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FOREWORD
We are pleased Co present our 1981/82 Progress Report*  

Information is Included on various aspects of the teaching, research 
and service programs provided by the Department of Land Resource 
Science and the Ontario Institute of Pedology.

During the past year the administration of our two units has 
been shared by K.M. King and B.D. Kay. K.M. King began a 1 year 
admlnstratlve leave on July 1, 1981 and his responsbilities were 
subsequently carried by B.D. Kay.

A modest expansion of our physical facilities occurred during 
the past year with the construction of a new wing attached to the rear 
corner of the Land Resource Science Building. This wing provides about 
3000 ft2 of additional usable space and provides some relief to the 
acute shortage of space which we are experiencing. The extension 
provides additional space to our agrometeorology program, as well as a 
low temperature laboratory and additional multifunction space for 
various projects. The one storey addition was provided entirely from 
University funds. Renovations were made in the Soil and Plant Testing 
Laboratories to provide Improved facilities, particularly for 
micronutrients. These funds were provided by the Ontario Ministry of 
Agriculture and Food.

Our teaching programs at the undergraduate level continue to 
grow with the largest increases in enrollments occuring in the Earth 
Science program. This reflects growing interest among students in the 
energy sector.

Enrollments in graduate programs remain relatively stable in 
spite of mounting evidence of a real shortage of highly qualified 
manpower in the land area in the near future. About 40% of the 
students currently enrolled in the graduate programs in Land Resource 
Science are visa students. The total number of graduate students 
enrolled and the relatively small proportion of Canadians and Landed 
Immigrants are of considerable concern.

Research and Service programs continue to grow. A highlight 
in this area during the past year has been the study carried out for 
the Ontario Ministry of Agriculture and Food (OMAF) to assess the 
impact on agriculture of the different transmission system expansion 
proposals for southwestern Ontario which were presented by Ontario 
Hydro. The study was carried out under severe time constraints and its 
completion would not have been possible without the unique relation 
which exists between personnel in the Ontario Institute of Pedology and 
the Dept, of Land Resource Science. The final report in the study 
became the position paper presented by OMAF at the Consolidated 
Hearings which followed the study. The decision of the Consolidated 
Board coincided with the recommendations of the study and gave top 
priority to the preservation of prime agricultural land.

Our research and service programs continue to enjoy strong 
financial support, support which is essential to their survival, and we 



would like to acknowledge this support. A large part of the funding is 
supplied by the Ontario Ministry of Agriculture and Food and we are 
most grateful for this sustained support year after year. We are also 
appreciative of the funds received from the Ministry of Colleges and 
Universities, the Ministry of Natural Resources and the Ministry of the 
Environment. Various federal agencies including Agriculture Canada, 
the Natural Sciences and Engineering Research Council, and the 
Atmospheric Environment Service provided research support. Various 
industry groups contributed: Canadian Industries Ltd., Canadian 
Turfgrass Research Foundation, Fertilizer Institute of Ontario Inc., 
Imperial Oil Ltd., Ontario Corn Committee, Potash Corp. of 
Saskatchewan, Potash/Phosphate Institute of Canada, and Sylvite Sales 
Inc. Many people in other departments at this university and at other 
locations helped in various ways with our teaching and research 
programs. We also are particularly grateful for assistance provided by 
individual farmers for permitting us to carry out experiments on their 
land in various locations.

The publication of this Progress Report is the result of 
the efforts of many in the Department and Institute but we’re pleased 
to thank particularly Sheree Henry, Don Irvine and Andy McLennan for 
the typing and organization and Professor R. Protz and Dr. C.J. Acton 
for the editing.

July 1982 K.M. King
Chairman, Department of Land Resource Science 
Coordinating Director, Ontario Institute of Pedology

B.D. Kay
Acting Chairman (July 1981 to June 1982) 
Department of Land Resource Science
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PERSONNEL AND INTERESTS

B .D. KAY, B.S.A., M.Sc. (Guelph), Ph.D. (Purdue), Associate Professor 
and Acting Chairman (July 1981 to June 1982). Physico
chemical reactions in soils, dynamics of frost heaving, 
influence of tillage and cropping practices on soil 
structure. (Ext. 2487).

K.M. KING, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin), Professor and 
Chairman of the Department (on administrative leave July 1981 
to June 1982). Evapotranspiration and photosynthesis of 
field crops; environmental measurements. (Ext. 2447 and
2448)*.

W.A. MITCHELL, Administrative Technical Officer. (Ext. 2484).

Agrometeorology

Faculty/ Professional
D.M. BROWN, B.S.A., M.S.A. (Toronto), Ph.D. (Iowa State), Professor. 

Climate related to land use planning, crop zonation, 
climatological reference stations, relationships of crop 
growth and development to climate and weather. (Ext. 2206).

T.J. GILLESPIE, B.Sc. (British Columbia), M.S.A. (Toronto), Ph.D. 
(Guelph), Associate Professor. Relationships of plant 
diseases and pests to weather; computer modelling of soil and 
air microclimates. (Ext. 2645).

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

G.W. THURTELL, B.S.A., M.S.A. (Toronto), Ph.D. (Wisconsin), Professor. 
Physics of soils, plant and atmosphere. (Ext. 2453).

Technical Staff
R.N. Hughes - Weather records. (Ext. 2458).
R.E. Sweetman - Electronic Instrument operations and plot work. 

(Ext. 2208).

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



Soil Science
Faculty/ Professional

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

E.G. BEAUCHAMP, B.Sc. (Agr.), M.Sc. (McGill), Ph.D. (Cornell), 
Professor. Nitrogen in the soil/crop system; soil-plant 
relationships; fertilizers and plant nutrition. (Ext. 
3239).

S. BURNS, B.Sc. (Toronto), M.Sc. (Jerusalem), Teaching Associate. 
Instructional development for introductory soils. (Ext. 
3393).

A. DE ST REMY, B .Sc. (Waterloo), M .Sc. (Guelph), Research Assistant. 
Soil microbiology, jointly with Crop Science Department. 
Resigned February 1982.

D.E. ELRICK, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin), Professor. 
Soil physics. (Ext. 3758).

L.J. EVANS, B.Sc. (Southampton), Ph.D. (Wales), Associate Professor. 
Soil genesis and clay mineralogy. (Ext. 3017).

P.H. GROENEVELT, M.Sc, Ph.D. (Wagenlngen), Professional Associate. 
Soil physics. (Ext. 8748).

S.G. HILTS, B.A. (Western Ontario), M.A. (Toronto), Ph.D. (Toronto), 
Assistant Professor. Joint appointment with School of Rural 
Planning and Development. Natural resources management, 
environmental planning, land utilization. (Ext. 2702).

B.D. KAY, B.S.A., M.Sc. (Guelph), Ph.D. (Purdue), Associate Professor. 
Physico-chemical reactions In soils, dynamics of frost 
heaving, influence of tillage and cropping practices on soil 
structure. (Ext. 2487).

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

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

E.E. MACKINTOSH, B.S.A. (Saskatchewan), M.Sc. (British Columbia), Ph.D. 
(Adelaide), Associate Professor. Half-time appointment.
Study of soil properties and their relationship to land use; 
applied clay mineralogy. (Ext. 2492).
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M .H. MILLER, B.S.A. (Toronto), M.S., Ph.D. (Purdue), Professor. Soil 
fertility, plant nutrition and land productivity. (Ext. 
2482).

R. PROTZ, B.S.A., M.S. (Saskatchewan), Ph.D. (Iowa State), Professor. 
Soil genesis and classification; soil variability; soil clay 
mineralogy; mapping techniques and soil landform relation
ships. (Ext. 2481).

N.R. RICHARDS, B.S.A. (Toronto), M.S. (Michigan State), D.Sc. (Laval), 
Professor. Soil classification and land use. Retired Sept. 
1981.

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

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

T.J. VYN, B.Sc., M.Sc. (Guelph), Lecturer, joint appointment with 
Department of Crop Science. Soil tillage and crop rotations. 
(Ext. 3397).

G.K. WALKER, B.Sc. (Reading), M.Sc. (Sask.), Ph.D. (California), 
Research Scientist. Land productivity modelling. (Ext. 
2480).

Geology

Faculty
R.A. BOURBONNIERE, B. A. (Massachusetts), M.S. (Michigan), Ph.D. 

(Michigan), Adjunct Professor. Organic geochemistry.

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

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

W.A. GLOOSCHENKO, B.S. (California, Berkeley), M.Sc. (California, 
Davis), Ph.D. (Oregon), Adjunct Professor. Vegetation 
ecology and geochemistry of wetlands.

I.P. MARTINI, Doct. Geol. Sci. (Florence), Ph.D. (McMaster), Associate 
Professor. Sediments and sedimentary rocks, sedimentology, 
glacial and pleistocene geology. (Ext. 2488).
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Cooperating Personnel Located In The Department

H. Martin, B.Sc. (Agr.) (Guelph), Soils and Crops Extension Specialist. 
(Ext. 2454). Commenced duties October, 1980.

Clerical Staff For The Department Of Land Resource Science
P.E. Beirnes - Administrative Secretary. (Ext. 2448).
K.M. Beltz - Stenographer. (Ext. 2455).
L. Bissell - Clerk. (Ext. 2661).
D. Brenner - Stenographer. (Ext. 2455) Commenced duties

March 1982.
J.L. Cook - Clerk. (Ext. 2486).
S. Henry - Stenographer. (Ext. 2455)
L.E. Lepage - Stenographer. Resigned Feb. 1982.
F.I. Peer - Stenographer. (Ext. 8747).

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

(Ext. 2494).
L. Cosens - Plant analysis. (Ext. 2494). Commenced duties

June 1982.
R.S. Cracknell - Soil classification. (Jan. - Oct. 1981).
E.L. Dickson - Runoff collection and analysis, research

analytical laboratory. (Ext. 8157).
M.R. Evans - Computer data analysis. (Ext. 2458).
J.A. Ferguson - Soil management and plant nutrition plot work.

(Ext. 2491).
E.F. Gagnon - Supervisor, soil testing operations. (Ext.

2494).
C. Grant - Soil freezing, soil physics related to tillage.

(Ext. 8157).
A. Haw - Turf grass research technician. (Ext. 2491).
D.E. Irvine - Cartographer. (Ext. 3364).
B. Kingdon - Soil testing operations. (Ext. 2494)
D. Lee - Soil classification. Resigned April 1982.
Y. Leyds - Soil classification. (September/81 to July/82)
J. Lovcanin - Soil management and plant nutrition field plot.

(Ext. 8157).
R.L. McCutcheon - Plant analysis. (Ext. 2494).
J.A. McLennan - Cartographer. (Ext. 3364).
C.E. Miller - Soil classification. Resigned January 1982.
E. Mozuraitls - Agricultural reclamation of aggregate lands.

Resigned April 1982.
M.E. Ormond - Soil classification. (Ext. 8170)
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D. Tel - Pollution control and waste managment; soil
and water analysis and research analytical 
laboratory. (Ext. 3507).

D. Thornton - Teaching technician. (Ext. 3393)
W.G. Wilson - Pedology. (Ext. 8157).
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SERVICE TO AGRICULTURE AND THE PUBLIC
Extension, Continuing Education & Public Relations

The contributions by the Department of Land Resource Science 
in the areas of extension, public relations and continuing education 
are very important both to Ontario agriculture and the University of 
Guelph.

The Department maintains an active extension program in the 
departmental areas of soil science, agrometeorology and geology. The 
major emphasis is on soil management as it relates to soil erosion, 
tillage, cropping systems, manure utilization, sewage sludge potential 
for agricultural use, and soil test interpretation and calibration.

The research emphasis in soil management must continue while 
a greater and more significant research effort must be made to 
understand the effects of various tillage techniques and their 
associated soil erosion problem and control solutions.

Table 1. Summary of extension and continuing education activities, 
Department of Land Resource Science for 1981-82 (faculty 
days involved - 8 hours/day).

Type of Extension Involvement Days of Extension 
of Work

% of Extension 
Effort

Extension Courses, Conferences etc. 49 14
Continuing Education 6 1.5
Tours (groups) 9 2.5
Extension Consultations 139 39.5
Extension Talks (Speeches) 54.5 15.5
Publications 20 5.5
Radio, TV programs 2.5 1
Other Significant Extension Activity 28.5 8
Public Relations 39 11

TOTAL 353 100

* Man years @ 220 days/year = 1.6

Soil Testing and Plant Analysis Service
A total of 57,464 farm soil samples were tested in 1980/81, 

an increase of nearly 5,000 from the year before (Table 2). More 
samples than usual were tested in March and April 1981 because of the 
very early spring (Table 3). In spite of a difficult fall for field 
work in 1981 the numbers of samples taken are approximately the same 
as in the previous year. Interest in soil testing obviously remains 
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high. In late 1981 and early 1982 there has been an unusually high 
demand for talks explaining and interpreting the O.M.A.F. soil testing 
service.

TABLE 2: Soil Samples Tested in the Ministry of Agriculture and Food Laboratory, Department of Land Resource 
Science, University of Guelph-

Source of
Samples 1971-72 1972-73 1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81

Farm 36,195 25,862 39,709 40,944 48,520 36,719 37,604 48,943 52,532 57,464

Garden 4,913 4,531 3,854 4,831 5,127 1,946 3,326 4,024 4,147 4,813

Canadian Forces Base 864 853 941 852 923 860 942 828 908 829

Research - Federal, 
Provincial, University 
and unclassified

8,066 7,303 11,913 8,207 7,533 10,422 17,202 18,644 14,274 16,521

Industry* 79 100 15 36 22 25 47 41 0 37

TOTAL 50,117 38,659 56,432 54,870 62,125 49,972 59,121 72,480 71,861 79,664

No. of users** 10,534 10,494 11,814 13,141 13,809 11,393 11,684 14,967 15,060 15,693

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

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

TABLE 3: Number of Soil Samples Received Monthly from 1970 - 1980.

71-72 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82

JULY 1,170 1,092 2,018 2,105 4,565 2,325 1,872 4,817 4,704 3,868 2,601

AUG. 2,496 2,744 2,496 2,730 3,668 3,368 4,680 7,522 2,574 4,134 3,813

SEPT. 3,276 2,926 3,432 3,988 4,212 3,908 5,696 4,825 5,978 5,360 4,757

OCT. 7,260 4,992 7,534 7,176 6,396 5,749 5,539 7,239 7,098 8,419 7,319

NOV. 9,906 6,362 13,730 11,389 8,502 9,672 10,296 18,398 13,884 14,586 14,820

DEC. 7,956 4,968 6,086 6,396 12,480 4,479 6,329 5,460 8,424 8,964 9,672

JAN. 4,320 2,340 3,276 4,446 3,432 1,677 2,646 5,854 7,410 6,899 9,113

FEB. 1,404 936 4,961 1,440 2,261 1,014 1,077 2,388 4,164 1,950 3,138

MAR. 780 1,872 1,638 1,404 2,886 2,340 1,097 2,418 1,560 5,204

APRIL 2,418 3,900 2,262 6,724 5,687 5,919 4,602 4,836 7,953 10,124

MAY 2,322 1,794 2,434 2,418 2,130 1,791 4,056 2,804 2,798 2,701

JUNE 2,572 1,266 1,516 934 936 2,028 1,794 1,348 1,256 4,506

Manganese and zinc soil tests were added to the service in 
October 1981 at a charge of $3.00 per sample. A total of 730 samples 
has been tested for these nutrients up to the end of February 1982.

The numbers of soil samples tested for each county and 
district and the average values of tests for phosphorus, potassium, 
magnesium and pH are presented in Table 4.
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TABLE 4; Numbers of samples tested and average tests for phosphorus, 
potassium, magnesium and pH from counties, districts and regions of 
Ontario from July 1, 1980 to June 30, 1981.

County or District

Algoma

Samples 
Tested

249

Phosphorus*

17

Average Sc 
Potassium*

97

)il Test 
Magnesium*

126

PH

5.7
Brant 1730 26 110 158 6.6
Bruce 1621 13 118 198 7.3
Carleton 798 16 125 175 6.7
Cochrane N. 264 23 149 191 6.6
Cochrane S. 164 18 134 170 6.2
Dufferin 380 14 100 175 7.2
Dundas 836 ' 13 113 189 7.0
Durham 762 18 88 .74 7.5
Elgin 1859 35 121 123 6.5
Essex 1413 37 165 165 6.3
Frontenac 328 15 150 187 6.3
Glengary 743 14 126 174 6.6
Grenville 465 13 83 187 7.1
Grey 1178 11 106 195 7.4
Haldimand 1758 13 134 192 6.3
Haliburton 41 11 72 55 5.7
Halton 999 23 127 166 6.5
Hastings 576 17 125 124 6.9
Huron 2047 17 128 197 7.4
Kenora 40 13 153 176 5.8
Kent 3312 25 138 159 6.7
Lambton 1356 22 155 186 6.8
Lanark 411 14 109 174 6.4
Leeds 353 13 105 186 6.5
Lennox & Addington 504 11 151 188 6.6
Manitoulin 155 9 88 188 6.6
Middlesex 1905 24 136 166 7.0
Muskoka 108 15 82 84 5.3
Niagara N. 507 25 162 183 6.0
Niagara S. 852 21 117 177 6.3
Nipissing 243 17 113 152 6.0
Norfolk 4459 56 129 82 6.4
Northumberland 1154 23 95 74 7.3
Ontario 1705 18 101 90 7.4
Oxford 2029 26 114 165 6.9
Parry Sound 188 15 82 107 5.6
Peel 778 24 124 155 6.9
Perth 2259 17 121 198 7.3
Peterborough 1034 15 91 75 7.4
Prescott 974 16 154 167 6.1
Prince Edward 581 26 140 123 7.1
Rainy River 448 12 174 197 6.5
Renfrew 455 13 108 141 6.3
Russell 466 13 111 167 6.4
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Table 4 Cont’d:

County or District Samples 
Tested

Average Soil Test
Phosphorus* Potassium* Magnesium* pH

Simcoe N. 1163 18 114 110 6.7
Simcoe S. 1695 31 113 112 6.9
Stormont 662 11 95 149 6.8
Sudbury 337 22 100 166 6.0
Temiskaming 537 10 134 191 6.3
Thunder Bay 498 20 123 178 6.0
Victoria 1191 16 103 84 7.5
Waterloo 1094 26 121 188 7.2
Wellington 2599 16 110 197 7.4
Wentworth 1398 31 115 165 6.5
York 1607 33 109 137 7.0

* The period reported is May 1 to April 30.

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

*** Mainly plant tissue from other university departments.

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

The number of feed samples tested in this laboratory was 
approximately the same in 1980/81 as in the previous year (Table 5). 
The number of manure samples tested continues to increase. Stocking of 
manure sample containers by the agricultural offices seems to be a 
major factor in this increase. The containers are apparently 
convenient and their presence in the offices and at meetings provides 
good advertising for the service.

TABLE 5; Number of Samples of Plant, Manure and Other Organic Materials Analyzed by the Soil and Plant 
Analyses Service Laboratory (With the Exception of Those for Land Resource Science Research All 
Samples Were Analyzed on a Fee for Service Basis).*

Type of Material 72-73 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81

Plant samples (field) 150 82 49 156 317 175 263 359 307

Plant samples (greenhouse) 142 132 146 76 121 165 279 471 673

Manures, composts and sludge 66 39 71 82 57 80 115 276 486

Feeds** 95 870 1,861 3,306 3,878 4,373 5,293 5,846 5,585

Other*** 58 308 260 179 303 501 437 915 842

Total Service samples 241 1,431 2,387 3,805 4,676 5,299 6,387 7,867 7,893

Land Resource Science Research
- mainly plants 4,046 5,344 4,294 4,243 2,745 3,555 4,471 3,440 3,638

Total Samples 4,287 6,775 6,681 8,048 7,421 8,854 10,858 11,307 11,531
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Greenhouse plant samples tested continue to increase with the 
increase coming chiefly from rose growers.

Analyses available at the laboratory are listed in Table 6.

The soil testing and plant analysis laboratory continues to 
be popular for visitors to the campus and as part of the education of 
agricultural and other students (Table 7).

TABLE 6: Analyses Available through the Soil Testing and Plant Analysis Laboratory, Department of Land 
Resource Science, University of Guelph.

Material Analyses Availability Cost/sample
1. Farm soils plant available phosphorus, potassium 

and magnesium + pH (calcium and salt 
concentration*  if required)

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

2. Home garden and 
lawn soils

as above all times $1.00

3. Soil available manganese and zinc all times $3.00

4. Soil organic matter all times $5.00

5. Soil texture (% sand, silt and clay) enquire at lab quoted on request

6. Soil other analyses may be available for 
groups of over 20 samples

enquire at lab quoted on request

7. Liming materials calcium and magnesium content, 
neutralizing value, particle size 
analysis

all times. $15.00

8. Dried plant and other 
organic materials**

nitrogen, phosphorus, potassium, 
calcium, and magnesium

all times $11.00

9. Dried plant and other 
organic materials**

boron, copper, manganese and zinc all times $11.00

10., Dried plant and other 
organic materials**

9 elements listed in 8 and 9 all times $14.00

1*. . Hauure and other 
moist organic matter

nitro0en, phosphorus, potassium, 
calcium, and magnesium and % D.M.

all times $13.00

12.. Manure and other 
moist organic matter

boron, copper, manganese and zinc all times $13.00

13.. Manure and other 
moist organic matter

9 elements listed In 11 and 12 all times $16.00

14. Dried plant, manure, and 
other organic materials

Sulfur, sodium, iron enquire at lab quoted on 
request

* electrical conductivity
** analysis of feed samples is arranged through the Department of Animal and Poultry Science.
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TABLE 7: Tours of the Soil Testing and Plant Analysis Laboratory, Department 
of Land Resource Science, May 1, 1980 to April 30, 1981.

Type of Visitor No. of Tours Approx. No. of Visitors

Farmers and Junior Farmers 6 115

New Ag. Reps. 2 16

Professional Agriculturists 1 3

High School Students 8 180

Community College Landscape and 
Ecology Classes

1 30

Students from Colleges of Agric. 
Technology

1 20

Students other Universities 1 20

Agricultural Diploma Students 
Univ, of Guelph

12 180

Agricultural Degree Students 
Univ, of Guelph

8 180

Landscape Architecture Students 
Univ, of Guelph

1 20

TOTAL 40 744

T.E. Bates and E.F. Gagnon

Weather & Climate Information 1981
The observing programmes at the Elora Research Station and 

the Arboretum weather station were continued in 1981. Summarised 
records were returned to the Atmospheric Environment Service monthly 
for processing and archiving. A computer summary of the Elora 
observations was produced and distributed monthly to users on and off 
campus.

Enquiries for current and past weather information, were 
answered, principally during the winter and fall semesters. Interest 
in sunshine and wind speed figures, for use in feasibility studies for 
solar and wind energy systems remained notable, as it was in 1980. The 
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West Indies Molasses Co. requested soil temperature data. They were 
burying a molasses - carrying pipeline which had to remain above 10°C 
all year for the molasses to flow. Data for the Guelph and El ora 
stations indicated that the pipe would need to be well below 3 m, as 
the soil temperature at that depth is on average 5°C at its minimum in 
April. Weather information for Guelph was supplied for ornithological 
studies on campus in September and October.

The pH of rainfalls was measured at Elora from May to 
November. The mean pH of the season’s rainfalls was 4.9 - a mean of 65 
readings. The normal for uncontaminated rain is 5.6. It was found 
that in winter, wind-borne soil dust makes accurate pH readings 
virtually impossible, the dust mixing with the snow and increasing the 
pH value. In summer, the cover of vegetation, and more humid 
conditions make this a lesser problem with dust seldom observed in the 
gauge.

Summary of Weather in 1981 - Elora and Region

The mean annual temperature was 0.2°C above normal in 1981, 
the first warmer than normal year since 1975. Despite a very cold 
January and below normal temperatures in May, August, September and 
October, positive amomalies in remaining months more than countered the 
cold.

Figure 1. Daily maximum and minimum temperatures at Elora for 1981.
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Precipitation was near average (-1.1%) for the year; January, 
March, November and December were dry, but frequent heavy rains from 
late August to October made up for this. The total of 236 mm for 
August and September combined at Toronto was the highest for these two 
months since 1899 (246 mm). At Elora on September 4th, the water table 
was at the surface after 148.1 mm of rain in the previous week.

Figure 2. Accumulated precipitation vs. normal at Elora for 1981.

Sunshine was 4.5% below normal for the year. February and 
September were notably dull - 64% and 73% fo normal respectively; 
November, normally a dull month, was unusually clear, and compensated 
with 9 days enjoying over 8 hours of bright sunshine. 120.0 hours were 
recorded in Toronto, the sunniest November since 1917 (125 hrs).

Detailed results of the Elora observations follow in Tables 8 and 9. 
See also Figures 3 and 4.

Monthly Summaries of Weather in 1981 - Elora and Region
January

January was colder than normal, especially during the first 
half of the month, when temperatures seldom exceeded - 10°C, and fell 
below - 20°C seven times, and below - 30°C twice. The second half was 
less severe, but even so it was one of the coldest months in the last 
10 years, only January 1977, and February 1978 and 1979 surpassing it 
in severity. The minimum of - 32.1°C on 4th was close to the record 
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low at Elora of -33.3°C recorded on January 23, 1976. Snowfalls were 
quite frequent, but mostly light. Sunshine was 19.6% above normal.

February
This month began with cold reminiscent of early January, and

the 3rd and 4th were bitterly cold days, with maximum temperatures of 
only -15.0°C and -14.0°C, respectively, coupled with strong winds. The 
passage of a vigorous depression 9th—11th produced snow, rain, mild 
temperatures and finally an arctic blast of cold air in its wake as the 
warm front, warm sector and cold front swept across the region. 30.5 
mm of rain overnight l0th/llth falling on frozen ground produced 
considerable local flooding. High pressure became established after 
this depression, the mean sea level pressure rising to 1048 mb by noon 
on the 13th. By 15th, temperatures had risen above the freezing point, 
and in a remarkable mild spell, the maximum temperatures continued 
above freezing to the month’s end. 9 consecutive such days at Toronto 
was a record since 1840. The previous record was 7 days in 1845. Snow 
cover was nil by the 22nd. The mild spell was however dull and damp, 
and sunshine was only 64% of normal for the month.

March

Snow fell frequently until the 20th of March, but amounts
were small and produced negligible ground cover. The monthly 
precipitation finished 48 mm below normal. Near average temperatures 
prevailed until the 16th, when a cold outbreak brought low maximum 
temperatures (-8.9°C on 17th) and strong winds. Following this, an 
upward temperature trend set in, the mercury rising a little higher 
each day - a mild 17.7°C was reached on 29th. This finally thawed the 
soil, and frogs came out of hibernation.

April
High temperatures occurred on the first four days of this

month. The max. of 20.0°C on 3rd was particularly high for so early in 
the month. A cold outbreak cut this short with frost and a chilly 
maximum of +2.0°C on 5th, 17.2°C lower than the day before. 
Temperatures were below normal 18th - 25th and mainly above the rest of 
the month. Precipitation was near average and sunshine a little below.

May

The rapid advance of spring in March and April slowed through
the first half of May, with generally cool conditions, and wet 9 th- 
15th. Light frost occurred in the first week, the last spring frost on 
the 18th (-0.8°C). Following this, a spell of very warm weather became 
established, and lasted to the 26th, with temperatures exceeding 25°C 
on several days.
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Local patchy blooming of forsythia and cherry, lack of leaves 
on privet and damage to hybrid vines in the Niagara Peninsula were some 
results evident this month of the damaging -30°C temperatures 
experienced in the winter.

June

Temperatures fluctuated about the normal through the month, 
but not often far from it. The monthly mean temperature was very close 
to average. The 15th and 16th had sunny, hot and very humid weather. 
On 15th the Humidex, or effective temperature considering temperature 
and humidity, rose from 34°C at 0800 to 41.1°C at 15.20 EST. The 
Humidex was again 34°C at 0800 on 16th, but cooler air spread in later 
that day and the peak value was near 35°C. Overnight temperatures 
remained at stifling levels, 20.2°C and 20.5°C respectively on 15th and 
16th, very high minimums for June. Haying was somewhat hampered by 
frequent rains 13th-22nd, but the monthly total precipitation ended 
17.3 mm below normal.

July

Total sunshine, rainfall and mean temperature were all close 
to normal in July. The first fortnight was the hottest, and after a 
cold front on the 13th, temperatures tended to be more moderate the 
rest of the month. Maxima ranged from 30.5°C on 8th (year's highest) 
to only 15.5°C on 28th. On the latter day the maximum in Toronto was 
the lowest for the date in 135 years. Minimums were as high as 20.5°C 
on 9th, and as low as 7.6°C on 22nd. Most crops, especially corn, put 
on a great deal of growth in July.

Figure 3. Accumulated precipitation vs. normal at Elora for 1981.
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August
Apart from a five anticyclonic spell 16th - 22nd, August 

impressed most people as very wet - and it was, with a total of 
165.0 mm of rain by the months end. There were heavy falls on 8th, 
10th and 14th, of a thundery nature, especially the fall of the 10th, 
when 31.3 mm of a daily total of 34.5 mm fell in one hour. Finally a 
very wet period began on 27th, and from then to the 31st a further 73.8 
mm was added to the monthly total. The mean pH of the 5 daily falls in 
this spell was 4.1, the most acidic group of rainfalls of the year. 
The rain of the 29th tested at pH 3.6, the year’s lowest. During this 
wet spell the region was under a south-easterly airflow, which 
generally produced the lowest pH values at Elora in 1981.

September

More heavy rain, fell early this month, hard on the heels of 
August’s excessive falls. 74.3 mm fell in the first three days, by 
which time the water table was at the surface at Elora, extensive 
standing water over many fields in the area. The first week was 
cloudy, foggy, and wet. Nighttime temperatures were high, (15 to 19°C) 
making for a very muggy week. Drier conditions followed 9th-18th and

Figure 4. Accumulated growing degree days vs. normal at Elora for 1981.
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it was much cooler, temperatures dropping from the mid-twenties to the 
low teens Celsius. Nights became cool 19th-30th with occasional ground 
frost. The first air frost of the season came on 30th with a minimum 
of -2.0°C. The accumulated total Corn Heat Units May 1l-Sept. 30 was 
2711, near the average of 2737 for the 10 years 1970-79.

September temperatures averaged 0.6°C below normal overall, 
and sunshine was 27% in deficit of normal.

October

October followed September’s trend of generally cooler and 
duller than normal weather. Up to 15 cm of snow fell in N. Ontario on 
2nd. The period 7th-14th was the best part of the month, with sunny 
days and seasonable temperatures.

Night frosts were regular after 17th and there was a cold 
snap 21st-24th. 11.2 cm of snow fell overnight 22nd/23rd and on the 
morning of 23rd the landscape in the Elora area resembled mid-winter, 
with a complete 10-12cm snow cover. In Guelph, 42m lower in elevation, 
most of the snow melted as it fell, and only a slight and short-lived 
cover developed. Temperatures rose towards the end of the month so the 
snow did not persist.

November

After so much cloudy and wet weather since the end of August, 
the first half of this month was most enjoyable with frequent fine, 
mild and dry Indian Summer days. Daily sunshine totals of 9 or more 
hours were noted on 3rd, 4th, 12th, 13th, 14th and 15th, and maximum 
temperatures on many of these sunny days were over 15°C. 16.8°C was 
reached at Elora on 4th, and with light winds and clear air the 
sunshine felt very warm and strong. Humidities fell to low levels on 
several days - below 30% on 3rd and as low as 27% on 14th. 91.8 hours 
of sunshine were recorded by the 15th, already 143% of the average 
total for the entire month. However, the last fortnight was very 
cloudy, so that only a further 21.8 hours were added by the months end.

Temperatures fell seasonably with several freezing days after 
the third week, through there were only light snowfalls. Precipitation 
for the month was only 63% of normal.

December

December weather was near to normal in most respects. 
Little or no snow accumulated on the ground before the 22nd, then more 
significant falls resulted in a 12-18 cm cover for the rest of the 
month. Temperatures were not extreme at any time, rather mild early in 
the month - above freezing maxima until 4th, and coldest 17th-20th. 
The latter part of the month was a little milder than normal. It was a 
dry month, only 5.7 mm of rain falling, and the rest as snow. The 
total precipitation of 32.4 mm was only 42% of normal. In the last 12 
years at Elora, only December 1976 was lower (31.7 mm).

R.N. Hughes
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Table 8: Monthly values for daily mean temperature and sums of temperature 
derived parometers, precipitation, and bright sunshine hours with 
departures Δ from normal.

Daily 
Mean 
temp. 
(°C)

Corn 
Heat 
Units

Degree 
Days
>75 °C

Degree 
Days 
<18°C

Rainfall 
mm

Snowfall 
cm

Total 
Precip.

Total
Sunshine

January
Δ

-11.8
-2.8

923 
+85

0.1
0.5

28.8
67

23.2
38

98.8
12

February
Δ

-4.5
+3.9

630
-115

56.0
256

26.0
91

83.7
170

69.0
64

March
Δ

-1.2
+1.4

19 
+10

595
-42

21.9
40

14.9
76

33.5
41

113.4
85

April 
Δ

6.3
+1.8

71 
+10

352
-51

62.1
108

0.2 
2

62.5
87

169.7
85

May 
Δ

11.1
-0.9

257
-38

188
-32

218 
+22

56.7
76

56.7
76

252.1
110

June 
Δ

16.9
-0.1

599 
+5

354
-7

59
-2

64.2
79

64.2
79

250.4
97

July 
Δ

19.5 
+0.3

731 
+18

451 
+10

16
-6

65.2
97

65.2
97

289.0
102

August
Δ

18.4 
+0.1

695
+19

415 
+3

20
-15

165.0
234

165.0
234

221.9
88

September
Δ

13.6
-0.7

429 
+8

257
-19

148
+19

126.6
146

126.6
146

120.0
73

October
Δ

5.9
-2.5

51
-69

376 
+72

81.0
120

13.4
838

97.0
140

108.1
83

November
Δ

2.6
+0.4

22
-5

462
-18

39.7
69

5.2
37

44.3
63

116.7
182

December 
Δ

-4.3
+0.5

690
-19

5.7
16

27.7
66

28.8
38

55.9
108

Year
Δ

6.1 
+0.2

2711
-26

1828
-99

4489
-70

744.2
107

116.2
73

850.7
99

1865
96

Δ - Difference from 1970-79 average, expressed as a percentage for 
rainfall, snowfall, total precipitation and sunshine.
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Table 9: Additional Climatological (values) recorded at Elora Research 
Station in 1981

Mean 
daily 
max 
°C

Mean 
daily 
min 
°C

Extreme 
max 
°C

Extreme 
min 
°C

Air 
Frost 

*

Days 
of 
snow

Δ

Days 
With 
* 0.2mm 
precip.

Mean 
Wind 
(Km-1)

January -7.6 -16.0 5.5 -32.1 30 26 16 13.8

February -0.5 -8.5 7.0 -28.0 20 14 17 18.2

March 3.2 -5.6 17.7 -17.4 27 20 19 17.2

April 11.2 1.3 20.0 -6.5 9 4 15 20.3

May 17.0 5.1 26.3 -1.5 6 0 13 14.0

June 22.5 11.1 30.0 2.0 0 0 12 13.8

July 25.4 13.7 30.5 7.6 0 0 10 11.1

August 23.8 13.0 27.5 5.9 0 0 16 9.5

September 17.7 9.4 26.5 -2.0 1 0 17 11.7

October 10.0 1.6 18.0 -4.7 11 5 17 14.3

November 6.5 -1.3 16.8 -9.4 17 10 11 14.5

December -1.4 -7.1 5.6 -16.1 30 21 15 15.9

Year 10.7 1.4 30.5 -32.1 151 100 178 14.5

*Air Frost - minimum temperature in screen - 0.1°C or lower.

Δ Day of snow - a day when snow, or rain and snow mixed was observed to 
fall, however small the amount.
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SOIL SCIENCE RESEARCH
Land Use

Applications of the Land Evaluation Model (LEM-2)
The land base available for crop production in Ontario is 

limited by soil and climatic characteristics. Agricultural policies 
of the provincial government, however, call for increasing 
replacement of imported food with locally grown produce. To what 
extent can imports be replaced by Ontario production? How critical 
is it that specific types of land be retained for agriculture?

The land evaluation model (LEM-2) developed by an 
interdisciplinary team of scientists in association with the School 
of Rural Planning and Development has been used to address these 
questions. This computer-based system integrates the land 
availability and the land productivity (See 1980 Progress Report 
pp 27-30) and assesses the importance of various land types in 
different regions of the province given a set of social goals to be 
achieved.

One set of scenarios that has been investigated involves 
the elimination of imports of beef and the replacement of western 
feed grains with Ontario grown feed, in conjunction with some 
increase in export of grain corn and pork products.

Analysis of output from LEM-2 indicates that it should be 
possible to satisfy future (2001) food and urban land requirements if 
the provincial population does not exceed eleven million and there 
are no significant changes from current trade patterns. Under these 
conditions, however, there would be a notable reduction in land use 
flexibility. Only land types with little intrinsic capability for 
agriculture would not be strategically important for agriculture in 
general.

Implementation of agricultural import replacement policies 
would have profound impacts upon future land needs for agriculture. 
In particular, the replacement of international beef imports and feed 
grains from Western Canada with production in Ontario (with 
everything else remaining the same) would tend to increase the 
strategic importance of each area for agriculture and thereby make it 
increasingly difficult to meet all future food and land requirements. 
Under these conditions, all lands that are imperfectly to poorly 
drained would become increasingly important for forages; lands with a 
low moisture holding capacity in the southerly climate zones (4 
through 7) would become even more important for fruit, vegetable and 
tobacco production; while all other land areas would become 
increasingly important for grain production.

Implementation of agricultural import replacement and 
export growth policies simultaneously would have the combined effect 
of further reducing overall flexibility in the use of land. Under 
this scenario, all land areas in Ontario would become strategically 
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important for agriculture, and even small reductions in the 
availability of agricultural lands would make it considerably more 
difficult to meet all the specified food production requirements.

If the 2001 provincial population reaches 11.9 million, 
livestock feeding practices remain grain-oriented, and effective 
import replacement and export growth policies are implemented, it 
would not be possible to satisfy the future food production and urban 
land requirements. However, if more forages are fed to livestock 
(with everything else being the same) there should be sufficient land 
to meet all specified land requirements.

The Land Evaluation Project Team, directed by Dr. B.E. 
Smit, Dept, of Geography, includes participants from the School of 
Agricultural Economics and Extension Education, and the Departments 
of Geography and Land Resource Science.

Land Resource Science Faculty
M.H. Miller
S.G. Hilts
D.M. Brown

Land Evaluation Project Associates
M.J. Brklacich
D. Bond
A. Dyer

Potential Corn Yields in Ontario

The highest yields of corn obtained in a region are much 
lower than the theoretical potential based on radiation received. At 
Guelph, the theoretical potential for grain yield is in excess of 20 
T ha-1 (320 bu/ac). A farmer in Michigan obtained the world record 
yield of over 21 T ha-1 at a latitude similar to the corn producing 
area of Ontario. The highest yields obtained in Ontario and at 
Guelph are less than 12 T ha-1 and 10 T ha-1 respectively.

A project has been established at Elora to:

(1) establish the potential yield of corn under the temperature and 
radiation regime at Elora Research Station, and

(2) To determine the extent to which surface and subsurface soil 
structure, fertility and moisture availability limit the yield.

A series of treatments has been established in which 
possible limitations due to soil fertility, soil moisture and soil 
physical conditions have been eliminated. The possible physical 
limitations were eliminated by replacing the soil to a depth of one 
meter with a soil: peat: perlite mixture (3:1:1 by volume) which was 
highly fertilized. The first corn crop was grown in 1981. The 
plants in the artificial medium grew more rapidly during the first 
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4-5 weeks and silked 5 days earlier than those on the high fertility 
soil. The final grain yield, however, was not significantly greater. 
The highest yield was 8.0 T ha-1 (140 hu/ac).

There was a significant response (1.6 T ha-1) in grain 
yield to a very high level of fertility compared to fertilization 
according to soil test. There was no response to irrigation.

Root growth was greater on the highly fertilized soil than 
on the artificial soil. This suggests that restriction of root 
growth by adverse soil physical condition was not a limiting factor.

The experiment is continuing with some modification in 
1982.

M.H. Miller, W.A. Mitchell, 
A. Nunez Barrios*,  M. Stypa*

*Graduate Students

Soil Physics

Absorption and Dispersion During Unsaturated Flow

The analysis of hydrodynamic dispersion of solutes during 
one-dimenslonal absorption (horizontal flow) of solution Into soil 
columns has been extended to solutes which interact with the soil 
particle surfaces. The exchange process involed is assumed to be 
instantaneous and is described by a nonlinear adsorption isotherm. 
The relevant equations are solved for the apparent longitudinal 
dispersion coefficient using a computer program written in system-360 
CSMP.

Experiments with a clay loam soil indicated that when a 
concentrated solution of KC1 (1 N) infiltrates into a Ca ++ saturated 
soil, the apparent longitudinal dispersion coefficient Is effectively 
velocity independent. This calculated coefficient reflects the 
possible combined effects of an immobile water fraction and salt 
exclusion.

The results of this investigation have been accepted for
publication in Soil Sci. Soc. Am. J.

K.B. Laryea, D.E. Elrick 
and M.J. Robin

What is Poor Soil Structure?
The structural characteristics of a soil are partly inherent, 

dictated by its texture and its response to climatic conditions and 
partly induced, either directly by tillage and other management 
practices, or indirectly by erosion.
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Several of the induced characteristics are believed to be 
unfavourable: poor drainage characteristics due to compaction and 
smearing; low aggregate stability and surface sealing characteristics 
due to continuous corn cropping; low water holding capacity due to 
erosion; etc.

In an attempt to quantify "poor soil structure" in the 
laboratory several tests were performed on "pairs" of soils. These 
pairs were chosen at different locations in Ontario, mainly according 
to the accounts of farmers in terms of workability, drainage, erosion 
and cropping history. Three of these pairs will be discussed here.

Description of the Pairs of Soils:

1. In Oxford County two fields were chosen (John Hart’s farm), one of 
which was eroded (la) and the other was non-eroded (lb). Both 
fields had been in corn during the previous 5 years.
The yields were (in 1981):

la: 106 bu/ac
lb: 120 bu/ac

2. In Haldimand County two fields were chosen (Roy Hedley’s farm), one 
of which had "poor workability and poor drainage" (2a), whereas the 
other (2b) had "good workability and good drainage".

On field (2a) the corn was late starting and late maturing. Field 
(2b) had been in red clover, which was recently plowed under.

3. In Durham County a field was chosen (Newton Selby’s farm), half of 
which had been in corn for 10 years (3a), whereas the other half 
(3b) had been in sod for 10 years and was recently plowed.

Results of Tests:

Soil Test Data:

K Mg pH Ca Na CECP

la 30 110 175 6.1 1800 88 10.6
b 32 150 161 6.4 2100 85 12.4

2a 25 170 400 4.0 1700 70 15.6
b 36 148 292 4.2 1900 68 19.1

3a 58 86 63 4.5 1500 79 12.4
b 39 72 96 5.0 1700 110 12.9
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Carbon Analysis

% Total C % Carbonate C %Organic C

la 1.661 0.055 1.606
b 1.570 0.075 1.495

2a 1.848 0.101 1.747
b 2.294 0.097 2.197

3a 1.977 0.054 1.923
b 1.889 0.057 1.832

Wet sieving analysis:

% Water Stable Aggregates 
wetted under:

Ambient pressure (100 kPa) Low pressure (2 kPa)

la 
b

33.2
33.7

87.5
89.6

2a 23.7 90.4
b 45.7 90.7

3a 47.2 87.5
b 53.6 89.6

Subsidence and Penetration Tests:

Cylinders were packed according to a standard procedure. 
Initial moisture content (by weight) and dry bulk density (DBD) were 
determined. The cylinders were then saturated and subsequently dried 
out to 50 cm suction (1° cycle). They were then resaturated and again 
dried to 50 cm suction (2° cycle). After each wetting/drying cycle the 
subsidence of the soil was measured. After the second cycle the soil 
was tested for resistance to penetration. The maximum resistance for a 
1.5 mm rod penetrating to a depth of 2.5 cm was recorded In grams. The 
results are given in the following table. The number in brackets is 
the standard deviation as calculated from 9 penetrations per core.
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Moisture characterization subsidence and penetration resistance for pairs 
of soil samples from farm soils with different management*

Initial After 1° Cycle After 2° Cycle Penetration
% H20 DBD % H20 Subsidence % H20 Subsidence resistance
g/g g/g (mm) g/g (mm) (gram)

la 19.6 1.04 30.7 4.4 30.8 6.0 155 (21)
b 14.8 1.05 27.3 3.6 27.6 4.7 168 (16)

2a 19.0 0.99 34.1 1.8 32.7 2.4 906 (219)
b 23.1 0.95 32.9 -0.9

(swelling)
31.6 0.3 797 (127)

3a 16.1 1.06 34.0 4.7 33.2 5.2 216 (13)
b 15.4 1.09 28.9 1.0 28.6 1.6 208 (28)

Discussion

It follows from the soil test data that nutrients were either 
not in short supply or were not the cause of different performance of 
the two members of each pair of soils.

The data show that the "structurally poorer" members of the 
pairs have a lower pH, lower exchangeable Calcium and a lower CEC. 
This observation was consistent for all pairs examined.

From the carbon analysis it follows that there is no 
consistent picture relating carbon contents to poor soil structure, at 
least for the pairs of soils under consideration.

From the wet sieving analysis it follows that the 
"structurally poorer" members of the pairs have a slightly lower 
percentage water stable aggregates.

For all pairs examined it was found that the subsidence was 
greater for the structurally poorer members of the pairs.

There seems to be no difference within the pairs as far as 
the resistance is concerned to the penetrometer, which was used in this 
study.

J.W. Ketcheson
E.L. Dickson
E.J. Mozuraltis
P.H. Groenevelt
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Soil Chemistry
Phenolic Acids and the Translocation of Al and Fe in Podzolisation

Experiments are currently being conducted to elucidate some of the 
mechanisms of Al and Fe release, translocation and deposition during 
podzolisation, and the role of phenolic acids in these processes.

Although it is commonly argued that podzolisation involves the 
translocation of Al and Fe as organic complexes from eluvial "albic" 
(Ae) horizons to illuvial "spodic" (Bf ) horizons. Discoveries of 
allophane and imogolite-type amorphous clays in podzolic Bf horizons, 
even in soils not developed on volcanic parent materials, have 
generated renewed interest in the formation and translocation of 
colloidal alumino-silicate sols.

Samples of the three end-members of the ternary feldspar series 
have been ground to 106-500 Pm and impurities removed using a magnetic 
separator. The feldspars will be leached by 10~3 M solutions of the 6 
major phenolic acids found in podzolic soils. It is proposed to 
conduct this weathering experiment under a controlled environment 
simulating conditions in Northern Ontario Podzols, and to analyse the 
resulting solid phase for secondary crystalline and amorphous minerals 
and the solution phase for metal-phenolic complexes of Al and Fe.

A series of 8 aluminosilicate gels have been prepared by the co
hydrolysis of tetraethyl orthosilicate and aluminium isopropoxide. 
These gels differ in terms of their molar ratios of Si02:Al2O3 > and 
hence in their surface charge characteristics. Both cation and anion 
exchange capacities were found to be highly pH-dependent between pH 
3.5-6.0, and indicate a zero point of charge at pH 4.1-4.2 (similar to 
the pKA of the Al-OH bond as a Bronsted acid site). Similarly, the 
C.E.C. ’s of Bf horizons in podzols in Northern Ontario are also pH- 
dependent. It is proposed to investigate the adsorption of "free" 
phenolic acids and phenolic acid chelates to such gels at different 
pH’s, and also to attempt detection of Al or Fe deposition from the 
chelates on to the gel surfaces using a 400 MHz 13C N.M.R. 
spectrometer. In conjunction with this experiment, a detailed 
examination of the clay fractions by depth is being made of podzol 
profiles from Northern Ontario in an attempt to identify imogollte or 
similar amorphous clay phases in situ.

E.P. Manley and L.J. Evans

Native Fixed Ammonium and Fixation in Relation to Clay Mineralogy 
of some Ontario Soils

Six soil profiles belonging to the Brookston, Lockport, 
Guelph, Chinguacousy and Haldimand series were studied to assess the 
relationships between native fixed ammonium, ammonium fixation and the 
clay mineralogical composition of some southern Ontario soils.
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X-ray diffraction analysis indicated that in general illite 
was the dominant clay mineral in the soils with smaller amounts of 
vermiculite, chlorite and interlayed vermiculite. Illite contents of 
the clay fractions ranged from 25 to 56% and vermiculite from 13 to 
53%. In the Guelph profile vermiculite was the dominant clay mineral. 
There was no significant change in the clay mineralogy with depth in 
the profiles.

The native fixed ammonium content ranged from 57 to 367 ug/g 
and was generally greatest in B horizons. Significant correlations 
were noted with % clay, % illite and % K2O and suggested that the 
native fixed ammonium was primarily associated with the 12 co-ordinated 
hexagonally open-packed holes in the mica structure. The total fixed 
ammonium accounted for between 3 to 44% of the total nitrogen, being 
proportionally less in Ap horizons.

The results of simple linear regression analyses demonstrated 
that vermiculite was more important in the fixation of added NH4 than 
illite (r=0.70 and 0.25 respectively) and the type of clay showed a 
more significant relationship than the amount of total clay. The 
amount of ammonium fixed increased with increasing concentrations up to 
the highest rate of application (2000 ug NH4/g soil). Studies 
comparing the amount of ammonium fixed with the amount of potassium 
fixed for equivalent amounts of added cation showed that potassium was 
fixed in much greater amount than ammonium.

D.R. Doram and L.J. Evans

Soil Plant Relations

Soil Test for Zinc Availability
In October 1981 a soil test for zinc was added to the 

Ontario Ministry of Agriculture and Food’s soil testing service 
operated by the department of Land Resource Science. The following 
described how this test was selected and calibrated.

The "DTPA" (dietlylene triamlne penta acetic acid) 
extractant developed by Lindsay and Norvell (1978) has been shown by 
Haq (1971) and Haq et. al. (1980) to be one of the most satisfactory 
extractants for zinc on Ontario soils provided the readings are 
adjusted for soil pH. Based on Haq’s work the following equation is 
used as a measure of zinc availability.

Z inc availability Index = 100 x (Soil zinc - 0.124 Soil 
zinc x Soil pH)

Soil zinc is that extracted with DTPA expressed in mg/1 of 
soil.
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The zinc availability index was calibrated for corn based 
on 80 farm sites where soil samples were taken and visual deficiency 
symptoms, and in some cases yield response to zinc, were measured. 
The yields, observations of deficiency and soil samples for this 
calibration were provided by R.W. Johnston of the Ridgetown College 
of Agricultural Technology. The yield response to zinc is so small 
that it was statistically significant in very few cases. Zinc 
application can be profitable however with yield increases that are 
too small to be statistically significant. Visual symptoms of zinc 
deficiency were apparent and quite marked at all sites where yield 
increases were measured.

Visual symptoms at the three to six leaf stage appear 
to be a very sensitive and reliable indicator of zinc deficiency on 
corn, more reliable than plant analysis or soil tests.

For the DTPA soil test the critical zinc availability 
index for corn has been set at 16 mg/litre of soil.
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Soil Test for Manganese Availability
In October 1981 a soli test for manganese was added to the 

Ontario Ministry of Agriculture and Food’s soil testing service 
operated by the Department of Land Resource Science. The following 
describes how this test was developed and calibrated.

Sixty nine Ontario soils were chosen to provide a range of 
manganese availability from deficient to adequate. Seven different 
extractants were compared as predictors of manganese availability as 
measured by crop uptake in the greenhouse. The 0.1N phosphorus acid 
extractant described by Hoff and Mederski (1958) was chosen for use 
in the soil testing laboratory. An extractant containing DTPA 
(diethylene triamine penta acetic acid) and ammonium carbonate 
suggested by Saltanpour and Schwab (1977) correlated more closely 
with plant uptake than the phosphorus acid extractant but was 
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rejected because the extractant was unstable and difficult to work 
with. An extractant using hydroquinone and acetic acid (Sharman and 
Harmer, 1942) produced similar correlations to the phosphoric acid 
extractant chosen but the reagent was less stable. The DTPA 
extractant (Lindsay and Norvell 1969) chosen as an extractant for 
zinc was not satisfactory for manganese.

The soils in the greenhouse study were kept moist and
frozen until required (about 3 months). The extractants were applied 
to soil that was undried and to soils that were air dried at 30⁰C. 
The correlations with plant uptake were not statistically different 
between moist and air-dried samples but in all cases were very 
slightly greater for the air dried samples. Air dried samples are 
therefore used in the soil test.

None of the extractants worked well as predictors of
manganese uptake in the greenhouse study unless soil pH was also 
Included as a variable. The equation for manganese availability 
based on the greenhouse study is as follows: 

Manganese availability index = 498 + 0.248 Extractable Mn -
137 pH + 9.6 pH2.

Extractable Mn was extracted with 0.1N phosphoric acid and 
expressed as mg/litre of soil.

The manganese index was calibrated in eleven field
experiments with manganese applications on winter wheat along with 
over 70 non-replicated observations on wheat and soybeans, supplied 
along with soil samples by R.W. Johnston, Ridgetown College of Agric. 
Technology. The critical manganese index for cereals and soybeans is 
believed to be 16 mg/litre.
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Transpiration Efficiency of Maize
In an effort to improve the prediction of daily maize dry 

weight increase throughout a growing season, research has been 
directed at determining a maize transpiration efficiency for use in a 
crop growth model. Because the CO2 concentration In maize leaf 
intercellular spaces is believed to remain constant, it can be 
reasoned that the maize transpiration efficiency will also be a 
constant, and will hence be independent of climate regime and soil 
type. A transpiration efficiency estimate requires concurrent 
measurements of crop growth (P), saturation deficit of the air above 
the crop (VPD), and measurement or calculation of transpiration (T). 
While VPD and above-ground P are, at least in principle, 
straightforward to measure, a good estimate of T under field 
conditions is less readily obtained.

In this study T was calculated with a water budgeting 
procedure. The neutron scattering technique, along with gravimetric 
sampling in the top 15 cm, was used to determine changes in root zone 
water content. Soil water potential gradients were measured with 
tensiometers, and were used in conjunction with an hydraulic 
conductivity function to estimate the rate of flow of water into or 
out of the root zone. Evaporation from the soil surface was obtained 
using soil evaporimeters, positioned at 19 cm intervals for spatial 
averaging, across the 76 cm rows. Run-off and interception losses of 
precipitation were also estimated. Water transpired was calculated 
as the water necessary to balance the water budget equation.

Results for the period July 21 - August 24, 1981, indicate 
a transpiration efficiency close to 0.01 mb, agreeing well with the 
only other estimates available, those made by C.B. Tanner and T.R. 
Sinclair (1979, unpublished) for maize grown at various locations in 
the western U.S. This finding lends credence to the hypothesis that 
transpiration efficiency is not influenced by environment, and is 
therefore ideal for use in crop growth models.

G.K. Walker, M.H. Miller and D.M. Brown

Evaporation from Soil Beneath Maize Canopies
Though in studies relating crop growth to water use it is 

often preferable to know the transpiration (T), the failure or 
inability to determine soil surface evaporation (E) has resulted in 
the substitution of evapotranspiration (E + T) for T. To obviate 
this difficulty a simple, direct measurement technique was devised to 
determine E. This was employed throughout the 1981 growing season 
under maize grown at two densities, 46,000 and 63,000 plants/ha. The 
peak leaf area indices for these canopies were 3.0 and 4.0, 
respectively.

In short, the technique consists of no more than weighing 
at intervals (e.g. daily) an encased, undisturbed core of surface 
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soil. Both energy-limiting (wet surface) and water-limiting (dry 
surface) stages have been studied, with encouraging results. For 
example, during the energy-limiting stage low variability among 
replicate measurements (CV = 10-15%, n = 4) permitted detection of 
differences of 0.1 - 0.2 mm in daily evaporation rates under the two 
fully expanded canopies.

The dependence of E from a wet soil surface on net
radiation beneath the canopy was also studied. Results indicated, 
especially under the denser canopy, enhanced relative importance of 
the aerodynamic term in the Penman equation for evaporation from a 
zero-resistance surface. Such a finding does not support the 
commonly employed Priestley-Taylor modification of the Penman 
equation for evaporation estimation beneath canopies.

G.K. Walker, M.H. Miller and D.M. Brown

Red Clover Nitrogen In Barley Production
The increasing cost of fertilizer nitrogen has suggested a

re-evaluation of forage legume systems in the production of barley. 
Red clover is particularly favourable as a nitrogen source because 
the seed is relatively inexpensive relative to alfalfa, establishment 
is easy, the plants are vigorous and it Is adaptable to a wide range 
of soil conditions.

Identical experiments were initiated in 1978 and 1979.
Blocks of Perth barley growing alone or underseeded with Ottawa red 
clover were planted in the first year. During the second season the 
same blocks were continued in barley alone. Some blocks were plowed 
and again planted to barley underseeded with red clover (red clover 
plowdown) whereas other blocks were harvested as red clover hay. In 
the third season all blocks were planted to barley and plots within 
each block were fertilized with increasing increments of nitrogen 
using ammonium nitrate.

Regression analysis of the average yield data for the two
experiments provide response curves for the three cropping systems 
(Fig. 5). The curves indicate that the 2.82 tonne/ha yield of barley 
following red clover plowdown was equivalent to that obtained from 
continuous barley fertilized with 38 kg N/ha (A-A-A line). Similarly 
the 2.97 tonne/ha yield of barley following red clover hay was 
equivalent to that obtained with 48 kg N/ha on continuous barley (B- 
B-B) line. The analysis is interpreted as Indicating the major input 
Of nitrogen from red clover into the soil system occurs during the 
establishment year, even where the establishment occurs with a 
companion crop.

A 65% increase in yield without fertilizer nitrogen 
relative to continuous barley was obtained where the red clover 
plowdown system was used. A maximum yield of 3400 kg grain/ha with 
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continuous barley was Increased 4.4% to 3550 kg/ha where nitrogen was 
non-limiting. The former percentage yield increase is considered to 
be the contribution from nitrogen fixation by the red clover whereas 
the latter is considered to be the contribution from improved soil 
tilth.

Fig. 5. The grain yield response of barley to nitrogen following 
continuous barley, red clover plowdown and red clover hay.

R.W. Sheard

Residual N from Manures and Fertilizer
Corn crop response to residual N was studied on two sites 

at the Elora Research Station in 1981. On one site, the yield 
response to manure and N fertilizer last applied in 1979 was 
determined and, on the second site, to residual N from urea and three 
different manures applied in 1980.

There was a yield response to manure applied in the 1977 to 
1979 period on site 1 especially at the higher rates (TablelO). This 
response was much greater than that to urea or anhydrous ammonia last 
applied in 1979. As in 1980 (1980 Progress Report, Department of 
Land Resource Science), one half of each plot was treated with 120 kg 
N ha-l as anhydrous ammonia to provide comparisons where N was not 
limiting. With this treatment, there was a tendency for a greater
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Table 10: Yield response of corn to residual N in 1981 from urea, 
anhydrous ammonia and different application methods of 
liquid cattle manure (LCM) applied in the 1977-79 period.

Anhydrous Ammonia Applied (kg N ha-1)

1977-79 Treatments 0 120

Source Rate Method* (kg ha-1; 15.5% H20)
(kg N ha-1)

check 3050 f 6790 c
urea 70 P,INC 3200 f 6770 c
urea 140 P,INC 3140 f 7080 abc
urea 280 P,INC 3560 ef 7060 bc
LCM 70 P,S,INC 3540 ef 7280 abc
LCM 140 P,S,INC 4620 cd 7310 abc
LCM 280 P,S,INC 5130 bc 7500 ab
LCM 560 P,S,INC 6330 a 7650 a
LCM 70 P,I 3950 def 6970 bc
LCM 140 P,I 4300 cde 7060 bc
LCM 280 P,I 5040 bc 7320 abc
LCM 70 SD,S 3740 def 7160 abc
LCM 140 SD,S 4500 cd 7340 abc
LCM 280 SD,S 4640 cd 7220 abc
LCM 70 SD,I 3770 def 6960 be
LCM 140 SD,I 4270 cde 7170 abc
LCM 280 SD,I 5650 ab 7030 bc
anhyd. amm. 70 SD,I 3360 ef 6810 c
anhyd. amm. 140 SD,I 3540 ef 6960 be
anhyd. amm. 280 SD,I 3770 def 7100 abc

Source (Method) 0.01 n.s.
Rate of N 0.01 n.s.
Source x Rate n.s. n.s.

Date followed by the same lower case letters are not significantly 
different at the 0.95 probability level. *P = preplant, S = surface, 
I = injected, SD = sidedressing, INC = incorporated immediately for 
urea and after 4-5 days for LCM.

yield response to previous applications of manures or N fertilizers 
(Table 1). The highest yield was obtained where 560 kg N ha-1 as 
liquid dairy cattle manure (LCM) was applied previously.

At site 2, liquid dairy cattle manure (LCM), liquid poultry 
(LEM) and solid beef (SUM) manures and urea were applied at different 
rates on a total N content basis in 1980 only. Where fertilizer N 
was not applied in 1981, greatest response occurred with residual N 
from LCM and LEM and least response from SBM (Table 11). Where N was 
applied at 120 kg N ha-1, the response to SBM was increased to levels 
which almost exceeded that to LCM or LEM at respective N levels. 
This suggests that SBM provided a beneficial residual effect to the 
corn crop but that N release was still reduced as it was in 1980.
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Table 11: Yield response of corn to residual N in 1981 from urea, 
liquid cattle manure (LQf), liquid poultry manure (LPM) and 
solid beef manure (SBM) applied in 1980.

1980 Treatments

Anhydrous Ammonia Applied (kg N ha-1)

0 120

Rate Source

(kg N ha-1) (kg ha"1; 15.5% H20)

check —— 3460 gh. 6740 de
urea 50 3230 h 6400 e
urea 100 4550 efg 6660 de
urea 150 4520 efg 6400 e
LCM 100 3890 fgh 6820 cde
LCM 200 5630 cde 7490 ab
LCM 300 6330 bc 7170 a-d
LCM 600 7530 a 7690 a
LPM 100 4550 efg 6630 de
LPM 200 5860 bed 6470 de
LIM 300 6920 ab 7140 a-d
SBM 100 3630 gh 7020 b-e
SBM 200 5270 cde 7360 abc
SBM 300 4970 def 7670 a

Source 0.01 0.01
Rate of N 0.01 0.01
Source x Rate n.s. n.s.

Data followed by the same lower case letter are not significantly 
different at the 0.95 probability level.

E.G. Beauchamp

Response of Corn to Nitrogen in Different Manures
The value of nitrogen in different manures continued to be 

investigated for a second year (1981) at the Elora Research Station. 
Different rates of total N in liquid dairy cattle (LCM), liquid 
poultry (LPM) and solid beef (SBM) manures were compared with urea 
(Table 12).

There was a significant response to all N sources, the 
least occurring with SBM. The N in LPM was somewhat more available 
than in LCM as is already well known. However, it appears that the N 
in SBM was much less available than that in the liquid manures. This 
was due to a much larger portion of the total N in SBM occurring in 
the non-ammoniacal form.
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Table: 12: Corn grain yield response to different levels of N as 
urea, liquid dairy cattle manure (LCM), solid beef manure 
(SBM) and liquid poultry manure (LPM).

Sources

N Rate Urea LCM LPM SBM

(kg/ha) (kg/ha; 15% H20/0)

50 5210 de - -
100 6200 bc 4910 e 6080 bc 3490 fg
150 6770 ab - - -
200 - 6500 abc 7140 a 4600 ef
300 - 6780 ab 6820 ab 5730 cd
600 - 7210 a - -

check = 3420 g

Data followed by the same lower case letter are not significantly 
different at the 0.95 probability level.

E.G. Beauchamp

Response of Winter Wheat to Fall Applied Nitrogen and Nitrapyrin
Field experimentation was continued at the Elora Research 

Station to compare the yield response to fall preplant application of 
anhydrous ammonia with or without nitrapyrin (0.5 kg active 
ingredient/ha) with the conventional practice of topdressing urea in 
the spring in early to mid April. One treatment of urea applied 
before planting at 90 kgN/ha was included for comparison.

The preplant (fall) application of 90 kg urea-N/ha was not 
significantly different from other treatments although it tended to 
be lower. The yields with anhydrous ammonia applied in the fall 
tended to be higher than those with urea applied in the spring. 
However, the Inclusion of nitrapyrin did not appear to improve the 
response to anhydrous ammonia as it has in previous years. Response 
to anhydrous ammonia appeared to be as good, if not better, as top 
dressings of urea in the spring.
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Table: 13 Winter wheat yields with different rates of urea applied 
in fall or spring and anhydrous ammonia with and without 
nitrapyrin applied in the fall.

N Fertilizer Sources or Time of Application

N Rate Urea, Fall Anhyd. Amm., 
Fall

Anhyd. Amm. + 
Nitrapyrin, Fall

Urea, Spring

(kg/ha) (kg/ha)

30 - 4990 abc 5240 ab 5230 ab
60 - 5340 a 5360 a 5110 abc
90 4670 abc 5280 ab 5210 ab 5150 ab

150 - 4750 abc 4450 c 4720 abc

check = 4580 be C.V. = 8.4%. Data followed by the same lower case 
letter are not significantly different at the 0.95 probability 
level.

E.G. Beauchamp

Fertilizer N Recovery by Barley from Soil Treated with Straw or Alfalfa
A greenhouse study was done to determine the effect of 

straw (1.0% N) and alfalfa (3.8% N) tissue additions on the recovery 
of fertilizer N using N-15 labelled (NH4)2SO4. Harriston silt loam 
from the Elora Research Station was treated with 300 Mg P (as 
Ca(H2P04)2) and 200 Mg K (as K2S04) g-1 0,D. (oven dry) soil. 
Plastic pots lined with a plastic bag were filled with moist soil 
(1000 g O.D. soil). Three replications of the following five 
treatments were set up.

1. Check
2. 75 Mg N g-1 O.D. soil
3. 75 Mg N g-1 O.D. soil (N-15 labelled)
4. 75 Pg N g-1 O.D. soil (N-15 labelled) + 5 g ground alfalfa
5. 75 Mg N g-1 O.D. soil (N-15 labelled) + 5 g ground straw

The rates of alfalfa and straw were equivalent to 10 t 
ha-1. (NH4)2SO4 (95 at. % N-15) was used along with reagent grade 
(NH4)2S04 to provide the appropriate N fertilizer treatment. The 
fertilizer labelled with N-15 contained 4.528 at. % N-15. Ten barley 
seeds (cv. Bruce) were planted April 1 and, after emergence, thinned 
to 6 seedlings pot-1.

The shoots and roots were harvested separately on June 8 at 
the "boot" stage and dried at 75°C. Dry weights were determined and 
the tissues ground for N analyses. The tissues and soil from each 
pot were analysed for total N and 15N/14N ratios with the mass 
spectrometer (V.G. Micromass 602E) using N2 gas as the reference.
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There was a large response to fertilizer N yet the N 
concentration in the shoots and roots were higher with the check 
treatment (Table 14 ). This suggests that some other entity was 
deficient or present in toxic quantity. Although sulfur deficiency 
might be suspected, the addition was probably sufficient. The
highest yield was obtained with the alfalfa addition. Yet the 
precent N in shoots and roots derived from the fertilizer (% Ndff) 
was lower with this treatment (Table 14 ). One explanation is that 
with greater growth in soil treated with alfalfa caused a greater 
demand for native N from the soil. A second explanation is that net 
mineralization of alfalfa-N occurred and provided an additional 
supply of N.

Table 14: Dry matter weights and nitrogen concentration in barley 
shoots, and roots and N concentration in soil.

Treatment Wt. D.M. % N At. % N-15 %Ndff*

Shoots Check

(g pot-1)

2.8 c 1.91 a 0.371 d
fertilizer N 7.8 b 1.49 ab 0.371 d -
fertilizer N-15 7.9 b 1.44 ab 2.529 a 47.2
fertilizer N-15 
+ alfalfa 12.6 a 1.44 ab 1.566 c 28.0

fertilizer N-15 
+ straw 6.5 b 1.08 b 2.350 b 42.4

Roots Check 0.8 c 1.57 a 0.401 c -
fertilizer N 1.4 bc 1.15 a 0.403 c -
fertilizer N-15 1.7 ab 1.26 a 2.393 a 43.3
fertilizer N-15
+ alfalfa 2.2 a 1.19 a 1.161 b 17.0

fertilizer N-15
+ straw 1.2 bc 1.06 a 2.179 a 38.7

Soil Check 
fertilizer N

0.222 a
0.206 a

0.367 a
0.383 a

fertilizer N-15 
fertilizer N-15

0.227 a 0.424 a

+ alfalfa 
fertilizer N-15

0.220 a 0.422 a

+ straw 0.227 a 0.432 a

Data within shoots, roots or soil followed by the same lower case 
letter, are not significantly different at the 0.95 probability level 
(HSD).

*%Ndff = %N-15 excess in sample X 100
%N-15 excess in fertilizer
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The addition of straw depressed yield and total N 
concentration in the shoots and roots. The % Ndff was lower than the 
"fertilizer N only" treatment suggesting that microorganisms 
decomposing the straw were competing with the plants for available N. 
Thus it would seem that a net immobilization of available N occurred 
and labelled available N was incorporated during decomposition and 
"unlabeled" available N released.

The at % N-15 values for the roots with the check and 
unlabelled fertilizer N treatments were extraordinarily high compared 
with the shoots (Table 14 ). Considering the at % N-15 values for 
total soil N, discrimination against N-15 atoms occurred during 
translocation to the shoots. Alternatively, the at. % N-15 in shoots 
treated with N-15 labelled fertilizer was much higher than in roots.

E.G. Beauchamp and D.A. Tel

Soil Structure and Tillage
Zero Tillage

In results of over 60 experiments in Ontario, corn yields have 
averaged 10% lower for zero tillage than with conventional tillage of 
fall moldboard plowing followed by spring secondary tillage (Table 1). 
Most of the yield decline with zero tillage was associated with a 
slower rate of growth and development of corn plants after emergence; 
plant populations were similar for the two treatments. However, yields 
have been almost equivalent in tests where corn has followed a sod crop 
in rotation, and with corn after corn on very coarse-textured soils 
(coarse sands and gravelly loams). Research on zero tillage is 
continuing on three soil types; we are paying closer attention to the 
effects of residue placement on soil temperature, slug damage and corn 
growth rates.

TABLE 15. Effect of zero and conventional tillage on corn grain yields 
in Ontario tests (1964-1981)

Number of 
tests or 
years

Grain yield (t/ha)* Yield 
decrease 

(%)
Conventional 
tillage†

Zero 
tillage

Soil type
Sandy, gravelly loam 19 5.3 5.1 4
Loam, silt loam 27 5.1 4.4 14
Clay, clay loam 17 5.3 4.6 13
Previous crop
Grass-legume sod 6 5.5 5.3 4
Grain corn 57 5.2 4.6 12
Overall mean 63 5.2 4.7 10
* Grain yields in this and subsequent tables are reported as dry matter 

tonnes/ha (i.e. 0% moisture). To convert to bu/ac @ 15.5% moisture 
multiply yield value by 18.858.

+ Conventional tillage refers to fall moldboard plowing followed by 
spring secondary tillage.
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Tillage Practices on Sandy Loam, Loam and Silt Loam Soils
The 1981 yield results for tillage systems investigated on long

term experiments on sandy loam and silt loam soil types are presented 
in Table 16. Summaries of the yield results obtained for tillage 
systems which were common to the sandy loam, loam and silt loam soil 
types during the past six years are presented in Table 17.

TABLE 16: Effect of tillage practices on corn grain yields on two soil 
types in 1981.

Tillage treatment
Grain yields (t/ha)

Sandy loam Silt loam

Fall moldboard plow only 7.4 —
Fall moldboard plow; spring disc and harrow 6.8 5.3
Fall modified moldboard plow; spring disc and harrow - 4.9
Spring moldboard plow only 7.3 5.1
Spring moldboard plow; disc and harrow 6.8 5.2
Spring off-set disc, harrow (early) 6.9 —
Spring off-set disc, harrow (late) 6.9 5.1
Spring rotary digger, disc and harrow — 5.0
Fall chisel plow only 6.2 —
Fall chisel plow; spring disc and harrow 6.8 4.7
Fall modified chisel; spring disc and harrow — 5.1
Fall wide-sweep plow; spring disc and harrow — 5.0
Zero tillage 6.4 4.5

Standard Error 0.40 0.34

TABLE 17: Effect of various tillage practices on average corn grain 
yields for three soil types in Ontario.

Tillage treatment
Soil texture (years)

Sandy loam 
(1976-81)

Loam 
(1976-79)

Silt loam 
(1976-81)

- - Grain yield (t/ha) -

Fall moldboard plow; spring disc, harrow 6.3 5.6 5.4
Fall chisel plow; spring disc, harrow 6.1 5.6 5.0
Spring moldboard plow only 6.2 5.6 4.8
Spring moldboard plow, disc and harrow 6.1 5.4 5.2
Spring off-set disc, harrow 6.1 5.5 5.0
Zero tillage 5.6 5.0 4.5

On sandy loam soil, corn grain yields for various alternatives to 
conventional tillage (such as fall chiselling, spring plow-planting and 
spring off-set discing) have all yielded within 3% of conventional til
lage (Table 17). All three are superior to conventional tillage in 
terms of cost and erosion control. The spring treatment of off-set 
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discing, without any additional primary or secondary tillage, is par
ticularly attractive since it involves the least cost and time of all 
treatments other than zero tillage, and leaves sufficient crop residue 
on the surface to control soil erosion both overwinter and following 
planting. Care must be taken to delay the use of the off-set disc 
until the soil is sufficiently dry, although no yield decline was asso
ciated with early off-set discing In 1981 (Table 16).

On loam soils equivalent yields have been obtained with several 
tillage systems including: fall moldboard or chisel plowing followed by 
spring secondary tillage, spring moldboard plowing, or spring off-set 
discing (Table 3). The operation involving autumn chisel plowing is 
especially attractive*  Autumn chiselling permits rapid soil drying in 
spring, the implement is simple and cheap to operate, and sufficient 
surface residue remains to reduce erosion significantly.

On silt loam soils, conventional tillage has consistently produced 
the highest yields; alternatives such as fall chiselling and spring 
moldboard plowing followed by secondary tillage have yielded 4 to 8% 
lower (Table 3). Where erosion is a serious problem, fall chiselling 
or spring moldboard plowing should substitute for fall moldboard 
plowing despite the potential reductions In yield. Spring moldboard 
plowing will leave less protective residue cover than fall chisel 
plowing during the months of intense thunderstorm activity (June, July 
and August) .

Tillage Practices for Clay Loam and Clay Soils
On clay loam soils, corn yields have been consistently highest 

with fall moldboard plowing (Table 18). Yields have averaged 6% lower 
with fall chisel plowing and 11% lower with spring moldboard plowing, 
relative to conventional tillage. Yield differences have been smaller 
in 5 years of tests on clay soil in Central Ontario (Table 18); however, 
a 13% yield disadvantage was measured with fall chiselling or discing, 
and a 6% disadvantage with spring moldboard plowing, in tests on Brook
ston clay in South-western Ontario. The yield decline associated with 
chisel plowing may be less acute in fields which were in soybeans or 
spring cereals the previous year, particularly if chisel plowing occur
red when the soil was relatively dry.

Tillage input can be minimized on clay and clay loam soils by re
ducing the depth of primary tillage to 15 cm or less, and by a reduc
tion in the depth and amount of secondary tillage. Both experiments 
included treatments on the intensity of secondary tillage; there ap
peared to be no advantage to more than one or two passes in the spring. 
Thus if secondary tillage on fine textured soils is delayed until the 
soil is sufficiently dry, one pass may be sufficient. If secondary 
tillage begins too early, the creation of large clods may necessitate 
many subsequent passes of secondary tillage implements to achieve a 
desirable seedbed.

The effect of fall subsoiling at various times, depths and inten
sities on corn performance was investigated on a naturally drained, 
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sloping clay loam soil (Table 19). The 1981 results indicated that 
there was no yield advantage to subsoiling even though there was con
siderable loosening of dry subsoil in August of 1980. The two-pass 
subsoiling treatment in late October yielded slightly higher than the 
check, but the yield increase was mostly due to higher plant popula
tions with this treatment.

* Severe soil crusting resulted in low plant populations on all tilled 
treatments from 1978-’80. Plant populations were considerably
higher, in those years, for the zero tillage treatment.

+ Off-set disc followed by two passes of tandem disc plus cultipacker 
for clay loam soil.

TABLE 19: Effect of various subsoiling treatments in 1980 on soil 
__________ strength and corn grain yields on clay loam soil in 1981.

Tillage treatment*
Penetrometer 
resistance 

at 25 cm depth 
(N/cm2)

Grain yield 
(t/ha)

Check (no subsoiling) 119.5 6.4
August subsoiling - one pass @ 30 cm 105.4 6.6

- one pass @ 48 cm 109.3 6.4
- two passes @ 30 cm 95.4 6.0

October subsoiling- one pass @ 30 cm 122.1 6.0
- one pass @ 48 cm 119.4 5.7
- two passes @ 30 cm 119.0 7.1

Standard Error 5.25 0.69

* Subsoiler teeth on the Landoll 600 were spaced at 75 cm intervals. 
Where two passes were made, the subsoiler teeth on the second pass 
were positioned between the teeth marks of the first pass. The en
tire experiemental area was moldboard plowed in November, 1980 and 
cultivated before planting the following spring.

TABLE: 18: Effect of tillage on average corn grain yield on clay loam 
and clay soil types.

Tillage treatment
Soil texture (years)
Clay loam 
(1979-81)

Clay* 
(1977-81)

- Grain yield (t/ha) -

Fall moldboard plow plus secondary tillage of:

- disc plus cultipack once 5.1
- disc plus cultipack twice 6.2 4.8
- disc plus cultipack four times 6.2 5.0

Fall chisel plow, disc and cultipack twice 5.8 4.9
Spring moldboard plow, disc and cultipack 
Spring disc and cultipack four times+

5.5 4.9
5.8 4.7

Zero tillage 5.5 4.8
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Research on Seedbed Preparation
Three tests have been involved in our research on seedbed prepara

tion; all at the Elora Research Station. The first, which was initia
ted in 1978, entailed a comparison of four intensities of secondary 
tillage in order to observe the response of corn to four seedbeds of 
different degrees of aggregate fineness. Corn yields appeared to re
spond positively to the intensity of secondary tillage in the first two 
years of experimentation (Table 20), but not in the final two years. 
The differences in yield response may have been associated with differ
ences in weather patterns following planting. Most of our past re
search on this soil type has shown a good association between seedbed 
fineness and crop performance.

TABLE 20. Effects of intensity of secondary tillage on seedbed fineness 
and grain corn yields on silt loam soil (1978-81)

Tillage treatment Aggregates < 5 mm 
in diameter (%)

Grain yield (t/ha)

1978-79 1980-81 1978-79 1980-81

Fall moldboard plow*  plus 
secondary tillage of:

- cultivation once 36.8 36.1 4.1 5.2
- cultivation twice 44.6 50.9 4.0 4.9
- one cultivation and 
rototill (fine) 43.5 47.5 4.5 4.9

- one cultivation and 
rototill (ultra-fine) 47.5 54.1 4.6 5.1

* Spring moldboard plowed in 1978.

The second test was started in 1979 as a thesis project for V. J. 
M. Bulman. The experiment included a series of nine treatments of dif
ferent volumes (or dimensions) of seedbed preparation. Six treatments 
involved a factorial of three widths of preparation centered on the row 
(13, 38 and 76 cm wide) by two depths of tillage (7.5 and 15 cm) cre
ated by rototilling before planting. Two treatments involved spring 
moldboard plowing with secondary tillage to 7.5 or 15 cm depth. One 
treatment involved no-till planting with a fluted coulter positioned to 
till 7.5 cm deep in front of each seeder unit. The results which are 
presented in Table 21 suggest that a substantial reduction in the width 
and depth of seedbed preparation appears possible on silt loam soil. 
Although corn yields were substantially reduced when tillage was com
pletely eliminated (i.e. zero tillage), preparation of a seedbed 13 cm 
wide and 7.5 cm deep resulted in yields similar to those achieved after 
moldboard plowing and secondary tillage.
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TABLE 21. Effect of width and depth of spring tillage on grain corn 
yields on a silt loam soil (1979-81)*

Grain yield (t/ha)
Tillage treatment* 1981 1979-81

Moldboard plow, cultivate and harrow 5.3 4.4
Rototill full width 5.2 4.4
Rototill 38 cm bands 4.9 4.4
Rototill 13 cm bands 5.3 4.3
Zero tillage 4.9 4.1

Average of above tilled treatments
at: (a) 8 cm depth 5.1 4.7

(b) 15 cm depth 5.2 4.6

* Corn was planted in 76-cm row widths. Tillage bands were centered 
on the rows.

The third experiment involved a comparison of various secondary 
tillage implements when the soil is wet or dry at time of tillage, and 
their subsequent effects on corn performance. Secondary tillage per
formed at different soil moisture contents did not appear to have a 
noticeable effect on corn grain yields in the first year’s results 
(Table 22). However, more research is required to confirm these re
sults. It is entirely possible that with different weather conditions 
in another year, corn growth and grain yields may be reduced when soil 
is worked in moist condition. Yield reductions following spring til
lage of excessively moist soil are likely to be most severe if droughty 
conditions persist during the summer months.

TABLE 22. Effect of time of spring secondary tillage on grain corn 
yields on a silt loam soil (1981)

Tillage treatment Grain yield 
(t/ha)May 15* May 19*

Tandem disc, harrow — 5.7
Tandem disc, harrow Cultivator, harrow 5.7

— Tandem disc, harrow 5.2
Cultivator, harrow — 5.4
Cultivator, harrow Cultivator, harrow 6.1

- Cultivator, harrow 5.4
Rototill — 5.8
Rototill Cultivator, harrow 5.5

Rototill 5.4
Standard Error 0.31

* Gravimetric moisture content of surface 10 cm of soil averaged 26% on 
May 15 and 22% on May 22.
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Research on Water Erosion
An experiment was initiated on the hydrology plots at Guelph in 

1980 in order to assess the relative merits of surface roughness vs*  
residue cover in reducing soil and water losses. The first two year’s 
results from this experiment (Table 23) tend to support our view that 
surface residue cover is far more effective than surface roughness in 
preventing soil erosion. Those plots which received no secondary 
tillage (i.e., left "rough”) had similar soil and water losses to those 
plots which were smoothed by discing and cultipacking. Lower soil 
losses occurred in the chisel plowed soil, relative to moldboard 
plowing, due to the greater amount of residue cover left on the surface 
with the farmer.

TABLE 23. Effect of spring primary and secondary tillage on mean water 
and soil loss with corn, Guelph loam, (average of May-July 
1980-81)*

Treatment Water loss 
(cm)

Soil loss 
(t/ha)

Zero tillage 0.57 1.18
Moldboard plow
- no secondary tillage 1.30 4.10
- disced and cultipacked twice 1.17 3.35
Chisel plow
- no secondary tillage 0.57 0.72
- disced and cultipacked twice 0.30 0.63

* Hydrology Station, University of Guelph 7 to 9% slope.

Evaluating the Effects of Tillage on Soil Physical Properties
Simple, rapid tests to characterize the tilth of a soil and 

Indicate its physical state relative to crop growth would be a great 
help to farmers and farm advisers. Research has been under way at 
Guelph for some time to find such tests and eventually develop them 
for farm use.

One of the simpler tests which appears to correlate well 
with yield is the size-distribution of aggregates. Over a six-year 
period with our tillage experiments on a silt loam soil, the 
proportion of aggregates less than 5mm in diameter correlated 
positively with corn yield (Table 24).

This analysis was applied mainly to the seed bed zone and 
did not mean that the soil should be finely pulvurized, but rather 
that some of the larger aggregates should be reduced in size to the 
order of 5mm. Larger aggregates just do not permit good seed and 
root contact with the soil and prevents rapid moisture transfer to 
produce good germination and growth. Bulk density and penetrometer
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TABLE 24. Correlation coefficients between maize grain yields and 
various soil physical properties, determined across nine 

___________ tillage systems on a silt loam soil for the years 1976-81

Soil Parameter 1976
Correlation Coefficient

1977 1978 1979 1980 1981

Aggregates < 5 mm in diameter .71* .45 .84** .68* .57 .68*
Bulk density (5 - 10 cm) -.64 -.40 -.28 -.76* -.41 -.14
Bulk density (15 - 20 cm) -.11 -.39 -.26 -.26
Penetrometer resistance (5 cm) -.54 -.53 -.42 -.41 -.26 -.75*
Penetrometer resistance (15 cm) -.18 -.67* -.09 -.34 -.22 -.30

* Statistically significant at P = 0.05
** Statistically significant at P = 0.01 

resistance (strength) of the soil also contributed to yield 
differences, but to a lesser degree.

Aggregate size following tillage is a simple test any 
farmer or farm adviser might use right in the field. With a piece of 
hardware cloth screening of approximately 5mm mesh (such as used for 
screening stones out of sand for masonry work) one could quickly 
ascertain the fineness of a soil. If approximately one-half passes 
the screen, the soil should be considered to be adequately tilled.

Other measures relate to the ability of the soil to retain 
a good structure and a good tilth throughout the growing season. For 
instance we have found that a soil which performs well for a farmer 
(easy to work, resists erosion, and gives high yeild) will resist 
subsidence and consolidation when taken into the lab, loosened, 
saturated with water and drained. More sophisticated tests involve 
the determination of size and shape of the pores in a soil sample. 
Small penetrometer probes, somewhat the size of plant roots, are 
pushed slowly through the soil and the resistance is continuously 
measured as the probe progresses through the sample.

T.J. Vyn, T.B. Daynard and J.W. Ketcheson

Modifications to Primary Tillage Implements
Because of the two major weaknesses with moldboard plowing - high 

cost and high vulnerability to erosion - and the continuing inferior 
yields (relative to moldboard plowing) experienced on fine-textured 
soils following chisel plowing we investigated modifications to the 
moldboard and chisel plow. We hoped that modifications would provide 
soil cutting action and surface residue cover intermediate to the ori
ginal Implements while maintaining yields similar to those achieved 
following moldboard plowing. Table 25 summarizes the corn yields ob
tained with conventional and modified primary tillage equipment after 
the first two years of investigation on three soil types.
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Modifications to the moldboard plow (i.e., the removal of trash covers 
and 70% of each actual moldboard) did not affect corn growth or yield, 
relative to conventional plowing. Attaching much wider teeth to the 
chisel plow has resulted in grain yields equal to those achieved after 
normal moldboard plowing on the clay and clay loam soil types.

Use of a wide-sweep blade loosened soil to a depth of 10 cm but 
left virtually all of the residues on the soil surface. Corn yields 
following primary tillage with the wide-sweep blade were similar to 
those following moldboard plowing (Table 20). The initial results 
suggest that the primary function of primary tillage in relation to 
corn performance on fine-textured soils, is the lifting and loosening 
of soil (with the correspondent exposure to frost action overwinter). 
We cannot recommend the use of these new or modified implements to 
Ontario farmers until we have conducted further research and have over
come some operating difficulties.

TABLE 25. Effect of new and modified tillage systems on corn grain 
__________ yields on three soil types in 1980-81_______________________

Fall tillage treatment*
Grain yields (t/ha)

Silt loam Clay loam Clay

Moldboard plow 4.9 6.7 5.8
Modified moldboard plow+ 4.8 6.7 5.9
Wide-sweep blade 4.7 6.8 5.4

Chisel plow (8 cm wide teeth) 4.4 6.3 5.9
Modified chisel plow (20 cm teeth) 4.5 6.7 5.7

* All treatments were tandem disced twice in spring.
4- Moldboard plow modified by removing trash covers and 70% of each 

moldboard; plow share, shin, etc. left intact.

T.J. Vyn, T.B. Daynard, J.W. Ketcheson and J.H. Lee

Micromorphological Characterization of Void Arrangement in Soils
The effect of conventionally tilled corn (i.e. fall plowed, 

spring disc and harrow) versus no-till corn on soil structure (void 
arrangement) was investigated using a micromorphological technique. In 
this method undisturbed tins of the surface soil are collected and 
impregnated with a resin (3-Hydroxybutyl methacrylate) containing a UV 
fluorescent dye. The blocks are then cured by exposure to gamma 
radiation. After curing slabs 1-2 cm in thickness are cut from the 
blocks. The cut surfaces are then photographed under UV illumination. 
The images thus obtained are analyzed using a manually operated image 
analyzer (Zeiss MOP-3). By tracing the voids the number of voids, void 
area, form factor (a factor that relates void area to perimeter) and 
void orientation (angle of the longest chord of a void) relative to the 
soil surface can be determined. In contrast to similar image analysis 
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techniques currently employed to characterize voids this technique is 
relatively inexpensive as the production of numerous thin sections is 
avoided. Also, the manually operated system is considerably less 
expensive than a computerized system such as the Quantimet 720.

M.J. Shipatalo and R. Protz

Ultrasonic Dispersion of Soil as an Index of Structural Stability
An ultrasonic dispersion technique, modified from that of

North, was developed, and evaluated as a possible method for the 
evaluation of the stability of soil structure. Dispersion was 
dependent on the energy of soniflcation. Data obtained suggests that a 
portion of the soil clay can be diapered relatively easily, while the 
remaining clay Is dispersed only at much longer sonlflcatlon times ie. 
at higher energy levels. Sample pretreatment (drying) was found to be 
a critical factor in the results obtained.

The portion of the clay dispersed was related to the cropping
history of the site, the organic matter content and clay content of the 
soil.

R.L. Thomas

Pore Continuity and Soil Penetrability
Pore space has to exist in the soil for roots to grow. The

existing pore space may have the right geometry, i.e. the pores may 
have the appropriate size, continuity and "straightness", so that 
roots can grow unobstructed. If the pore geometry is not right in 
its existing state, the roots have to "make it right" by rearranging 
the pore space. For this, the roots have to exert pressure on the 
soil matrix. The matrix will resist the rearrangement because of the 
friction the soil particles encounter when they move along each other 
or, when the porosity is very low, because of the incompressibility 
of the individual soil particles.

We first examine "how right" the existing pore space is,
i.e. to what degree unobstructed root growth is possible. This is 
done by measuring the air permeability while the soil is at a certain 
wetness, say at 50 cm suction. In that state of wetness pore spaces, 
which have an effective diameter larger than a certain value (for 50 
cm suction this diameter is 60 Pm) are filled with air and therefore 
able to conduct air.

Subsequently we measure the resistance of the soil matrix
to the formation of continuous pores with a diameter comparable to 
the diameter of a root. This is done by pushing a fine needle 
(150 Pm in diameter) slowly into the soil and recording continuously 
the pressure exerted by the tip of the needle.
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We report here the results for two identical soils with 
different cropping history (Prof. R. Sheard’s rotation plots in 
Elora): One soil, Indicated by C, had been in corn for three years 
prior to our experiment; the other soil, indicated by B/A, had been 
in Brome-alfalfa for three years prior to this experiment.

Results
Air permeability measurements were made on 16 undisturbed 

cores per soil at different times of the year. The experiment 
started in September 1980, just before both soils were plowed. The 
experiment was continued during 1981, in which year both soils were 
planted in corn. One of the purposes of this part of the study was 
to find out how long differences, if any, caused by the different 
cropping history, would last after both soils were planted to corn.

We report here the ratios, the value of a parameter for the 
B/A Soil divided by the corresponding value for the C soil, of the 
following parameters:

1. the air-filled porosity at 50 cm suction
2. the average value (of the 16 cores) of the air

permeability
3. the average value (of the 16 cores) of the pore

continuity, being the measured value of the air 
permeability divided by a calculated value of the air 
permeability using a simple model.

Table 26: Pore Continuity Data for a one-year cycle.

Ratio (value for B/A soil over value for C soil) 
of:

air-filled porosity air permeability pore continuity

Sept. 80 
(before 
plowing)

1.03 1.99 1.98

Nov. 80 
(after plowing)

1.21 1.32 1.21

April 81 
(after thaw)

1.30 1.57 1.27

June 81 
(after tillage & 
planting)

1.29 2.85 3.04

July 81 
(mid-growing 
season)

0.81 0.57 0.57
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Sept. 81 
(before plowing)

1.14 1.27 1.83

Nov. 81 
(after plowing)

1.31 1.89 1.93

The penetrability data reported here (Fig. 6), are for one 
point in time (summer 81). Four undisturbed soil cores were taken 
from each of the two soils. Each core was penetrated at 14 different 
locations. Each penetraton was analyzed separately: first the tip 
pressure and the friction along the needle were separated; next the 
tip pressure was plotted as a function of the position of the tip in 
the soil (depth of penetration); subsequently a specific tip pressure 
was chosen (say 10 bar) and finally the percentage of the length of 
penetration for which the recorded tip pressure was lower than the 
chosen value was determined. Thus, for each penetration separately, 
the percentage penetrability of the soil at a chosen level of tip 
pressure was established. In figure 6 we present the average (of the 
14 penetrations) percentage penetrability at 10 bar tip pressure for 
each of the four cores separately. The percentage values are plotted 
as a function of the dry bulk density of the corresponding soil core.

Figure 6. Percent penetrability reported for one point 
in time (summer 81).
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Discussion
In September 1980 the air-filled porosity of the B/A soil

was almost equal to the porosity of the C soil, even though the B/A 
soil had not been plowed during the previous three years, in contrast 
to the C soil. However, the air permeability and the pore continuity 
of the B/A soil were almost twice as high as those of the C-soil. 
This indicates that the B/A-soil had more large, straight pores 
("biopores": root and worm channels).

After plowing (Nov. 80) the air-filled porosity of the B/A-
soil was considerably (21%) higher than the porosity of the C-soil, 
but the "biopores" were distroyed, so that the permeability and the 
continuity ratio’s were about the same as the porosity ratio. The 
April 81 data show that the winter had had little effect on the 
ratio’s. The June data show that the B/A-soil maintains its 
favourable pore geometry. The July data are exceptional and cannot 
be explained. The Sept. 81 data follow the pattern established prior 
to July 81. The Nov. 81 data show that the cropping history is still 
"making itself known" a full year after the start of equal treatment.

In general, the greater pore continuity of the B/A-soil may
be considered as an advantage over the C-soil, so that better root 
development might be expected. This could possibly lead to better 
plant growth. One may then speculate that the B/A soil will produce 
a higher yield.

The penetrability data show that at a certain tip pressure
(in this case 10 bar), and at a certain dry bulk density (DBD) the C- 
soil has a higher percentage penetrability. Thus, at a certain DBD 
the C-soil appears "softer". However, if one considers the average 
value of the percentage penetrability of the four cores for each 
cropping history one finds that the two soils are almost equal in 
terms of penetrability.
Average percentage penetrability

Corn: 46.8% ; B/A: 43.5%

At the same time one finds that the average DBD is higher 
for the C-soil:
Average DBD:C-soil: 1.3q g/cm3 ; B/A soil: 1.33 g/cm3

From the slopes of the lines in figure 1 it is clear that a
higher DBD results in a lower percentage penetrability. The effect 
of a higher average DBD of the C-soil is obviously compensated by the 
fact that, when the density effect is eliminated, the C-soil is 
"softer". This, in turn, indicates that the aggregates in the B/A- 
soll are "stronger". Thus, even though the average overall 
resistance to a penetrating needle is about the same for the two 
soils, one may speculate that, considering that roots have some 
flexibility to grow around aggregates, the density effect plays a 
larger role in the resistance to root growth, so that the B/A-soll is 
probably favourable.
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two soils
Finally, we report the corn yields for the year 1981 on the

C-soil: 6.05 t/ha
B/A soil: 6.41 t/ha

These yields are statistically different at the 1% level of
significance

B.D. Kay 
C.D. Grant 
P.H. Groenevelt
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AGROMETEOROLOGY RESEARCH

Response of Field Corn to Irrigation
The experiment conducted to determine the response of field 

corn to irrigation during the critical anthesis period was repeated for 
the third year in 1981 at the Elora Research Station. Treatments 
included: three hybrids; two nitrogen levels (0 and 75 kg/ha); two 
plant populations (52,500 and 70,000 plants/ha); and from 0 to 101 mm 
of water applied with overhead sprinklers using the line method*.  This 
plot followed alfalfa that was ploughed down in the fall of 1980 and 
cultivated before planting on May 21st. Thus one level of N was at the 
zero rate. Corn emergence was only fair for two of the three hybrids 
in four small areas in the plot, so the plant population was reduced to 
70,000 pl/ha from an intended 78,800. This population was accomplished 
by transplanting a few plants from border rows. These plants provided 
competition but not harvestable ears in most cases. Irrigation water 
was applied on July 15, 26, Aug. 7 and 25. The amounts of irrigation 
water measured in rain gauges located in two sets of harvest plots and 
situated perpendicular to the irrigation line are summarized in Table 27 
for each date of application. It was unfortunate that the last (Aug. 
25) irrigation was applied as rainy weather started on Aug. 27th and 
lasted throughout September and into October. It is possible that this 
last irrigation may have reduced the yields somewhat in the *high-  
level’ plots as root and stalk rot were a real problem in the fall of 
1981. However, a significant positive response to irrigation resulted 
for both grain and silage corn in 1981. Tables 28-33 summarize the yield 
responses for the ’high’ irrigation level vs the unirrigated plots 
showing the responses for each hybrid and the two N levels. There was 
no significant response to population differences in either grain or 
silage in 1981, although there appeared to be a slight increase in 
silage yields with population.

* The "line method randomizes treatments on each side of irrigation 
line providing two of the replications. Three lines were used in 1980 
to provide area sufficient for four replications and all of the above 
treatments.

Table 27. Amount of irrigation water (mm) applied on specified dates in 
1981 at the Elora R.S. as measured at specified sites perpendicular to 
the irrigation line.

Date Sites*
3m 7.6m 12.2m 13.7m 18.3m

July 15-16 40 30 8 0.5 0.0
July 26 25 18 9 5.2 1.0
Aug. 6 15 9 5 3.4 0.0
Aug. 25 21 16 7 1.9 0.5

* Sites are defined by distance from irrigation line in metres.
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Silage yields were increased between 11 and 12 percent, and 
grain yields 3 to 11 percent, with irrigation depending on hybrid 
(Tables 28 and 29). As in 1979 and 1980 the lowest yielding hybrid(s) 
showed the largest response to added water. Grain yield showed a 
significant decrease to added N, especially in the irrigated plots 
(Table 30). A similar pattern occurred in silage yields, but 
differences were not significant. An increase in plant population

Table 28. Corn silage yields (tonnes/ha) for irrigated and non
irrigated plots for three hybrids grown with two N-levels and 
two plant populations at the Elora Research Station in 1981.

Treatment Hybrids Ratio
Pride 
1108

Co-op 
S259

P.A.G. 
SX111

SX111 
1108

SX111
5259

Unirrigated 8.8 10.4 11.0 1.25 1.06
Irrigated
Ratio: irrlg./

9.9 11.5 12.2 1.24 1.06

unirrig. 1.12 1.11 1.11

Table 29. Corn grain yields (t/ha) for irrigated and non-irrigated 
plots for three hybrids grown with two N-levels and two plant 
populations at the Elora Research station in 1981.

Treatment Hybrids Ratio
Pride 
1108

Co-op 
S259

P.A.G.
SX111

SX111 
1108

SX111
S259

Unirrigated 4.9 5.7 5.6 1.14 0.98
Irrigated
Ratio: irrg./

5.4 5.9 6.2 1.16 1.06

unirrig. 1.09 1.03 1.11

Table 30. Corn grain yields (t/ha) for irrigated and non-irrigated 
plots for two N-levels with two populations and three hybrids 
at the Elora Research station in 1981.

Treatment _____Nitrogen applied (kg/ha) Ratio 
0________________ 75 75/0

Unirrigated 
Irrigated 
Ratio: irrlg./ 

unirrig.

5.5 5.4 0.98
6.0 5.7 0.94

1.10 1.05 (1.04)*

* Ratio: (75 kg/ha of N with irrig./O kg/ha of N without irrigation)
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did not increase grain yields, even with irrigation (Table 31)> whereas 
a response did occur in 1979 and 1980. In fact, the increase in yield 
due to population nearly equalled that for applied irrigation in the 
previous two years. The slight, but insignificant, silage yield 
increase with population is shown in Table 32.

Table 31. Corn grain yields (tonnes/ha) for irrigated and unirrigated 
plots for two populations with two N-levels and three 
hybrids at the Elora Research Station in 1981.

Treatment Population (plots/ha) Ratio 
70/52.552,500 70,000

Unirrigated 5.43 5.41 1.0
Irrigated
Ratio: Irrig./

5.83 5.84 1.0

Unirig. 1.07 1.08 (1.08)*

* Ratio: 70 M pl/ha with lrrigatlon/52.5 M pl/ha unirrigated

Table 32. Corn silage yields (D.M. in t/ha) for Irrigated and 
unirrigated plots for two populations with two N-levels and 
three hybrids at the Elora Research Station in 1981.

Treatment Population (plants/ha) Ratio 
70/52552,500 70,000

Unirrigated 9.86 10.27 1.04
Irrigated 11.04 11.36 1.03
Ratio: Irrig./

Unirrig. 1.12 1.11 (1.15)*

* Ratio: 70 M pl/ha with irrigation/52.5 M pl/ha unirrigated

Table 33. Information on the early summer dry spells that occurred at 
the Elora Research Station in 1978, 1979, 1980 and 1981.

1978 1979 1980 1981

Dry Spell -
- began June 13 June 10 June 21 June 23
- ended Aug. 15 July 29 July 21 July 28

Duration 64 50 30 36
(days)

Rain during 41 mm 36 mm 39 mm 38 mm
dry spell
NORMAL rainfall in
the above period 160 mm 132 mm 80 mm 97 mm



56

Root and stalk rot was a major problem in the fall of 1981. 
As a result stalk breakage at grain harvest exceeded 80% for two of the 
hybrids and was over 35% for the other one. Broken stalks increased 
with population and decreased with amount of irrigation water.

Yields in 1981 were about 5 to 10% higher than 1980 and about 
5% lower than 1979. The length of dry period and the date it started 
are shown in Table 33 for the last four years, according to 
precipitation records at the Elora Research Station.

D.M. Brown

Effects of CO2 Enrichment and Water Stress on Corn
At the current rate of consumption of fossil fuels it is 

expected that the Earth’s atmospheric CO2 concentration will Increase 
from the current level of about 340 parts per million by volume (vpm) 
to possibly as much as 600 vpm by the middle of the next century. An 
increase of CO2 concentration by this amount is expected to 
significantly increase average global temperature and cause substantial 
changes in regional climates.

In addition, direct effects on plant productivity and the 
water needs of plants are likely to occur. From previous short-term 
studies it’s expected that most C3 species (e.g. wheat, soybeans) will 
have a positive growth response to elevated atmospheric CO2 
concentration but most species (e.g. corn, sugar-cane) will not. 
However, transpiration probably will be decreased and water-use 
efficiency increased in both C3 and C4 species because of the effect of 
increased atmospheric CO2 on reducing stomatai conductance.

Corn plants (cv. PX 74) were grown to maturity in the 
controlled environment rooms of the Climate Laboratory, Plant 
Physiology Division, DSIR, Palmerston North, New Zealand. CO2 
concentrations of 350, 600 and 850 vpm were used. At each C02 
concentration three soil moisture stress levels were Imposed as 
follows:

(1) low stress: replacement of transpired water thrice weekly
(2) moderate: 75% of transpiration of the low stress treatment

replaced thrice weekly
(3) severe stress: 50% of transpiration of the low stress treatment 

replaced thrice weekly.

Under the low stress treatment there was approximately the 
same grain yield and total dry matter produced at each CO2 
concentration (Table 34) but the transpiration at 850 vpm was only 46 
per cent of that at 350 vpm (Table 35). At 600 vpm the transpiration 
was 73 per cent of that at 350 vpm. The greatest d.m. production 
actually occurred at 600 vpm. It was found that the water-use 
efficiency (WUE) in grams of dry matter per kilogram of water 
transpired increased from 9.3 at 350 vpm to 12.3 at 600 vpm and to 14.2 
at 850 vpm (Table 36).
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In both the moderate and severe moisture stress treatments 
there was an increase in d.m. production with increasing CO2 
concentration (Table 34). while at the same time, there was a decrease 
in transpiration (Table 35). Thus WUE also increased with CO2 
enrichment under moderate and severe moisture stress (Table 3).

Table 34. Total dry-matter production of corn plants grown at three CO2 
concentrations and three soil moisture treatments.

C02 Cone, 
(vpm)

Dry matter (g d.m. per plant)

Low Stress Moderate Stress Severe Stress

350
600
850

529 421 255
562 445 288
543 455 310

Transpiration (kg water per plant)

Table 35. Transpiration of corn plants grown at three CO2 
concentrations and three soil moisture treatments.

C02 Cone, 
(vpm)

Low Stress Moderate Stress Severe Stress

350 56.9 41.7 26.3
600 45.7 32.8 22.0
850 38.2 29.8 20.0

Table 36. Water-use efficiency of corn plants grown at three CO2 
concentrations and three soil moisture treatments.

WUE (g d.m. per kg water transpired)

CO2 Cone, 
(vpm)

Low Stress Moderate Stress Severe Stress

350 9.3
600 12.3
850 14.2

10.1 9.7
13.6 13.1
15.3 15.5

Observations and measurements were made of various aspects of 
plant growth and development under the various treatments. Rates of 
leaf photosynthesis, leaf water potential and stomatai conductance also 
were measured at various times on plants growing under the three C02 
concentrations and the three levels of moisture stress. Analyses of 
these data are still underway and results will be published elsewhere.
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Although these results were obtained in controlled 
environment rooms it's expected that there can be a substantial 
transfer of this information to actual field conditions. In the field 
we would expect the stomatai conductance to have somewhat less control 
on the transpiration obtained under various CO2 concntrations. 
Nevertheless, it can be concluded that water-use efficiency of the corn 
crop will increase with increasing CO2 concentrations in the future.

K.M. King
D.H. Greer (DSIR, Palmerston North, N.Z.)

An Air Quality Criterion for Ozone Including Rates and Amounts of 
O3 Uptake

The overall objective of this project is to understand the 
meteorological conditions governing ozone entry into the white bean 
leaf and subsequent injury. The research is proceeding along three 
fronts: flux-uptake-injury relationships; internal O3 concentrations; 
and separation of upper and lower leaf surface fluxes.

The first part of this work involves determining an injury 
response relationship for white beans and ozone. Leaves are presently 
being fumigated in a controlled environment cuvette and the resulting 
inj ury assessed. This response is being related to ozone 
concentrations, length of exposure, ozone flux density and total ozone 
uptake. It has become evident that the ozone concentration alone is 
not a good indicator of injury. Therefore we have been quantifying the 
response using flux and uptake, which consider storaatal conductance as 
well as ambient O3 concentration. Although much more work is 
necessary, it appears that plants that are 4 to 6 weeks old, but have 
no flowers, require a flux density of greater than 3 mg m-2 hr-1 if 
injury is to occur following a single 12 hour exposure. As expected, 
higher flux densities produce injury following a shorter exposure 
period. Flux densities of less than 2 mg m-2 hr-1 do not produce 
injury if fumigated for as long as 5 days, even at concentrations 
exceeding 100 ppb.

Our field measurements have indicated that bean leaves 
2 1frequently receive flux densities well in excess of 3 mg m" hr 

during episode periods if the plants are not under a water stress. It 
is therefore felt that our controlled environment studies are relevant 
to field applications. It is our objective at the present time to 
continue these fumigations for plants that are flowering and fruiting, 
and for very young plants.

B.D. Amiro and T.J. Gillespie
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GEOLOGY

Studies in the Geochemistry of Podzolisation
Eh-pH Studies

The relative mobilities of Si, Al and Fe are distinctively 
different in albic and spodic horizons. Predominance diagrams 
illustrate this. Figure 7a, based on dissolution reactions, shows 
relative mobilities that optimise the formation of albic horizons. 
Figure lb, based on appropriate precipitation reactions, shows the same 
for spodic horizons.

The boxes labelled 1, 2 and 3 represent Eh-pH conditions for 
the organic, albic and spodic hoirizons of podzols, respectively.

Figure 7. (a) Eh-ph conditions to optimize albic horizon formation

(b) the same for spodic horizons.

W. Chesworth, F. Macias

Soil Solution Studies

Figure 8a shows solution equilibria in the system Si02-A1203- 
H2O. Figure 8b shows resulting invariant points. Point (a) is stable 
relative to the others, which are therefore metastable. Figure 8b also 
shows the average composition of 16 soil waters sampled in Atlantic 
podzols from N.W. Spain (asterisk A). It suggests the possibility of 
soil water having its composition controlled by metastable equilibria.
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Figure 8. Mineral solution equilibria (8a) and invariant parts 
(8b) in the system SiO2-Al2O3-H2O.

W. Chesworth, F. Macias

Elemental Geochemistry of Boreal Podzols

Soils that have undergone podzolisation have been sampled on 
sandy parent materials at eighteen localities In N. Ontario. Some 
preliminary results are shown in Figure 9.

Figure 9. Geochemical evolution of podzols from the Lake Nipign area.

W. Chesworth, S. Tomko
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Acid-Base Equilibria in Clay Mineral Systems
To a large degree, chemical weathering can be considered a 

titration of acids produced by atmosperic and bisopheric phenomena, 
against bases (such as the silicate and carbonate minerals) present on 
the land-surface of the earth. Possible starting points of this 
titration are shown in figure 10. If the reacting acid were distilled 
H2O, obviously the starting point would be pH 7. A more reasonable 
model is provided by the system H2O-CO2, which gives a starting pH of 
5.7 to 4.8 (as PC02 increases up to 100 times the atmospheric value). 
Solum conditions might be more closely modelled in terms of an H2O- 
organic acid system. Salicylic, succinic and acetic acids (all 10-3 N) 
give a pH range between 3 and 4.

Figure 10. Starting pH’s in the systems H2O, H2O-CO2 and H20-organic 
acids.

Figure 11 shows a titration of carbonic acid (in equilibrium 
with atmospheric CO2) against smectite. The model reaction is taken 
from Chesworth (1980):

2.5 Al1.6 Fe0.2 Mg0.4 (Si3.8 Al0.2) O10 (0H)2 + 
(smectite)

1.25 H20 = 2.25 Al2 Si205 (0H)4 + 0.5 FeOOH + 5 Si02 + Mg2
(kaolinite) (goethite) (quartz)
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Figure 11. Smectite in equilibrium with H20-C02 at Pco2 = 10 -35,

The end point of the titration is 7.1. When succinic acid (10-3 N) is 
added to the system (Figure 12) the end point moves from 7.1 to 6.3.

Figure 12. Smectite in equilibrium with H20-C02- succinic acid, at 
Pco2 = 10-35 and 10-3N succinic acid.

Ward Chesworth
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Studies in the Occupational History of the Lower Liri Valley, 
Italy (sponsored by Canada Council)

This miltidisciplinary project comprises the following 
disciplines and research objectives:

Discipline Objectives

Geology-Geomorphology 
(Univ, of Guelph)

- Formation of the valley
- Geomorphological analysis and deter
mination of changes in the landscape 
from paleolithic time to the 
present

- Analysis of the relationship 
between landscape and soil.

- Geomorphology and landuse relation
ships as they pertain to roads, 
river crossings, and location of 
farmhouses during Roman times.

Archaeology
(McMaster Univ.; ROM;
University of Pittsburg;
West Chester State College, 
Penn.)

- Survey of Roman viability and dis
tribution of settlements with 
particular emphasis on rural 
dwellings.

- Change in settlement patterns from 
the iron age through different 
periods of Roman times.

- Survey and evaluation of 
paleolithic sites.

History 
(McMaster Univ.; 
University of Leeds)

- Survey and interpretation of Roman 
inscriptions.

- Analysis of Roman and mediaeval 
documents to establish agricultural 
practices and commercial transac
tions .

The Latina Valley is a relatively narrow, long NW-SE 
trending valley bounded by high mountains of the Apennines (Fig.13). 
It has served for ages as a passageway between Rome and Southern 
Italy. The portion studied in this project (the Lower Liri Valley) 
has been made famous by the presence of the town and Abbey of Cassino 
where a protracted savage battle occured during the second world war. 
The valley has been famous since antiquity however, particularly 
because Varro had a farm in the area (near Cassino) and utilized his 
experience there to illustrate agricultural practices, and because 
Cicero describes his frequent arduous voyages from his seaside 
residence on the Thyrrhenian Sea across the coastal cordilliera of 
Mt. Aurunci, into the Latina valley (Lower Liri valley) to his 
homestead in Arpinum in the Middle Liri Valley (near La Meta,Fig. 13).



64

Figure 13. Location of the Latina Valley within Appenines Mountains.

The valley is associated with normal and thrust faults 
longitudinal to the main Appennines trend. The steep, fault bounded 
valley sides expose Mesozoic carbonates and locally deep sea shales 
and sandstones. The materials of the floor of the valley are much 
younger. They are primarily lacustrine deposits of a temporary, 
deep, wide lake that was formed during middle and late Pleistocene 
when the southern end of the valley was dammed by the large, growing 
volcano of Roccamonfina. The lacustrine sediments consist primarily 
of thick (10-20m) marls interstratified with tephra layers from 
nearby volcanoes, and along the margins by sands and gravels of 
streams carrying coarse materials from the surrounding mountain 
valleys. (Fig. 14). Travertine deposits were formed along active 
faults and they served as principal building materials during Roman 
times. Roman quarries used until recently, are well exposed near the 
town of Aquino (near the ancient Roman Aqulnum).
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Figure 14. Distal Lacustrine Deposits (white marls) interstratified 
with volcanic tuffs (dark layers)

As the lava flows that dammed the valley were disected, the 
ancient lake drained out and the Liri River down-cut the lacustrine 
deposits in a flight of terraces covered by thin veneers of fluvial 
calcareous gravels and sands. During the late lacustrine stages and 
in more recent times, deforestation of the surrounding high 
calcareous mountains allowed considerable solifluction of red soils. 
The bottom of the valley near the mountains is thus covered by wide, 
flat mud-flow colluvial and alluvial fans of red soil; closer to the 
center of the valley brown calcareous and coarser soils have 
developed on lacustrine and fluvial deposits on the various terraces.

The inhabitants of the valley have responded throughout the 
ages to the geomorphological characteristics of the valley as well as 
to the peculiar cultural conditions of their times. Accordingly, 
palaeolithic remains are found buried in gravel deposits of the older 
fluvial terraces on promontories, bars of the early rivers, and on 
higher grounds and in caves in the surrounding mountains. During the 
iron age, modified (Levelled) and fortified mountain tops were 
inhabited as well as selected defensible locations along the slopes 
of the valley flanks or promontories in small remnant lakes in the 
valley floor (e.g. lake of Aquino). (Fig. 15) During Roman times 
there was a progressive full colonization of the valley. Large 
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villas and towns were built along the lower slopes of the mountains, 
or on lookouts on the upper fluvial terraces. Farmhouses were strung 
along major routes joining the various towns. Subsequently, huts 
spread out into the poorer clay soils and flood-prone lower terrace 
of the river.

Figure 15. Bronze age site with floor of a hut over volcanic terrain 
(light basal layer) covered by soliflucted reddish-brown 
soil (dark upper layer). The upper soil layer contains 
minerous artifacts, charcoal fragments and animal bones.

Whereas there is a clear relationship between geomorphology 
and settlement pattern, no clear-cut relationship has yet been found 
between soil types and preferred settlement and agricultural 
practices. From literature and rural documents and observations, it 
can be surmised that the most famours products of Roman times (wine 
and olives) were cultivated on the sloping grounds of the river 
terraces, and the calcareous mountain sides. (Fig. 16). At the 
present time intensive horticultural farming occurs on the lower 
fluvial terraces but again rather than soil type, the dominant factor 
in this practice is the availabiltiy of water from the river for 
Irrigation. The soil types appear to determine more the seasonal 
activities rather than the type of crop produced. For example the 
red clay-rich soil can only be cultivated during spring and early 
summer periods when the land is not too wet or too dry. During the 
summer, intense sun cracking occurs and the land cannot be worked or 
produce even with intense Irrigation. The sandier lacustrine and



67

Figure 16. Uplands cultivated on terracine to reduce the slopes and 
retain the soil.

terrace soils can be worked any time of the year except for the 
wettest winter times, and can be irrigated and can produce throughout 
the summer. The high mountains surrounding the valley, with their 
calcareous composition, their intense faulting and fracturing, 
provide large interstitial resevoirs which produce perennial springs 
feeding rivers and, since Roman times, aiding irrigation.

I. Peter Martini
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GRADUATE EDUCATION

Table 37. Graduate students and supervisors ~ Winter Semester, 1982.

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

Soil Science Program

Allen, N. B.D. Kay Abboud, S. T.E. Bates
Barry, D. M.H. Miller Cobbina, J. M.H. Miller
Battiston, L. M.H. Miller Reynolds, D. D.E. Elrick
Brasche-Vllleneuve, D. E.G. Beauchamp Richards, J. T.E. Bates
Burton, D. E.G. Beauchamp Sheta, A. Protz/Evans
Chan, C. W. Chesworth Shipitalo, M. R. Protz
Evans, D. M.H. Miller Yanuka, M. D.E. Elrick
Garrett, R. E.E. Mackintosh
Grant, C. B.D. Kay
Kelly, R. I.P. Martini
Lowden, D. I.P. Martini
Manley, P. L.J. Evans
Marulanda-Salazar, J. L.J. Evans
McBride, R. E.E. Mackintosh
Nunez-Barrios, A. M.H. Miller
O’Halloran, I. M.H. Miller
Santos, A. J.W. Ketcheson
Schulman, D. W. Chesworth
Singh, Y. E.G. Beauchamp
Stypa, M. M.H. Miller
Uhlig, P. R. Protz

Agrometeorology Program

Chan, A.K. D.M. Brown Amiro, B. T. Gillespie
Heinkinheimo, M. G.W. Thurtell Pierce, W.G. G. Thurtell
Leclerc, M. T.J. Gillespie
Okoye, C.A. D.M. Brown
Ross, T. G.W. Thurtell

Table 38. Graduate degrees conferred October, 1981, February and June 
1982.

Student Degree Supervisor Thesis Title
Soil Science Program

Burton, D. M. Sc. E.G. Beauchamp An approach to the field 
measurement of denitrific
ation: A simple closed 
cylinder system.
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Doram, D. M.Sc. L.J. Evans Native fixed ammonium and 
ammonium fixation in 
relation to clay mineralogy 
of some Ontario soils.

Elrlck, W. M.Sc. J.W. Ketcheson Relationships between tree 
associations and selected 
organic soil character
istics.

Worthy, W. M.Sc. E.E. Mackintosh Planning for the rehabili
tation of mined sand and 
gravel lands to a potential 
agriculture after use.

Agrometeorology Program

Chan, A.K. M.Sc. D.M. Brown Moisture reduction in corn 
grain.

Day, D. M.Sc. K.M. King Leaf osmotic potential 
measurements in corn (Zea 
Mays L.) and use of wind 
machines for frost 
protection in Ontario.

Pierce, W.G. Ph.D. G.W. Thurtell Osmotic adjustment to water 
stress in the leaves of 
spring wheat.
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UNDERGRADUATE EDUCATION

Table 39. 1982 graduates in Soil Science, Resources Management and
Earth Science.

Soil Science Majors

Bonnie Ball 
Mary Ellen Foran 
Deborah Hendsbee 
John Joseph Kiss 
Alain Lapalme 
Kim Pattenden 
Bernard John Zebarth

Resource Management Majors

Morris Allin 
David Lorne Charlton 
Tim Cosgrave 
Nada Davidovic 
Anne Marie Howard 
Margaret Lee Evans 
Karen Andrea Hagerman 
Robert Lee 
Yvonne Leyds 
Catherine Anne Malcolm 
Wayne James Marshall 
Christine Elizabeth Murray 
Karen Irene McGuire 
Lindon James Mullen 
John David Lehn Rogalsky 
Lance Franklin Sherk 
Frances Watt 
Christopher John Wade 
Reginald Charles Whiten 
Bruce Douglas Whiteside 
David Wylie

Earth Science Majors

Andrew Christopher Chung 
Paul Dungey 
Bruce Edward French 
Wilfred H. Lade 
Stephen Scott Lee 
James Sibley 
Alan Mathew Wyman
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Table 40. Diploma and undergraduate courses presented during 1981/82.

Course
Number Course Enrolment*

Diploma

87-010 Principles of Soil Science 206
87-011 Soil Management for Crop Production 183
87-020 Land Resources and Environmental Quality 69

Degree

46-100 Principles of Geology 79
46-104 Study of the Earth 4
46-202 Stratigraphy 34
46-203 Paleontology 10
46-205 Glacial Geology 20
46-209 Structure and Tectonics 54
46-210 Mineralogy 46
46-250 Remote Sensing 22
46-306 Hydrogeology 50
46-307 Petrography 29
46-310 Geochem. & Geol. of Fossil Fuels 45
46-405 Field Geology 10
46-406 Clay Mineralogy 31
46-407 Petrology 13
46-409 Sedimentology 19
46-411 Topics in Earth Science 9
46-412 Special Topics 13

64-303 Meteorology and Climatology 52
64-304 Meteorology and Climatology 26
64-315 Microclimatic Measurements 9
64-403 Agrometeorology 29
64-405 Microclimatology 27

87-200 Soil Science 495
87-201 Soil in Planned Environments 37
87-250 Problem Solving in Land Res. Sci. 26
87-302 Soil Genesis and Classification 61
87-305 Land Utilization 30
87-310 Resources Planning and Management 19
87-311 Resources Field Camp 19
87-320 Waste Mgt. and Land Reclamation 21
87-321 Soils Field Camp 10
87-350 Land and Water Use in Tropical Countries 15
87-401 Soil Chemistry 29
87-402 Soil Physics 27
87-405 Soil Management 85
87-406 Problems in Land Resource Science I 8
87-407 Problems in Land Resource Science II 8
87-410 Soil Plant Relationships 36
87-412 Current Resources Mgt. Issues 19
87-415 Decision Making in Resources Management 20

* Actual number writing final
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ACTIVE RESEARCH PROJECTS
Soil Science
Soil Physical Chemistry
Quantitative characterization of heat, water and solute transport 
in freezing soils. B. D. Kay.
Natural Sciences and Engineering Research Council.

Effect of envelope pressure on water flow in freezing soils.
P.H. Groenevelt, B. D. Kay.
Natural Sciences and Engineering Research Council.

Effect of freezing and thawing on soil physical properties.
B.D. Kay, P.H. Groenevelt, C. Grant.
Ontario Ministry of Agr. & Food.

Development of methodology to characterize some physical 
properties of soils under different tillage treatments. B.D. Kay, 
P.H. Groenevelt and C. Grant.
Ontario Ministry of Agr. and Food.

Soil Physics
Physics of water and chemical transport in soils. D.E. Elrick.
Natural Sciences and Engineering Research Council, Ontario 
Ministry of Agriculture and Food.

In-situ determination of the saturated hydraulic conductivity of 
soils. D.E. Elrick, Ontario Ministry of Agriculture and Food and 
Agriculture Canada.

Waste Disposal and Pollution Control
Land disposal of sewage sludge. T.E. Bates, Y.K*  Soon. 
Ontario Ministry of Environment.

Agriculture and Water Quality
The movement of water and nutrients into the soil beneath unlined 
manure storage ponds. M.H. Miller, J.B. Robinson, J.G. Rowsell 
(Environmental Biology).
Ontario Ministry of Agriculture and Food and Agriculture Canada.

Surface movement of soil and nutrients as influenced by tillage 
and stover management. J.W. Ketcheson.
Ontario Ministry of Agriculture and Food, Agriculture Canada.
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Soil Plant Relations
Reactions at the soil-root interface and their significance in 
plant nutrition. M.H. Miller.
Natural Sciences and Engineering Research Council.

Soil factors limiting corn yield in Ontario. M.H. Miller and 
W.A. Mitchell.
Natural Sciences and Engineering Research Council and Ontario 
Ministry of Agriculture and Food.

Potential corn yields in Ontario. M.H. Miller and W.A. Mitchell. 
Sylvite Sales Inc.

Refinement and testing of crop yield models for estimating land 
productivity. G. Walker, M.H. Miller, D .M. Brown, 
E.E. Mackintosh.

Characterization, identification, degradation and availability of 
phosphorus from organic phosphorus compounds in soil. 
R.L. Thomas.
Natural Sciences and Engineering Research Council.

Relationship of the complexing capacity of soil organic matter and 
the availability and measurement of metals in soils. R.L. Thomas. 
Ontario Ministry of Agriculture and Food, Natural Sciences and 
Engineering Research Council.

Tillage and crop rotation effects on soil structure, credibility, 
and productivity under intensive corn cultivation. B.D. Kay, 
J. W. Ketcheson, K.M*  King, R. Protz, R.L. Thomas, T.B. Daynard 
(Crop Science), W.T. Dickinson (Engineering), J.H.A. Lee 
(Engineering), D.P. Stonehous (Ag. Econ. & Ext. Ed.).
National Science and Engineering Research Council and Ontario 
Ministry of Agriculture and Food.

Effects of tillage practices on soil properties and on growth and 
yield of corn. J.W. Ketcheson, T.J. Vyn, T.B. Daynard (Crop 
Science) and H. Lee (Engineering). Ontario Ministry of 
Agriculture and Food, Imperial Oil Ltd., West-Central S.C.I.A.

Feasibility study on strip tillage techniques for corn. T.B. 
Daynard (Crop Science) and T.J. Vyn. Agriculture Canada.

Rye-corn sequences for biomass production. T.B. Daynard, M. 
Tollensan, J.H. Depper (Crop Science) and T.J. Vyn. Agriculture 
Canada.

Conservation tillage and associated ground residue cover for 
erosion control with field crop production. T.B. Daynard (Crop 
Science) and T.J. Vyn. Ontario Ministry of the Environment.

Development and evaluation of methods for prediction of macro- and 
micronutrient requirements for field crops. T.E. Bates, 
R. Johnston (Ridgetown College of Agricultural Technology).
Ontario Ministry of Agriculture and Food.
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Fertilizer use in the production of grass for esthetic purposes. 
R.W. Sheard.
Ontario Ministry of Agriculture and Food, Canadian Industries Ltd.

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

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

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

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

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

Characterization, identification, degradation and availability of 
phosphorus from organic phosphorus compounds in soil.
R.L. Thomas.
Natural Sciences and Engineering Research Council.

Relationship of the complexing capacity of soil organic matter and 
the availability and measurement of metals in soils. R.L. Thomas. 
Ontario Ministry of Agriculture and Food, Natural Sciences and 
Engineering Research Council.

Denitrification in soils. E.G. Beauchamp.
Natural Sciences and Engineering Research Council.

Volatilization of ammonia from applied urea. E.G. Beauchamp, 
R.W. Sheard, G.W. Thurtell and G.E. Kidd.
Ontario Ministry of Agriculture and Food.

Availability of manure nitrogen. E.G. Beauchamp.
Ontario Ministry of Agriculture and Food.

Response of corn to nitrogen on Ontario soils. E.G. Beauchamp.
Ontario Ministry of Agriculture and Food.

Use of nitrification inhibitors with preplant N and time of N 
fertilizer application on winter wheat. E.G. Beauchamp, 
R.W. Sheard, L.A. Hunt (Crop Science) and J. Sutton (Environmental 
Biology).
Ontario Ministry of Agriculture and Food.



Effect of soil physical conditions on plant growth.
J.W. Ketcheson.
Ontario Ministry of Agricultre and Food.

Effects of tillage practices on soil properties and on growth and 
yield of corn. J.W* Ketcheson, T.J. Vyn, T.B. Daynard (Crop 
Science) and H. Lee (Engineering).
Ontario Ministry of Agriculture and Food, Imperial Oil Ltd.

Resources Inventory, Planning and Development
Development of the methodology for examining the Macro- and Micro
morphology of soil and the relation of plant roots to this 
morphology. R. Protz.
Natural Sciences and Engineering Research Council, strategic 
grant.

Relationship between aggregate size and seedling development. 
J.W. Ketcheson and R. Protz.
Natural Sciences and Engineering Research Council, strategic 
grant.

Changes in aggregate stability relative to total organic matter 
content, root exudates and residue decomposition. R.L. Thomas, 
J.W. Ketcheson and R. Protz.
Natural Sciences and Engineering Research Council, strategic 
grant.

Geomorphological, sedimentological and pedological studies in the 
coastal zone of the Hudson Bay lowlands. I.P. Martini and 
R. Protz.
C.W.S. of Environ. Canada.

Mlcropedologic characterization of the maj or soil types in 
Ontario. R. Protz*
Ontario Ministry of Agriculture and Food.

Remote sensing for soil survey, land use inventories and crop 
yield prediction in southern Ontario. R. Protz*
Ontario Ministry of Agriculture and Food.

Soil criteria and class limits for soil classification. R. Protz* 
Ontario Ministry of Agriculture and Food.

Genesis and classification of Northern Ontario gleysolic, 
podzolic, regosollc and organic soils. R. Protz.
Natural Sciences and Engineering Research Council.

Quantification of soli structure. R. Protz.
Natural Sciences and Engineering Research Council.
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Quantification of chemical and physical changes of individual 
mineral grains. R*  Protz.
Natural Sciences and Engineering Research Council.

Agricultural rehabilitation of aggregate lands. E.E. Mackintosh, 
E.J. Mozuraitis, W.E.J. Worthy.
Ontario Ministry of Natural Resources, Industrial Minerals.

Investigation of the soil moisture regimes of some fine clayey 
soils of the Haldimand-Norfolk Region, Ontario. G.T. Patterson 
and E.E. Mackintosh.
Ontario Ministry of Agriculture and Food.

The use of soil potential ratings in land use planning.
R.E. Garrett and E.E*  Mackintosh.
Central Mortgage and Housing Corporation.

Phenolic acids and podzolization. L.J. Evans *
Natural Sciences and Engineering Research Council.

Predictive soil mapping in Northern Otario. L.J. Evans and 
B .H. Cameron.
Ontario Ministry of Natural Resources.

Clay mineralogy of Ontario soils. L.J*  Evans.
Ontario Ministry of Agriculture and Food.

Survey of environmentally sensitive areas on Manitoulin Island. 
S.G. Hilts.
Federation of Ontario Naturalists.

Survey of natural areas in Middlesex county. S.G. Hilts.
Manpower and Immigration Canada.

Preparation of master plan for Misery Bay Provincial Nature 
Reserve. S.G. Hilts.
McLean Foundation.

Pilot study of biophysical information used in rural land use 
planning. S.G. Hilts.

A land evaluation model for Ontario. B. Smit (Dept. of 
Geography), D.M. Brown, S.G. Hilts, E.E. Mackintosh, M. Miller, 
R.S. Rodd (Centre for Resources Development), T. Phillips and 
J. Schildroth (School of Ag. Econ. and Ext. Educ.).
Agriculture Canada and Ontario Ministry of Agriculture and Food.

Agrometeorology
Assessment of the potential for increasing yields of field corn 
with irrigation. D.M. Brown.
Ontario Ministry of Agriculture and Food.
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Characteristics of droughts and their effects on field crop yields 
in southern Ontario. D.M. Brown, H.D. Ayers (Engineering).
Atmospheric Environment Service and O.M.A.F.

Observation, compilation and analysis of current and past weather 
records. D.M. Brown, T.J, Gillespie, K.M*  King.
Ontario Ministry of Agriculture and Food.

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

Relating ozone injury to amount and rate of O3 uptake by plants.
T.J. Gillespie.
Ontario Ministry of Agriculture and Food.

Estimation of surface wetness duration from weather data for past 
management. T.J. Gillespie.
Natural Sciences and Engineering Research Council.

Effects of CO2 enrichment and water stress on maize. K.M*  King 
and D.H. Greer (DSIR, Palmerston North, N.Z.)
Atmospheric Environment Service, Ontario Ministry of Agr. and 
Food, DSIR.

The effects of water potential on stomatai and internal plant 
diffusive resistances for water vapour and carbon dioxide. 
G.W. Thurtell.
Natural Sciences and Engineering Research Council.

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

Soil-plant water relationships. G.W. Thurtell.
Agriculture Canada.

Turbulent transport processes above terrestrial surfaces and 
within plant canopies. G.W. Thurtell.
Atmospheric Environemnt Service.

Water potential and water movement in the soil-plant atmospheric 
system. G.W. Thurtell.
Natural Sciences and Engineering Research Council.

Geology
The chemical weathering of Igneous rocks - a theoretical, 
experimental and field approach. W. Chesworth.
Natural Sciences and Engineering Research Council.
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Mineral-equilibria in the system SiC^-A^Oa-T^Og-I^O-MgO-l^O 
applied to soils. W. Chesworth.
Natural Sciences and Engineering Research Council.

Analysis of the Grand River watershed. I.P. Martini.
Natural Sciences and Engineering Research Council.

Geomorphology and sedimentology of the Ontario coast of 
Hudson/James Bay. I.P. Martini.
Natural Sciences and Engineering Research Council.

Sedimentology and weathering of Pleistocene and modern lacustrine 
and flucial sediments. I.P. Martini.
Natural Sciences and Engineering Research Council.

Geomorphological sedimentological and pedological studies in the 
coastal zone of the Hudson Bay Lowlands. I.P. Martini and 
R. Protz.
C.S.W., Fisheries and Environment.

Evolution of recent and ancient sand seas; presently of El Gran 
Desierto, Mexico. M.E. Brookfield.
Natural Sciences and Engineering Research Council.

Palaeoenvironments of the Middle Ordovician carbonates of southern 
Ontario. M.E. Brookfield.
Natural Sciences and Engineering Research Council.

Radiometric dating of rocks across the Indus sutre zone, India and 
Pakistan. M.E. Brookfield (co-ordinator) with Universities of 
Toronto, McMaster, Dalhousle and Lahore (Pakistan) and Wadia 
Institute of Himalayan Geology (India).
Funded by various sources by the participants. Brookfield - 
Natural Sciences and Engineering Research Council.

Stratigraphy, palaeontology and tectonics of the mesozoic rocks of 
the Coast and Cascade Ranges, British Columbia. M.E. Brookfield. 
Natural Sciences and Engineering Research Council.

Stratigraphy and sedimentology of the Pleistocene deposits between 
Oshawa and Port Hope, Ontario. M.E. Brookfield, I.P. Martini and 
Sherbrooke University.
Natural Sciences and Engineering Research Council.
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CONFERENCES, SEMINARS, VISITING SCIENTISTS

Departmental Seminars

L. Bal, Department of Soils, State University Utrecht, the Netherlands. 
Zoological ripening of soils.

F. Bentley, Department of Soil Science, University of Alberta. The 
role of land resources in the development of dryland 
agriculture in India.

J. Coakley, Research Scientist, Environmental Hydraulics Division, 
CCIW, Burlington. "Geology of the Bahama Platform".

A. Cortes, Institute Geographic©, Bogota, Colombia. Soils and 
landscapes in Colombia.

S. Draft, Southern Illinois University. Performance Classification of 
Soils - The Farmers’ Perspective.

N. Eyles, Scarborough College, University of Toronto. 
Glaciosedimentary facies at Scarborough Bluffs.

J.M. Hunt, Woods Hole Oceanographic Institution, Mass., U.S.A. 
Application of organic geochemistry to marine research.

R.H. King, Department of Geography, University of Western Ontario. Use 
of soils in paleo-environmental reconstructions in the 
Canadian Rockies.

B. Kloosterman, Land Resource Research Institute, Agriculture Canada, 
Ottawa. Soil data processing - the CANSIS experience.

S. Kraft, Southern Illinois University, Carbondale, Illinois, U.S.A. 
Performance classification of soils - the farmers’ 
perspective.

W.E. Larson, U.S.D.A., St. Paul, Minnesota, U.S.A. Soil tillage 
research.

K.W. Lievers, Engineering and Statistical Research Institute, 
Agriculture Canada, Ottawa. The role of mathematical 
modelling in Canadian agricultural research.

D. McCormack, Soil conservation Service, U.S.D.A., Washington, D.C., 
U.S.A. Soil survey interpretation program in the U.S.D.A.

C. Morgan, Department of Geography, University of Guelph. Erosivity 
and erodability in field and laboratory.

J. Myburgh, Agricultural Meteorological Section, Dept, of Fisheries and 
Agriculture, Stellenbosch, South Africa. Research on plant 
-climate relations with emphasis on wind effects.
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J.L. Sanders, Potash and Phosphate Institute of Canada, Toronto*  
Fibre-optic systems for the measurement of root 
distribution.

Dr. A.O. Skjelvog, Norwegian Council of Scientific and Industrial 
Research, Research he has conducted in Norway.

Seminars and Presented Papers
Groenevelt, P.H., 1981. Fundamentals of frozen and freezing soils.

Ad Hoc Study Group on Ice Segregation and Frost Heaving. 
CRREL, Hanover, N.H.

Groenevelt, P .H., B.D. Kay and C.D. Grant, 1981. Characterization of 
the physical matrix of soils as a medium for plant growth. 
Annual Meeting of the Can. Soil Sci. Soc. St. Catharines.

Kay, B.D., P.H. Groenevelt and C.D. Grant, 1981. Characterization of 
the porosity of soils for root growth.

Hilts, S.G. Participant, "Naturalists in the Planning Process", panel 
discussion at Canadian Nature Federation Annual Conference: 
May 8, 1981; Guelph, Ontario.

Hilts, S.G. "Natural Areas Protection in the 1980's: An Agenda for 
Action". Paper presented at Federation of Ontario 
Naturalists Annual Conference, University of Western 
Ontario: May 22, 1981; London, Ontario.

Hilts, S.G. "Is Soil an Intangible Resource?" Paper presented to 
Agricultural Institute of Canada Annual Meeting, Brock 
University: Aug. 13, 1981; St. Catharines, Ontario.

Ketcheson, J.W., P.H. Groenevelt, B.D. Kay and C.D. Grant., 1982. 
Effect of tillage and stover management on soil 
temperature. Int. Soil Tillage Res. Organization Proc. 
9th: 478. Osijek, Yugoslavia, June 1982.

Mackintosh, E.E* and Hilts, S.G. "Problem Solving and Education in 
Resources Management". Paper presented to Agronomy Society 
of America Annual Meeting, Nov. 30, 1981. Atlanta,
Georgia.

Protz, R., 1981. Recent research on the Use of Radar and Thermal
Sensors for Crop Information. Ontario Association for 
Remote Sensing. University of Toronto.

Protz, R., 1982. Research in the Location of the potentially most
profitable soils for growing grapes in areas bordering Lake 
Erie. 0.M.A.F. Grapes Day, Leamington, Ontario.
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Vyn, T.J., T.B. Daynard, and J.W. Ketcheson., 1982. Effect of reduced 
tillage systems on soil physical properties and maize grain 
yield in Ontario. Int. Soil Tillage Res. Organization 
Proc. 9th: 156 Osijek, Yugoslavia, June 1982.

Vyn, T.J., T.B. Daynard and J.W. Ketcheson. 1981. Effect of reduced 
systems on corn yields for Ontario soils. Presented to 
Can. Soc. Soil Sci. Annual Meetings, St. Catharines.

Vyn, T.J., V.J.M. Bulman, T.B. Daynard and J.W. Ketcheson. 1981. 
Relationship of size of tilled seedbed zone to corn 
development and yield. Presented to the 73rd Annual 
Meeting of the ASA, Atlanta, Georgia.

Non-Refereed Journals, Reports, Conference Papers and Abstracts
Brisco, B. and R. Protz. 1981. Final Report of the University of 

Guelph SAR Project. Tech. Memo. 81-2. Dept. of Land 
Resource Science, University of Guelph, Guelph, Ontario.

Brookfield, M.E., 1982. The Grenville Province between Huntsville and 
Kaladar: a field guide. Dept. Land Resource Science Tech. 
Memo, 82-2, 63 pages.

Brookfield, M.E. and Brett, C.E., 1980. Middle Ordovician shelf 
sedimentation around bathymetric highs in S.W. Ontario: a 
Persian Gulf analogy. Am. Assoc. Petrol. Geol. Bull., 64: p. 
1281 (Abstract).

Brookfield, M.E., 1980. Evolution of recent and ancient sand seas. 
26th Internet. Geol. Congr., Paris 1980. (Abstact).

Brookfield, M.E*, 1980. New radiometric dates from Kashmir (northern 
India and Pakistan) and their bearing on the evolution of the 
Indus and Shyok suture zones. 26th Internet, Geol. Congr., 
Peris 1980. (Abstract).

Elrick, D.E., R.W. Sheard, and N. Baumgartner, N.1981. A simple 
procedure for determining the hydraulic conductivity and 
water retention of putting green soil mixtures. Proc. Fourth 
Int. Turfgrass Research Conference, Univ, of Guelph, Guelph, 
Ontario.

Hilts, S.G. (Editor). 1981. Resources Management brochure, Department 
of Land Resource Science, Univ, of Guelph, Guelph, Ontario.

Hilts, S.G. and A. Munson (eds). 1981. First annual Resources
Management Newsletter, Department of Land Resource Science, 
University of Guelph, Guelph, Ontario.

Hilts, S.G. 1982. Commentary. Ontario Provincial Parks: Issues in 
the 80’s. Conference Proceedings. Environments 14(1): 52- 
53.
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Martini, I.P. and R. Protz. 1981. Coastal Geomorphology, 
Sedimentology and Pedology of Hudson Bay, Ontario. Tech. 
Memo. 81-1. Dept, of Land Resource Science, University of 
Guelph, Guelph, Ontario. 322pp.

Smit, B., et al (including M. Brown, M. Miller, S. Hilts and Land 
Evaluation Project team). Centre for Resources Development 
Publication #105. Guelph: University of Guelph.

Y.K. Soon and T.E. Bates. 1981. Land disposal of sewage sludge. A 
summary of research results 1972-1980. 166 p. Ontario
Ministry of the Environment.

Land Evaluation Project. 1981. Impact of Restricted Agricultural
Imports on Land Needs for Agriculture Development. Guelph; 
University of Guelph.

Land Evaluation Project. 1981. Effects of Urban Expansion on Land 
Needs for Agriculture In Ontario. University School of Rural 
Planning and Development. Guelph: University of Guelph.

Vyn, T.J., T.B. Daynard and J.W. Ketcheson. 1982. Effect of reduced 
tillage systems on soil physical properties and maize grain 
yield in Ontario. Proceedings, 9th conference of 
International Soil Tillage Research Organization (ISTRO), 
June 20-25, Osijek, Yugoslavia, pp. 156-161.

Vyn, T.J. and T.B. Daynard. 1981. Conservation tillage and associated 
ground residue cover for erosion control with corn 
production. Progress Report. Prepared for Ministry of the 
Environment, Ontario.

Refereed Journals and Chapters In Books
Andrews-Speed, C.P. and Brookfield, M.E*, 1982. Middle Palaeozoic to 

Cenozoic geology and tectonic evolution of the northwestern 
Himalaya. Tectonophysics, 82; 253-275.

Beauchamp, E.G., G.E. Kidd and G.W. Thurtell* 1982. Ammonia 
volatilization from liquid dairy cattle manure in the field. 
Can. J. Soil Sci. 62: 11-19.

Brisco, B. and R. Protz. 1982. Manual and Automatic Crop 
Identification with Airborne Radar Imagery of Southern 
Ontario. Photogrammetric Engineering and Remote Sensing. 
48:101-109.

Brookfield, M.E., 1980. Permain Intermontane basin sedimentation in 
southern Scotland. Sedim. Geol., 27: 167-194.

Brookfield, M.E., 1981. Metamorphic distributions and events in the 
Ladakh Range, Indus Suture Zone and Karakorum Mountains. IN: 
Saklani, P.S. (Editor), Metamorphic tectonites of the 
Himalaya. New Delhi, p. 1-14.
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Brookfield, M.E., 1981. Field guide to the Permaln rocks of the 
Thornhill and Moffat basins. Trans. Dumfr. nat. Hist. Antiq*  
Soc., 56: 1-9.

Brookfield, M.E., 1981. Reconnaissance geology of the Hushe and 
Saltoro river valleys, Baltistan, Pakistan. Rend. Accad. 
Naz. Lincei, series 7, vol. 69: 248-253.

Brookfield, M.E. and Reynolds, P.H., 1981. Late Cretaceous emplacement 
of the Indus Suture ophiolitic melanges and an Eocene- 
01 igocene magmatic arc on the northern edge of the Indian 
plate. Earth Planet. Sci. Letters, 35: 157-162.

Brunini, 0., and G.W. Thurtell. 1981. Medidas simultaneas do
potencial da agua no solo e em folhas e raizes de plantas de 
milho (Zea mays, L.). Turrialba Vol. 31, No. 4: 299-304.

Evans, L.J. 1982. Characteristics of some loamy textured podzols in 
northeastern Ontario. Can. J. Soil Sci. 62, 281-290.

Evans, L.J. 1982. Cation exchange capacities and surface areas of 
Humic Gleysolic Ap horizons from southwestern Ontario. 
Can.J. Soil Sci. 62: 291-296.

Groenevelt, P.H. and B.D*  Kay, 1981. On pressure distribution and 
effective stress in unsaturated soils. Can. J. of Soil Sci. 
61: 431-443.

Hartmann, H., J.C. Sutton and G.W. Thurtell. 1981. An apparatus for 
accurate control of atmospheric water potentials in studies 
of foliar pathogens. Phytopathology (in press).

Ike, I. F. and G.W. Thurtell* 1981. Osmo t ic adj us tments in indoor
grown cassava in response to water stress. Physiol. Plant. 
52: 257-262.

Ike, I.F. and G.W. Thurtell. 1981. Water relations of cassava: water 
content, water, osmotic and turgor potential relationships. 
Can. J. of Botany 59: 956-964.

Ike, I.F., and G.W. Thurtell. 1981. Response of indoor-grown casava
to water deficits and recovery of leaf water potential and 
stomatai activity after water stress. J. Exp. Botany 32: 
1029-1034.

Laryea K.B., D.E. Elrick and M.J. Robin. 1982. Hydrodynamic 
dispersion involving catonlc adsorption during unsaturated 
transient water flow in soil. Soil Sci. Soc. Am. J. (in 
press)

Loi, K.S., R. Protz and G.J. Ross. 1982. The relationships of the 
clay mineral suites to the parent rocks of eight soil 
profiles in Sarawak, Malaysia. Geoderma. 27:327-334.

Lombin, G.L. and T.E. Bates * 1982. Comparative response of peanuts,
alfalfa and soybeans to varying rates of boron and manganese 
on two calcareous Ontario soils. Can. J. Soil Sci. 62: 1-9.
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Pedro, M.J. Jr., and T.J, Gillespie. 1982. Estimating dew duration. 
I. Utilizing micrometeor©logical data. Agric. Meteorol. 
25: 283-296.

Pedro, M.J. Jr., and T.J. Gillespie* 1982. Estimating dew duration. 
II. Utilizing standard weather station data. Agric.
Meteorol. 25: 297-310.

Smeck, N.E., Runge, E.C.A. and E.E. Mackintosh, (in press) Dynamics and 
Genetic Modelling of Soil Systems. In Soil Taxonomy and 
Pedogenesis: I. Concepts and Interactions. (L.P. Wilding et 
al, Editors). Elsevieer Scientific Publishing Company.

Soon, Y.K. and T.E. Bates. 1981. Extractability and solubility of 
phosphate in soils amended with chemically treated sewage 
sludge. Soil Sci. (in press, approved for publication Sept. 
2, 1981).

Wilson, J.D., G.W. Thurtell and G.E. Kidd. 1981. Numerical simulation 
of particle trajectories in inhomogeneous turbulence, I: 
Systems with constant turbulent velocity scale. Boundary
layer Meteor. 12: 295-313.

Wilson, J.D., G.W. Thurtell and G.E. Kidd. 1981. Numerical simulation 
of particle trajectories In inhomogeneous turbulence, II: 
Systems with varible turbulent velocity scale. Boundary
layer Meteor. 12: 423-441.

Wilson, J.D., G.W*  Thurtell and G.E*  Kidd. 1981. Numerical simulation 
of particle trajectories in inhomogeneous turbulence, III: 
Comparison of predictions with experimental data for the 
atmospheric surface layer. Boundary-layer Meteor. 21: 443- 
463.

Wilson, J.D., G.W. Thurtell, G.E. Kidd and E.G. Beauchamp. 1981. 
Estimation of the rate- of gaseous mass transfer from a 
surface souce plot to the atmosphere. Atoms.Envir.

Wilson, J.D., D.P. Ward, G.W. Thurtell and G.E. Kidd. 1981. 
Statistics of atmospheric turbulence within and above a corn 
canopy. Boundary-layer Meteor. 12: (in press).

Book Reviews
Brown, D.M., 1981. Agrometeorology by J. Seeman, Y.I. Chirkov, J.

Lomas and B. Primault. Springer-Verlag. 1979. Agric. 
Meteorol. 23: 341-342.

Groenevelt, P.H., 1981. Fundamentals of Soil Physics by D. Hillel.
American Scientist 6g.: 332.
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Hilts, S.G. Review of Protection Natural Areas in Ontario, S.W. 
Barrett and J.L. Riley (eds.). Working Paper No. 3, Faculty 
of Environmental Studies, York Univ., Downsview, Ontario. 
1980. In Ontario Field Biologist 35(2): 95-96.

Hilts, S.G. Review of Urban Natural Areas: Ecology and Preservation, 
W.A. Andrews and J.L. Caranmer-Byng (eds.). Institute for 
Environmental Studies, Univ, of Toronto, 1981. In Seasons 25 
(1).

Hilts, S.G. Review of Hopeful Travellers: Families, Land and Social 
Change in Mid-Victorian Peel County, Canada West, D. Gagan. 
Univ, of Toronto Press. 1981. In Canadian Geographer (In
press)

Radio Tapes and Television
Bates, T.E. Soil testing - OMAF radio tapes for general use

Bates, T.E. Micronutrient study as Interest to Ontario and Nigeria. 
CKNX TV - Wingham

Bates, T.E. Sewage sludge use on land OMAF program on Hamilton TV

Bates, T.E. Soil testing Chatham radio and television

Bates, T.E. Soil testing CKNX TV - Wingham

Bates, T.E. Micronutrients CKNX TV - Wingham

Ketcheson, J.W. 1981. Controlling soil erosion. CKNX TV - Wingham

Vyn, T.J. Soil erosion control (CKNX TV - Wingham);
Tillage recommendations for Ontario (C.B.C., C.F.C.O., C.T.V. 
- Kitchener); Tillage research update (CKNX TV - Wingham).

Information for Industry Personnel (LF.LP.) and Extension
Personnel (LF.E.P.)
Beauchamp, E.G. and C.K. Stevenson. 1981. Nitrification inhibitors in 

winter wheat and corn in Ontario. IFIP Agdex 111/542 or 
112/542.

Ketcheson, J.W., T.B. Daynard and T.J. Vyn. 1982. Tillage practices 
for residue managmenet and erosion control. Agdex 111/156. 
Ont. Mln. Agri, and Food, Toronto. May 1982. 9pp.

Ketcheson, J.W., 1980. Soil erosion can be controlled in Ontario. 
IFIP-573.
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V yn, T.J., 1981. Progress In tillage reseach for corn production. 
I.F.I.P.

V yn, T.J., T.B. Daynard, J.W. Ketcheson and J.H. Lee, 1982. Progress 
in tillage research. IFIP Agdex 516. April, 1982. 9pp.

V yn, T.J. 1981. Progress in tillage research for corn production. 
IFIP
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SOURCES OF RESEARCH FUNDS 1981-82

Federal Government Granting Council

Natural Sciences and Engineering Research Council

Federal Government Departments

Agriculture Canada
Energy Mines and Resources
Environment Canada

Ontario Government Ministries
Agriculture and Food 
Environment 
Natural Resources

Other

Canadian Industries Ltd.
Canadian Turfgrass Research Foundation 
Fertilizer Institute of Ontario Inc. 
Imperial Oil Ltd.
Potash Corp, of Saskatchewan 
Potash/Phosphate Institute of Canada 
Sylvite Sales Inc.
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INTRODUCTION

The Ontario Institute of Pedology has responsibility for 
coordinating activities in soil resource inventories and research in 
soil genesis , morphology, classification, characterization and 
interpretation of the soils of Ontario. Because of its affiliation and 
working relationship with the Department of Land Resource Science, the 
Institute Is pleased once again to present its 1981 Progress Report in 
conjunction with that of the Department.

In addition to on-going support from the cooperating 
agencies, namely Agric. Canada, OMAF and University of Guelph, during 
the past year continued support was received by means of contract funds 
from the Ontario Ministry of Natural Resources. At the same time, the 
cooperation of personnel from agencies including Northern Region and 
Ontario Tree Improvement and Forest Biomass Institute, Ministry of 
Natural Resources; Great Lakes Forest Research Centre, Canadian 
Forestry Service; and Lands Directorate, Environment Canada, has 
assisted these programs and is much appreciated.

A brief description of the proj ects carried on by the 
Institute and some of the results are presented in the following pages. 
We hope that you find the information of value and we welcome your 
enquiries or comments relative to the program of the Institute.
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PERSONNEL

Ontario Ministry of Agriculture and Food
Professional
J.D. ASPINALL, B.Sc. (Guelph), B.Sc. (Carleton), Pedologist. (Ext. 

8746).

M.S. KINGSTON, B.A., M.Sc. (Western), Pedologist. (Ext. 8773).

A.N. MONTGOMERY, B.Sc. (Toronto), Pedologist. (Ext. 8773).

L.W. SCHUT, B.Sc. (Guelph), Pedologist. (Ext. 2476).

B. van den BROEK, B.Sc., M.Sc. (Guelph), Pedologist. (Ext. 8742).

E.A. WILSON, B.Sc. (Guelph), Pedologist. (Ext. 8777).

Agriculture Canada

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

Pedologist. (Ext. 2483).

B.H. CAMERON, B.Sc. (Agr.) (Guelph), Pedologist. (Ext. 2272).

J.E. GILLESPIE, B.S.A. (Guelph), M.S.A. (Toronto), Pedologist. 
Temporary contract position.

R.K. JONES, B.Sc. (Victoria), M.Sc. (British Columbia), Forest
Ecologist. (Ext. 3120).

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

G.J. WALL, B.Sc. (Agr.), M.Sc. (Guelph), Ph.D. (Ohio State), 
Pedologist, (Ext. 2485/2103).

Clerical/Technical Staff
L. Herron - Clerk Stenographer - (Ext. 2643)
B.K. Hohner - Research Technician ~ (Ext. 8170)
R.L. Viitala - Research Technician - (Ext. 8170)
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Land Resource Science
Professional
L.J. EVANS, B.Sc. (Southampton), Ph.D. (Wales), Assistant Professor. 

Soil classification and mineralogy. (Ext. 3017).

S.G. HILTS, B.A. (Western), M.A. (Toronto), Ph.D. (Toronto). 
(Ext. 2702.

B.D. KAY, B.S.A., M.Sc. (Guelph) Ph.D. (Purdue). (Ext. 2487).

K.M. KING, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin), Professor and 
Coordinating Director of the Institute of Pedology. (Ext. 
2447 and 2448).

E.E. MACKINTOSH, B.S.A. (Saskatchewan), M.Sc. (British Columbia), Ph.D. 
(Adelaide), Associate Professor. Land Use. (Ext. 2492).

R. PRO'S , B.S.A., M.Sc. (Saskatchewan), Ph.D. (Iowa State), Professor. 
Soil genesis and classification; soil variability. (Ext. 
2481).

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

E.P. TAYLOR, B.Sc. (Guelph). Research Associate. Forest Pedology. 
(Ext. 2476).

Clerical/Technical Staff*

* Supported through CMAF Programs 39 and 67

J.L. Cook - Data Clerk (Ext. 2486)
J. MacDonald - Technician (Ext. 8175)
A. McLennan - Cartographer (Ext. 3364)
C. Miller - Technician (Ext. 8170)
F.I. Peer - Stenographer (Ext. 8747)
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SOIL RESOURCE INVENTORY
Inventory Projects

Soil inventories are presently in various stages of 
completion for a number of regions of the province. Field mapping was 
completed in Haldimand - Norfolk and Ottawa - Carleton regions during 
the past year. At the same time, mapping was commenced in the Niagara 
region (Figure 1). Final reports were completed for several regions

Figure 1. Commencement of soil mapping in the Niagara Region.
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including Peterborough County, Sault Ste. Marie - Blind River, Sudbury, 
Dryden - Kenora, and Rainy River map sheets. These now are in various 
stages of printing. A summary of activities and status of the projects 
are presented in Table 1. A sketch map indicating those areas of soil 
inventory activity is shown in Figure 2.

Table 1. Status of mapping projects.

Projects Scale

Anticipated 
Publication

Status in 1981 Date

Peterborough County 1:63,360 Soil maps printed and 
digitized Soil report in 
printing

1982

Thunder Bay Map Sheet 
(52A)

1:50,000
1:250,000

Soil maps in printing 
Report editing

1983

Sault Ste. Marie-Blind
River Map Sheets 
(4IJ, 4IK)

1:50,000
1:250,000

Soil maps in cartography 
Extended legends completed

1983

Sudbury Map Sheet (411). 1:50,000 Soil maps in cartography 1982

Middlesex County 1:50,000 Report editing, map 
compilation

1983

Brant County 1:25,000 Report editing, map 
compilation

1983

Regional Municipality 
of Haldimand-Norfolk

1:25,000 All preliminary maps 
published, final soil 
maps in cartography. 
Soils report in 
preparation.

1983

Regional Municipality 
of Ottawa-Carleton

1:50,000 All preliminary maps 
published, final soil 
maps in preparation.
Soils report in 
preparation.

1983

Cochrane-Kapuskasing 
Map Sheets (42H, 42G)

1:50,000
1:250,000

Soil maps in cartography 
Extended legends in 
preparation.

1983

Kenora, Dryden 1:50,000 Soil maps in cartography 1983
Map Sheets (52E, 52F) 1:250,000 Extended legends completed

Fort Frances - Rainy 
River Map Sheets 
(52C, 52D)

1:50,000
1:250,000

Soil maps in cartography 
Extended legends 
completed.

1983

Ville Marie
Map Sheet (31M)

1:50,000
1:250,000

Soil report in 
preparation.

1984

North Bay Map Sheet 
(311.)

1:50,000
1:250,000

Extended legend in 
preparation

1984

Gogama Map Sheet 
(41P)

1:50,000
1:250,000

Extended legend in 
preparation

1984
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Figure 2. Ontario soil maps and reports in preparation (1980).

Soil Map Reprinting
The program of reprinting out-of-print soil maps is nearing 

completion and colored soil maps are once again available on a county 
basis for southern Ontario. Maps for the counties of Essex, Kent, 
Elgin, Welland, Durham, Peel, Prince Edward and Simcoe have been 
reproduced using photographic techniques. For a select group of 
counties, representing those having more recent soil information, 
reprinting is being carried out on updated base maps. The maps are 
being re-drawn (Figure 3) and the soil survey information digitized, 
which enables the computer generation of Interpretive maps for the 
county. Those maps which have been reprinted using this approach, and 
those yet to be completed are given below.

Reprinted on
Updated Base Incomplete

York Bruce - available in 1982
Ontario Essex
Perth Prince Edward
Huron Simcoe
Grey 
Lambton
Glengarry
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Figure 3. Soils reports and maps being checked and updated.

Soil Data Handling
The use of the computer as an aid to all of the operational 

steps of soil survey, from legend building to report and map output, 
has increased rapidly in the past few years.

For many years the Institute relied on the Canadian Soil 
Information System (CanSIS) for computerized data handling. As the 
University of Guelph computer facilities Improved by providing 
interactive time-sharing devices and packages such as CMS/SAS, SPSS, 
etc. more of the data handling activities were done locally.

Following is a brief summary of the files that are used by the 
O.I.P. for soil survey data management.

Locally, the Institute has created and is maintaining CMS soil 
data files for each of the ongoing surveys.

1) Data files were created for regional areas of Niagara, Haldimand- 
Norfoik and Ottawa-Carleton. The contents of the files include
such variables as site number, UTM co-ordinates, % sand, silt, 
clay, horizon designations, horizon thickness, pH, % O.M. and % 
CaCO3 equivalent. Progress is being made towards including other 
attributes required for site characterization and detailed soil 
descriptions. These files in the future will assist in legend 
building, map unit definition and soil classification, and are the 
beginnings of a provincial soils data base.

2) A local soil names file exists for inputting of new information, 
editing and general checking. Verified data will be sent to Ottawa 
for entry into the national soil names file.
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3) Several script files for report writing have been created for the 
surveys that are nearing completion. Reports on file include Brant 
County, the Regional Municipality of Haldimand-Norfolk, as well as 
preliminary legends for Elgin County and the Regional Municipality 
of Niagara.

4) There have been concerns expressed about the need for a Map Unit 
file. Discussions to date have indicated the data types that are 
required for map unit quantification.

CanSIS maintains a series of national soil data files which contain 
high quality reference data and are available to users.

1) Soil Data File (Detail file) - contains detailed modal site and 
soil profile descriptions. Interactive access to this file is 
still not available, but is expected in the near future. Present 
output from this file includes profile descriptions summaries and 
special requests reports.

2) Soil Names File - a file containing a listing of all the soil names 
that are currently used in Canada with a number of attributes such 
as soil code, province, particle size class and mode of 
deposition. At present there are 1030 soils listed in this file 
for Ontario. Information is lacking for many of the attributes but 
as more information becomes available, the file will be updated. 
The file is on RAPID and is accessible through th datapac network.

3) Cartographic file - consists of digitized soils maps of the areas 
that have been surveyed. Present capability will produce the 
following output:

a) interpretive maps
b) derivative maps
c) unique area display
d) map display with symbol
e) spatial display
f) turnaround documents

Ontario has 69 maps that have been digitized and another 66 that 
require digitizing. Of the digitized maps, 15 are ready for 
derivative and interpretive maps.

4) Performance Management File - This includes a number of files 
containing experimental and generalized data on yield, quality, 
growth and development of a crop at a given location and under 
specified conditions of management, climate and soils. The output 
from this file is in the form of summaries and interactive reports 
from most subfiles.

5) Land Potential File - a file which provides soil, climate, 
capability, biomass production and potential yields for a variety 
of crops nation-wide. It has been established as an interactive 
RAPID file.
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6) Special Project File - contains various subfiles of the soil data 
file, performance management file and a series of vegetation, 
wildlife biophysical and cartographic data that are maintained for 
users.

7) Ontario Daily File - an abbreviated form of the Detail file that is 
used for documentation of the routine field work It is on the 
RAPID system and is interactive. SAS can be used through the 
DATAPAC network for data analysis.

*
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RESEARCH PROJECTS

Generalized Soil Landscape Map for Ontario
Existing soil survey, physiographic, geological and 

agricultural information was utilized to delineate soil landscape units 
having general similarities in soil texture, genetic materials, soil 
development, surface form and slope gradient on a 1:250,000 base map. 
Each delineation was identified by a unique number which characterized 
the mapping unit in terms of parent material origin and texture, 
underlying bedrock, slope and landform, and Great Soil Group. Maps and 
legend have been completed to the manuscript stage for the southern 
portion of Ontario, and have been commenced for northern Ontario.

The Intention is to have the map and legend information 
computerized to enable the generation of single factor derivative or 
interpretive maps on a provincial scale.

C. Acton, J. Mews, R. Harkes

Soil Interpretation and Soil Training program for Forest Land 
Management in Southern Ontario

The Ontario Institute of Pedology in cooperation with the 
Ministry of Natural Resources initiated a program in 1980 to develop 
soil interpretations for forest land management. With the assistance 
of regional and district staff of the Ministry, the program 
demonstrates how soil resource inventory information can be used for 
forest land management in southern Ontario.

Initially, all relevant literature pertaining to forest soils 
and the silvics of forest trees of Site Regions 6E and 7E were 
reviewed, gummarized and synthesized into a report. A methodology was 
established with respect to the kinds of interpretations needed, the 
criteria for making interpretations, the methods of presentation and 
soil training and extension activities.

The recently surveyed Haldimand - Norfolk region served as a 
pilot study area. Since then the program has expanded into Dufferin 
county, Peterborough, county and vicinities. As an integral part of 
the interpretation program several soil training workshops have been 
held in each region to ensure that forest land management staff were 
confident both in the identification of soil properties and in the use 
of the interpretative information. The program is continuing in other 
counties or regions of southern Ontario.

E.P. Taylor, K. Jones
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Forest Ecosystem Classification Program

Site Region 3E/Claybelt
The forest ecosystem classification program continued on its

third year with the objective of completing the analysis of a 
comprehensive soil and vegetation data base towards the development of 
a satisfactory classification for future forest management activities 
as well as further research in the region. A classification 
integrating twenty-three vegetation types and fourteen soil types was 
developed using a comprehensive data base collected from two hundred 
and fifty forest stands. Stands were first classified using TWINSPAN, 
a polythetic divisive classification technique, according to their 
vegetational attributes (species, % cover), and then according to 
various field recognizable soil attributes. Ordination using DECORANA, 
a detrended correspondence analyses technique, revealed vegetation 
types trending along complex environmental gradients related to 
moisture and nutrients. Soil types were related primarily to texture, 
moisture regime, depth to carbonates and forest humus form. A 
synthesis of vegetation and soil types resulted in the formation of 
fourteen "operational groups".

The field program involved the pre-typing of four selected
reference areas within the Claybelt. Transects were selected and 
systematic sampling was conducted. The operational group field key was 
tested for its suitability for forest management planning. Throughout 
the field program, information sessions were conducted for district 
forestry staff. The mapping program will be continued in the 1982 
field season.

R.K. Jones

Computer Assisted Data Management For Soil Surveys In Ontario
As the number of user groups of soil resource information

expands, the necessity to provide these groups with specific 
information also grows. Presently the data base for soil surveys in 
Ontario contains the information needed to provide a wider range of 
soil interpretations, but a low cost, efficient method of extracting 
this information was needed. Using computer facilities a data 
management system was set up for the 1981 field season with the 
Intention of providing information to facilitate planning for ongoing 
surveys and more importantly accumulating data for analysis and 
interpretation on completion of specific surveys.

The data collected in 1981 consisted of physical and chemical
analysis provided by the Soil Characterization Laboratory. A simple 
program performed any calculations necessary, generated hard copy 
print-outs of results and updated ongoing data files.

With the introduction for the 1982 field season of a similar 
system for the site observation data, the management system now handles 
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a wide range of both quantitative and qualitative information. The 
ability to merge these two data sets on site by site basis offers the 
surveyor the opportunity to screen large data sets and concentrate on 
only those sites with certain combinations of variable values.

An indirect benefit of this new data handling system in the 
structure it imposes on the entire process from surveyors to lab 
technicians to data handlers. The existence of this patterned flow has 
allowed for the implementation of more checks of the data, both in raw 
and finalized forms.

J.W. Greuel, G.J. Wall

Within Pedon Variability Of Selected Soil Physical And Chemical 
Properties In Southern Ontario

The validity attached to soil survey maps is dependent in 
large measure to the accuracy in charaterizing the variability which 
exists within the recognized soil individuals.

The magnitude of variability for a selected soil physical or 
chemical property generally decreases as the sampled area becomes 
smaller. The smallest portion of a landscape that is recognized as an 
individual soil is the pedon (1 m2). Variability within 41 
representative pedons in southwestern Ontario with respect to trace 
metals, particle size, organic matter, calcium carbonate equivalent and 
pH was partitioned by taking replicate samples within soil horizons at 
a site and using a blocking effect in statistical analysis. The number 
of replicate samples required for statistically reliable evaluation of 
a pedon at given confidence limits and levels of accuracy was 
determined for the soil physical and chemical properties studied. The 
results of these calculations indicate the need for only 2 or 3 
"within pedon" samples for the soil properties studied to achieve 
satisfactory levels of accuracy at the 95% confidence level. The study 
is continuing to include a wider range of soils throughout southwestern 
Ontario.

G.J. Wall

Quantitive Relationship For Farm Soil Conservation Planning
The use of soil conservation measures on the farm can help 

reduce field soil loss and minimize water pollution resulting from 
eroding soils being transported to surface water supplies. The soil 
loss can be quantitatively assessed throught the use of the Universal 
Soil Loss Equation (USLE) which has been used in the United States to 
assist in farm planning. This study was undertaken to develop a 
quantitative method for farm soil conservation planning through the use 
of site specific physical resource data, land management information 
from operator interviews and quantitative problem assessment and 
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control recommendations. The proposed method was tested on a beef farm 
operation and a cash crop farm in Southern Ontario. A six year crop 
rotation plan, contour and spring ploughing, stream buffer strips and 
revegetation of the ditch bank were part of the final farm conservation 
plant for the beef farm. Several alternative plans were proposed for 
the cash crop farm that included a variety of crop rotations designed 
to improve soil organic matter and soil structural conditions.

G.J. Wall

Soil Erosion Potential - The Haldimand-Norfolk Region
Soil erosion by water is a naturally occurring process that

can be greatly enhanced by man’s activity. Any practice that enhances 
soil run-off or reduces the natural protection afforded by vegetative 
cover will generally lead to increasing erosion levels. Within the 
agricultural sector we have become accustomed to thinking of soil 
erosion as a process that reduces production potential, depletes 
nutrients, and degrades soil tilth. However, recent studies in the 
Canadian Great Lakes basin have illustrated the need to look beyond the 
onsite effects of soil erosion and consider the role of sediments 
derived from cropland on water quality. Any comprehensive soil 
conservation program will recognize this dual nature of the problem 
associated with soil erosion by water.

The Haldimand-Norfolk Region Soil Survey Report describes in
detail the nature, extent and distribution of soil materials within the 
County. The purpose of the soil erosion discussion is to provide 
interpretations of the erosion potential of the Haldimand-Norfolk 
Region soils and soil landscapes. Specifically the objectives were:

(a) to determine the relative erodibility of surficial soil 
materials;

(b) to determine the effect of soil erodlbility and slope on 
soil erosion potential;

(c) to provide Information on the effect of different crops 
and associated cropping practices on soil erosion 
potential;

(d) to illustrate how the soil map in combination with 
information from the report can be used to assess site 
specific soil erosion problems and alternative solutions;

(e) to provide guidelines for estimating soil erosion 
potential at the regional scale.

This chapter has been completed and will be published with 
the soil survey report for the area.
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Step 1 - Locate the appropriate slope and soil type 
on the slope and soil axes, and join these points

Step 2 - Draw a line from the appropriate land use through 
the point where the slope-soil line intersects the 
pivot line, and read off the soi loss estimate on 
the right hand, vertical laxes.

Figure 4 - Guide for the prediction of soil loss levels from given soil 
slopes and land uses.

G.J. Wall
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ACTIVE RESEARCH PROJECTS
Soil Survey and Land Use
Ontario Soil Surveys.
Brant County - C.J. Acton
Haldimand-Norfoik Region - E. W. Present, B. van den Broek, 
A. Montgomery
Niagara Region - E.W. Presant, B. van den Broek, D. Aspinall, 
M. Kingston, A. Montgomery
Middlesex County - B. Cameron
Ottawa-Carleton Region - L. Schut, E. Wilson.
Timmins-Noranda Rouyn Map Sheet - G. Wall.
Agriculture Canada, Land Resource Research Institute and Ontario
Ministry of Agriculture and Food, Food Land development Branch.

Reclamation of mined aggregate lands for agriculture production - 
E.E*  Mackintosh, A. Montgomery.
Geoscience Research Grant, Ontario Ministry of Natural Resources.

Erosion losses from agricultural land - G. Wall.

Classification of the Brookston soil series - L. Evans.
Ontario Ministry of Agriculture and Food.

Coastal geomorphology, sedimentology and pedology of Northern James
Bay, Ontario - R*  Protz, I.P. Martini.
Canadian Wildlife Service, NSERC, Ontario Ministry of Agriculture and 
Food.

Southwestern Ontario Hydro Transmission System:
Impact on Agriculture

This study was carried out by O.I.P. contract to the Ontario 
Ministry of Agriculture and Food (OMAF). The overall objective of this 
study was to evaluate, the Impacts on agriculture of the six Route 
Stage Study Areas proposed by Ontario Hydro for transmission facilities 
in southwestern Ontario. The principle of maintaining maximum 
flexibility for the farming systems of the future was given top 
priority in an evaluation of the approach used by Ontario Hydro. This 
principle was also used as a basis in developing and using an 
alternative methodology for evaluating the Route Study Areas from an 
agricultural perspective. The principle of maintaining maximum 
flexibility for farming systems reflects the philosophy behind the 
development of the "Food Land Guidelines" and the increasing interest 
in import replacements in the agricultural sector of Ontario.

An evaluation of the environmental assessment employed by 
Ontario Hydro showed that the methodology was not sensitive to the 
agricultural objectives. As a result the agricultural objectives had 
little overall impact in the assessment of the different Route Study 
Areas. In addition, the agricultural objectives which were used did 
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not embody the concept of flexibility for farming systems of the future 
as effectively as they would have if less emphasis had been placed on 
present land use and greater emphasis given to climatic variation.

An alternative set of criteria were developed to assess the
six route study area. These criteria were applied to a more detailed 
and updated data base. The analysis showed clearly that the route 
study areas which traversed Huron, Middlesex, Elgin and Brant counties 
and which were favoured by Ontario Hydro had the largest proportion of 
high priority land (it is of interest to note that a similar conclusion 
can be reached if the agricultural objectives used by Ontario Hydro 
were applied in the same fashion and in isolation of the other 
environmental objectives). Therefore agricultural considerations led 
to a rejection of the recommendation by Ontario Hydro.

It was recommended that In order to maintain maximum
flexibility for the agriculture and food industry of the future, the 
proposed Hydro facilities be located in system route study areas which 
traversed Bruce, Gray and Simcoe counties. This recommendation was 
accepted by OMAF. It became the position taken by OMAF at the 
Consolidated Hearings associated with the application by Ontario Hydro 
for additional transmission facilities. The decision of the hearing 
coincided with the above recommendation.

J.D. Aspinall, B.D. Kay, M.S. Kingston, 
E.E. Mackintosh, A.M. Montgomery, 
E.W. Presant, N.R. Richards, G.J Wall, 
E.A. Wilson

Reconnaissance Soil Survey of the Chapleau Map Sheet (1:250,000)
During the summer of 1981 over four hundred soil profiles

were examined and selectively sampled. For each site mode of 
deposition, surface expression, slope, local relief, surface stoniness, 
rockiness, lithology of coarse fragments, depth to bedrock and drainage 
and moisture regime were described. Field hand textures were recorded 
for each horizon and soil profile descriptions made. pH, organic 
carbon, pyrophosphate extractable Fe and Al and colour were measured on 
all B horizons, and particle size analyses and pH on all C horizons.

Preliminary results indicate that the approximate areal
extent of soils in the region is 50% Brunisols (87% Eluviated Dystric 
Brunisols and 13% Gleyed Eluviated Dystric Brunisols); 40% Podzols (81% 
Orthic Humo-Ferrlc Podzols, 14% Gleyed Humo-Ferric Podzols and 5% 
Ferro-Humic Podzols); 7% Orthic Gleysols (peaty phase) and 3% Organic. 
Less than 20% of the soils had depths less than Im to bedrock. 59% of 
the mineral family particle sizes were sandy, 39% coarse loamy and 2% 
coarse silty. The soil parent materials in the area are glaciofluvial 
outwash (41%) and morainal (42%), 12% eolian materials and 20% of the 
region has been classified as rockland.

Currently all landscape characteristics, together with all 
chemical and physical data, have been computerized to assist with the 
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final legend construction. Derivative maps to aid in forest management 
decisions are being prepared and acreages of land most highly suited 
for forest production are being calculated.

B.H. Cameron, L.J. Evans

Mineralogy of Soils in the New Liskeard Area, Northern Ontario
Presently, a study in the New Llskeard-Englehart area is being 

carried out both, to expand the mineralogical information now existing 
on the area and to elucidate the extent of pedological change the 
original materials have undergone in the formation of the soils.

To this purpose nine profiles belonging to three catenas have been 
sampled, most of them consisting of Luvisolic and Gleysolic soils. The 
soils belong to the New Liskeard, Hanbury, Haileybury, Evanturel, 
Earlton, Cane and Falardeau series. Analyses performed so far include 
total carbon, calcite and dolomite contents, CEC, total chemical 
analysis, amorphous oxides, and clay mineralogy. The data show that 
the materials are aluminium and silicon-rich and that the clays are 
made up of a illite-chlorite mixture with some vermiculite present. 
Calcium carbonate equivalents of Ck horizons were generally less than 
20%, with dolomite contents exceeding those of calcite.

The mineralogical characterization of the silt and sand size 
fractions is also being conducted, to facilitate an understanding of 
the weathering processes and the mineral transformations that have 
occurred during pedogenesis.

J.J. Marulanda and L.J. Evans

Identification and Analysis of Soil Variability Using Ordination and 
Clustering Methods

Methods for identifying sources and patterns of variation in
an established mapping unit are presented. Six chemical properties 
were sampled for 100 pits in a 10 X 10m grid on a stable, upland 
terrace. Descriptive statistics including AN0VA, coefficient of 
variation and correlation coefficients characterized the extent of 
variability. Ordination and cluster analyses, however, proved capable 
of defining significant inclusions. Groups defined by low and high pH 
(greater than 1 unit difference, O-75m) were found to exist in a non
random pattern related to microtopographic variation. Cluster analysis 
provided an objective check of the ordination results. Although based 
on different statistics 80-85% correspondence was found between groups 
defined by these methods. These results indicate the usefulness of 
such a multitechnique approach to soil variability studies.

P.W.C. Uhlig, R. Protz
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Ontario Institute of Pedology Publication.

Taylor, E.P. 1981. The Relationship Between the Soils and Forest Tree 
Species of Southern Ontario (Site Region 6E and 7E). A Literature 
Review. Ontario Institute of Pedology Publication.

Wall, G.J. and W.T. Dickinson. 1981. The need for a systematic 
approach to soil erosion and sedimentation problems. Erosion and 
sedimentation in Ontario - a time for action. Ontario Chapter, 
Soil Conservation Society of America, pp. 28-32.

Wall, G.J. 1981. Agricultural soil erosion: a crop production and 
water quality problem. Erosion and sedimentation in Ontario - a 
time for action. Ontario Chapter, Soil Conservation Society of 
America.
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