 -1.1 +1.8 +2.5
Gore Bay -0.1 0.0 +0.2 -0.6 +4.5 +1.3 -1.0
Fort Frances +0.3 -0. 7 +2.9 +0.5 +0.2 +1.4 +1.5
Fort William +0. 9 +0.8 +1.6 +3. 6 +0.1 -0.5 +1.3
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THE WEATHER AT GUELPH, IN 1968

T.V. Thompson

Temperature and precipitation patterns at Guelph for 1968 are compared 
with the long-term averages in Figure 1 and Table 5.

Cool, wet weather prevailed throughout 1968. The average temperatures 
for January, February and May were in excess of 4°F below normal. The only 
prolonged warm period extended from the last week of March to the third week of 
April when temperatures were approximately 7°F above normal. Single weeks of 
warm weather occurred in early June, late September, and late October.

The amount of precipitation (39.9 inches) was the greatest reported 
since 1954 (40.7 inches), the year of Hurricane Hazel. The combined July-August 
rainfall of 11.85 inches set an all-time record for this period (observations 
began in 1881).

This year also produced many intense thunder storms. For example, 2.82 
inches of rain was recorded in one hour on July 9th.

Degree-day accumulations were near normal by the end of October. 
However, if it hadn’t been for the warm period in early April, degree-day 
accumulations would have been much below the long-term average (Figure 1)

TABLE 5 Summary of 1968 Weather at Guelph

1968 Normal
Departure 
from Normal

Mean Maximum Temperature (°F) 52.4 53.3 - 0.9
Mean Minimum Temperature 35.0 35.8 - 0.8
Mean Annual Temperature 43.7 44.6 - 0.9

Total Degree Days Below 65°F 7969 7749 + 220
Total Degree Days Above 42°F 3457 3360 + 97
Corn Heat Units between
May 11 and First Killing Frost 2805 2650 + 155

Total Rainfall (inches) 33.83 27.16 + 6.67
Total Snowfall (inches) 63.9 56.4 + 7.5
Total Water Equivalent of Snowfall 6.06 - -
Total Precipitation (inches) 39.89 32.80 + 7.09

Total Bright Sun (hours) 2208 1979 + 229
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FIGURE 1 1968 Weather Records at Guelph Compared with the 56 Year Average



Miscellaneous Data - Guelph 1968

Temperatures: Highest for year 
Lowest for year 
Last frost in spring 
First frost in autumn

89°F on June 9 and July 16
-14°F on Jan. 8 and 24
May 7, 26° F
Oct. 6, 30° F

Precipitation: Greatest rainfall in one day 3.13" on July 9
Greatest snowfall in one day 8.6" on March 12
Longest period with 
precipitation each day 10 days, Feb. 8-17

Longest period without 
measurable precipitation 9 days, April 5-13
Last snowfall in spring April 25
First snowfall in autumn November 16
No. of days with freezing 
rain 16

Thunderstorms: No. of days with 26
First of year March 26
Last of year November 28

CLIMATE AND CROP PRODUCTION STUDIES

D.M. Brown

Studies of the effect of climate on crop production require observations 
on the soil and crop as well as on the weather. Some of the soil and crop 
observations recorded in 1968 and related studies are outlined below.

Soil Conditions in Spring

Most annual field crops yield more when seeded early. However, it is 
often not practicable to seed early because of high soil moisture which prevents 
tillage for seedbed preparation. Early seeding is an advantage only when the 
soil temperature is high enough for germination and early growth. The time of 
first cultivation and seeding varies considerably from year to year and region to 
region in a moist, temperate climate like we have in Ontario. In order to provide
the probabilities of the time of the first and subsequent dates of seeding, a study 
of surface soil moisture in springtime, and derivation of methods of estimating it, 
were started in the spring of 1968.

At weather observation sites soil temperatures are usually taken under sod. 
It is therefore important to know soil temperatures in "bare" soil compared to those 
under sod. These comparisons were made at the O.A.C. weather station in 1968. 
On warm sunny days "bare" soil temperatures at 4 inches can rise 5°F or more higher 
than under sod. On clear cold nights temperatures can fall 5°F or more lower under 
bare soil.
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Phonological Observations on Grain Corn

Grain corn production has increased considerably over the last 5 years 
in the cool, short-season regions of Southern Ontario. This production increase 
has been possible because of the availability of early-maturing hybrids requiring 
a shorter season to reach physiological maturity. Since hybrid recommendations 
in Ontario are based on a heat-unit system, it is necessary to know the heat-unit 
rating for the new short-season types. With this purpose in mind, a study of the 
time period from seeding to tassel and silk emergence and to physiological maturity 
continued at 3 sites in 1968 with some of the short-season hybrids.

The dates of planting were May 22, 15 and 18 and the corn emerged on 
June 3, 4 and 5 at Ailsa Craig, Guelph and Elora, respectively.

Tables 6 and 7 show the variation in dates of occurrence of development 
stages between locations for the same variety. In all cases, each stage occurred
earliest at the warmest location, Ailsa Craig. However, corn heat unit values
from planting to maturity were nearly the same at Elora and Guelph for each of the 
three hybrids (Table 8). The values were comparable to ratings assigned to these 
hybrids.

TABLE 6 Dates of Tassel and Silk Emergence in 1968

Hybrid
50% Tassel Emergence 50% Silk Emergence
Guelph Elora Ailsa Craig Guelph Elora

Morden 88 July 22 July 25 July 28 Aug 2 Aug 5
Pride 109 (OX 303) July 24 July 26 July 31 Aug 2 Aug 3
Pride 116 July 29 Aug 3 Aug 2 Aug 4 Aug 6
United 108 July 27 July 29 Aug 4 Aug 5 Aug 7
Pride 5 July 29 Aug 2 Aug 2 Aug 5 Aug 8

TABLE 7 Dates of 40 and 35 Per Cent Kernel Moisture in 1968

Hybrid

Kernel Moisture Content
40% Moisture 35% Moisture

Ailsa Craig Guelph Elora Ailsa Craig Guelph Elora

Morden Sept 3 Sept 18 Sept 21 Sept 12 Sept 22 Oct 1
Pride 109 
(OX 303) Sept 10 Sept 18 Sept 25 Sept 17 Sept 27 Oct 10

Pride 116 Sept 14 Sept 23 Oct 2 Sept 22 Oct 1 Oct 11
United 108 Sept 16 Sept 26 Oct 4 Sept 23 Oct 3 Oct 11
Pride 5 Sept 18 Sept 27 Oct 8 Sept 27 0 ct 4 Oct 15
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TABLE 8 Corn Heat Units* For Three Recommended Hybrids in 1968

Hybrid Guelph Elora

Pride 116 2600 2625
United 108 2670 2655
Pride 5 2695 2710

* Corn Heat Units are derived from max. and min. temperatures, assuming a daytime 
optimum of 86°F and 40°F for max. and min. respectively.

Moisture Loss From Ear Corn After Maturity

Rate of kernel moisture loss from ear corn standing in the field after 
physiological maturity determines the time at which it can be harvested and safely 
stored in cribs or, if artificially dried, determines the cost of drying. Weather 
conditions affect the rate of moisture loss. Study of the effect of weather on
the field drying rate of ear corn continued in 1968. Data presented in Table 9 
indicate the rate of kernel moisture loss for two hybrids during different periods 
at three sites. It appears that rates of moisture loss were greatest at Guelph 
and Elora for a period prior to September 22nd and the lowest rates occurred during 
the last week of September. Rainy weather and wet soil conditions were prevalent 
after September 22.

Period
Morden 88 United 108

Ailsa 
Craig Guelph Elora

Ailsa
Craig Guelph Elora

Moisture Loss - Per Cent per Day
Sept 4-11 0.4 - — - - -
Sept 9-16 - 0.5 1.1 — 1.9 1.2
Sept 11 - 19 0.8 - - 0.8 - -
Sept 16 - 24 - 1.2 1.2 - 0.8 0.9
Sept 19 - 27 0.4 - - 0.7 - -
Sept 24 - 30 0.1 0. 1 - - -
Sept 27 - Oct 8 0.6 - - 0.6 — -
Sept 30 - Oct 9 - 0.5 0.8 - - -
Sept 30 - Oct 15 — - - 0.7 0.8

Fall Frost and Grain Corn Yields

Freezing temperatures in late summer or early fall cause untold losses 
in quantity and quality of corn. In an attempt to determine the loss in yield 
from early killing fall frosts a study was initiated in 1966 in which simulated 
freezing treatments were applied at approximately weekly intervals in September.
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In 1967 and 1968 a chemical defoliant (Paraquot) was used to simulate the effect 
of frost injury. Two hybrids, one rated at 2600 and the other at 2700 Corn 
Heat Units, were grown in the test at Guelph in 1968.

Results for the past two years show that yields of recommended hybrids 
would be reduced if killing frosts occurred before September 15. However, very 
little, if any, yield reduction occurred when "freezing" treatments were applied 
after mid-September.

Frost Injury to Apple Buds in Spring

Excessive injury to buds on fruit trees caused by low temperature 
is common when buds start growing too early in spring, before the last killing 
frost. This often occurs in orchard sites that:

(1) slope to the west or south;

(2) have no protection provided by large bodies of water such as 
the Great Lakes;

(3) have basins or hollows into which the cold air can flow at night.

A large apple orchard south of Guelph is situated on a moraine where there 
are many knolls and basins, typical of category (3) above. Frost damage in five 
out of the past six spring seasons has resulted in substantial crop loss in this 
orchard.

Conditions in the spring of 1968 provided an ideal opportunity to determine 
the temperature level at which injury occurs to apple buds just approaching the pink 
stage. A warm spell in mid-April advanced the fruit buds to the vulnerable stage 
and cold air masses in late April and early May provided suitable conditons for the 
study.

From minimum temperatures recorded in the orchard and observation of 
damage to the fruit buds it is concluded that air temperatures around the buds 
have to drop to 20°F before the buds in the pink-, or pre-pink stage are damaged. 
However, the lowest recorded air temperatures at the standard 5-foot level from 
the closest climatological station during the cold spells was 25°F. Temperatures 
in a basin at the orchard site were 17°F at the 5-foot level and 11°F at the grass 
level during the coldest night.

The apple crop was practically a complete failure in the hollows and 
basins with only a few apples on the upper branches of trees. The lower branches 
of trees on the knoll produced very few apples, whereas the upper branches produced 
a full crop.
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SOIL SCIENCE

MICRONUTRIENTS FOR FIELD CROPS

17 -

T.H. Lane

The micronutrient research program initiated in 1964 was continued in 
1969 on farms where good soil management practices were followed.

The objectives of this program were:

1. To determine the extent and degree of micronutrient deficiencies or 
excesses for field crops in Ontario.

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

In 1968, this program included eleven locations for corn, five locations 
each for potatoes, soybeans and barley and six locations for white beans. 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 10 to 15 
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. The coefficient of variation 
(C.V.) in Tables 10 to 15 provides a measure of the precision of the experiment; a 
low C.V. denoting greater precision than a high C.V.

Statistically significant yield increases were obtained from foliar 
application of boron, zinc, manganese or magnesium on 10 per cent of the farm fields 
on which these trials were conducted from 1965-68, Table 16. Equally important is 
the fact that on 8 per cent of the farm fields on which these trials were conducted 
there was a significant yield decrease from foliar application of boron, zinc, 
manganese, magnesium or copper.

* 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.



Nutrient Applied*

TABLE 10 Yield of Corn in 1968 With Foliar Application of Micronutrients 
and Magnesium

County Check Cu Mn Zn B Mg C.V.(%)

bu/ac
Kent (1) 72 73 70 72 72 79 11.7
Kent (2) 74 67 78 80 72 73 13.7
Kent (3) 100 112 106 112 102 110 10.2
Durham (1) 80ab 78b 91a 86ab 87ab 83ab 11.4
Durham (2) 129 123 126 132 126 123 9.6
Peel 89 94 92 88 88 89 5.5
Oxford 77 73 79 85 86 82 16.0
Middlesex 154 147 153 147 141 146 7.9
Elgin 132 135 138 135 130 132 6.8
Northumberland 113 125 117 118 121 115 8.7
Wentworth 110 117 114 115 113 114 9.8

* Foliar applications were at two growth stages with the exception of the 
Elgin county location for zinc where three applications were made up to 
the pre-tassel stage: first application (20 gal/ac) at 4 to 8 leaf stage 
(4"-8" height); second application (40 gal/ac) at pre-tassel stage (12 to 
14 leaf stage at 3' height).

TABLE 11 Moisture Content of Ear Corn at Harvest in 1968 After Foliar 
Application of Micronutrients and Magnesium

County
Nutrient Applied

C.V.(%)Check Cu Mn Zn B Mg

per cent mois ture
Kent (1) 36.1 36.5 35.4 35.8 35.4 34.8 3.9
Kent (2) 42.1 42.0 42.2 42.0 42.3 42.1 1.7
Kent (3) 45.Oab 44.Obcd 44.8abc 43.3d 45.3a 44.3abcd 1.9
Durham (1) 37.4ab 40. la 34.7b 36.7ab 36.5ab 35.7b 9.0
Durham (2) 39.1 39.1 38. 7 38.9 39.0 40.3 4. 3
Peel 46.6 46.6 46.1 46.7 46.9 46.5 3.0
Oxford 35.7 34.0 35.6 34.5 35.8 34.6 14.8
Middlesex 36.2 37.8 37.8 37.9 37.6 37.5 4.2
Elgin 40.3 40.5 40.3 40.6 40.4 40.5 1.7
Northumberland 41.6 42.6 41.7 40.8 40.9 41.4 5.4
Wentworth 42.1 41.6 43.1 42.8 42.4 43.1 3.8
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TABLE 12 Yield of Barley in 1968 With Foliar Application of Micronutrients 
and Magnesium

County
Nutrient Applied*

C.V. (%)Check Cu Mn Zn B Mg

Waterloo (1) 76 78
bu/ac
70 71 75 77 12.0

Waterloo (1) 79 79 80 82 80 79 9.4
Wellington (2) 61ab 58b 6lab 63ab 6lab 69a 11.7
Wellington (2) 61 58 58 58 59 60 8.7
Halton 63ab 64ab 59b 64ab 70a 62b 9.5

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

* Foliar applications at two growth stages: first application (20 gal/ac) 4 to 
5 leaf stage (4" - 6" height); second application (40 gal/ac) at shot blade 
to early boot ( 6 to 7 leaf stage).

TABLE 13 Yield of Soybean in 1968 With Foliar Application of Micronutrients 
and Magnesium

County
Nutrient Applied*

C.V.(%)Check Cu Mn Zn B Mg

bu/ac
Lambton 32 31 31 32 29 32 8.1
Kent (1) 32ab 31ab 30b 34a 34a 32ab 8.5
Kent (2) 25 26 27 25 26 26 8.1
Essex 33 35 34 36 33 35 10.4
Middlesex 27 29 26 28 29 30 9.4
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Nutrient Applied*

TABLE 14 Yield of White Beans in 1968 With Foliar Application of Micronutrients 
and Magnesium

County Check Cu Mn Zn B Mg C.V. (%)

bu/ac
Huron (1) 14b 14b 16ab 19a 15b 16ab 18.5
Huron (2) 25 26 24 23 26 25 10. 2
Kent 15ab 14b 18a 15ab 16ab 16ab 16.9
Perth (1) 34c 36abc 36abc 35abc 38ab 39a 8.3
Perth (2) 28 31 28 30 31 32 11.8
Middlesex 22 20 22 23 25 25 17.7

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

TABLE 15 Yield of Potatoes in 1968 With Foliar Application of Micronutrients
and Magnesium

Nutrient Applied*
C.V. (%)Check Cu Mn Zn B Mg

Simcoe (1) 420 430
bu/ac
420 460 430 410 12.6

Simcoe (2) 580 580 560 590 630 610 11.9
Dufferin 540 540 560 570 560 540 6.8
Perth (1) 490 520 490 510 490 500 7.8
Perth (2) 500 530 500 500 510 520 6.5

* Foliar treatments at two growth stages: first application (20 gal/ac) at 6" - 
8" (5 to 6 stems); second application (40 gal/ac) at 16" - 20" (first bloom).
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TABLE 16 Statistically Significant (95%) Responses to Foliar Application 
of Micronutrients or Magnesium 1965-68

Crop
Total 
Number 

of Farms

Yield Increases Yield Decreases*
Number 

of Farms Nutrient
Number 

of Farms Nutrient

Oats 7 1 Mn 1 B
1 B & Mg

Barley 17 0 0
Corn 41 1 B 1 B & Mn

1 Zn 1 B & Cu
1 Zn
1 Mg

Potatoes 15 2 B 1 Mn
Soybeans 14 1 Zn 1 Zn & Mg
Whitebeans 16 2 Zn 1 Zn

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

1 Mn
1 Mg

Total 119 12 (10%) 10 (8%)

TABLE 17 Number of Trials in Which a Response was Obtained from an 
Individual Micronutrient 1965-68

Micronutrient Yield Increase

Zinc 5
Boron 4
Manganese 3
Magnesium 2
Copper 0
Total (119 trials) 14

Yield Decrease*

4
4
2
3
1
14

* No observable foliage injury from application of micronutrients

Conclusion

There has been a statistically significant positive and profitable yield 
response on 10 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.

Magnesium requirements can be predicted by soil test, and boron is
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recommended for alfalfa on coarse textured soils in Central Ontario.
Manganese deficiency is most likely to occur with small grains and soybeans 
on soils high in organic matter. For the other micronutrients there 
currently is no adequate method of predicting where deficiencies or toxicities 
will occur. It is hoped that in time plant analysis can be used for this 
purpose. Analysis of plant nutrients from the field trials presented here 
should provide valuable information on the "critical level of micronutrients 
required in crop plants in Ontario for optimum growth.

SELENIUM CONTENT OF ALFALFA AND BIRDSFOOT TREFOIL*

22

E.G. Beauchamp, T.H. Lane

A preliminary survey of the availability of selenium (Se) in some 
Ontario soils was accomplished by analyzing alfalfa and birdsfoot trefoil 
tissue from plants growing on these soils. Four birdsfoot trefoil and 117 
alfalfa tissue samples taken over several years were chosen from sites 
representing a range of soils and growing conditions in Southern Ontario and 
the Cochrane District of Northern Ontario.

The selenium content of the samples ranged from 0.008 to 0.148 ppm 
A frequency distribution of selenium content of the alfalfa and birdsfoot 
trefoil samples is presented in Table 18. Most samples contained from 0.030 
to 0.089 ppm selenium. It is known that dietary selenium concentrations 
necessary to prevent selenium-responsive diseases such as "white muscle" 
disease range from 0.02 to 0.10 ppm depending on factors such as the vitamin 
E level in the animal diet. The results of this survey support the contention 
that a considerable portion of Ontario’s soils have low levels of available 
selenium and that there is a considerable possibility for the occurrence of 
selenium-responsive diseases. The highest permissible levels of selenium in 
feedstuffs are from 2 to 3 ppm since a concentration above about 5 ppm is toxic.

* Selenium determinations by courtesy of R.B. Carson & M. Hidiroglou Research 
Branch, Canada Dept, of Agriculture, Ottawa, Ontario.



TABLE 18 Frequency Distribution of Se Content of Alfalfa and Birdsfoot 
Trefoil Tissues of Plants Collected in Southern Ontario and 
the Cochrane District

Selenium level 
(ppm)

No. of alfalfa samples No. of birdsfoot 
trefoil samples

< 0.010 1
0.010 - 0.019 5
0.020 - 0.029 3 3
0.030 - 0.039 10 1
0.040 - 0.049 23
0.050 - 0.059 23
0.060 - 0.069 22
0.070 - 0.079 12
0.080 - 0.089 9
0.090 - 0.099 3
0.100 - 0.109 1
0.110 - 0.119 0
0.120 - 0.129 1
0.130 - 0.139 2
0.140 - 0.149 2

117 4

Selenium content of alfalfa lower than 0.030 ppm occurred in Glengarry, 
Prescott, Northumberland, Dufferin, and Grey Counties. One birdsfoot trefoil 
sample each from Ontario and Dufferin counties contained less than 0.030 ppm. 
Of the 13 alfalfa samples taken in the Cochrane District, three contained less 
than 0.030 ppm selenium including one which contained only 0.008 ppm. The only 
birdsfoot trefoil sample from the Cochrane District contained 0.027 ppm.

There was no apparent relationship between soil texture and selenium 
content of alfalfa plants (Table 19).

TABLE 19 Mean Selenium Concentration of Alfalfa Plants Growing on Soils of 
Different Textures

Soil Texture
Number*  

of Sites
Mean Selenium concentration 

in alfalfa plants (ppm)

Sandy loam 15 0.056
loam 26 0.068
silt loam 12 0.045
silt clay loam 18 0.060
clay loam 20 0.048
silty clay 3 0.045
clay 3 0.093

* Soil textures associated with some of the tissue samples were unknown.
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MACRONUTRIENT CONTENT OF CORN AND CEREAL VARIETIES AND BREEDING LINES.

Eric G. Beauchamp*

* L.W, Kannenberg, R.B. Hunter and E. Reinbergs of the Crop Science Department 
graciously made their field plots available for this study.

The nutrient element content of plant tissue is a useful measure of 
the availability of nutrients in soils. However, several factors in addition 
to nutrient availability affect the nutrient content of plants. Genotypic 
variability of cultivated species is one of these factors. From the point of 
view of a breeding program, a good knowledge of the variability of nutrient 
content in relation to genetic variability may be useful for improving the 
efficiency of utilization of nutrients within growing plants as well as for 
improving the quality of feedstuffs.

In 1968, tissue samples of selected corn, oat and spring barley 
varieties were collected from different regional variety tests in Ontario. 
Also collected were samples of 16 inbred corn lines and 20 winter barley lines 
and varieties used in the breeding programs of the Crop Science Department, 
University of Guelph. Cereal tissue samples were taken when the plants were 
completing the heading stage and included the stem and the four uppermost leaves 
but excluded the head. The middle one-third portion of corn leaves was sampled 
when the plants had just completed tasselling. Ordinarily, only the leaf 
opposite and below the ear (sub-ear leaf) x^as sampled although in some instances 
the uppermost or "flag" leaf was also sampled for comparison with the sub-ear 
leaf.

The varieties of all three crops differed significantly in nitrogen 
content (Table 20). The spring barley variety, Herta, contained significantly 
less phosphorus than the other three varieties. Corn hybrids and oat varieties 
both differed significantly with regard to magnesium content.

The magnesium content of the uppermost leaf differed considerably from 
that of the sub-ear leaf of the inbred corn lines (Table 21). Differences in 
nitrogen, and potassium content were not so pronounced.

With some exceptions, the percentages of nitrogen, phosphorus, potassium, 
and magnesium were evenly distributed within the range limits indicated in Table 21. 
One notable exception was the magnesium content of the sub-ear leaf of the corn 
inbreds where all the values except one were below 0.65 per cent. Another exception 
was the nitrogen content of the winter barley lines and varieties where all the 
values except one were below 2.85 per cent.

Summary

The results of this preliminary study indicate that varieties presently 
used do differ significantly in content of some nutrients and that the possibility 
exists for breeding new varieties which may accumulate predictable amounts of 
various nutrients. Further studies are needed to determine if the efficiency of 
utilization of nutrients within growing plants differ depending on genotype. The 
question may be raised as to whether varieties which normally differ in content of 
a particular nutrient differ also in the critical level (the level associated with 
a limitation in yield).
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TABLE 20 Nutrient Content of Hybrid Corn, Oat, and Spring Barley Varieties 
Grown in Regional Tests in Ontario in 1968

Crop Variety N
Nutrient Element Content*

MgP K
Per Cent

Hybrid Corn Pride 5 3.69 b 0.45 1.91 0.41ab
Pride R118 3.79ab 0.46 1.88 0.48a
Warwick S1209 3.93a 0.46 2.25 0.42ab
Funks G43 3.84a 0.44 2.00 0.38 be
Pioneer 3889 3.68 b 0.45 2.04 0.32 c

Oat Dorval 1.95 b 0.24 2.66 0.14 b
Garry 1.97 b 0.26 2.77 0.19a
Stormont 2.30a 0.27 2.68 0.18a

Spring Barley Champlain 2.35ab 0.39a — 0.23
Conquest 2.50a 0.39a - 0.20
Herta 2.18 b 0.35 b - 0.18
York 2.15 b 0. 38a - 0.20

* Sites were used as replications for statistical analysis. Values are 
followed by letters only where differences are statistically significant. 
Where letters are used values not followed by the same letter are significantly 
different at the 95 per cent level.

TABLE 21 Means and Ranges of Nitrogen, Phosphorus and Magnesium Content of 
Sixteen Inbred Corn Lines and Twenty Winter Barley Lines and 
Varieties

Nutrient
Element

Inbred Corn Winter Barley
Uppermost Leaf Sub-ear Leaf

Mean RangeMean Range Mean Range

Nutrient Content - per cent
N 3.75 3.18-4.69 3.81 3.15-4.62 2.63 2.36-3.20
P 0.56 0.46-0.72 0.48 0.44-0.56 0.20 0.18-0.30
K 2.01 1.42-2.64 1.95 1.42-2.70 2.66 2.31-3.16
Mg 0.24 0.14-0.33 0.48 0.18-0.91 0.22 0.16-0.24
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FERTILIZER RATES FOR GRAIN CORN

T.E. Bates

Two trials, one on a loam and one on a sandy loam soil, were started 
in 1967 to re-evaluate fertilizer requirements for corn under high levels of 
management. A third trial on Oneida clay loam was started in 1968. These 
trials will be run for a number of years on the same areas to compare the effects 
of different nutrient levels on corn yield. The amounts of fertilizer required 
to maintain different nutrient levels in the soils and plant tissue will also be 
measured.

Corn yields from these trials are presented in Table 22 and nutrient 
content at silking in Table 23. The two sites which were begun in 1967 have 
had the same rates of fertilizer on each plot for two years and any yield response 
cannot be attributed to 1968 applications alone. The soil test values given at 
the bottom of the table are for the non-fertilized plots at the start of the 1968 
season. Plots receiving fertilizer in 1967 in most cases had higher test values 
than those presented.

Phosphorus and potassium fertilizers were broadcast and plowed down and 
the nitrogen was applied broadcast in the spring after plowing. All fertilizer 
rates were applied with and without 60 pounds of 6-24-6 fertilizer per acre with 
the seed. Row width was 30 inches with the population at 20,000 plants per acre 
on the sandy loam soil and 22,000 plants/acre on the other two sites. Weeds were 
controlled chemically.

On the sandy loam soil a period of drought before and at silking caused 
severe stress resulting in uneven growth and considerable variation in yield. On 
the Conestoga loam all plants on all plots were blown over by a wind storm on Aug. 
7. Although the plants later grew so that the top half was upright the yield is 
believed to have been seriously reduced.

On both the Fox and Conestoga soils brown margins on the lower leaves 
looking like potassium deficiency symptoms were visible at all porassium levels 
at silking time. Potassium reduced lodging slightly on the Conestoga loam.

Conclusions

Fertilizer applied with the seed (60 lb 6-24-6 per acre) reduced the stand 
significantly in two out of three sites. This is the first time that this concen
tration has clearly affected stand in the field. In spite of the stand reduction, 
fertilizer with the seed significantly increased early growth and advanced silking 
on all sites. Only on the Conestoga loam was there a significant yield response 
to fertilizer with the seed (5 bu per acre).

Response to nitrogen was not closely related to leaf nitrogen content at 
silking. There was a response to nitrogen on the Conestoga loam at a leaf nitrogen 
content (2.94Z) which appeared to be adequate on the Oneida clay loam.

There was no response to phosphorus on any of the trials and phosphorus 
content of the leaf was quite high. This was not expected on the Conestoga loam 
which is low in available soil phosphorus. Barley in a trial site adjacent to this 
site gave a very marked response to phosphorus (see fertilizer rates and seeding 
time of barley in this report).
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On the one site (Conestoga loam) which was lowest in soil and leaf 
potassium there was a significant response to potassium fertilizer.

These trials will be continued.

Fertilizer Rate
Yield of Shelled Corn

Fox 
sandy loam 
Brant Co.

Oneida 
clay loam 
Halton Co.

Conestoga loam 
Elora Res. Sta,

Nitrogen
N

Phosphate
P2O5

Potash
K2O

lb/ac bu/ac*
0 91 96** 74 b 118 d 70 d

50 91 96 92 ab 118 cd 87 ab
100 91 96 112 a 123 abcd 90 ab
150 91 96 95 ab 121 bcd 83 abc
200 91 96 98 ab 124 abcd 82 abc
300 91 96 104 ab 126 abcd 87 abc
150 0 96** 114 a 129 abc 83 abc
150 23 96 116 a 124 abcd 85 abc
150 46 96 106 a 132 a 80 bed
150 91 96 95 ab 121 bcd 83 abc
150 182 96 107 a 124 abcd 94 a
150 91 0 88 ab 129 abc 75 cd
150 91 24 95 ab 127 abcd 85 abc
150 91 48 103 ab 121 bcd 88 ab
150 91 96 95 ab 127 abcd 83 abc
150 91 192 95 ab 131 ab 87 abc
300 91 192 96 ab — 83 abc

Phosphorus soil test value of plots
without phosphorus application 305 234 69

Recommended phosphate application
lb P2O5/ac 0 20 80

Potassium soil test value of plots
without potassium application 209 446 172

Recommended application lb K2O/ac 20 0 50

A In columns where values are followed by letters, those values which are not 
followed by the same letter are significantly different at the 95 per cent 
level.

* * 48 lb K2O/ac was applied on the Oneida soil instead of 96.

27 -

TABLE 22 Yield of Corn Grain With Different Rates of Fertilizer



TABLE 23 Nutrient Content of Grain Corn With Different Rates of Fertilizer*

Fertilizer Rate
Nutrient Content at Silking**

Fox 
sandy loam 
Brant Co.

Oneida 
clay loam 
Halton Co.

Conestoga loam
Elora Res. Sta.

Nitrogen 
N

Phosphate Potast
P2O5 K2O

lb/ac % Nitrogen
0 91 96*** 2.20 c 2.53 c 2.94 c

50 91 96 2.49 b 2.63 bc 3.33 b
100 91 96 2.77 ab 2.52 c 3.52 ab
150 91 96 2.75 ab 2.79 abc 3.63 a
200 91 96 2.91 a 3.07 a 3.67 a
300 91 96 3.00 a 3.11 a 3.52 a

% Phosphorus
150 0 96*** .268 .282 .291 d
150 23 96 .277 .283 .302 cd
150 46 96 .274 .294 .315 be
150 91 96 .266 .269 .331 ab
150 82 96 .279 .292 .342 a

% Potassium

150 91 0 2.41 c 2.24 c 1.17 e
150 91 24 2.99 b 2.31 bc 1.61 d
150 91 48 3.06 b 2.63 ab 1.97 c
150 91 96 3.28 ab 2.46 bc 2.32 b
150 91 192 3.32 ab 2.84 a 2.95 a
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* In columns where values are followed by letters, those values which are not 
followed by the same letter are significantly different at the 95 per cent 
level.

** Determined in middle third of leaf opposite and below ear.

*** 48 lb K2O/ac was applied on the Oneida soil instead of 96.



FERTILIZER RATES AND SEEDING TIME FOR BARLEY

T.E. Bates

One trial was started in Dufferin County in 1967 and one at the Elora 
Research Station in 1968 to evaluate fertilizer requirements for barley as 
affected by time of seeding. The soils are Bennington loam and Conestoga loam 
respectively. These trials will be run for a number of years on the same areas 
to compare the effects of different soil nutrient levels on barley yield. The 
amounts of fertilizer required to maintain different nutrient levels in the soil 
will also be measured.

Grain yields from these trials are presented in Table 24. The Dufferin 
County site has had the same rate of fertilizer applied to each plot for two 
years and any yield response can therefore not be attributed to 1968 applications 
alone. The soil test values given at the bottom of the table are for the non
fertilized plots and taken in the fall of the 1967 season.

On the early seeded plots the phosphorus and potassium were applied 
in October and disced in. The nitrogen was broadcast approximately two weeks 
after seeding. The barley seed was simply scattered on the frozen soil surface 
on April 2 and left. On the late seeded plots rates up to 20 lbs N, 23 pounds 
of phosphare and 24 pounds of potash per acre were applied with the seed using a 
conventional seed-drill. On treatments receiving higher rates the remainder
was disced in before seeding.

Summary

The stand was patchy with the early seeding, chiefly due to seed being 
moved by water from rainfall. Yields were taken from areas where the stand was 
believed to be adequate.

In 1968 there was a very large response to phosphorus on both sites. 
At the Dufferin County site 182 pounds of phosphate increased yield by only three 
bushels in 1967. In 1968 plots receiving 91 pounds of phosphate for each of 
two years (182 pounds total) produced a 17 bushel yield increase over the check. 
In 1968 response to phosphate was over twice as large with early seeding as with 
late seeding. At Elora the trend was the same but differences were much smaller. 
There appears to have been a slight response to nitrogen and perhaps to potash at 
both sites with early seeding but not with late seeding.

Early seeding was advantageous in 1968 only when accompanied by adequate 
fertility.
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TABLE 24 Yield of Barley as Affected by Fertilizer Rate and Seeding Date

Fertilizerr Rate Dufferin Co. Elora Res. Sta.
N Phos.

P2O5
Potash
K20 April 2 May 10

Seeding Date
Average April 2 May 14 Average

0
lb/ac
91 96 41 41

grain
41 cd

yield bu/ac’
48 48 48 bc

20 91 96 45 43 44 bed 56 38 47 bc
40 91 96 41 42 41 cd 52 42 48 bc
80 91 96 56 51 54 a 49 44 47 be

160 91 96 54 42 48 abcd 49 40 45 cd

40 0 96 22 27 24 e 17 10 14 f
40 23 96 39 41 40 d 27 28 28 e
40 46 96 48 43 45 bcd 40 36 38 d
40 91 96 41 42 41 cd 52 42 48 bc
40 182 96 65 39 52 ab 64 52 58 a

40 91 0 49 49 49 abc 45 40 42 cd
40 91 24 53 41 47 abcd 44 44 44 cd
40 91 48 51 41 46 abcd 46 41 44 cd
40 91 96 41 42 41 cd 52 42 48 bc
40 91 192 51 39 45 bcd 54 48 51 abc

40 182 192 51 44 48 abcd 64 50 57 a
160 182 192 58 39 49 abc 62 47 54 ab

Phosphorus soil test value of plots 
without phosphorus application

Recommended phosphate application 
(lb P205/ac)

Potassium soil test value of plots 
without potassium application

Recommended potassium application 
(lb K20/ac)

122

20

400

0

79

50

231

0

* In columns where values are followed by letters, those values which are not 
followed by the same letter are significantly different at the 95 per cent 
level.
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FERTILIZATION OF CARROTS AND ONIONS ON ORGANIC SOILS

A.L. Willis

In 1965 trials were set out on a muck soil of the Bradford Marsh to 
study the effects of phosphorus and potassium fertilizers on carrot and onion 
yields. These trials are providing useful information on the soil test levels 
at which fertilizer response can be expected. In the future they should also 
provide information on the amount of fertilizer required annually to maintain a 
desired soil test level. During 1967 and 1968 leaf tissue was also analysed to 
determine the level of nutrients required in the tissue for maximum yields.

Relation of Yield to Soil and Fertilizer Potassium

Soil test values were based on samples taken from each plot prior to 
fertilizer application in the spring of 1968. Fertilizer was broadcast and 
disced in before seeding. On both the carrot and onion plots the fertilizer was 
applied at rates of 60 pounds nitrogen and 120 pounds phosphate (?2^5^ Per acre 
while the potash was applied at rates of 0, 150 and 300 pounds K^O per acre. 
The yield from each plot was related by regression analysis to the soil test and 
applied fertilizer.

Figure 2 shows the 1968 yield of carrots predicted from the applied 
fertilizer and exchangeable soil potassium using the accompanying equations. 
These curves show a relatively small range of yield values and a relatively 
small R^ value. Only 57.6 per cent of the variability in yield could be accounted 
for by the variation in soil test and applied fertilizer. All the curves indicate 
a gradual increase in yield with applied potash with the maximum not being reached 
in 1968.

Figure 3 represents average yields and response to fertilizer at different 
soil test levels from the years 1966 and 1968 (in 1967 there was a crop failure due 
to flooding). These three curves show a large response when soil test potassium 
is low and a negative response to high application rates when soil test potassium is 
high. Since 150 pounds per acre was the lowest rate used, predictions for very low 
rates may be somewhat inaccurate.

Figure 4 shows the yield of onions predicted from the accompanying 
equation. Both the R^ value and the shape of the curves are similar to those 
obtained for onions in 1966 (see 1967 progress report). As with carrots decreases 
in yield are predicted at the higher application rates at higher soil test levels.

Potassium Content of Carrot and Onion Leaves Related to Yield in 1968

Samples of leaf tissue were taken at two week intervals starting on July 
17. Four sets of carrot samples and 3 sets of onion samples were analyzed for 
potassium and phosphorus. For carrots the entire above-ground portion of the plants 
was used for analysis. For onions the latest mature leaf was used. The curves in 
Figure 5 are the average of 1966 and 1968 values for the first and third samplings. 
There was a decrease in potassium content with time of sampling. It appears that 
a minimum of 5.0 per cent potassium in the early sampling and 3.7 per cent in the 
later sampling is necessary for maximum yield.
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Figure 2 Relation of Carrot Yield to Soil Test and Applied Potash on an Organic 
Soil in 1968.

Figure 3 Relation of Carrot Yield to Soil Test and Applied Potash on an Organic 
Soil. Equations presented are the average of 1966 and 1968 regressions.



Figure 5 Relation of Carrot Yield to Potassium Content of Leaves on an Organic 
Soil. Equations presented are the average of 1966 and 1968 regressions.
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Figure 4 Relation of Onion Yield to Soil Test and Applied Potash on an Organic 
Soil in 1968.



The curves in Figure 6, are for the 3 samplings of onions in 1968. 
The potassium content for maximum yield of onions is somewhat lower than for 
carrots being 4% potassium in the early sampling and about 2.4% in the later 
samplings.

Relation of Soil and Applied Potassium to Nutrient Content

The relation of nutrient content of carrot and onion leaves to soil 
and applied potassium is shown in Table 25. For carrots the third sampling gave 
the best prediction of uptake, for onions the first sampling was the best. With 
both crops potassium content of the leaves was closely related to soil and ferti
lizer potassium.

Sampling Date Carrots
Potassium Content

Onions

July 17
% K

1.7 - 6.1

R2*

.885
% K

1.2 - 4.7

2R *
.899

Aug 2 1.1 - 6.2 .901 0.6 - 3.3 .869
Aug 16 0.5 - 5.5 .936 0.5 - 3.0 .851
Aug 30 0.4 - 5.4 .815

Phosphorus

The taking of soil samples and application of fertilizer were similar to 
those described previously for potassium. On both carrot and onion plots the 
fertilizer was applied at rates of 60 pounds of nitrogen and 120 pounds of potash 
(K2O) per acre while the phosphate was applied at rates of 0, 100 and 200 pounds 
P2O5 per acre.

The yield results obtained for carrots and onions in 1968 show very little 
response to applied phosphorus even at the lowest soil test values of 450. Phosphorus 
soil test values as high as 950 did not increase yields. These results are in keep
ing with those reported for carrots and onions in 1966 (Progress Report 1966, p.23, 
1967 p. 28). In 1966 onion yields responded to phosphorus fertilizer at soil test 
values of 200 but not at high soil test values. In 1968 none of the soil phosphorus 
values were below 450. The average yield over all treatments on 25 onion plots in
1966 was 775 bushels per acre. In 1968 the average yield was 1157 bushels per acre.

The values presented in Table 26 indicate the percentage of variation in 
uptake of phosphorus by carrots and onions which was accounted for by fertilizer 
application plus soil test values. For carrots, soil and fertilizer phosphorus 
accounted for an appreciable amount of the variation. For onions, very little of 
the variation was accounted for.
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TABLE 25 Multiple Regression of Potassium Content of Carrot and Onion Leaves on 
Soil Test and Fertilizer Potassium in 1968

2AR represents that fraction of the total variation in potassium content which 
was explainable by variation in soil and fertilizer potassium.



TABLE 26 Multiple Regression of Phosphorus Content of 1968 Carrot and Onion 
Leaves on Soil Test and Fertilizer Phosphorus

Sampling Date Carrots
Phosphorus Content

Onions

%P R2* %P r2*
August 2 .21 - .34 .52 .25 - .36 .08
August 16 .19 - .30 .59 .23 - .32 .05
August 30 .18 - .29 .67

* The R2 value represents that fraction of the total variation in phosphorus 
content which was explainable by variation in soil and fertilizer phosphorus.

Although phosphorus content of carrots was related to soil levels and 
fertilizer application it was not related to yield. This is what one would 
expect when levels in unfertilized plants are sufficient for maximum yield. The 
phosphorus contents shown in Table 26 are apparently adequate for carrots and onions.
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Figure 6 Relation of Onion Yield to Potassium Content of Leaves on an Organic Soil 
in 1968.



CORN YIELD AND COMPOSITION AS AFFECTED BY MANURE, 
STOVER, AND FERTILIZER NITROGEN

- 36 -

J.W. Ketcheson

Nitrogen rates from 0 to 200 pounds per acre were applied in 1963 and 
each year since to corn growing on Guelph loam. One set of nitrogen treatments 
has the stover left on, a second set has the stover removed and a third set has 
stover removed and manure applied. The rate of manure application was estimated
to supply 100 pounds nitrogen per acre. Phosphorus and potassium fertilizers 
were applied on all treatments at rates considered to be adequate.

The response to manure, or to limited amounts of commercial nitrogen, 
gradually increased over the four-year period (Table 27). Nitrogen-fertilized 
grass preceded the corn on this site prior to 1963 and the soil was high in nitrogen 
at the start of the experiment. Increasing commercial nitrogen applications up 
to 200 pounds per acre tended to decrease yields when applied in combination with 
manure. Where no nitrogen was applied stover tended to reduce yields, but when 
adequate nitrogen was used stover appeared to produce somewhat higher yields than 
no stover.

Nitrogen, phosphorus and potassium concentrations in corn leaf tissue at 
silking were increased by manure treatments (Table 28). In the manured treatments 
the concentrations of nitrogen and phosphorus were constant with increments of 
nitrogen fertilizer up to 200 pounds per acre per year. Fertilizer nitrogen 
depressed the concentration of potassium.

Where no manure or fertilizer nitrogen was applied, stover returned to 
the soil tended to depress nitrogen concentrations in tissue. When intermediate 
amounts of fertilizer nitrogen were used stover increased potassium concentrations 
to a level equal to those from manure. Calcium and magnesium concentrations were 
highest where no residue was returned.

With the possible exception of nitrogen where stover was returned, the 
concentrations of all elements appear adequate to avoid yield depressions. The 
reason for the yield depressions with high nitrogen application is not apparent in 
the tissue analysis data.



TABLE 27 Effect of Nitrogen, Stover, and Manure on Corn Grain Yield at Guelph

Nitrogen*  
lb N/ac

Stover 
Returned

Stover
Removed

Stover Removed 
10 Ton Manure/ac

grain yield - bu/ac
1965

0 94 91 102
50 89 89 98
100 92 90 101
150 92 94 92
200 81 94 91

1966
0 88 90 97

50 93 90 91
100 98 90 94
150 98 96 99
200 94 96 94

1967
0 70 83 99

50 97 100 101
100 94 100 114
150 100 99 112
200 106 99 100

1968
4 84 92 126
4 90 96 127
4 113 113 126
4 112 108 119
4 112 108 116

* Nitrogen applied in 1963 and each year since.
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TABLE 28 Effect of Nitrogen, Stover and Manure on Corn Leaf Composition

Nitrogen 
lb/ac

Stover 
Returned

Stover
Removed

Stover Removed 
10 Ton Manure/ac

N P K N P K N P K

per cent
1965

0 2.5 .28 3.0 2.8 .28 3.0 3.8 .38 3.5
50 2.4 .24 3.1 3.0 .29 2.7 2.8 .37 3.2

100 3.6 .36 3.2 3.7 .37 3.3 3.8 .35 3.6
150 3.7 .35 3.0 4.0 .36 2.7 3.7 .36 3.2
200 3.8 .34 2.6 3.8 . 36 3.3 3.8 .37 3.2

1966
0 2.9 .29 2.8 2.8 .28 2.8 3.6 .38 3.7

50 3.4 .32 2.5 3.6 .32 2.5 3.8 .39 3.3
100 3.6 .35 2.9 3.9 .34 2.3 3.7 .36 2.5
150 3.8 .33 2.7 3.7 .33 2.1 3.8 .35 3.1
200 3.8 .36 2.6 3.7 .35 2.6 3.7 .37 3.0

1967
0 3.1 .33 3.1 3.3 .32 2.9 3.6 .38 3.7

50 3.1 .32 3.1 3.4 .36 2.6 3.5 .35 2.8
100 3.4 .31 3.1 3.7 .34 2.5 3.8 .39 3.2
150 3.7 .35 3.5 3.6 .33 2.8 3.7 .38 2.9
200 3.7 .34 2.4 3.6 .34 2.8 3.7 .37 2.7

1968
4 2.6 .31 2.2 3.5 .35 2.5 3.8 .37 3.5
4 2.8 .31 2.5 2.8 .27 2.4 3.6 .36 2.9
4 4.8 .35 2.6 3.6 .34 2.5 3.5 .36 3.1
4 3.5 .34 3.4 3.6 .34 2.5 3.6 .36 3.1
4 3.8 . 35 2.7 3.6 .33 2.3 3.7 .36 3.1
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TILLAGE PRACTICES FOR CORN

J.W. Ketcheson

At Guelph in 1968 corn grown on unplowed soil from the previous corn 
crop continued to give lower yields than that on plowed soil (Table 29). The 
build-up of nutrient levels in the soil has not eliminated this difference.

TABLE 29 Effect of Plowing on Yield of Corn on Burford Loam at Guelph

Year Plowed Not Plowed

bu/ac
1967 112 98
1968 128 112

While some problems still exist in achieving uniform emergence on the 
non-plowed treatment, plant populations were the same as with the plowed treat
ment in 1968.

From root samplings, (one site only per treatment) it appears that the 
more compact soil on non-plowed plots restricted growth of roots (Table 30). 
This may be the cause of the lower yield on non-plowed plots. The lack of 
uniformity in emergence also effects a delay in silking and maturity. Continuing 
investigation will seek ways of overcoming yield restrictions under reduced 
tillage.

TABLE 30 Effect of Plowing on Yield of Roots on Burford Loam at Guelph in 1967

Horizontal Distance 
from Plant

Weight of Roots
Plowed Not Plowed

cm gm/plant
0 10.9 8.2

15 7.7 6.1
30 6.4 2.2

Total 25.0 16.5

Aside from the direct effects on yield, reduced tillage can have 
indirect effects. On sloping land, for instance, leaving the stover on the 
surface can reduce soil and water losses. This not only reduces the potential 
danger of stream pollution, but could be expected to increase the yield potential 
through better nutrient and moisture conservation.
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WATER AND SOIL LOSSES AS AFFECTED BY TILLAGE

J.W. Ketcheson

A series of plots on sloping Guelph loam at Guelph have been used to 
measure soil and water loss for a number of years. Treatments were revised in 
1968 to study the effects of manure and stover under plowed and non-plowed 
conditions for continuous corn. The slope ranges from seven to nine per cent. 
Nitrogen was applied at 150 pounds per acre without manure, and at 50 pounds per 
acre with liquid chicken manure having an estimated nitrogen content of 100 pounds 
per acre. Manure was applied April 18 and corn was planted May 1. The first 
rain causing run-off following manure applications, occurred May 9.

Water run-off for the season from April 18 to October 19 ranged from 
0.5 acre inch, or less, where stover was left on the surface of unplowed soil, 
up to nearly two inches where stover was removed from unplowed soil (Table 31). 
Plowing reduced run-off where stover was removed, but the protection afforded by 
stover left on the surface was lost when the stover was plowed down. The 
presence of stover in plowed soil had little influence on run-off. Liquid manure 
used in this experiment also had little or no influence on run-off.

Soil losses (Table 32) paralleled water run-off and ranged from 4 tons 
(0.4 per cent of the plow layer), or less, up to 40 tons (4 per cent) where stover 
was removed from unplowed soil. The eroded soil material tended to be several 
times higher in extractable phosphorus than the plot soil in general.

Yields of grain corn were higher with plowing than without (Table 31) so 
that any advantage of soil or water retentions in increasing yield was offset by 
less suitable tillage conditions. If the advantages of soil and water retention 
could be combined with good physical conditions for growth, higher yields should 
result. This combination should be particularly effective in years when periods 
of moisture deficiency occur between intense rain storms. In this case the surface 
stover could reduce run-off and increase infiltration.

Soil and water losses in 1968 were much higher than in 1967 (Table 31) 
and yields were slightly lower. There were 18 storms between May 1 and Oct, 8, 
1968, with a total precipitation of 20.7 inches. Over a similar period in 1967 
there was 15.7 inches which is very close to the long-term average for this period.

Plowing resulted in a lower concentration of phosphorus in the water 
soluble fraction of the run-off (Table 33). However, the quantities of nitrogen 
and phosphorus were small for any one storm. The July 9 storm was responsible 
for the largest nutrient loss of the season but the maximum loss in water-soluble 
form for all storms was less than one pound of nitrogen and less than one-fifth 
pound of phosphorus per acre. The concentrations of nitrate nitrogen and inorganic 
phosphorus were higher at the beginning of the season than later, and the phos
phorus concentration from manured plots was higher than from non-manured.

These results indicate that if a grower intends to grow corn without 
tillage on sloping land, he should plan to leave the stover on the surface. 
While the saving in soil and water loss may seem small they would be expected 
to increase the efficiency of production. The enriched nature of the eroded 
soil and the fact that a 2 inch deficiency of moisture at a critical stage of 
growth can cause a crop failure suggests that these losses should be minimixed.
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Over a short term stover had little influence on soil and water loss 
when the field was plowed. This study does suggest however, that if the plowing 
can be left until spring, with the previous cropTs stover left standing through 
the winter, the soil loss from winter and spring run-off may be reduced. There may 
also be merit in allowing some of the stalks to remain uncovered when plowing.

TABLE 31 Soil Loss, Water Run-off and Corn Yield, From Run-off Plots in 1968

Treatment Soil Loss Water Run-off Grain Yield

tons/ac inches bu/ac
Not Plowed

- stover left 2.37 0.45 105
- stover removed 34.94 1.57 102
- stover removed, manured 39.24 1.82 109

Plowed
- stover left 14.74 1.51 114
- stover removed, manured 24.39 1.42 113

TABLE 32 Soil Loss, Water Run-off and Corn Yield, From Run-off Plots in 1967

Treatment Soil Loss Water Run-off Grain Corn

Plowed
tons/ac inches bu/ac

- stover left 0.15 0.14 117
- stover removed 0.25 0.22 120
- stover removed, manured 0.14 0.08 126
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TABLE 33 Water Soluble Nutrient Losses for Selected Storms from Run-off Plots 
in 1968

Date Treatment Run-off Nitrate-Nitrogen*
Inorganic
Phosphorus*

cone. loss cone. loss

May 9 (first run-off following
inches ppm

manure application)
lb/ac ppm lb/ac

Not Plowed
- stover removed 0.009 3.4 0.0071 2.0 0.004
- stover removed, manured 0.011 2.2 0.0056 5.0 0.013

Plowed
- stover left 0.00 - — - -
- stover removed, manured

July 9 (second storm)

0.00

Not Plowed
- stover left 0.24 4.5 0.25 1.0 0.056
- stover removed 0.70 4.5 0.73 1.0 0.162
- stover removed, manured 0,72 3.3 0.55 2.0 0.335

Plowed
- stover left 0.57 4.2 0.55 <0.2 <0.026
- stover removed, manured 0.57 3.7 0.49 0.25 0.066

* Concentration in later storms tended to diminish to <1.0 ppm NOyN; and 
<0.2 ppm inorganic P. Total N concentration was approximately three times 
the NO -N concentration.

3
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TIMING NITROGEN APPLICATIONS FOR GRASS STANDS

R.W. Sheard

Timing the Spring Application

Nitrogen applications are required in the spring for the production of 
grass. Wet soil conditions often delay nitrogen application where grass is grown 
on poorly drained soils. Furthermore, the failure of the legume component in a 
mixture to survive the winter is not noticed until growth commences in late April. 
In these situations, how late may the spring nitrogen application be delayed 
without a reduction in yield?

In 1968 the yield of bromegrass, cut June 14 and Aug 1, was doubled by 
a single application of 50 pounds of nitrogen per acre as NH4NO3 when applied on 
or before May 5 (Table 34). Delaying the application 10 days reduced the yield 
by 660 pounds of dry matter per acre.

TABLE 34 Time and Rate of Spring Application of Nitrogen for Bromegrass

Rate of Application (lb N/ac)
Date of 

Application
____________ 50____________ ____________ 150___________
1st Harvest 2 Harvests 1st Harvest 2 Harvests

lb DM/ac*
April 5 3530 4170 4780 5760

15 3550 4130 4590 5790
25 3440 4190 4500 5680

May 5 3130 4000 4030 5360
15 2590 3340 3580 5100
25 2310 3200 3170 5090
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Yield without nitrogen; 1st harvest - 1620, 2 harvests - 2030

Increasing the rate of application to 150 pounds of nitrogen per acre produced an 
additional 1600 pounds of dry matter when applied on or before April 25. The 
decrease in overall response due to late application occurred even though the yield 
loss in the first harvest was in part compensated for by a greater proportion of 
the yield being obtained from the aftermath.

To obtain most efficient use of spring applied nitrogen, the application 
should be made prior to the end of the first week in May.

Timing the Yearly Application

Recent investigations in the laboratory and greenhouse have produced 
evidence that overwintering shoots of timothy containing a high concentration of 
nitrogenous components have a greater potential for growth than those with a low 
concentration. Application of fertilizer nitrogen early in September might permit



the nitrogenous components to be increased to a level where early spring growth 
would be equal or superior to applying the nitrogen in April. Applications after 
growth ceases in November would not be expected to increase the nitrogenous 
components, would be subject to leaching and would be expected to produce inferior 
yields.

This concept was tested in 1967 at six locations of pure timothy. 
Applying one-half the nitrogen rate in September, to build up the nitrogenous 
components and increase tillering, followed by the other one-half in April was 
superior to all other times of application at rates of 100 pounds of nitrogen per 
acre or greater (Figure 7). At a rate of 50 pounds of nitrogen per acre no 
difference in yield was measured between the September, April or split application. 
Application of all the nitrogen in early September or in April produced similar 
yields. Nitrogen applied in late November was inferior at all rates of application.

It is suggested that where nitrogen use.is planned for pure grass production 
a rate of 50 pounds per acre be applied in late August or early September of the year 
previous to that when production is required. The remaining requirement should be 
applied the following spring.

Time of Application and Sources of Nitrogen

Little difference was noted between ammonium nitrate and urea when compared 
as a single April application and as a split of four equal applications per year to 
orchardgrass over a period of two years (Figure 8). There was a trend, however, 
for a single application of 60 pounds of nitrogen per acre to be better than a split 
application; 15 pounds per acre per application being insufficient to meet the needs 
of the crop, particularly the spring growth. At the heaviest rate of application, 
urea was slightly inferior to ammonium nitrate.

The distribution of production was more uniform in a moist summer, 1967, 
than in a dry summer, 1966, and with split applications than with a single application 
(Table 35). Because of the small difference between the proportion of the production 
obtained with a single application as contrasted to a split application, particularly 
at the second and third harvests where yields are low, there is little advantage for 
hay production of more than two applications per year, early September and April. 
Where high intensity grazing with irrigation is practised, however, more frequent 
applications will produce greater uniformity of production.

TABLE 35 Distribution of Production of Orchardgrass

Year Applications Cut 1 Cut 2 Cut 3

per cent of total season' s yield
1966 Single 82 11 7

Split 70 14 16
1967 Single 51 35 14

Split 41 40 19
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Figure 7 Time of Application of Ammonium Nitrate for Timothy (Average of 
6 trials in 1968)

Figure 8 A Comparison of Ammonium Nitrate and Urea for Orchardgrass Using 
Two Times of Application (Average of 2 years)
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ALTERATIONS OF THE YIELD AND CATION COMPOSITION OF THE COMPONENTS 
OF AN ALFALFA-BROME MIXTURE

* 60 lb N/ac in April and after each of three cuts per year.

Year

Rate of Potassium (lb K2O/ac)
Without Nitrogen With Nitrogen*

0 72 144 216 0 72 144 216

Dry Matter lb/ac
Total 1967 2200 2260 2530 2450 3110 3440 3370 3390

1968 3290 3880 4170 4230 4670 5440 5500 5690

Alfalfa
Component 1967 970 1020 1110 1120 560 590 690 590

1968 430 1060 1340 1270 140 180 290 230

Brome
Component 1967 1230 1240 1420 1330 2550 2860 2680 2800

1968 2860 2820 2830 2960 4530 5260 5210 5460

Nutrient Content

Bromegrass had a higher potassium concentration in the tissue than alfalfa 
and it increased in both species as the rate of potassium application increased 
(Table 37). The use of nitrogen increased the potassium concentration in alfalfa, 
but decreased that in bromegrass. The calcium concentration was 4-fold higher in

46 -

R.W. Sheard

Yield

An application of 60 pounds of nitrogen per acre in April and after each 
of three cuts per year increased the total yield of the first harvest of an alfalfa- 
brome mixture growing on an Otonabee loam by 970 pounds of dry matter per acre in 
the first year and by 1420 pounds of dry matter per acre in the second year (Table 
36). In the first year (1967), potassium increased the total first-cut yield by 
200 pounds of dry matter per acre. Without additional nitrogen the small increase 
was equally divided between the two components whereas with nitrogen the increase in 
total yield was chiefly from the bromegrass. In 1968, an increase of 1000 pounds 
of dry matter per acre in total yield due to the application of potassium without 
nitrogen resulted from an increase in the yield of the alfalfa component. Where 
nitrogen was used, however, the potassium response was largely due to an increase in 
the yield of bromegrass.

Although potassium is required to maintain the legume in the non-nitrogen 
fertilized stand, the heavy use of potassium cannot be expected to retain the legume 
in a stand where sufficient nitrogen is provided to realize the full yield potential 
of the grass.

TABLE 36 Influence of Nitrogen and Potassium on the Yield of Each Component 
In the First Cut of an Alfalfa-Brome Mixture



the alfalfa than in the bromegrass. As the rate of potassium application 
increased, the level of calcium in the tissue decreased in both species. Nitrogen 
decreased the calcium concentration in the legume but increased the concentration 
in the bromegrass. The magnesium concentration in the bromegrass was one-half 
that in alfalfa and was decreased slightly but significantly in both species by 
the application of potassium'. Nitrogen had no effect on the level of magnesium 
in either species.

Grass Tetany

The incidence of hypomagnesaemia (grass tetany) in the ruminant animal 
has often been associated with the magnesium level in the forage and with the 
ratio of monovalent to divalent cations expressed on the equivalent weight basis. 
Levels of magnesium less than 0.20 per cent or monovalent to divalent cation 
ratios greater than 2.2 in the forage are suggested as being conducive to grass 
tetany. The grass component of the mixture contained considerably less than 
0.20 per cent magnesium in both seasons and in 1967 contained a ratio of mono- to 
divalent cations which could be deliterious to animal health (Table 37a)• The 
cation ratio was increased in both species by potassium additions, but was 
decreased by the application of nitrogen. Nitrogen, however, greatly increased 
the proportion of bromegrass (Table 36), thus reducing the average divalent cation 
concentration of the mixture.

As a preventative measure for hypomagnesaemia it is recommended that 
potassium should not be applied at rates which exceed those required for pro
duction. Furthermore, a high proportion of legume should be maintained in the 
mixture in areas where grass tetany is suspected because of the higher divalent 
cation concentration in the legume.

The 1967 yield and potassium data were obtained from the M.Sc. thesis 
of Mr. J.C. Schleihauf which contains a more complete description of the 
experiment.
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TABLE 37 a Cation Composition of the Components of the First Cut of an Alfalfa- 
Brome Mixture Fertilized with Nitrogen and Potassium

Species Cation Year

Rate of Potassium (lb K20/ac)
Without Nitrogen With Nitrogen*

0 72 144 216 0 72 144 216
%

Alfalfa K+ 1967 1.54 1.68 2.16 2.35 1.94 2.05 2.19 2.57
1968 1.00 1.41 1.85 2.20 1.68 1.57 1.97 2.27

Ca++ 1967 2.60 2.47 2.35 2.35 2.24 2.24 2.16 2.06
1968 2.82 2.56 2.32 2.16 2.09 1.99 1.78 1.72

Mg++ 1967 0. 21 0.18 0.19 0.19 0.22 0.21 0.20 0.20
1968 0.20 0.21 0.18 0.18 0.21 0.21 0.17 0.17

K** Ratio
Ca + Mg 1967 0.27 0.31 0.42 0.45 0.38 0.40 0.45 0.55

1968 0.31 0.32 0.27 0.30 0.45 0.44 0.40 0.43
%

Brome K+ 1967 2.91 3.14 3.15 3.51 2.08 2.45 2.76 3.31
1968 1. 70 2.14 2.38 2.51 1.05 1.41 1.78 2.12

Ca++ 1967 0.61 0.55 0.63 0.53 0.80 0.74 0.65 0.64
1968 0.79 0.64 0.59 0.60 0.82 0.84 0.67 0.64

Mg++ 1967 0.11 0.11 0.10 0.10 0.11 0.11 0.10 0.10
1968 0.13 0.12 0.11 0.11 0.12 0.12 0.10 0.10

Ratio
K**

Ca + Mg 1967 1.90 2.30 2.12 2.65 1.09 1.39 1.81 2.14
1968 0.88 1.35 1.67 1.68 0.54 0.69 1.11 1.39

** Cation ratio based on milliequivalents/gm dry wt.

AVAILABILITY OF FERTILIZER PHOSPHORUS TO ALFALFA AND BROMEGRASS
R.W. Sheard

For established forage stands phosphorus applications are made to the 
soil surface. Due to the finer network of roots near the surface, grasses are 
thought to be more effective than legumes in absorbing phosphorus from very shallow 
depths in the soil. This concept was evaluated with the aid of labelled 46% 
superphosphate applied in a pelleted form to the surface of a London silt loam at 
rates from 0 to 184 pounds P2O5 per acre. Applications were made in April in the
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year after establishment of stands of pure alfalfa, pure bromegrass fertilized 
with nitrogen, and a mixture of the two species without nitrogen fertilizer. One- 
half of the plots received an application of 458 pounds P2O5/acre rototilled into 
the soil to a depth of four inches before establishment.

Yield

The yield was primarily influenced by the initial phosphorus application 
(Table 37b), The response to the surface applications was somewhat erratic 
although there was an indication that the mixture responded more than either of 
the pure species.

TABLE 37b Yield of Pure Alfalfa and Bromegrass and an Alfalfa-Brome Mixture 
at Two Levels of Initial Phosphorus Application

Stand
Initial Application Rate - lb P2O5/ac

0 458

Dry Matter lb/ac
Pure Alfalfa 7140 8070
Pure Bromegrass. 9360 9920
Alfalfa-Brome Mixture 6670 7900

Phosphorus Uptake

The total phosphorus concentration in both species was increased by 
surface-applied phosphorus with or without the initial application before estab
lishment (Figure 9). The rate of increase in total phosphorus per increment of 
surface application, however, was reduced where the initial application was made. 
Alfalfa from the first harvest had a higher concentration of total phosphorus 
than the bromegrass, whereas the bromegrass had a higher concentration at the 
second harvest, probably because the grass was vegetative at the time.

The concentration of surface-applied fertilizer phosphorus in the species 
generally followed the same pattern as the concentration of total phosphorus 
(Figure 10). An exception was the low uptake of fertilizer phosphorus by the 
bromegrass in the mixture. Where no phosphorus was worked into the soil, the 
surface-applied fertilizer phosphorus accounted for an average of 50 per cent of 
the total phosphorus in the plant. When phosphorus was worked in, however, less 
than 25 per cent of the total phosphorus was derived from the surface-applied 
fertilizer.

Up to 30 per cent of the surface-applied phosphorus was recovered by 
the pure stands of alfalfa and bromegrass where no phosphorus was worked in. 
The recovery decreased to 10 to 16 per cent where 458 pounds of P2O5 per acre 
was worked in before establishment (Table 38). The per cent recovered also 
decreased as the rate of surface application increased. The lower per cent 
recovery by the mixture was concluded to be due to the low uptake of fertilizer 
phosphorus by the grass component.
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Figure 9 The Influence of Phosphorus Fertilization on the Per Cent Phosphorus 
in the First Cut of Alfalfa and Bromegrass Stands
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Figure 10 The Influence of Phosphorus Fertilization on the Per Cent Fertilizer 
Phosphorus in the First Cut of Alfalfa and Bromegrass Stands
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TABLE 38 Recovery of Fertilizer Phosphorus by Pure Stands of Alfalfa and 
Bromegrass and an Alfalfa-Bromegrass Mixture

Rate of Surface 
Application

Initial Application Rate - lb P2O5/ac
0 458

Alfalfa Brome Alf-Brome Alfalfa Brome Alf-Brome

lb P2O5/ac % Recovery

46 28.6 29.9 22. 7 13.7 16.7 10.3
92 20.3 23. 3 16.0 13.0 12.3 9.7

138 16.5 17.5 13.1 10.8 13.9 7.6
184 15.5 16.8 10.8 9.9 10.3 8.5

Conclusions:

Alfalfa was equal or superior to bromegrass in the utilization of 
surface-applied phosphorus when the bromegrass was adequately supplied with 
nitrogen. The data indicate that alfalfa roots near the surface were as active 
as those of the grass in uptake of phosphorus.

Soil-Fertilizer Reactions

Because of the relatively rapid migration of water-soluble phosphorus 
from fertilizer particles into, and reaction with, the adjacent soil, plants 
obtain phosphorus largely from soil-fertilizer reaction products rather than from 
the form initially present in the fertilizer. The time allowed for the reaction 
would be expected to influence the availability of the phosphorus to alfalfa and 
bromegrass.

Pelleted, 32 P-labelled, 46% superphosphate was mixed with London silt 
loam surface soil at rates of 114 and 229 pounds P2O5 per acre allowed to react 
in the moist state at times ranging from 24 hours to 12 weeks before planting to 
alfalfa and bromegrass. At zero time, samples from all treatments receiving 229 
pounds P2O5 per acre were taken for separation into five inorganic phosphorus 
fractions in accordance with the procedures of Chang and Jackson.*

Increasing the period of soil-fertilizer contact before planting decreased 
the dry matter yield of alfalfa and bromegrass seedlings at five weeks (Figure 11). 
The decrease in yield was related to a decreased uptake of fertilizer phosphorus by 
both species as the period of reaction of the fertilizer with the soil was extended 
beyond three weeks.

Initially 40 per cent of the fertilizer phosphorus appeared in the ammonium 
fluoride extractable form (aluminum phosphates) and approximately 25 per cent in each 
of the distilled water extractable and 0.IN sodium hydroxide extractable form (iron 
phosphates) (Table 39). After a 12-week reaction time the proportion which was 
extractable with distilled water had decreased to 14 per cent whereas the amount in 
the ammonium fluoride form had increased to 50 per cent and that in the 0.5N sulfuric 
acid extract (calcium phosphates) or in the 1.0N ammonium chloride extract (loosely- 
bound phosphates).

* Chang, S.C., and M.L. Jackson. Soil Sci. 84: 133-144, 1957.
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Figure 11 Influence of Reaction Time of 46% Superphosphate with London loam on 
the Top Growth of Alfalfa and Bromegrass Seedlings Five Weeks After 
Planting
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TABLE 39 Recovery of Fertilizer Phosphorus in Various Soil Phosphorus Fractions 
Following Reaction Periods of 24 Hours and 12 Weeks

Reaction Period
Extractant 24 Hours 12 Weeks

(% of phosphorus applied)
Distilled H2O 26 14
1.0N NH4Cl 9 7
0.5N NH4F 40 50
0.1N NaOH 24 31
0.5N H2S04 4 4
Total P Recovered 103 106

The availability of fertilizer phosphorus to alfalfa was negatively 
correlated with 0.1N sodium hydroxide extractable phosphorus and positively 
correlated with 1.0N ammonium chloride extractable-phosphorus, although a large 
portion of the variation in phosphorus uptake was left unexplained.

More complete details of this research may be found in the M.Sc. thesis 
of D, Lawrence Massey.
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Top 
u moles NO2- hr-1 gm-1

Root 
fresh weight

Birdsfoot trefoil 0.018 0.049
Orchardgrass 0.758 0.171

NITRATE REDUCTASE IN BIRDSFOOT TREFOIL AND ORCHARDGRASS

R.W, Sheard

The conversion of nitrate to nitrite in plants is mediated by the enzyme 
nitrate reductase and is considered to be the rate limiting step in the reduction 
of nitrate and the subsequent production of protein. Nitrate reductase activity 
was higher in the tops than in the roots of orchardgrass whereas there was more 
activity in the tops of birdsfoot trefoil than in the roots (Table 40), The enzyme 
activity was confined to the root tip of birdsfoot trefoil. In orchardgrass, 
however, activity was detectable in the whole root system although the bulk of the 
activity occurred in the root tip. The level of activity continued to increase in 
orchardgrass as the nitrogen level in the growth medium was increased whereas in 
birdsfoot trefoil the level of enzyme activity levelled off at approximately 200 ppm 
nitrate-nitrogen in the nutrient solution. A more complete description of this 
study is presented in the M.Sc. thesis of G.E. Mellor.

TABLE 40 Nitrate Reductase Activity of Birdsfoot Trefoil and Orchardgrass Grown 
in Nutrient Solution Containing 200 ppm Nitrate-Nitrogen



THE INFLUENCE OF NITROGEN SOURCE ON ABSORPTION OF PHOSPHORUS

M*H. Miller, C.P. Mamaril and C.J. Blair

In previous experiments (see 1963, 1964 and 1967 Progress Reports) it 
was shown that ammonium nitrogen increased fertilizer phosphorus absorption by 
corn plants. Evidence has been presented showing that the ammonium ion increases 
the transfer of phosphorus across the root symplast into the xylem and thence to 
the top of the plant. Further studies indicated that this effect increases as 
the concentration of both fertilizer phosphorus and ammonium in the soil increases. 
The effect was greater when 1000 ppm phosphorus were mixed in either a 1 cm. or a 
10 cm. wide band than when the concentration was only 100 ppm. Similarly the 
effect increased as the ammonium concentration increased from 1 to 5 meq per 100 
g soil.

Most studies previously reported were conducted with fertilizer phosphorus 
applied in a localized volume of soil. Studies have recently been conducted to 
examine the effect of nitrogen source on the uptake of ions by corn (United 108 
hybrid) in constant-flow culture solution containing either ammonium or nitrate form 
of nitrogen. Plants were harvested after growing in the solution for 14 days. No 
yield differences in tops or roots were measured between the nitrate and ammonium 
nitrogen source. There was a higher organic nitrogen content in the ammonium than 
in the nitrate treatment in both tops and roots. (Table 41). A high concentration 
of nitrate nitrogen was measured in the plants receiving nitrate.

TABLE 41 The Effect of Nitrogen Source on the Organic and Inorganic Nitrogen
Content of Corn Tops and Roots Grown for 14 Days in Culture Solution

Plant Part N Source Organic N Nitrate Ammonium

mg N/100 g D.M,
Tops NH

4+ 407 10 6.4

NO3- 360 100 3.1

Roots NH
4+ 419 2 10.2

N03- 348 118 3.6

A significantly higher phosphorus concentration was measured in the 
roots of the ammonium treated plants than in those grown in nitrate (Table 42). 
A similar trend was observed in the tops.

Plants grown in ammonium nitrate contained 142% more total sulphur in 
their tops than those grown in nitrate nitrogen (Table 42). No differences were 
measured in the total sulphur concentration in the roots.
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TABLE 42 The Effect of Nitrogen Source on the Cation and Anion Content of 
Corn Tops and Roots Grown for 14 days in Culture Solution

Plant
Part N Source N K+ Ca++ Mg++ Na+ H2PO4- SO4- C+A C/A**

Tops NH4+ 423 197
meq/100 g D.M.

10.8 44.3 3.0 49.1 35.6 763 8.01

N03- 463 220 20.2 37.8 3.2 42.8 14.7 801 0.54

Roots NH4+
4 431 148 3.3 23.0 13.3 84.2 34.2 737 5.23

N03- 470 168 12.1 48.6 15.2 53.5 35.4 802 0.44

The sum of the cations and anions was approximately equal with both 
nitrogen sources but the ratio of cations to anions taken up was greater by a 
factor of more than 10 in the ammonium than the nitrate treatment.

This experiment does not support the hypothesis that the ammonium ion 
influences the transfer of phosphorus across the root cortex and into the xylem. 
Rather it suggests that the effect is on the sulphate ion. More studies using 
the same flow system are in progress to clarify this point.

NEW SOIL PHOSPHORUS TEST TO BE INTRODUCED

J.A. Smith

A comprehensive evaluation of phosphorus soil test methods for Ontario 
soils has been completed. One crop of wheat followed by two cuttings of red 
clover were grown in the greenhouse on soil samples from 96 farm sites represen
tative of the agricultural soils in Ontario. Total uptake of phosphorus from 
each soil by these crops was correlated with the amount of phosphorus extracted 
from each soil by various extraction procedures. As shown in Table 43, soil 
phosphorus extracted by 0.5 N sodium bicarbonate (methods 1 and 2) accounted for 
more of the variation in phosphorus uptake by crops from soil to soil than any 
other method. This was generally true for each of the pH groupings of the soils 
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** ratio of total cation uptake to total anion uptake



as well as for all soils combined. For the 36 soils ranging in pH.from 6.0 
to 7,0, the most common pH range for Ontario soils, the sodium bicarbonate tests 
explained 94% of the variation in phosphorus uptake as compared to only 67% for 
the 0.05 N ammonium fluoride in 0.1 N hydrochloric acid test presently in use 
(method 5). Yield of phosphorus is plotted against phosphorus extracted by the 
bicarbonate method in Figure 12.

Conclusions

Because of the demonstrated superiority of sodium bicarbonate extracting 
solutions for measuring the ability of Ontario soils to supply phosphorus to plants, 
our Soil Testing Laboratory will change to the bicarbonate method (Olsen's procedure) 
on July 1, 1969.

Determination of phosphorus in the bicarbonate extract posed problems 
not encountered with other extractants. These problems have been solved and the 
accuracy of phosphorus determinations improved by introducing a "Technicon Auto 
Analyser" for the automatic determination of phosphorus in soil extracts.

TABLE 43 The Percentage of the Variation in Phosphorus Uptake by Wheat and 
Red Clover in the Greenhouse Explained by Differences in Extractable 
Soil Phosphorus

Extraction Method
Soil Groupings by pH All 

Soils 
(96)

pH 6 
(25)

pH 6-7
 (36)

pH 7 
(35)

 r2 x 100
(1) 0.5 N NaHCO3(Olsen), 1:20 dil., 30 min. shake 86 94 85 89
(2) 0.5 N NaHC03 (Colwell), 1:100 dil., 16 hr. shake 92 94 76 88
(3) 0.02 N Ca-lactate, 1:50 dil., 2 hr. shake 85 83 59 79
(4) Cation exchange resin, 1:20 dil,, 6 hr. shake 90 84 76 77
(5) 0.05 N NH4F in 0.1 N HC1, 1:10 dil, 1 min, shake 81 67 62 73
(6) 0.255 N NaOH - 0.075 N Na-oxalate, 1:20, 10 min. 45 55 88 49

* Number of soil samples tested.
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FIGURE 12 The relation of plant phosphorus to phosphorus extracted



CHARACTERISTICS OF SOIL PERCOLATES FOLLOWING 
APPLICATION OF LIQUID MANURE

Treat.
Applied in Manure Range in Concentration in Percolate*

Manure N P2O5 K2O no3-n P K

A
gal/ac 

0 0
lb/ac

0 0 11-30
ppm

Trace-.19 .,5-1.2
B 3300 380 389 120 19-41 " -.30 1.2-2.5
C 6600 760 778 240 14-82 " -.17 2.6-4.4
D 9900 1140 1168 360 30-110 " -.46 1.-4.6

* March percolate was omitted

The first discharge from the lysimeters in March was highly coloured 
indicating that channelling, frost cracks, or differential settling permitted a 
portion of the liquid manure to flow almost directly to the outlet.

Analysis of the percolates indicated that:

1, The concentration of nitrates reached a peak in December in 
those lysimeters receiving manure and a peak in April in the 
non-manured lysimeters.

2. 97 to 99 per cent of the phosphorus discharged was contained
in the coloured effluent in March; the amount of phosphorus 
in the effluent (omitting the March value), was less than 0,1 
pound per acre from all lysimeters. Concentrations ranged 
from a trace to 0.46 parts per million,

3. The quantity and concentration of potassium followed the 
phosphorus trends; the quantity was negligible if the March 
discharge is omitted.
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TABLE 44 Manure Application and Nutrient Concentration in Percolates From a 
Guelph Loam During the 1968 Growing Season

L.R. Webber

The purpose of this study was to provide data which would be useful in 
establishing guidelines to the amounts of manure that could be applied to land and 
not cause groundwater pollution.

Liquid poultry manure was applied to natural soil-core lysimeters at Guelph 
in February 1968 at rates shown in Table 44. Metal cylinders 36 inches in diameter 
and 42 inches in length were slid over columns of undisturbed Guelph loam. Pans and 
pipes were installed to permit the collection of percolating water. Each lysimeter 
contains about 3000 pounds of soil. The percolate was collected and analysed for 
nitrate-nitrogen, phosphorus, and potassium. Corn was grown to maturity.



FERTILIZATION OF CANAL LAKE BY AGRICULTURE

L.R. Webber

There are indications that Canal Lake which is near Kirkfield and is 
part of the Trent Canal System, is in an advanced stage of eutrophication. The 
purpose of this project was to estimate the contribution of agriculture in 
supplying fertilizing nutrients to the lake.

Canal Lake is primarily a man-made lake about 50 years old. The bottom 
of the lake presumably consists of recent sediments and the original soil that 
was flooded. The level of water is maintained by dams and controlled by dis
charge from Mitchell Lake plus the drainage from several streams that drain 
unimproved pasture land.

In Table 45, the sources and quantities of nitrogen and phosphorus 
entering Canal Lake are listed. The non-agricultural source was from Mitchell 
Lake; the agricultural sources included several streams that flowed through 
ranch land.

TABLE 45 Sources and Quantities of Elements Entering Canal Lake by Streamflow

Element Total Stream
Input

lb

Non-agricultural Sources

lb

Agricultural Sources*  

lb

N03--N 4,845 480 4,365
Total P 810 680 130
Soluble P 183 120 63

* Drainage area 30,000 acres.

The agricultural sources of nitrogen were estimated to contribute about 
0.15 pounds per acre during the period May to November 1968. A study in 
California showed that unfertilized agricultural land yielded about 3 pounds of 
nitrogen per acre per year. The much lower results for Canal Lake could be 
attributed to lower additions through rainfall and also that the study period was 
less than a year.

About 84 per cent of the total phosphorus entering Canal Lake originated 
in Mitchell Lake presumably in insoluble organic forms from the weed growth. 
Virtually no soluble phosphorus (63 pounds from 30,000 acres) was found in the 
drainage from the agricultural land. Similarly only 130 pounds of total phosphorus 
was contributed by agricultural drainage.

By far the most abundant aquatic plant was water milfoil (Myriophyllum 
spicatum). Chemical analyses showed the plants to contain 1.4 per cent nitrogen, 
0.20 per cent phosphorus and 1.2 per cent potassium expressed on a dry weight 
basis.
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TABLE 46 Production of Myriophyllum spicaturn as Related to Depth, of Water

Depth of Water 
feet No. of Samples

Yield of Dry Matter
Range Average

lb/ac
10 5 2,720 to 6090 4,600
12 7 5,280 to 13,730 8,200

12 6,400

Possibly the greatest source of nitrogen and phosphorus for the growth 
of water milfoil lies within the lake itself. These sources would include the 
original soil that was flooded, the sediments brought in by the streams, and the 
nutrients released by the decomposition of the aquatic plants.

While this study suggests that agriculture contributed insignificant 
quantities of nutrients to the lake, it should be remembered that the intensity 
of farming in the area is relatively low. Agriculture is chiefly summer pasture 
with little use of chemical fertilizers.

VERTICAL INTRUSION OF SALTS IN SOILS 
DUE TO HYDRODYNAMIC INSTABILITY

Y. Bachmat

When an aqueous solution at a given salt-content rests on top of pure 
water or a solution of lower salt-content, the system may be disturbed causing 
an onset of convection currents which move the salt downwards due to instabilities 
of density and viscosity. Recently, this phenomenon has gained the attention of 
people working on the problem of migration of salts in soils.

The soil physics group of the Department of Soil Science conducted a series 
of experiments on the intrusion of salt solution into a porous medium saturated with 
water. A fixed volume of aqueous solution of CaCl? was placed in a reservoir over 
a long vertical column filled with a porous material, initially saturated with pure 
water and closed at the bottom. The experiments were designed to measure the 
variation of salt concentration in the reservoir with respect to time. Experimental 
variables were:

(a) type of the porous material (different sizes of glass beads, sand)
(b) initial salt concentration (.05, 0.10, 0.50, 1.00 N)
(c) mechanical treatment of solution (stirring and non stirring etc.)

In some of the experiments the solution was coloured and its advance downward along 
the walls of the column was traced. Examples of the results are shown in Figures 
14 and 15.

The experimental results, substantiated by a theoretical analysis, indicate 
that the downward motion of the salt is mainly due to the non uniformity of the salt
concentration within the column in any horizontal plane. Other effects (e.g, 
ordinary molecular diffusion) are of negligible importance. The salt advances down-
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FIGURE 13 Experimental Set-up



FIGURE 14 Electrical Conductivity of the Solution Above a Column of 290 u 
Glass Beads Vs. Time

FIGURE 15 Dye Traces on the Developed Wall Surface of the Column in Experiments 
with 100 p Glass Beads and 1.0 N Concentration (Numbers Indicate 
Elapsed Time in Hrs.)
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ward in the column in the form of ’fingers of an unpredictable, irregular shape 
and number. The rate of intrusion and the advance of the salt are governed by 
a characteristic parameter F .

F =K (1- pL) 
13H pU 

where K is the hydraulic conductivity of the porous material with respect to pure 
water; and p are the initial densities in the reservoir and in the porous 
material, respectively, and H is a characteristic ’head’ of the solution in the 
reservoir.

Approximate expressions for the influx of salt into the porous material 
and for the advance of the salt-front within it have been derived. The latter 
was found to be approximately proportional to Fo

The above investigation is part of a project on miscible displacement in 
soils sponsored by the National Research Council of Canada. The investigation was 
carried out during Dr. Bachmat's stay in Guelph as a visiting Professor at the 
Department of Soil Science.

The study reported here will be continued under unsaturated flow conditions 
and various types of soils.

SOIL GENESIS AND MORPHOLOGY
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R. Protz

Atomic Absorption Spectroscopy Methods

Methodology has been developed for the determination of sodium dithionite 
and ammonium oxalate extractable silicon, calcium, magnesium and potassium by atomic 
absorption spectroscopy. The results of these determinations are being used to 
delineate stages of development in the very young soils of Ontario.

Discontinuities

To quantitatively study soil genesis we must answer the questions; where 
and what are profile discontinuities? A computer plotting program and a regression
correlation program have been developed to handle the large volume of data necessary 
to answer the above two questions. We now can say how many discontinuities exist 
in each soil profile and what influence these discontinuities have had on the dis
tribution of the pedogenetic weathering products within the soil profile.

Field Mapping Procedures

A research project has been initiated to develop a more rapid, accurate 
and convenient field method for soil survey investigations by the application of 
the latest improvements in photogrammetric techniques. The value of colour photo
graphs and orthophotographs is being investigated in an area south of Brantford in 
Brant County.



Application of the Electron Microprobe

Oriented clay samples on microscopic slides, such as those prepared 
for x-ray diffraction analysis, have been found to be suitable standards for semi- 
quantitative elemental analysis by the electron microprobe. Thin sections of 
clay skins, concretions, mottles and individual mineral grains have been analyzed. 
The relationship between the petrographic images and chemical composition are 
being quantified to evaluate genetic processes and rates involved in the formation 
of clay skins, concretions and mottles.

Micromorphology and Macromorphology

Soil samples with approximately 2" x 2" x 4" dimensions were taken from 
each horizon of the Honeywood, Embro and Crombie soil series. The soil samples 
were impregnated with "Cast-embed" which was pre-mixed with anthracene. Anthra
cene fluoresces under ultraviolet light. Thus the pores are visible under 
reflected ultraviolet light. This made it possible to use "thick" sections and 
avoided the meticulous polishing required for thin sections. Photographs of the 
"thick" sections were taken and several sections were chosen from which enlarged 
photographs of sub-areas were made.

The width, length and orientation of each pore was measured, tabulated 
by computer and frequency distributions were calculated for all properties. These 
data will be further investigated to define the relationships between micromorphology 
and macromorphology.

Clay Mineralogical Characterization

It has been shown that many of Ontario’s soils are made up of a variable 
solum of alluvial or fluvial origin. The clay mineralogy of the Harriston, 
Honeywood, Embro and Crombie soil profiles used for discontinuity studies has been 
characterized. Data indicate that the clay mineral species and their elemental 
content will be as variable as the particle size distribution of these profiles. 
Thus during the deposition of the parent material not only did the rate of deposition 
vary but source also varied.

SOIL SURVEY AND LAND USE

D.W. Hoffman

Soil mapping was continued during 1968 in Brant County and in parts of 
Northern Ontario under the auspices of the Ontario Department of Agriculture and 
Food, the Canada Department of Agriculture and the Canada Department of Forestry 
and Rural Development.

During the 1968 field season exploratory soil surveys and surveys of 
soil capability for agriculture were conducted in almost all of the inventory 
area which was assigned in 1967. Most of these areas were inaccessible by truck 
and much of the work was done by airphoto interpretation and by airplane. Ground 
checks were made along the trails that crossed the areas.
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The areas in which the inventory was conducted are listed, along with the 
approximate land area surveyed, in Tables 47 and 48. All of the field work is 
done except for a part of map sheet 52L located along the Manitoba-Ontario boundary. 
A certain amount of checking will be required especially in parts of sheet 52F 
(Dryden Area)

Map Sheet Acres

Great

Map Sheet Acres

Clay Belt Area
41P 1 & 8 350,000 42A 12 & 13 340,000
41P 2 & 7 340,000 42G 3 & 6 330,000
41P 3 & 6 350,000 42G 4 & 5 350,000
41P 4 & 5 260,000 42G 9 & 16 310,000
41P 9 & 16 400,000 42G 10 & 15 340,000
41P 10 & 15 400,000 42H 1 & 8 360,000
41P 11 & 14 300,000 42H 9 & 16 320,000
41P 12 & 13 320,000 42H 10 & 15 330,000
42A 2 & 7 290,000 42H 11 & 14 340,000
42A 3 & 6 400,000
42A 4 & 5 320,000

Fort William Area

42H 12 & 13 340,000
TOTAL 7,090,000

Dryden Area
52A 9 & 16 160,000 52F 4 & 5 300,000
52A 13 Raith 210,000 52F 3 & 6 290,000
52A 14 East Bay 200,000 52F 2 & 7 250,000
52A 15 Wolf River 

TOTAL

Kenora, Lake-of-the- 
52E 8

190,000
760,000

■Woods Area
100,000

52F 1 & 8 360,000
52F 12 & 13 280,000

TOTAL 1,480,000

Summary
Area Surveyed Acres
Great Clay Belt 7,470,000
Fort William Region 760,000
Kenora Region 100,000
Dryden Region 1,480,000

GRAND TOTAL 9,810,000
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TABLE 4$ Canada Land Inventory - Agricultural Sector - 1968 Status of Maps
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Maps Completed and Sent to Ottawa for Printing in 1968

Scale - 1:50,000
41-1 4,5,6,8,11
41-J 1,2,3,5,6,8 30M 5,12

and the following half sheets

41-I/1W, 2E, 10W
41-J 4W
40-P 8E, 9E

Scale - 1:250,000
41-H Tobermory

General Area Description also sent

Maps

Maps

Now Being Drafted for Soil Capability

Scale - 1:50,000 Scale - 1:250,000
41-1 3,7,1 41-G
41-J 12,13 41-1
41-K 9,10,15,16 41-J
42-A 1,8,9,10,16,11,14,15
52-A 3,4,5,6,11,12
52-C 12,13
52-D 9,10,15,16
52-F 14,15

Now Being Interpreted from Field Work
411 12,13,14,15,16
41P 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16
42A 2,3,4,5,6,7,12,13
42H 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16



Research information is only of assistance to farmers if the farmer 
is aware of the results and how they can apply on his farm. Fertilizer 
recommendations for farm fields are made by the Agricultural Representatives, 
Fruit and Vegetable Specialists, Tobacco Specialists and Soil and Crop Specialists 
at the county level. The recommendations are based on soil tests done at the 
soil testing laboratory of the Department of Soil Science, University of Guelph. 
The specialists should be well qualified to advise farmers on soil management 
problems since this is an important part of the advisory service of the Ontario 
Department of Agriculture and Food. This is accomplished through in-service 
training courses in close contact with the research program of the Department 
of Soil Science.

Prof. T.H. Lane participated in the 4-H Leadership Course and the 
Junior Farmers Land Use Tour as in previous years. In addition faculty members 
participated actively in a variety of programs as listed below.

In-Service Training Sessions for personnel of the Ontario Department of 
Agriculture and Food at Sudbury, Ottawa, London, Guelph, Lindsay, Alliston and 
Toronto.

Soil and Crop Improvement Association Annual Meetings - in Perth, Bruce, Frontenac, 
Wentworth, Lincoln, Halton, Brant, Norfolk, Dufferin, Essex Counties and at Toronto.

Agricultural Pollution Meetings arranged by the Ontario Federation of Agriculture - 
at Listowel, Burford, Vandort (2), Kemptville, Victoria Square, Peterborough and 
Shelburne. Additional talks on agricultural pollution were presented at Harriston, 
Niagara Falls and Leamington.

Seed Fairs - in the Rainy River District, Kenora District, Thunder Bay District 
and N. Simcoe.

Schools for - Bankers, The Appraisal Institute, The Norfolk and Brant Vegetable 
Growers, Greenhouse Operators and Canadian Canners.

Other methods of bringing significant and timely information to farmers 
and specialists in agriculture, industry and related fields are by publications, 
extension releases, press articles and radio. Lists of extension publications 
for the year ending March 31, 1969 are presented below.

Extension Publications and Proceedings of Meetings

Bates, T.E., 1969. Pop-up fertilizers. Proc. Ont. Soil and Crop Improv. 
Assoc. Annual Convention, Toronto.

Bates, T.E., 1969. Early seeding and nitrogen. Proceedings O.A.C. Farmer's 
Week,

Elrick, D.E., 1968. Pesticide movement in soil. Proc. Eighth Annual Training 
Course for Public Health Inspectors., Guelph, Ont.
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Gillham,' R.W. , 1968. Some hydrologic aspects of groundwater contamination. 
Proc. Eighth Annual Training Course for Public Health 
Inspectors, Guelph, Ont.

Hoffman, D.W., 1968. The Canada Land Inventory is not based on faulty concepts. 
A.I.C. Review May-June.

Hoffman, D.W., 1968. Using soil surveys to prevent soil and water pollution. 
Proc. Eighth Ann. Training Course for Public Health 
Inspectors, Guelph, Ont.

Lane, T.H., 1968. Manure management and utilization for crops. Proc. Eighth 
Ann. Training Course for Public Health Inspectors, Guelph, 
Ont.

Lane, T.H., 1969. Pollution - farmers are concerned too! Ont. Soil & Crop 
Improv. Assoc. Annual Convention, Toronto.

Lane, T.H., 1969. Fertilizing crops for profit. Proc. North Eastern Ont. 
Soil & Crop Improv. Assoc., New Liskeard.

Lane, T.H., 1969. Foliar feeding of field crops. Lime and Fert. Conf., Penn. 
State U., Penn.

Miller, M.H., 1968. Fertilizer use and pollution. Proc. Eighth Ann. Training 
Course for Public Health Inspectors, Guelph, Ont.

Webber, L.R., 1968. Soil and water pollution. Proc. Eighth Ann. Training 
Course for Public Health Inspectors, Guelph, Ont.

Numbered "Agdex" Extension Releases

Bates, T.E. 100 Regional Soil Fertility Research
544 N, P & K, 1968

Brown, D.M. Ill 1968 Corn Heat Units
31

Brown, D.M. 111 Corn Heat Units to Date of First Killing Frost
31

Lane, T.H. 100 The 1968 Micronutrient (Trace Element) Research Program
544

Sheard, R.W. 120 Results of 1967 Nitrogen Trials on Grass
542

Press Articles

Bates, T.E. Fertilizing Spring Grains in Relation to Time of Seeding
Brown, D.M. The 1968 Growing Season in Ontario.
Heeg, T.J. Big Changes in Soil Testing Service This Year
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Hoffman, D.W. Soil Survey Continuing
Ketcheson, J.W. Stover Can Reduce Soil and Water Loss from Sloping Land
Lane, T.H. Check Before Using Micronutrient Fertilizer
Lane, T.H. Liquid Fertilizer Questioned
Webber, L.R. Animal Waste Disposal Problems

Radio Tapes
Bates, T.E. Fertility Build-up on Ontario Farms
Bates, T.E. 1968 Soil Fertility Trials
Bates, T.E. Fertilizing Barley - New Developments
Heeg, T.J. Magnesium in Crop Production (Part I)
Heeg, T.J. Magnesium in Crop Production (Part 2)
Ketcheson, J.W. Handling Corn Residues
Ketcheson, J.W. Tillage
Lane, T.H. Liquid Manure for Corn
Lane, T.H. Micronutrients - Why Do We Need Them ?
Lane, T.H. Foliar Fertilizer - Does It Pay ?
Lane, T.H. How To Buy Fertilizer
Lane, T.H, Fertilizer - How Much Is Enough ?
Lane, T.H. For Good Crops - What’s Needed ?

Television Programs and Appearances

Bates, T.E. Fertilizer Response on Early Seeded Barley -
An approximately 8 minute interview on CKNX Wingham.

Heeg, T.J. Soil Testing - a half hour film produced by IBM with script
by T.J, Heeg (and personal appearance on some stations).
Shown on most Ontario T.V. stations.

Ketcheson, J.W. Isotopes in Soils Research at IAEA in Vienna - a 5 minute
interview on CKCO, Kitchener.

Lane, T.H. Land Use - a 3 minute interview on CKCO, Kitchener.
Lane, T.H. Soils and Fertilizers - a 10 minute interview on CKCO,

Kitchener.



SOIL TESTING

T.J. Heeg

Computer programs have been adapted to provide more complete information 
on a provincial, regional or county basis than has been possible in the past. 
The number of samples tested for each crop for each county is available on request 
along with the average test value for each nutrient for each crop and the percentage 
of samples falling in various ranges of values for each nutrient and for pH. The 
proportion of samples tested from fields where manure was applied or where different 
crop residues were returned to the soil is also available on a county basis.

Table 49 shows the number of samples tested along with the average 
phosphorus, potassium, magnesium and pH levels of samples from each county or 
district. Phosphorus values are expressed in pounds P205/acre extracted with .05 
N ammonium fluoride and 0.1 N hydrochloric acid, potassium is in pounds l^O/acre 
extracted with IN ammonium acetate at pH 7 and magnesium values are as with 
potassium but multiplied by 0.25. The 1967/68 phosphorus and potassium values are 
compared with those for 1964/65 in Table 49. The average test values for 1967/68 
for all of Ontario are presented and the phosphorus and potassium values compared 
with those for 1964/65 in Table 50.

Both phosphorus and potassium values have increased considerably and 
rather consistently across the province. The average values for both nutrients 
are above those where fertilizer is recommended for most field crops. There has 
been a tendency for pH values to decrease slightly as one might expect with 
increasing use of nitrogen fertilizers.

Conclusions

1. As phosphorus and potassium soil test levels continue to increase in Ontario 
rates of phosphorus and potassium fertilization may be reduced without 
limiting crop production.

2, The need for lime is likely to increase gradually in Ontario, particularly 
where crops are grown which receive high rates of nitrogen fertilizers. 
However, fine textured soils which now have pH values above 7.0 are not 
likely to need lime for many years.

County or 
District

No, of
Samples 
1967/68

Phosphorus Test Potassit 
1967/68

im Test 
1964/65

Magnesium 
1967/68

PH 
1967/681967/68 1964/65

York 2250 393 364 320 309 86 7.2
Norfolk 2120 884 729 396 312 50 6.3
Ontario 2102 227 223 290 225 58 7.4
Oxford 1875 306 230 314 214 99 6.9
Wellington 1703 176 146 307 230 171 7.2
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TABLE 49 continued

County or 
District

No. of 
Samples 
1967/68

Phosphorus Test Potassium Test Magnesium 
1967/68

pH 
1967/681967/68 1964/65 1967/68 1964/65

Huron 1593 161 138 354 281 190 7.4
Elgin 1218 428 325 345 238 81 6.5
Simcoe S. 1208 327 305 347 290 88 7.2
Middlesex 1044 265 220 329 325 111 6.7
Kent 1014 357 316 427 354 144 6.7
Frontenac 1009 168 173 356 390 89 5.5
Bruce 1000 133 113 306 255 206 7.2
Essex 938 485 320 556 428 142 6.3
Brant 933 379 369 324 252 103 6.7
Russell 933 169 167 340 255 129 6.1
Temiskaming 909 170 169 416 344 217 6.2
Simcoe N. 858 319 305 326 292 63 6.8
Northumberland 844 400 378 262 206 41 7.4
Haldimand 800 152 128 452 373 186 6.2
Prescott 799 219 205 455 360 173 6.0
Rainy River 696 184 169 504 366 278 6.6
Waterloo 681 325 240 316 245 149 7.1
Perth 655 171 130 342 263 192 7.2
Wentworth 644 2 60 238 322 274 129 6.7
Renfrew 641 289 260 416 355 132 6.4
Welland 636 249 203 419 357 175 5.9
Grey 631 164 117 319 247 204 7.2
Hastings 613 241 246 369 279 84 7.0
Victoria 601 180 180 298 239 47 7.4
Lincoln 597 271 193 539 408 166 6.2
Grenville 586 249 217 316 239 168 6.8
Lambton 581 244 177 490 392 199 6.8
Halton 579 342 197 401 317 121 6.6
Durham 573 313 291 255 207 46 7.3
Carleton 559 466 218 448 268 149 6. 7
Prince Edward 547 371 366 389 328 70 7.0
Peterborough 501 240 241 272 215 46 7.4
Thunder Bay 459 202 122 374 277 156 6. 1
Peel 409 232 199 347 294 109 6. 7
Algoma 408 215 131 340 254 122 5.8
Lanark 400 186 223 301 250 118 6.5
Sudbury 395 356 176 301 192 84 5.7
Stormont 391 181 159 257 207 97 6.7
Dufferin 350 260 194 282 215 125 7.0
Dundas 336 180 182 309 260 171 6.8
Leeds 303 195 186 362 302 136 6.2
Lennox & Add. 275 315 215 544 393 173 6.9
Nipissing 264 333 216 267 204 117 6.0
Glengarry 241 181 146 415 282 168 6. 6
Parry Sound 201 370 256 279 245 64 5.7
Cochrane N. 143 381 122 404 309 145 6.4
Kenora 130 267 139 487 496 198 5.9
Manitoulin 107 260 155 358 250 210 6.7
Muskoka 61 508 346 308 294 80 5.9
Cochrane S. 2 515 122 811 309 256 5.8

72



TABLE 50 Comparison of 1967/68 and 1964/65 Average Soil Test Levels in 
Ontario

Phosphorus Potassium Magnesium pH

1964/65
1967/68

240 288 (71)*  6.9
303 354 120 6.7

* The magnesium values in 1965 and 1968 should not be compared as the method of 
determination was not the same.

W.T. Ewen

Correspondence courses in agriculture have been provided by the Ontario 
Agricultural College for many years. Three courses in soil science are offered 
as a portion of this program and are listed below.

Introduction to Soil Science (1964)

- primarily for farmers. A total of 241 students have completed 
this course since its introduction; 27 in 1968.

Soils, Manures and Fertilizers (Revised 1966)

- for horticulturalists, nurserymen, fruit and vegetable growers, 
home gardeners, landscape and parks personnel etc. A total of 
120 students have completed this course since 1966,

Soil Management (1967)

- soil management for conservation and crop production; to follow 
"Introduction to Soil Science". 18 people have completed this 
course during the past year.
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GEOLOGY
The geology program is primarily one of teaching, aimed at providing 

students with a basic, non-specialist geological education. Eleven courses 
are offered in the department, with the initial course in General Geology serving 
as a pre-requisite in several science options as well as being a popular elective 
for both science and arts students. A B.A. degree with a major in Geography and
a minor in Geology is now possible. This combination satisfies the requirements
for a teaching certificate for Geography-Geology in Ontario Schools.

The growing research program, is closely tied in with graduate studies 
in Soil Science. The primary fields of research deal with problems in clay 
mineralogy and in low temperature, low pressure geochemistry.

COPPER AND LEAD IN RESIDUAL SOILS OVERLYING MINERALISED 
TRIASSIC ROCKS AT ALDERLEY EDGE, CHESHIRE

Ward Chesworth

Geochemical prospecting is based on the belief that dispersion causes 
an unusually high trace element content in the vicinity of an ore body. The 
region of this high value is called an anomaly - a primary anomaly if formed 
at the same time as the parent ore; a secondary anomaly if formed subsequently. 
Both types may be detected by analysis of rock, soil, vegetation or water, 
systematically sampled in the field.

Probably the most successful medium for the geochemical prospector is 
residual soil and the following study used this medium in a search for copper 
and lead ores.

Bedrock Geology

Alderley Edge, an abrupt escarpment of Triassic rocks fourteen miles 
south of Manchester, faces north across the Cheshire plain. Here, soft, variegated 
Upper Mottled Sandstone of Bunter age, is overlain by harder Lower Keuper sandstones, 
that contain quartzite pebbles and in places bands of marl (Figure 16).

Carbonates and sulphates of copper and lead occur in parts of the Keuper 
sandstone as an intergranular cement. With galena, these minerals also occur 
along several of the faults in the area.They form the chief economic resource 
in the rocks and have been mined since prehistoric times.

Geochemical Anomalies

Soil developed on the Trias, is of brownearth (cambisol) type. Samples

1 Dewy, H. and Eastwood, T., 1925. Mem. Geol. Surv. v. 30

2 Edwards, W. and Trotter, F.M., 1954. The Pennines and Adjacent Areas p. 80
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were collected from the B horizon at depths between 10 and 15 inches below the 
surface, and analyzed for citrate-extractable copper and lead. The object was 
to determine the areal distribution of the metals in soil and to relate this to 
their distribution in bedrock.

3The analytical method employs a tri-ammonium citrate solution to extract 
the heavy metals from a soil sample. Subsequently, the metals are determined 
colourimetrically by use of dithizone. The technique was modified to enable 
copper and lead to be determined individually rather than in total. Thus copper
was estimated in citrate solution buffered to pH 3.5 at which acidity lead dithi- 
zonate does not form. Similarly lead was estimated from a citrate solution 
containing thiosulphate ions to sequester copper.

The metal distributions (figures 2 and 3) show a number of anomalously 
high values where up to 375 ppm copper and more than 1500 ppm lead were recorded, 
This compares with the background range of 0 - 5 ppm copper and 1-10 ppm lead.

Three anomalies (A, B and C) overlie known ore-bearing rocks. A fourth 
(anomaly D) is found in a swampy region that collects drainage waters from mineral
ized areas. Anomaly E was entirely unexpected and is not associated with any 
proven ore deposit either directly or via the natural drainage system. It might 
have arisen by contamination from old working, though an analysis of soil visibly 
contaminated with malachite and galena yielded only 90 and 150 ppm of citrate- 
extractable copper and lead respectively.

It seems probable therefore, that anomaly E at Alderley Edge is underlain 
by a hitherto undiscovered ore-body.

3 Bloom, H. 1955 Econ. Geol. 50; 533-541.

75 -



FIGURE 
16 

Bedrock geology of Alderley Edge, Cheshire, 
England



FIGURE 17 Anomalously high lead contents in Alderley Edge soils
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FIGURE 18 Anomalously high copper contents in Alderley Edge Soil
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GRADUATE STUDY
The number of graduate students enrolled in the department continues 

to increase as shown in Table 51. A milestone was reached when the first Ph.D. 
student from the department graduated in the fall of 1968 (Table 52). A list of 
those students registered for graduate study in January 1969 is presented in 
Table 53.

TABLE 51 Numbers of Graduate Students and Post Doctorates in the Department of 
Soil Science

Year
Ph.D.

Students

Total 
Graduate 
Students

Post 
Doctoral 
Students

1960/61 — 8
1961/62 - 5 1
1962/63 — 8 1
1963/64 — 9 0
1964/65 - 13 0
1965/66 2 10 0
1966/67 9 26 0
1967/68 13 29 2
1968/69 18 34 3

TABLE 52 Degrees Granted for April 1, 1968 to March 31, 1969

Name Degree Advisor Thesis Title

D.R. Cressman M.Sc.
Soil Science
D.W. Hoffman An approach to rural land

P.H. Crown M. Sc. D.W. Hoffman
resource planning.
Some morphological features

R.T. Heywood M.Sc. L.R. Webber
indicative of soil moisture.

Reducing the oxygen demands of

J.R. Moyer M.Sc. R.L. Thomas
cannery waste by land disposal.

High molecular weight organic

J.C. Schleihauf M.Sc. R.W. Sheard

phosphorus and inositol 
phosphates in soil.
Potassium studies with alfalfa

P. Siitam M.Sc. J.W. Ketcheson

(Medicago sativa L.) and brome- 
grass (Bromus inermis L.)

Gaseous losses of soil nitrogen

J.M. Sippola M.Sc.
E.G. Beauchamp
R.L. Thomas

under laboratory conditions.
Nitrogen and carbon in some
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TABLE 52 continued

TABLE 53 Graduate Students Registered in Department of Soil Science in January 
1969

Name Degree Advisor Thesis Title

T.J. Gillespie Ph.D.
Agrometeorology

K.M. King Dew and night-time transfer of
heat and water-vapour in a 
cornfield.

M.Sc. Advisor Ph.D. Advisor

Soil Science
D.G.S. Bielby L.R. Webber J.H.M. Aalders D.E. Elrick
F.R. Campbell L.R, Webber C.J. Acton R. Protz
L. Evans R.W, Sheard G.K. Asamoa R, Protz
J.P. Fish T.E. Bates L.D. Bailey E.G. Beauchamp
I. Hussain E.G. Beauchamp D.A. Carandang J.W. Ketcheson
M.G. Kakebeeke D.E, Elrick R.W. Jones R.W. Sheard
B.F. Leeson D.W. Hoffman D.W. Lawson D.E. Elrick
D.L. Massey R.W. Sheard K.B. MacDonald D.E. Elrick
G.E. Mellor R.W. Sheard P.N. Mosher T.E. Bates
W. Nap T.H, Lane A.T. Raad R. Protz
G.W. Scott D.E. Elrick S. Venkataraman R. Protz
R.L. Veinot
G.J. Wall

R.L. Thomas
D.W. Hoffman

M.E, Watson T.E. Bates

Agrometeorology
I. Muzik K.M. King J.K. Chung K.M. King
I.S. Selirio D.M. Brown J. den Hartog K.M. King
P.J.P. Smith T.J. Gillespie H. Neumann 

J.J. Rahn 
R.H. Shaw 
R.H. Silversides

K.M. King
D.M. Brown
G.W. Thurtell
G.W. Thurtell

Post Doctorates

C.P. Mamaril Soil-plant relations (with M.H. Miller)
G.J. Blair ii n ri ( " )
T, Totsuka Agrometeorology (with K.M. King)
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SCIENTIFIC PUBLICATIONS
April 1, 1968 to March 31, 1969

Published in Refereed Scientific Journals

Bachmat, Y., 1969. Hydrodynamic dispersion in a saturated homogeneous porous 
medium at low Peclet numbers and nonhomogeneous solution. 
Water Resources Research. 5: 139-143.

Bates, T.E. and A.D. Scott, 1969. Control of potassium release and reversion 
associated with changes in soil moisture. Soil Sci. Soc. 
Amer. Proc, (in press).

Beauchamp, E.G. and R. Cr^te, 1968. Effects of dimethyl sulfoxide incorporated 
into a mineral and an organic soil. Soil Sci. 106: 421-428.

Beauchamp, E.G., T.H. Lane, R.B, Carson, and M, Hidiroglou, 1969. A note on 
selenium contents of two leguminous forage species collected 
in Ontario and the possible incidence of selenium-responsive 
diseases. Canad. Vet. J,, May Issue.

Black, T.A., G.W. Thurtell and C.B. Tanner, 1968. Hydraulic load cell lysimeter 
construction, calibration and tests. Soil Sci. Soc. Amer. 
Proc. 32: 623-629.

Blacklow, W.M., and D.L, Linscott, 1968. The fate of 2,4-D applied to Viking 
birdsfoot trefoil and a resistant intercross. Weed Science 
16: 516-519.

Cressman, D.R. and D.W. Hoffman, 1968. Classifying land for recreation. 
Jour, of Soil and Water Cons. 23: 91-93.

Cr&te, R. and E.G. Beauchamp, 1968. Efficacite relative de deux fongicides de 
sol en 1’absence et presence du dimdthyle sulfoxide contre 
la hemie des crueifhres P1asmodiophora b ra s s i cae Wor., en 
sols mineral et organique. Phytoprotection 49: 41-48.

Fuchs, M., C.B. Tanner, G.W. Thurtell, and T.A. Black, 1969. Evaporation from 
drying surfaces by the combination method. Agron. J., 
61: 22-26.

Gillespie, J.E. and D.E. Elrick, 1968. Micromorphological characteristics of an 
Oneida soil profile. Can. J. Soil Sci. 48: 133-142,

Kerr, J.P., G.W. Thurtell, and C.B. Tanner, 1968. Mesoscale sampling of global 
radiation - analysis of data from Wisconsin. Monthly Weather 
Rev., 96: 237-241.

Krupp, H.K. and D.E. Elrick, 1968. Miscible displacement in an unsaturated glass
bead medium. Water Resources Research 4: 809-815.

Protz, R., R.W. Arnold and E.W. Present, 1968. The approximation of the true 
modal profile with the use of the high speed computor and land
scape control. Trans. 9th Inter, Cong. Soil Sci. IV: 193-204.
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Protz, R, and F.F. Riecken, 1968. Profile distribution, of nonexchangeable Mg 
in the < 1 ji clay in seven loess-derived soils. Soil Sci, 
Soc, Amer. Proc. 32: 861-865.

Raad, A.T., R. Protz and R.L. Thomas, 1969. Determination of Na-dithionite and 
NH^-oxalate extractable Fe, Al and Mn in soils by atomic 
absorption spectroscopy. Can. J. Soil Sci. 49: 89-94.

Scotter, D.R., G.W, Thurtell, and C.B. Tanner, 1968. Measuring oxygen uptake by 
the roots of intact plants under controlled conditions.
Soil Sci, (in press).

Sheard, R.W., 1968. Relationship of carbohydrate and nitrogen compounds in the 
haplocorm to the growth of timothy (Phleum pratense, L), 
Crop Sci., 8: 658-660.

Stevenson, C.K, and T.E. Bates, 1968. Effect of nitrogen to phosphorus atom 
ratio of ammonium phosphates on emergence of wheat (Triticum 
vulgare). Agron. J. 60: 493-495.

Book Reviews
Chesworth, W., 1969. Review of Soil Mechanics: Selected Topics, I.K. Lee ed. 

in Library Journal 94: 1888.

Published Conference Proceedings and Non Refereed Papers
Blacklow, W.M., 1969. The physiology of seasonal growth in fall fescue varieties 

(Festuca arundinacea Shreb.) Ph.D. thesis, Oregon State 
University.

Elrick, D.E., 1968. Transport of pesticides in soils. Proc. 15th Ann. Meeting 
Agric. Pesticide Society, pp 35-43.

Lane, T.H., 1968. The origins of agricultural wastes. Proc. Conf, on Solid 
Wastes, Sponsored by Cons. Council of Ont., Toronto.

Webber, L.R. and T.H. Lane, 1969. The nitrogen problem in the land disposal of 
liquid manure. Proc. An. Waste Management Conf., Syracuse, N.Y.

Technical Bulletins and Reports
Brown, D.M., G.A, McKay and L.J. Chapman, 1968. The climate of Southern Ontario. 

Climatological Studies No. 5 50 pp. Meteorol. Branch, Canada 
Dept, of Transport, Toronto.

Hoffman, D.W., M.H. Miller and R.E. Wicklund, 1968. Soil survey of Lanark County. 
Report No. 40, Ont. Soil Survey, O.D.A.F, and C.D.A.

Hoffman, D.W., 1968 Soil capability for agriculture. Toronto Map Sheet A.R.D.A.
Hoffman, D.W., 1968 Soil capability for agriculture. Kitchener Map Sheet A.R.D.A.
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Published Abstracts and Oral Presentations of Research Papers

Acton, C.J., R. Protz and J.E. Gillespie, 1968. Application of the electron 
microprobe analyzer in soil genesis studies. Presented at 
the annual meeting of the Can. Soc. of Soil Sci., Hamilton, 
Ont., abstracted in Titles and Abstracts of Technical Papers.

Bachmat, Y., 1968. Guidelines for a unified approach to transport phenomena in 
porous media. Presented at the annual meeting of the 
American Geophysical Union, Washington, D.C., April 8-11, 1968. 
Abstracted in Transactions AgU.

Brown, D.M. and J.J. Rahn, 1968. Frost in a corn field. Presented at the 8th 
Conference on Agricultural Meteorology, Ottawa, Ont.
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ACTI VE RESEARCH PROGRAMS
Agrometeorology

Ag.M. 1. Crop micrometeorology with emphasis on water relations.

Ag.M. 1,1 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 Agriculture and Food)

Ag.M. 1.2 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 
Agriculture and Food)

Ag.M. 1.3 Energy and water balances of agricultural land surfaces. 
(K.M. King, Met. Br, Canada Dept, of Transport)

Ag.M. 1.4 Short term growth of field crops in relation to the micro
environment. (K.M. King, Canada Dept, of Agriculture)

Ag.M. 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.)

Ag.M. 3. Climate and field crop production.

Ag.M. 3.1 Effect of climate on agricultural practices and crop production. 
(D.M. Brown, Ont. Dept, of Agric, and Food)

Ag.M, 3.2 Compilation and analysis of current and past weather records. 
(D.M. Brown, Ont. Dept, of Agric, and Food)

Soi| Management and Plant Nutrition

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

S.M. 1,1 Evaluation of the need for micronutrient additions for field crops 
on Ontario soils. (E.G. Beauchamp and T.H. Lane, Ont. Dept, of 
Agric, and Food)

S.M. 1.2 Availability of micronutrients and magnesium in Ontario soils. 
(T.E, Bates, Canada Dept, of Agric.)

S.M. 1,3 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)

S.M. 1,4 Chemical behaviour of plant nutrients in organic soils as indicated 
by soil and plant analysis. (A.L. Willis, Ont. Dept, of Agric, 
and Food)
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S.M. 1.5 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)

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

S.M. 2.1 Time and source of nitrogen application for corn. (E.G. Beauchamp, 
Ont, Dept, of Agric, and Food)

S.M. 2.2 Time of nitrogen application for soybeans. (E.G. Beauchamp, Ont. 
Dept, of Agric, and Food)

S.M, 2.3 Source and method of nitrogen, phosphorus and potassium application 
for corn. (T.E. Bates, Ont. Dept, of Agric, and Food)

S.M. 2.4 Method, source and time of application of boron for field crops. 
(E.G. Beauchamp, Ont. Dept, of Agric, and Food)

S.M. 2.5 Chemicals affecting cell membrane permeability and the absorption 
of foliar applied nutrient elements. (E.G. Beauchamp, National 
Research Council)

S.M. 2.6 The influence of the ammonium ion on nutrient absorption by plants. 
(G.J. Blair, M.H. Miller, C.P. Mamaril, National Research Council)

S.M. 3. Tillage effects on plant growth and nutrient requirement.

S.M. 3.1 Effects of temperature on soil processes on growth and nutrient 
absorption by corn. (J.W. Ketcheson, Ont. Dept, of Agric, and 
Food)

S.M. 3.2 Influence of tillage practices on soil properties and on yield and 
nutrient absorption by corn. (J.W, Ketcheson, Ont. Dept, of 
Agric, and Food)

S.M. 3.3 The influence of soil and aerial temperature on plant growth and 
nutrition. (J.W, Ketcheson, National Research Council)

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

S.M, 4.1 Interaction of fertilizer use and harvest management on production, 
quality and longevity of forage species. (R.W. Sheard, Ont, Dept, 
of Agric, and Food)

S.M. 4.2 Factors influencing the winter survival of legumes, (R.W. Sheard, 
Ont. Dept, of Agric, and Food and Ont. Dept, of Univ. Affairs)

S.M. 4,3 Time of application and placement of phosphorus and potassium for 
grasses, legumes and mixtures thereof, (R.W. Sheard, Ont, Dept, 
of Agric, and Food)

S.M. 4.4 Time and rate of application, and source of nitrogen for grass 
production. (R.W. Sheard, Ont. Dept, of Agric, and Food)
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S.M. 4.5 Interactions of soil drainage, species and plant nutrition. 
(R.W, Sheard, Ont. Dept, of Agric, and Food and Canada Dept, 
of Agric.)

S.M. 4.6 Relationship of visible radiation to growth and metabolism of 
plants. (R.W. Sheard, National Research Council)

S.M. 5. Characterization transformations and reactions of soil organic matter.

S.M. 5.1 Characterization and identification of organic phosphorus compounds 
in soil. (R.L. Thomas, National Research Council)

S.M, 5.2 Characterization and identification of organic nitrogen compounds 
in soil. (R.L. Thomas, Canada Dept, of Agriculture)

S.M. 5.3 Mineralization studies of soil organic matter with reference to 
nitrogen and phosphorus. (R.L. Thomas, Ont. Dept, of Agric, and 
Food)

S.M. 6. Physical chemical reactions in soils

S.M. 6.1 Cation mobility in clay systems. (B.D. Kay, Ont. Dept, of Agric, 
and Food)

S.M. 6.2 Effect of tetra-alkyl ammonium ions on rheological properties of 
clay suspensions. (B.D. Kay, Ont. Dept, of Agric, and Food)

Pollution Control and Waste Disposal

P.C. 1. Utilization and disposal of animal waste,

P.C, 1.1 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)

P.C. 1.2 Nitrogen components in soil percolation following application of 
liquid manure. (L.R. Webber, Canada Dept, of Agriculture)

P.C. 2. Use of soil for waste disposal.

P.C. 2.1 Soil suitability and the disposal of septic tank effluents 
(L.R. Webber, National Research Council)

P.C, 3. Transport phenomena in soils.

P.C. 3.2 Microhydrologic characteristics of soils. (D.E, Elrick, National 
Research Council
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P.C. 3.3 Dynamics of nitrogen transport in soils. (D.E. Elrick, Ont. 
Dept, of Agric, and Food)

Resources Inventory, Planning and Development

R.D. 1. Classification, morphology and genesis of Ontario soils.

R.D. 1.1 Relationship between geomorphic, morphological, and chemical 
variables within small landscape units. (R. Protz, Ont. Dept, 
of Agric, and Food, Canada Dept, of Agric.)

R.D. 1.2 Mineralogical characterization of soils from active soil surveys 
in Ontario, (R. Protz, Ont. Dept, of Agric, and Food)

R.D. 1,3 Quantification of soil variability. (R. Protz, National Research 
Council)

R.D, 1,4 Use of the electron microprobe in soil genesis. (R. Protz, 
National Research Council)

R.D, 1.5 Evaluation of soil color as used in soil classification. (R. Protz, 
National Research Council)

R.D. 1.6 Techniques in photogrammetry as aids in studies of soil properties 
and geomorphic parameters. (R. Protz, Canada Dept, of Agric.)

R.D. 1.7 Physical weathering of micaceous minerals, (S.A. Wentworth, Ont. 
Dept, of Agric, and Food)

R.D. 1.8 Chemical alteration of micaceous minerals. (S.A. Wentworth, 
National Research Council)

R.D. 1.9 Weathering of granite and associated mineral facies. 
(W, Chesworth, National Research Council)

R.D. 2. Soil survey and land use.

R.D. 2.1 Detailed soil survey of Waterloo County. (E.W. Presant*, Canada 
Dept, of Agric.)

R.D. 2.2 Detailed soil survey of Brant County. (C.J. Acton*, Canada Dept, 
of Agric.)

R.D, 2.3 Soil survey of Peterborough County, (J.E, Gillespie*, Canada 
Dept, of Agric.)

R.D. 2.4 Soil survey of the Great Clay Belt. (G.J. Wall*, Canada Dept, of 
Agric.)

R.D, 2.5 Soil survey of the Gogama Region. (G.J, Wall*, Canada Dept, of 
Agric.)



* Canada Dept, of Agriculture Personnel.
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R.D. 2.6 Soil survey of the Sudbury-Sault Ste. Marie Region. (D.W. Hoffman, 
Ont. Dept, of Agric, and Food)

R.D. 2.7 Soil survey of Kenora, Rainy River and Dryden Regions.(D.W. Hoffman, 
Ont. Dept, of Agric, and Food)

R.D. 2.8 Soil capability for agriculture. (D.W. Hoffman, Ont. Dept, of 
Agric, and Food)

R.D. 2.9 Interpretation of soil surveys for land use planning. (D.W. Hoffman, 
Ont, Dept, of Agric, and Food)

R.D. 2.10 Interpretation of climate for land use planning. (D.M. Brown, Ont. 
Dept, of Agric, and Food)

Geology

G.A. The origin of hypersthene-granite. (W. Chesworth, National Research Council)
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