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Foreword
I am pleased to introduce the report sunmarizing progress in 

the diverse programs in the Department of Land Resource Science 
(LRS) arid the Ontario Institute of Pedology (OIP) during 1983/84. 
This year has been a turbulent one for LRS and OIP; this is perhaps 
as it should be for any organization which is evolving to meet the 
needs of a rapidly changing society.

On June 30, 1983 Dr, K.M. King passed the keys to the chair
man's office on to me. Ken's leadership during the seven years 
that he was chairman was distinguished by a gentle concern for all 
members of LRS and OIP, and a dedication to excellence in all of 
our programs. The legacy Ken has left us is a very rich one, a 
legacy which is perhaps symbolized best by the new wing to the LRS 
building, which was constructed during his tenure. We all wish Ken 
well as he returns to a career of teaching and research in the 
department.

Minor changes in faculty occurred during 1983/84. It was 
with considerable regret that we accepted the resignation of Dr. 
John Havlin, the newest member of our faculty. John returned to a 
position in Nebraska. Family and friends joined with Jack and 
Betty Ketcheson in February to wish them well on Jack's retirement. 
Jack retired in December, terminating an association with the de
partment which spanned 38 years. During this period Jack developed 
a research program in tillage and soil management. This program 
provided the foundation for several programs in LRS and in other 
departments in OAC. Dr. Peter Martini spent the past year on 
sabbatical with his time distributed between visits to India, Italy 
and Australia to work with other scientists.

Our teaching programs have thrived during the past year with 
several exciting developments occurring and a nunber of students 
earning distinguished recognition for their programs.

Enrollment in our graduate programs continued at a level 
which is taxing our facilities to the limit. The quality of 
students in our program is reflected by the fact that about 30% of 
our Canadian graduate students held scholarships from the Natural 
Sciences and Engineering Research Council (NSERC) or other such 
prestigious agencies, and another 10% of the Canadian students are 
supported by the Agriculture Canada educational leave program. The 
department was pleased that Mr. Nick Allen, an M.Sc. student, was 
awarded the Bentley Award for the best research paper presented by 
a student at the Canadian Soil Science Society meetings this past 
year.

An exciting development in our graduate programs this past 
year has been the establishment of the Morwick Scholarship. This 
scholarship was established by the family of the late Professor and 
Mrs. F.F. Morwick. Professor Morwiok was associated with the de
partment from 1928 to 1961. The scholarship will be given to a 
student annually who has a distinguished academic record and who 
has made an outstanding contribution to all aspects of the depart
ment's program. The winner of the first Morwick Scholarship was 
Cameron Grant, an M.Sc. student.

Undergraduate enrollment remains stable in the three majors 
in the department. Students in these majors have distinguished 
themselves by winning several scholarships. This summer we have 
had four students awarded NSERC undergraduate summer research 
scholarships. We are also delighted to see Miss Ruth Hall, a 1984 
graduate in Resources Management win the N.R. Richards Scholarship 
and the Class 1933 Scholarship, prestigious graduation scholarships 
in the College.

Research programs continued to develop this past year in 
spite of serious economic restraint. External research funding was 
obtained from: Agriculture Canada

Environment Canada - Atmospheric
- Canadian Forestry 

Manpower and Immigration Canada 
Ontario Ministry of Natural Resources 
Atomic Ehergy of Canada Ltd.
Grand River Conservation
Canadian International Development Agency 
Natural Sciences and Engineering Research Council 
Indian Affairs and Northern Development 
Ontario Ministry of the Environment 
Sylvite Sales Inc.
Ontario Turfgrass Research Foundation 
Ontario Racing Coomission
Canadian Industries Ltd. (C.I.L.) 
Cyanaraid Canada Inc.
Foundation for Agronomic Research 
Potash & Phosphate Institute 
Potash Corporation of Saskatchewan 
Ministry of Colleges 4 Universities 
Fertilizer Institute of Ontario 

as well as from the Ontario Ministry of Agriculture and Food. 
Funding from these agencies totalled $1.8 million and is gratefully 
acknowledged by the department. Specific details on many of the 
projects supported by these funds are discussed later in this 
report.

A major adjustment in service programs occurred this year 
with the decision by OMAF to transfer responsibilities for the 
services provided by the soil testing laboratory in LRS to a 
private laboratory. This move resulted from a decision to put 
responsibility for the service up for tender. On Aug. 31, 1984 the 
department will formally terminate an association with a service 
which would have celebrated its 100th birthday in the college in 
1984. Fertilizer field trials which are necessary to update 
existing soil test recommendations will continue to be associated 
with LRS. At the time of preparing this report -it is uncertain who 
will assume responsibility for the extension activities related to 
soil test and research related to soil test methodology develop
ment. However the department remains committed to the need for a 
strong soil testing program in Ontario and will be working with 
OMAF and Agrifood labs (who will take responsibility for the soil 
testing service on Sept. 1, 1984) to insure that the service isn't 
weakened during the current transition period.

Discussions between OMAF, Agriculture Canada and the Univer
sity regarding a new "Agreement" for OIP continue. The "Agreement" 
formalizes the co-operative arrangement between the three agencies 
and provides a unique vehicle for co-ordinating the survey, inter
pretation and supporting research of the land resources inventory 
program in Ontario. The original agreement which was responsible 
for the formation of OIP terminated in March 1982. Uirlng the past 
year OIP has become more heavily involved in ex tension-oriented 
activities. Exhibits outlining the role of soil inventory 
information in agricultural land use planning, tillage and erosion 
control have been prepared and displayed at several events. 
Workshops for personnel in other units within OMAF have been 
conducted in order to heighten the general awareness of soil survey 
information and the utility of this information.

Faculty and staff continue to contribute in areas beyond 
their immediate responsibility. Cliff Acton, Agriculture Canada 
has continued to be involved in the resources inventory program in 
Nepal, spending four weeks in Nepal during 1983/84. Murray Miller 
is President of the Canadian Society of Soil Science this year. 
Les Thomas is program chairman of the annual meeting of the Can
adian Soil Science Society which will be held in Banff in August, 
1984. Ward Chesworth has served as a geologist for CIDA, evalu
ating CIDA-sponsored projects in Nepal. Also, in October, he 
visited Bolivia as IDRC representative at the First Latin American 
Conference on Phosphate Rock Resources. Dirk Tel once again offer
ed a five week course in Soil and Plant Analysis at the Institute 
of Tropical Agriculture at Ibadan, Nigeria. Terry Gillespie and 
George Ihurtell spent 4 weeks at the University of Beijing, Peoples 
Republic of China on a CIDA-funded program which involved lecturing 
and consulting Ln micrometeorological instrimentation for agri
culture.

Time passes, and people get more "mature". In the process 
they are able to contribute even more fully to our programs. In 
1983/84 Earl Gagnon and Bob Sheard both celebrated 25 years service 
to our department. Earl has been associated with the soil testing 
laboratory during this period. On Sept. 1, 1984 he will be respon
sible for the Plant Tissue Analysis Laboratory in the department. 
Bob Sheard has contributed extensively to the soil management pro
gram with his primary Interests being in plant nutrition of field 
crops and turf. Subsequent to the resignation of John Havlin this 
year, the responsibility for coordination of extension was added to 
several of Bob's other responsibilities. This has resulted in Bob 
having to maintain a rather frantic pace but he has provided a 
solid example to the rest of us that "one doesn1t get older, one 
gets better"t We appreciate very much the contribution that both 
Bob and Earl have made to our program in the past 25 years and we 
know that they will both continue to be very active contributors to 
our programs in the future.

In concluding my introductory remarks I would like to acknow
ledge the efforts of Andy McLennan and Kelly Beltz for the cart
ographic and typing associated with preparing this report. I would 
also like to express my appreciation to Tom Lane for editing the 
report and to the many people who prepared material for this 
report.

Finally let me commend this report to your perusal. The 
report does not deal exhaustively with all of our activities but 
summarizes the highlights. I hope the report will be of use to 
you. I would be delighted to respond to any questions or comments 
which you may have regarding the contents of this report.

B.D. Kay 
June, 1984 

Department of Land Resource Science, 
University of Guelph, 
Guelph, Ontario. NIG 2W1 
Telephone (519) 824-4120
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Personnel and interests

Faculty/Professional

B.D. KAY, M.Sc. (ftielph), Ri.D. (Ehrdue), Professor and
Chairman- Physical-chemical reactions in soils, dynamics 
of frost heaving, influence of tillage and cropping 
practices on soil structure. (Ext. 2447-8)*.

T.E. BATES, B.S.A. (Toronto), M.Sc. (North Carolina State), Ih.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.fAgr.), M.Sc. (McGill), Ph.D. (Cornell), 
Professor. Nitrogen in the soil/crop system; soil-plant 
relationships; fertilizers and plant nutrition. (Ext. 
3259).

R.A. BOURBONNIERE, B.A. (Massachusetts), M.S. (Michigan), Ih.D. 
(Michigan), Adjunct Professor. Organic geochemistry.

M.E. BROOKFIELD, B.Sc. (Edinburgh), Hi.D. (Reading), Associate 
Professor. Paleoecology, paleontology, stratigraphy and 
tectonics. (Ext. 2654).

D.M. BROWN, B.S.A., M.S.A. (Toronto), Ih.D. (Iowa State), 
Professor. Climate related to land use planning, crop 
zonation, climatological reference stations, relation
ships of crop growth and development to climate and 
weather. (Ext. 2206).

S. BURNS, B.Sc. (Toronto), M.Sc. (Jerusalem), Teaching Associate. 
Instructional development for Introductory Soils. 
Resigned August 31, 1985-

D.L. BURTON, B.Sc. (Dalhousie), M.Sc. (Guelph), Research Associate. 
Resigned June 30, 1984.

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

B.E. CLOTHIER, B.Sc. (Canterbury), Ih.D. (Massey), Visiting 
Professor. Soil physics, soil water and solute flow, 
horticultural irrigation. (Ext. 2489). Commenced term 
January 2, 1984.

J. DE CATAN3AR0, B.Sc. (Carleton), M.Sc. (British Columbia), Ph.D. 
(Toronto), Itost-doctoral Fellow. Soil biology, soil 
nitrogen transformations. (Ext. 3057).

DUAN, R. (Beijing Agricultural University). Visiting Scholar. 
Commenced term October 1983. (Ext. 2208).

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

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

C.A. FITZGIBBON, B.A. (McMaster), M.Sc. (Saskatchewan), Teaching 
Associate. Soil science, resources planning and 
management. (Ext. 8329).

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

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

P.H. GROENEVELT, M.Sc., Ph.D. (Wageningen), Associate Professor- 
Applied soil physics. (Ext. 8748).

J.L. HAVLIN, B.S. (Illinois State), M.S., Ih.D. (Colorado State), 
Assistant Professor and Extension Co-ordinator. Soil 
fertility, soil chemistry, soil-plant relationships. 
Resigned October 28, 1983*

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

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. Retired December 31, 1983.

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

K.M. KING, B.S.A. (Toronto), M.S., Ph.D. (Wisconsin), Professor. 
Evapotranspiration and photosynthesis of field crops; 
environmental measurements. (Ext. 2787)•

J.T. KOCH, B.Sc. (fetal), M.Sc. Agric, (fetal), Ri.D. (Guelph), 
Post-doctoral Research Associate. Radionuclide transport 
in organic soils. (Ext. 2489).

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

E.R. LEMON, B.S. (Cornell), M.S. (Cornell), Ih.D. (Michigan), 
Consultant in mlcrometeorology (May-August, 1984)- (Ext. 
2787).

H. LIU, (Associate Professor, Agrometeorology, Beijing Agricultural 
University), Visiting Scholar. Commenced term September 
1983. (Ext. 2206).

E.E. MACKINTOSH, B.S.A. (Saskatchewan), M.Sc. (British Colunbia), 
Ph.D. (Adelaide), Associate Professor. Half-time 
appointment. Soil survey interpretations; soils and land 
planning. (Ext*  2492).

B.G. MATTHEWS, B.S.A. (Toronto), A.M. (Missouri), Hi.D. (Cornell), 
D.U. (Sherbrooke), L.L.D. (Waterloo), Professor. Soil 
chemistry. Bresident and Vice-Chancellor. (Ebct. 2200).

H. MARTIN, B.Sc.fAgr.) (Guelph), Crops Specialist. Plant Industry 
Branch, Ontario Ministry of Agriculture and Food. (Ext- 
2454).

I.P. MARTINI, Doct. Geol. Sci. (Florence), Ih.D. (McMaster), 
Associate Professor. Sediments and sedimentary rocks, 
sedimentology, glacial and pleistocene geology. (Ext. 
2488).

R. MCBRIDE, B.Sc., Ih.D. (Gielph), Research Associate. land 
evaluation. Resigned April 10, 1984.

M.H. MILLER, B.S.A. (Toronto), M.S., Ih.D. (Ihrdue), Professor. 
Soil fertility, plant nutrition and land productivity. 
(Ext. 2482).

W.A. MITCHELL, Administrative Technical Officer. Controlled 
environment plant growth facilities. (Ext. 2484).

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

B. SCHNELLER, B.S.A. (Toronto), M.S. (Cornell), Manager, 
Agroclimatology Program, Plant Industry Branch, Ontario 
Ministry of Agriculture and Food. (Ebct. 2480).

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

E.P. TAYLOR, B.Sc.(Agr.) (Guelph). Research Associate. Forest 
Pedology. (823-5700 Ext. 320)

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

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

T.J. VYN, B.Sc.(Agr.), M.Sc. (Guelph), Lecturer, joint appointment 
with Department of Crop Science. Soil tillage and crop 
rotations. (Ext. 3397J.
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G.K. WALKER, B.Sc. (Reading), M.Sc. (Saak.), Fh.D. (California), 
Research Scientist. land productivity modelling. (Ext. 
2484).

J.D. WILSON, B.Sc. (Canterbury), M.Sc. (Alberta), Hi.D. (Guelph), 
Assistant Professor. Micrometeorology. (Ext. 2487).

* Extension number (e.g. Ext. 2447) at the University of Guelph. 
University of Guelph phone number is (519) 824-4120.

Clerical Staff

P.E. Beirnes - Administrative Secretary. (Ext. 2448)
K.M. Beitz - Stenographer. (Ext. 2455)
L. Bissell - Clerk. (Ext. 2661)
D. Brenner - Stenographer. (Ext. 2455)
J.L. Cook - Clerk. (823-5700 Ext. 314)
G. Hayes - Stenographer. (6 months)
3. Henry - Stenographer. (Ext. 2455)
M.J. Metcalf - Stenographer (part-time). (Ext. 2455)
F.I. Peer - Stenographer (part-time). (Ext. 2455)

Technical Staff

N. Baumgartner - Soil physics and soil management. (Ext. 
8556).

I.A. Becker - Soil testing operations. Resigned June 30,
1984.

J.F. Brown - Soil testing operations. (Ext. 2494)
J.C. Bryant - Soil management and plant nutrition plot

work. (Ext. 2494)
S. Cho-Wing - Soil testing operations. (Ext. 2494)
L. Cosens - Plant analysis. (Ext. 2494).
E.L. Dickson - Runoff collection and analysis, research

analytical laboratory. (Ext. 3025)
M.R. Evans - Computer data analysis. (Ext. 2458)
G.L. Fairchild - Soil and plant analysis, technical

development. (Ext. 2494)
J.A. Ferguson - Soil management and plant nutrition plot

work. (Ext. 2491)*
E.F. Gagnon - Supervisor, Soil and Plant Analysis. (Ext.

2494).
S.E. Hipwell - Soil classification. (Ext. 8170)
R.N. Hughes - Weather records. (Set. 2458). Resigned

Aug. 26, 1983.
D.E. Irvine - Cartographer. (Ekt. 3364).
K. Killinger - Manure nitrogen volatilization. (May 1963

' - March 1984)
B. Kingdon - Soil testing operations. Resigned June 15,

1984-
J. Kwong - Analysis of sediments. (Ext. 2488)
A. laycock - Soil erosion and crop productivity .

Resigned June 29, 19B4.
J. Lovcanin - Soil management and plant nutrition field

plot. (Ext- 8157)
R.L. McCutcheon - Plant analysis. (Ext. 2494)
J.A. McLennan - Cartographer. (Ext. 3364)
N. Murray - Limitations to yield of corn. (Ext. 2496)
P. Newdick - Weather records. (Ext. 2458)
3. Nolan - Remote sensing. (Ext. 8175)
M.E. Ormond - Soil classification. (Ext. 8170)
L. Prong - Tillage and crop rotation research. (Set.

3025)
D. Rachar - Soil conservation. (Ext. 8157). Commenced

duties April 1, 1984.
S. Sadura - Teaching technician. (Ext. 3393)
P. Staith - Geochemistry. (Ext. 8175)
R.E. Sweetman - Electronic instrument operations and plot 

work. (Ext. 2208)
G. Taylor - Soil management and plant nutrition plot

work. (Ext. 2491)- Commenced duties March 
5, 1984.

D. Tel - Pollution control and waste management;
soil and water analysis and research 
analytical laboratory. (Ext. 3507)

W.G. Wilson - Pedology. (Ext- 8157)
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Extension activities

The transfer of technology from the researcher to his 
clientele is a vital part of the Department's total program and Its 
public image. In land Resource Science the clientele is diverse; 
ranging from the primary producer of a wide range of crops to 
organizations such as Ontario Hydro, Ministry of Transportation and 
Communications, Ministry of Natural Resources, Ministry of the 
Environment and the general public.

The 1983-84 year was a period of change in extension 
activities in land Resource Science. Dr. John Havlin was appointed 
co-ordinator of extension on March 1, 1983 and resigned on October 
31, 1983- Prof. R.W. Sheard assumed the duties of acting 
co-ordinator of extension on November 1, 1984*

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

Extension programs in L.R.S. involved the development of a 
night school on Sustaining Agricultural Productivity in conjunction 
with the O.M.A.F. Extension Branch in Haldimand County. The school 
attracted 25 farmers for five nights. Another program was a 
two-day Fertilizer Dealer Information Seminar where 35 dealers from 
the Province received instruction in soils and plant nutrition to 
enable them to better discuss such subjects with their clients.

Although the above activities were highlights of the year, a 
continuing advisory service was offered through a number of 
different avenues (Table 1). The Department provided 1.5 man-years 
of extension activity by 10—12 faculty members who contributed 10^ 
or more of their time to that function.

Table 1. Summary of Land Resource Science Extension Activities for 
1983-84.

* Represents 1.5 man-years © 220 days/year.

Total Extension # Of Total
Suranary of Extension Involvement Days Detension Effort

Courses, Conferences, etc. 22 6.6
Continuing Education 8 2.4
Tours (groups) 21 6.3
Consultations 219 65.9
Talks (Speeches) 27 8.1
Publications 9 2.7
Radio-TV Programs 2 0.8
Public Relations 18 5.4
Other Activities 6 1.8

■ III ■ ■
Total 332* 100.0

R.W. Sheard

Soil Testing Service

A total of 93,236 samples (65,576 farm samples) were tested in 
1982/83, an increase of 17/> (14^ in farm samples) over the previous 
record year, 1980-81 (Table 1). The number of users of the service 
increased 10^ over 1980- 81. It seems likely that the narrow 
margin of profit in crop production is part of the reason for the 
increased use of this service. The mild winter and its late 
arrival were also important factors with fanners taking some soil 
samples in most months of the year. The numbers of samples tested 
will be lower in 83/84 as can be seen from Table 2.

The numbers of plant, manure and feed samples tested in 
1983-84 did not change greatly from previous years (Table 3)*

The tours of the laboratory are listed in Table 4.
Soil testing in Chtario has reached its 100th Anniversary, the 

first chemical tests to evaluate fertility status of Ontario soils 

having been performed in 1883 and 1884. The first soil tests for 
farmers appear to have been the use of litmus paper to test for 
acidity sometime before 1920. In September 1983 soil test results 
were for the first time mailed directly to fanners from the 
laboratory without going through the Agricultural Offices. It will 
be some time before the effects of this change can be fully 
evaluated. Also in Sept. 1983 soil test recommendations were made 
and printed on a small computer in the laboratory rather than on 
the large main University computer.

On February 24, 1984 the Department of Land Resource Science 
was informed that the soil testing contract had been let to a 
private laboratory which will take over the soil testing, Sept. 1, 
1984. Testing of farm soils will end in the department on Aug. 
31, 1984 although analysis of plant and manure samples may 
continue.

TABLE 1: Soil Samples Tested in the Ministry of Agriculture and Food Laboratory, Department of Land Resource 
Science, University of Guelph.

Source of 
Samples

1973-74 1974-75 1975-76 1976-77 1977-78 1978-79 1979-80 1980-81 1981-82 1982/83

Farm 39,709 40,944 48,520 36,719 37,604 48,943 52,532 57,464 52,295 65,576

Garden 3,854 4,831 5,127 1,946 3,326 4,024 4,147 4,813 4,072 5,450

Canadian Forces Bases 941 852 923 860 942 828 90S 829 893 979

Research (Federal, 11,913
Provincial, University) 
and unclassified

8,207 7,533 10,422 17,202 18,644 14,274 16,521 16,432 21,211

Industry* 15 36 22 25 47 41 0 37 0 20

TOTAL 56,432 54,870 62,125 49,972 59,121 72,480 71,861 79,664 73,692 93,236

No. of Users** 11,814 13,141 13,809 11,393 11,684 14,967 15,060 15,693 14,132 17,290

*A fee is charged for Industry samples for which the report does not go directly to local OMAR offices and to the 
farmer.
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TABLE 2: Number of Soil Samples Received Monthly from 1973 to 1984.

73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82 82-83 83-84

JULY 2,018 2,105 4,565 2,325 1,872 4,817 4,704 3,868 2,601 5,460 3,267

AUG. 2,496 2,730 3,668 3,368 4,680 7,522 2,574 4,134 3,813 4,293 5,034

SEPT. 3,432 3,988 4,212 3,908 5,696 4,825 5,978 5,360 4,757 5,936 6,050

OCT. 7,534 7,176 6,396 5,749 5,539 7,239 7,098 8,419 7,319 8,604 9,425

NOV. 13,730 11,389 8,502 9,672 10,296 18,398 13,884 14,586 14,820 14,742 17,312

DSC. 6,086 6,396 12,480 4,479 6,329 5,460 8,424 8,964 9,672 11,544 8,502

JAN. 3,276 4,446 3,432 1,677 2,646 5,854 7,410 6,899 9,113 8,267 6,194

FEB. 4,961 1,440 2,261 1,014 1,077 2,388 4,164 1,950 3,138 4,794 2,925

MAR. 1,638 1,404 2,886 2,340 1,097 2,418 1,560 5,204 2,253 10,891 2,827

APRIL 2,262 6,724 5,687 5,919 4,602 4,836 7,953 10,124 7,758 7,159 10,062

MAY 2,434 2,418 2,130 1,791 4,056 2,804 2,798 2,701 3,684 3,027 4,826

JUNE 1,516 934 936 2,028 1,794 1,348 1,256 4,506 1,974 4,343 2,888

TABLE 3: Number of Samples of Plant, Manure and Other Organic Materials Analyzed by the Soil and Plant 
Analyses Service laboratory (With the Exception of those from land Resource Science Research, 
All Samples Were Analyzed on a Fee for Service Basis).*

Type of Material 73-74 74-75 75-76 76-77 77-78 78-79 79-80 80-81 81-82 83-84

Plant Samples (Field) 82 49 156 317 175 263 359 307 634 369

Plant Samples (Greenhouse) 132 146 76 121 165 279 471 673 472 363

Manure, composts & sludge 39 71 82 57 80 115 276 486 372 386

Feeds** 870 1,861 3,306 3,878 4,373 5,293 5,846 5,585 5,978 5,605

Other*** 308 260 179 303 501 437 915 842 1,855 2,222

Total Service Samples 1,431 2,387 3,805 4,676 5,299 6,387 7,867 7,893 9,311 8,945

Land Resource Science 
Research - mainly plants 5,344 4,294 4,243 2,745 3,555 4,471 3,440 3,638 2,947 4,990

Total Samples 6,775 6,681 8,048 7,421 8,854 10,858 11,307 11,531 12,258 13,935

* The period reported is May 1 to April JO.
* * Analyzed for the Department of Animal and Poultry Science as part of the feed analysis service.
***Mainly plant tissue from other university departments.

TABLE 4: Tours of the Soil Testing and Plant Analysis Laboratory. 
Department of Land Resource Science, May 1, 1983 to April 30, 
1984.

Type of Visitor
Number 
of Tours

Approx. Number 
of Visitors

Farmers and Junior farmers 4 80

Professional Agrologist 1 20

High School Students 4 80

Community College landscape and 
Ecology Classes

1 30

Students from Colleges of Agric. 
Technology

1 20

Students other Universities 2 80

Agricultural Diploma Students 
Univ, of Guelph

12 200

Agricultural Degree Students 
Univ, of Guelph

8 180

Uorticulturalist 2 48
Univ, of Guelph — —

Total 35 738
T.E. Bates and E.F. Gagnon
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One Hundred Years of Soil Testing in Ontario

Experimentation with soils, fertilizers and soil amendments 
was conducted by the O.A.C. from its beginning in 1874, first in 
the Department of Chemistry and later in the Soils Division of that 
Department which became the Soils Department in 1945- Analyses to 
determine the total content of nutrient elements in the soils of 
the College farm for the purpose of estimating nutrient 
requirements was first mentioned in the 1883 annual report 
(apparently completed in 1884). Analysis of soils is mentioned as 
a specific function of the Department of Chemistry in 1901■

The first actual soil test for farmers appears to have been 
the use of litmus paper to test for acidity some time before 1920. 
This was a very crude test as the litmus only showed whether the 
soil was either acid or alkaline. In 1925 brome thymol blue, 
copyrighted by G.N. Ruhnke as "react to soil", was introduced as 
an indicator in soil test kits consisting of an indicator dye, 
strips of waxed paper and a color chart. These were sold to 
farmers up to the 1950's, the price in the 1950’s being 25^/kit. 
In 1939 the first pH meter was purchased for use on soils and it 
was used as a standard against which the indicators were compared. 
About 1946 a pH meter began to be used in routine farm soil 
testing. At that time the pH terminology was considered too 
complicated for farmers to understand and soils were described as 
slightly acid, moderately acid etc. without reporting the actual 
soil pH.

During 1935 Prof. G.N.. Ruhnke spent several months in the 
U.S.A, studying the Neubauer procedure as a means of calibrating 
soil tests so that ratings of low, medium and high could be 
established. The trip was funded by the American Ibtash Institute. 
When the Soils Division of the Department of Chemistry moved from 
the Chemistry building to the "Old Horticultural" building in 1936 
a Neubauer laboratory was set up. The Neubauer technique grew 
seedlings in small containers of soil. The seedlings were then 
analysed for nutrient content as a measure of the supply of plant 
available nutrients in the soil.

C.P. Rivaz and T.J. Heeg operated the laboratory and compared 
different testing procedures with the Neubauer tests. The Neubauer 
test was used as a standard for six or seven years.

In the 193O’s the Spurway extractant (0.05 N HC1) was used as 
a soil test extractant. This was replaced by Thornton's extractant 
(sodium cobalti nitrate) for K determination about 1936 but the 
Spurway method was retained for Ca and Mg and N0~3. In the period 
1932-1937 soil test kits were provided to some of the Agricultural 
Representatives and 15 to 20 of these were used up to about 1950. 
The Agricultural Representatives tested soils in their offices with 
the kits and made recommendations. Soils extension specialists 
also carried the kits and tested soils at demonstrations. The kits 
were supplied by the American Potash Institute under E.K. Hampeon.

The Soils Department moved to a new building and a new 
laboratory for soil testing on Sept. 15, 1958. In March I960 an 
incubation procedure was initiated as a soil test for nitrogen. 
The procedure was abandoned June 1, 1967 and replaced by the older 
procedure of making nitrogen reconmendations based on the crop 
grown and adjusted for manure applied and legume sod ploughed 
under.

Starting in 1962 home garden samples were tested in the 
laboratory in the Department of Soils, being transferred from the 
Department of Horticulture where greenhouse samples still continued 
to be tested.

From approximately 1940 to I960 fertilizer recommendations 
based on soil tests were made by N.J. Diomas for the Niagara 
Peninsula and Lake Ontario counties, W.T. Ewen for Oxford county 
and west, W.B. George and later D.E. Logsdail and J.S. Gardiner at 
Kemptville for Eastern Ontario and R.J. Bryden for the remainder of 
the province including N. Ontario. Diomas, EVen and Bryden were 
soils specialists in the Soils Department. In the later years T.H. 
lane took over some of this responsibility. In 1959 a program was 
initiated to train Agricultural Representatives to interpret soil 
test recommendations instead of Advisory personnel in the 
Department of Soils and at Kemptville. By 1964 this program was in 
full operation with reports passing through the county and district 
agricultural offices where they were interpreted and converted into 
pounds of fertilizer per acre. J.S. Gardiner and D.E. Logsdail 
continued to interpret the tests for some Eastern Ontario counties 
for several years after 1964- In the 197O*s  the Agricultural 
Representatives in the counties testing large numbers of samples 
began a program to teach farmers to convert the requirements for 
nutrients to fertilizers, By 1980 approximately half of the 
farmers using the service were interpreting the soil test as it 
comes from the computer although this involved less than half of 
the counties and districts in the province.

In 1964 the soil test recommendations were first handled by 
computer in place of hand typing the recommendations and reading 
them off fertilizer requirement tables for each crop. The computer 
program has been revised several times through the years. In 1967 
it was adapted to provide annual summaries of the ranges of each 
soil test for each crop in each county and for the province as a 
whole. In September 1981 a series of 20 messages was added to the 
program and up to four of these are printed on any one farmer's 

report to provide information of particular importance for the crop 
and aoil conditions on the particular farm.

Prior to 1957 the soil test recommendations were based on the 
results of field tests and the experience of soils extension 
personnel without a systematic method of summarizing experimental 
results. In 1957 a systematic use of the Mitscherlich equation 
based on a concentrated program of field calibration experiments 
was introduced for field crop recommendations.

In June 1957 the Bray no. 2 extractant (0.1N HC1 with 0.05 N 
was introduced for soil phosphorus in place of the Thornton 

procedure. In July 1969 the Bray no. 2 extractant was replaced by 
the Olsen extractant (0.5N Na HCOS). At that time automated 
"Autoanalyzer" equipment was introduced to determine phosphorus 
colorimetrically. This machine included an automatic sampler, 
automatic reagent addition and recording of results on a strip 
chart recorder. The printing of soil test readings for P, K, Mg 
and Ca were changed from pounds of the oxide per acre to ppm 
(actually mg/1) of the element. At the same time each grower using 
the service was issued a "permanent" registration number. A 
mailing went out each summer to registered users of the service. 
After several years the "permanent" registration was found to be of 
more nuisance than value and was dropped.

In June 1971 a service providing analysis of plants, manures, 
sludges and other organic materials for N, P, K, Ca, Mg, Cu, Zn, Mn 
and B was introduced on a user pay basis, the first service on a 
charge basis in the laboratory. In 1975 feeds were added to this 
service for the feed testing laboratory operated by the Department 
of Animal and Poultry Science. In 1975 soil organic matter 
determination by the Walkely-Black titration method (potassium 
dichromate + H,SO. ) was introduced with a charge of $5-00 per 
sample. This test was intended chiefly to help evaluate herbicide 
rates. In October 1981 soil manganese extracted with 0.1 N 
HjPO^ (Hoff and Mederski, 1958) and zinc extracted by DTPA (Lindsay 
and Norval 1978) were added to the list of available analyses with 
a charge of $5.00 per sample for the two tests. The Shoemaker, 
McLean and Pratt (SMP) buffer pH determination was also added in 
1981 to more accurately estimate lime requirement. Estimates were 
previously based on pH and soil texture.

Soil Testing Laboratories at Xemptyilie, Ridgetown and Vineland
In 19^5 a soils laboratory was set up at the Horticultural 

Experiment Station at Vineland to test soils used for fruit 
production. In 1958 soil testing was transferred to Guelph and a 
leaf analysis program was introduced for tree fruits and grapes and 
this largely replaced the soil test as a means of predicting 
nutrient requirements. The leaf analysis service at Vineland 
continued until 1984.

Soil testing laboratories were established at the Kemptville 
Agricultural School in the late 194O*s and at Ridgetown in 1952. 
These two laboratories were closed in I960, the samples being 
tested at the laboratory in the Department of Soil Science, OAC 
thereafter. The transfer to Guelph coincided with the introduction 
of an incubation test for nitrogen, presumably to avoid the cost of 
installation and operation in three separate laboratories.

The Kemptville laboratory was testing about 5>5OO farm samples 
per year and the Ridgetown laboratory about 2000 per year at the 
time of the transfer.

People associated with the Vineland laboratory were J.R. van 
Harlaam from 1925 to 1950 and J.A. Archibald from 1950 to 1958. 
The laboratory at Kemptville was operated by Mr. W.B. George from 
its opening until it closed. J.S. Gardiner was also involved in 
the operation of the Kemptville laboratory. The Ridgetown 
laboratory was operated by Mr. Jack Underwood of the Soils and 
Livestock Division until 1957 when C.S. Baldwin assumed 
responsibility. At that time a technician Mr. Norman Ryde was 
hired and he was succeeded by Mr. Ben Jansen.

In the early days the Kemptville and Ridgetown laboratories 
were one man operations with George and Underwood both doing the 
testing and making the recommendations without assistance.

Land Resource Science Staff
The soil test laboratory in the Department of Land Resource 

Science at the University of Guelph has been directed by the following 
persons:

G.N. Ruhnke 1925-1950
L.A. Burk 1950-1955
C.P. Rivaz 1955-1958
G, Mclaren 1958-1959
H.J. Robinson 1959-1941
R.J. Bryden 1941-1945
T.J. Heeg 1945-1975
T.E. Bates 1975-1984

E.P. Gagnon was employed in the laboratory from 1958 and was 
laboratory supervisor from 1965 to 1984.
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Soil Test Methods
Soil test methods used in the Dept, of Land Resource Science 

laboratory at the University of Guelph are listed below. These 
methods were used in the other provincial laboratories while they 
were in operation.

Soil pH
Up to approximately 1925 Litmus paper was used. In 1925 brome 

thymol blue came into use copyrighted by Dr. G.N. Ruhnke as "react 
to soil". About 1939 a pH meter was purchased and was used as a 
standard to check the indicators. The pH meter was used on farm 
samples starting about 1946. A soil water paste has been used 
since that time.

Phosphorus
The Spurway extractant (0.05N HC1) was used for soil 

phosphorus from the mid 1930's until July 1957 when it was replaced 
by a modified Bray no. 2 extractant (0.1N HC1 with 0.05 N NH4F). 
In July 1969 the Bray no. 2 extractant was replaced by the Olsen 
extractant (0.5N NaHCO3) which was still in use when the 
laboratory's role of testing farmer's samples was discontinued, 
Aug. 31, 1984-

Potassium
The Spurway extractant (0.05N HC1) was used for potassium from 

the mid 193O's until about 1936 when it was replaced by the 
Thornton extractant (sodium cobalti nitrate). In October 1955, 
0.1N NHk acetate + 0.05N HjSO^ + PI® was introduced as the 
extractant for potassium. At this time a flame photometer 

replaced colorimetric methods of determining soil potassium. About 
1967 the 1N NH. acetate extractant was Introduced and it was still 
in use in 1984.

Calcium and Magnesium
The Spurway extractant (0.05N HC1) was used up until 1969. 

Since that time 1N NH. acetate has been used for calcium and 
magnesium as well as for potassium. Calcium is measured routinely 
only on samples from tobacco fields.
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Agrometeorology

Weather and Climate Information, 1983

The collection of climatic information was continued 
throughout 1983 at the Elora Research Station (ERS) and the 
Arboretum Weather Station. These two stations have been operated 
in cooperation with the Atmospheric Environment Service. Daily 
and/or hourly records for each month were sent to the Cntario 
Climate Centre for publication and archiving by the Canadian 
Climate Centre. Hiring the past two years, significant changes in 
weather observing and data processing have occurred at ERS.

Most of the recording of the daily and/or hourly weather 
elements are now done automatically with Campbell Scientific CR21 
microloggers at ERS. Data recorded by the CR21 is stored on 
cassette tape and later processed on the mainframe University 
computer. The objective of this project is to reduce the number of 
man hours required to observe, summarize and process climatic 
information. Considerable effort in 1983 was devoted to developing 
computer programs for summarizing the climatic data stored in the 
mainframe computer using an IBM PC microcomputer. Computerized 
Elora summaries and manually prepared Guelph summaries were 
distributed each month to 44 individuals, institutions and 
companies plus an additional 50 users on campus. Over 200 
enquiries were handled either personally or by phone for climatic 
information of all types from students, faculty, government, 
industry and the general public. Most frequent requests were for 
monthly averages, daily temperatures and precipitations, climatic 
normals for other stations in Cntario, wind, sunshine and 
evaporation.

A substantial number of undergraduate and graduate students 
from other departments (mainly Engineering, landscape Architecture 
and Crops) requested data for course projects, reports and theses. 
Some of the applications of climatic information include livestock 
water consumption, pasture and grazing problems, irrigation models, 
heating fuel consumptions, soil erosion, growth models, deer 
population study and barometric settings.

P. Newdick and D.M. Brown

1983 Weather Summary for Elora and Region

January
Conditions were very similar to 1980 where lack of snow and 

above average temperatures characterized this month, the first 
milder than normal January at Elora since 1975- Snowfall was 33% 
of normal and rainfall near normal. No major snow storms occurred. 
The ground was practically snow free for 10 days.
February

Consistent with January, this month maintained higher than 
normal temperatures with 35% of normal snowfall. The daily 
temperature climbed above freezing for 10 straight days leaving the 
ground uncovered for the last half of the month. A maximum 
temperature of 9-3’C was recorded on the 20th. February's daily 
mean temperature was a significant 3.2*C  above normal.



figure 1: Daily air temperature fluctuations at the ELora Research 
Station in 1983.

Figure 2: Accumulated precipitation at flora in 1983 (heavy line 
represents normal accumulation).
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March
"T’or the third month in a row, March temperatures were again 

above normal. However weather during the latter half of March was 
dominated by a cold arctic air mass lowering temperatures well 
below normal. A major snow storm hit on the 21st which was the 
heaviest single snowfall accumulation for the year. The ground had 
remained uncovered until that date.
April

Although temperatures climbed on a regular basis, April was 
rated as a fairly cloudy, cold, damp month with several moderate 
rainfalls totalling 98 mm of precipitation (140# of normal). The 
first half of the month was mildish but wet and the second half was 
mainly cold with the exception of a few warm days when temperatures 
rose into the low 20s.
May

Although temperatures slowly rose during the month, maximum 
temperatures did not often reach expected highs. Night time 
minima often remained close to or below the freezing mark. Corn 
heat units and growing degree days were also significantly lower 
than normal. Precipitation was quite high (187# of normal). Soil 
temperature averages at a depth of 10 cm were 3*C  cooler than 
average. In general, May was a slow month for seed germination. 
Several storms produced very high winds. 
June

After a cold wet start, temperatures quickly rose to above 
normal conditions and remained high for most of the month. There 
were 18 consecutive days (June 7-25) without precipitation. 
Sunshine was higher than normal and precipitation totals only 
reached 51# of normal.
July

Conditions throughout July were generally very warm, dry and 
sunny. The maximum temperatures exceeded 29*C  on 11 days. There 
were 12 consecutive days (July 5-17) without precipitation. On 
July 17th, 3.2 mm of rain fell followed by another 10 more days of 
drought. Precipitation in July reached only 42.2 tun (63# of 
normal). However the very warm sunny conditions appeared to be 
very favourable for photosynthesis and record crop growth. The 
warmest day of the year was 32.8*C  recorded on July 15- 
August

On the whole, August was warm and humid. Four rainfall events 
evenly spread over the month helped relieve the drought conditions 
and provide a total precipitation of 82.9 ran. By the end of August 
corn heat units had reached the normal value for that time of 
year.
September

The first and last third of the month were very warm, sunny 
and relatively dry, whereas the middle of September was cool and 
wet. Three storms on the 16th, 18th and 20th provided 70# of the 
total monthly precipitation of 71 mm. A minor frost was recorded 
on the 24th with a mininm temperature of -0.1*C  in the Stevenson 
screen. Corn in low lying areas was touched by the frost, but it 
was unaffected on the uplands and slopes. 
October

JFrelatively normal month was recorded with frequent storms 
and much cooler conditions. A minor frost occurred again on the 
10th (-0.2’C) but the first major killing frost wasn't recorded 
until the 20th (-2.2*C).  
November

As usual, this month was characterised as a wet, cold, and 
cloudly month. Precipitation occurred on 17 separate days. There 
were 19 days with less than 1 hour of bright sunshine and snowfall 
was recorded on 6 separate occasions. Air frost occurred on 20 of 
the 30 dnys. ’ .
December

In contrast with December 1982, this month was quite cold, wet 
and windy. On six occasions, minimum temperatures dropped below 
-20*C.  Many snowsqualls and drifting snow dominated this month 
providing a total of 52.8 cm of snow. Precipitation was noted on 
22 separate days. With maximum one hour velocities exceeding 40 
km/hr on several occasions. The coldest temperature of the year 
was -24.2*C  recorded on December 20.

Environment Canada climatologists had determined that most 
Canadians escaped the harsh cold temperatures of the 1982-83 
winter. The major reason for the mild winter has been linked to 
the phenomenon known as EL NINO. EL NINO is actually a warm 
coastal current that develops in the Pacific off Peru around 
Christmas every year when the sea surface temperature increases, 
last year the surface temperature rose to 28’C and occupied a 
size about 3 times the size of Canada by October. In brief, the 
equator to pole temperature difference was enhanced thus 
accelerating the westerly air flow providing milder Jhcific air 
over most of North America. Instead of receiving the cold air 
from the Arctic, Southern Canada was dominated by air masses 
originating from the mild waters of the Northern Pacific.

P. Newdick

Table 1. Climatological Data at the Elora Research Station, 1983-

Daily 
Mean 
Temp, 
(•c)

Corn 
Heat 
Units

Degree 
Days > 
5’C

Degree 
Days < 
18*C

Rainfall 
(mm)

Snowfall 
(cm)

Total 
Precip
itation 
(mm)

Total 
Sun
shine

JANUARY 
A

-5.7
+2.5

735
-73

21.2
84.0

14-2
42.0

35.3
61.0

86.4
105.0

FEBRUARY 
A

-4.1
+3-2

617
-99

27.8
139.0

10.1
35-0

56-3
74-0

111.4
101.0

MARCH 
A

0.3 
+3.0

7-0 
+0.6

561
-79

39.9
64.0

17.1
79-0

55-8
75.0

133-0
100.0

APRIL 
A

4-5 
-0.6

36.0
-28.0

405
19

97.3
159.0

0.4
1.0

97.7
139.0

129.4
66.0

MAY 
A

9.3
-2.1

191
-104

137.0 
-66

272
57

139-0 
180.0

139.0 
179-0

203.9
88.0

JUNE 
A

17-3 
+0.2

590
-4

368 
+5

65 
+4

41.1
47-0

41.1
47.0

302.5
120.0

JULY 
A

21.0 
+1.9

776 
+63

495 
+57

15
-12

42.2
58.0

42.2
58.0

296.4
106.0

AUGUST 
A

19.9 
+1.8

751
+75

461 
+54

10
-30

82.9
115.0

82.9
115.0

243.7
99-0

SEPT. 
A

15-1 
■+O.9

500 
+79

303 
+26

111
-21

71.0
100.0

71.0
100.0

191.0
120.0

OCTOBER 
A

8.2
-0.3

114 
+76

113 
+13

305 
+9

76.2
119.0

76.2
115.0

127.4
100.0

NOVEMBER 
A

2.7 
+0.8

25 
0

471 
+9

59-2
110.0

7.7
58.0

67-3
102.0

51*5
80.0

DECEMBER 
A

-8.0
-2.8

806 
+88

36.8 
103-0

52.8
153.0

98-9
138.0

53*8
96.0

YEAR 
A

6.7 
+0.7

2922 
+185

1945 
+33

4373
-147

734.6
107.0

102.3
72.0

843.7
101.0

1930.4
100.0

A Difference from 1951-80 average expressed as a percentage for 
rainfall, snowfall, total precipitation and sunshine.

Table 2. Additional Climatological Data at Elora Research Station 
for 1983-

Mean 
Daily 
Max.

•c

Mean 
Daily 
Min.

•c

Highest 
Max. *C

Lowest
Min. *C

Days 
of

Air
Frost*

Days 
of 
ow 

A

Days 
With 
7.2mm 
Prec.

Mean 
Wind 
Speed 
km/h

JANUARY -2.6 -8.8 4.5 -21.1 30 11 12 17.1

FEBRUARY -0.7 -7-4 9-3 -20.0 27 7 8 13-8

MARCH 3.8 -3-9 11.6 -17.0 23 6 14 16.9

APRIL 9-0 0.0 23.0 •4.5 16 1 12 18.1

MAY 14.5 4.0 21.1 -2.8 8 - 14 17-5

JUNE 23-9 10.6 32.4 -0.5 - - 8 11.6

JULY 27.1 14.9 32.8 5.9 - - 7 12.4

AUGUST 25.5 14.3 29.7 8.1 - - 7 10.1

SEPTEMBER 21.1 9.1 31.2 -0.1 1 - 11 11.1

OCTOBER 12.6 3.8 23.4 -5-8 6 - 14 15*1

NOVEMBER 5*4 -0.8 16.2 -8.6 20 6 16 18.8

DECEMBER -4.8 -11.2 2.0 -24.2 31 19 22 19-9

YEAR 11.2 2.1 32.8 -24.2 162 50 145 15-2

A Total Days with measurable snowfall.
* Air Frost - minimum-temperature in screen -0.1’C or lower.
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Climatic Summary Elora Research Station Ontario (1951-80)

The ELora Research Station Is located at Elevation 376 m above mean 
sealevel (m.s.l.) let. 45‘ 59' > Long 80*  25'

Temperature (*C)  Precipitation (mm) Sunshine
Normal Max*  Normal Min*  Normal Total Bright Hours

JAN -4.1 -12.2 58.5 80
FEB -2.9 -11.7 48.9 104
MAR 1.5 -6.9 74.1 151
APR 10.2 0.0 70.2 195
MAY 17.4 5-5 77-6 227
JUNE 25.2 11.0 86.9 254
JULY 25-5 12.7 75-0 286
AUG 24.6 11.6 72.1 251
SEPT 20.2 8.2 71-5 167
OCT 15.8 5.1 66.5 154
NOV 5-5 -1.8 65-7 67
DEC -1.6 -8.7 71.5 57
AVERAGE 11.1 0.9 ——
TOTAL — — 855.9 1951

Frost Occurrence (O’C or lower at 150 cm above soil surface)
[Average Date: ] Date of 1 ojf Risk

last :in Spring May 22 June 5
First in Fall Sept. 26 Sept. 12
Frost Free Season 127 days 99 days

1 The "line" method randomizes treatments on each side of the 
irrigation line providing two of the replications. Three lines 
were used in 1985 to provide area sufficient for four 
replications in all of the above treatments.

2 The water applied was measured in a rain gauge located 8.4 m from 
the irrigation line and situated in the centre of the middle 5 m 
of harvest row.

Average growing degree days [(mean daily temperature minus 5*0) x 
days] during perennial growing season = 1912
[Jterennial crop growing season (mean daily temperature above 5‘C) 
begins April 14 and ends October 51 on average, or lasts 200 
days. ]

Average annual corn heat units = 2640
Corn heat units are accumulated from mid-May (5 consecutive days 
15*C  or wanner) to late September (average date killing frost).

T.J. Gillespie and D.M. Brown

SIMCOY (Simulation of COrn Yield)

A computer program was written in 1977 to estimate corn yields 
for land evaluation purposes. The objective was to estimate 
seasonal corn production for different soil types or land classes 
and to use standard climatic data and plant/soil water parameters 
as inputs. Since that time, information from the irrigation 
experiment (which included soil moisture measurements and final 
yield data) has allowed validation of the models performance. 
Current literature has provided methods to improve the prediction 
ability, to more closely follow the climatic conditions and crop 
response in a given season. Presently, a desired objective is to 
be able to simulate the difference in final yields among irrigation 
treatments. Completion of this objective and application to 
historical climatic data would provide the data base to assess 
economic benefits of irrigation.

The subsequent section deals with the predominance of dry 
spells in Southern Chtario. The model SIMCOY, in its desired form, 
would be able to assess the significance of these spells on crop 
production for crop insurance and land evaluation purposes.

D.M. Brown and R. Place

Crop Response to Irrigation During Dry Spells

In order to assess the economic benefits from irrigation of 
crops, yield response to water applied during dry spells is needed. 
This requires experiments that include other management variables 
as well as levels of irrigation. An irrigation experiment with 
field corn was conducted at the Elora Research Station from 1979 to 
1985. Treatments included hybrids, nitrogen levels and plant 
population in a split-plot design. Irrigation was applied with 
overhead sprinklers using the line1 method. Yield response to 
irrigation varied from year to year depending on the length of the 
dry spells. A summary of the longest dry spell that occurred each 
year at Elora appears in Table 1 and includes the amount of water 
applied at the medium1 2 level of irrigation. The yield responses of 
the 2500 CHU hybrid for this level of irrigation appears in Tables 
2 and 5-

The longest dry spell in each of the five years occurred 
during the latter part of June through the first half to late July. 
(This is fairly typical for southern Ontario as shown in a study 
described below.) In all five years the dry spell ended well 
before or just as silking began. Yield increases from irrigation 
(Tables 2 and 5) were the largest in 1979 and 1985 when the dry 
spells were the longest. In fact, average yield increases of 
silage DM (Table 2) are significantly correlated with the length of 
the dry spells (r = 0.85). Silage DM yields (Table 2) were 
increased more than grain yields (Table 5). The only exception was 
at the standard plant population in 1979. This was typical as the 
the other hybrid grown that year (not shown), did not show this 
reversal. 9

Table 1. Information on the early summer dry spells1 that occurred 
at the Elora Research Station from 1979-1983-

1979 1980 1931 1982 1985

Dry Spell
- began June 10 June 21 June 25 June 22 June 7
- ended July 29 July 21 July 28 July 17 July 27

Duration (days) 50 50 56 25 51
Rain during dry 
spell (mm) 56 59 58 20 42
Normal rainfall (mm) 152 80 95 66 135
Irrigation (mm) at 
medium2 level 80 58 57 55 64

1 Days from Last major rainfall to first one following dry period.
2 The water applied was measured in a rain gauge located 8.4 m from 

the irrigation line and situated in the centre of the middle 5 m 
of harvest row.

Table 2. Increase in yields of silage DM (in between the check 
and the medium level of irrigation - averaged over all 
treatments (A); forplant populations (B) and for N levels 
(C) - for the 2500 CHU hybrid in the five years of the 
irrigation study conducted on field corn at the ELora 
Research Station.

Table 3- Increase in yields of grain (in 50 between the check and 
the medium level of irrigation - averaged over all 
treatments (A); for plant populations (B) and for N levels 
(C) - for the 2500 CHU hybrid in the five years of the 
irrigation study conducted on field corn at the Elora 
Research Station.

Treatment Years

1979 1980 1981 1982 1983

A. Average

%
16.8

increase

10.2

in corn silage DM

9.8 8.2 31.1

B. Plant population 
52,500

(plant/ha)
6.9 8.5 14-0 4.9 33.2

70,000 26.6 —— 6.0 —
78,750 —- 11.7 — 11-5 29-2

C. N Levels 
Recommended 27.4 10.7 9.2 2.2 29-4
150 kg ha”1 11.2 9-6 10.5 14.2 —
225 kg ha-1 12.5 — — — 32.6

Treatment Years

1979 1980 1981 1982 1983

A.

%

Average 15-5

increase

3-9

in corn

0.9

grain yield

1.4 21.0

B. Plant population (plant/ha)
52,500 12.8 6.3 1.9 1.1 21.8
70,000 17.8 — -0.1 M * —
78,750 — 2.0 — 1.6 20.2

C. N levels 
Recommended 20.4 2.5 1.8 1.8 21.3
150 kg ha-1 13.9 5.8 -0.1 1.0 — J
225 kg ha"1 11.8 — — — 20.6

It is interesting to note the yield responses at higher plant 
population and N levels. Normally one would expect a greater 
response to irrigation at a higher plant population, but this only 
occurred in three of the five years for silage yields and only in 
1979 for grain yields. Similarly, a higher level of N provided a 
greater response to irrigation compared to the recommended level in 
only two cases - for grain in 1980 and for silage Mt in 1982.

These results will be used to help validate a yield estimation 
model that is presently being revised for application to historical 
climatic data to estimate yield responses for other years and for 
other soil types.

D.M. Brown



Growing Season Dry Spells in Southern Ontario

An analysis of the frequency and distribution of growing 
season dry spells from 1957 to 1979 indicated that short-period 
(10-20 day) spells occur at some time every year in southern 
Ontario. Dry spells of longer duration (four weeks or more) occur 
about once every three years. Two criteria were used in defining 
the dry spells. These criteria were based on nil or small 
precipitation amounts and the percent of stations receiving less 
than the given amount in a specific area. By dividing the region 
into five areas it was shown that one or two districts may be dry 
in one period of the growing season and others in another period or 
the dry spells may extend over the whole region at the same time, 
e.g. 1966. Apparently the average dry spell is of longer duration 
in the southwestern and central areas of southern Ontario than in 
the area east from Georgian Bay to the Ottawa River and the St. 
lawrence-Ottawa lowlands of eastern Ontario. Rainfall during five 
of the longest and most extensive dry spells was accumulated and 
mapped to show the driest areas during such periods. There were no 
patterns that indicated that some areas could expect to receive 
more rainfall during dry spells than others. Dry spells were most 
frequent in the tnid-June through July period in the mid-1960's and 
late 1970's, but occurred later in the season (after mid-July) in 
the late 1950’s, late 1960's and in the mid 197O’s. (A full 
description of this study appears in a paper published in the 
Climatological Bulletin, Vol. 18, No. 1, April, 1934.)

D.M. Brown

Adaptation of a Dew Estimation Scheme to a New Crop and Site

Dew duration is an important factor in the development of 
fungal diseases on a number of agricultural crops. Growers may 
attempt to control these diseases with foliar fungicide sprays, so 
disease management schemes to maximize the efficiency of pesticide 
use require estimates of dew duration. These estimates may 
sometimes be available from leaf wetness sensors located in the 
crop, or it may be necessary to utilize meteorological data 
obtained from a standard weather observing station.

A dew estimation scheme utilizing weather station data which 
was developed earlier (Pedro Jr., M. and T.J. Gillespie (1982) 
Agric. Meteorol. 25: 297-310) on broad-leaved crops has been tested 
with onions at a new site. Adequate crop wind estimates (U) were 
obtained from weather station tower winds (lA/s) using power law 
exponents derived from crop height and stability classes inferred 
from station data.

U/Uws = [(Zc - d)/(h - d )P , [1 ]

where Zc is the crop height, d is the zero plane displacement, h is 
the tower wind height and p is obtained from the Table 1 using a 
neutral value pn computed from Panofsky (Wind Ehg. 1: 91-103 
•(1977)).

Table 1. Power law exponents (p) used under different stability 
conditions as Judged from weather station wind (Uws) and 
net radiation (Rn).

Uws (m/s) <-40 Rn (W/m2) 
—40 to +100

>100

<3 p = 1.7 pn p = 1.3 pn p = pn
>3 p = pn p = pn P = pn

The only aspect of the previously developed scheme (Pedro and 
Gillespie, 1982) not portable to the new crop and site was the 
empirical equation linking crop air temperature to station 
temperature, which was re-developed from a short period of onion 
crop temperature observations. For air temperatures (Ta) near the 
crop top where the dew measurements were made:

Ta « 0.99 Tws + 0.0053 Rn - 0.95 , [2]

where Tws is the weather station temperature (r2 = 0.986, standard 
error of estimate = 0.89*).

Figure 1 shows results using equation [1 ] and [2] to adapt the 
earlier scheme for the new crop and site, and includes all dew 
nights during the August 4-22 test period and the one night with no 
rain or dew (correctly predicted and plotted at the origin).

It appears that this relatively simple model can be 
transported to a new crop and site or local region to provide 
useful practical dew duration estimates for peat management. 
Complete elimination of all empiricisms and on-eite measurements 
for a dew prediction scheme will require research into a more 
complex combination of a crop model and a boundary layer model to 
predict crop environment from air mass data gathered at weather 
stations. t.j. Gillespie and A. Barr

Figure 1• Estimated vs observed dew duration from onion crop in 
Arkell, Ontario., Aug. 4-22, 1982.

Air Flow Through a Windbreak

The aim of this project is to investigate whether one can 
predict the air flaw through a windbreak (trees, fences, screens) 
by treating the shelter as a momentum sink and solving the 
equations of motion. For example, a fence may be characterised by 
its resistance coefficient (pressure loss coefficient) which may be 
measured in a wind tunnel or estimated from the fence geometry and 
porosity. Knowing the resistance coefficient, we may proceed to 
predict the flow about the fence outdoors. Comparisons with 
observation have so far been modestly encouraging, and more 
sophisticated models of the turbulence (i.e. closure schemes) have 
yet to be tested.

The usefulness of such a model, once validated, would be in 
its capacity to determine the optimum distribution of shelter 
porosity, the effect of multiple shelterbelts, and optimum 
height/spaoing relationships.

J. Wilson

Low Windspeed Canopy Transport

A project is under way to examine the flow within a canopy 
(corn) under extremely low windspeeds, the motiviation being that 
in such conditions although the aerodynamic resistance assumes 
greater importance (relative to, for example, stomatai resistance) 
we can not (from present knowledge) predict its value. This study 
aims to examine transport in light winds from a fundamental 
viewpoint (using the second order turbulence equations as an 
interpretive framework) and will include spatial averaging of the 
flow variables with sensors mounted on a moving trolley.

J. Wilson
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Soil science

New Micropenetrometer for Characterizing Soil Structural Units

Introduction
Among the important physical conditions for root growth are 

pore continuity and soil penetrability (see Progress Report, 1981, 
pp. 48-52). Pore continuity has been assessed in the laboratory 
using the well known technique of air permeability. Soil strength, 
however, has been looked at in a new way. Recently, a 
micropenetrometer was developed for the study of soil penetrability 
and, indirectly, the structural suitability of a soil for root 
growth.

Methods
A schematic diagram of the penetrometer apparatus is shown in 

Figure 1. Two features of this apparatus are unique in agronomic 
research.

1. The diameter of the probe is only 150 p.m, which is 
comparable to that of a growing root and much smaller than the 
diameter of probes reported in the literature. Due to this small 
size, a major portion of the total resistance to penetration is 
caused by frictional resistance, as a complement to tip 
resistance.

2. The frictional (sliding) resistance, as a function of depth 
of penetration, is measured, in reverse order, by pulling the 
needle back out of the soil. This technique tends to slightly 
underestimate the friction. It is, however, the most accurate 
method for a probe of the size used in this study.

Results and Interpretation
Using both undisturbed soils and sieved aggregates, tip 

resistance was found to exhibit a consistent pattern of 
fluctuations with depth of penetration. The cyclic nature of the 
data suggested that the common repeating pattern of high and low 
soil strength was associated with discrete soil structural units. 
If this is the case, a soil could be characterized in terms of the 
main distance between repeating units by means of the wavelength of 
the cycle.

To investigate the cyclical behaviour of the data, the 
residuals from the regression of tip resistance on depth of 
penetration were autocorrelated. Pourier transformation of the 
autocorrelation function, and spectral analysis of the transformed 
autocorrelation function yielded the portion of the variability in 
the tip resistance which was cyclical according to certain 
wavelengths. This procedure was carried out on highly defined, 
stable soil structural units. A core 2.5 cm high and 5 cm in 
diameter, of 1-2 mm aggregates, was equilibrated at 50 an water 
suction. It was then penetrated by the micropenetrometer to a 
depth of 1 cm at 32 points in a grid pattern across the core.

The autocorrelation functions of all 32 penetrations were 
averaged and the Fourier transformation and spectral analysis were 
done on the mean autocorrelation function, which showed a strong 
cyclic pattern. The spectral analysis indicated that most of the

Figure 1: New micropenetrometer for characterizing soil structural 
units.

variability was associated with a repeating distance of about 2.5 
mm, but that wavelengths over a range between 1 and 4 mm accounted 
for some of the variability. Thus, the dominant wavelength 
appeared slightly larger than the largest diameter of the 
aggregates. This is plausible because the aggregates were arranged 
in some random packing order, leaving the centres of the aggregates 
at a larger spacing than their diameters.

Future Work
The effect of aggregate arrangement on the wavelength has to 

be verified first. By looking at thick-sections of aggregate beds 
it will be determined whether the distance between the centres of 
aggregates in random packing corresponds to the wavelength of the 
resistance pattern.

Secondly, the sensitivity of the micropenetrometer to detect 
structural units in uniform and non-uniform sized beds composed of 
different sizes of sieved and sorted aggregates, will be 
determined.

Significance
If the micropenetrometer can accurately detect structural 

units, it may be possible to determine whether and how root growth 
responds to structural conditions. The micropenetrometer may then 
become a useful tool in assessing the influence of different 
management practices in root growth.

Acknowledgement
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The Effect of Aggregate Size on Shoot and Root Growth of Corn 
Seedlings

Introduction
The impetus for this study was generated by the fact that the 

influence of soil structural conditions on root growth and crop 
yield in a monoculture corn system is not well understood. There 
were two objectives to the following study:
a) To characterize the response of corn to a range of soil 

structural conditions created through a series of soil aggregate 
fractions of increasing diameter.

b) To elucidate the mechanism that determines this response.

Preliminary Experiments
Two preliminary growth-room experiments were designed to look 

at the response of corn seedlings to four different aggregate size 
fractions. Four aggregate sizes were sieved from soil obtained 
from one of the forage fertility experiments (less than 1.6 mm, 
1.6-3-2 mm, 3-2-6.4 md and 6.4-12.8 mm).

Pre-germinated seeds were grown in fertilized pots of these 
different aggregate sizes until 15 days after emergence. The pots 
were watered every 24 hours to a water content between 0.30 and 
0.32 g H2O/g soil.

Results
An Inverse relationship was found between the diameter of 

aggregates and a variety of shoot growth parameters (height, dry 
weight, fresh weight and leaf area). Figure 1 is a histogram of 
dry shoot weight and aggregate size.

Tissue analysis indicated that this decline in growth with 
increase in aggregate size could not be accounted for on the basis 
of any nutrient deficiency. Furthermore there was no evidence to 
suggest that water was a limiting factor to growth, although this 
was checked out using different humidity and watering treatments.

There were distinct differences in root morphology. In the 
pots of the smaller aggregates roots appeared to be finer and more 
branched.

A follow-up experiment to this one was designed to look for an 
alternative explanation for the response of corn seedlings to 
aggregate size and to quantify the apparent differences in root 
morphology.

Final Experiment
Again, in'a growth chamber, corn was grown for 15 days after 

emergence. Detailed measurements of root length, diameter and 
degree of branching were made. The resistance to a penetrating 
probe (150 j»m) was measured for each of the four aggregate 
fractions. In addition to these measurements, the extent to which 
roots had penetrated the different aggregate sizes was recorded.
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Figure 1. Final shoot dry weight as a function of aggregate size. Figure 2. Diameter of first order roots as a function of aggregate 
Size-

Figure 3. Resistance to penetration as a function of aggregate 
size.

Figure 4- Ratio of shoot dry weight to root dry weight as a 
function of aggregate size.

Results
(Quantitative measurements of root diameters and branching 

confirmed the observations regarding root morphology made in the 
preliminary experiments. Roots extracted from the smaller 
aggregate sizes were more branched and had a smaller diameter 
(figure 2). The larger diameter roots associated with the larger 
aggregates suggests that they may have been subjected to a higher 
mechanical impedance (in comparison to the roots of the smaller 
aggregates).

Penetrometer resistance measurements support this argument as 
there was a marked increase in resistance to penetration in the 
larger aggregate sizes (figure 3). Furthermore, more of the 
stronger aggregates appeared to be penetrated by roots (Table 1).

Finally shoot/root ratios show proportionately greater root 
mass on the larger aggregates (figure 4).

Table 1.

Aggregate Size 
fraction

Percentage of total 
root length within 

aggregates

Percentage of aggregates 
penetrated

<1.6 mm 0.0 0.0
1.6-3-2 mm 0.33 3.4
3-2-6.4 mm 2.91 11.2
6.4-12.8 mm 4.27 32.6

Significance
Previous studies and models concerned with the effect of 

aggregate size on plant growth suggest that most of the changes 
induced by different sizes of aggregates occur through changes in the 
nutrient and water supply capacities of the soil. This study 
suggests that other factors may be important such as changes in 
shoot/root relationships that occur due to differences in aggregate 
strength and root morphology.

Understanding these relationships is a start in determining 
the significance of soil structure on root growth, plant response 
and ultimately yield.

Conclusions
In this study the response of corn seedlings to aggregate size 

did not appear to be related to any nutrient or water deficiency. 
The data suggests that with increasing aggregate size roots are 
subjected to increasing resistance to penetration. This results in 
thicker roots and a root system of greater mass. It is postulated 
that changes in root hormone production, as a result of an 
increasing resistance to penetration, could mediate this response 
of the shoot to increasing aggregate size.

Increased concentrations of ethylene and indole-acetic-acid, 
although not measured in this study, have been associated with a 

mechanical impedance and are thought to be responsible for the 
thickening of impeded roots. Formation of thicker roots and a root 
system of relatively greater mass may alter the efficiency of 
photosynthate utilization through the production of these roots and 
through a greater loss of carbon by respiration.

R. Donald and B.D. Kay

Restricted Nodal Root Growth and Zero Tillage

The broad objective of this research was to determine why zero 
tillage has usually resulted in 10 to 15% lower grain yields of 
continuous corn than conventional tillage on most soils in Southern 
Ontario. The observation that tillage to the 7.5 cm depth can 
largely overcome the detrimental effect of zero tillage on corn 
yields (Vyn and Daynard, 1981 Progress Report) suggested that the 
lower yields with zero tillage may result from restriction of root 
growth in this top layer of soil. Since mainly the nodal roots 
develop in this layer, it was hypothesized that the lower corn 
yields with zero tillage, are due to water stress and/or hormonal 
imbalances in the shoot resulting from restricted growth of the 
nodal roots. It was further hypothesized that the small diameter 
of the mesocotyl restricts water movement through it from the 
seminal roots to the shoot, causing the water stress.

As a first step in testing the hypothesis, a series of 
experiments was carried out in which the growth and function of the 
nodal root system was restricted while the seminal roots grew in a 
near optimum environment. Each plant was grown with its nodal root 
system in a container of soil and its seminal roots in a container 
of nutrient solution. A compact treatment involved compacting the 
soil to a dry bulk density of 1.4 g cm-3. It was thought that the 
high mechanical impedance to nodal root growth with this treatment 
might decrease shoot growth by causing hormonal imbalances in the 
shoot. A second treatment used loose, air-dry soil to cause severe 
restriction of nodal root growth by lack of soil moisture. This 
could reduce shoot growth by causing hormonal imbalances or water 
stress due to a high axial resistance to water flow in the 
mesocotyl. A control treatment used moist, loose soil to result in 
as little restriction of nodal root growth as possible.

Root and shoot data from the experiment, in which plants were 
harvested at the 11 to 12 leaf stage, are presented in Table 1. 
The compact and dry treatments greatly reduced nodal root length 
and weight while the seminal roots grew extensively and appeared 
very healthy at harvest. Only the dry treatment reduced shoot dry 
weight relative to the control. Plant tissue analysis indicated 
that nutrient supply was adequate and not the cause of the reduced 
shoot growth of the dry treatment plants. Leaf water potential 
measurements made with a Scholander pressure bomb on the day before 
harvesting suggested that the reduced shoot growth of the dry 
treatment plants may have been caused by a greater degree of water 
stress suffered by these plants.
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Using the Poiseuille equation, it was calculated that a 
pressure drop of only 0.026 to 0.054 MPa was required to move water 
through the roesocotyl at a rate equal to the transpiration rate of 
the dry treatment plants. Therefore, the major resistance to water 
movement to the shoot may occur in the roots rather than in the 
mesocotyl.

Reduced shoot growth of corn due to zero tillage has usually 
been apparent by the 8-leaf stage in field experiments in Southern 
Ontario. Since fairly severe restriction of nodal roots by the 
compact and dry treatments had little or no effect on shoot growth 
by the 12 leaf stage, restricted nodal root growth does not appear 
to be the cause of the lower yields with zero tillage. 
Alternatively, the seminal roots may have compensated for the 
decreased nodal root systems in this experiment, which might not 
occur in the field situation.

Table 1. Root and shoot data for corn plants at the 11 to 12 leaf 
stage.

D. Barry and M.H. Miller

Treatment

Control Compact Dry

Fresh Wt. Nodal Roots (g) 45.40 a 29.40 b 31.90 b
Length Nodal Roots (m) 107.00 a 68.00 b 47.00 c
Fresh Wt. Seminal Roots (g) 25.90 a 26.00 a 28.20 a
Dry Wt. Shoots (g) 17.10 a 17.50 a 13.60 b
Plant Height (cm) 116.00 a 115.00 a 110.00 a
Leaf Water Potential (MPa) -1.15 a -1.17 a -1.30 a

The “Guelph Permeameter” for Measuring the Saturated 
Hydraulic Conductivity Above the Water Table

The "Guelph Permeameter" is a field instrument that measures 
the steady-state rate of water flow out of a shallow, cylindrical 
well (e.g. an auger hole) in which a constant depth of water is 
maintained. From this measurement, the field-saturated hydraulic 
conductivity Kf3 of the soil can be calculated.

Improvements in the theory and design of a constant-head well 
permeameter for measuring the Kfa of soils are described. Both 
a new analytical solution and a numerical solution produce 
increases in the calculated value of Kf3 of approximately 50% 
over the commonly used Glover solution given in most standard 
drainage manuals. This increase eliminates the previously noted 
tendency of the method to underestimate Kf3.

The permeameter is an "in-hole" Mariotte bottle constructed of 
two concentric acrylic tubes, where the inner "air-inlet" tube 
provides the air supply, and the outer tube provides the water 
reservoir and the outlet into the well. A sliding seal permits 
easy adjustment of the height of the air-inlet tube (and hence the 
level of water in the well) and an airtight, removeable cap 
provides an easy means of filling the reservoir. The reservoir is 
removeable in order to allow the optimum size to be used for a 
given soil type. larger reservoirs are required for higher 
conductivity soils. To facilitate starting and re-filling the 
permeameter, a ball-type shut-off valve is installed above the 
permeameter outlet. The outlet itself consists of a perforated ■ 
section of the outer tube filled with coarse sand. The sand 
reduces erosion of the wall of the well during the initial filling 
to the constant water depth.

Figure la. Photomicrograph of Clay Loam Soil.

Figure 1b. Digitized Image of the Image in Figure la.

The permeameters are designed for operation in a 2 cm radius 
well, which is conveniently constructed using a standard 1 1/2 inch 
soil auger or probe. These permeameters can measure a maximum 
Kfs-value of approximately 10-4 ms-1 and are capable of 
measuring depth profiles of Kfs of up to 1 meter.

The time and volume of water required to carry out a 
measurement have been found to depend upon the initial water 
content of the soil. Kfs measurements on sandy soils near 
field capacity took as little as 5 minutes and 0.3 to 0.5 litre of 
water. Dry, sandy soils, however, required measurement times of 
about 15 to 20 minutes and-about 2 litres of water. The limited 
number of clay soils measured thus far required about 20 to 60 
minutes and 0.5 to 1.0 litre of water.

The results of three different measurement techniques for 
determining Kfs carried out on a structureless soil indicate 
that Kfs is log-normally distributed and that the differences 
between the three techniques are not large enough to be of any 
practical importance.

D.E. Elrick, W.D. Reynolds, 
N. Baumgartner, D.M. Lee 
and B.E. Clothier

Serial Sectioning and Digitization of Porous Media for Two and 
Three Dimensional Analysis and Reconstruction

A procedure is proposed for serial sectioning of impregnated 
porous media, for photographing the sections under the microscope, 
and for digitizing the image using an IBM PC (XT) with a digitizing 
board.

The result is a three dimensional matrix containing the 
enhanced digitized image in a binary form of O's and I's which 
represent solid and pore spaces respectively.

The procedure was tested on three different porous materials: 
(1) a pack of glass beads, 170-350 μm; (2) Berea sandstone; and (3) 
Flora clay loam soil. Each of these was impregnated, forty-six to 
eighty cross-sections were prepared by close parallel polishing of 
10-50 μm per section, and then the sections were photographed and 
digitized.

Examples of the real and digitized cross-sectioned samples are 
given as well as an example of reconstructed images in a plane 
perpendicular to the plane of sampling.

It is proposed that the method of serial sectioning and 
automated digitization of porous media provides a powerful tool for 
further three dimensional geometrical and topological investigation 
of pore space to be used in models of fluid transport phenomena.

A photomicrograph of the Elora clay loam soil is shown in 
Figure 1a and the digitized image is shown in Figure 1b. Note that 
the photomicrograph (Figure la) shows only part of the pore space 
since most of the micropores (<30 μm) are not visible at this 
magnification.

A paper based on the above topic was accepted by the Journal 
of Microscopy on 3 March, 1984.

M. Yanuka, F.A.L. Dullien*  and
D.E. Elrick
♦Department of Chemical Engineering, 
University of Waterloo
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Soil Plant Relations

Limitations to Corn Yield at Elora

As an initial step in establishing the potential corn yields 
and in defining the soil and climatic limitations to yield in 
Southern Ontario, an experiment was established in 1981 at the 
Elora Research Station with funding from Sylvite Sales Inc. and the 
Ontario Ministry of Agriculture and Pood with the following 
objectives:
1. To establish the potential yield of corn under the temperature 

and radiation regime at the Elora Research Station.
2. To determine the extent to which surface and subsurface soil 

structure, fertility and moisture availability limit the yield 
of corn at the Elora Research Station.

To achieve the objectives, three basic treatments were 
imposed:
1. Normal Fertility

Soil was fertilized with P and K according to soil test 
recommendations (20 kg P205, 20 kg K;O/ha). Nitrogen was 
applied at 100 kg N/ha preplant.

2. High Fertility
Phosphate and potash was applied in the fall of 1980 to increase 
soil test values to about 100 for P and 500 fur K. Additional P 
and K were applied in the spring of 1982 (150 kg P205 and 
K20/ha) and 1983 (200 kg/ha). A total of 3OO to 550 kg N/ha 
have been applied each year (100 kg preplant and 50 kg at each 
of 4 or 5 times beginning in mid to late June and ending at 
silking).

3. Artificial Medium
The soil was removed to a depth of t m and replaced with a 
soil:peat:perlite (3: 1:1 by volume) mix and fertilized to give 
soil test values of about 100 for P and 3OO for K. This highly 
fertilized mix extended to a depth of 1 m. Drainage was 
provided in the bottom of the pit. This treatment subsequently 
received the same fertilizer applications as treatment 2. 
All plots were rotovated (walking rotovator) prior to planting 
but after removal of all stover. All additional operations 
including planting were done by hand. A drip irrigation system 
was established so that each plot could be independently 
irrigated.

Results
The total dry matter and grain yield in each of the three 

years .are shown in Table 1. Two observations are of major 
interest. First, there has been very little difference in yield 
between the high fertility and the artificial medium treatments. 
Secondly, the response to the high fertility treatment has 
increased markedly (1210 kg/ha in 1981, 2979 in 1982 and J5J0 in 
1983).

The lack of difference between the high fertility and 
artificial medium treatments has been surprising. It was thought 
that the very compact subsoil at Elora (Table 2) would restrict 
root growth and hence yield. However, the root growth in the upper 
50 cm of the soil has been consistently greater than that in the

Table 1. Corn yield as influenced by fertility and soil physical 
properties.

Treatment 1981 1982 1983

Dry Matter Grain1 Dry Matter Grain1 Dry Matter Grain1

Normal

(t/ha) (kg/ha) (t/ha) (kg/ha) (t/ha) (kg/ha)

Fertility 
High

13.0 6485 12.5 6732 12.1 7400

Fertility
Artificial

14.6 7695 16.8 9711 17.5 10930

Medium 15.1 8)33 14-9 9136 17.1 11040

1 At 15.5% moisture

artificial medium in spite of the much greater bulk density (See 
1'982 Progress Report, p. 60-64). It is thought that roots are able 
to grow in structural cracks in the soil. Although roots are not 
able to penetrate the unstructured very compact soil below 50 to 60 
cm, the roots in the upper 50 cm are able to supply the shoot with 
the water and nutrients required. In 1981, yield on an unirrigated 
treatment was not significantly lower than that on the irrigated 
plots, indicating that, even in the absence of irrigation, the 
plant water requirements could be supplied from the upper 50 cm of 
soil. These results indicate that, on this soil, the physical 
characteristics of the subsoil do not present a limitation to 
yield.

Seedling growth has been greater on the artificial medium than 
on the high fertility soil (Table 5). The cause of this effect is 
being investigated in 1984. The P concentration in seedlings 
(Table 3) does not appear to explain the difference.

The large response to the high fertility is also being 
investigated further in 1984. There has been a consistently large 
difference in seedling growth between the normal and high fertility 
plots (Table 3) which is thought to be due to response to the 
higher P concentration in the seedlings (Table 3). While 
differences in seedling grown are frequently observed with 
phosphorus fertilization, they do not normally result in large 
differences in final yield. It is possible that a combination of 
high phosphate availability resulting in maximum seedling growth 
rate and a good supply of nitrogen late in the season are required 
for high yields. This is being tested in the 1984 season.

Table 2, Bulk density of soil and artificial medium.

Depth

Bulk Density (g cm-3)

Soil Artificial
Medium

0-7.5 1.23 1.12
7.5-15 1.J2 1.10
15-50 1.46 0.98
30-45 1.54 1.07
45-60 1.78 0.97
60-75 1.87 1.09
75-90 1.83 1.07

Table 3- Dry matter and % P in seedlings.

Treatment

Seeding Weight % P

1931 1982 1983 1981 1982 1983

g/plant

Normal Fertility 0.45 0.53 0.55 0.28 0.32 0.31
High Fertility 0.58 1.10 1.23 0.55 0.54 0.44
Artificial Medium 0-92 1.13 1.70 0.55 0.52 0.42

M.H. Miller and W.A. Mitchell

The Purple Corn Problem in Ontario

The purple corn syndrome has become a serious concern in 
Ontario- It is typified by a rather sudden development of severe 
purpling of corn seedlings at about the 4th-leaf stage, often 
associated with a period of cool temperatures. In many instances, 
the crops have been fertilized at rates well above those 
recommended from soil tests. It is also clear that some hybrids 
are more likely to show the symptom than others. Recent reports 
have suggested that the purpling at low temperatures may be an 
expression of the genetic makeup of the hybrid rather than being 
related to phosphorus nutrition; that some hybrids will show 
symptoms at low temperatures regardless of the phosphorus soil 
status while others will never show symptoms.

A study recently completed in the Department of land Resource 
Science has indicated that the purple syndrome is related to 
phosphorus nutrition. However, the differences amongst hybrids 
appear to be due more to differences in internal metabolism than to 
differences in ability of hybrids to absorb phosphorus from the 
soil.

Six hybrids known to differ in their propensity to show 
purpling were grown in growth rooms in soil very low (4 ppm), high 
<22 ppm) and very high (100+) in available P. Until the 4th-leaf 
stage all plants were grown at a temperature of 25°C during the 
lignt period (14 h) and 20°C during the dark period (10 h). At the 
4th-leaf stage, half the plants were transferred to a temperature 
of 15°C light/10°C dark to simulate a cold period in the field. 
One week later, all plants were visually rated for degree of 
purpling and the dry matter and P concentration in the shoots 
determined.

All six hybrids growing on the very low, and the high P soil 
showed some degree of purpling at both the 15°/1O°C and the 
25°/20°C temperature regimes. The degree of purpling was greatly 
reduced with the very high P soil; however all but one of the six 
hybrids showed some purpling at the lower temperature. None of the 
hybrids showed purpling on the high P soil at the higher 
temperature. The data are shown in Table 1.
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Table 1: Shoot dry matter, purple index and % P of corn 
seedling.

1 Visual rating: 5-very severe; 1 - no purpling.

HYBRID SOIL 
P

TEMPERATURE
15°/10°C

Shoot 
Wt.

Purple1 
Index

% 
P

Shoot 
Wt.

FUrple1 
Index

%
P

PIONEER 3720 Very Low

(g/ 
plant)

0.35 4.1 0.18

(g/ 
plant

0.52 2.3 0.12
High
Very High

0.36
0.59

3.6
2.2

0.19
0.46

0.59
0.92

1.6
1.0

0.19
0.59

PIONEER 3949 Very Low 0.28 3.0 0.19 0.43 1.8 0.14
High
Very High

0.29
0.50

2.6
1.0

0.22
0.55

0.51
0.82

1.2
1.0

0.20
0.65

PIONEER 3780A Very Low 0.29 4.3 0.19 0.49 2.6 0.14
High
Very Hign

0.51
0.48

4.1
2.0

0.23
0.67

0.59
0.84

1.5
1.0

0.25
0.83

PIONEER 3732 Very Low 0.26 4.9 0.19 0.41 3.8 0.13
High
Very High

0.28
0.51

5.0
2.7

0.21
0.53

0.48
0.85

1.8
1.0

0.22
0.56

PAG SXIII Very Low 0.22 3.8 0.19 0.29 2.0 0.14
High
Very High

0.21
0.45

3.9
2.2

0.22
0.56

0.41
0.82

1.4
1.0

0.22
0.64

PRIDE 1169 Very Low 0.23 4.7 0.19 0.36 4.9 0.13
Hign
Very High

0.23
0.43

5.0
2.3

0.21
0.47

0.39
0.60

2.2
1.0

0.21
0.72

Note
1) At the low temperature, and on both the very low and high 

soil P, there was a range of purpling amongst hybrids although the 
tissue P concentrations were very similar. (The relatively low P 
concentration on the high P soil is normal for plants grown in 
growth rooms at high temperatures relative to field temperatures in 
the spring).

2) The degree of purpling was greatly reduced by the very high 
soil P, but five of the six hybrids showed slight purpling at the 
low temperature in spite of high tissue P concentrations.

3) The degree of purpling on the high P soil was much less at 
the higher temperature although the tissue P concentrations were 
very similar to those at the lower temperature.

4) None of the hybrids showed purpling at the very high soil 
P, high temperature. Tissue P concentrations were very high in 
this treatment.
CONCLUSIONS

It appears that the development of purpling at low 
temperatures can be eliminated or at least greatly reduced on all 
hybrids by increasing the tissue P concentration. However, the 
tissue P concentration required to eliminate purpling is very high. 
It would not be practical to attempt to eliminate the purpling by 
application of fertilizer phosphorus.

Previous studies (See 1982 Progress Report, p. 66) have 
indicated that the presence of purpling does not necessarily result 
in a reduction in yield. It is apparent from the recent studies 
that some hybrids will show moderate to severe purpling at low 
temperatures, even with reasonably adequate tissue P 
concentrations. Although there may be some delay in maturity, 
there is unlikely to be a yield reduction if the crop has time to 
mature before a killing frost.

Those hybrids that have a low propensity to purpling may 
respond to increased P even though little purpling is evident. For 
example PAG SX111 has responded to fertilizer P application at 
Slora each of the past three years although only very slight 
purpling was evident on the low P plants.

Further studies are needed for a complete understanding of the 
causes of purple corn and the relation between purpling and yield 
response. At this time, we can conclude only that the presence or 
absence of purpling does not necessarily reflect the adequacy of 
the phosphorus fertilization.

J. Cobbina and M.H. Miller

Maximum Yield Work with Maize at the Cambridge Research 
Station
Previous work with plants grown hydroponically in pails, using 

"Turface" and nutrient solution as a growing medium, has shown 
substantially higher plant growth rates and yields than normally 
achieved with soil-grown plants in the field. The implication is 
that soil factors, rather than the light or air temperature 
regimes, restrict growth under field conditions.

The previous pail experiments were conducted with paila 
standing on the soil surface in a block, with nutrient solution 
applied automatically twice daily. The standard population was 
80,000 plants/ha, with a square plant spacing and one plant 
per pail. These experiments have differed from those 
conventionally conducted in soil in terms of: 
i) nutrient and water supply, 
11) root zone temperature regime (pails on the surface will have a 

root zone temperature closer to air temperature than 
soil-grown plants), and

iii) plant spacing, and therefore early-mid season light 
interception.
To make a valid comparison between plants growing in soil and 

Turface, plants (Pioneer 3925) were grown at 80,000/ha in soil with 
irrigation and heavy applications of nutrients, (including several 
N applications during the season), using square spacing (treatment 
A). To account for the possible influence of root zone 
temperature, pails were positioned both above-ground (treatment D) 
and sunk in the soil (treatment E). The spacing aspect was 
investigated by comparing the square-planted highly fertilized, and 
irrigated soil-grown crop (treatment A) to plants grown at 
80,000/ha under the same water/nutrient regimes, but with 
conventional 76 era row spacing (treatment B). Plants were also 
grown at this density, row spacing, and with irrigation, but with 
just a single starter application of 75 kg N/ha (treatment C).

Results from the final plant sampling, presented in Table 1, 
show little variation in the dry matter and grain yield of highly 
fertilized and irrigated plants in soil and pails. Only treatment 
C, with a single N application, deviated from the high production 
levels attained. This was attributed to N deficiency during grain 
filling, as evidenced by yellowing foliage and less N uptake than 
in other treatments.

The highest grain yield, 11.1 t/ha, (corresponding to 209 
bu/ac) is very high for the Guelph region. Because yields in soil 
and Turface were similar, it appears that the well fertilized and 
irrigated sandy loam in which maize plants were grown presents no 
detectable limitation to maize production. The high production 
levels achieved with 76 cm row spacing indicate that advantages of 
the square spacing (in terras of reduced competition) are not 
substantial, at least under the intensive management of this 
study.

It is also interesting that production in treatments D and E 
was similar, despite the considerably different root zone 
temperature regimes. Typically, above ground pails were warmest 
during the day, and pails sunk in soil coolest (with the soil 
itself being intermediate). The maximum daytime temperature spread 
between pails in treatments D and E, at 10 cm below the surface, 
was about 4°0. These trends were reversed at night, with pails 
sunk in the soil as much as 3-4°C warmer than above-ground pails.

The data obtained so far indicate that considerably higher 
yields than are normal can be achieved by sufficient and timely 
applications of water and nutrients. Research is continuing in 
attempting to identify what, if any, soil conditions limit plant 
production.

Table 1. Final growth and yield data for maize at Cambridge.

Treatment
Above-ground* Grain*
dry matter Yield

*A (Soil)-square spacing 
(Soil)-76 cm rows

21.1 ± 1.0

t/ha ----------

11.1 ± 0.3†
B 19.5 ± 1.1 10.6 ± 0.4
*C (Soil)-76 cm rows - low N 15.3 ± 3.8 7-7 ± 1.8
XD (Turface)-above ground pails 20.0 10.2†
*E (Turface)- pails sunk in soil 20.2 ± 0.7 10.4 ± 0.7†

*Expressed as oven-dry weight
†Based on ear oven-dry weight, assuming 82% grain
‘Means of harvests from 4 replicate blocks
XMean of 16 plants  

G.K. Walker, M.H. Miller and
M. Tollenaar

Utilization of Legume Nitrogen by Barley

Plowdown red clover is being promoted as a nitrogen source for 
barley and corn production. Based on the dry weight yield and 
nitrogen concentration in red clover tops and roots, Fulkerson1 
estimated that 100 to 120 kg N/ha would be added to the soil system 
by plowdown red clover, with essentially equal contribution from 
top and root. Intimates of the availability of the nitrogen to the 
succeeding crop range from 15%2 to 66%3. This report introduces 
research which has been initiated using N-15 labelled legume 
material to obtain a more definitive estimate of the utilization of 
legume nitrogen by succeeding crops.

N-15 labelled top and root material, generated by growing 
Ottawa red clover in nutrient solution, was added at a rate of 2500 
kg dry wt/ha (on a hectare 15 cm depth basis) to soil in greenhouse 
pots and incubated in the field moist condition at 12/22°C, 
night/day temperatures for 4, 8, 12, 16 and 18 weeks prior to
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Table 1. The recovery of nitrogen from red clover top and root material by barley in 
the greenhouse.

*Weeks prior to planting.

Nitrogen 
Treatment

Incubation 
Time*

Dry 
Weight

Total
Nitrogen

Red Clover 
Nitrogen 

(N-15)

Total Nitrogen 
Derived From 
Red Clover

Recovery of 
Red Clover 
Nitrogen

(weeks) (mg/ 
plant)

(%) (%) (%) (%)

Check _ 110 1.80 _ _ _
Top 4 129 2.23 0.65 29.1 11.4

8 171 2.54 0.67 26.5 15.9
12 170 3.40 0.87 25.6 20.2
16 164 3.59 0.92 25.5 21.0
20 187 3.81 0.83 21.6 20.9

Root 4 112 1.79 0.20 10.9 4.3
a 145 2.31 0.27 11.7 7.7

12 163 3.13 0.37 11.9 11.4
16 164 3.35 0.37 10.9 11.2
20 179 3.44 0.41 11.8 14.1

planting Perth barley. The barley was harvested at four weeks and 
analyzed for total nitrogen and N-15 concentrations.

Significant increases in dry wt/plant were obtained from both 
root and top material; the increase requiring about eight weeks to 
reach a maximum (Table 1). The increase growth was correlated to 
an increase in concentration of total N in the tissue with little 
difference in concentration between barley grown with top and root 
residues. Percent red clover nitrogen increased with length of 
incubation period, however, a 2.5 fold greater concentration 
occurred in barley growing with red clover top material. As a 
result an average of 25.6% of the total nitrogen concentration in 
the barley was obtained from red clover top material in contrast to 
11.4% from the root material. The utilization of the nitrogen from 
the red clover top residues increased from 11.4% to 20.9% as the 
incubation period increased whereas the utilization of nitrogen 
from the root material increased from 4.3% to 14.1%.

These preliminary data indicate that red clover top material 
is two to three fold more valuable as a nitrogen source than root 
material. Furthermore the release of nitrogen increased with time 
for decanposition in the soil which would suggest fall plowdown 
would be superior to spring plowdown. In addition the 
decomposition rate would indicate that corn may benefit more from 
plowdown legumes than barley due to the period of maximum nitrogen 
uptake by corn occurring later in the season.

The preliminary data suggest the utilization of plowdown 
nitrogen to be in the range of 15 to 35%. Hence a total nitrogen 
input of 120 kg N/ha as red clover residues will provide an 
allowance of 18 to 42 kg N/ha in the nitrogen recommendation for 
barley.

1 Fulkerson, R.S. 1983- Research review of forage production. 
Dept. Crop Sci. Rpt.

2 ladd, J.N. et al. 1981. Distribution and recovery of nitrogen 
from legume residues decomposing in soils sown to wheat in the 
field. Soil Biol. Biochem. 18: 251-256, 1981.

3 Fulkerson, R.S. 1982. Red clover for feed, seed and soil. CMAF 
Publ. 221.

R.W. Sheard

Fall Application of N (or Winterwheat

Anhydrous ammonia and urea both with or without nitrapyrin 
(N-serve*,  Dow Chemical Co.) were applied before planting at 3 
winterwheat sites in 1982/83 on loam-textured soils to study the 
response to fall applied N. The purpose was to determine if the 
addition of nitrapyrin results in sufficient fertilizer N 
conservation to produce yields similar to those with urea 
topdressed in the early spring. Fall applied N would permit use of 
a lower cost N source (anhydrous ammonia), avoidance of problems 
with early spring topdressing, a possible tax writeoff in the 
current year and reduced application costs if applied while 
cultivating during seedbed preparation.

Response to fall applied fertilizer N with nitrapyrin in 1983 
was generally not as great as that to spring topdressed urea. 
Spraying nitrapyrin onto urea prills which were applied and 
incorporated in the soil inmediately before planting wheat resulted 
in no benefit compared with incorporating urea alone. The response 
to fall-applied anhydrous ammonia in 1933 was greater than that to 
fall-applied urea and inclusion of nitrapyrin resulted in a 
slightly greater yield benefit.

Some yield data for 1983 are shown in Table 1 along with data 
from previous years for comparison. The 1983 data show the much 
greater response obtained with spring topdressed urea compared with 
anhydrous ammonia plus nitrapyrin applied in the fall. It is 
noteworthy that the yields with these two treatments were similar 
in previous years (Table 1). The different response in 1983 is 
likely due to the warmer conditions which prevailed during the 
winter period of 1982/83. Coupled with the warmer conditions, 

above-normal rainfall occurred in November/December as well as in 
April/May. While nitrapyrin slows the nitrification process, it 
does not prevent its occurrence. Hence conditions were generally 
more conducive to N03- production with accompanying leaching and/or 
denitrification losses during the 1982/83 winter and spring 
periods. Studies done in Ohio and Indianna suggest that yields 
with fall-applied anhydrous ammonia plus nitrapyrin are similar to 
those with spring topdressed urea.

Table 1. Winterwheat yields from plots treated with fall-applied 
anhydrous ammonia (preplant) on'spring topdressed urea for 
several years.

* N fertilizer applied at 90 kg N/ha
* * Nitrapyrin applied at 0.5 kg a.i./ha

Year
Fall (Preplant)

Anhydrous Ammonia* + Nitrapyrin**
Spring- Topdress

Urea Prills*

---------------  (kg/ha; 14% H20) - ------------------

1977 4680 4540
1979 4820 4700
1980 5130 4910
1981 5210 5150
1983 - site 1 4770 5750

site 2 4100 4760
- site 3 4890 5950

E.G. Beauchamp

Manure Applications to Forages in the Winter

The winter application of manure in Ontario is not 
recommended. O.M.A.F. Publication 296 Field Crop Recommendations 
states "Do not apply manure to perennial forage legumes when there 
is snow cover because ice frequently forms under the manure and can 
kill the plants". Based on data from corn land it has been 
estimated that a 19% reduction in the total phosphorus input into 
the Great lakes drainage system would occur if winter spreading of 
manure were discouraged. Nevertheless there are many situations 
where a farmer must apply manure during the winter. The data 
reported illustrates the agronomic effects of winter applications 
of manure to forage stands.

Solid cattle manure was applied to a one year old alfalfa - 
brorae sod in December and February for three seasons on 10 cm or 
more of snow cover during thawing conditions with an Allis Chalmers 
manure spreader. The forage was harvested on a two-cut management 
system and the botanical composition was determined on the first 
harvest. Soil samples were obtained in November of the third year 
prior to fall plowing for corn in the fourth year.

Table 1. Yield and percent legume In an alfalfa-brome mixture follew 1ng winter 
applications of solid cattle manure.

Month of 
Application

1979-1990 1960-1981 1961 -1982

Rate* Yield Legume Rate Yield Legume Rate Yield Legume

- tonne/ha - (%) - tonne/ha - (%) - tonne/ha - (%)

December 0 11.4 c 49 a 0 9.5 ab 51 a 0 8.2 bc 45 ab
58 10.9 abc 46 a 65 9.8 b 51 a 57 8.1 bc 44 ab

125 11.3 e 47 a 135 9.9 b 49 a 138 8.3 c 32 a
258 10..3 ab 50 a 268 9.5 ab 40 a 256 7.7 abc 36 ab

February 0 10.9 abc 53 a 0 9.5 ab 54 a 0 8.0 bc 47 ab.
50 11.0 c 59 a 85 9.1 ab 51 a 57 8.1 bc 52 b

100 10.2 a 58 a 161 8.8 ab 52 a 113 7.5 ab 52 b
300 10.2 ab 51 a 266 8.1 a 50 a 236 7.1 a 53 b

* As is weight basis

Table 2. Residual effect of winter manure applications on nitrate, phosphorus and 
potassium and corn yields.

Time of
Appllcation

Average 
Rate

Nitrate 
Nitrogen* Phosphorus** Potassium**

Corn Grain 
Yield

(ppm N) (ppm P20s) (ppm K2O) (t/ha at 15.5% H2O)

December 0 1.7 - 2.6 -11.0 6.53
60 2.4 +11,0 + 3-5 7.56

133 3.0 +17.5 +22.5 8.51
261 4.0 +21.4 +42.5 9.06

February 0 1.8 + 5.9 - 5.0 6.16
64 2.3 + 6.5 +11.0 7.21

125 3.5 +28.0 +34.0 8.36
267 4.9 +45.9 +89.5 9.21

* Sampled prior to fall plowing of forage stand.
*• Change in soil test from samples taken prior to manure applications.

The yield of alfalfa-brome within a season was decreased by 11 
to 15% by February applications in contrast to zero to six percent 
by December applications (Table 1). The decrease due to the 
manure, however, was less than the 28% decrease over three years 
which occurred on the check due to increasing age of the stand.
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The manure applications increased the grain yield of corn from 
6.34 to 9.13 tonne/ha following the plowing down of the forage 
stand (Table 2). The increase in yield was due, inpart, to a 
substantial increase in the soil test for phosphorus and potassium. 
The nitrate nitrogen in the soil increased with increasing rates of 
application of manure but it was still within the acceptable level 
for cultivated soils.

Application of manure in three separate winters at rates up to 
6 times the average farm rates did not seriously damage an 
alfalfa-brome stand, even when applied under the most adverse 
conditions of thawing snow. Significant residual benefits to corn 
yield and to increased soil test phosphorus and potassium levels 
occurred as a result of the manure applications.

R.W. Sheard

Response of Corn to Residual Fertilizer N and Mature N Applied 
in Previous Years

There wag a substantial corn grain yield responge in 1985 to N 
as urea, liquid dairy manure (1014), liquid poultry manure (LR4) and 
solid beef manure (SBM) applied broadcast and immediately plowed in 
at the beginning of the growing season in 1982 (Table 1). As 
observed in previous years at the ELora Research Station, the 
response to manure N was generally greater than to urea N. This is 
not unexpected since a significant fraction of the manure H occurs 
in the organic form and is only slowly released. The data indicate 
that there is a considerable carryover of urea N into the second 
cropping year. Results from other experimental sites indicated 
that there was little N carryover in 1985 from N fertilizer or 
manures applied in 1981 or 1980.

Part of this study involves applying anhydrous ammonia (120 kg 
N/ha) to one-half of each plot to establish a yield potential. 
This treatment indicated that 600 kg N/ha as LCM in 1982 produced a 
yield of 6520 kg/ha (Table 1) whereas addition of anhydrous ammonia 
in 1985 produced a yield of 8510 kg/ha. Thus the N carryover from 
this high manure N treatment in 1982 was not sufficient to supply 
the 1985 crop. The data obtained in 1985 along with those of the 
previous 5 years will be assessed together for residual N carryover 
effects and used to improve current N recommendations for crop 
production.

Table 1. Corn grain yields in 1985 where manure N and urea N 
treatments were applied in 1982 at the Elora Research 
Station.

N Rate Urea LCM LPM SBM

(kg/ha) —— (kg grain/ha; 15.5% H2O) ——

0 4410 d
50 5000 bcd
100 4910 bcd 5010 bcd 4770 cd 4730 cd
150 5300 bc
200 5420 bc 5600 abc 5330 bc
300 5470 bc 5670 ab 5390 bc
600 6320 a

Data followed by the same lower case letter are not significantly 
different at the .95 probability level.

E.G. Beauchamp

Ammonium and Nitrate Fluctuations in Soil During a Growing 
Season
Soil NO3- content fluctuations (0-30 cm layer) were reported 

in 1966 (1965 Progress Report, Department of Soil Science, p. 
39-42) for two N treatments (0 and 224 kg N/ha) applied in May on a 
Guelph loam. Apart from relatively minor fluctuations which 
occurred during the period when a corn crop was actively growing, 
there was a very large decrease in NO3- content 230 (1966) or 270 
(1965) to 15 kg N/ha during October and November. This 
disappearance of NO3- was probably due to leaching and/or 
denitrification.

A similar study was done in 1982 on a Conestoga silt loam site 
(Elora Research Station) on replicated plots which received either 
0 or 100 kg N/ha as urea (Pig. 1). The data show that a major 
decrease in NO3- concentration (0-15 cm layer) occurred during July 
and August coinciding with N uptake by the corn crop. There was 
little or no difference in NO3- concentration between the 0 and 100 
kg N/ha treatments after August. Within two weeks after the N 
fertilizer application (May 14) the NH4+ concentration decreased to 
a level similar to the check plot soil indicating rapid 
nitrification of the applied N. On three sampling occasions (mid 
June, late September and November) concentrations of NO3- and NH4+ 
were determined in both the 0-15 and 15-30 cm layers (data points 1 
and 2, respectively in Pig. 1) There was some evidence of NO3- 
leaching into the 15-30 cm layer before the June sampling.

Figure 1: Soil Nitrate- and ammonium-N concentrations during a 
growing season (1982) for the check and 1OO kg N/ha 
treatments.

The large carryover of NO3- from fertilizer N in 1965 and 1966 
into the fall period (1966 Progress Report) was probably related to 
the large quantity applied in excess of crop requirements. The 
lack of carryover in 1982 (Pig. 1) corresponds with the observation 
that a yield response occurred up to 100 kg N/ha (7.88 t/ha) and 
only slightly up to 150 kg N/ha (7.94 t/ha). Data obtained by 
D. Burton (M.Sc. Thesis, University of Guelph, 1982) showed an 
additional carryover of about 30 kg N/ha into the fall period 
(October and November) in soil treated with 150 kg N/ha. This 
carryover was estimated only for the 0-15 cm layer but appears to 
be intermediate between the two data sets discussed above.

The magnitude of NO3- carryover into the fall from fertilizer 
N application appears to be related to the quantity applied in 
relation to crop requirements. The greater the excess N applied, 
the greater the quantity of NO3- carryover into the post growing 
season period.

E.G. Beauchamp

The Loss of P From Cultivated Organic Soils - An 
Environmental Concern

Cultivation of an organic soil and the resultant phosphorus 
loading of the associated drainage system implies a decline in 
water quality associated with accelerated rates of eutrification. 
To understand and evaluate the impact of intensive cultivation of 
the organic soils of the Holland Marsh on the nutrient enrichment 
of Lake Simcoe, a study of the phosphorus leached from both 
cultivated and uncultivated soil cores taken from the marsh, was 
carried out.

Cores were collected from 3 series (Humic Mesisol, Terric 
Humic Mesisol and Terric Humisol)*  to a depth of 80 cm or to the 
mineral layer. The cores were leached under laboratory conditions 
to approximate over 10 years of average annual field leaching. 
During the leaching period, leachate was analyzed for ortho
phosphate at regular intervals. During leaching phosphorus 
concentrations ranged between 2-10 ppm from cultivated soils and 
approximately 0.1 ppm from uncultivated soils. There was no 
apparent effect on leachate P concentration related to degree of 
decomposition, soil depth or current fertilizer application.

Length of time in cultivation and fertilization history appear 
to be important.

*Classification is based on the degree of decomposition of the 
middle tier (40-120 cm depth), the Mesisol being moderately 
decomposed and the Hemisol being the most decomposed.

R.L. Thomas and G.A. Sevean

Nitrogen Losses from Swine and Beef Barns

Manure N loss begins soon after excretion and continues during 
collection, handling and storage until incorporated into the soil. 
A study was done to determine the extent of N losses from 3 swine 
barns and one beef barn before manure is placed in storage or, in 
cases where the storage pit was below a slatted floor, losses from 
storage were included. These losses are mainly in the form of 
ammoniacal N in the ventilated air. A mass N budget approach was 
taken which involved the measurement of N inputs as both feed and 
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animals and N outputs of both animals and manure from each barn. 
The N loss was calculated as the difference between inputs and 
outputs.

The loss of N with the budget method ranged from 19 to 27% of 
the manure N excreted (Table 1). Generally, the longer the 
exposure of freshly excreted manure before reaching storage the 
higher the loss. A further calculation indicated that the loss of 
NH3-N was approximately 6 mg/hr/kg mass of swine live weight-

Ammonia loss was determined directly by measuring the flow 
rate and NH3-N concentration in the ventilated air. This was done 
periodically at two barns during the period in which the N mass 
budget was determined. This direct method resulted in good 
agreement with the budget method for barn 1 but resulted in a much 
lower estimate for barn 2. The reason for this discrepancy in barn 
2 is not clear but may be partly associated with the Low estimation 
of manure output from this barn.

In the beef barn, two budget cycles were followed. In cycle 
one (343 days), a budget analysis indicated that 33# of the 
excreted manure N was lost whereas in cycle two (223 days), 19% was 
lost. The former period included a lengthy summer storage period 
possibly accounting for the greater NH3 loss. Freshly excreted 
manure dropped through a slatted floor to a manure pit below. The 
sides of the bam were open and naturally ventilated.

Exceptionally good estimates of inputs and outputs are 
necessary with the N budget method for estimating N losses. The 
general agreement between the 3 swine barns provides some 
confidence in this approach. Ventilation rates and the retention 
time of freshly excreted manure in the barn before transfer to 
storage appeared to be major factors determining the extent of NH3 
loss.

Table 1. N losses from three swine barns.

Barn
N Budget 
Period

Manure 
Collection

Approx. Retention 
Time of Excreted 
Manure in Barn

Manure N Lost

Budget Direct

(days) (%) (%)

1 424 Daily scraping/ 1 day 21 19

2 617 Gravity/slatted 
floor/pit

1 hour 19 8

3 415 Gravity/slatted 
floor/inclined 
floor/pit

1 week 27

D. Burton, K. Killinger and 
E.G. Beauchamp

Carbon Rhlzodeposition by Corn and Bromegrass

Different cropping systems have long been recognized for their 
influence on soil structure. One factor responsible for these 
differences is the amount of organic matter deposited as root mass 
and including root exudate by a crop. Studies of crop and root 
systems and their role as a source of soil organic matter have 
given rise to the belief that it is the root systems of different 
crops which may be a major influence in determining soil aggregate 
stability (Reid and Goss, 1982; Pavlejdenko, 1940; Weaver and 
Zink, 1946). The objective of this experiment is to compare the 
differences in carbon deposition by corn (Zea mays L.), a soil 
structure deteriorating crop, and bromegrass (Bromus inennus L.), a 
crop associated with amelioration of soil structure.

In order to compare carbon input by corn and bromegrass, 
plants were planted in microplots (75 x 75 x 60 cm) and labeled 
weekly with 50 μc of 14C. One set of plants was overwintered for a 
second season. The one season pots were harvested in three 
components: tops, roots, and soil. The root and soil component 
were harvested by slicing the top 15 cm into 5 x 5 x 5 cm cubes. 
Roots and soils were separated, dried, weighed and analyzed for 
total and 14C. Two microplots were sampled to 60 cm to determine 
the root distribution of the two cropping systems. The l4C and 
root and shoot mass determinations will provide information on the 
rhizodeposition by each crop.

R.L. Thomas and J.R. Davenport

Maize Growth Responses to Thinning

Thinning experiments were conducted at the Elora and Cambridge 
Research Stations in 1983. Plants were thinned to 20,000/ha at 
various times of the season, from an initial density of 60,000 or 
80,000/ha. Plots were periodically sampled for plant dry matter, 
and seed number and weight were determined on samples from the 
final harvest.

Results were similar at both sites. Bhrlier thinning resulted 
in larger plants, and at Cambridge mean above-ground dry weight per 
plant at final harvest reached 500 g for the earliest (July 7) 
thinning. This compared to 300 g/plant for the unthinned plants at 
60,000/ha. Earlier thinning resulted in greater ear, stem and leaf 
weights, but leaf area was unaffected.

Greater ear weight was reflected in increased kernel number. 
Mean kernel number reached 950/plant for the July 7 thinning at 
Cambridge. Later thinning resulted in fewer kernels/plant, and 
thinning more than two weeks after mid-silking had negligible 
effect on kernel number, which remained at about 550/plant.

The results rather strongly suggest that kernel number/plant 
is associated with the size (dry weight) of the plant. This is 
corroborated by plant density studies, which show that kernel 
number decreases as plant density rises; plant size also decreases 
at higher densities.

Dry matter accumulation rates during grain-fill were 
substantially higher in the earliest thinned plots, and it is 
tempting to infer that this is related to the greater "sink 
strength" (ie. kernel number) that resulted from early thinning.

G.K. Walker

Problems in Fitting a Straight Line

In fitting a straight line to data, it is commonplace to use 
y-on-x regression. As with all statistical methods, this technique 
involves assumptions, and a critical one is that there is no 
"error", due to natural variation or imperfect measurement 
procedures, in the variable taken as the x-variable. This 
assumption is sometimes satisfied, as when the x-axis represents 
time, or the concentrations in a set of chemical standards, for 
example. Frequently, however, y-on-x regression is used even 
though both variables must be measured, ie. the variable assigned 
to the x-axis does not take values fixed by the experimenter. One 
such case is represented by biomass and evapotranspiration (ET) 
data.

The slope of the relation between biomass and FT data is often 
termed the "transpiration efficiency", while the evapotranspiration 
intercept has sometimes been used to estimate evaporation from the 
soil surface. It is clearly desirable to obtain good estimates of 
these important parameters, but can this be done using the usual 
regression analysis? Consideration of the possible sources of 
"error" does not suggest that the variation associated with either 
variable is insignificant, and there seems to be no justification, 
then, for regressing biomass (y) on ET (x), as is invariably done, 
or indeed for regressing ET on biomass.

In practice, the difficulty arises because calculation of 
these two regressions can lead to substantial variation among 
estimates of the same parameter. For instance, estimates of the 
transpiration efficiency of alfalfa in a greenhouse pot experiment 
were 1.30 and 2.34 g biomass/kg water for biomass on ET regression 
and ET on biomass regression, respectively (n = 75, r = 0.78). 
For a better correlated data set from another harvest (r = 0.92), 
estimates still varied by 20% (2.19 vs. 2.59 g biomass/kg water).

It is quite apparent that the method chosen to fit a line must 
be insensitive to the assignment of variables to axes. We have 
used two methods, major axis regression and group averaging, and 
developed new variants on these approaches in satisfying this 
requirement. Of these, a technique sometimes used in allometry, 
standard major axis (or "geometric") regression, and a new group 
averaging scheme using cross-product ranking, seem to be the most 
suitable. For the two data sets mentioned above the slopes are 
1.75 and 1.91, respectively (r =0.78), and 2.38 and 2.52, 
respectively (r = 0.92), for these two methods. These slopes fall 
between those of the usual regression approaches, indicating that 
with these methods "error" is distributed among both variables.

It seems that these techniques will yield more realistic 
estimates of the "true" values of the parameters to be determined, 
although improvements in parameter estimates await methods enabling 
the precise determination of "error" distribution.

G.K. Walker and W.D. Reynolds

18



Tillage, Crop Rotation and 
Soil Erosion
Research on Crop Rotations

Rotation Sequences
Two long-term rotation experiments were established in 1980, 

with the aid of an NSERC Strategic grant, in order to determine the 
effects of various preceding crops on soil structure and the 
subsequent growth and yield of a corn crop. The experiments were 
established on a silt loam soil at the Elora Research Station, and 
on a clay loam soil east of Milton. Each test involves eight crop 
sequences: 
1. continuous corn.
2. continuous alfalfa (reseeded by direct seeding as required).
J. corn-eorn-barley-barley.
4*  as #3 except both crops seeded to red clover for late autumn 

plow down.
5- corn-corn-soybeans-soybeans.
6. corn-corn-soybeans-winter wheat.
7. as #6 except wheat seeded to red clover for autumn plow down. 
8. corn-corn-alfalfa, alfalfa.

Treatments 3 to 8 are repeated out of phase so that yield data 
can be collected from corn in each rotation (except continuous 
alfalfa) every year. Each replicate, therefore contains 14 plots. 
Each plot, in turn, is divided to permit a comparison of

Table 1: Effect of various preceding crops and two tillage 
treatments on corn grain yields on silt loam soil in 1982 
and 1983-

Rotation Sequence*

Yield (t/ha)**

Fall chisel 
plow

Fall moldboard 
plow

1982 1983 1982 1983

Continuous corn 7.3 6.8 7.5 7.0
Barley-barley-corn-corn 7.5 6.2 7.8 6.3
Barley + RC-barley + RC-corn-corn 7-8 5.8 7.6 6.3
Soybeans-eoybeans-corn-corn 8.0 6.2 7.8 6.4
Soybeans-winter wheat-corn-corn 7.5 6.6 7.3 6.7
Soybeans-winter wheat + RC-corn-corn 7.2 6.1 7.3 6.1
Alfalfa-alfalfa-corn-corn 7-8 7.0 7.2 6.6

S.E. (difference) 0.35 0.23 0.32 0.33

* Rotation sequence began in 1983 on a field which had been in 
continuous corn since 1967  RC = red clover.*

* * Yields are reported in dry matter tonnes/ha. To convert to 
bu/ac @15.5% moisture, multiply by 18.86.

Table 2. Wet aggregate stability of soil seeded to various crop 
sequences on silt loam soil.

1982 1983

1. corn-corn corn-corn 26.8 25.4
2. alfalfa-alfalfa alfalfa-alfalfa 40.6 47.6
3- barley-barley corn-corn 27.3 25.7
4- corn-corn barley-barley 30.8 25.9
5. barley+RC-barley+RC corn-corn 27.3 25.9
6. corn-corn barley+RC-barley+RC * 32.1
7> soybeans-soybeans corn-corn 26.4 26.1
8. corn-corn soybeans-soybeans 30.4 27.8
9- soybeans-winter wheat corn-corn 34.7 28.8

10. corn-corn soybeans-winter wheat — 29.0
11. soybeans-wheat+RC corn-corn 32.5 33.1
12. corn-corn soybeans-wheat+RC - 33.0
13- alfalfa-alfalfa corn-corn 34.9 32.4
14. corn-corn alfalfa-alfalfa — 42.9

* R C = red clover interseeded
* * Aggregate stability values represent means from five measurement 

dates in 1982 and four measurement dates throughout the growing 
season in 1983-

conventional (involving moldboard plowing) and minimum (involving 
either chisel plowing or discing) tillage techniques for 
establishing the various crops. The first yield measurements for 
corn following various crops in rotation were made in the 1982 
season. Nitrogen fertilizer was applied to all corn plots at a 
rate of 150 kg/ha of actual N. Results at Elora for both 1982 and 
1983 are shown in Table 1. Despite the very high yields obtained 
in 1982, differences among treatments were not statistically 
significant.

Yield differences among treatments were significant in 1983, 
although the treatment ranking was different than we had 
anticipated. Perhaps weather conditions influenced the results. 
Over the next four year period we hope to obtain a clearer 
indication of corn response to various rotation sequences when 
fertility is not a limiting factor.

Wet aggregate stability (i.e. the ability of soil granules to 
resist structural breakdown caused by water) was measured during 
the past few years at both Elora and Milton. The results for both 
of the last two years at Elora (Table 2) demonstrate the greater 
structural stability of soil seeded to alfalfa and winter wheat 
rather than soybeans, barley and corn. This improved soil 
structure may be reflected in higher corn yields on these 
treatments in 1984-

T.J. Vyn and T.B. Daynard*  
♦Department of Crop Science

Interseeding Legumes

Legumes are frequently underseeded into cereal crops when 
farmers wish to establish hay or plow-down crops. We began 
research in 1982 into the possibility of interseeding legumes into 
corn at various times throughout the growing season. Our immediate 
focus was to follow up on research conducted at Cornell University 
which suggested that legumes could be successfully established in 
corn fields as long as certain management practices were observed. 
Our objectives were as follows: 
a) to determine the effects of various seeding dates, seeding 

methods, and levels of surface residue cover on establishment of 
red clover and alfalfa.

b) to quantify the improvement in soil physical structure if any, 
which would result from the interseeded legumes.

c) to monitor the effects of interseeded legumes on corn yields in 
the establishment year and, possibly, the succeeding year.

As part of an M.Sc. project for Mr. Eric Ampong, interseeding 
experiments were established at three locations in 1983- These 
included a sandy loam soil (Acton), a silt loam soil (Elora) and a 
silty clay soil (Vineland). The experiments at the first two 
locations were located both on areas which had been moldboard 
plowed (no surface residue cover) and on areas which had been 
spring offset disced (surface residues present). Prior to planting 
corn at all three locations, the experimental areas were sprayed 
with Eradicane(ppi) at rates of 5 to 6 1/ha. Both red clover and 
alfalfa were hand-broadcast on the soil surface with each 
establishment treatment.

Although more research is needed in this area, the first 
year's data provides a preliminary indication about the potential 
for interseeding into corn. In general, red clover established a 
better stand and achieved higher yields than alfalfa, particularly 
when legumes were interseeded after corn had emerged (Table 3). 
Highest forage yields with either species were achieved with the 
earliest planting date. When seeding at the 7 leaf stage, higher 
forage yields occurred when forage seeds were broadcast after 
interrow cultivation.

Table 3- Effect of various establishment treatments on red clover 
and alfalfa yields at three locations in November 1983-

Establishment treatment 
(stage of corn 
development)

Forage dry matter yield (kg/ha)

Elora Acton Vineland

disced plowed disced plowed

Alfalfa
- at planting 563 771 184 895
- at 7 leaf stage 145 118 77 434
- at 7 leaf stage after 

interrow cultivation 171 154 98 280
- at 13 leaf stage 69 44 105 100

Red Clover 
- at planting 636 760 481 1193
- at 7 leaf stage 294 344 152 394
- at 7 leaf stage after 

interrow cultivation 300 479 237 491
- at 13 leaf stage 154 108 358 177

When alfalfa and red clover were seeded on the same day as 
corn, corn yields were significantly lower due to competition 
effects (Table 4). The competition effects of legumes on corn 
growth were perhaps particularly noticeable in 1983 because of the 
cool, wet spring which favoured forage establishment at the expense 
of corn growth, as well as the prolonged drought during July which
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accentuated competition for soil moisture. Planting either red 
clover or alfalfa at later planting dates generally appeared to 
result in corn yields which were not significantly different than 
those resulting from the "check" treatment.

Table 4- Effect of interseeded legumes on corn yields at three 
locations in 1983.

Establishment treatment 
(stage of corn 
development)

ELora silt 
loam

Acton sandy 
loam

Vineland 
clay

disced plowed disced plowed plowed

---- Corn grain yields as % of check —

Alfalfa
- at planting 61 52 84 60 62
- at 7 leaf stage
- at 7 leaf stage +

99 97 94 94 90

interrow cultivation 104 98 96 85 93
- at 13 leaf stage 98 105 106 90 103

Red Clover
- at planting 81 58 83 81 82
- at 7 leaf stage 
- at 7 leaf stage +

99 103 95 83 82

interrow cultivation 99 107 95 68 73
- at 13 leaf stage 102 102 95 84 117

Check 100 100 100 100 100

S.E. (difference) 7 13 7 12 22

T.J. Vyn, T.B. Daynard*  and 
E. Ampong*

* Grain yields in this and subsequent tables are reported as dry 
matter tonnes/ha (i.e. 0% moisture). To convert to bu/ac 0 
15.5% moisture, multiply yield value by 18.86.

+ Fall offset disc followed by spring tandem discing used on silt 
loam soil for the 1983 growing season.

The Initial tillage research which has been performed on crops 
other than corn indicates that soybeans and barley yields are 
similar for moldboard and chisel plowing on silt loam and clay loam 
soils. Winter wheat yields and survival are generally equal to or 
superior following tandem discing (firm soils) than following 
moldboard plowing and tandem discing (loosened soil). Further 
research is required for tillage requirements for crops other than 
corn on various soil types.

♦Department of Crop Science

*Department of Crop Science

Research on Tillage Systems

1. Long-term Tillage Trials
In 1983, we continued to examine various conservation tillage 

systems at long-term sites on sandy loam soil (Acton), on silt loam 
soil (Elora Research Station) and clay loam soil (Milton). The 
long-term tillage experiments at Acton and Milton included several 
strip tillage treatments, while at Elora strip tillage systems were 
examined in a adjacent experiment. Most experiments included 
examinations of various modifications to tillage and planting 
equipment.

Zero tillage
Zero tillage has consistently yielded 10 to 15% lower than 

conventional tillage (fall moldboard plowing followed by spring 
secondary tillage) when corn follows corn in rotation. The only 
exception to this pattern is on Ontario's longest-term tillage 
experiment (15 years) on silt loam soil where corn yields with zero 
tillage, with the occasional exception, have been equal to yields 
with conventional tillage since year 9 of the study (Figure 1). In 
another tillage experiment on the same soil zero tillage has 
consistently yielded lower than conventional tillage (Figure 2).

Recent research has indicated that corn growth and yield with 
zero tillage may be improved if discs or blades are used on the 
planter to move residue from the row area, particularly with high 
amounts of trash cover.

Figure 1 : Long-term effects of conventional and zero-till plots on 
corn yields at Flora, initiated in 1969.

Figure 2 : Long-term effects of conventional and zero-till plots on 
corn yields at Elora, initiated in 1976.

Chisel plowing and offset discing
Intermediate tillage systems (those between the extremes of 

fall moldboard plowing with its associated secondary tillage and 
zero tillage) have the greatest potential for increased use by 
Chtario farmers. In most situations, the use of chisel plows 
(mulch tillers) and offset discs (or even heavy tandem discs) as 
either primary or combined primary and secondary (one pass) tillage 
tools will be more widely adapted and cost effective than zero 
tillage without major reductions in crop productivity, relative to 
conventional tillage.

In continuous corn situations, corn yields with fall chisel 
plowing followed by spring secondary tillage have been equal to 
those achieved by conventional tillage on loam soils, but 
approximately 5% lower than conventional tillage on sandy loam and 
silt loam soils (Table 1). Fall chisel plowing has also resulted 
in approximately 8% lower corn yields on clay loam soil, relative 
to conventional tillage (Table 2). Spring offset discing combined 
with harrowing resulted in corn yields which were nearly equal 
(within 3%) to yields achieved with conventional tillage on sandy 
loam and loam soils, but yields were approximately 7^ lower on silt 
loam soil (Table 1). Fall offset discing has been investigated in 
the last few years on silt loam and clay loam soils and, thus far 
at least, has given lower yield reductions relative to conventional 
tillage than has resulted from spring offset discing.

Table 1. Average corn grain yields in relation to various tillage 
practices on three soil types in Southern Ohtario.

Tillage treatment Soil texture (years)

Sandy loam Loam Silt loam
(1976-83) (1976-79:1 (1976-83)

----- Grain yield (t/ha)* ----

Fall moldboard plow; spring disc 6.8 5.6 5.7
Fall chisel plow; spring disc 6.4 5.6 5.4
Spring moldboard plow, disc 6.5 5.4 5.5
Spring offset disc, harrow+ 6.6 5.5 5.3
Zero tillage 5.8 5.0 4.8

T.J. Vyn, T.B. Daynard*  and 
J.W. Ketcheson
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2. Modified Primary Tillage Implements
The yield depressions which we have experienced with chisel 

plowing for continuous grain corn situations on fine-textured soils 
have been rather frustrating to us. The two major weaknesses with 
moldboard plowing - high cost and leaving soil vulnerable to 
erosion - can be overcome, to a considerable extent, by shallow 
plowing, reducing plowing speed, using narrower moldboard bottoms 
and by removing trash covers. Yet even then, the residue cover 
left on the surface may be insufficient to control soil erosion. 
Over the last 4 years, we have examined some modifications to the 
moldboard and chisel plow which might allow us to leave sufficient 
residue cover and yet enable us to overcome this yield 
inferiority.

Table 2. Effect of new and modified primary tillage systems on corn 
grain yields on three soil types (average of 1980-85).

Fall tillage treatment

Grain yields (t/ha)

Silt loam Clay loam Clay++

Moldboard plow 5.7 6.2 5.8
Modified moldboard plow* 5.5 6.0 5.9
Wide-sweep plow+ 5.4 6.0 5.4
Chisel plow (8 cm wide teeth) 5.4 5.7 5.9
Modified chisel plow (20 cm teeth) 5.5 6.0 5.7

* Trash covers plus 70% of each moldboard removed, plow shares and 
shins left intact.
+ Noble Blade, 2.5 m wide blade operated at 10 cm depth. 
++ Average of 1980-81 only.

Moldboard plowing with trash covers and 70# of the moldboard 
surface area removed has resulted in yields almost equivalent to 
normal moldboard plowing (Table 2), while leaving almost as much 
residue cover as after chisel plowing. Using wider twisted shovel 
teeth on the chisel plow, or using a wide-sweep plow for primary 
tillage resulted in yields almost equivalent to moldboard plowing 
on the clay loam soil, but not on the silt loam or clay soils 
(Table 2).

Further research is needed on both the principles and design 
of these implements before their wide-spread use can be encouraged. 
Our impression thus far is that perhaps the main advantage of the 
moldboard plow on fine textured soils after corn harvest lies in 
the cutting and lifting action of the plowshare, which occurs no 
matter how wet the soil might be when it is plowed. The inversion 
function of the normal moldboard may be less important to crop 
productivity.

T.J. Vyn and T.B. Daynard* 
*Department of Crop Science

5- Strip Tillage Systems
A concentration of fine soil aggregates in the upper surface 

layer of soil is important in creating good seed-soil contact for 
germination, and good root-soil contact for rapid growth of 
seedling roots so that plants can become established quickly. 
Often the primary benefit of tillage operations is the creation of 
a finely aggregated seedbed zone. Earlier research on corn 
production with various widths and depths of strip tillage on silt 
loam soil had demonstrated that there was no yield advantage, 
relative to spring moldboard plowing and secondary tillage, for 
preparing seedbeds wider than 15 cm or deeper than 8 cm. Research 
on strip tillage with various implements for corn production 
expanded in 1982 with the help of an Agriculture Canada contract.

Although tillage systems should ideally be compared for at 
least 3 years in order to make a reasonable assessment, the first 2 
years' results (Table 5) suggest that certain strip tillage systems 
appear to result in yields almost equal to those achieved after 
conventional moldboard plowing and overall secondary tillage on 
sandy loam and clay loam soils. The initial results for strip 
tillage on the silt loam soil (Table 5) are not encouraging; 
perhaps fall primary tillage should precede spring strip tillage on 
this soil type.

Table 5. Effect of various strip tillage systems on corn grain 
yields for three soil types in Southern Ontario (average 
of 1982-85).

Tillage treatment* Soil texture

Sandy loam Silt loam Clay loam

Fall moldboard plow; spring disc 8.5 7.0 5.8
Howard Rotovator strip 8.0 6.5 5.0
Howard Rotospike strip 7.8 5.9 5.7
Lely Roterra strip 7.8 6.1 5.5
Custom strip-till cultivator 7.7 5.9 4.6

* All strip tillage treatments loosened an area 15 to 25 cm wide 
and 7 to 9 cm deep in the corn area. The strip tillage 
treatments were preceded by fall primary tillage on the clay loam 
site; no primary tillage was used prior to strip tillage on the 
sandy loam and silt loam soils.

4. Ridge Planting
In the fall of 1982, three sites were chosen for conducting 

the ridge planting experiments. Two of the sites (one intended for 
corn and the other for soybean production) were adjacent to each 
other on land operated by the Agriculture Canada Research 
Substation at Woodalee in Essex County on Brookston clay soil. A 
third site (also in corn) was established near Dnpire Corners in 
Haldimand County on Haldimand clay soil. Our research on ridge 
planting systems is funded by the Agriculture Energy Center of 
O.M.A.F.

The yield data for 1985 is summarized in Table 1. The yields 
for all three experiments were both disappointingly low and highly 
variable due to the weather conditions referred to earlier. As a 
result of the predominant weather influence, the yield differences 
amongst treatments were not statistically significant. Better 
indications of yield response to various ridging treatments should 
be available after the 1984 season since we will be planting on 
ridges which were either reshaped (Woodslee) or formed (Haldimand) 
in July, 1985 and which, consequently, have surface residue from 
the previous year's crop.

Table 1. Effect of various ridge planting treatments on crop yields 
at Woodslee and Haldimand in 1985-

Tillage treatment Woodslee Haldimand 
Com

Soybeans Corn

-Dry matter grain yield (t/ha)*-

Zero tillage 1.4 6.1 2.7
Fall moldboard; spring secondary 1.7 6.1 2.8
Ridge planting (zero tillage) 1.6 6.5
Ridge planting (top removed) 2.1 5.1 2.9#
Ridge planting (top rototilled) 2.5 6.4
Ridge planting (zero tillage) 1.7 5.9

S.E. (difference) 0.50 0.49 0.46

* In order to convert these dry matter yields (i.e. 0% moisture) 
into yields in bu/ac at 14 and 15.5% for soybeans and corn, 
respectively, multiply soybean yield values by 17-29 and corn 
yield values by 18.86.

# This value represents the average yield for plots which were 
chisel plowed in fall of 1982 and ridged in June, 1983-

T.J. Vyn, T.B. Daynard*,  H. Martin**  
and P.H. Groenevelt 
*Department of Crop Science 
**Plant Industry Branch

5- Cooperative Tillage/Rotation Trial
The effects of crop sequence on the growth and yield of zero 

tilled grain corn and the effects of zero tillage versus 
conventional tillage on the growth and yield of soybeans were 
examined in 1985 on adjacent treatment strips established on the 
farm of Don Lobb (Clinton, Ontario).

Corn grain and soybean yields obtained from the various 
comparisons on a range of five soil types are summarized in Tables 
1 and 2. For the six comparisons involving corn as the current 
crop, including one comparison of zero tilled corn and 
conventionally tilled corn with the same crop history, there were 
no significant differences in grain yields due to crop sequence. 
Similar soybean yields were obtained following zero tillage and 
conventional tillage on sandy loam soil. However, conventional 
tillage resulted in significantly higher soybean yields than zero 
tillage on loam, silty clay loam and sandy clay loam soils.
Table 1. The effect of crop sequence on average grain corn yields 

with zero tillage for three soil types in Huron county, 
Ontario, 1985-

COMPARED TREATMENT SOIL TEXTURE GRAIN YIELDS S.E. (mean)

No Crop sequence (t/ha at 0%
1981 1982 1985 h2o)
Soybeans Corn Corn Sandy loam 7.7

1 .41
Soybeans Soybeans Corn Sandy loam 8.0

Soybeans Soybeans Corn Sandy loam 8.8
2

Sod Soybeans Corn Sandy loam 8.6
.34

Sod Soybeans Corn Sandy loam 9.0
5

Sod Sod Corn Sandy loam 8.4
•38

Corn Corn Corn Loam 8.7
4

Sod Corn Corn Loam 7.7
.55
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1 indicates the crop was planted after conventional tillage 
involving fall moldboard plough and two passes in spring with 
cultivator + harrows.

2 borderline classification to Silt loam.

Soybeans1 Soybeans1 Corn 
5 & Rye

Silt loam 7.1
.39

Soybeans1 Soybeans1 Corn Silt clay 
loam2

6.9

Soybeans1 Soybeans1 Corn 
6

Silt loam 7.5
.26

Soybeans1 Soybeans1 Corn1 Silt loam 7.3

Table 2. The effect of zero tillage versus conventional tillage on 
the average yield of soybeans for four soil types in Huron 
county, Ontario, 1903.

COMPARED TREATMENTS SOIL TEXTURE YIELD S.E.(mean)

(t/ha)
at 0%

Tillage 1981 1982 1983 h2o

1
ZT Corn Corn Soybeans Sandy loam 2,1

.13
CvT Corn Corn Soybeans Sandy loam 2.4

ZT Corn Corn Soybeans Loam 2.2
2 .13

CvT Corn Corn Soybeans Loam 2.6

ZT Corn Corn Soybeans Silty clay 
loam

1.6

3
CvT Corn Corn Soybeans Silty clay 

loam
1.9

.10

ZT Corn Corn Soybeans Sandy clay 
loam

2.2

4
CvT Corn Corn Soybeans Sandy clay 

loam
3.0

.10

2T zero till cropping system for entire crop sequence.
CvT conventional till cropping system involving fall moldboard 

plough and three passes in spring with cultivator +■ harrows 
for entire crop sequence.

J. Sadler Richards,  T.B. Daynard  
and T.J. Vyn

* *

*Crop Science

Soil Erosion and Crop Productivity

The concern for soil erosion and its effect on crop yields and 
on environmental quality has increased greatly during recent years. 
There have not, however, been sufficient quantitative data 
available on either the extent of erosion or the resulting yield 
loss to allow calculation of cost/benefit ratios for control 
practices.

A field program has been conducted during the past two years 
in Wilmot Township, Waterloo Co. to assess the extent of soil 
erosion and to determine the loss in yield. Sampling sites were 
established within each of several fields on areas which exhibited 
differing degrees of erosion but which were otherwise comparable. 
Crop yields were determined on each area. The causes of reduced 
yield were determined in each case using measured soil 
characteristics and plant tissue analyses. Seven corn fields were 
sampled in 1982. Pour of these were sampled again in 1933 along 
with 3 additional fields. Three small grain fields were also 
sampled in 1933. The data are summarized in Tables 1 and 2.

Corn yields on severely eroded areas were reduced by from 13 
to 84# with an average reduction of 38%. In 1982, a relatively wet 
season, N deficiency was the major cause of yield reduction on 
three of the seven sites while moisture stress was the major cause 
on the remaining sites. The N deficiency was caused by either 
excessive leaching on eroded sites where sandy or gravel subsoils 
were exposed or by denitrification on sites where compact, poorly 
drained subsoils were exposed. In 1983, a very dry year, moisture 
stress was the major cause on seven sites. Poor stand on the 
eroded area due to a poor seedbed was the cause on one site- Snail 
grain yields were reduced by about 50% on each site in 1983 due to 
moisture stress.

The extent of soil erosion in a 300 km2 area of Wilmot 
Township Was determined using a combination of delineation of 
eroded areas on air photographs and field checking. It was not 
possible to separate moderately and severely eroded areas on the

Table 1. Corn grain yield reductions on severely-eroded areas and 
probable causes.

Site1

Yield on 
non-eroded 

area

Reduction 
on severely 
eroded area

Probable causes 
of reduction

(kg/ha 
@15.5%)

(%)

8201 4202 29 N deficiency
8202 7461 38. N deficiency, moisture stress
8203 8577 43 Moisture stress
8205 6861 32 Moisture stress
8206 7634 66 Moisture stress, N. def.
8207 7125 13 Moisture stress, P. def.
8208 6261 20 N deficiency
8302 7588 52 Plant population, moisture stress
8303 7266. 38 Moisture stress
8304 7222 84 Moisture stress, plant pop.
8305 5897 35 Plant pop., moisture stress 

Moisture stress8306 5980 59
8311 5555 15 Moisture stress
8312 6157 16 Moisture stress

Mean 6700 40

1 Sites with same last two digits were on same fields in 1982 and 
1983 but not necessarily the same areas within the fields.

Table 2. Snail grain yield reductions on severely-eroded areas and 
probable causes.

Site

Yield on 
non-eroded 

area

Reduction 
on severely 
eroded area

Probable causes 
of reduction

(kg/ha 
@15.5%)

(#)

8308 2272 52 Moisture stress
8309 1525 48 Moisture stress
8310 2206 50 Moisture stress

Table 3- Extent of erosion in Wilmot Township, Waterloo Co.

Area (ha) % of Total

Total area surveyed 30,357 100
Total cropland area 27,320 90
Non to slightly eroded 22,430 82
Moderately to severely eroded 4,890 18

air photos. Hence the eroded areas delineated included both 
erosion phases. The results of the survey, shown in Table 3, 
indicated that 18% of the area is moderately to severely eroded.

Based on the 1982 and 1983 field trial results, the average 
com yield reduction on moderate to severely-eroded soils was 
estimated to be approximately 30%. If a 30% yield reduction occurs 
on 18% of the land area, the average loss in corn production would 
be 5.4% (30% x 18%). Using the average yields obtained on the 
non-eroded plots and a corn price of $111/tonne, a 5.4% reduction 
translates into a reduction in gross returns of $44/ha. If it is 
assumed that the area surveyed is representative of all of Waterloo 
County, in which 24,300 ha of grain corn were grown, the total 
income loss for the County would be over $1 million per year 
(24,300 ha x $44/ha). Because the cost of production would be at 
least as high on the eroded areas, this $1 M loss is essentially a 
reduction in net income for the farmers in Waterloo Co.

L.A. Battiston, M.H. Miller, 
Irene Shelton, G.J. Wall

Organic Matter and Soil Loss Update

Recent data from the 32 year erosion-runoff experiment on 
Dairy Bush Hill (Hydrology Hill or Peepre Hill) show that the 
organic matter content in a soil used for continuous corn 
production continues to decline, regardless of stover return and 
manure application. The rate of decline, however, diminishes with 
time, more or less asymptotically.

Between 1952 and 1962 plot #1 was left in sod, plot #2 was in 
continuous corn, and all other plots were in a four-year rotation 
of corn, oats, hay and hay. Since 1963 all plots have been in 
continuous corn. Between 1963 and 1983 treatments consisted of
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application of manure (M), return of stover (S) and different 
tillage treatments: zero tillage (Z), chisel plowing (C), and 
moldboard plowing (P).

Organic Matter values are presented in Table 1 and plotted in 
Figure 1•

Table 1 . Percentage Organic Matter content (Walkley-Black) and Soil 
Loss for the plots on Dairy Bush Hill.

T = top of the plot
A = average of the plot
B = bottom of the plot
M = manure applied
3 = stover returned
Z = zero tillage
C = chisel plowed
P = moldboard plowed

Organic Matter (#) Management
Cumulative Soil 
Loss (tonne/ha)

Plot # 1952 1962 1976 1983 63/66 67/76 77/82 '53-'62 '63-'83

T 2.79 2.86
1 A 4.05 4.41 3.10 3.04 - - Z ~O 255.8

B 3.40 3.22

T 2.65 2.67
2 A 3.94 3.05 2.69 2.67 M M C 189.0 239.8

B 2.73 2.66

T 3.22 3.28
3 A 4.00 4.06 3.18 3.13 S S,M C 35.6 29.2

B 3.13 2.98

T 3.21 2.95
4 A 4.00 4.06 2.96 2.76 M P 7.7 435.1

B 2.70 2.56

T 3.41 3.12
5 A 4.10 4.20 3.35 3.16 S S,M P 7.2 315.6

B 3.29 3.20

T 3.46 3.34
6 A 4.17 4.34 3.27 3.10 S S,M P 24.2 369.8

B 3.08 2.86

T — 4.47 5.71 3.74
7 A 4.55 4.29 3.53 3.51 S S,M C 2.9 44.6

B 4.55 4.10 3.34 3.28

T — 4.20 3.29 3.25
8 A 4.33 4.24 3.28 3.25 M P 9.2 511.3

B 4.33 4.27 3.26 3.24

T — 3.41 3.21 3.17
9 A 4.57 3.56 2.97 3.11 Z 2.7 427.6

B 4.57 3.70 2.73 3.04

T — 4.10 3.03 3.12
10 A 4.42 4.07 3.15 3.21 M M C 4.5 551.5

B 4.42 4.03 3.26 3.30

Average of plots 3-10
3-10 | 4.27 4.10 3.21 3.15

Plot #1. in sod for the first ten years, experienced an 
increase in organic matter content until 1962, which was followed 
by a rapid decline. Plot #2, in corn since 1952, experienced a 
continuous asymptotic decline. The average of the remaining plots, 
in rotation during the first ten years, shows a slight decline to 
1962, followed by an asymptotic decline.

Cumulative soil losses (expressed in metric tonnes per 
hectare) for the periods 1952-1962 and 1965-1983 are also presented 
in Table 1. No soil losses were recorded during most winters and 
early springs, as well as during a few summers.

In order to gain some insight into the effect of soil loss on 
the decline of the organic matter content, the averages of two 
pairs of replicates (3 and 7 vs. 5 and 6) are compared for the 
period 1963-1983 (Table 2).

Table 2.

Plots
Average soil loss 
(*63-'83)  tonnes/ha

Average Organic Matter Content (#)

1962 1976 1983

3,7 36.9 4.17 3.35 3.32
5,6 342.7 4.27 3.31 3.13

Figure 1. Organic matter levels at different points in time after 
sod busting.

Plots 3 and 7 experienced relatively little soil loss, whereas 
plots 5 and 6 lost considerable amounts of soil. Between the pairs 
there was no differences in manure application and stover return. 
The higher soil losses have resulted in an increase in the rate of 
decline of organic matter (OM). On the plots experiencing small 
soil Losses, the decline in CM content was not halted by manure 
application and return of stover.

P.H. Groenevelt, S.H. Brunsting and 
R.R. Simard

Aggregate Formation by Earthworms

Research conducted at the Elora Research Station and elsewhere 
has shown that tillage often significantly reduces earthworm 
populations. However it has also been shown that reduced and no 
till systems can help maintain earthworm populations. Although 
earthworms are generally regarded as beneficial to crop growth by 
enhancing soil structure, little experimental research has been 
conducted on the effect of earthworms on soil structure. The 
objective of this research was to assess the role earthworms play 
in promoting aggregate water stability and to determine what 
factors influence the level to which earthworms affect aggregate 
stability. In order to meet this objective an experiment was 
designed as follows.

Pots containing 4 kg of crushed well-mixed silt loam soil 
(bulk density 1.3-1.4 g/cmJ) from the Ap horizon of a Gleyed 
Melanic Brunisol (Typic Eutrocrept) from a continuous corn tillage 
plot were maintained at 25% gravimetric moisture content (0m) and 
kept at 15⁰C and 90% relative humidity. The experiment consisted 
of,placing three worms, either L. terrestris or L. rubellus 
(previously stored in the same soil), in each pot and providing one 
of five food treatments (alfalfa leaf, bromegrass, red clover leaf, 
corn leaf, or no food). All treatments were replicated three 
times. In addition, three pots containing original soil only were 
kept under identical conditions and used for comparison purposes. 
The worms were weighed at the beginning and end of the experiment 
and the amount of food consumed was recorded. Worm castings 
deposited on the surface were collected at four day intervals. 
Half the casts were sterilized using gamma radiation and all casts 
were aged (at 25% θm, 15⁰C) for one of the following time periods 
0, 8, 16, 24, or 32 days. The aged casts were either analyzed 
immediately moist or allowed to air dry and analyzed dry. The 
analysis of each cast consisted of shaking for 16 hours in 
distilled water and the determination of clay in suspension by 
pipet analysis followed by addition of a dispersing agent and 
determination of total clay. In addition the organic carbon 
content of each cast was determined.

In general both species preferred alfalfa and clover as food 
sources as indicated by the highest weight gains, amount of food 
consumed and weight of casts produced. Corn was the next most 
accepted food source with both species exhibiting slight weight 
gains. However, bromegrass was essentially rejected and both 
species exhibited weight losses similar to that recorded for the no 
food treatment. It was also noted that L. rubellus had higher cast 
organic carbon contents for all food sources than did 
L. terrestris.

The results of the dispersibility tests were analyzed as a 
ratio of dispersible clay to total clay because the results 
indicate that occasionally the worms concentrated clay in their
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Figure la and 1b: Dispersibility of clay as a function of age and 
food source for moist casts from L. terrestris (a) and 
L. rubellus (b). Note: for these relationships 
cTisperaible clay has been corrected using average cast 
organic carbon contents for each of the food sources.

Figure 2a and 2b: Dispersibility of clay as a function of age and 
food source for dried casts from L. terrestris (a) and 
L. rubellus (b). Note: for these relationships 
dispersible clay has been corrected using average cast 
organic carbon contents for each of the food sources.

casts by selectively avoiding sand particles, hence increasing the 
amount of clay available for dispersion.

The results indicated that the dispersibility of the moist 
casts is inversely related to the organic carbon content of the 
casts and is dependent on the type of food. Since the organic 
carbon contents were highly variable within a food treatment, the 
dispersibility was corrected for organic carbon variation before 
analyzing for the effect of aging.

Aging significantly reduced the dispersibility of the moist 
casts for the worms fed alfalfa, clover, or corn but had no effect 
on the casts from those fed bromegrass or no food (Figure 1, a and 
b). At age zero no significant differences in the dispersibilities 
of the casts from the various food sources was detected, however by 
32 days the casts from the worms fed corn, clover, and alfalfa 
became less dispersible. In general, however, the moist casts are 

more dispersible than the moist soil alone unless aged and high in 
organic carbon from corn, clover or alfalfa.

The results from the casts that were analyzed dry (after being 
aged moist) showed no effect of aging (Figure 2, a and b). 
However, dispersibility was highly dependent on organic carbon 
content and type of food. Corn was the most effective in reducing 
dispersibility, alfalfa and clover were intermediate in effect 
whereas bromegrass and no food had little effect. Ln general the 
dried casts were less dispersible than the dried soil alone.

The casts of L. rubellus are generally less dispersible than 
casts of 1. terrestris for each treatment. This is probably due to 
greater ingestion of organic matter hence higher cast organic 
carbon contents.

M.J. Shipitalo and R. Protz
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Geology

The AEC-GUELPH Podzol Project
A knowledge of the chemistry of podzolization has great 

practical significance. Consider the boreal forest for example. 
It still supplies most of the wood and paper products of the 
industrialised world, and it depends principally on the ability of 
podzolised soils to provide the nutrients that keep the forest 
growing. A major unanswered question is whether commercial logging 
is now so intensive, especially with the quick maturing varieties 
of trees that are being introduced, that podzolization cannot 
replenish the nutrient pool as fast as cropping exhausts it. At 
least some countries, led by Sweden, now recognize that the use of 
artificial fertilizers may be as necessary in forest management as 
they are in agriculture. Another practical problem relates to the 
impact of acid rain. Podzols are amongst the most acid of soils 
and their ability to neutralize acid precipitation is severely 
limited. Consequently the lakes and rivers of podzolized terrain 
are very vulnerable to progressive acidification. How best to deal 
with this problem requires a detailed knowledge of the chemistry of 
the soils. A final question relates to the disposal of nuclear 
wastes. Canada, for example, is looking at the possibility of 
disposing them in tectonically stable structures of the Precambrian 
Shield. Over much of the area considered suitable, podzolization 
is dominant, and any long term plan to store wastes there, requires 
a thorough understanding of this aggressive weathering regime.

To further this understanding Atomic Energy Canada, Ltd. have 
funded a project to study the fundamental geochemistry of 
podzolization in the Superior province of the Canadian Shield. The 
objectives of the project can be grouped under two principal 
headings:
1. To define the podzolic weathering system of the boreal forest of 

northern Ontario in terms of chemical (including mineralogical) 
parameters; and

2. To investigate the dynamics of the system with a view to 
determining
a) the extent of change within the system,
b) the direction of change, and 
c) the rate of change.

In order to fulfill these objectives we have studied two main 
localities (a) the lake Nipigon area, and (b) the Turkey lake 
Experimental Watershed (see Figure 1). In addition we have taken 
individual samples from other parts of northern Ontario in order to 
obtain some knowledge of local variations. The two main localities 
effectively bracket all major parent material compositions possible 
i.e. glacial and glacio fluvial/lacustrine deposits composed of 
granitoid debris at one extreme and greenstone debris at the other 
(Figure 2).

A total of 263 samples have been analyzed for major elements, 
and 135 for trace components. Collection of elemental chemical 
data is complete. Mineralogical determinations and NMR analysis of 
the organic parts of the system is not yet finished.

Figure 1. Sampling for the two years of this project was in 
Ontario, north of lake Superior. During the first year 
most sampling was in the vicinity of Lake Nipigon. 
Earing the second year sampling was in the Turkey lake 
Experimental Watershed, some 50 km north of Sault Ste. 
Marie.

Figure 2. Contrast in the compositional spreads of the lake Nipigon 
profiles (granitoid parent materials) and the Turkey Lake 
profiles (large proportion of greenstone lithologies in 
the parent materials).

Figure J. Major element separations into albic and spodic fractions 
in a typical boreal podzol from the vicinity of Lake 
Nipigon.

The extent of change in the podzolic weathering system in 
northern Chtario can be defined by reference to the composition of 
the parent material. Profile 820630.1 (from 49⁰ 44' 55" N, 89⁰ 09' 
45" W) serves as an example. The parent material is split into 
albic and spodic fractions to the extent shown in figure 3. Some 
elements follow Si in concentrating in the albic horizon (e.g. Zr, 
Ti) others follow Fe and Al in concentrating in the spodic horizon 
(e.g. transition elements, actinides) and a third group tend to 
concentrate preferentially in the leachate leaving the solum (e.g. 
alkalis, alkaline earths).

The chemical data already clearly shows the direction of 
change. The albic, elluviated part of the system is evolving 
towards a simple quartzo-feldspathic (granitoid) composition. This 
is somewhat at odds with the classic, text-book noting of the 
direction in which podzolic albic horizons are meant to change. 
The received idea is that the system evolves towards a quartz end 
point, and our NSERC-financed studies of the Atlantic podzol in 
western Europe show this happening clearly. Presumably the 
weathering regime in the boreal forest is less intense than the 
Atlantic regime, so that much of the feldspar is preserved. We 
intend to look more closely at this difference using electron 
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microscopy to investigate the feldspar surfaces. As far as the 
spodic horizons are concerned, they appear to be acting as a sink 
for Fe, Al and poorly defined organic compounds. The surfaces of 
the latter and the largely amorphous precipitates of Fe and Al 
compounds .in turn complex and sequester a number of the elements 
studied, especially those with d and f electrons.

Ward Chesworth, Sue Ellen Shipitalo, 
Peter Smith, Univ, of Guelph, and 
Marsha Sheppard, AEG Ltd.

Solid State 13C-NMR of Organic Carbon from Three Northern 
Ontario Podzols

Organic matter from podzolic soils has been shown to 
contribute significantly to the genetic processes of podzolization. 
Thus far work on natural organic structures has largely been done 
on poorly defined fractions of organic matter extracted at extreme 
pH levels, the so-called humic and fulvic acids. Based on these 
studies podzol organic matter is thought to consist largely of a 
complex combination of aromatic rings with associated functional 
groups, such as OH and COOH, which are available for complexation. 
Organic matter from podzolic soils is thought to be of relatively 
low molecular weight and have a higher oxygen content than that 
extracted from other soils. These two properties can be associated 
with water solubility, and thus may be related to the observed 
mobility of podzol organic matter. Also, the oxygen containing 
functional groups are prospective sites for metal complexation but 
the exact arrangement of these functional groups and in what form 
the metals are transported is not known. In addition the 
extraction methods used may significantly alter the structural 
properties of the organic fraction as well as its intimate

Figure 4- Solid state C-13 NMR spectra of extracted and unextracted 
organic matter from the Bf (64-69 cm) horizon of a well 
developed Ferro-humic Podzol: a) humic acid, b) fulvic 
acid, c) humic + fulvic acid, d) the less than 53μm 
fraction of the total soil.

association with the mineral fraction. It is for these reasons 
that alternate methods of investigation are being examined.

With the advent of high resolution and solid state C-13 
nuclear magnetic resonance (C—13 NMR) some of these problems can be 
overcome. C-13 NMR is a non-destruetive technique which can 
indicate the relative abundances of the various types of carbon 
associations such as aromatic, aliphatic, carbohydrate, or 
carboxyl. High resolution C-13 NMR has been used to investigate 
soluble humic and fulvic acids including those extracted from 
podzolic Bh horizons.

Of more significance, however are the solid state C-13 NMR 
studies of unextracted organic matter and total soils, although 
these studies have been met with variable success. The presence of 
paramagnetic metals, stable free radicals, and the low percentage 
of naturally occurring C-13 (1.1% of the total carbon) have made 
determination difficult. With proper caution and the developnent 
of high field magnets, cross polarization, and magic angle sample 
spinning these problems can be resolved and reasonable spectra 
obtained.

In the present study the organic fraction of three Ferro-humic 
Podzols from the Turkey lakes Watershed was investigated using

solid state C-13 NMR. Spectra were obtained from total soils, the 
<53 μm fraction, as well as extracted organic matter. It was found 
that a spectrum could be obtained from a total soil with 5 percent 
or greater organic carbon. Soils with organic carbon contents 
between 1 and 5 percent could be concentrated to at least 5 percent 
by sonification to remove organic coatings on sand grains and then 
wet sieving to remove the sand fraction (greater than 53 pm). 
Samples were run with an acquisition time of 1 ms and a total 
interpulse delay of 1 s. With such low C-13 contents unextracted 
samples had to run 12 to 14 hours or longer to obtain an adequate 
signal to noise ratio; whereas for humic and fulvic acids with 
organic carbon contents of approximately 50 percent spectra could 
be obtained in approximately 6 hours.

Organic matter was extracted from several horizons to assess 
the types of structural changes, if any, occurred during the 
extraction. The procedure consisted of using .1 M NaOH in a 10:1 
extractant to soil ratio. The soluble organic fraction was 
acidified to 1 and centrifuged to separate the humic and fulvic 
acids. Humic acid is that fraction which is soluble at high pH but 
precipitates when acidified; fulvic acid is soluble at all pH’s. 
These two fractions have very different solid state C-13 NMR 
spectra (Figure 4). For example the huxic acid spectrum of the 
lower Bf horizon (64-69 cm) of a Ferro-humic Podzol reveals a large 
aliphatic component (0-50 ppm) with the carbohydrate (50-100 ppm) 
portion nearly equivalent to the carboxyl (approximately 180 ppm) 
portion. Very little aromatic structure (100-150 ppm) appears to 
be present. The fulvic acid spectrum is 'dominated by the carboxyl, 
group with the second most intense peak in the aliphatic region of 
the spectrum. The aromatic peak is nearly as intense as the 
carbohydrate peak. When these two spectra are added together, the 
result should be equivalent to the spectrum of the total soil. 
However as seen in Figure 4, both the total soil and the added 
spectrum exhibit intense carboxyl peaks but the added spectrum 
shows a marked decrease in the carbohydrate section of the 
spectrum.

Figure 5- Solid state C-13 NMR spectra of the Ae (0-9 cm), Bhf 
(9-14 cm), and Bf (64-59 cm) horizons of a well developed 
Ferro-humic Podzol.

In all cases where spectral addition was performed, the oxygen 
containing groups, the carbohydrates and carboxyls, did not 
correspond well to the spectrum of the total soil. The degree of 
difference can not as yet be assessed due to limited data 
collection, however studies based on humic and fulvic acids should 
be viewed with caution.

The organic carbon of the Ae, Bhf, and Bf horizons appears to 
be comprised of different proportions of these same structural 
components; aliphatics (0-50 ppm), carbohydrates (50-100 ppm), 
aromatics (100-140 ppm), and carboxyls (180 ppm). For example 
(Figure 5) the Ae horizon (0-9 cm) of the same Ferro-humic Podzol 
shows a large alkyl component with the broad peak probably 
indicating many short, highly branched chains. Below the Ae in the 
top 5 cm of the Bhf the alkyls are still present but there is a 
marked increase in oxygen containing groups. Both the carbohydrate 
and the carboxyl regions exhibit an increase in intensity. In the 
lower portion of the Bf horizon 64 to 69 cm below the surface, the 
carboxyl region appears as the dominant region of the spectrum. 
The carbohydrate and aliphatic peaks are broadened. In all of the 
spectra there is an aromatic component present but in these samples 
it does not appear to be in large quantity.

These results are preliminary, with additional study needed to 
increase our understanding. There are other problems which must be 
examined, for instance the effect of iron and aluminum bonding on 
the intensity of the NMR peaks. Metal complexes may have little 
effect (not likely), suppress a particular portion of the spectrum,
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or may only suppress the portion to which they are bonded. The 
pedogenic implications of varying organic structural components 
throughout the podzol profile are Just beginning to be examined. 
The understanding of the organic-metal complex formation, movement, 
and deposition will assist in the understanding of the dynamics of 
podzol genesis.

S.E. Shipitalo, C.A. Fyfe,
W. Chesworth, University of Guelph 
Marsha Sheppard, AEC, Ltd.

Podzolization from the Perspective of pe and pH Changes

A manuscript dealing with this approach to the study of 
podzolization has been accepted by the American Journal of Science. 
We have developed pe-pH diagrams that provide support for the 
classical idea that podzolization requires the presence of organic 
acids and complexants to solubilize and mobilize Fe and Al. 
Removal of the organic component with depth causes Fe and Al to 
precipitate.

In effect the solubilities of Si, Al and Fe in pe-pH space 
define an albic-spodic fence on the high pH side of which Si is 
less mobile than Al and Fe, the reverse being true on the low pH 
side. With a high concentration of organic matter in solution 
albic conditions are optimised, whereas spodic conditions are 
optimised when dissolved organic matter is absent. Movement of the 
fence is shown in figure 6.

Figure 6. Movement of an albic-spodic fence with depth from a 
maximum albic position (presence of organic acids and 
complexants) to a maximum spodic position (solubility 
controlled by crystalline inorganic phases).

The newer hypothesis that imogolite is a controlling factor in 
the mobilization of Al is not supported by our analysis. A 
completely inorganic podzolization however is possible under the 
most acid conditions if amorphous hydroxides (or phases with 
comparable solubilities) control Al and Fe. Yet, even here the 
only reasonable way to obtain the high acidities necessary is to 
have a high activity of organic acids.

Ward Chesworth 
Felipe Macias (Santiago)

An Albic Weathering Zone on Felsic Volcanics in Ontario

The felsic volcanics are shown in part on map 2053 (Hewitt, 
1964) as rhyolite and associated acid volcanic rocks (Figure 7). 
On the west side of highway 62, at Hazzard's Road, 6.7 km north of 
Madoc the rock outcrops as pink rhyolite according to Hewitt 
(1964). This outcrop is distinctive in having a white, weathered 
rind about 1 cm thick. We have sampled it at the locality shown on 
Figure 7.

Figure 7. Geology of the field area in the vicinity of the Delora 
granite, shewing sampling locality.

New analyses of the unweathered and weathered metavolcanics 
are shown in Table 1, where they are compared with Saha's (1959) 
analyses of the Deloro granite. Clearly the rock is not a 
rhyolite, being essentially two thirds albite and one third quartz. 
We believe it to be a felsitic volcanic rock that has been 
hydrothennally altered. Albitisation of this type is not unusual 
at the margins of acid plutons, but here we are not concerned with 
its origin. What we find particularly interesting is the white, 
weathered rind.

A comparison of the unweathered and weathered metavolcanics in 
Table 1 indicates a loss of A12O3 and Fe203 relative to SiO,. This 
suggests a parallel with the process of podzolization, in which Al 
and Fe are leached from an albic horizon, which becomes relatively 
enriched in SiO2, followed by the deposition of Al and Fe in a 
lower, spodic horizon.

Table 1. Chemical analyses of rocks from the Deloro pluton and its 
eastern contact. 1 and 2 are new analyses, 3 and 4 from 
Saha (1959).

1 
Pink 

Metavolcanic

2 
Weathered 
Rind of 1

3 
Perthitic 

Deloro Granite

4 
Granophyric 
Deloro Granite

— %—

SiO2 72.94 76.52 75.45 75.88
A12O3 16.77 14.81 11.34 11.92Fe203 •771 • 14l 1.82 2.14FeO 1.21 0.64
MgO .15 .11 •42 .07
CaO .77 .67 .42 .60
Na2O 7.94 7.29 4.04 4.28
K20 .41 .22 4.20 4.18
TiOq .13 .17 .23 .19
MnO .07 .03 .03 .01
p2o5 .05 .04 .02 .01

1 Total Fe expressed as Fe203

The parallel is clearly borne out by Figure 8 which compares 
the rocks from Madoc with averages derived from 17 podzolic soil 
profiles from the region around Lake Nipigon, northern Ontario. 
The obvious difference is that in the weathered rock there is no 
equivalent of the podzol's horizon of deposition, the spodic 
horizon. Since the rock exposure has a slope of 20 to 40⁰, the Al 
and Fe enriched leachate probably left the system as runoff.

The preferential removal of Al and Fe relative to Si can best 
be explained as being caused by the relatively low pH and low pe 
beneath the mat of moss and lichen that originally covered the 
outcrop.

Ward Chesworth, Colin Fyfe, 
Jack Graham
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Figure 8. Removal of Fe and Al relative to Si in the Madoc samples. 
The average geochemical differentiation trend of 17 
boreal podzols from northern Ontario is shown for 
comparison (Chesworth and Shipitalo, 1983). The 
weathered rim of the felsitic volcanic ie equivalent to 
the albic horizon of a Podzol.

Ferralitisation During the Weathering of a Quartzo-Feldspathic 
Gneiss from Nepal

A quartzo-feldspathic gneiss and its weathering products were 
collected at Charicot, about 80 km east of Kathmandu, Nepal. The 
gneiss weathers through a saprolitic regolith to an Ehtisol. Four 
new analyses are presented in table 2.

Table 2:

 1.Enweathered 
Rock

2. Regolith 3. Regolith 4. Solum

SiO2 
Al2O3

73.10 69.25 68.96 60.59
14.55 19.13 19.31 24.52

Fe2O3 2.12 2.61 2.58 7.79
MgO .85 .74 1.04 1.30
CaO •99 .39 .40 .15
N20 
K20

2.33 1.97 1.65 .37
5.54 5.54 5.70 4.29

TiO2 .19 .22 .22 .75
MnO .06 .05 .05 .13
P2O5 .27 .10 .09 .11

- - - -
100% 100% 100% 100%

loss on
Ignition .75 1.89 3.36 9.24

The materials are plotted in figure 9 and clearly follow a 
typical ferralltic weathering trend.

Figure 9- Unweathered quartzo-feldapathic gneiss (1) and its 
weathering products: regolith (2), regolith (5), solum 
(4)-

Weathering of Volcanic Glass at Belbex, France

The weathering system at Belbex, where basalt has produced a 
Brunisol is shown diagramatically in Figure 10. The chemical 
trends are shown in Figure 11.

The earliest weathering phase in the basalt is an alkali rich 
glass for which we have microprobe analyses:

1
GLASS

42 3

Si 7.78 8.01 8.15 7.79
Zr n.d. 0.002 n.d. n.d.
Al 3.73 3.93 3.82 3.64
Ti 0.11 0.09 0.12 0.12
Cr n.d. n.d. n.d. n.d.
Fe 0.51 0.46 0.58 0.86
V n.d. n.d. n.d. n.d.
Mg n.d. n.d. n.d. 0.01
Sc n.d. n.d. n.d. n.d.
Mn 0.01 0.02 0.02 0.02
Ca 0.25 0.16 0.22 0.27
Na 2.40 1.08 0.40 1.89
K 1.30 1.44 1.45 1.20
P n.d. 0.004 n.d. n.d.
Cl 0.04 0.04 0.05 0.02
0 24 24 24 24

On altering, the glass produces a birefringent phase with the 
stoichiometry of a 1:1 sheet silicate (analysis 4, below). We 
believe it to be halloysite, since halloysite is found as a phase 
in the clay fraction of the solum.

ALTERED GLASS
1 2 3 4

Si 8.43 8.60 8.74 6.98
Zr n.d. n.d. n.d. n.d.
Al 1.09 0.99 1.02 6.19
Ti n.d. n.d. n.d. 0.02
Cr n.d. n.d. n.d. n.d.
Fe 3.57 3.56 3.69 0.59
V n.d. n.d. n.d. n.d.
Mg 1.59 1.50 1.05 0.03
Sc n.d. n.d. n.d. n.d.
Mn 0.01 0.01 0.01 0.003
Ca 0.26 0.22 0.15 0.06
Na n.d. n.d. n.d. n.d.
K 0.07 0.07 0.15 0.10
P n.d. n.d. n.d. n.d.
Cl n.d. n.d. n.d. n.d.
0 24 24 24 24

Figure 10. A weathering system in which basalt has produced a 
Brunisol.

At the same time an amorphous phase (analyses 1 - 3) forms in 
the latered glass. It has lost Al relative to the original glass, 
and gained Fe and Mg from the surrounding parts of the system (Fig. 
12). This mobility of Fe and Al on a microscale contrasts with 
their lack of mobility on a macroscale in this weathering 
environment.

Ward Chesworth,
Jean Dejou (Clermont-Ferrand) 
Pierre Larroque (Aurillac)
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Figure 11. The chemical trends in which a basalt has produced a 
Bruniaol.

Figure 12. The weathering of a volcanic glass producing two 
products: 1) a birefringent product (believed to be 
halloysite) and 2) an amorphous phase (enriched in Fe 
and Mg relative to Al).

Soil Solution Chemistry of Podzolic Soils

Analyses of the soil solution chemistry of podzols are 
relatively scarse in the literature, despite the fact that the soil 
solution is of primary importance in pedogenesis. It is the 
universal medium for soil chemical reactions and translocation 
processes and its composition is determined by both equilibration 
with the horizon in which it resides and its chemical evolution 
through overlying horizons. Although soils are typically in a 
state of disequilibrium, phase equilibrium models can offer guides 
to the idealised states mineral-water systems strive to attain 
(Chesworth, 1990)• The phase diagram approach provides a 
meaningful way of illustrating relationships between natural water 
chemistry and the stability of mineral assemblages. To date few 
studies have attempted to apply this approach to various aspects of 
podzol genesis.

Thirty one soil solutions were extracted from various 
subhorizons of three podzolic soils from northeastern Ontario, 
Canada, by immiscible displacement with CC1. under high speed 
centrifugation. The solutions were analysed for major cations and 
anions and a speciation of dissolved Fe and Al attempted to 
distinguish 'free', 'organically-bound' and 'inorganically bound' 
species. Results indicated that the Ae horizon solutions were of 
low pH and contained a predominance of organically bound Fe and Al. 
With depth, pH's increased, ionic strengths decreased and the 
relative proportion of inorganically-bound Fe and Al increased. 
Application of phase diagrams suggested that only a 
semi-quantitative interpretation of the data could be made. All 
horizon solutions appeared supersaturated with respect to likely 
occurring crystalline and amorphous aluminosilicates (kaolinite, 
halloysite, allophane and imogolite (Figure 1). Of the phases 
considered, reactions involving imogolite-allophane, gibbsite
halloysite, gibbsite-allophane and gibbsite-lmogolite all appeared

Figure 1: Soil solution compositions of Ae (▲), Bf (■) and BC 
and C (●) horizons.

reasonable in controlling solution composition but because of the 
absence of gibbsite in these soils allophane-Imogolite-solution 
appeared to control Bf, BC and C solutions.

E.P. Manley, W. Chesworth and
L.J. Evans

Dissolution of Feldspars by Organic Acids

Mineral weathering by organic acids is a well recognized 
phenomena contributing to the release of elements under earth 
surface conditions. However, the capacities of chemically 
identifiable organic compounds in releasing elements from minerals 
is not well understood. Water-soluble low molecular weight organic 
acids entering the soil as microbial metabolites or plant exudates 
from living or dead cells, microbial oxidation products of humic 
substances or lignin polymers are likely organic compounds involved 
in such reactions.

Figure 1: Release of elements (μmol) from feldspars by citric, 
protocatechuic and vanillic acids.

Calcic plagioclase (An69Ab30), albite (An6Ab94) and microcline 
(An2Ab310r67) were leached over a ten week period at 13⁰C with 10-4 
M solutions of a number of low molecular weight organic acids. The 
effectiveness of the organic acids in dissolving the feldspars was 
found to be citric * oxalic > salicylic > protocatechuic » gallic > 
p-hydroxybenzoic > vanillic - caffeic, and the extent of weathering 
of the minerals calcic plagioclase > microcline > albite (figure 
1). Because of the conditions under which the experiments were 
performed the amount of aluminium released on dissolution of the 
feldspars appeared to be more related to the strength of the acids 
than to their ability to form complexes with the aluminium.

E.P. Manley and L.J. Evans29



Graduate education

Graduate students and supervisors - Winter Semester, 1984

M.Sc. Students Supervisor Ih.D. Students Supervisor

Soil Science Program

Allen, N. B.D. Kay
Angers, D. B.D. Kay
Baldock, J. B.D. Kay
Barry, D. N.H. Miller
Brunsting, S. P.H. Groenevelt
Charlton, D. S.G. Hilts
Davidson, D. R.W. Sheard
Donald, R. B.D. Kay
Evans, D. E.G. Beauchamp
Barrell, B. E.G. Beauchamp
Grant, C. B.D. Kay
Lee, D. D.E. Elrick
Lopez, P. E.E. Mackintosh
Marsh, M. P.H. Groenevelt
Rzadki, J. S.G. Hilts
Sevean, G. R.L. Thomas
Shang, C. T.E. Bates
Shipitalo, S.E. W. Chesworth
Siwale, G. M.H. Miller
Smith, J- D.E. Elrick
Uhlig, P. R. Protz
Van Bitter, M. S.G. Hilts

Abboud, S. T.E. Bates
Barry, D. M.H. Miller
Cobbina, J. M.H. Miller
Davenport, J. R.L. Thomas
Drury, C. E.G. Beauchamp
El-Asswad, R. P. Groenevelt
Gaied, 0. T.E. Bates
Gajem, Y. D.E. Elrick
Reynolds, D. D.E. Elrick
Richards, J. T.E. Bates
Shipitalo, M. R, Protz
Simard, R. T.E. Bates
Singh, Y. E.G. Beauchamp
Yanuka, M. D.E. Elrick

Agrotneteorology Program

Barr, A. K.M. King
Place, R. D.M. Brown

Berard, R. K.M. King
Brown, R. T.J. Gillespie
Graham, M. G.W. Thurtell
Heikinheirao, M. G.W. Thurtell
Hopps, P. G.W. Thurtell
Leclerc, M. G.W. Thurtell

Non-Degree
Alvo, P. G.W. Thurtell

Graduate degrees conferred October 1983, February and May 
1984

Student Degree Supervisor Thesis Title

Soil Science Program
N. Allen N.Sc. B.D. Kay Tne instability index: A

method of measuring the 
soil structural stability 
of cultivated seedbeds

L. Battiston M.Sc. M.H. Miller Soil erosion and maize (Zea
mays L) yield in Ontario

D. Barry M.Sc. M.H. Miller Effect of inhibition of
, nodal root growth on

shoot growth of corn and 
implications for zero 
tillage

D. Brasche- M.Sc. E.G. Beauchamp Nitrogen mineralization 
Villeneuve and denitrification

potentials of.selected 
Southern Ontario soils

0. Chan M.Sc. W. Chesworth Major element geochemistry 
of soil and soil parent 
material in the Blue 
Springs Watershed

D. Evans M.Sc. E.G. Beauchamp Alleviation by sulphide 
of the acetylene inhibition 
of nitrous oxide reduction 
in soil

R. Kelly M.Sc. I.P. Martini A sedimentological study of 
the late quaternary 
Scarborough formation, 
Toronto, Ontario.

D. Lowden M.Sc. I.P. Martini The effect of river ice on 
a point bar on the Grand 
River, Ontario.

P. Manley M.Sc. L.J. Evans An evaluation of podzol
ization in some soils of 
northeastern Ontario

A. Santos M.Sc. J.W. Ketcheson Decomposition and manage
ment of corn stover related 
to erosion control

J. Van FtoestelM.Sc. J.W. Ketcheson Influence of stover place
ment and tillage on corn 
grain yield

B. Zebarth M.Sc. R.W. Sheard Impact, shear and pene
trometer resistance of 
turfgrass racing surfaces 
for thoroughbreds

Aarometeorolosv Program
C.A. Okcye M.Sc. D.M. Brown Response or irrigated rieia 

corn to rate and time of 
nitrogen application on a 
sandy soil
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Undergraduate education

Diploma and undergraduate courses presented during 1983/84

Course
Number Course Enrollment1

Diploma

87-010 Principles of Soil Science 200
87-011 Soil Management for Crop Production 160
87-020 Land Resources and Ihvironmental Qiality 75

Degree

46-100 Principles of Geology (Rall and Winter) 85
46-104 Study of the Earth 45
46-202 Stratigraphy 46
46-205 Paleontology 17
46-205 Glacial Geology 10
46-209 Structure and Tectonics 51
46-210 Mi neralogy 22
46-250 Remote Sensing 57
46-506 hydrogeology 50
46-507 Petrography 15
46-510 Geochemistry and Geology of Fossil Fuels 11
46-406 Clay Mineralogy 40
46-407 Petrology 21
.46-409 Sedimentology 15

64-205 Meteorology and Climatology 45
64-204 Meteorology and Climatology 22
64-502 Agrometeorology 29
64-505 Microclimatology 18
64-515 Microclimatic Measurement * 8

87-200 Soil Science 458
87-201 Soil in Planned Environments 54
87-250 Problem Solving in Land Resource Science 52
87-302 Soil Genesis and Classification 41
87-505 Land Utilization 56
87-510 Resources Planning and Management 21
87-311 Resources Field Camp 11
87-520 Waste Management & land Reclamation 28
87-521 Soils Field Camp 12
87-550 land and Water Use in Tropical Countries 7
87-401 Soil Chemistry 55
87-402 Soil Physics 58
87-405 Soil Management 71
87-407 Problems in land Resource Science II 7
87-410 Soil Plant Relationships 51
87-412 Current Resources Management Issues 12
87-415 Decision Making in Resources Management 11

* Actual number writing final exam

Graduates in Soil Science, Resources Management and Earth 
Science 1983/84

Soil Science Majors

John Fischer 
Luc Levesque 
Cynthia Niemi 
Michelle Normandin 
Timothy Wright 
Douglas Yeung

Resources Management Majors

Bruce Clark 
Suna Dervish 
Ruth Hall 
Mary McRuer 
Scott Milne 
Barbara Schurman 
Richard Schwasa 
Andrea Szomor 
Robert Tcssell 
Mark Weavers

Earth Science Majors

Debra Abbott 
Gwyneth Barlow 
Jamie Connelly 
Robert Eiison 
Ian Goltz 
larry Gunn 
Robert Helwig 
Ming Kwan 
Stephen Mitchell 
Stephan Nagy

Geology Minors

Gregory Klassen 
Glynn Wesbrook
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Active research 
projects

(Names underlined are L.R.S. faculty or professional staff)

Assessment of the potential for increasing yields of field com 
with irrigation. D.M. Brown.
Ch tar io Ministry of Agriculture and Flood.

Characteristics of droughts and their effects on field crop yields 
in Southern Ontario. D.M. Brown.
Atmospheric Environment Service and Ontario Ministry of 
Agriculture and Food.

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

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

Estimation of surface wetness duration from weather data. T.J. 
Gillespie.
Natural Science and Engineering Research Council.

Soil canpaction problems in Chtario. P.H. Groenevelt. 
Research Board, University of GuefjJr. ~

The transport of nuclides through organic soils: transport 
mechanisms and the impact of ground freezing. J.T. Koch and 
B.D. K^y.
Atomic Ehergy of Canada Limited.

Quantitative characterization of heat, water and solute transport 
in freezing soils. B.D. Kay.
Natural Sciences and Engineering Research Council.

Developnent of methodology to characterize some physical properties 
of soils under different tillage treatments. B.D. Kay and 
P.H. Groenevelt.
Ontario Ministry of Agriculture and Food.

Development and evaluation of methods for prediction of macro and 
micronutrient requirements of crops. T.E. Bates. 
Chtario Ministry of Agriculture and Food.
Natural Sciences and Engineering Research Council

Use of sewage sludge on agricultural land with emphasis on plant 
availability of heavy metals. T.E. Bates. 
Chtario Ministry of Agriculture and Food.

Management of soil physical conditions under intensive corn 
cultivation. D.E. Elrick, B.D. Kay, J.W. Ketcheson, R. Protz, 
R.L. Thomas, P.H. Groenevelt, T.B. Daynard (Crop Science)j 
W.T. Dickinson (Engineering), J.H.A. Lee (Engineering), D.P. 
Stonehouse (Agricultural Economics and Ektension Biucation). 
Natural Science and Engineering Research Council and Ontario 
Ministry of Agriculture and Ebod.

Effect of erosion on soil properties and corn yield. P.H. 
Groenevelt, 
Ontario Ministry of Agriculture and Food.

Mechanisms of phosphorus transport from agricultural land to open 
waters. P.H. Groenevelt.
Intern. Joint'Ccmmission

Conferences, seminars,
VISITING SCIENTISTS

T. Addiscott, Rothamsted Experimental Station, Harpenden, England. 
Modelling of nitrate leaching and soil aggregation.

L. Battiston, Department of Land Resource Science, University of 
Guelph. Long term effect of soil erosion in 
Southwestern Ontario.

K.M. Cena, Occupational Health Unit, McMaster University, on leave 
from Technical University, Wroclaw, Poland. Infra-red 
thermography and animal physiology.

B. Clothier, Agricultural Ehysics Group of the Plant Ebysiology 
Division, D.S.I.R., New Zealand. Soil physics and 
horticultural irrigation.

M. Ci:11k, Agronomy Research Coordinator, Rodale Research Centre, 
Pennsylvania. Overview of the agronomy research at 
Rodale.

W. Findlay, Harrow Research Station. Calibration of soil tests for 
crop production at Harrow.

T.J. Gillespie, Department of land Resource Science, University of 
Guelph. Visiting China.

R. Horton, Iowa State University, Ames, Iowa. Temperature 
distributions beneath row crops.

T.C. Hutchinson, Department of Botany and Environmental Studies, 
University of Toronto. Aluminium toxicity in acid 
soils: a historical persective.

S. landsberger, McMaster University. Neutron activation analysis 
at the McMaster Nuclear Reactor.

G. Matthes, Department of Applied Geology, University of Kiel, W. 
Germany. Rock-water interactions in the zone of 
weathering.

R. McBride, Department of land Resource Science, University of 
Guelph. Crop productivity estimates for a national 
land evaluation model.

A. McKeague, LRRI, Ottawa. Approaches to characterization and 
interpretation of air water regimes in soils.

K. McNau^iton, DSIR, Plant Physiology Division, Ehlmerston North, 
New Zealand. Equilibrium evaporation: the concept and 
its application to shelter and regional evaporation 
models.

J. Muller, Institut National de la Recherche Agronomique, 
Chalons-Sar-Mame, France. Nitrogen fertilization of 
cereals and nitrogen mineral balance.

J. Norman, Department of Agronomy, University of Nebraska. Crop 
modelling - where are the modellers taking us?

J. Norman, Department of Agronomy, University of Nebraska. A 
soil-crop water - balance model.

D. Patriquin, Calhousie University. "Cereal - Azospirillum 
(nitrogen-fixing bacteria) associations: prospects for 
yield improvement".

S. Pawluk, Department of Soil Science, University of Alberta, 
Edmonton. A suggested approach to soil research and 
soil science.

J.R. Ehilip, Division of Environmental Mechanics, CSIRO, Canberra, 
Australia. Infiltration

C. Preston, Chemistry and Biology Res. Branch, Agriculture Canada, 
Ottawa. N M R in soil studies.

I.J. Snalley, Dept, of Ehrth Sciences, University of Waterloo. 
Loess material, loess deposits and loess soils.

C. Ter Kiiile, Former Director, Farming Systems Program, 
International Institute of Tropical Agriculture, 
Ibadan, Nigeria. The farming systems program at IITA.

M. Thompson, Iowa State University, Ames, Iowa. Soil porosity - 
measurements and interpretations.
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A. Tomlin, Agriculture Canada, Research Branch, london, Ontario. 
Important soil fauna in Southwestern Ontario.

J.T. Trevors, Department of Ehvironniental Biology, University of 
Guelph. Measurements of microbial activities in 
agricultural soils.

R. Webster, Rothamsted Experimental Station, England. Spatial 
variation in soil.

J.D. Wilson, Department of land Resource Science, University of 
Guelph. Numerical modelling of flow through a 
shelter-belt.

E.G. Youngs, Rothamsted Experimental Station, Rothamsted, U.K. 
Drainage.

Seminars and Presented Papers

Allen, N.H.E., B.D. Key and P.H. Groenevelt. 1983. The 
instability index: a method of measuring the soil structural 
stability of cultivated seedbeds. Annual meeting of the 
Canadian Soil Science Society, Truro, Nova Scotia.

Flarazdaghi, H., D.M. Brown and H.D. Ayers. 1983. A mathematical 
model for seasonal grain yield production of corn in relation 
to radiation, rainfall and evaporation. Presented for 
Canadian Society of Agric. Ehg., at 1985 Annual A.I.C. 
Convention. Truro, N.S. July 12, 1983.

Fbrazdaghi, H., D.M. Brown and H.D. Ayers. 1935- A mathematical 
model for estimating yield potential of grain corn. Paper No. 
NAR 83-203. Amer. Soc. of Agria. Ehg. N.E. Region meeting. 
Newark, Del. Aug. 10, 1983.

Gillespie, T.J. 1983- Meteorological conditions leading to high 
ozone episodes, and crop response conditions. Proc. Agro- 
meteorology Workshop on Role of long Range Transport and 
Weather in Agriculture: 19-23.

Hilts, S.G. 1983- Toward a theory of rural planning. Jhper 
presented to the School of Rural Planning and Development, 
University of Guelph, March 11, 1983-

Hilts, S.G. 1983. Can we justify the expense of maintaining 
environmental quality in a time of economic restraint? Paper 
presented to the Student Planning Conference, University of 
Waterloo, March 12, 1983.

Hilts, S.G. and R.L. Thomas. 1983- Teaching problem solving. 
Paper—presented to the Teaching in Tough Times Conference, 
University of Guelph, April 22, 1983.

Hilts, S.G. and C. Ladd. 1983. Ebonomic impacts of the proposed 
Bruce Peninsula National Parks: Preliminary summary of 
results. Paper presented at the Uiiversity of Waterloo, May 
1, 1983-

Kay, B.D. and P.H. Groenevelt. 1983- The redistribution of 
solutes in-freezing soils: Exclusion of solutes. Eburth Int. 
Conference on Permafrost. Fairbanks, Alaska.

Non-Refereed Journals, Reports, Conference Papers and 
Abstracts

Allen, N.H.E., B.D. Key and P.H. Groenevelt. 1983- A new method 
of evaluating soil structural stability. Annual Meeting of 
the Am. Soc. of Agronony. Washington, D.C.

Amiro, B.D., T.J. Gillespie and G.W. Thurtell. 1983- Injury 
response to ozone flux density in Phaseolus vulgaris L. 34th 
Ann. Meeting Am. Inst. Biol. Sci., Grand Fbrks, North Ehkota. 
August 7-11 •

Bates, T.E., T.H. Lane and R. Frank. 1983*  Stabilized sludge on 
agricultural land. Can. Inst, of Public Health Inspectors. 
Oitario Branch News 4: 38.

Brown, D.M., S. Bhartendu, J.R. Shaw and W.R. Sharp. 1983- Proc, 
of Agrometeorological Workshop on Role of Long Range Transport 
and Weather in Agriculture. Arboretum Centre, Ihiversity of 
Guelph, October 1983*  95 pp.

Elrick, D.E., W.D. Reynolds and D.M. lee. 1984. Soil water flow - 
fast or slow? A field technique for measuring water flow in 
soils. Highlights of Agricultural Research in Ontario. Vol. 
7, No. 2, June 1984.

Groenvelt, P.H., R.G. Donald, C.D. Grant and B.D. Kty. 198J. A 
low-flux air permeameter. Annual Meeting of the Am. Soc. of 
Agronony, Washington, D.C.

Hilts, S.G. 1983. Ehvironmentally sensitive areas planning in
“■ Ontario: A Review. Papers and Proceedings of Applied 

Geography Conference 6: 105-110.

Hilts, S.G. 1982. Environmental impact statement: B & J Christie 
Property. Guelph: School of Rural Planning and Development, 
University of Guelph. (Contract Report)

Hilts, S.G. and F.3. Cook (eds). 1982. Significant natural areas 
in Middlesex County. Guelph: School of Rural Planning and 
Developnent, University of Guelph.

Kay, B.D. Sustaining soil productivity. Conference on "Soil Today 
- Ebod Tomorrow". Toronto.

Ketcheson, J.W. and P.H. Groenevelt. 1983- Effects of long-term 
erosion on soil properties and productivity. Annual Meeting 
of the Am. Soc. of Agronony, Washington, D.C.

Lane, T.H. Strip cropping. Soil Management Conference '83. 
Toronto, December 6-8.

Proctor, J.T.A., W.T. Blackburn, T.J. Gillespie and B.H. MacNeil.
1983. A model to estimate discharge of" ascospores of Venturia 
maequalis. Proc. 6th Conf. Biometeorol. and Aerobiology. Am. 
Meteorol. Soc., Ebrt Collins, Colorado. April 25-29.

Sheard, R.W. Water management and crop production. Soil Manage- 
ment Conference '83, Toronto.

Vyn, T. Tillage alternatives. Soil Management Conference '83, 
Toronto.

Book Reviews

Elrick, D.E. 1983. Review of Flow and Transport in Ibrous Media.
A. Verruijt and F.B.J. Barends (eds.) published by A.A.
Balkema, Rotterdam, Netherlands. 1981. Water, Air and Soil 
Pollution 20: 349-350.

EVans, L.J. 1983- Review of 'Pedology' by P. Duchaufour. Allen 
and Unwin Inc., 1982. Geoscience Canada 10: 139-

Refereed Journals and Chapters in Books

Amiro, B.D., G.W. Thurtell and T.J. Gillespie. 1983- A small 
infrared thermometerfor measuring leaftemperature in leaf 
chambers. J. EXp. Botany. 34: 1569-1576.

Brown, D-M. and Wm. D. Wyllie. 1984. Growing season dry spells in 
southern Ontario. Climat. Bull. 18(No.1): 15-30.

Doram, D.R. and L.J. Evans. 1983. Ifetive fixed ammonium and 
fixation of added ammonium in relation to clay mineralogy in 
sane Ontario soils. Can. J. Soil Sci. 63: 631-639*

Elrick, D.E., M.J.L. Robin and K.B. laryea. 1983*  Hydrodynamic 
dispersion during absorption of water by soil: 1. Model 
moisture profiles. J. Hydrology 65: 313-331*

Evans, L.J. and B.H. Cameron. 1983- The Brookston series in 
southwestern Ontario: characteristics, classification and 
problems in defining a soil series. Can. J. Soil Sci. 63: 
339-352.

Kay, B.D. and P.H. Groenevelt. 1983. The redistribution of solutes 
in freezing soil: Exclusion of solutes. IN: Permafrost: 
Iburth International Conference, Proceedings. National 
Acadeny Press, Washington, D.C., pp. 584-588.

D.W. Nelson, Chmn., D.E. Elrick and K.K. Tanji, Editorial 
Committee. 1985^ Chemical Mobility and Reactivity in Soil 
Systems. SSSA Special Publication No. 11, American Society of 
Agronony, Madison, Wisconsin. 262 pp.

Reynolds, W.D., D.E. Elrick and G.C. Topp. 1983- A re-examination 
of the constant head well permeameter method for measuring 
saturated hydraulic conductivity above the water table. Soil 
Science 136: 250-268.

Richards, JohnE., S.C. Sheppard and T.E. Bates. 1983- Nitrogen 
fertilization of land continuously cropped to corn (Zea mays 
LJ. Can. J. Soil Sci. 63: 547-556.



Richards, John E., T.E. Bates and 3.0. Sheppard. The effect of 
broadcast P applications and small amounts of fertilizer 
placed with the seed on continuously cropped corn (Zea mays 
L.). Fertilizer Research (in press).

Robin, M.J., K.B. laryea and D.E. Elrick. 1983- Hydrodynamic 
dispersion during absorption of water by soil: 2, Immobile 
water model. J. Hydrology 65: 333-348.

Shields, G. and S.G. Hilts. 1983- The Ontario Mystery of 
Planning. The Monograph 34(2); 18.

Yanuka, M.TF.A.L. Dullien and D.E. Elrick. Serial sectioning and 
digitization of porous media for two- and three-dimensional 
analysis and reconstruction. J. Microscopy, deception for 
publication on 3 March, 1984-

Information for Industry Personnel (I.F.I.P.) and Extension 
Personnel (I.F.E.P.)

Stevenson, C.K., T.E. Bates, E.G. Beauchamp and W.E. Curnoe. 
Revised 1984^ Nitrogen recommendations for corn

Bates, T.E. and R.W. Johnston. Revised 1984. Zinc requirements 
for field crops.

Radio Tapes and Television

Bates, T.E. - CBC radio noon - Sewage sludge

Bates, T.E. - OMAF radio service - Soil testing

Brown, D.K. - CJOY - late spring effects on crop yields 
CJOY - Crop prospects after a dry, hot summer

Brown, D.M. - CKNX TV Wingham - Solving drought problems in the 
future

Brown, D.M. - CBC Windsor - Drought issues in southern Chtario

4th Year Resources Management Projects

In the spring of 1983, 6 final projects were submitted by students 
of the Resources Management class.

Natural Areas of the Guelph Region

Forest to Furniture: A Study of the Forest Industry in Southern 
Ontario

A Feasibility Study for Establishing an Ehvironmental Consulting 
Firm

An Outdoor Education Program. (Report to the Wellington County 
Separate School Board)

Current Issues in Soil Science: A Course Outline. (Report to the 
Dept, of Land Resource Science)

Feasibility Study of the Swan Estate. (Report to the Federation of 
Ontario Naturalists)
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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 Ontario soils. Because of its affiliation and 
working relationship with the Department of land Resource Science, 
the Institute is pleased once again to present its 1983 Progress 
Report in conjunction with that of the Department.

During the past year, most personnel of the Ontario Institute 
of Pedology moved from facilities at the University of Guelph to 
the newly established Guelph Agriculture Center in Ignatius College 
on the northern edge of the city. Here, the Institute is situated 
in facilities of the Plant Industry Branch of the Ontario Ministry 
of Agriculture and Food, one of the cooperating agencies of the 
Institute. The soil characterization laboratory and cartographic 
offices of the Institute, along with their staff, and university 

members of the Institute remain on the university campus.
In addition to on-going support from the cooperating agencies, 

namely Agriculture Canada, Ontario Ministry Agriculture and Food 
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 projects carried on by the Ontario 
Institute of Pedology 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.

Personnel

Ontario Ministry of Agriculture

J.D. ASPINALL, B.Sc. (Guelph), B.Sc. (Carleton), Pedologist. 
(Ext. 307)

M.E. FORAN, B.Sc. (Guelph), Pedologist, (Ext. 306)

M.S. KINGSTON, B.A., M.Sc. (Western), Jtedologist. (Ext. 319)

L.W. SCHUT, B.Sc. (Guelph), Pedologist. (Ext. 316)

B. van den BROEK, B.Sc., M.Sc. (Guelph), Pedologist. (Ext. 317)

E.A. WILSON, B.Sc. (Guelph), Itedologist. (Ext. 321)

Technical Staff

J.G. IODDER, Digitizer Operator. (Ext. 240)

Agriculture Canada
(Guelph Agriculture Centre, Phone: 823-5700)
"professionaTstafT^^^^^I^^^^H^^I

C.J. ACTON, B.S.A., M.Sc. (Saskatchewan), Hi.D. (Guelph), Senior 
Pedologist. (Ext. 312)

J.E. GILLESPIE, B.S.A., M.S.A. iToronto), Pedologist. Temporary 
contract position. (Ext. 236)

R.K. JONES, B.Sc. (Victoria), M.Sc. (British Columbia), Forest 
Ecologist. (Ext. 309)

E.W. PRESANT, B.S.A. (Toronto), M.Sc. (Carleton), Pedologist. 
(Ext. 310)

I.J. SHELTON, B.A. (laurier), Pedologist. Temporary contract 
position. (Ext. 236)

G.J. WALL, B.Sc. (Agr.), M.Sc. (Guelph), Bi.D. (Qiio State), 
Pedologist, (824-4120 Ext. 2103)

Clerical/Technical Staff

L. Hsrron, Clerk Stenographer (Ext. 311)
B.K. Hohner, Research Technician. (824-4120 Ext. 2103)
C. Miller, Research Technician. (824-4120 Ext. 8170)

Land Resource Science
(University of Guelph, Phone: 824-4120)

Professional Staff

L.J. EVANS, B.Sc. (Southampton), Ih.D. (Wales), Associate 
Professor. Soil classification and mineralogy. (Ext. 
3017).

S.G. HILTS, B.A. (Western), M.A.. Ih.D. (Toronto), Assistant 
Professor. (Ext. 2702).

B.D. KAY, B.S.A., M.Sc. (Guelph), Ph.D. (Purdue), Professor and 
Coordinating Director of the Ontario Institute of 
Pedology. (Ext. 2447).

K.M. KING, B.S.A. (Toronto), M.S., Hi.D. (Wisconsin), Professor. 
(Resigned as O.I.P. Coordinating Director, July 1983). 
(Ext. 2787).

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

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

J.W. Greuel, B.Sc. (ftielph). Research Associate. Data Processing 
(Temporary contract position). (823-5700, Ext. 330)

E.P. TAYLOR, B.Sc. (Guelph). Research Associate. Forest pedology. 
(823-5700, Ext. 320, Guelph Agriculture Centre).

Cierical/Technical Staff

J.L. Cook, Data Clerk. (823-5700, Ext. 330 G.A.C.)
T.P. Hagerty, Research Technician. (823-5700, Ext. 236 G.A.C.)
R. Harkes, Research Technician. (823-5700, Ext. 330 G.A.C.)
S. Hipwell, Technician. (Ext. 8170)
A. McLennan, Cartographer. (Ext. 3364)
M. Ormond, Technician. (Ext. 8170)
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Soil resource inventories

Field Mapping
The field mapping program continued in the Regional 

Municipality of Niagara. At the end of the 1983 field season, 
approximately 50% of the area has been surveyed. Two preliminary 
soil maps (West-Lincoln Township and Grimsby and Lincoln Township) 
have now been published, and one is in preparation (Pelham-Thorold- 
Welland Area) and will be released in the summer of 1984.

Routine field mapping got underway in Elgin County (Bayham and 
S. Dorchester Townships) and the preliminary soil map for these 
areas will be released in 1984. Further field work in Elgin County 
has been suspended for a year until all field work in the Regional 
Municipality of Niagara is completed.

Map and Report Preparation
The final soil maps for the Regional Municipality of 

Haldimand-Norfolk have now been digitized and printed and will be 
available from the O.M.A.F. Communications Branch (Consumer 
Services) in the near future (late 1984). The final soils report 
for the area is nearing completion and will be printed in 1984.

The final soil maps for the Regional Municipality of 
Ottawa-Carleton have been submitted to the Cartography Section, 
land Resource Research Institute, Ottawa, for digitizing and 
printing. Work on the first draft of the final soils report is 
continuing, and it is anticipated that this will be completed in 
the spring of 1985- In order to meet the user’s need, preliminary 
agricultural capability ratings were completed and this information 
is now available on request and can be used with the three final 
preliminary maps for the region.

The soils map and report for Peterborough County has now been 
published and is available from the O.M.A.F. Communications Branch 
(Consumer Services).

The first draft copy of the soils report for Brant County is 
now complete. Final soil maps are in preparation and it is 
anticipated that these will be completed in 1985-

The soils report for Middlesex County was completed to first 
draft stage, as well as compilation of the soil map on the 1:50,000 
scale base for the eastern portion of the county. Completion of 
mapping in the western part of the county and soil sampling is 
underway during the 1984 field season.

Compilation of soils information for regions of northern 
Ontario is progressing with final maps being printed during the 
past year for Blind River - Sault Ste. Marie and Sudbury map 
sheets'. The map manuscripts for other areas in northern Ontario 
are in final stages of cartography, including Fort Frances - Rainy 
River, Dryden - ifenora, North Bay and Gogama map sheets, and will 
be available in 1984. All of these latter maps will be published 
with descriptive information on the map rather than in the format 
of a complete soils report.

Table 1: Status of Mapping Projects.

Projects Scale Status in 1983

Anticipated 
Hibiication 

Date

Peterborough
County

1:63,360 Soil report printed and 
available for distribu
tion.

——

R.M. Haldimand- 
Norfolk

1:25,000 Soil maps printed. Soil 
report ready for printing.

1984

Middlesex County 1:50,000 Map compilation, soils 
report at first draft 
stage.

1986

Brant County 1:25,000 Map compilation, report 
editing,

1986

R.M. Ottawa- 
Carleton

1:50,000 Preliminary soil maps (3) 
available. Final soil 
maps in cartography. 
Report in preparation.

1985

R.M. Niagara Soil inventory in pro
gress. Preliminary maps 
available (3).

1986/87

Elgin County Soil inventory commenced 
Preliminary Map (1) 
available in fall 1984,

1988

Thunder Bay 1:50,000 Soil maps printed. 1985
Map Sheet (52A) 1:250,000 Report in editing.

Table 1: Continued.

Projects

Anticipated 
Publication 

DateScale Status in 1983

Sault Ste. Marie- 
Blind River Map 
Sheets (41 J. 41K)

1:50,000 Soil maps printed 
1:250,000

—

Sudbury Map
Sheets (411)

1:50,000 Soil maps printed 
1:250,000

—

Kenora-Dryden 
Map Sheets 
(52E, 52F)

1:50,000 Final soil maps in
1:250,000 cartography- Extended 

legends complete.

1984

Fort Frances- 
Rainy River 
Map Sheets 
(520, 52D)

1:50,000 Final soil maps in 
1:250,000 cartography. Extended 

legends complete.

1984

North Bay Map 
Sheet (31L)

1:50,000 Final Soil maps in
1:250,000 cartography- Extended 

legends complete.

1984

Gogama Map
Sheet (41P)

1:50,000 Final Soil maps in 
1:250,000 cartography. Extended 

legends complete.

1984

Ville-Marie Map
Sheet (3IM)

1:50,000 Preliminary soil maps.
1:250,000 Soil report in prepara

tion.

1985

Timmins-Noranda 
Rouyn Map Sheet 
(42A)

1:50,000 Soil maps printed.
1:250,000 Report in progress.

1985

Cochrane-
Kapuskasing Map

1:50,000 Preliminary soil maps. 
1:250,000 Extended legends in

1986

Sheets (42H, 42G) preparation.

Availability of Soil Maps and Reports
For several years, serious problems have existed due to the 

unavailability of soil survey information in many areas of Ontario 
due to supplies of maps and reports being depleted and failure to 
reprint information at an adequate rate. Recently, numerous county 
soil maps have been reprinted to partially alleviate this problem. 
The county soil survey reports, however, have not been reprinted. 
In other areas, newly published information has improved 
information availability.

The following shows various categories of soil survey 
information which are now.available for southern Ontario counties 
and map sheets in northern Ontario.

Soil Maps
Blind River-Sault Ste. Marie (41J, 41K)
Bruce Ontario
Durham Peel
Elgin Perth
Essex Prince Edward
Glengarry Simcoe
Grey Sudbury (411)
Raidiraand-Norfoik Thunder Bay (52A)
Huron Timmins-Noranda Rouyn (42A)
Kent Welland
Lambton York

Soil Maps and Reports
Dufferin Northwestern Ontario
Dundas Northumberland
Frontenac Oxford
Grenville Renfrew
Halton Russell and Prescott
Hastings Soil Assoc, of Southern Ontario
Lanark Stormont
Leeds Victoria
Lennox and Addington Waterloo
Lincoln Wellington
Manitoulin Wentworth

Published information for the above areas is available from 
Consumer Information Services, 7th Floor, 801 Bay St., Toronto- 

In those areas of the province where soil surveys are 
currently underway, users are advised to consult the Institute of 
Pedology for access to the most recent unpublished information on 
the soil resources.36



Ontario soil maps and reports in preparation (1980).

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. 
Manuscript maps were prepared at a scale of 1:500,000 for southern 
Ontario (up to 46⁰H latitude) and are underway for northern regions 

latitude) at 1:1 million scale.
Each delineation is characterized by alpha-numeric codes 

identifying the distinguishing landscape parameters, as well as a 
unique number linking the delineation to an extended legend where 
additional information, such as drainage, calcareousness, land use, 
agricultural capability, ecoregion and forest site region, is 
given. Computerization of the map and legend information will 
allow for the generation of a wide range of single characteristic 
interpretative or derived maps based on the inherent properties of 
the soil landscape.

C. Acton, R. Harkes

Computer Assisted Data Management
The volume of data associated with soil resource inventories 

and soil research, necessitated the move away from a manual data 
management system to the University of Guelph mainframe computer 
several years ago. Although CanSIS provides a computerized data 
management system, it was a less desirable alternative as far as 
the management and editing of daily field and lab information, thus 
the decision to go with the University of Guelph mainframe. In 
1983) a further step in the evolution proceeded with the move to 
"in-house" micro-computers for most operational tasks. This move 
was necessitated due to the relocation of the Institute at the 
Guelph Agriculture Centre in 1983.

After a review of the software packages available and careful 
evaluation of current and future needs of the Institute, it was 
decided to purchase a data base management package, a graphics/ 
spreadsheet package, and for flexibility) two language packages. 
The variety of software available allowed a very smooth transition 
to the smaller capacity micro-computers. As well, some data 
analysis previously performed on the main-frame can now be 
conducted in-house.

The Institute has and will maintain a communications line with 
the University system as well as Datapac (to access CanSIS) for 
more sophisticated analysis of large data sets where the speed of 
the main-frame outweighs the cost-saving benefits of the 
micro-computer.

J.W. Greuel

Digitized Map Information
In the past the cartography unit, Land Resource Research 

Institute, Ottawa, was responsible for the digitizing and printing 
of the various soil map manuscripts for Ontario. Similarly, 
interpretive and derived maps were prepared by the same unit. 
However, with the recent purchase of a stand-alone-digitizer and 
plotter (plotsize up to 36" by 50"), the Institute will now be able 
to undertake both aspects of the map production program in-house. 
Since the software packages developed for the digitizer are 
compatible with those in use by the Cartography Unit, Ottawa, it 
will allow for the exchange of computerized map manuscripts between 
the Institute and Cartography Unit.

In addition to the digitizing capacity, the Institute is now 
able to generate "in-house" interpretations and computer derived 
maps. A thematic map overlay program will also enhance the 
pretyping of areas yet to be surveyed. By year’s end, the various 
software programs were thoroughly tested. With this new map 
production system it is anticipated that the Institute can speed-up 
its soil survey program, and also provide an improved service to 
the public by delivering the needed information directly. See 
Figure 1 for examples of digitized and computer derived maps.

B. Van den Broek

Soil Characterization Laboratory

The soil characterization laboratory, located in the Land 
Resource Science Building (University of Guelph) supports the 
ongoing soil inventory program and associated research on the 
classification and characterization of Chtario soils.

Over the years, the number of soil survey samples have 
steadily increased, and is now levelling at around 5,000 samples 
annually (See Figure 2). The analysis routinely run on samples 
are:
- Particle size distribution (PSD)
- Soil reaction (pH)
- Calcium carbonate equivalent (CaC03)
- Organic matter content (% OM)
A breakdown of these analysis is provided in Table 1 for the years 
1981-1983.
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Figure 1. A digitized soils map without the soil edits (1a) mode of deposition (1b) and poorly drained areas (1c) demonstrate the 
"fill-plot" capacity of the digitizing software.

Table 1: laboratory Analysis (1981-1983).

Year

Survey Research

PSD pH CaCO3 0M PSD pH CaCO3 OM

1981 2,025 2,007 764 1,630 368 152 53 87
1932 3,359 3,385 1,694 2,408 1,306 720 576 798
1983 3,107 3,142 812 2,400 2,051 1,303 1,120 1,402

Other chemical and physical analysis are provided on request. The 
results of the routine laboratory analysis are processed and stored 
in computer files at the Guelph Agriculture Centre.

B.K. Hohner

Water Table-Rainfall and Soil Temperature Observations

In areas such as the Regional Municipalities of Haldimand- 
Norfolk and Niagara, where active survey programs are underway, 
studies have been initiated to characterize the behaviour of 
perched water tables in relation to precipitation. Rainfall data 
was obtained from government operated climatic stations as well as 
from cooperators of the Soil and Crop Improvement Association in 
the two Regions. The watertable stations were selected at 
representative soil sites throughout both regions (39 stations in 
total). These sites are monitored every two weeks throughout the 
year. The watertable information is plotted against precipitation 
as in the example shown in Figure 3-

At the Vineland Research Station, soil temperature is 

Figure 2. Soil characterization lab output.

monitored every two weeks througnout tne year at various deptns, 
ranging from the surface to 80 cm. This information will be used 
to characterize the soil climate for these areas of tender fruit 
production.

Data of this nature is used to characterize representative 
soils of the region and to interpret the response of known soils to 
use and management. B.K. Hohner

Technical Assistance and Extension

The Ontario Waste Management Corporation is in the process of 
selecting potential locations for toxic waste disposal. The 
various consulting agencies that were involved in assessing 
possible locations for these facilities sought the advice and 
expertise of the Institute for the agricultural potential for the 
areas in question. This assistance was specifically needed for 
those areas where active soil surveys are underway and no 
interpretative information is generally available (i.e. the 
Regional Municipality of Niagara).

The Institute continued to provide advise to Union Gas 
regarding pipeline construction and land rehabilitation. 
Considerable input was given to the proposed Ontario Energy Board 
guidelines for pipeline construction in Ontario, as well as 
commenting on the proposed plans.

More attention is being given to general extension work. 
Emphasis is placed on the understanding of soil maps and their 
interpretation for specific uses. A preliminary tillage 
interpretation system was developed to assist extension personnel 
in promoting good soil management and soil conservation. Several 
"hands-on" workshops were conducted with great success. The 
Institute was also responsible for organizing the displays at the 
"Soils Today, Food Tomorrow" conference in Toronto. These displays 
are now frequently moved around the province to promote soil 
conservation.

B. Van den Broek
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Figure 3. Soil water table levels in relation to precipitation.

Forest Ecosystem Classification-Site Region 3E, Claybelt
The forest ecosystem classification (FEC) program continued on 

its fifth year in the Claybelt of northeastern Ontario. The 1983 
program included a pilot mapping project, technology transfer and 
the preparation and publication of a field guide. A demonstration 
mapping of Operational Groups was completed at a scale of 1:15,840 
for an area in Cochrane District. Field sampling procedures and 
methods for the interpretation of various sorts of remote sensing 
were evaluated and refined towards the objective of assessing the 
areal distribution of FEO Operational Groups and Black Spruce 
advance regeneration. This work has been presented in both map and 
tabular formats. All of this work has been oriented towards the 
development of survey procedures that can be incorporated easily 
into standard precut and postcut and/or operational forest 
inventory surveys which are normally conducted by government and 
forestry staff. A report "Techniques for mapping and interpreting 
the distribution of Black Spruce regeneration" (R.W. Arnup, Ontario 
Ministry of Natural Resources, Northern Region, Timmins) was 
completed and file copies produced.

Throughout the development of the Jbrest Ecosystem 
Classification program a number of technology transfer sessions 
were held with the field staff, from both government and industry, 
to ensure that they would understand and use the classification. 
The preliminary classification was tested and evaluated for 
operational application by several field foresters and technicians 
in 1982. In the spring of 1983 a field guide was published using 
waterproof plastic "paper" and a small ring binder format (Jones et 
al., 1983b). To date, seven, 3-4 day field courses have been held 
to train over 100 forestry staff in the use of the classification 
system. These courses have concentrated on the recognition of the 
plant indicator species, the recognition of important soil 
properties and the allocation of sites using the Operational Group 
key. Such modestly trained field staff allocate a site to its 
Operational Group with relative ease and repeatability within 2-3 
minutes. Thus the system is operational and government and 
industry forestry staff are now using the classification in pre-cut 
and post-cut assessment surveys and in the planning for 5-year 
operating areas. At recent forestry meetings, the use of the 
classification framework has improved the efficiency and 
effectiveness of communication among the field staff when they are 
discussing their silvicultural experiences.

At the request of the Northcentral and Northwestern Regions of 
the Ontario Ministry of Natural Resources, the extension of the 
Forest Ecosystem Classification program began throughout the 
forests west of the Claybelt in 1983.

R. Keith Jones

Forestry Interpretation Program in Southern Ontario

In 1990, the Chtario Institute of Jtedology, in consultation 
with the Ontario Ministry of Natural Resources conducted a 6 month 
pilot project to develop soil interpretations for forestry for a 
recently surveyed county (Haldimand-Norfolk) in southern Ontario. 
Following the data collection, the soil survey classes were 
interpreted using a Woodland Suitability approach similar to that 
used in the northeastern United States (Soil Conservation Service, 
1966). Towards the end of the study, a practical soil training 
course was provided for the local area foresters and technicians. 
Due to a favourable response to this work, a more comprehensive 4 
year program was proposed by the Institute and funded by the 
Ministry to include all of south-central and southwestern Ontario.

Beginning in 1981, the objectives of this expanded program 
were 1) to develop soil interpretations for forestry, emphasizing 
productivity, for the soil classes mapped in south-central and 
southwestern Ontario; 2) to develop site-soil correlations between 
site index and specific soil properties; and 3) to conduct 
practical training courses on the recognition and evaluation of 
important soil features. The first 3 years of the program have 
concentrated on data collection and soil training sessions. This 
final year of the program will be devoted to the analysis of the 
data, field testing of the results, preparation of a report and 
field glide and the final training of field staff.

Soil, site and stand data have been collected on a total of 
930 plots in both natural and plantation forests throughout the 
study area. Soil survey and Forest Resource Inventory maps were 
used to stratify the area and to ensure an adequate distribution of 
samples over the range of forest cover types and soil classes. 
Stands selected for sampling were even aged, between 30 and 70 
years old, fully stocked and relatively free of damage and disease. 
Species composition, basal area and stocking were measured in each 
stand, and height, age and diameter were recorded for all free 
growing and healthy trees of commercial importance. The species 
being studied are, for plantations: White Pine, Red Pine, White 
Spruce, Norway Spruce, White Cedar and European larch and for 
natural stands: Sugar Maple, Beech, White Ash, Green Ash, Silver 
Maple, Red Oak, Black Cherry, Basswood, Black Walnut, Bitternut 
Hickory, Shagbark Hickory and Tamarack. Site indices were 
determined from Ontario and U.S. lake States height over age growth 
curves. Soil and site features were described, sampled and 
analysed using standard soil survey procedures. All these data are 
now being compiled on computer files in preparation for analysis.

Our data analysis will initially be oriented towards the 
development of soil-site correlations between site index and 
individual soil and site features using multiple regression 
techniques similar to those applied in the U.S. Lake States by 
Carmean (1968, 1972). If significant and practical regression 
equations can be derived, they will be tested in the coming field 
season, modified where necessary, and presented in a simplified 
tabular format. We anticipate this information being used by the 
field staff for the on-site evaluation of species suitability for 
plantation establishment and the evaluation of which species to 
favour when tending plantations and natural stands. For the more 
general purpose of land capability assessment, land use planning 
and silvicultural planning, we will also be studying the 
relationship between the soil survey map unit components and 
stand/species productivity, plantation survival, and other 
associated silvicultural concerns.

One of the strongest aspects of our southern Ontario program 
has been the extension of the work to field staff. To date, about 
200 foresters and technicians have participated in 7 field courses 
aimed at improving their ability to recognize important soil 
properties, to make appropriate use of soil survey information and 
to link this knowledge with their current silvicultural practices. 
The response to these courses has been very favourable and, for 
southern Chtario, it has demonstrated the value of having a 
forestry-specific pedologist on staff with the soil survey program. 
We look forward to the final year of this program and are 
optimistic that our impending analyses will yield positive results 
with practical implications to forest management in southern 
Ontario.

E.P. Taylor and R.K. Jones
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Erosion Potential and Suspended Sediment Yield in the Grand 
River Watershed

Ety utilizing existing information from soil surveys, rainfall 
distribution records, and the generalized soil map of Ontario, the 
erosion potential and suspended sediment yield from non-point 
sources in the Grand River Watershed were calculated. Topography 
and soil texture were obtained from soil maps, whereas, cropping 
and land use information was based on Census Canada enumeration 
areas in the watershed. Erosion potential was determined by the 
Universal Soil loss Equation and the suspended sediment yield was 
calculated using a regression model (Wall et al., 1982).

Results indicated that length of slope and slope gradient had 
the greatest impact on the erosion potential. The regions of 
highest predicted erosion potential were the mid-western and 
mid-eastern portions of the watershed.

The suspended sediment yield was dependent upon the percentage 
of row crops and soil clay content. The greatest amount of 
sediment yield was predicted for areas south of Brantford.

The regions of suspended sediment yield did not coincide with 
the regions of high erosion potential. This is attributed to 
characteristics of the land surface (landform), as well as land 
management which affect the delivery of sediment to streams.

G.J. Wall and Beth Vaughan

Mapping Soil Erosion
Many soil erosion maps have emphasized potential soil loss by 

water erosion for an area, rather than the amount of soil loss 
which has already occurred. A remote sensing methodology was 
developed during the summer of 1983, by which eroded agricultural 
soils could be identified, categorized with respect to their 
severity, and mapped.

The methodology required the use of stereoscopic pairs of air 
photographs as an information source, and a photograph key to 
identify erosional features and indicators for the purpose of 
recognizing and delineating eroded areas. The key was developed 
for both false colour infrared and regular colour photos. The 
methodology was first developed to be used for detailed mapping at 
the scale of 1:4000. Intensive field sampling was carried out 
before and after the area was mapped. Eroded, non eroded and 
depositional areas were delineated on photographs of two separate 
fields in Wilmot Township, the Regional Municipality of Waterloo.

The methodology and photograph key were modified so that 
portions of Wilmot Touwnship could be mapped at a smaller scale 
(1;15,840). Moderately and severely eroded soils (CanSIS field 
manual, 1982) were combined into one class, for the purpose of 
identifying and delineating map units at this scale.

The map delineations were randomly sampled to verify whether 
or not the soils were eroded. A simple correlation analysis of the 
expected (mapped) and actual (field sampled) sites indicated that 
there was a 70^ correlation between expected eroded or non-eroded 
sites, and the actual condition of the sites. Approximately 15% of 
the agricultural land which was mapped in Wilmot Township appeared 
to be moderately to severely eroded.

I.J. Shelton and G.J. Wall

Soil Erosion Management by Rainfall Simulator
During the summer of 1983, a portable rainfall simulator was 

developed under the supervision of G.J. Wall, (Agriculture Canada); 
W.T. Dickinson and R. Pall, (School of Ehgineering); and D. Beals 
(Ontario Hydro, Toronto). The simulator was designed for the 
purpose of studying the affects of rainfall, on the generation of 
surface water runoff and on soil losses due to water erosion under 
various soil and field conditions.

The study consisted of three developmental stages. In the 
first stage, the primary objective was to create a simulator that 
could ba moved from site to site in the field, and that would 
consistently generate drops of sizes and intensities which are 
similar to those produced during natural storms. The basic 
component of the simulator that was developed is a single nozzle, 
which disperses the water pumped through it onto a metre by metre 
plot. laboratory calibrations indicate that there can be expected 
intensities of 2 cm, 3.5 cm and 5 cm/hr with an overall spray 
uniformity of greater than 90 percent on the plot surface.

The second phase consists of the establishment of standardized 
on-site tests, which can be replicated in the field, and laboratory 
procedures for the analysis of runoff water and sediments collected 
during the simulator experiments. In addition to tests of the 
simulator, the surrounding soil is described with respect to soil 
horizons, textures, structure, bulk density at depths of 0 to 3, 3 
to 10 and 10 to 20 cm, moisture content, permeability and soil 
strength measured by vane sheer at the surface. Factors which are 
measured from each simulated rainfall test are the volume of runoff 
water which flows off the plot, and the size of particles and 
aggregates moved off the plot by runoff and splash mechanisms.

While a limited number of simulator runs have been conducted at the 
University of Guelph for calibration purposes, more intensive field 
testing will proceed on various sites in the Niagara region in 
Conjunction with the soil survey program during the 1984 field 
season.

The third phase of the simulated rainfall studies will consist 
of an analysis of any data collected. One of the specific 
objectives of this phase is to attempt to develop an index of 
relative soil erodibilities for selected soil series in the Niagara 
region. Other analyses might examine which, if any, of the 
variables measured, could be used as an indicator of a soils 
inherent erodibility.

I.J. Shelton, R.W. Tossell and
B. Vaughan

Soil Erosion Potential Maps for Southern Ontario
The mapping of soil erosion potential for Southern Ontario was 

conducted at a scale of 1:250,000 and 1:500,000 using the Universal 
Soil Loss Equation. A generalized Soil landscape Map for Southern 
Ontario was employed as a base map utilizing soil textural 
information and slope gradient data. Cropping and land use 
information was obtained from Census Canada data, while rainfall 
data was calculated from long-terra rainfall records from numerous 
climatic stations in Southern Ontario and Northern United States.

It was intended that these maps be used initially to study 
potential soil erosion losses under existing cropping and 
management practices. In the future these maps will be used to 
compare potential problem areas, and to study the affect of 
manipulating cropping and management practices on potential erosion 
losses.

G.J. Wall and R.W. Tossell

Interpretation of Soil Information for Specialty Crop Production

Background
The Food Land Guidelines are a policy statement of the Ontario 

government which is directed toward the protection of our 
agricultural land base. In the policy statement, they recognize 
two major groupings of land: CLI Classes 1-4 and specialty crop 
lands. At the moment, there is little information available on 
soil requirements for many specialty crops, their yield potentials, 
or a method for evaluating land for specialty crop production. 
This information is of critical importance in agricultural land use 
planning, particularly in view of the forthcoming shifts in 
specialty crop production that are projected for Chtario.

This research project was designed to address the foregoing 
and falls under objective 2 of the O.M.A.P. Program 39 which 
states:
"To compare the potential productivity of lands to the needs for 
food and fibre by means of land evaluation methods, so that 
planners, politicians and land managers will be able to make 
well-informed decisions to ensure that lands crucial for the 
maintenance of a viable agri-food sector are retained for 
agricultural use."
Under this objective high-priority goals have been identified as 
follows:
- to determine actual and potential crop yields for speciality 

crops, particularly on; 1) soils with moisture deficits and 2) 
soils with an excess of moisture in the growing season

- to integrate the information on soil, climate, crop 
productivities and land use trends to measure the production 
capacity of lands, thus to identify future land use options and 
establish those areas of strategic importance to agriculture

- to assess the impacts on agricultural land needs of changes in 
crop productivity, land use conversion and food production goals, 
and to identify the conditions under which goals for food and 
fibre can or cannot be met-

Within the content of these objectives a specific project has 
been undertaken to determine the "relationship between soil 
moisture characteristics and tomato yields in southwestern 
Cntario". The objectives of this project are as follows: 
1. To validate a 'soil water retention model' for determining 

potential crop yields on specialty crop lands in Ontario.
2. To develop a method for assessing potential soil productivity on 

selected specialty crop lands.
3*  To assess the impact of farm management practices, such as 

irrigation and drainage, on the productive potential of 
specialty crop lands.

Methods
A soil water retention model has recently been developed for 

Chtario soils (McBride, R.A. 1982. Agronomic and Ehgineering 
Interpretations from Water Retention Data. Ih.D. Thesis, 
University of Guelph). The model uses a limited number of soil 
properties that would normally be measured in the course of a
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routine eoil survey to estimate the desorption curve of a soil from 
saturation to pF 4.2. The measurements, soil texture and bulk 
density, are used to predict the volumetric water content of a 
soil. This information, in conjunction with data on the level of 
the phreatic surface, can then be used to determine the extent of 
soil water deficiencies or surplus; the latter measures being 
directly correlated with crop yield. The model was validated 
against measured corn yields, as well as several other general 
field crops.

As an interpretive tool, the desportion model enables the user 
to evaluate many soil qualities which limit agricultural 
productivity through their influence on excess or deficit soil 
moisture availability. Since many of these soil qualities are 
designated as subclasses in the Canada Land Inventory system, 
regional guidelines have been established for Ontario to assess the 
C.L.I. agricultural capability classes based on predicted 
plant-available moisture and air-filled porosity. Simple land 
productivity regression models were developed to generate crop 
performance indices under variable climatic conditions. Many of 
the observed crop yield responses to soil degradation can also be 
partially explained by predicted changes in the soil water regime 
for plant growth.

This model not only provides an opportunity to more 
objectively assess anticipated yield responses on different soils 
but it also provides a means to assess the impact that different 
farm management practices such as drainage or irrigation might have 
on crop yield. The application of this procedure to speciality 
croplands is particularly appropriate in view of their often coarse 
sandy texture.

As a result of discussions with staff from the Ontario 
Institute of Pedology (0IP) and CHAP, it was decided to limit the 
study to processing tomatoes using the variety, Heinz 2653, in the 
Haldimand-Norfolk Region and the Kent/Essex County areas. Criteria 
for selection of the crop included: economic importance,-projected 
shifts in production requirements, availability of yield 
information and/or farm sites available for collection of yield 
data, and availability of background information on soil-plant 
requirements.

The selection of the Haldimand-Norfolk Region and the 
Kent/Essex County area for study is based on the current demand for 
soil survey Information in these areas and the need expressed by 
the 01P for baseline information for interpreting soil survey 
infomation for specialty crop production.

Daring the summer of 1983 eight test plots were Located at 
sites of variety/yield trials being conducted by federal and 
provincial research stations. At each site the following 
activities were undertaken:
1. Soil moisture access tubes were installed in tomato plots at 

locations throughout Southwestern Ontario: one at the Cambridge 
Agricultural Research Station; two at the Simcoe O.M.A.F. 
Research Station; three on sites set out by the O.M.A.F. 
Research Station at Ridgetown; one at the Agriculture Canada 
Harrow Research Station; and one at the Agriculture Canada 
Woodslee Sub-station.

2. Soil moisture was measured throughout the growing season with a 
neutron probe at the following times: once a week at Cambridge; 
once every two weeks at Simcoe; and once every two-three weeks 
at Ridgetown, Harrow and Woodslee.

3. The soil at each of the above plots was sampled. Disturbed 
samples of each horizon were taken to a 1 m depth for laboratory 
analyses (texture, pH-salt (CaCl2), CaC03, and organic matter). 
Likewise, 1 m undisturbed cores were taken for water retention 
analysis.

4. Information concerning climate, yield and crop management was 
collected for each site.

5. Data from a 4 year intensive irrigation trial (79-82) using 
processing tomatoes at Harrow Research Station were collected 
from Dr. C.S. Tan and analyzed.

Analyses
Data from these various sources are currently being analyzed 

as part of an M.Sc. program and should be completed for publication 
in the 1984 Progress Report.

P. Lopez, E.E. Mackintosh and
M. Brown

Mapping Surface Soil Variability and Investigating the Effects 
on Crop Reflectances Using Remotely Sensed Spectral Data

Differences in surface soil reflectances as recorded by 
remotely sensed spectral data are related to subsurface soil 
variability. The reflectances can be useful in delineating and 
describing soil mapping units. Variable soil reflectances 
influence the assessment of crop acreages at early dates in the 
growing season using remotely sensed spectral data. As well, the 
differences in the reflectances of soils and crops at later dates 
n the growing season can be used to delineate the extent of

Figure 1: Scattergram plot of reflectances of non-vegetated soils 
in visible and near-infrared wavelengths, showing means 
of regrouped cluster classes.

degraded soil under different cropping practices.
Digital reflectance data recorded by the Landsat-4 satellite’s 

multispectral scanner sensors (.40-1.0 pm), and an airborne 
Multi-spectral electro-optical imaging scanner (MUS II) 
(.46-13.00 μm), were collected of a 12,500 hectare area in Elgin 
County, Ontario during the 1983 growing season. False colour 
infrared aerial photography was also collected in April (1:10,000) 
and in mid-July (1:40,000). Ground observations of crop 
conditions, soil conditions and management factors were made 
following each cloud-free Landsat image acquisition. The latter 
comprised approximately 15 per cent of the potentially available 
imagery from April 16 to October 16, 1984.

Using the Iandsat-4 data and the ARIES II image analysis 
system, procedures for classifying and mapping the variable 
reflectance properties of soils were developed to assess the 
utility of the spectral data base and computer-aided image analyses 
for studies of soil variability.

As soil reflectances are a small component of an entire 
Landsat scene, (approximately 20 per cent of the entire range of 
reflectance), a uniform piecewise linear stretch enhancement of a 
May 18th Landsat image (when soils dominate reflectance) was run to 
enhance the soils component of the scene. A modification of the 
one pass atmospheric correction method described by Sabins (1978) 
was employed to remove diffuse light or haze from the subscene. 
The reflectances of bare soils were stratified on the basis of 
parent material type using digitized quaternary geology maps of the 
area. Uhsupervised clusters of the reflectances of bare soils in 
four wavelengths within each parent material type were generated, 
and then recombined into three main cluster classes (high, medium 
and low reflectance, Figure 1). A maximum likelihood 
classification of the imagery was run, using the three cluster 
classes generated above.

Differences in the reflectivity of non-vegetated soils were 
spectrally separable in an unsupervised signature generation and 
classification of bare soils only, on enhanced Landsat imagery. 
Classes of reflectance corresponded for the most part with soil 
drainage characteristics delineated on a soil map of the area.

Reflectances of soils developed on sandy parent materials were 
not significantly different (a = .10) from those of soils developed 
on clayey parent materials in three of the four wavelengths 
investigated (.50-.60 μm, .60-.70 μm and .80-1.10 μm). Differences 
between the reflectances of the two parent material types were 
significant in the .40-.50 μm wavelength (a = .10).

Spectral characteristics of anomalous reflectance classes 
within relatively uniform areas on the classified image were 
consistent with reflectance characteristics identified on the false 
colour infrared aerial photographs, and during field observations. 
This indicates the capability of these data for indentifying and 
quantifying inclusions (>80 meters in size) within mapping units.

A qualitative comparison of reflectances of variable and 
relatively uniformly reflecting of bare soils (May 18) and these 
same soils with early crop cover (June 26) was made. The 
coefficient of variation (CV) of reflectances of the early crop on
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variable soil was more than twice as high as the CV of the 
reflectance of the same crop on a more uniformly reflecting soil in 
the visible wavelengths (.40-.60 ^m). This was not the case in the 
infrared wavelengths where differences in the CV's of the 
reflectances of the two types of soils were very similar. These 
results indicate the considerable influence of variable soil 
reflectances on early crop reflectance and subsequent yield 
predictions.

A supervised classfication of the reflectances representing 
patchy areas in cropped fields on the July 15th imagery was made. 
Classified areas corresponded to areas of bare soils in cropped 
fields (due to ponding or erosion) noted in field observation and 
observable on aerial photos, irrespective of crop type. This 
Illustrates the utility of spectral data base for delineating and 

quantifying the extent of some types of severely degraded soils 
under different cropping practices.

The increased spectral and spatial resolution of MEIS II data 
allowed more detailed reflectance classification and required more 
attention to the variable reflectance properties of degraded 
soils.

Despite serious limitations due to unreliable data aquisition 
in unfavourable weather circumstances, and to variable atmospheric 
interference on the imagery, computer-aided analyses of spectral 
data appear to be an important, versatile and integral means of 
increasing the accuracy, efficiency and quality of soil mapping and 
agricultural monitoring methodologies in Ontario.

S. Nolan and R. Protz

Special publications

Preliminary Soils Information (available fran the O.I.P.)

Kingston, M.S. E.A. Wilson and M.E. Foran. 1934. Preliminary 
Soils of the fownXof Pelham and Thorold and the City of 
Welland in the Regional Municipality of Niagara, Southern 
Ontario. Ontario Institute of Pedology, Preliminary Map, 
P.25, scale 1:25,000.

Presant, E.W., E.A. Wilson, M.S. Kingston and M.E. Foran. 1985. 
Preliminary Soils of the Towns of Grimsby and Lincoln in the 
Regional Municipality of Niagara, Southern Ontario. Ontario 
Institute of Pedology, Preliminary Map, P.22, scale 1:25,000.

Published Soils Information
(available from Consumer Information Centre, O.M.A.F., Toronto)

■ Ontario Institute of Pedology. 1982. Soils of Sudbury Area, 
Ontario (411). Soil Survey Report No. 49- 
- Map 411, Sudbury, scale 1:250,000 
- .Map 411/1, Noelville, scale 1:50,000 
- Map 411/4, Whitefish Fhlls, scale 1:50,000 
- Map 411/5, Espanola, scale 1:50,000 
- Map 411/6, Copper Cliff, scale 1:50,000 
- Map 411/7, Coniston, scale 1:50,000 
-Map 411/8, Verner, scale 1:50,000 
- Map 411/10, Capreol, scale 1:50,000 
- Map 411/11, Chelmsford, scale 1:50,000 
- Map 411/15, Milnet, scale 1:50,000 
- Map 4-11/16, lake Temagami, scale 1:50,000

Gillespie, J.E. and C.J. Acton. 1981. Soils of Peterborough 
County. Boil Survey Report No. 45- Scale 1:65,560. Ontario 
Institute of Pedology, Publ. 81-1.

Ontario Institute of Pedology. 1981. Soils of Thunder Bey Area, 
Ontario (52A). Soil Survey Report No. 48*  
- Map 52A, Thunder Bay, scale 1:250,000 
- Map 52A/5, Jarvis River, scale 1:50,000 
- Map 52A/4, Pigeon River, scale 1:50,000 
- Map 52A/5, Kakabeka Falls, scale 1:50,000 
- Map 52A/6, Thunder flay, scale 1:50,000 
- Map 52A/1O, Loon, scale 1:50,000 
~ Map 52A/11, Onion lake, scale 1:50,000 
- Map 52A/12, Sunshine, scale 1:50,000 
- Map 52A/13, Earth, scale 1:50,000

Ontario Institute of Pedology. 1973. Soils of
Tiamins-tforanda-Rouyn Area, Chtario (52D-42A). Soil Survey
Report No. 46.
- Map 52D-42A, TIranins-Noranda-Rouyn, scale 1:250,000
- Map 42A/1, Kirkland lake, scale 1:50,000
- Map 42A/6, Timmins, scale 1:50,000
- Map 42A/9, Matheson, scale 1:50,000
- Map 42A/1O, Porquis Junction, scale 1:50,000
- Map 42A/11, Pamour, scale 1:50,000
- Map 42A/15, Iroquois Falls, scale 1:50,000

Ontario Institute of Pedology. 1985- Soils of Blind River - Sault 
Ste. Marie Area, Ontario (41J-41K). Report No. 50.
- Map 41J—41K, Blind River-Sault Ste. Marie, scale 1:250,000
- Map 41J/4-41K/1, St. Joseph Island, scale 1:50,000
- Map 41J/8, Whiskey lake, scale 1:50,000
- Map 41J/9, Madawanson, scale 1:50,000
- Map 41K/9, Sault Ste. Marie, scale 1:50,000
- Map 41K/10, Ue Parisienne, scale 1:50,000
- Map 41K/15, Pancake Bay, scale 1:50,000
- Map 41K/16, Searchmont, scale 1:50,000
- Map 41J/5-41K/8, Bruce Mines, scale 1:50,000
- Map 4U/6, Iron Bridge, scale 1:50,000
- Hap 41J/5, Dean lake, scale 1:50,000
- Map 41J/2, Algoma, scale 1:50,000
- Map 41J/1, Spanish, scale 1:50,000

Miscellaneous Publications
:: (books, refereed and non-refereed journals, reports, conference 

papers and abstracts)

Foran, M.E. 1984. Bibliography for Soil Conservation Practices. 
Ontario Institute of Pedology, Publ. 84-1.

Chtario Institute of Pedology. 1984*  Preliminary Agricultural 
Soil Capabilities for Common Field Crops in the Niagara 
Region. Ont. Inst, of Pedology, Publ. 84-2.

Pierpoint, G., R.K. Jones, J.K. Jeglum, G.K. Wickware and R.A. 
Arnup. 1984. Characteristics and Management Implications of 
Ecosystems with Boreal Hardwood Components in the Great 
Claybelt of Northern Ontario, Canada, IN Proceedings of the 
6th North American Forest Soils Conference, Knoxville, 
Tennessee. June 19-23, 1983. (in press)

Schut, L.W. and E.A. Wilson. 1984. Agricultural Capability 
Ratings and System of Classification for the Soils of the 
Ftegional Municipality of Ottawa-Carleton Excluding the Ottawa 
Urban Fringe. Ontario Institute of Pedology, Publ. 84-3*

Jones, R.K., G. Pierpoint, G.M. Wickware, J.K. Jeglum, R.W. Arnup 
and Xm. Bowles. 1983. Field Guide to Forest Ecosystem 
Classification for the Clay Belt Site Region 3e. Chtario 
Ministry of Natural Resources, Queen's Printer for Ontario. 
Toronto. 123 p.

Jones, R.K., G. Pierpoint, G.M. Wickware and J.K. Jeglum. 1983. A 
Classification and Ordination of Forest Ecosystems in the Clay 
Belt of Northeastern Ontario. p.SJ-96, IN R. Wein (ed.) 
Resources and Dynamics of the Boreal Zone. Proc. Thunder Bay, 
Chtario, Canada, 23-26 August 1982. Assoc. Can. Univ, for 
Northern Studies.

Mackintosh, E.E. and R.E. Garrett. 1983- Sfystems Concepts and the 
Development of Soil Genesis Models; A Review. Ontario 
Institute of Pedology, Publ. 83-1.

Mackintosh, E.E. and R.E. Garrett. 1983- Soil Survey 
Interpretation and Their Use in Land Evaluation. Ontario 
Institute of Pedology, Publ. 83-2.
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