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It is with a great deal of pride 
that I introduce the 1984 edition of 
the Department of land Resource 
Science (IRS) Progress Report. This 
report represents another milestone 
— the 30th anniversary of publishing 
a departmental Progress Report. The 
first Progress Report was edited by 
Dr. B.C. Matthews (currently 
president of our university) and it 
summarized the activities of the 
Soils Department in 1954. A quick 
review of that report illustrates that 
although major changes have 
occurred in teaching, research and 
service programs, the central mis
sion of the Department remains 
unaltered, i.e. promoting the most 
effective use of our land resources.
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= OUR PEOPLE

The activities of the students, staff 
and faculty in Land Resource 
Science are what this Progress 
Report is about — these activities 
also illustrate the degree of success 
that our department has achieved in 
the past year in fulfilling our 
mission.

The department was particularly 
honored this year when three of our 
people received significant awards. 
Terry Gillespie was given the Distin
guished University Professor Award 
for 1984. The award acknowledged 
Terry's impressive contribution to 
teaching programs, both in LRS and 
in the University. Sandy Brunsting 
was awarded the Bentley Award for 
the best paper presented by a 
graduate student at the annual 
meeting of the Canadian Society of 
Soil Science. Sue Ellen Shipitalo 
was a runner up for the Bentley 
Award.

Resignations and new appoint
ments provided the Department 
with moments of sadness, and 
opportunities to welcome new 
people — as is the case in any 
vibrant organization. The depart
ment regretted the decision of Ervin 
Mackintosh to resign effective 
September 1, 1984 in order to 
pursue a career full-time as a 
consultant in the land use planning 
area. "Mac" joined the faculty in 
1970 and has contributed signifi
cantly to our teaching and research 
programs. He will be remembered 
particularly for his role in the 
development of the Resources 
Management major. Dr. R.A. 
McBride joined the department on 
January 1, 1985 and will be picking 
up many of Mac's responsibilities. 
We look forward to Ray's enthusias
tic contribution in the application of 
soil science to agricultural land use 
planning.

The privatization of the provincial 
soil testing laboratory, effective 
September 1, 1984, resulted in 
several people, who were asso
ciated with the lab, leaving the 
department to take on new respon
sibilities. The department said 
goodbye to Robin McCutcheon, 
John Brown, Irene Becker and 
Lorrie Cosens. Gordon Fairchild 
entered a Ph.D. program in the 
department and Earl Gagnon 
retained his association with the 
plant analysis program which is 
evolving into a new Land Resources 
Analytical Services Program.

The Department also said good
bye to Maureen Ormond who 
resigned from her position in the 
soil characterization lab in order to 
travel abroad. Maureen has been 
replaced by Laurie Stahlbaum.

Faculty continue to be involved in 
activities outside of the department 
which complement the departmental 
programs and serve the needs of a 
greater community. Tom Bates, Eric 
Beauchamp and Dave Elrick con
tinued to be associated with 
editorial boards of different 
research journals. Les Thomas 
served as program chairman of the 
annual meeting of the Canadian 
Society of Soil Science and Murray

Miller completed his term as 
President of the Canadian Society of 
Soil Science. Murray Brown served 
as chairman of the World Metero- 
logical Organization Working Group 
on "The Application of Knowledge 
of the Effect of Climatic Variability 
in Agriculture." Les Evans was 
invited to spend three weeks as a 
Visiting Professor at Ain Shams 
University in Egypt. Pieter 
Groenevelt spent three weeks in 
Egypt and Israel as part of a team 
from the University of Guelph 
examining the feasibility of a co
operative development program in 
these countries.

Sabbatical leave took Peter 
Martini out of the department in 
1983/84 and Mike Brookfield in 
1984/85. Peter carried out extensive 
field studies in Italy, Finland, 
Sweden, Norway, India and 
Australia. Mike is carrying out most 
of his studies in India.
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=. TEACHING PROGRAM

A microcomputer laboratory for 
undergraduate teaching was formed 
in 1984. The laboratory will serve 
the needs of several of our under
graduate courses and will help us 
provide undergraduates with 
advanced skills in handling land 
mass information.

The department was fortunate in 
obtaining the services of Stephen 
Garrod to teach one of E.

Mackintosh's courses in the fall of 
1984 (Current Issues in Resources 
Management). Stephen is a local 
lawyer specializing in land use and 
environmental law and was able to 
bring a new and particularly 
valuable dimension to our 
Resources Management program.

Our undergraduate students 
continue to distinguish themselves 
as illustrated in scholarships and 
awards received. Four students 
(T. Pojasok. I. Attridge, T. Volk, 
J. Cooper) received prestigious 
Undergraduate Summer Research 
Awards from the Natural Sciences 
and Engineering Research Council 
(NSERC). Additional scholarships 
included: Soil Conservation Society 
of America Scholarships — Ian 
Attridge and Julia Cooper; Canada 
Packers Scholarship — Bev 
Brownlee; John A. Archibald 
Scholarship — Bev Brownlee; Lewis 
S. Johnson Scholarship — Ian 
Attridge; Class '05 Award — Ian 
Attridge; Robert Harcourt Scholar-

ships — Julia Cooper and Stella 
Thueman; Robert McCann Scholar
ship — Kathleen Zimmerman;
Wellington County Fish and Game 
Association Award — Ian Attridge; 
J. Ross Cavers International 
Scholarship — Julia Cooper; Frank 
E. Wolff International Scholarships 
— Kim Bolton; Gulf Oil (Canada) 
Limited Scholarship — Kathleen 
Zimmerman.

New graduate scholarships 
included: NSERC Awards — Jeff 
Baldock, Dean Barry, Michael 
Graham, Cameron Grant, Denis 
Angers, and Paul Hopps. Frank 
Morwick Scholarship — Cameron 
Grant; N.R. Richards Scholarship — 
Robert C. Hart; Soden Fellowship in 
Agriculture — Paul Hopps; Mary 
Edmund Williams Fellowship — 
Denis Augers, Jeff Baldock, Robert 
Brown and David Evans; Ontario 
Jockey Club Fellowship ~ David 
Davidson.

Graduate student enrolment in 
the department continues at an all 
time high. The quality of students 
remains high with 1/3 of the 
students fully supported by major 
scholarships such as NSERC. Another 
1/4 are on educational leave pro- 

»grams or supported by foreign 
■■governments.
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= RESEARCH

Many new projects were initiated 
in 1984. They reflect a research 
program which is vigorous and 
adapting to ihe environment 
external to the University. Three 
projects, in particular, illustrate the 
diversity in research projects being 
initiated within the broad mission of 
the department, i.e. making more 
effective use of land resources. 
Ward Chesworth has obtained 
extensive financial support, 
committed over three years, to 
develop "appropriate technology" 
to supply plant nutrients to small 
scale farms in Tanzania. The study 
will involve identifying low grade 
ore deposits, as well as developing 
and evaluating the technology 
whereby the ore can be crushed 
and used directly as a fertilizer 
source. Bob Sheard has obtained 
funding from a range of industrial 
and government sources to quantify 
the maximum yields of alfalfa 
which can be obtained in Southern 
Ontario when yields are not limited 
by nutrients or water supplies, soil 
physical conditions, weeds, plant 
pests or disease. Stewart Hilts has 
obtained funding from the Ontario 
Heritage Foundation to evaluate a 
landowner contact program. This 
program is designed to inform and 
educate land owners about signifi
cant natural heritage areas in their 
possession and encourage owners 
to protect them.

The total value of grants and con
tracts supporting research in Land 
Resource Science was $2,115,551 in 
1984. This represented $1,104,480 
from the Ontario Ministry of Agri
culture and $1,011,071 from other 
agencies. The latter agencies 
included NSERC, Fisheries and 
Environment Canada, Agriculture 
Canada, Employment and Immigra
tion Canada, Atomic Energy of 
Canada Ltd., Indian and Northern 
Affairs Canada, Ontario Ministry of 
Natural Resources, Cyanamid 
Canada Ltd., International Turf 
Grass Society, C.I.L. Inc., W.A. 
Cleary Corp., Ontario Turfgrass 
Foundation, the Ontario Racing 
Commission, the Royal Canadian 
Geographic Society and the Ontario 
Heritage Foundation. We appreciate 
very much the financial support 
which is provided to our programs 
by these agencies.

Additional details on research 
carried out in the Department are 
provided later in this report. Details 
on research projects are arranged in 
three groups: 1) Land Characteriza
tion, 2) Land Management and

3) Land Allocation and Planning. 
This grouping represents a depar
ture from the traditional groupings 
by discipline in the department in 
order to provide a more coherent 
illustration of how the disciplines of 
soil, geology, agrometerology and 
land use planning interact in 
solving major problems related to 
the use of land resources.
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=OUTREACH AND SERVICES

Outreach and service activities 
ranged from local to international 
in context in 1984.

The department was pleased to 
welcome three agrometeorological 
scientists from the Beijing Agricul
tural University, Beijing, China. This 
was part of an exchange program 
designed to upgrade the technical 
capabilities of staff of the Agro
meteorology Faculty at Beijing.

Dirk Tel offered a six week 
training program once again at the 
Institute of Tropical Agriculture at 
Ibaden, Nigeria. This course has 
been funded by the Canadian Inter
national Development Agency 
(Cl DA).

Ward Chesworth was invited by 
CIDA to evaluate the Geological 
Survey program in Nepal.

Terry Gillespie was asked to 
adapt research on weather and pest 
management to conditions in Brazil 
by adjusting technology to Brazilian 
conditions and providing a series of 
lectures on this topic.

At a provincial level Bob Sheard 
continued as Acting Extension Co
ordinator for the department. 
Greater attention is being paid to 
upgrading the skills of those per
sonnel in agribusiness who carry 
out extension activities in the 
province. One new initiative in this 
context was a Fertilizer Dealer's 
Soils and Plant Nutrition Information 
course which Bob organized with 

the assistance of the fertilizer 
industry.

Discussion between the 
University, Agriculture Canada and 
the Ontario Ministry of Agriculture 
and Food led to the signing of a 
new "Agreement" for the Ontario 
Institute of Pedology (OIP) in 
February, 1985. The "Agreement" 
formalizes the co-operative 
arrangement between the three 
agencies and provides a unique 
vehicle for co-ordinating the survey, 
interpretation and supporting 
research related to land inventory 
in Ontario. Personnel actively 
involved with the soil survey part of 
OIP are housed in the Guelph Agri
culture Centre on the north side of 
Guelph. This facility also includes 
the OIP Computer Laboratory. Most 
of the personnel involved in 
research as well as the Soil 
Characterization Laboratory and 
Cartography Laboratory continue to 
be located here in the Department.

OIP has continued to be heavily 
involved in extension-oriented 
activities. Exhibits outlining the role 
of soil inventory information in agri
cultural land use planning, tillage 
and erosion control have been 
prepared and displayed at several 
events.

The computing and data handling 
capability of OIP has been signifi
cantly enhanced through the 
acquisition of new hardware. OIP 
now possesses complete map 
digitizing capability.

Additional details on OIP are 
published in a separate OIP Progress 
Report. This represents a break with 
the previous tradition of publishing 
a joint LRS-OIP Progress Report. Per
sonnel in the Department will 
continue to play a very active role 
in OIP, however I believe a 
separate report provides greater 
visibility to the unique nature of 
OIP.
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E IN CLOSING

I would like to thank Andy 
McLennan and Kelly Beitz for the 
graphics and typing associated with 
preparing this report, I would also 
like to express my appreciation to 
Cameron Grant for editing the 
report and for his sense of humor in 
encouraging all of us to meet 
publication deadlines.

Specific details on many of our 
programs are outlined on the 
following pages. If further infor
mation is required I hope that you 
will feel free to call our Department 
or drop by in person. Visitors are 
welcome at any time. Comments on 
any aspect of our program are very 
much appreciated.

B.D. Kay 
Chairman.

Editor's Note: Thanks to Dave 
Rachar for proofreading the final 
copy. C.A. Grant
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• Faculty/Professional Staff
B.D. KAY, 8.S.A,, M.Sc. (Guelph), 

Ph.D, (Purdue), Professor and 
Chairman, Phys lea I-chemi cal
reactions In soils, dynamics 
of frost heaving, Influence 
of tillage and cropping prac
tices on soil structure.
(Ext, 2447-8)*,

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

T.E, BATES, B.S,A, (Toronto),
M.Sc, (North Carolina State), 
Ph.D, (Iowa State), Profes
sor, Fertilizer use and pre
diction of fertiIIzer re
quirements for field crops; 
micronutrient and metal 
availability; In charge of 
provincial soil testing lab
oratory, (Ext. 2452).

E.G. BEAUCHAMP, B.Sc.(Agr.), M.Sc. 
(McGI11), Ph.D. (Cornel I), 
Professor. Nitrogen In the 
soll/crop system; soll-plant 
relationships; fertilizers 
and plant nutrition, (Ext. 
3239).

R.A. BOURBONNIERE, B.A. (Massa
chusetts), M.S. (Michigan), 
Ph.D, (Michigan), Adjunct 
Professor, Organic geochem
istry.

M.E. BROOKFIELD, S.Sc. (Edin
burgh), Ph.D. (Reading), 
Associate Professor. Paleo
ecology, paleontology, strat
igraphy and tectonics. On 
Sabbatical Leave for period 
September 1, 1984 to March 
31, 1985. (Ext. 2654).

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

LIU CHEN (Associate Professor, 
AgrometeoroIogy, Beijing 
Agricultural University), 
Visiting Scholar for the 
period August 1 to October 
31, 1984.

W. CHESWORTH, B.Sc., M.Sc. (Man
chester), Ph.D. (McMaster), 
Professor, Geochemistry, 
petrology, mineralogy, geo
logical mapping. (Ext. 
2457).

B,E. CLOTHIER, B.Sc. (Canterbury), 
Ph.D. (Massey), Visiting 
Professor. Sol I physics, 
sol I water and solute flow, 
horticultural irrigation. 
Comp I eted term September 30, 
1984.

J. DE CATANZARO, B.Sc, (Carleton), 
M.Sc, (British Columbia), 
Ph.D, (Toronto), Post-doct
oral Fellow. Soil biology, 
sol I nitrogen transform
ations, (Ext. 3057).

DUAN, R, (Beijing Agricultural
University). Visiting Schol
ar for the period September 
1983 to August 1985. (Ext, 
2208).

D.E, ELRICK, B.S.A. (Toronto), 
M.S., Ph.D, (Wisconsin), 
Professor, Sol I physics; 
solute and water transport in 
soils. (Ext. 3758).

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

C.A. FITZGIBBON, B.A. (McMaster), 
M.Sc. (Saskatchewan), Teach
ing Associate. Soli science, 
resources planning and man
agement. (Ext. 3393),

T.J. GILLESPIE, B.Sc. (British 
Columbia), M.S.A. (Toronto), 
Ph.D. (Guelph), Professor. 
Relationship of plant diseas
es and pests to weather; 
computer model I Ing of sol I 
and air microclimates, (Ext. 
264 5).

W.A, GLOOSCHENKO, B.S. (Californ
ia, Berkeley), M.S. (Cali
fornia, Davis), Ph.D. (Ore
gon), Adjunct Professor. 
Vegetation ecology and geo
chemistry of wetlands.

P.H. GROENEVELT, M.Sc., Ph.D. 
(WagenIngen), Associate Pro
fessor. Applied soli phys
ics; erosion, soil structure, 
(Ext. 8748).

XIANG-LING HAN, (Professor, Agro
meteorology, Beijing Agri
cultural University), Visit
ing Scholar for the period 
August 1 to October 31, 
1984.

S,G, HILTS, B.A, (Western Ontar
io), M.A, (Toronto), Ph.D, 
(Toronto), Ass Istant Profes
sor, Joint appointment with 
University School of Rural 
Planning and Development, 
Natural resources management, 
environmental planning, land 
utilization, (Ext, 2702),

G.E. KIDD, B.A.Sc., M.A.Sc. (Wat
erloo), Professional Assist
ant, Electronic Instrument 
development; transport pro
cesses within and above plant 
canopies, (Ext. 3434).

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

J.T. KOCH, B.Sc, (Natal), M.Sc. 
Agric. (Natal), Ph.D. 
(Guelph), Post-doctoral Re
search Associate, Radionuc
lide transport in organic 
soils. (Ext. 2489).

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

H, LIU, (Associate Professor, 
Agrometeorology, Beijing 
Agricultural University), 
Visiting Scholar. Completed 
term September 21, 1984.

E.E, MACKINTOSH, B.S.A. (Saskat
chewan), M.Sc, (British 
Columbia), Ph.D. (Adelaide), 
Associate Professor. Half- 
tlme appointment. Soil sur
vey Interpretations; soils 
and land planning. Resigned 
August 31, 1984.

B.C. MATTHEWS, B.S.A. (Toronto), 
A.M. (Mlssourl), Ph.D. (Cor
nell), O.U, (Sherbrooke), 
L.L.O. (Waterloo), Professor. 
Soil chemistry. President 
and Vice-Chancellor, (Ext, 
2200).

H. MARTIN, B.Sc.(Agr.) (Guelph), 
Crops Specialist, Plant 
Industry Branch, Ontario 
Ministry of Agriculture and 
Food, Transferred September 
1, 1984.

Personnel and Interests
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I,P. MARTINI, Doct, Geol. Sc I. 
(Florence), Ph.D, (McMaster), 
Professor. SedIments and 
sedimentary rocks, sedIment- 
o * ogy> glacial and p I e 1sto- 
cene geology. On Research 
Leave for period October 1983 
to April 1984. (Ext. 2488),

R. McBRIDE, B.Sc., Ph.D. (Guelph), 
Assistant Professor, Sol I 
science and agricultural land 
use planning. Commenced 
duties January 1, 1985.
(Ext. 2492).

M.H, MILLER, 8,S.A. (Toronto), 
M.S,, Ph.D. (Purdue), Pro
fessor, Soil fertility, 
plant nutrition and land 
productivity*  On Sabbatical 
Leave for period September 1, 
1983 to March 31, 1984,
(Ext. 2482).

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

R, PROTZ, B.S.A., M.S, (Saskatche
wan), Ph.D. (Iowa State), 
Professor. Soil genesis and 
classification; soil varia
bility; soil clay mineralogy; 
mapping techniques and sol I 
landform re I at IonshIps. 
(Ext. 2481).

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

R.W. SHEARD, B.S.A. (Saskatche
wan), M.S.A, (Toronto), Ph.D. 
(Cornell), Professor and 
Co-ordinator of Extension 
Activities. Harvest manage
ment 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. (Alber
ta), Ph.D. (Ohio State),
Professor, The chemical
characterization and reac
tions of soil organic matter. 
(Ext. 2459).

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

H.P. VAN STRAATEN, Dipl. Geol., 
Dr, rer, nat (Geoettlngen, 
Germany), Research Associate, 
Geology, mineral exploration, 
agrogeotogy In East Africa, 
Three year appointment 
January 1, 1985 to December 
31, 1987. (Ext. 2454.)

T.J. VYN, B.Sc,(Agr.), M.Sc. 
(Guelph), Lecturer, Joint 
appointment with Department 
of Crop Science. Soil till
age and crop rotations. 
Resigned from Land Resource 
Science on June 30, 1984.

G.K. WALKER, B.Sc, (Reading), 
M.Sc. (Sask.), Ph.D. (Cali
fornia), Research Scientist, 
Land productivity modelling. 
Resigned March 15, 1985.

J.D, WlLSON, B.Sc, (Canterbury), 
M.Sc. (Alberta), Ph.D. 
(Guelph), Assistant Profes
sor. Micrometeorology, (Ext, 
2487).

• Clerical Staff
P,E, Beirnes, Administrative 

Secretary, (Ext, 2448)
K. M. Be Itz, Stenographer. (Ext. 

2455)
L. Bissell, Clerk. (Ext. 2661)
D, Brenner, Stenographer, (Ext, 

2455)
J.L. Cook, Clerk. (823-5700 Ext. 

330)
S. Henry, Stenographer. (Ext, 

2455)
M,J, Metcalf, Stenographer 

(part-time), (Ext, 2455)
F, I. Peer, Stenographer (part- 

time). (Ext, 2455)

• Technical Staff
V, Alder, B.Sc. Agr. (Guelph), 

Technician. Availability of 
legume nitrogen plowdown to 
succeeding crop; lab anal
yses. (Ext. 8157). Com
menced duties January 1,
1985.

N. Baumgartner, Assoc, 01 pl, Agr. 
(Guelph), Teaching and Labor
atory Technician. Soil 
physics. (Ext. 8556).

J.F, Brown, Technician. Soil 
testing operations, (Ext.
2494), Transferred to Micro- 
b I ol ogy , September 1, 1984.

J,C, Bryant, Assoc, Dipl, Agr, 
(Guelph), Technician, Soil 
management and ptant nutri
tion; equipment modification 
for field plot research, 
(Ext. 2494).

S, Cho-Wing, B.Sc. Agr, (Guelph), 
Technician, Soil testing
operations. (Ext, 2494).
Resigned August 31, 1984.

L, Cosens, B.Sc. (Guelph), Tech
nician, Plant analysis. 
(Ext, 2494), Resigned 
September 30, 1984.
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E.L, Dickson, Dipl, Chern. Tech.
(St. Clair, C.A.A.T.), Tech
nician. Erosion research 
plot work and data analysis; 
analytical lab work; soil and 
plant analysis, (Ext, 
302 5).

M.R, Evans, B.Sc. (Waterloo), 
Technician. Supervisor of 
undergraduate microcomputer 
lab; computer programming and 
data analysis. (Ext, 2458).

G.L. Fairchild, B.Sc. Agr., M.Sc, 
(McGIII), Technician. Sol I 
testlng/plant analysis lab 
research; soli fertility and 
plant nutrition. (Ext. 
2494), Resigned from techni
cal staff August 30, 1984.

J.A. Ferguson, Assoc. Dipl, Agr. 
(Guelph), Technician. Soli 
management and plant nutri
tion; computer analysis of 
data. (Ext. 2491).

J. Fischer, B.Sc. Agr, (Guelph), 
Technician. Remote sensing, 
(Ext, 8175), Resigned April 
1 5, 1985.

E.F, Gagnon, Assoc, Dipl, Agr. 
(Guelph), Technician. Super
visor of plant analysis lab
oratory; sol I testing. (Ext, 
2494).

J, Greuel, Programmer/AnaIyst. 
Supervisor of computer labor
atory, 0.I.P. Resigned 
February 8, 1985.

S.E. Hi pwelI, Dipl. Lab*  Tech. 
(Seneca, C.A.A.T,), Techni
cian, Soil testing and clas
sification, (Ext, 8170 or 
3364).

D.E, Irvine, Chartered Cart. (Ont, 
Inst. Ch, Cart.), Technician, 
Cartography, graphical 
design, publ (cations, photo
graphy, (Ext, 3364),

R. Kelly, B.Sc,, M.Sc. (Guelph), 
Technician. Engineering and 
resource geology; analysis of 
sediments. (Ext. 2654).

J. Kwong, B.Sc. (London), M.Sc. 
(Leeds), Technician. Engin
eering and resource geology; 
analysis of sediments. (Ext, 
2654).

J. Lovcanin, B.Sc, Agr, (Belgrad), 
Technician. Plant nutrition 
and physiology lab and field 
experiments. (Ext, 8157).

R.L, McCutcheon, B.Sc. (Guelph), 
Technician. Plant analysis. 
(Ext, 2494), Transferred to 
Microbiology September 1, 
1984.

J.A, McLennan, Assoc, Cart, (Ont. 
Inst. Ch. Cart.), Technician, 
Graphic design and commercial 
art. (Ext. 3364).

T. Moul I, B.Sc. Agr, (Guelph), 
Technician. Landowner con
tact project co-ordinator. 
(Ext, 8329). Commenced 
duties October 10, 1984,

N, Murray, B.Sc. (Guelph), Tech
nician. Limitations to yield 
of corn, lab and field 
research. (Ext. 2496),

P. Newdick, B.Sc. Agr. (Guelph), 
Technician. Weather records; 
field research, Instrumenta
tion; computer programming 
and simulation modelling, 
(Ext. 2458), Resigned April 
15, 1985,

S, Nolan, B.Sc. (Waterloo), Tech
nician. Remote sensing. 
(Ext. 8175), Resigned August 
15, 1984.

M.E, Ormond, B.A., B.Sc, (Guelph), 
Technician. Soli testing and 
classification. (Ext. 8170). 
Resigned October 10, 1984.

L, Prong, B.Sc. Agr. (Guelph), 
Technician. Tillage and crop 
rotation research. (Ext. 
3025), Resigned February 21, 
1985.

D. Rachar, B.Sc,, M.Sc. (Guelph), 
Technician, Soli microbiol
ogy, soil structure; soll- 
plant relations; microbial 
ecology; microcomputers, 
(Ext. 8157).

S» Sadura, B.Sc. Agr, (Guelph), 
Teaching and laboratory tech
nician. Sedimentology field 
research, petrography. (Ext. 
3393).

P, Smith, B.A. (Guelph), Techni
cian. Geochemistry and min
eralogy; expertise in chemi
cal analysis, X-ray diffrac
tion auto analysis, atomic 
adsorption spectrophotometry. 
(Ext. 8175).

L,A. Stahlbaum, Technician. Sol I 
testing and classification. 
(Ext. 8170), Commenced 
duties November 26, 1984,

R.E. Sweetman, Dipl, Elec, Eng, 
(R.E.T.S., Detroit), Techni
cian, Electronic data 
systems; electronic Instru
ments; computers; plot work, 
(Ext. 2208).

G, Taylor, Assoc. Dipl, Agr. 
(Guelph), Technician, Soil 
management field and lab 
research, (Ext. 2491).

0, Tel, DI pl, Agr. (Oldenkerk), 
Dipl, Agr. (Gromlngen), Tech
nician, Supervisor of the 
Research Analytical Labora
tory; expertise in soil, 
plant and water analyses, 
Iaboratory management and 
planning. International 
experience In teaching and 
laboratory supervision 
(Niger la). (Ext, 3507),

W,G. WlIson, B.Sc. Agr. (Guelph), 
Technician. Soli chemistry 
and clay mineralogy; analyt
ical chemistry. X-ray tech
nology (Ext, 8175).
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Extension Activities

R.W, Sheard

Extension activities in Land 
Resource Science continued to 
occupy in excess of one man year 
of time (Table 1), These activi
ties were designed to Inform the 
agricultural producer and others 
of, not only of the most recent, 
but also established technology 
about the many uses of soiIs, 
fertiIizer and general crop pro
duction. Significantly less time 
was spent in 1984 on consultation 
regarding fertilizer use, however, 
increased time was allocated to 
writing and other activities such 
as providing guidance to O.M.A.F, 
extension personnel in their pro
grams.

In November, 1984, a conser
vation workshop Involving 50 
farmers, agribusiness and exten
sion people was convened to chart 
a program for conservation exten
sion in Ontario. The area of 
conservation was further high
lighted by the publication of the 
December Issue of Notes In Agri
culture entitled "Sustainable Soil 
Productivity ... Barriers and 
Solutions".

The desire of the agricultur
al Industry for the latest tech
nology Is Illustrated in several 
ways. The Fertilizer Dealer 
Information Seminar was oversub
scribed with 40 fertilizer dealers 

taking part in the two-day course. 
Several faculty members partici
pated in other courses, confer
ences and tours. Attendance at 
these events ranged as high as 350 
for the Eastern Ontario Farmers 
Week at Kemptv 11 Ie and 1700 at the 
one-day Pioneer Seeds Inc. summer 
tour.

Commencing Apr 11 1, 1985, 
Prof. Gary Kachanoskl has assumed 
the responsibilities of extension 
co-ord I nator for the department. 
He wl11 continue to be assisted by 
the many faculty members who each 
contributed ten percent or greater 
of their time to extension in 
1984B

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

Tot.
Type of Extension Involvement

Courses, Conferences, etc.

a 1 Extenslor 
Days

■ 20.0

i % of Total
Extension Effort

6.5
Continuing Education 9.6 3.1
Tours 16.4 5.3
Consultation 86.6 28.0
Talks/Speeches 30.0 9.7
PublIcatlons 67.6 21.8
Radio, TV and exhibits 3.0 0.9
Publ1c Relations 33.8 10.9
Other Activities 42.4 13.8

Tota 1 309.4 100.0

*Represents 1.4 man-years 8 220 days/year.
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• Land Characterization
LOWER ATMOSPHERE

Faculty Title of Project Funding Agency

D.M. Brown Characteristics of droughts Atmospheric Environment
and their effects on field Services 
crop yields In Southern Ontario O.M.A.F,

D.M. Brown Observation, compilation and O.M.A.F.
T.J. Gillespie analysis of current and past
K.M. King weather records

T.J. Gillespie Estimation of surface wetness N.S.E.R.C.
duration from weather data

K.M. King Design Implementation of CO- Environment Canada
flux measurements

G.W. Thur tel I Turbulent transport Environment Canada

G.W. Thurtel I Sol l-plant-atmosphere N.S.E.R.C.

J.D, Wilson Flow through a shelter belt N.S.E.R.C.

SOILS AND SEDIMENTS
M.E. Brookfield Mesozoic evolution of the N.S.E.R.C.

HI ma Iayas

W. Chesworth Geochemistry of weathering N.S.E.R.C.

W. Chesworth The fundamental chemistry and Atomic Energy of
mineralogy of podzolIzatlon Canada Ltd.

D.E. Elrlck Transport phenomena In natural N.S.E.R.C.
porous media

D.E. Elrlck Water and chemical transport O.M.A.F.
in soils

L.J. Evans Boron In Ontario soils O.M.A.F.

L.J, Evans The geochemistry of podzolic N.S.E.R.C.
soil solutions

P.H, Groenevelt Non-polnt pollution of the Agriculture Canada
W.T, Dickinson Great Lakes

B.D, Kay Quant! tat Ive character i zat ion N.S.E.R.C,
of heat, water and solute 
transport In freezing soils

B.D. Kay Development of methodology to O.M.A.F,
P.H, Groenevelt characterize some physical 

properties of soils under 
different tillage treatments

J.T, Koch The transport of nuclides Atomic Energy of
B.D, Kay through organic soils: Canada Ltd,

Transport mechanisms and the 
Impact of ground freezing

List of active research projects
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I.P. Martini Effects of river Ice on N.S.E.R.C. (Northern
sediment transport Supplement)

I.P. Martini Quantitative analysis of sands N.S.E.R.C.
and sandstones

R. Protz Evaluation of airborne multi- Agriculture Canada
spectral electrical-optical 
Imaging scanner (MEIS) and 
Landsat Thematic Mapper data 
for detailed soil surveys

R. Protz Mlcropedologle characterization O.M.A.F,
of the major soil types In 
Ontar Io

R. Protz Rate of podzolic sol! formation N.S.E.R.C.
near southern James Bay

R. Protz Remote sensing for soli survey, O.M.A.F.
land use limitations and crop 
yield prediction In Southern 
Ontario

R, Protz Solis criteria and class limits O.M.A.F.
for soil classification

R.L. Thomas Study of organic constituents N.S.E.R.C. 
In stable soil micro-aaareaates

• Land Management
T, E. Bates Development and evaluation of O.M.A.F, 

methods for prediction of N.S.E.R.C.
macro- and micronutrient 
requirements of crops

T, E. Bates Mata I uptake from soils N.S.E.R.C.

T. E, Bates Use of sewage sludge on O.M.A.F.
agricultural land with 
emphasis on plant availability 
of heavy metals

E.G, Beauchamp Denitrification In soils N.S.E.R.C.

E.G. Beauchamp Spring and winter canola Canada Council of Ontario
D, Hume management systems for Ontario
(Crop Science)

D.M, Brown Assessment of the potential for O.M.A.F. 
Increasing yields of field corn 
with Irrigation

W. Chesworth The Guelph-Morogoro (Tanzania) International Development 
P. Van Straaten Agrogeology project Research Centre

D.E, Elrlck Management of soil physical N.S.E.R.C.
B.D, Kay conditions under Intensive O.M.A.F,
J.W. Ketcheson corn cultivation
R. Protz 
R.L. Thomas 
P.H. Groenovelt 
T.J. Vyn and 
T.B. Daynard 
(Crop Science) 
W.T, Dickinson 
and J.H.A. Lee 
(Engineering) 
D,P, Stonehouse 
(Agr. Econ.)

T.J. Gillespie Meteorological aspects of O.M.A.F,
J.C. Sutton Integrated pest control O.M.E.
(Env. Biol.)
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P,H. Groenevelt Effect of erosion on soil O.M.A.F,
properties and corn yield

P.H, Groenevelt Mechanisms of phosphorus International Joint
transport from agricultural Commission
land to open waters

P.H. Groenevelt Physical properties of soils N.S.E.R.C, 
under Intensive cultivation

P.H. Groenevelt Soil compaction problems In Research Board, U. of G 
Ontario

K.M, King Effects of C0„ enhancement on N.S.E.R.C.
crop growth Z

M.H. Miller Modifying soil plant environ- N.S.E.R.C.
G.K. Walker ment to maximize yield
M. Tollenaar potential of maize
(Crop Science)
G.W. Thurtel I
O.M, Brown

M.H, Miller Reactions at the soil-root N.S.E.R.C. 
Interface and their signifi
cance In plant nutrition

M.H. Miller Fert 11 ity requ irements for N.S.E.R.C.
W.A, Mitchell maximum corn yield at Elora O.M.A.F,

M.H. Miller Maximum corn yield at Elora, Foundation for Agron.
W.A. Mitchell Ontario Research, Atlanta, GA

O.M.A.F.

R.W. Sheard A maximum alfalfa yield project O.M.A.F, 
for Ontario Pioneer Seeds Inc,

Potash Corp of Sask, 
International Minerals 

and ChemicaIs
Phosphate-Potash Inst, 
Fertilizer Institute of 

Ontar Io

R.W. Sheard Soil management for turfgrass O.M.A.F. 
production Canadian Industries Ltd,

Ontario Racing Commission 
Ontario Turf Research

Foundation

R.W, Sheard Forage systems as nitrogen N.S.E.R.C,
sources in crop production O.M.A.F,

R.W. Sheard Phosphorus and potassium O.M.A.F,
requirements for alfalfa 
production

R.W. Sheard Interactions of soil drainage, O.M.A.F.
species and plant nutrition

R.W, Sheard Soil Test calibration for O.M.A.F.
major field crops

• Land Allocation and Planning
S.G. Hilts Landowner contact system Ontario Heritage

Foundation

S.G, Hilts Local level agricultural O.M.A.F.
M.H, Miller land evaluation systems
D,M. Brown
T.J, GiIlesple

S.G, Hilts So I I-vegetation relationships Undergraduate Student 
in the wetlands of Southern Scholarships from
Ontario N.S.E.R.C, and the

Royal Canadian 
Geographical Society



• Land Characterization Studies
LOWER ATMOSPHERE /

Estimating outdoor thermal comfort using a cylindrical radiation thermometer and an 
energy budget model
R.D. Brown & T.J, Gillespie

The traditional goal of human 
thermal comfort has been to create 
comfortable Indoor climates. 
Studies on outdoor climates, how
ever, have mainly emphasized con
ditions causing stress rather than 
evoking comfort. A study was 
therefore undertaken to model the 
comp Iete energy ba lance of a 
person In an outdoor environment.

The model (called COMFA) has 

the unique character I stic of 
requiring the simultaneous satis
faction of four criteria for com
fort from the Iiterature: a) a 
comfortable perspiration rate; 
b) a comfortable core body temper
ature; c) a comfortable skin tem
perature, and d) a near-zero 
energy budget. A cylindrical 
modification of the globe thermo
meter has been deveI oped for use 
as a simple monitor of outdoor 

radiation absorption for a person, 
and the effect of windspeed on the 
thermal resistance of clothing is 
considered. Results show a corre
lation coefficient of .91 between 
model output and subjective com
fort ratings of 59 different situ
ations with a variety of tempera
tures, insolations and wind
speed s|

Estimating crop top microclimate from weather station data using physically-based 
models
R,D. Brown and T.J. Gillespie

Crop top microclimate data Is 
often required In studies in plant 
pathology, entomology and agricul
tural meteorology. It Is often 
not possible or practical to 
obtain these data from on-site 
monitoring. A study has therefore 
been undertaken to develop an 
Integrative system of physically- 
based mathematical models to 
determine the temperature (T) and 
wind (u) at the top of a mature 
corn crop using data recorded at a 
nearby weather station as Input.

The basic concept In model
ling Is to derive the profiles of 
T and u above the weather station 
up to the maximum height at which 
profile theory holds (~0.1 x PBL). 
Horizontal homogeneity Is assumed 
at this height and these derived 
values are used as Inputs to pro
files over the corn field. Pro
files of T and u are then gener
ated down to the top of the corn 
field using estimated values for 
rough ness and sens IbIe heat f I ux 
for corn.

Two days of hourly data, one 
representing a sunny, moderately 
windy day, the other representing 
a cloudy, windy day, were tested. 
Estimated values had a good agree
ment with measured values of T and 
u with standard errors of estimate 
(S.E.E.) of 0.36’C and 0.12 ms-1 
respectively. Maximum errors were 
1,5°C and 0,4 ms"^B

Water uptake efficiency of corn roots
M.E.D. Graham and G.W, ThurtelI

Recent work at Guelph has 
shown very high crop growth rates 
for corn grown hydroponically in 
the field at spacings to give high 
plant populations (80,000 plants 
ha”l), These growth rates are 
much higher than normally found in 
soli grown plants (Tollenaar and 
Mlgus, 1984), In 1984 dry matter 
production of hydroponically grown 
plants was higher than plants 
growing in an adjacent plot of 
well fertilized and irrigated 
sandy soil. As yet there has been 
no Information forthcoming In 
terms of fertilizer treatment, 
obvious water stress, or other 
gross climatological or ecological 
features to satisfactorily explain 
these yield differences. As far 
as can be ascertained there are, 
at least in the case of hydropon
ically versus sol I-grown plants,

no biologically significant dif
ferences in the aboveground light 
regime, temperature and wind. If 
the yield differences are related 
to environment, these environment
al di fferences must be under
ground, Measurements have already 
shown that temperature differences 
between the sol I and the hydro- 
ponic support med la will not 
exp lain the d i fferences In dry 
matter production. However, that 
differences In the size, vigor, 
and general effectiveness of the 
root systems exist cannot be ruled 
out. It is because these differ
ences are difficult to detect by 
physical Inspection of the roots 
that this study was undertaken.

The most easily measured and 
controlled function of the root 
system Is that of water uptake. 

The amount of water that can be 
taken up by a root system i n a 
given amount of time Is dependent 
not only on the size of the root, 
but also on its degree of contact 
with the soil, the hydraulic prop
erties of the soil, the hydraulic 
resistance of the root Itself and 
the demand for water by the aerial 
parts of the plant. The experi
mental apparatus described here is 
designed to alter the aerial 
environment of the plant, thereby 
altering the demand for water. 
There Is evidence that the water 
potential of the shoots of plants 
grown In the field is normally 
very close to the value at which 
the stomates begin to close 
(Livingston, 1980). Presumably 
the stomates do close whenever the 
demand for water by the shoot 
exceeds the supply by the roots, 
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and this closure would result in a 
reduction In photo synthesis. 
This experiment Is based on the 
hypothesis that stomatai closure 
does occur whenever the demand for 
water by the shoot Is sufficiently 
large. This level of demand Is 
expected to occur relatively often 
In the natural environment even 
under well watered conditions and 
In addition, the plants that 
experience this temporary water 
stress at lower demand levels are 
expected to be the ones that 
exhibit the lower yield.

The apparatus required to 
perform this experiment consists 
of a clear polycarbonate chamber 
(240 x 30 x 50 cm) designed to 
seal around the stem of a ful I 
grown plant. Air Is circulated In 
a closed circuit through the cham
ber and across a water-to-alr heat 
exchanger. The water In this heat 
exchanger Is recirculated In a 
closed circuit to an outside heat 
exchanger; this cooling system 
allows maintenance of the temper
ature Inside the chamber close to 
that outside, without the bulk of 
a refrigeration unit. A portion 
of the air which passes the Inside 
heat exchanger Is diverted into a 
second sma11er chamber containing 

a column of drying agent (calcium 
sulphate) placed on an electronic 
ba Iance. Airflow through the 
column Is maintained by a small 
variable-speed fan. Carbon diox
ide concentration within the cham
ber Is maintained by an electronic 
mass-flow controller. Both CC^ 
and water vapor concentration are 
measured approximately every 15 
seconds by an Infared Gas 
Analyzer. The output of this 
analyzer Is fed Into a data aqul- 
sltlon and control system which 
provides a feedback signal to the 
mass-flow controller and the vari
able speed fan. This signal Is 
proportional to the difference 
between the des I red and actual 
concentrations. Transpiration Is 
determined by changes In the 
weight of the drying agent, and 
photosynthesis from the flow rate 
of CO2 required to maintain con
stant concentration. The system 
Is also Instrumented to measure 
leaf and air temperature, and 
photosynthetically active radia
tion, With this apparatus accur
ate determinations of transpira
tion and photosynthesis can be 
obtained over a range of leaf-to- 
alr vapour pressure gradients from 
approximately 5 to 30 millibars.

Two of these systems are 
presently In operation, and under
going testing and final adjustment 
prior to the coming growing 
season. Preliminary experiments 
to determlne the procedure best 
suited to elicit maximum stomatai 
response are planned for this 
spring. It Is planned to seal a 
chamber around a soil-grown plant 
and another around a hydropon
ically-grown plant. It Is expect
ed that the higher-yielding hydro
ponically-grown plant will not 
exhibit as severe a stomatai 
response as the soil-grown plant, 
and the response of the latter Is 
expected to occur at a smaller 
vapour pressure gradient®
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An open path infrared sensor for the measurement of atmospheric carbon dioxide 
and water vapour fluctuations
Martti Helklnhelmo, George Thurtel I and Gary Kidd

Photosynthetic activity of a 
large plant canopy can be studied 
on an hourly basis by monitoring 
the exchange of carbon dioxide 
(CO2) and water vapour (H2O) 
between the lower atmosphere and 
the canopy. Different methods 
such as the energy balance-Bowen 
ratio and the eddy-correlat ion 
method can be applied. Here we 
present the use of infra-red 
absorption techniques in the eddy
correlation method for determining 
the vertical fluxes of CO^ and H20 
above the plant canopy. 2

The advantage of the eddy
correlation method Is that It 
provides a direct measure of a 
flux of any transported entity 
that can be measured with ample 
sensitivity (e,g, temperature T, 
water vapour pw, carbon dioxide pc 
or momentum u) without any serious 
theoretical assumptions, A 
measure of the vertical flux of 
CO2 at a point above the canopy is 
obtained by correlating the 
fluctuations of concentration p£ 

with simultaneously measured 
fIuctuations of verticaI wind 
speed w1. By dividing the vari
ables Into their mean and fluctu
ating components, the total mean 
flux, Fc , is expressed as

Fc = wρc + w'ρc1 (1) 
in which the correlation of fluc
tuations, w’p^ is related to the 
turbulent transport. The term wρc 
refers to the transport due to the 
mean motion. The overbar denotes 
a time average over a period that 
covers the passage of the largest 
eddies expected at the site. The 
measurement of w1 is usually done 
with an ultra sonic anemometer or 
GiII propel ler anemometer and 
is usually measured with a fast 
response gas analyzer. Since w Is 
a relatively small variable it Is 
difficult to measure directly; 
however, w can be expressed as a 
function of ρw1 and T1. Thus a 
complete coverage of equation (1) 

requires simultaneous detection of 
temperature, vertical wind speed, 
H2O and CO2 fluctuations.

Fast detection of CO2 and H2O 
fluctuations Is possible with an 
optical device, the sensitive path 
of which is open to the turbulent 
airflow above the canopy. How
ever, stringent characteristics of 
such a sensor are required for 
accurate determination of fluxes.

An Important feature of the 
Instrument is that It will respond 
to the whole spectrum of CO2 and 
H2O fluctuations at the site of 
measurement. The frequency (n) of 
turbulent fluctuations of an en
tity is a function of height (h) 
and horizontal windspeed (u) and 
can be non-dImensionaIized as 
f=nz/u. The range of f varies 
with the stability of air. It is 
generally estimated that 95% of 
the flux is within 0,0005 < f < 5 
for neutral and unstable condi
tions and within 0.1 < f < 15 for 
stable conditions. For the low 
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frequency requirement, w1ρc1 is 
usually averaged over a 30 mln 
period during which the signal 
level of the sensor shouldn't 
change appreciably with respect to 
the fluctuations observed. At the 
high frequency end of the spectrum 
of f the sensor shouId record 
ideally more than 30 times a 
second. In most conditions, 
however, a sampling rate as low as 
10 Hz is acceptable.

The required resolution of 
the Instrument can be estimated 
from the typical fluctuations of 
CO2 and H20 concentrations expect
ed to be measured above the can
opy, For C02 we estimate about 3 
ppm and for H20 about 0,6 mb fluc
tuations in unstable daytime con
ditions. Thus the noise level of 
the sensor shouIdn't exceed 0.3 
ppm or 0.06 mb (peak to peak) to 
achieve an accuracy of more than 
10%.

Further, a small Instrument 
size is required. Although the 
sensitivity of the sensor In
creases with increasing path 
Iength the size of the sensor 
around the sensing path should be 
kept relatively small so that the 
free air motion Is not appreciably 
altered.

in the sensor Introduced here 

the response for C02 and H20 Is 
achieved by emitting Infrared 
radiation from a source which Is 
at about 1000 K temperature. The 
source is an aluminum oxide resis
tance element, 3 mm in diameter, 
which is heated with an electric 
current. The radiation beam is 
reflected by a concave mirror and 
focused on the detector placed 
beside the source. By changing 
the size of the mirror the once 
folded path of the present sensor 
can be either 14 cm or 30 cm. The 
reflected light is optically fil
tered In front of the detector so 
that only selected wave Iength 
bands are received by the sensi
tive element of the detector. The 
absorption band chosen for CO2 is 
4.165- 4.3445 pm and for H2O 2.55- 
2.73 pm. The reference bands are 
correspondingIy 3.85-4.00 pm for 
C02 and 2.35-2.43 pm for H20. The 
low and high wave Iength values, 
respectiveIy, refer to the haIf 
power cut-on and cut-off points of 
the fiIter,

A high speed stepping motor 
is used to rotate the filters on a 
chopping wheeI in front of the 
detector. The stepping motion Is 
timed and damped with aid of a 
microprocessor so that each filter 
Is stopped and the motor shut off 
before reading the detector 
voltage. This allows for a low 

noise signal and a convenient 
software based time management of 
the sampling system. Operation 
commands and statistical calcula
tions are done with an IBM-PC 
using a fast BASIC language.

A miniature thermopile type 
detector was used to ana I yze and 
verify the predicted characteris
tics of the Instrument. The sen
sor was placed outside on a roof 
together with a Lyman-A hygrometer 
for Initial tests. The separation 
of sensing paths of the sensors 
was 5 cm. It was found that the 
correlation between the two H20 
fluctuation measurements varied 
between 50-80% Part of this 
discrepancy can be explained by 
the slow response (time constant 
60 ms) of the thermopile detector. 
For the Infra-red sensor both 
stability and sensitivity were 
found to be at the required 
Ievel.

Alternatively, to allow fas
ter sampling, a photoconduct Ive 
type HgCdTe-detector (time cons
tant 5 ps) can be used. With this 
replacement, final tests will take 
place to see whether It Is pos
sible, with this type of a sensor, 
for the eddy-correlation method to 
become a standard tool for mon I- 
torlng crop photosynthesis and 
evaporation In the f lei d|

A field guide for surface wetness duration measurement
A,M, Howard and T,J, Gillespie

Surface wetness duration 
(SWD) Is the length of time that 
rain or dew is retained on foliar 
surfaces. This moisture Is a 
critical factor In the development 
of certain plant diseases whose 
spores require a favourable com
bination of temperature and SWD 
for Infection of tissue. The 
field monitoring of SWD Is thus 
Important to plant disease re
search and to the scheduling of 
disease control measures. We have 
acquired a good deal of experience 
with the subject of surface wet
ness duration measurement which we 
felt was worth collecting Into a 
Field Guide for the Information of 
other researchers, extension per
sons I, and growers.

The Field Guide contains two 
main sections: Mechanical Instru
ments and Electrical Resistance 
Sensors, In the first section we 
dIscuss the hygrothermograph and 
the De Wit recorder which use hair 
or string made from organic fibres 
as sensors. The hygrothermograph 
responds only to relative humidity 
while the De Wit responds to both 

humidity and liquid wetness. This 
response makes them most suitable 
for work with diseases that react 
to relative humidity and inter
feres somewhat with their ability 
to monitor SWD a I one. We also 
briefly mention the Taylor Re
corder which utilizes a moisture- 
sensitive pencil to mark a glass 
plate. It has been used with 
partial success in other countries 
but not In Ontario. The section 
on Electrical Resistance Sensors 
begins with consideration of de
vices which clip onto real plant 
parts. These require considerable 
care and maintenance so are not 
suitable for grower use, but are 
nonetheless an Important research 
technique. Mock leaves made from 
plates or cylinders which change 
their electrical conductivity with 
the deposition of liquid water are 
next discussed. Th ese have been 
successfully used In operational 
pest management schemes and in 
conjunction with microprocessor
based systems that process data on 
some or all of temperature, humid
ity, SWD, and rainfall to Identify 
disease Infection periods.

The Field Guide Is by no 
means exhaustive but covers a 
representative cross-section of 
the different types of Instruments 
that have been used to mon 1 tor 
SWD, There are numerous versions 
of these Instruments which operate 
on the same principles but vary 
somewhat In construction. When 
selecting a system to monitor 
surface wetness, It Is important 
that the user take Into account 
the advantages and limitations of 
the various instruments and sen
sors, There Is no "perfect" wet
ness duration sensor. It Is hoped 
that the Field Guide will help 
readers gain an understanding of 
each Instrument that will Iead 
them to the best choice of SWD 
sensor for their particular pur
pose.

The Field Guide will be 
available as Technical Memo 85-1 
from the Department of Land 
Resource Science, University of 
Guelph, Ontario, N1G 2W1|
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Weather and climate information — 1984
K.M. King

The collection of climatic 
Information was continued In 1984 
at the El ora Research Station 
(ERS) and the Arboretum Weather 
Station. These two stations are 
operated In cooperation with the 
Atmospheric EnvIronment Serv1ce. 
Agrometeorology staff carry out 
the observations and processing 
for the ERS data. Arboretum staff 
make the observations at the 
Arboretum but agrometeoroIogy 
staff process the climatic Infor
mation, An agroclimatlc summary 
Is then provided to 40 individuals 

on campus and to 44 local compan
ies, Institutionsand individuals. 
This summary Is In addition to the 
standard summaries provided to the 
Atmospheric Environment Service 
for the clImatologlcal archives. 
The 1984 monthly temperature and 
precipitation summarles for the 
ERS are shown In Figures 1 and 2 
respectively.

During 1984 improvements were 
made In the automatic recording of 
weather data at ERS. Funds were 
provided by OMAF and University of 

Guelph budgets. A new burled data 
signal tine was installed at the 
station and a Campbell Scientific 
model 2IX micrologger replaced two 
CR21 loggers. In addition, 
telephone modems were Installed so 
that the data collected at ERS are 
now transferred to a microcomputer 
in the agrometeorology laboratory 
each day. Programs are being 
written for quality control checks 
of the data and automatic 
production of the various summary 
forms.

Figure 1. Doily air temperature fluctuations at 
the ERS, 1984.

Figure 2. Accumulated precipitation at the 
ERS, 1984 (heavy line represents normal 
accumulation).
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Effects of rising atmosphere CO2 on agriculture
K. King, A, Barr and S, McGinn

Increased CO2 in the atmos
phere in the future Is expected to 
bring about changes in regionaI 
climates and increase directly the 
growth and water-use efficiency of 
crops. The size and direction of 
the change in climate is by no 
means certain. Recently, for 
examp Ie, Dr. S.J. Cohen of the 
Atmospheric Environment Service 
reported that two current computer 
models provided significantly 
different predictions on water 
availability throughout the Great 
Lakes Region in the future. Thus 
It appears that it's still too 
early to use such models as a 
basis for the long-term planning 
of Irrigation and other facilities 
for the next century. It is like
ly, though, that doubling of the 
atmospheric CO2 concentration from 
Its pre-industrial level of 270 
ppm will occur during the next 
century.

There also is uncertainty in 
the direct effects of Increased 
CO2 on crops. Results from con
trolled environment chambers have 
shown significantly increased 
growth for C3 species (wheat, 
soybean) but not for C4 species 

(corn). Improved water-use effi
ciency (WUE) has been reported for 
both kinds of plants from studies 
In growth chambers. Higher CO2 
decreases stomatai conductance of 
leaves and thus the transpiration. 
In an open field situation In the 
future, however, the same degree 
of transpiration reduction prob
ably will not occur because of the 
naturaI feedbacks between the 
lower atmosphere, the underlying 
crop surfaces, and the saturation 
vapour pressure deficit.

Research Is being done in 
controlled environment rooms on 
the interaction between CO2 con
centration, vapour pressure defi
cit and soil moisture supply in 
corn. Under these environmental 
conditions, plants transpire less 
per unit leaf area at elevated 
CO2 aid the decrease in the 
transpiration rate decreases water 
stress in two ways. In the long 
term, water Is conserved and thus 
made available over a longer 
period. In the short term, the 
severity of water stress is 
decreased in situations where the 
flow of water to the shoot is 
limited by the soil-root-xylem 
supply path. However, the direct 

effect of short-term stomatai 
closure on photosynthesis, due to 
short-term water supply limita
tions, may be less than antici
pated, Our preliminary findings 
are that the leaf Intercel lu lar 
concentration of CO2 decreases as 
stomatai conductance decreases, 
thus buffering a decrease in 
photosyothesis.

During 1984, a field project 
was begun on Intercomparisons of 
mlcrometeorological methods for 
measuring the amount of CO2 trans
ferred between the atmosphere and 
vegetated surfaces. New equipment 
was developed for the flux-grad
ient approach and the amount of 
atmospheric CO2 assimilated by a 
corn crop was obtained on about 40 
days during the growing season. 
Comparisons with the eddy corre
lation approach will be made when 
deveIopment of a new open-path 
sensor has been completed. The 
particle trajectory simulation 
model also is being tested for Its 
usefulness in estimating the CO2 
flux to a crop on a 24-hour basis 
In various kinds of weatherB

Experiment on canopy diffusion
Monique Leclerc and George
ThurtelI

Agronomists and micrometeor- 
ologists have long looked at the 
transport and deposition of 
released material In vegetation. 
The agronomist is interested In 
the prediction of CO2 and 1^0 
gradients inside the canopy to 
assess plant productivity while 
the plant pathologist is Interest
ed in the dispersion of spores and 
Insecticide deposition on foliage. 
Hence the importance of a predic
tion of concentration gradient 
■given a source strength. Analyti
cal solutions using the Navier- 
Stokes equations cannot be obtain
ed without unrealistic assumptions 
and simplifications. K-theory, 
borrowed from molecular diffusion 
where the flux relates linearly to 
the concentration gradient, 
expresses turbulent flux as a 
product of a variable eddy diffus
ivity, K, and the mean concentra
tion gradient. However, it has 
been widely recognized that K- 
theory fails in the neighbourhood 

of sources and sinks where the 
gradient changes rapidly over the 
distance of a length scale. One 
alternative to the use of K-theory 
in an Eulerian approach to canopy 
dispersion is the trajectory
simulation method described by 
Wilson et al, (1981a, b, c). An 
experiment was carried out during 
1984 with three objectives: 1) to 
validate the trajectory model 
where the gradient varied over the 
distance of a length scale; 2) to 
find a functional form of the 
Lagrangian scale; 3) to look at 
the possible dependency of the 
Lagrangian length scale on stabil
ity.

Experimental Procedure

The experiment included 
measurements at the top of the 
canopy using a Campbell Sonic 
anemometer, a mean horizontal 
windspeed profile throughout the 
canopy using Rimco cup anemometers 
and CO2 profiles In the canopy.

CO2 was released from a ring 
(of diameter 1 or 2 m) inside a 
corn canopy at Elora Research 
Station, The ring was successive
ly set at heights ranging from 150 
cm down to the soil surface. 
C02 enriched air was taken up at 
the center of the ring and sampl
ing was controlled by solenoid 
valves switching every 15 sec. 
The fluctuations of the CO2- 
enrlched air were dampened by a 
low-pass filter. Air was subse
quently channelled to an IR gas 
analyzer.

Results

Preliminary results show that 
the measured profiles are stabil
ity-dependent as expected and are 
gaussian under neutral conditions. 
However, when the CO2 concentra
tion profiles were normalised by 
source strength and windspeed, the 
concentrations at the centre of
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the sma II ring were found to be 
twice those of the large one. The 
trajectory model at this stage 
does not model this phenomenon. 
The model Is being rewritten to 
describe a 3-D gausslan plume In 
order to exp lain this discrep
ancy.
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Laboratory simulation of evaporation of water droplets on artificial soybean leaves
M,Y, Leclerc, G,W. ThurtelI and 
T,J, GlIlesple

INTRODUCTION

While many studies of pre
dicting surface wetness duration 
have been done for uniform films 
of water evaporating, literature 
on droplets evaporating on dry 
surfaces Is nonexistent. Observa
tions showed that while droplets 
were hemispherical initially, they 
then flattened keeping the base 
area virtually constant. These 
observations led to modelling the 
process as evaporation from a 
vertical rIght-clrcular cylinder,

METHODS AND TECHNIQUES

Droplets placed on an artifi
cial leaf were used for controlled 
Indoor studies since these exhibi
ted similar behaviour to droplets 
on soybean leaves. The droplets 
were set about one centimeter from 
the leading edge so that the 
transfer coefficients would not 
differ due to their position on 
the leaf, Thoir initial diameters 
were measured with a micrometer 
and windspeeds from 100 to 300 
cm/s were simulated using fans. 
Air temperature and vapour pres
sure were measured using a psy
chrometer, Net radiation ex
changer was assumed to be negli
gible, Observed periods of drying 
were timed and compared with pre
dictions from the model described 
beIow,

THE MODEL

The basic energy balance 
equation for a drop evaporating 
i s:

H = LE [1] 

where H Is the sensible heat flux, 
LE the latent heat of vaporiza
tion.

The heat flux toward the drop 
modelled as a short cylinder Is 
given by:

H =  (ρCph) (Ta -Tw) At  [2]

where ρCp is the heat capacity of 
the air, h the transfer coeffi
cient, (Ta -Tw) is the tempera-
ture difference between the air 
and the water and At is the total

Figure 1. Predicted drying time versus 
observed drying time.
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surface area of the cylinder of 
height Ch including both ends
since part of the heat flux comes 
through the leaf.

At = 2πr2 + 2πrCh [3]

In low light conditions the leaf 
is assumed to be at Ta except for 
the disc under the droplet which 
is assumed to be T w. The transfer
coefficient is given by:

h = Nu DH/2r [4]

where DH is the thermal diffusiv
ity of the air and r the radius of 
the droplet, The Nu number used 
for a cylinder is:

Nu = .62 Re.47

LE is gI ven by:
LE = L M h A (1.07) (esw - ea)/RT 

[6]

where L is the latent heat of 
vaporization, esw and esa are the
saturated vapour pressure curve:

esw -ea = esw - esa + esa - ea
= s(Tw - Ta)  + esa - ea  [7]
Equations [4] nd [5] may be 
substituted for h in equations [2] 
and [6] nd equation [7] ay also 
be used in [6]. This leaves three 
equations [1], [2] and [6] in the 
three unknowns H, LE and (Ta - Tw ),
LE may then be obtained provided 
Ta ,ea, r are measured, since A 
and At may be calculated from 
as described next.

To start the mathematical 
simulation, the cylinder is forced 
to have the same evaporation rate 
as the original hemispherical drop 
by setting the two surface areas 
equal and solving for the Initial 
height Ch1. The evaporation area 
for a right-circular cylinder on a 
leaf, unlike for the heat flux, is 
made of the top and the walls of 
the cyl Inder.

A = πr2 + 2πrCh [8] 

where Ch is the cylinder height. 
The hemispherical drop has the 
same radius as the cyl Inder and an 
evaporating surface area of

Ahsp = 2πr2 |9|

Equating [8] and [9] yields, for 
time t = 0:

ChI = r/2 [10]

and Initial values of At and A may 
be found from [3] and [8]. Note 
that the cylinder also has the 
same surface area as the real 
droplet at the end of the simula
tion when both have col lapsed to a 
wet disc.

Using Ch1, LE is initially 
calculated for a time period of 1 
minute and converted to an equiva
lent volume of evaporated water, 

ΔV. Then the new droplet volume V 
is:

V = Vo - ΔV
where Vo is the original volume of 
water,2/3πr3. A new value of
is then found from:

Ch = (V/Vo) Ch1 [12]

and hence new values of A and A t
are available from [3] and [8]. 
The simulation proceeds for 
another 1 minute time step at 
which time V Is further reduced by 
the new value of ΔV, Ch is recal
culated from [12], and so on until 
V = 0 and the total time required 
for the drop to evaporate has been 
sImulated.

RESULTS

Figure 1 shows the predicted 
versus observed drying time and 
excellent agreement can be seen. 
Under our experimental conditions, 
radial conduction of energy 
through the "leaf" to the droplet 
did not appear to be significant. 
It is apparent that Initially 
hemispherical drops evaporating 
within 1 cm of the edge on an 
otherwise dry leaf without chang
ing radius may be modelled as 
slowly shortening cylinders that 
behave as If the leaf was not 
present. Recent investigations 
suggest that droplet position has 
Iittle effect. Therefore, out- 
of-doors where turbulence levels 
are higher than Indoors and where 
they further contribute to remov
ing any Influence of leaf boundary 
layers, an estimate of the longest 
wetness duration for pest manage
ment could simply be based on 
knowledge of the Iargest droplet 
size retained on shaded foliage.

It must be stressed however 
that the present report pertaIns 
solely to describe the evaporation 
of a droplet whose shape, hemis
pherical at first, flattens grad

ually to become a short vertical 
cylinder and eventually a disc. 
This work does not predict the 
actual evaporation under field 
conditions. Further testing Is 
needed to confirm the validity of 
the model out-of-doors. It should 
also be noted that for Ieaves 
having different surface charac
teristics such as hairiness, wax 
structures or veins, the drops 
formed can have very different 
shapes varying from nearly perfect 
spheres on a corn husk to a thin 
film on white been leaves. To 
describe the drying rate In these 
cases, It would be necessary to 
modify our equations to fit spher
ical or disc-shaped droplets. 
However it is likely that drying 
models including the three cases 
of hemispheres, spheres and discs 
would describe droplet wetness 
duration for many economically 
Important crops on which disease 
management might be practiced.
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Electrochemical simulations of mass transfer from isolated wet spots and droplets on 
realistic flutterina leaves
Monique Y. Leclerc, Peter H. Schuepp*, (*McGi 11 University, Montreal, Que.) and George W. Thur tel I

I. INTROD ICT ION

It Is of considerable Inter
est to plant pathologists to pre- 
dlet the evaporation of surface 
wetness on vegetation. However, 
documentation is meagre as to how 
the rainwater or Irrigation water 
does accumulate and attempts to 
describe the evaporation of the 
corresponding surface wetness are 
even siImmer,

2. EXPERIMENTAL APPROACH

2,1 Technique

Electrochemical modelling was 
used to determine local transfer 
from both isolated discs and drop
lets, The electric current In a 
0.025 N solution of ferri and 
ferro-cyanIde Ions is governed by 
diffusion, convection and migra
tion of Ions In the electric 
field. By adding to the reacting 
electrolyte a neutral electrolyte 
(2N NaOH) In a much higher concen
tration, It Is possible to elimin
ate the gradient In the electric 
field so that the transfer Is 
governed primarily by diffusion 
and convection. Measurements of 
mass transfer coefficients at the 
test electrode (the droplet or the 
disc) are therefore reduced to an 
electric current density measure
ment, The advantage of this 
technique lies In the accuracy to 
which the current can be measured 
since the concentration difference 
between the surface and the bulk 
solution is known, the concentra
tion of Fe(CN)6 being zero at the 
electrode,

2,2 Test Electrodes

The test electrodes consisted 
of nickeI-plated solder drops 
ranging in diameters from 4 to 7 
mm, with heights ranging from 1,8 
to 2.8 mm. These drop electrodes 
were on plastic coated natural and 
artificial leaves whose character
istic lengths averaged 5 cm 
(sampIe electrodes are shown in 
figure 1), Those leaves were 
grouped into clusters so that 
drops on Ieaves were at various 
angles with the flow and others of 
them facing the flow, and others 
In the lee of the leaves to simu
late realistic conditions. The 
other set of electrodes consisted 
of a 100 cm2 nickel-plated circuit 
board on which there were discs

Figure 1. Realistic leaf models with nickel- 
plated solder droplets as test electrodes.

insulated from the rest of the 
plate through etching (as shown In 
figure 2), The discs had diame
ters of 6.9 and 8.4 mm and were at 
various distances from the leading 
edge. When the whoIe plate was 
used as an electrode, local trans
fer coefficients were obtained at 
the disc location. When only 
isolated discs on an otherwise 
Inert plate were used as elec
trodes, the transfer from wet 
spots on an otherwise dry plate 
was simulated,

3. THEORY

3.1 Local transfer coefficients

(1)

Figure 2. Nickel plated flat plate with 
insulated discs.

mass transfer from the discs alone 
(l.e, when the plate is discon
nected, It is analogous to having 
a wet spot on a dry plate) cannot 
be predicted from equation 3.

3.2 Transfer coefficients for 
spheres In free space

Analytical expressions to 
describe transfer coefficients of 
approximate hemispheres on plates 
are unknown. However, correla
tions are available for spheres In 
free space.

h = 2 + .66 √Re Sc1/3 D/d (4) 

where D Is the diffusivity of the 
ions In the bulk solution and Re 
is the Reynolds number with the 
diameter of the drop as character
istic length. The other terms 
have been previously defined.

3.3 Area Determination

The shape of the drops 
stud Ied Iooked like flattened 
hemispheres and In view of the 
fact that the accuracy of the 
results Is dependent on a correct 
estimate of the area and that 
there Is no simple way to deter
mine the exact area of the drops, 
an approximate functional form of 
the area which Included both dia
meter (d) and height (h) was 
defined as:

Area = π (d2/4 + dh/2) (5)

This reduces to πd2/2 for a hemis
pherical drop and to πd2/4, for a 
flat surface. it is important to 
stress however that equation 5 Is 
only an approximate relation to 
describe the area of those drop
lets.

for discs on flat plates'

Blasius (1908) derived the 
equation for transfer coefficient 
for a semi-infinite flat plate 
as:

hLOC = 
0.332√u√v/Sc2/3 √x

where hLOC is the local transfer 
coefficient, u the fluid velocity, 
V the fluid viscosity, Sc the 
Schmidt number and x the distance 
from the leading edge in the 
direction of the fluid flow.

The average value of hLOC for 
a surface eIement between x and 
x+d where d is the diameter of the 
disc Is:

hLOC = o.332√u√v/Sc2/3 (√x+d - √x/d) [3]

Predictions of equation 3 for 
various distances from the leading 
edge are plotted in figures 3 and 
4, The represent the local mass 
transfer from a unI form Iy trans
ferring plate. This Is equivalent 
to the local evaporation from a 
uniformly wet plate. However, the
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4. RESULTS

4,1 Discs Experiments

Figures 3 and 4 show both the 
theoretical and the measured 
transfer coefficient normalized 
with respect to the square root of 
u. Data when the plate was con
nected show a good agreement with 
the theoretical curve and there
fore establishes some confidence 
In the subsequent measurements 
when the discs are Insulated from 
the rest of the plate. The latter 
shows that even though there Is no 
mass boundary layer, the transfer 
is reduced with distance away from 
the leading edge. That may be 
attributed to the presence of the 
viscous boundary layer, thus 
causing a decreased fluid velocity 
in the boundary layer with 
increasing distance from the lead
ing edge.

The transfer coefficient for 
a disc on a plate at the leading 
edge may be comparable to the 
transfer coefficient for a disc In 
free space. The transfer values 
are expected to be higher there
fore than for an equivalent disc 
farther away from the edge on a 
plate. Our data show that the 
mass transfer coefficient for a 
disc (I,e, a wet spot on an other
wise dry leaf) on a plate can be 
described approximately by the 
following relationship:

h = .664 √v/ 
{1 - .055 Re 25} (6)

where u, and n have been pre
viously defined and where Re has 
the di stance x from the I ead ing 
edge as the characteristic 
Iength.

4,2 Drops on Leaves Experiments

On figure 5, the measured 
transfer coefficients are plotted 
against the experimentally deter
mined functional form of the 
transfer coefficient which Is 
equivalent to:

h = Sh D/d = b 
Rem Sc1/3 D/d (7)

where Sh is the Sherwood number, 
b was found to be .76 and m .47 
compared with respective values 
(In equation 4) of .66 and .50 in 
the Sh number for a sphere In 
"free space". The 2 in the first 
part of that equation is neglig- 
ible In the range of Sh number 
used. While statistically differ
ent, differences in the Sherwood

Figure 3. The lower curve represents the 
normalized local transfer coefficient for a 
fully-transferring plate as a function of the

distance x while the higher curve is obtained 
for transferring discs (6.9 mm diameter) on 
an otherwise inert plate.

distance x while the higher curve is obtained 
for transferring discs (8.4 mm diameter) on 
an otherwise inert plate.

Figure A. The lower curve represents the 
normalized local transfer coefficient for a 
fully-transferring plate as a function of the
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number are small. On Figure 5. 
when measured transfer coeffi
cients are plotted against coeffi
cient calculated for drops In free 
space, the points fall essentially 
on the best fit line obtained from 
experimentally determined transfer 
coefficients. The b coefficient 
has a standard deviation of .13, a 
standard error of .029 and the 
exponent m has a standard devia
tion of .19.

The scatter among the various 
drops Is mostly attributed to the 
Inexact nature of eq. 5. This Is 
confirmed by Iooking at the sys
tematic scatter for each Indivi
dual drop, the scatter from the 
predicted line being a constant 
for various magnitudes of transfer 
coefficients and, the authors 
believe, represents partly what 
would be expected In field condi
tions: differences in leaf shapes, 
position of drops on leaves,an 
Increased microscale turbulence 
and aerodynamic sheltering gener
ated by neighbouring leaves could 
be expected to account for a simi
lar degree of scatter. The posi
tion of the drops on these leaves, 
whether they are on a sheltered 
spot or near the edge would also 
contribute to this results

Figure 5. Measured versus predicted transfer 
coefficients for nickel-plated drops on plastic 
coated realistic leaves.

Flow visualization experiments
Monique Y. Leclerc, Peter H. Schuepp* ( *McGiII University, Montreal, Que.) and George W. ThurtelI

Flow visualization experi
ments have often been performed on 
symmetrical objects such as 
spheres, cylinders and wires but 
qualitative and quantitative in
formation about the flow structure 
past a transferring geometry on an 
otherwise Inert surface Is scarce. 
Flow visualization provides a 
qualitative description of the 
spatial and temporal Inhomogenei
ties Introduced by the presence of 
protruding elements through the 
boundary layer on smooth surfaces 
and/or of a transferring zone on 
an Inert homogeneous surface. By 
equating the sum of relative local 
glow intensities per unit area to 
the total transfer, flow visualiz
ation can also provide quantita
tive estimates of local transfer 
coefficients. However, the main 
Iimitation in the interpretation 
of the data Iles in the fact that 
the thickness of the diffusion 
sublayer is about 10 times smaller 
than that of momentum In air.

The purpose of the present 
experiment is to examine the pos
sible boundary layer disturbance 
induced by the presence of a 
transferring element (here a disc) 
on an otherwise inert surface. 
This is analogous to having a wet 
geometry on a dry surface (l.e, a 
wet spot on a dry leaf). The goal 
Is also to relate qualitatively 
transfer coefficients observed for 
discs placed at various depths 
Inside the laminar boundary layer 
to predicted Isolated local trans
fer coefficients (Leclerc, M.Y, 
Schuepp, P.H. and G.W. ThurtelI, 
1935).

THE ELECTROCHEMILUMINESCENT TECH
NIQUE (ECL)

The electrochemlluminescent 
technique was developed by Coiello 
and Springer (1966) and has been 
applied to cloud physics and to 
micrometeorologlcal problems by 
Schuepp (1981), The technique 

consists In applying a potential 
difference between two submerged 
electrodes; the electrolylc 
reaction Induced then produces the 
oxidizing agent for the 
chemiluminescent substance 
(Luminol (5-mlno-2,3-d I hydro-1, 
4-phthalazinedlone)) which glows 
at the surface of the anode.

Electrochemiluminescent flow 
was photographed for d I scs on 
plates. Flow velocly varied 
between 8 and 12 cm/s. Photo
graphs were taken on Fuji HPS film 
(ASA 1600) with exposure time from 
1/15 to 1 sec.

ANALYSIS

The spatially and temporally 
averaged flow on the pI ate at 
-5.0,+10 degree Incidence are 
shown in Figures 1 to 5. Flow 
velocities are 8 and 12 cm/s. The 
exposure time Is Indicated on the 
captions. It can be observed that 
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a -5 degree Incidence with the 
flow (F|g. I) the boundary layer 
builds rapidly with distance from 
the leading edge. The disturbance 
by the disc on the boundary layer 
Is seen clearly as the fluid moves 
past the disc. At 0 degree Inci
dence. the local thinning of the 
boundary layer past the disc Is 
still noticeable while at +10 

degree Incidence the flow Is fully 
turbuI ent throughout the boundary 
layer wiping those local effects.

In fig. 3 and 4. the non- 
negllglble plate thickness (1.5 mm 
) acts as a rough element ahead of 
the plate. This explains the 
deflection of the streamlines past 
the edge and the subsequent f low 

reattachment onto the plate. Flow 
reattachment appears I n bright 
glow while the separation bubble 
upstream appears as a dark area 
Indicating a closed circulation 
depl eted of electrochemllumi ne- 
scent ions. Past this vortex 
(circle A, fig. 6) the laminar 
boundary layer Is observed to grow 
as expected!

Figure 1. θ = -5°; exposure time=1/4 sec; 
flow velocity = 8 cm s-1

Figure 2. θ = 0°; exposure time = 1/5; flow 
velocity = 8 cm s-1.

Figure 3. θ = 0°; exposure time = 1/2 sec; flow 
velocity= 12 cm s-1

Figure 4. θ= 0°; exposure time = l sec; flow 
velocity = 12 cm s-1.

Figure 5. θ= + 10°; exposure time = 1 sec; 
flow velocity = 12 cm s-1.

Figure 6. Streamlines along flat plate (cross 
section).
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1984 weather summary for Elora and region
P,G, Newdick

January

Very cold temperatures domin
ated the weather pattern through
out the region resulting In a mean 
dally temperature of -10.8°C 
(1.8°C below norma I). On January 
16, a minimum air temperature of 
-33.5°C was recorded at the Guelph 
weather station (GWS) and was the 
coldest recorded temperature over 
the last 30 years. Brisk frigid 
Arctic winds produced equivalent 
wind chill temperatures of -30°C 
on several occasions. Total snow
fall and precipitation were below 
normal but a 20 to 40 cm snow 
cover was maintained throughout 
the month. Freezing rain was 
observed on three of the six days 
when temperatures rose above the 
freezing point.

February

In contrast to January, 
February’s temperatures were much 
above normal. The dally mean 
temperature was -3,2°C (5,2°C 
above normal) at the Elora 
Research Station (ERS), Air tem
peratures rose above the freezing 
point on 18 separate days, reduc
ing the snow cover to less than 2 
cm by the 24th, A heavy rainfall 
of 28,6 mm on the 13th contributed 
to the above-normal precipitation 
total and loss of snow cover, A 
maximum air temperature of 13,5°C 
was recorded at the GWS, setting a 
new 30 year record maximum for 
February,

March

Temperatures were signifi
cantly below normal, with the mean 
dally temperature at ERS, -5.8°C, 
being 3.2°C below normal. As a 
result, March was much colder than 
February th Is year, Al though 
total precipitation was below 
normal, several days associated 
with snowfall and blowing snow 
conditions prolonged the winter 
climate. Starting on the 24th, 
daytime temperatures rose above 
the freezing point each day 
throughout the remainder of the 
month.

Apr 11

April was warmer and drier 
than usual with maximum tempera
tures reaching 23,4’C on the 28th, 
Total precipitation accumulated to 
only 42.5 mm (61% of normal) and 
only on 6 days were precipitation 
quantities greater than 2 mm. The 

windiest day of the year was on 
April 30th with wind velocities 
exceed i ng 65 km/hr. Many trees 
were blown down across the region 
during that day.

May

Windy, cool and cloudy condi
tions characterized this month. 
Total precipitation was normal, 
however rainfall quantities of 
greater than 0.2 mm recorded on 15 
days made May generally seem very 
wet. There were several good 
opportunities to operate machinery 
on the land during the first half 
of the month but three storms 
during the latter half greatly 
reduced these opportunities. The 
latest recorded air frost was 
-2.1°C on May 16th.

June

Warm and sunny was the pre
dominant comment recorded this 
month. Daytime maximum tempera
tures and sunshine hours were 
often much above normal. Only one 
completely overcast day was 
reported at Guelph, Total precip
itation was also above normal but 
the majority of the accumulation 
occurred on only 5 separate days. 
The greatest 24 hour precipitation 
quantity for the year was 51.3 mm 
recorded on June 17th and the 
highest recorded temperature at 
Elora for the year was 29,6’C on 
the 6th.

July

Seasonal condttlons generally 
prevailed during this month with 
temperatures slightly below the 
normal. The highest temperature 
recorded was 28.8°C but cool even
ings Inhibited the development of 
any "heat wave" condition. On 
July 6th, a small tornado reported 
at 3:20 p.m. caused extensive 
property damage In the village of 
Elora, 3 km north of the weather 
station. Total precipitation for 
the month was only 42.5 mm (59% of 
normal). No precipitation was 
recorded between July 21 and 
August 2nd at Elora, establishing 
the longest dry spell of the year, 
1984 was the fourth year In a row 
with below normal precipitation 
totals for July,

August

Very warm weather persisted 
for the first two weeks of August 
with day time highs exceeding 25°C 

and night time lows remaining 
above 15°C each day. Two major 
rainfall events during the first 
two weeks helped relieve the dry 
conditions in the Guelph area, but 
rainfall remained fairly sparse 
for much of August at Elora with 
the exception of 10.0 mm on the 
15th and 21.4 mm on the 28th.

September

AI though there were severaI 
sunny and pleasant days, September 
was relatively cool with night 
time temperatures often dropping 
below 3°C. A minor air frost of 
-0.2°C and -0.5°C was recorded at 
ERS and GWS respectively on the 
30th. Total rainfall accumulated 
to 93.1 mm (131? of normal),

October

In contrast to the usual wet 
and cool conditions, October was 
relatively warm and dry. Maximum 
temperatures exceeded 20°C on 4 
occasions and minimum temperatures 
remained above 10°C on 6 
occasions. Rainfall totalled only 
45.8 mm (69? of normal) at Elora 
and 32,5 mm (44? of normal) at 
Guelph. Based on minimum tempera
tures in the area, the first kill
ing frost was recorded on the 
2nd,

November

Although November was cool 
and wet, unusual dry and sunny 
conditions were prevalent during 
the latter half of the month. 
There were 12 consecutive days 
without measurable precipitation 
and 10 days with sunshine exceed
ing 5 hours. The first measurable 
snowfall of 0.2 cm was measured on 
the 6th.

December

December's weather was domin
ated by generally overcast and 
mild conditions. The mean dally 
temperature of -1.6’°C was 3.6°C 
higher than the normal for ERS. 
The highest temperature for the 
month was 13.8°C, recorded on the 
28th. Precipitation was measured 
on 19 separate days and totalled 
98.8 mm (138? of normal) at 
Elora,
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Table 1, Climatological Data at the Elora Research Station, 1984.
—
Daily 
Mean
Temp, 
( °C)

Corn
Heat
Units

Deg ree 
Days > 

5’C

Deg ree 
Days < 

1 8°C

Ra 1n f a 1 1 
( mm)

Snow f a 1 1 
( cm)

Total
Pr ec1p - 
i tat Ion 

( mm)

Mean Dally 
Solar

Radiation 
(MJ/m2)

JANUARY 
Δ

-1
0.

8 -1
.8 894 

+ 86
T 
0

34.4
101.0

4 1.2
7 1.0

7.5
126.0

FEBRUARY
Δ

-3.2
+ 5.2

614
- 102

39.2
196.0

18.1
62.0

60.7
124.0

9.4
96.0

MARCH
Δ -5

.8
-3

.2 738 
+ 98

4 1 .8
88.0

29. 1
134.0

65.7
89.0

15.3
119.0

APRIL 6.4 67 362 40.7 1.8 42.5 1 5.8
Δ + 1.9 + 3 -24 66.0 27.0 6 1 .0 92.0

MAY 9.3 201 140 27 1 77.8 77.8 18.2
Δ -2.7 -22 -63 + 56 101.0 1 00.0 97,0

JUNE 17.3 613 367 56 97.2 97.2 25,9
Δ + 0.3 + 34 + 4 -5 112.0 112.0 119.0

JULY 18.4 683 4 1 3 27 42.9 42.9 22.1
Δ -0.8 -33 -25 0 59.0 59.0 102.0

AUGUST 19.6 73 1 451 25 60.5 60.5 19.7
Δ + 1.3 -43 + 44 - 1 5 84.0 84.0 106.0

SEPT. 12.6 393 233 162 95.1 93.1 13.3
Δ -1 .6 -40 -44 + 30 131.0 131.0 96.0

OCTOBER 
Δ

10.2
+ 1.1

162
+ 36

244
-52

45.8
72.0

45.8
69.0

9.6
112.0

NOVEMBER 1 .5 1 7 495 79.8 0.8 80.6 5.3
Δ -0.4 -8 + 1 5 148.0 1.0 123.0 112.0

DECEMBER
Δ -1

.
6 +3

.6 6
+ 4

608
- 1 1 0

66
.6

*
18

7.
0

32.2*
94.0

98.8
138.0

M

YEAR 6.2 262 1 1856 4496 685.4 116.4 806.8 M
Δ + 0.2 - 19 -56 -24 100.0 82.0 97.0

A Difference from 1951-80 average expressed as a percentage for rainfall, 
snowfal I, total precipitation and solar radiation,

* Ratio of Rainfall to Snowfall from the Guelph Arboretum Weather Station 
was used to divide the total precipitation Into rainfall and snowfall for 
ERS ,

M = Missing Value,
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Table 2. Additlona1 
for 1984.

Mean 
Dally 
Max.

°C

JANUARY -6,4

FEBRUARY 0.2

MARCH -1.9

APR IL 11,0

MAY 14.4

JUNE 23.0

JULY 24.2

AUGUST 25,5

SEPTEMBER 17.6

OCTOBER 15.1

NOVEMBER 5.2

DECEMBER 1 .7

YEAR 10,8

E = Est i mated value. 
M » Missing value.

Cl 1 ma t

Mean 
Dally 
Min.

°C

-15.2

-6.5

-9.7

1.8

4.2

11.5

12.5

13.6

7.6

5.3

-2.2

-4.8

1 . 5

0 1 og1c a 1

Highest 
Dally

Max, °C

0. 1

10.9

7 . 1

23.4

25.2

29.6

27.9

29.0

24.4

20.7

18.7

13,8

29.6

Data a-

Lowest 
Dally

Mln. °C

-30,5

-25. 1

-25.2

-3. 1

-2.1

5.0

5.4

6.0

-0.2

-1.6

-10.2

-14.7

-30,5

f Elora Re se

No, of Days 
with >0,2mm

Precipi
tation

1 5

14

13

1 2

1 5

7

8

1 2

1 4

9

10

1 9E

148

arch Stat 1 on

Mean
Wind
Speed 
km/h r

15,8

16,8

19.2

18.3

17.1

14.5

11.0

9.3

11.2

11.4

16.3

M

14.6

Field measurements of maize photosynthesis, and transpiration efficiency

G.K. WaIker

With the review published by 
Tanner and Sinclair (1983), there 
has been a resurgence of Interest 
In the extent to which transpira
tion efficiency can be altered 
through management or plant breed
ing. Tanner and Sinclair (1983) 
argue that little can be done to 
get more plant per unit of water 
transpired, save growing plants In 
more humid climates.

The observed constancy of the 
transpiration efficiency for a 
crop depends on there being a 
constant CO2 partial pressure 
gradient from bulk air to the

substomatal cavity (when transpir
ation is occurring, and assuming 
that Ca, the ambient C02 concen- 
tratlon, Is constant). Recent 
developments In Instrumentation 
have made It possible to measure 
photosynthesis on leaves In the 
field, and to determine If the CO2 
gradient varies. Measurements 
were made during 1984 at the Elora 
and Cambridge Research Stations. 
Since Ca in the leaf chamber was 
roughly constant at 270-280 vpm 
when measurements were made, data 
are reported here as C1/Ca , the
ratio of the leaf Internal to

external CO2 concentrations.

Findings can be summarized as 
folIows:

i) In well watered, well-ferti
lized maize, stomata I conduc
tance to water vapour is 
typically 1.0-1.4 cm s-1, 
C1/Ca ranges from 0.4-0.5, 
and photosynthesIs from 1.5- 
1.8 mg CO2 m-2 s-1;

ii) in water-stressed maize 
(leaves greyish, not rolled), 
conductances were relatively 
low (0.4-0.6 cm s-1, C1/Ca
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was low (0.2-0.3), and photo
synthesis was also lower than 
in (i) (0.9-1.2 mg C02 m-2 
s-1);

ill) In well watered plants that 
were either nitrogen-stressed 
or not stressed, C1/Ca was In 
the range 0.3-0.5, and did 
not seem affected by nutri
tion; conductances were lower 
under N stress, however (0,7- 
1.0 vs. 1.0-1.3 cm s-1), and 
photosynthesis was corre
spondingly lower (I.0-1.5 vs. 
1.4-1.9 mg C02 m-2 s-1) ;

lv) under overcast conditions

C1/Ca was high, and appeared 
quite sensitive to PAR; as 
PAR ranged from 150-350 μE 
m-2 s-1, C1/Ca ranged from 
0,9-0.7. Conductances were 
in the range 0.4-0.6 cm s -1 .

These results suggest that 
the CO2 gradient is not a con
stant, and may be Influenced by a 
variety of factors. Having said 
that though, it should be empha
sized that C1 is quite strongly 
reguIated. Also, differences 
observed at leaf level may not be 
readily extrapolated to the whole 
crop, because of plant-atmosphere

feedbacks. In conclusion, the 
results obtained here tend to 
support the notion of a transpira
tion efficiency that does not vary 
greatly for a given crop and 
cIimate!

Reference

Tanner, C.B, and T,R, Sinclair, 
1983, Efficient water use In 
crop production: research or 
re-search? pp, 1-27 In 
Limitations to Efficient 
Water Use In Crop Production 
(eds, H.M, Taylor, W.R, 
Jordon, T,R, Sinclair), 
ASA, Madison,

Nondestructive estimation of leaf area index
G,K. Walker and R,E. BJackshaw

Techniques based on the pene
tration of direct radiation In 
plant canopies are being developed 
to provide information on leaf 
area Index (LAI), Such tech
niques, which are nondestructive, 
will be of considerable value In 
experiments where plots are small 
and there is little scope for 
destructive sampling. Radiation 
based techniques are also attrac
tive as they are less time-consum
ing than destructive methods of 
LAI estimation. Weed science 
research Is often conducted using 
many small plots, and nondestruc
tive methods seem likely to have 
an Immediate application In this 
area. LAI estimates were made 
nondestructlvely In plots of rape
seed, wild mustard, and lambsquar- 
ters, and In mixtures of these 
three species.

One metre long PAR sensors 
were used to make total and dif
fuse radiation measurements above 
and at several heights within the

canopies. The measurements were
made over as wide a range of solar 
zenith angles as possible 
(20-70°), The LAI was estimated
by using the transmission of
direct radiation, as a function of 
solar zenith angle, In an inver
sion programme supplied by Or. 
J.M. Norman.

Some destructive measurements 
were made and compared to esti
mated LAI. An example Is given In 
Table 1, The results appear 
reasonable. Discrepancies between 
measured and estimated values may 
be due to slight differences in 
the heights at which light 
measurements and plant harvests 
were made.

Measurements made throughout 
the growing season reproduced the 
typical patterns at leaf area 
Index Increase, plateau, and 
decline for the three species. In 
addition, the data were used to 
estimate sunlit LAI, and to 

develop a quantitative picture of 
light competition in species mix
tures at different times during 
the season. Such analyses help to 
explain, for Instance, why even a 
low density of wild mustard can 
have a major effect on the pro
ductivity of species that develop 
less rapidly!

Table 1: Measured and estimated 
LAI for a mixture of 
rapeseed, wild mustard, 
and Iambsquarters, on 
June 19, 1984,

Measurement 
height (cm)

LAI

Measured Estimated

5 3,43 3.36
15 2.49 1.85
25 1.35 1.56
35 0.33 0.33
45 0.05 0.04

Statistical estimation of transpiration efficiency
G.K, Walker and W.D. Reynolds

The often observed I Inear 
relationship between biomass pro
duction and water use Indicates a 
constant transpiration efficiency. 
Estimating the slope of the 
regression line Is a statistical 
problem, and requires Information 
on the distribution of "error" 
between the two variables. 
Because both biomass production 
and transpI rat 1 on depend on 
stomatai aperture, there Is good 

reason to suppose that there Is 
error In both variables, and that 
the errors will be positively 
correlated. Using data for seven 
alfalfa harvests from a greenhouse 
pot experiment, error In both 
variables was Indeed shown to be 
the case. Relative errors In 
water use In fact siIghtly 
exceeded those In biomass, and In 
every case the corre I at ion among 
the errors was significantly 

different from zero, reaching as 
high as 0,74, With these results, 
we find the usual I east squares 
regression of biomass on water use 
to be Inappropriate for estimating 
transpiration efficiency. The 
method of maximum likelihood can 
Incorporate distributed and 
correlated error, and appears to 
be the best choice for 
transpiration efficiency esti
mation!
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Air flow through a windbreak
J.D. WiIson

The alm of this project Is to 
numerica 11 y simulate air flow 
through a porous wI nd break I n 
order to provide windbreak design 
gu Idel Ines. 11 has been found 
that a Reynolds stress turbulence 
model provides an excel lent 
estimate of the observed speed 
reduction In the near wake of a 
porous fence, A report on this 
work (to appear in J, Wind Eng, 

I nd, Aero, 1985) g i ves design 
rules for expected speed reduction 
behind an isolated fence over a 
range of values of H/z (H « fence 
height, z = surface roughness 
length) ana fence pressure loss 
coefficient k (k Is closely 
related to fence po’rosity), The 
present Intention Is to begin an 
examination of wind patterns 
within windbreak networks. There 

is some doubt as to the accuracy 
of the numerical simulation of 
such a case, and experimental work 
will be necessary (the only 
previous work on the subject 
appears to be the wind tunnel 
study reported by Woodruff and 
Zingg, Trans, Am, Geophy. Union, 
Vol. 36, 1955, p. 203),

Shelter for spring vegetable crops in Southern Ontario
J.D. Wilson

In cooperation with Dr. 
Albert Liptay of Agriculture 
Canada (Harrow Research Station) a 
field trial will be carried out 
this Spring to test the benefit of 
sheltering high-value crops of 
vegetables.

SOILS AND SEDIMENTS

Soil compacfability after different cropping sequences
D. A, Angers, B.D. Kay and P. H. 
Groeneve 11

Compaction of agricultural 
soils has become an Increasing 
concern as the weight and utiliza
tion of agricultural machinery 
have Increased. The simultaneous 
expansion In continuous row crop
ping has raised questions about 
the Interaction between cropping 
sequence and soli compaction. The 
objective of this study was to 
Investigate the Influence of crop
ping sequence on soil compactibll- 
Ity.

A uniaxial compression device 
(Rowe Consolidation Cell) was used 
to measure the compaction charac
teristics of beds of aggregates 
(0-4.7 mm In diameter) taken from 
plots with different cropping 
histories ranging from continuous 
corn to continuous bromegrass 
(table 1).

Table 1.

Cropping History Code

Continuous corn (15 years) 
Brome (9 years),

Cl 5

Corn (6 years 
Corn (13 years),

B9C6

Brome (2 years) C13B2
Continuous Brome (15 years) Bl 5

Compression curves relating bulk 
density to applied pressure were 
obtained at different water con
tents, The slope of the compres
sion curve (compression Index) was 
determined as well as the "stan
dard bulk density" under a load of 
1 kg cm“2 and 50? water satura
tion, This standard bulk density 
was subsequently used to calculate 
the "standard I nter-aggregate 
porosity" which Is an estimate of 
the effective porosity under a 
compaction load of 1 kg cm-^ and 
50? water saturation.

The Influence of cropping 
history on other characteristics 
of aggregates which could influ
ence the compact!bl Iity of aggre
gate beds was also determined. 
The aggregate size distribution 
was measured and expressed as the 
aggregate mean weight diameter 
(the diameter of the aggregate 
representing the 50? point of the 
cumulative weight versus diameter 
graph). The aggregate tensile 
strength was determined from the 
force required to crush an 
Individual aggregate.

Table 2: Soil Characteristics for different cropping histories^ as measured 
on beds of aggregates ranging from 0 to 4.7 mm.

Cropping 
HI story

Aggregate mean 
weight diameter

Aggregate2 
strength

Compression
1 ndex

Standard 
bu 1 k 

density

Inter
aggregate 
porosity

(mm) (kPa) (g cm"^)

Cl 1.40 29.4 0.59 1.23 0.23
B9C6 1.50 25.2 0.39 1.24 0.22
C13B2 1.67 35.4 0,42 1.24 0.25
815 1,98 35.0 0.42 1.17 0.28

P-va1ue 0.0001 0.013 0.009 0. 175 0.009
Protected -LSD 0.155 5.74 0.020 NS 0.030
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The compression index and the 
inter-aggregate porosity are 
higher for BIS and C13B2 than for 
the plots presently under corn 
(table 2), Forages appear to 
Increase Inter-aggregate porosity, 
aggregate strength and aggregate 
mean diameter. These 
characteristics appear to be 
correlated (see figures 1 and 2).

To eliminate the influence of 
cropping history on aggregate size 
distribution, the above described 
tests were also performed on beds 
of aggregates with a narrow size 
range (2 to 4.7 mm in d Iameter). 
Again, B15 and C13B2 appear to 
have I arger inter-aggregate poro
sity and stronger aggregates 
(table 3). The increased Inter
aggregate porosity Is again asso
ciated with increased aggregate 
strength (fIgure 3),

It appears that the past 
cropping sequence influences com
paction characteristics of aggre
gate beds. Continuous production 
of corn decreases aggregate size 
and strength, which In turn 
increase the soil's susceptibility 
to compaction. Six years of corn 
after continuous brome were suffi
cient to decrease aggregate 
strength and mean size to the same 
level as 15 years of continuous 
corn production. Two years of 
brome after continuous corn 
improved aggregate strength and 
size and decreased the soiI's 
susceptibility to compaction.

The results of this study are 
most applicable to seedbeds. 
Further field and laboratory 
studies are required in order to 
evaluate the influence of crop 
sequence on the compactibiIity of 
undisturbed soil such as that 
encountered under zero-tiI I age 
cond i t ionsB

Table 3: Soil Characteristics for different cropping histories^ as measured 
on beds of aggregates ranging from 2 to 4,7 mm.

Cropp1 ng Aggregate^ Compress ion Standard Inter-aggregate
h1 story strength Index bulk density porosity

(kPa) (g cm“3)

Cl 28.6 0.42 1.20 0.25
89C6 27,6 0.44 1.20 0.2 5
Cl 3B2 32.8 0.44 1.20 0.27
Bl 5 42.9 0.47 1.20 0.29

P-va1ue 0.0007 0.006 0.996 0.01 1
Protected -LSD 4.75 0.02 NS 0.02

1 Mean of 3 field replIcates
2 Mean of 3 field replicates (30 aggregates tested per field replicate)

Figure 1. Relationship between inter
aggregate porosity and aggregate mean 
weight diameter.

Figure 2. Relationship between inter
aggregate porosity and aggregate strength 
(aggregates 0-4.7 mm in diameter).

Figure 3. Relationship between inter
aggregate porosity and aggregate strength 
(aggregates 2-4.7 mm in diameter).
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The AEC-Guelph podzol protect
W. Chesworth, S.E. Shlpltalo and p. Smith

The objectives of this pro
ject were to answer the following 
questions:

a) What is the composition of the 
sandy parent materials of 
podzolic soils around Lake 
Nipigon and elsewhere in N, 
Ontario?

b) What chemical changes have 
taken place as a result of 
podzolisation?

c) What Is the composition of 
groundwaters produced In the 
process?

d) What Is the resulting rate of 
chemical change?

Each of these questions Is 
dealt with In turn below.

Table 1 presents the mean 
%-composition by weight and the 
standard deviations for al I the 

major components In the parent 
materials of the soil examined. 
Similar information for the minor 
elements is presented In Table 2. 
Though the variability is wide, 
the composition Is granitic In the 
broad sense, as borne out by the 
mineralogy. The dominant phases 
are quartz, microcline, oligoclase 
and biotite. Minor amounts of 
amphibole, pyroxene and chlorite 
also occur, together with traces 
of the clay minerals described In 
the next section.

Table 1: Major element composition of the parent Table 2: Minor elements In the parent materials, (ppm), 
materials, (wt.

Oxide Number of Mean Standard Element Number of Mean Standard
Samples Deviation Samples Deviation

SiO2 37 74,0 4.4 CR 37 50 19
Al2O3 37 11.6 1.3 CO

CU
37
37

12
13

9
5

Fe2O3 37 3.3 1.8 ZN 37 48 16
MGO 37 1.7 0.9 AS 37 2 3
CAO 37 2.8 1.0 V 37 52 52
NA20 37 3,2 0.9 Nl 37 32 16

CE 37 30 8
K2O
TI02

37 1.8 0.3 ND 37 16 3
37 0.4 0.2 LA 37 26 5

2 BA 37 380 109
MNO 37 0.1 0.02 PB 37 14 2
P2O5
LOI*

37 0.2 0.1 RB 37 56 11
37 1.0 0.4 SR 37 324 87

Y 37 7 6
* LOI = loss on ignition ZR 37 142 47

NB 37 12 2

The greatest changes occur as. 
a result of the reorganisation of 
Si, Al and Fe in the solum, Al 
and Fe tend to be flushed down to 
lower levels In the profile, 

relative to SI, to form a brown to 
dark brown spodic horizon. Si is 
preferentialIy enriched by this 
process In the upper part of the 
profile In a grey to white alblc 

horizon. Average compositions tor 
alblc and spodic horizons are 
shown In tables 3 and 4 respec
tively.

Table 3: Major and minor elements In alblc horizons.

Oxide Number of
Samples

Mean Standard
Deviation

Element Number of 
Sampl es

Mean Standard
Deviation

SiO2 15 77.2 4.9 CR 15 33 15
Al2O3 15 9.7 1.0 CO

CU
15
15

10
9

8
4

FE.O 15 2.2 1.3 ZN 15 38 124 3 
MGO 
CAO 
na2o

15
15
15

1.1
2.0
3.1

0.7
0.8
1.0

AS 
V 
Nl 
CE

15
15
15
15

2
43
16
21

2
34
11

5
K20 15 1.8 0.4 ND 15 13 3
tio2 15 0.4 0.2 LA

BA
15
15

27
380

8
54

MNO 15 0.1 0,04 PB 15 15 4
P2O5 15 0.1 0.1 RB 15 56 16
LOI* 15 2.3 1.2 SR 

Y
15
15

273
4

58
4

*L0l = loss on Ignition ZR
NB

15
15

193
14

67
2
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Table 4: Major and minor elements In spodic horizons.

Oxide Number of 
Samp les

Mean Standard 
Deviation

Element Number of 
Samples

Mean Standard 
Deviation

SiO2 17 72,1 3.9 CR 15 53 15
CO 15 16 7

Al2O3 17 11.9 1.0 cu 15 11 6
FE203 17 3.6 1.2 ZN 15 50 15

AS 15 4 4
MG0 17 1.4 0.6 V 15 58 34
CAO 17 2.4 0.6 Nl 15 30 14
NA20 17 3.0 0.6 CE 15 21 6
K20 17 1.8 0.3 ND 15 16 2

LA 15 24 5
TI0 17 0.4 0.1 BA 15 368 42
MNO 17 0.1 0,01 PB 15 17 10
P2O5 17 0.2 0.1 RB 15 56 5

SR 15 297 57
LOI* 17 3.2 1.1 Y 15 5 4

ZR 15 164 51
*LOI = loss on Ignition NB 15 13 1

During podzolisatlon, hydroxy 
Interlayered vermiculite, smec
tite, kaolinite and amorphous 
forms of Al, Fe and Sr have 
formed. In addition humic com
plexes of Al and Fe were pro
duced.

As a comparison of all the 
tables shows, the changes have not 
been extensive (compared for 
example with those found In 
Atlantic podzols). Instead of a 
mono-mineralic quartz alblc 
horizon being produced, a 
granitoid one has formed, with the 
feldspars weathering much less 
than the classic view of 
podzolisation suggests. This may 
be the resu 11 of a short h I story 
or because soil waters leaving the 
solum were relatively dilute.

Analyses of natural waters, 
including groundwater, from the 
region were measured on the east 
side of Lake Nipigon during 1979 
and 1980. The net dIf ference 
between the Input from the precip
itation and the groundwater Itself 
Is taken to be the loss to the 
solum. Orders of magnitude only 
are taken to be significant.

From the figures presented, a 
maximum rate of chemical change 
for the system can be calculated 
in the following way. Let 1 cm of 
water pass through 1 hectare. The 
total volume of water is 10$ ml. 
It causes a net removal from the 
solum of 10 to 100 mol $1; 1 to 
10 mol each of Al, Fe, Mg, Ca, Na; 
and 0,1 to 1 mol K. The maximum 
amount of water that can pass 
through the solum in a year Is the 
total precipitation, approximately 
80 cm In this case. So the maxi
mum rate of change in mol/ 

hectare/year Is Si 80 to 800; Al, 
Fe, Mg, Ca and Na 8 to 80; K 0,8 
to 8.

These figures can now be used 
to give a minimum residence time 
for the major elements in podzols 
of the region. In a solum of 10 
cm depth extended over 1 hectare 
there are, in the Lake Nipigon 
region, approximately 12 x 106 
mol Si, 2 x 106 mol Al, 0.4 x 106 
mol Fe, 0.4 x 106 mol Mg, 0.5 x 
106 mol Ca, 1 x 106 mol Na, .4 x 
106 mol K, Using the original, 

unrounded off data, and 
calculating to two significant 
figures, the mlnImum residence 
time for the various major ele
ments In the solum Is:

SI 15,000 years
Al 26,000 years
Fe 5,100 years
Mg 5,300 years
Ca 6,300 years
Na 13,000 years
K 48,000 years

Work continues in adding to 
and refining these estimates. In 
particular, new data from the 
Turkey Lake region of N. Ontario 
Is currently being analysed.

Table 5: Average water analyses from the east side of Lake Nipigon (mg/l).

Si Ca Mg K Na Fe pH

1979

Rainfall 2.3 1.2 .29 .29 .28 5.9

Stream 1 7.0 2.4 .45 .66 .52 6.6
Stream 2 — 9.2 2.6 .29 .57 .29 6.7

Groundwater — 2.6 1.8 .56 .81 2.5 5.9

1980

Rainfall .24 1 J .16 .24 .43 5.4

Stream 1 4.5 8.7 2.4 .49 .66 .33 6.9
Stream 2 5.6 11.9 2.9 .36 .63 .27 6.8

Groundwater 10.3 2.4 .86 .21 .69 1.6 5.9

From the above sources, net loss to the solum (In moles/lItre) is
estimated as:

SI Al Fe Ca Mg Na K

10-3 to 
10-4

10-4 to 
10-5

10-4 to 
10-5

10-4 to 
10-5

10-4 to 
10-5

10-4 to  10-5 
to 10-6 10-5 
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Advances In the "Guelph Permeameter" for measuring the saturated hydraulic 
conductivity above the water-table
D.E, Elrick, W,D, Reynolds, B,E. Clothier and N, Baumgartner

The ’’Guelph Permeameter” is a 
field Instrument that measures the 
steady-state rate of water f I ow 
out of a shallow, cylindrical welI 
(e.g, an auger hole) In which a 
constant depth of water Is main
tained, From this measurement, 
the fieId-saturated hydraulic 
conductivity, K, , of the soli can fs 
be calculated.

Two years ago (Reynolds et 
al,, 1985) we Improved the theor
etical framework and the experi
mental design of the permeameter. 
Both a new analytical solution and 
a numerical solution produce an 
Increase In the calculated values 
of KfS of approximately 50? over 
the commonly used Glover solution 
given In most standard drainage 
manuals. The Increase which Is 
produced eliminates the previously 
noted tendency of the method to 
underestimate K, , f s

One of the I imitations of the 
analysis was that It did not take 
Into account the "pull” of the 
unsaturated zone on the water flow 
out of the well, Reynolds et al, 
(1985) extend, analytically, the 
permeameter analysis to account 
for the effects of capillarity on 
the steady f I ow rate out of the 
well and on the subsequent calcu
lation of K, . In addition to t s

providing a more accurate In-situ 
estimate of K, , the extended r S
theory also provides an In-sltu 
estimate of the sorptlvity, S, and 
the ^-parameter of the exponential 
K(([>) function.

Reynolds and El rick (1985a) 
report on a comparison of the 
original (Laplace) and the extend
ed (Richards) estimates of K, to f s 
sol I core estimates of saturated 
hydraulic conductivity values, Ks, 
on Guelph loam. Results show that 
the Guelph permeameter method, 
using the extended theory, effec
tively averaged the vertical and 
horizontal K$ values on the ani
sotropic Guelph loam soli. We 
conclude that the traditional well 
permeameter problems of smearing, 
compaction, slltation and air 
entrapment were minimized to neg
ligible levels using the proce
dures described In Elrlck et al. 
(1984) and Reynolds and Elrlck 
(1985b) and that the Guelph Perme
ameter technique gives accurate 
field dataH
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D.E. Elrick, W.D, Reynolds and N, Baumgartner

In February of 1985 a License 
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University of Guelph and Soilmois
ture Equipment Corporation of 
Goleta, California, U.S.A, for 
manufacturing and sei I Ing the 
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Sulfide-induced alleviation of the acetylene blockage of nitrous oxide reduction in soil
D,G, Evans, E,G. Beauchamp and J, Trevors

Acetylene blocks the denitrl- 
fication process at the ^0 
reduction stage. This has permit
ted the measurement of denitrifi
cation rates by determination of 
N^O gas levels in anaerobic soil 
systems. Recent research showed 
that reduced sulfur compounds 
(e.g, sulfide) cause an allevia
tion of the acetylene blockage. 
For example, after several days, 

the presence of sulfide reverses 
the Inhibition of NjO reduction to 
Nj gas by acetylene In an anaero
bic soil system,

11 was conf irmed that the 
sulfide-induced alleviation of the 
acetylene block of the N^O reduct
ase enzyme is of microbial origin. 
It did not occur in sterilized 
soils nor in soil amended with 

chloramphenicol (a protein 
synthesis inhibitor). Also, the 
alleviation was not a result of 
removaI of the blocking agent 
(acetylene), although its level 
was Important in determining ^0 
reduction rates In the presence of 
sulfide. Addition of sulfide had 
no Influence on soli pH,

A significant finding was 
that the alleviation by sulfide 
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was stimulated by the presence of 
carbon dioxide but not glucose 
additions. The observation sug
gests that the microorganism(s) 
involved is a chemolithotroph. 
Accordingly, It may be expected 
that sulfide might act as an 
electron donor In the organism's 
respiratory system. Calculations 
showed, however, that the 
potential number of electrons 
supplied by the sulfide was insuf
ficient to complete the reduction 
of N2O In flasks containing soil, 

sulfide and acetylene. Thus It 
seems that sulfide serves some 
other role and that electrons for 
N2O reduction must originate from 
other sources,

Adkins and Knowles (1984) 
(FEMS Microbiol, Letters 23: 
171-174) reported that an organism 
tentatively Identified as a 
Cytophaga sp. was Isolated from 
soil. The organism grew in the 
presence of sulfide and acetylene 
and also reduced N2O gas. 

Attempts in the current study to 
isolate an organism which reduced 
N2O In the presence of sulfide and 
acetylene were unsuccessful. 
However, one of two organisms 
Isolated on a soil extract agar 
medium supplemented with sulfide 
and which was under a 
atmosphere, displayed morpholog
ical characteristics resembling a 
Cytophaga sp.

Retention of applied boron by Ontario soils
L.J. Evans

As a preliminary investiga
tion into the behaviour and con
tent of boron In Ontario soils, 
experiments were conducted to 
study the factors important in the 
retention of applied 8,

Twenty sol Is representing 
nineteen of the most abundant soil 
series of the agricultural areas 
of Ontario were stud i ed. The 
Brookston, Brant, Fox, Granby, 
Haldimand, Harriston, Honeywood, 
Huron and Lincoln series were 
chosen to be representative of 
much of the agricultural areas of 
southwestern Ontario; the Bond
head, Chinguacousy, Dummer and 
Otonabee series for south-centra I 
Ontario; the Bearbrook, Farming
ton, GrenvilIe, North Gower and 
Up Iands ser i es for the Ottawa 
Valley; and the Hanbury series of 
the Clay Belt area for the New 
Liskeard area of northern Ontario, 
The soils ranged in clay contents 
from 4 to 73%, tn organic carbon 
contents from 0,9 to 5.4% and in 
pH from 4,8 to 7,4 (table 1). 
Amorphous inorganic constituents 
were estimated by extraction with 
ammonium oxalate-oxalic acid buf
fer.

The retention of B was In
vestigated by adding 10 mL of 0,5 
to 6 mmole/L solutions of boric 
acid in 0.01 M CaCl2 to 10 g of 
soil in 50 mL centrifuge tubes and 
shaking the mixtures overnight. 
The supernatant solutions were 
obtained by centrifuging at 15,000 
rpm for 15 min. The B remaining 
In the supernatant solution was 
determined by measuring the opti
cal density of the borate-Azometh- 
Ine H complex at 420 mp, on an 
auto-analyzer. The amount of B 
retained by the soils (S) was 
calculated as the difference 
between the initial and final B 
(C) concentrations in solution. 
The data was transformed to fit 
the Langmuir adsorption isotherm.

Retention of B by all the 
soils, except the Fox, Grenville, 
Granby and Uplands, conformed to 
the Langmuir adsorption Isotherm 
up to 6 mmole/L. For the other 
four soils the data fitted the 
isotherm only up to a B concentra
tion of 3 mmole/L, For each of 
the sol Is the adsorption maximum 
(b) was calculated as the slope of 
the line of C/S plotted against S 
and the coefficient related to the 
strength of binding (k) as the 
slope divided by the Intercept on 
the y-axis (table 1), Examples of 
the Langmuir adsorption isotherm 
plots are shown in figure 1,

Simple linear regression 
analysis of b against clay, organ
ic carbon, and amorphous Fe, Al 
and Si gave correlation coeffi
cients of 0.357, 0.189, 0.188, 

0.116 and 0.332 respectively. 
Multiple linear regression anal
ysis that included pH as an inde
pendent variable Increased the 
correlation coefficent for organic 
carbon, but had no significant 
effect on the other correlation 
coefficients. However the multi
ple coefficient of determination 
(R2) of b aga i nst pH and organic 
carbon was still only 0.441.

These preliminary results 
suggested that organic carbon 
content was more Important than 
clay content in the retention of 
applied boron in the soils studied 
and that the amount of retention 
was also related to pH, Crystal
line and amorphous Inorganic con
stituents did not appear to ba as 
Important as reported in some 
studies and this was probably

Table 1: Major properties of Ah and Ap horizons and Langmuir adsorptlo 
parameters for boron retention.

Series pH Organ 1 c Clay Oxalate-extractable k b
Carbon (L/ (mmole/

% Fe 
 __ __

Al SI kg) kg)

Bearbrook 5.5 2.97 50 0.82 0,34 0.09 0.82 2.47
Bondhead 7.2 0.87 16 0.47 0.21 0.05 0.62 2.59
Brant 7.0 2.61 10 0.35 0.12 0.04 2,23 0.87
Brookston 6.6 3.22 38 0.54 0.24 0.08 1.16 1 .68
Brookston 7.2 3.33 55 0,35 0.17 0.06 0.56 3.79
Chinguacousy 7.1 3.57 35 0.65 0.19 0,06 0.27 4.33
Dummer 7.4 4.65 26 0.60 0.23 0.07 0.73 3.27
Farmington 7.2 2.18 26 0.48 0.30 0.11 1.14 2,20
Fox 7.2 2.00 4 0.25 0.14 0.03 1.84 0,84
Granby 5.4 4.21 9 0.07 0.17 0.01 2.17 0.53
Grenville 6.4 2.95 14 0,46 0.26 0.06 0.35 0.81
HaldImand 5.3 1,81 26 0,75 0.18 0.03 1,07 0.60
Hanbury 5.5 4.37 73 0.70 0.35 0.11 2.59 0.77
Harr Iston 7.1 2.73 20 0.32 0,17 0.04 0.47 2.37
Honeywood 6.8 3.27 11 0.63 0.37 0.07 0.59 2,36
Huron 6.1 4.17 22 0.36 0.14 0.03 0.77 1.71
Lincoln 5.7 2.98 61 0.50 0.23 0.04 0.94 1.31
North Gower 6.4 1.99 29 0.26 0.23 0.08 0.69 3.1 1
Otonabee 7.2 5.44 26 0.53 0.25 0.07 0.77 5.08
Uplands 4.8 3.22 3 0.32 0.19 0.04 0.36 1 .42
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related to the fact that the pH’s 
of the soils In this study were 
less than 7.4, At pH’s less than 
7.4 the applied B will exist 
essentially as the uncharged boric 
acid molecule and thus there Is no 
great tendency for the applied B 
to be retained by ligand exchange 
processes to positively charged 
sites on clays or amorphous 
material.

Figure 1. Examples of Langmuir adsorption 
plots.

Colour of podzolic B horizons
L.J. Evans and B,H, Cameron

The B horizons from 353 
acidic and well to imperfectly 
drained soils from northern 
Ontario were sampled to test and 
refine the current colour and 
pyrophosphate extractable Fe and 
Al criteria that are presently 
used in the Canadian System of 
Soil Classification. Each of the 
soils sampled displayed podzolic 
morphology in the form of reddish 
brown to brown 8 horizons that 
became yellower and/or paler with 
depth and were overlain by LFH and 
Ae horizons. The soils belonged 
to the Podzolic (171 sites) and 
Brunlsollc (182 sites) Orders and 
were developed on glacial mater
ials composed of Archean Igneous 
and metamorphic rocks.

It was found that as the hues 
became redder and the vaIues dark- 
er, there were increa'ses Fn the 
mean pyrophosphate-extractabIe Fe 
and Al (Table 1). Soils with sand 
textures (sands and loamy sands) 
required less Fep plus Alp to give 
the same colours as finer textured 
soils. Pyrophosphate-extractable 
carbon was the soil property most 
highly correlated with soli 
colour.

Twenty soils were sampled 
which did not meet present colour 
criteria for podzolic B horizons 
and of these only three d id not 
meet the present chemical crlter- 

la. Of the remaining 333 soils 
sampled that met the colour cri
teria for podzolic 8 horizons, 
however, only 183 (52%) met the 
chemical criteria. The present 
colour criteria used for podzolic 
B horizons, while discriminating 
against a small number of horizons 
that met the chemical criteria for 
podzolic B horizons, are suffi
ciently broad to include a large 
number of non-podzollc soils.

From the results of this 
study, revisions are suggested to 
some of the colour and chemical 
criteria for podzolic B horizons 

as follows: the colour is black 
or the hue is 5YR; or the hue Is 
7.5YR and the value Is 3 or less; 
or the hue Is 7.5YR and the value 
is 4 and the texture Is finer than 
loamy sand; or the hue Is 10YR and 
the value Is 4 or less and texture 
is finer than Ioamy sand, In 
addition a pyrophosphate-extract
able Fe plus Al content of 0.5% or 
more Is required for all soils.

8y applying the revised cri
teria, 78% of the soils could be 
correctly classified using colour 
and texture only, as compared to 
52% using the present criteria.

Table 1: Mean C, Fep and Alp contents In relation  
to hue and value.

Col our
No. of 
sites

Pyrophosphate- 
extractable

Hue Va 1 ue $Fe %Al $ Total

5 YR 3 16 3.42 0.43 0.57 1.00

7.5YR 3 60 2.69 0.30 0.51 0.81
4 85 1.78 0.18 0.34 0.52

1 OYR 3 50 2.09 0.24 0.39 0.63
4 104 1.67 0.16 0.31 0.47
5 23 1.26 0.10 0.26 0.36

2.5Y 4 12 1.12 0.12 0.23 0.35
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Extractable Fe, Al, Si and C In B-horizons of podzolic and brunisolic soils
L.J, Evans and W.G. Wilson

To Investigate the content of 
amorphous forms of Fe, Al and SI 
In podzolic soils, the B horizons 
from 54 Humo-Ferrlc Podzols and 24 
Eluvlated Dystric Brun I so Is were 
sampled In northern Ontario. The 
different crystalline and amor
phous non-sillcate forms of the 
elements were estimated using the 
following selective extractants: 
dIthionite-cltrate-blcarbonate Fe, d 
and Ald acid NH4-oxalate FeO , AlO 
and SiO; Na-pyrophosphate Fep, 
Alp and Cp : and NaOH-tetraborate 
Fe† and Al†.

Results of mean contents of 
extracted constituents showed that 
Fed > FeO > Fep > Fe†. and that AlO  
> Ald > Alp> Al† . (table 1). 

FeO/Fed ratios averaged 0.87 
and suggested that most of the 
extractable Fe was amorphous.

Inorganically bound Fe and Al In 
pyrophosphate extracts was esti
mated by addition of NH4OH to the 
extracts. The amount of Inorgan
ically bound Fe expressed as a 
percentage of that extracted by 
DCB was calculated at 79 ± 23%, 
whereas the correspond Ing vaIue 
for Al was 61± 20%. (AlO -Alp )/Si  
atomic ratios, plus linear corre
lation analysis of (AlO - Alp ) 
against SiO, suggested the pres

once of amorphous aluminosilicates 
with Al/Si ratios approaching 3. 
(Feorg + Alorg )/Cp ratios averaged 
0.10, a figure near the value 
suggested by other authors for the 
maximum amount of Fe and Al bound 
to organic matter, Cp /(Fep +AIp) a 
atomic ratios did not appear to be 
useful in differentiating Podzolic 
from Brunisolic soils.

Table 1: Means and ranges for extractable Fe, Al, 
SI and C.

Mean Range Mean Range

Fed
Ald

1.45
0.71

0.34-3.29
0.12-1.40

Fep
Alp

0,32
0.52

0.01-1.26
0.10-1.30

Fe 
o 1.25 0.20-2.57 Cp 2.06 0.19-6.17

Alo 1.26 0.33-2.43 Fe† 0.04 0.00-0.23
Sio 0.28 0.03-0.65 Al† 0.22 0.04-0.60

Evaluation of the airborne multispectral electrical-optical image scanner (MEIS) data 
for detailed soil surveys
J, Fischer and R. Protz

Research was conducted on the 
potential of high resolution digi
tal spectral reflectance Imagery 
of soils for detal led soil sur
veys. Images with one and three 
meter resolution were chosen for 
study because It was thought that 
significant wlthln-field soil 
variability could be mapped using 
one to three meter pixels.

On June 12, 1984, colour
infrared aerial photographs 
(1:20,000) and aerial Multi-spec
tral Electro-optical Imaging Scan
ner (MEIS) Imagery, with three 
meter resolution, were acquired 
for five areas in Southern 
Ontario, 1) Elora, 2) Delhi, 5) 
the Nith River Area, 4) eastern 
and western Elgin County, and 5) 
east end of the Niagara 
pennlnsula, One meter resolution 
Imagery was also acquired for the 
Elora and Delhi areas.

The five areas were chosen 
because of the quantity of ground 
truth data that Is available. 
Large scale soil surveys have 
been, or are being conducted in 
the areas, and detailed data on 
soils and land use at the Delhi 
and Elora Research Stations were 
also made available for use In 
this project.

June 12 was chosen for image 
acquisition because many fields 
are vegetation-free at that time, 
also it was desirable to have MEIS 
data acquired as close as possible 
to the June 13 date of the 
Landsat-5 satellite Thematic 
Mapper coverage.

The three meter resolution 
imagery of Delhi and Nith and the 
one meter resolution imagery of 
Elora were analysed. Also, the 
original Delhi and Nith Imagery 
was processed so that images with 
28 meter resolution were created 
and analysed. This was done so 
that comparisons could be made to 
the Landsat satellite Thematic 
Mapper images which have a resolu
tion of 28 meters.

The Imagery of each of the 
areas was enhanced to show maximum 
bare field soil variability, and 
then classified using a maximum 
IikeIihood classifier. The 
classified images will then be 
compared to soils and soil survey 
data.

The results of this project 
will be used to determine which 
pixel size is best for various 
Intensities of soil mapping and 
also to determine the correlation 

of spectral reflectance values of 
pixels of various dimensions to 
surface and subsurface soil prop
erties, The alm is that digital 
spectral reflectance data will 
eventually be used to Increase the 
efficiency of detailed soil map
ping.
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Application of spectral analysis to mlcropenetrometer data
C.D. Grant, B.D. Kay, P.H. Groenevelt, G.E. Kidd and G.W. Thurtel I

The resistance of sol I to 
deformation by a growing root is 
often Inferred from data collected 
us Ing a penetrometer. A micro
penetrometer with a diameter simi
lar In magnitude to that of a root 
is capable of measuring variations 
In tip resistance over distances 
as short as 0.1 mm. Measurements 
at such a sma 11 scale offer the 
potential for characterizing zones 
of high resistance to penetration 
and also the frequency of occur
rence of low resistance zones 
which could be exploited by a 
growing root. The objectives of 
the study reported herein were 
(1) to develop a methodology for 
analyzing the variation In pene
trometer tip resistance over short 
distances and (2) to determine, 
using samples of different sized 
aggregates, to which aspects of 
soil structure the variability In 
the penetrometer data was related. 
Results are presented from an 
application of spectral analysis 
techniques to the tip resistance 
data collected using a range of 
different, and well defined, soli 
structural units (see results of 
preliminary work presented In the 
Progress Report, 1983; p. 11).

The results Indicated that 
the mlcropenetrometer was sensi
tive to both aggregate size and 
aggregate strength. Using aggre
gates ranging In size from <1.6 mm 
to 6.8-12.4 mm In diameter, the 
larger aggregates provided greater 
res I stance to penetration. The 

tip resistance In the larger 
aggregates cycled at higher ampli
tudes and wavelengths than that in 
the smaller aggregates. Higher 
total variance therefore occurred 
In the data from the larger aggre
gates than from the smaller ones 
(Figure 1) and this higher total 
variance was generally caused by 
peaks at wavelengths corresponding 
closely to the aggregate size 
ranges.

In addition, comparisons of 
the variance spectra of the dif
ferent aggregate sizes revealed 
something Interesting about the 
complex make-up of soil aggregates 
(see Figures 2(a) and (b)). The 
spectral peaks for the larger 
aggregates were found to be higher 
than those for the smaller aggre
gates, even at wavelengths corre
sponding to smaller aggregates 
(see the speckled areas in Fig. 2a 
i b). It was concluded from the 
comparisons that the 
relatively higher spectral peaks 
In the larger aggregates were 
caused by the occurrence of high- 
strength "compos Ite" macro-aggre
gates (held together In a conglo
merate) offering greater penetro
meter resistance than the smaller, 
individual, loosely packed aggre
gates.

The ’strong conglomerate' 
explanation Is consistent with the 
hypothesis that large aggregates 
are simply made of smaller 
aggregates which are sticking 
together. The complex pattern of 

penetrometer tip resistance with 
depth In the larger aggregates 
supported this Idea (see Figure 
3). Smaller aggregates are 
normally considered to be more 
stable than larger ones, so It was 
hypothesized that a large 
conglomerate of sma11 aggregates 
probably offers higher pene
trometer res I stance due to three 
aspects of physical obstruction, 
namely 1) the large compressive 
strength and stability of the 
sma 11 component microaggregates 
due to IntramIcroaggregate bonds 
2) the strength of Intermicroag- 
gregate bonds and 3) the lack of 
space within large aggregates Into 
which the penetrometer can push 
microaggregates aside as It passes 
through.

The application of spectral 
analysis to micropenetrometer 
data, as outlined herein, intro
duces new possibilities for making 
the penetrometer more usefuI, 
It’s application, as a tool for 
studies designed to Investigate 
the nature of sol I structure and 
its Influence on potential root 
growth looks promising.

Figure 1. Total variance in micropenetro
meter tip resistance as a function of 
aggregate size.

Figure 2. Superimposed variance spectra for 
adjacent aggregate size ranges.

Figure 3. Tip resistance profile illustrating 
composite nature of strength in large 
aggregate (6.4-12.8 mm).
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Absence of 6-fold coordinated Al in |adeite-melt near the jadeite liquidus
Dave Hamilton (University of Manchester), Ward Chesworth and Colin Fyfe and Gord Kennedy (Dept, 
of Chemistry),

In a sillcate-r I ch me 11, 
whether the Al is in 6- or 4-fold 
coordination will have a large 
effect on melt-structure. Proper
ties such as density, viscosity, 
diffusivity and phase relations 
will be Influenced, There are no 
unequivocal examples of 6-fold Al 
in silicate melts (or glass, their 
quenched equivalent), though re

Figure 1. P-T diagram for part of the system 
SiO2-NaAISiO4-H2O.

ceived opinion In petrology is 
that melts out of which a solid 
phase with 6-fold Al is crystal
lising, must themselves contain Al

In the same coordination. In this 
study we have used solid state, 
magic angle spinning, NMR tech
niques pioneered In the Department 
of Chemistry at the University of 
Guelph, to check this hypothesis.

Jadeite (NaAIS^Og) Is a 
pyroxene with Al In 6-fold 
coordination, A PT diagram perti
nent to Its relationship with melt 
has been determined by Boettcher 
and Wyllie (Amer. J, Scl,, 1969, 
267: 975-909), We produced jade
ite glass by melting natural 
Californian jadeite at 35 kilobars 
and 1450°C. This is virtually on 
the liquidus where jadeite forms 
from melt (figure 1), Consequent
ly we had every expectation that 
the glass would contain 6-fold 
Al.

In figure 2 the 27Al NMR 
spectra for the original jadeite 
and for the glass that we made, 
are shown. Clearly the peak that 
represents 6-fold Al, present In 
jadeite, Is absent from the glass. 
The Implication Is that the melt 
represented by the glass, contain
ed Al In a different coordination 
(4-fold) from the crystalline 
solid with which it was In equili
brium, In other words, one of the

Figure 2. MAS-NAAR spectra of jadeite and 
jadeite glass.

cornerstones of petrology, that 
the structure of precipitating 
crystals reflects the structure of 
the melt (see Kush 1 ro, Amer. J. 
Scl., 1975, 275: 411-431), Is due 
for revlsionB

The transport of radionuclides in organic soils
J,T, Koch and B,D. Kay

As a constituent of nuclear 
fuel waste with a half-life of 16 
million years, the radionuclide 
12$|, and Its environmental migra
tion, Is of special concern in the 
safe disposal of nuclear waste, A 
long-lived radionuclide, leaking 
from a deep geological disposal 
site In Canada, Is likely to 
encounter an organic soil In Its 
path to the biosphere. The 
relative capabllities of organic 
soils to Immobilize 129] are thus 
of interest to the placement and 
the long-term safety of a disposal 
site for radioactive fuel waste.

Twelve samples of organic 
soil materials were taken at lati
tudes from 44.43 to 48.22°N and 
longitudes from 79.80 to 83.65⁰W. 
Most of the sampIing sites were on 
the Precambrian Shield of Ontario 
and were selected to obtain soils 
of a variable degree of 
humification derived from 
different vegetation.

The data to date indicate 
that the Iodide Ion in these 
soils, at an Initial concentration 
of 1 ppm, disappears from solution 
at a constant rate (zero order) 
and not at a rate proportional to 
solute concentration at any one 
moment (first order). The time 
required for half of the Iodide to 
disappear Is found to vary from 
0.64 to 20,6 days for the selected 
range of soils. The rate coeffi
cient, however, appears to decline 
with time under the conditions of 
storage (moist at 4⁰C, but the 
kinetics of Iodide disappearance 
from solution remains zero order. 

Future work will attempt to 
ascertain whether the disappear
ance of iodide remains zero order 
under all circumstances. The 
dependence of the rate coefficient 
on solution composition, solute 
concentration, temperature, 
microbial activity, and degree of 
saturation of sorption capacity 

will also need to be determined. 
The causes of the different kine
tic characteristics of the sol Is 
will be sought. The Impact of the 
variable nature of the sorption 
parameters will need to be evalu
ated In mathematical and physical 
models of the transport process.
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Ontario as a modern analog for Permian, cold, coal-forming environments of Eastern 
Australia
I.P. Martini

During Pleistocene times 
Ontario has undergone glaciations. 
Since approximately 13,000 years 
ago, glaciers melted and the land 
was progressively occupied by 
changing plant and animal associ
ations as the cl imate amel iorated, 
A strong climatic gradient, thus a 
well defined vegetation succession 
exists in Ontario from the perman
ently frozen (permafrost) lands of 
the northernmost tip covered by 
tundra, to the discontinuous perm
afrost subarctic region of most of 
the Hudson Bay Lowland covered by 
boreal forest (taiga), to the cold 
temperate region of southern 
Ontario characterized by hardwood 
growths In localized swamps. The 
substratum terrains cons I st of 
Pleistocene tills and Holocene 
(post-glacial) raised marine depo
sits in the Hudson Bay Lowland; of 
scraped, bare Precambrian bedrock 
Jn the Canadian Shield; and of 
fertile glacial and glaclo-fluvlal 
and glacio-lacustrine sediments in 
southern Ontario,

Much similar climatic con
ditions and sequence of events 
occurred In southern and eastern 
Australia during late Carbonifer
ous and early Permian times (25O- 
300 miIIions of years ago), At 
that time the Atlantic Ocean did 
not exist, the continents were 
joined together, and Australia was 
hugging Antarctica forming part of 
a large landmass called Godwana- 
land (Fig. 1). The south pole was 
approximately near the present day 
location and extensive glaciations 
affected those regions. Since 
those times the continents have 
drifted apart and fragments of 
those glaciated lands occur In 
Australia, India, South Africa and 
South America, If both North 
America and Australia are oriented 
toward their respective Pleisto
cene and Permo-Carboniferous cold 
poles and superimposed, an almost 
perfect match can be made in terms 
of temporary climatic conditions 
and vegetation succession (Figs, 
2, 3), The result is that the 
peatlands of Ontario and their 
features changing form unconfined 
vast peat lands In the north, to 
thick peat deposits in depressions 
of the Precambrian shield, to 
still more confined and progres
sively reduced peats of southern 
Ontario can serve as analogs to 
exp lain some aspects of large 
Permian coal deposits of eastern 
Austral la, such as the Greta Coal 
Measures of the Sydney Basin in

Figure 1. Map of Pangea (Gondwanaland 
relates to the southern hemisphere) and 
subsequent drift of the continents (After Flint 
and Skinner, 1977),

New South Wales and the Collins
ville Coal Measures of the Bowen 
Basin in Queensland, The Impor
tance of all this is the realiza
tion that important coal deposits 
have formed In the past under 
subarctic and cold temperate con
ditions, much In the same way the 
present large peatlands of Canada, 
Scandinavian countries and USSR, 
Un+i I now, the ancient coal 
deposits have been explained in 
terms of subtropical swamps such 
as those of the Mississippi delta 
and Okefeenokee swamp of Florida.

On tar io is not affected by 
tectonic activities, nor movements 
of air masses which are Influenced 
by mountain barriers. Ontario 
also does not experience anoma
lously high rates of precipita
tion like some maritime areas In 
British Columbia or Newfoundland,

nor does it experience dry condi
tions such as in the Prairie 
Provinces and the arctic regions, 
The vegetation succession and 
organic deposits are primarily 
affected by climatic gradients and 
substratum conditions (Fig, 4), 
Thus, Ontario provides one of the 
best ’’cold climate models” in the 
world to understand climatic gra
dients, vegetation associations, 
types of peatlands and extension 
and thickness of peat. The 
Ontario model provides the condi
tions for potential cold coal 
formation. The analogy between 
such modern peat Iands and the 
ancient coal deposits aids consi
derably In the understanding of 
processes of formation and distri
bution of the organic features, 
thus In the exploration and evalu
ation of the resource potential of 
the coals. This analogy, however, 
must not be considered on a one- 
to-one similarity basis, because 
strong d I fferences occur between 
the two areas. The major differ-



Figure 2. Schemotic superimposition of Ausfrolia and North America, with both 
continents oriented toward their cold poles. The superimposition matches 
approximately the edge of the Late Pleistocene glaciation in North America and 
the edge of the Late Carboniferous glaciation in Australia. The distribution of 
biomes for the Late Pleistocene in North America is after Hare (1976).

Figure 3. Schemotic superimposition of North America obtained by rotating 
Australia northwards following the Holocene shift of the biomes to their 
approximate present location in North America. Such conditions may represen 
the Lower-Middle Permian settings of Australia. Note that the diagram is not ti 
perfect scale because the dimensions of Australia have not been correlated fo 
its shift in latitude. However, there is a close relationship between the Ontark 
region and the South Australian, Sydney, and Bowen Basins.

ences Include: a) tectonic condi
tions. Only the western margins 

the Australian basins had a 
craton similar to Ontario. Their 
eastern sides had actively growing 
mountain chains; b) envlronmentaI 
settings. Whereas Ontario has 
coasts on cold mediterranean seas 
(Hudson and James Bay) and large 
freshwater lakes, the Australian 
basins were cold, Iarge mar Ine 
embayments, probably open to the 
south to an arctic ocean and were 
affected by Icebergs, Finally c) 
different vegetation. Angiosperms 
as-weRnow them"today were not yet 
evolved on Earth during Permo- 
Carboniferous times. Although the 
plant species differ, they occu
pied niches and formed organic 
deposits similar to those of the 
present day. The ancient permlan 
tundra therefore was characterized 
by a Botrychlopsis assoc I atIon, 
the boreal regions (taiga) by a 
Gangamopterls association and the 
cold temperate deciduous swamp 
forest by a Glossopterls associa
tion. Such associations grade 
Into each other, overlapping 
somewhat, both laterally from 
Tasmania to Queensland in 
Australia, or locally In the 
Sydney Basin, from older colder 
deposits to younger warmer depo
sits, much in the same fashion as 
analogous plant associations vary 
form northern Ontario to southern 
Ontario.

Figure 4.Generalized characteristics of major wetland regions of Canada. Data 
are approximations derived from Rubec and Pollett (1979) and Zoltai (1980). 
Symbols such as ALW (0.52) or BMH (6) indicate: wetland region (AL, BMH); 
area within the region W = west; C= central; E —east; maximum thickness, 
usually in bogs in meters (0.52-2) and dashed contours. A generalized trend 
from north to south Ontario is indicated by full line and particular locations in 
Newfoundland and British Columbia are flagged.
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Applied Sedimentology (Introduction)
The I and along the Niagara 

Peninsula corridor from Niagara 
Falls to Hamilton and Toronto Is 
subjected to strong competition 
for various uses. Viticulture and 
horticulture, road and building 
constructions, quarrying for 
gravel and bedrock resources, and 
conservation particularly along 
the Niagara Escarpment are some 
of the activities competing for 
land use. Some of these uses are 
not mutually compatible. If high 
rise apartments are built on the 
Queenston plain, that land is 
removed permanentIy (at 1 east for 
several generations) from any 
other use. Although everybody 
realizes this and most people 
would agree on the wisdom of 
limiting the urban sprawling in 
certain areas, economic considera
tions are bound to prevail. It Is

much more prof I tabi e to sell the 
land to developers than to grow 
apples. Consequently, Stoney 
Creek wi 11 slowly but surely 
enlarge, much In the same way as 
St. Catharines, Niagara Falls, and 
most of all, Toronto with Its 
satellite towns did. This process 
could be better controlled if It 
is realized that certain tracts of 
land are very valuable economi
cally and can produce revenue 
without selling them for construc
tion purposes. One asset of the 
land Is its substratum, its bed
rock, Such a resource should be 
evaluated and properly exploited, 
together with other resources, in 
a planned sequential way without 
conflicting drastically with con
servation and agricultural prac
tices, Certainly bedrock 
resources should be exploited

before permanent buildings are put 
in place. The bedrock or the 
sediments that form the substratum 
of a large part of Southern 
Ontario have a wide variety of 
uses, primarily for the construc
tion and manufacturing Industries. 
Two resources are analyzed here: 
sandstones for building stones and 
silica source, and shales for 
brick and tiles. Modern methods 
of research, extraction and mar
keting can Improve these two 
Industries drastically. The mar
ket for building tiles in particu
lar is a large and developing one 
In Ontario (87 millions m*  of 
tiles In 1981), and at the moment 
it is totally served by imports. 
The conditions can be further 
improved If new products such as 
roofing tiles can be introduced 
and marketed at a large scale®

3. Depositional characteristics and resource potential of the Whirlpool sandstone, 
Lower Silurian, Ontario

l,P, Martini, K.P. Kwong and C,J, 
Salas* (*Dept. of Geo logy, 
McMaster University)

Few quarries are now produc
ing building stones, This sand
stone I s extracted from a secon
dary scarp which In places occurs 
near the base of the Niagara 
Escarpment (Fig, 1), The exploit
ation of the resource from such a 
location would not permanently 
damage the ecosystem or aesthetic 
aspects of the Niagara Escarpment, 
thus should not conflict with 
conservation practices. The buil
ding stones Industry was very 
active In the first half of this 
century. It has declined because 
of competition from artificially 
manufactured products and deplet
ing natural, easily extractable 
stone. This material was and Is 
marketed as the Credit River Sand
stone. It has been used for such 
buildings as the Parliament 
Buildings in Toronto, and recently 
It has served as the pavement to 
the entrance to the Eatons Shop
ping Mall in Guelph (an Indication 
of changed society value).

To remain competitive and 
profitable, the quarry Industry 
needs to extract rocks with good 
splitting properties, that Is

having a good reed (quarryman 
terminology; pIane beds; geologist 
terminology) to avoid costly saw
ing operations. Such rock 
resource needs also to be at the 
surface or burled under not more

than a few meters of overburden. 
Such conditions are fulfilled 
where glaciers have stripped away 
much of the unwanted rocks cover
ing the sandstone units, leaving 
It to form a secondary scarp, for 
example, in the Ml Iton-OrangevIiIe 
area. Within this area, the good 
reed Is found In those sandy 
deposits formed under relatively 
high flow regime conditions (fast 
moving waters) as they may occur 
on parts of submerged bars of 
rivers and coastal areas (Fig, 2), 
Ut 111 z i n g mod er n facies analysis 
techniques and envIronmen+ai 
models, the paleogeography of the 
Lower Silurian times could be 
reconstructed and the likely loca
tions of not yet exploited plane 
bedded deposits predicted®

Figure 1. Location of maps of quarries for the 
Whirlpool Sandstone.

Figure 2. Field of stability of specific 
sedimentary structures with indication of 
their "reed" quality.



b. Shale resources
J.K.P. Kwong, l,P, Martini and M, Narain*  (*On+arlo  Ministry of Natural Resources)

Shales suitable for brick and 
tl les can be produced from out- 
crops of the Queenston Formation 
which occurs all along the penin
sula north and east of the Niagara 
Escarpment (Fig. 1), The Queen
ston Formation Is a deposit of a 
large delta and coastal zone which 
existed about 440-450 million 
years ago (Ordovician times) In 
front and to the northwest of the 
then forming Appalachian Moun
tains. Except for a noticeable 
and consistent Increase In calcite 
content Iri the Georgian Bay area, 
the shales of the Queenston Forma
tion are rather uniform In compo
sition throughout the region. 
They contain dominant amounts of 
Illite, chlorite, quartz (20-30?), 
a variable amount of calcite (0,5- 
13?), and minor amounts of feld
spars, dolomite and Interstrati
fied clay minerals.

Figure 1. Location map of samples treated.

Figure 2. Absorption values of fired 
briquettes.

Ceramic tests carried out on 
selected potential resource areas 
confirm previously published 
results (Table 1). Accordingly, 
It was found that all samples meet 
the requirements for brick manu
facturing, for Instance the 
absorption values (5 hours boil
ing) do not exceed the require
ments of 10-17%, It was further 
found that several samp les also 
meet the absorption values for 
tiIe manufacturing which are re
quired to be lower than 6-10%

(Table 1, Fig, 2). The carbonate 
content was found to be an impor
tant variable Influencing the 
fired properties of the samples 
tested. With other variables 
being constant, larger carbonate 
content of red-firing shales, 
reduces firing shrinkage, 
Increases porosity and water 
absorption. The appropriate shale 
can be obtained by mln Ing low 
carbonate materials or al lowing 
them to weather after extraction.

Table 1: Ceramic properties of shales from the Queenston Formation and Georgian Bay (G8) Formation.

IJIJF [RED CHARACTERISTICS FIRED CHARACTER1 ST ICS

Mat. 'later Green Drv. Paoid Cone Colour Fired Absorption ('■;) Hardness MOR,
Sample Field Descriptions H.f. Of Pl . Str., MPa Shr. Drving Mo. (Munsel1) Shr. 24 hr. 5 hr. ("ohr1 s') MPa Remarks

C) (' ) (nsi) ( ) (t) cold boilino (osi)

Collingwood Red shale with 19.85 0.98 2.9 safe 09 lot. brn. 0.35 0.35 17.26 6 13.2 Slight
L-l thin layers of (1918.1) effloresence

green shale and (142.1) 06 or. 1.08 15.88 17.1 6 15.4
silt/sandstone. (2230.5)
Bulk sample from 00 vl . or. 1.63 14.34 16.11 7 19.61
flat, excavated (2844.2)
surface. 1100°C dl . vl . or. 1.50 13.62 15.34 7 15.1

(2191.5)

C reemo re Red shale wi th 16.0 0.86 2.4 safe 09 rd. or. 0,95 14.16 14.85 6 10.4 Slight
L-2 thin layers of (1506.1) effloresence

green shale. (124.6) 06 Igt. brn. 1.08 12.64 14.0 6 9.2 on cone 09
Channel sample (1329.1) briquettes.
from road side 03 lot. brn. 1.89 9.94 12.12 7 11.7
cutting. (1701.6)

1100°C 1qt. brn. 1.35 9.30 10.72 7 13.8
(1997.5)

CONT-4
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44 Creemore Greenish gray 22.6 1.25 4.1 safe 09 1 g t vl brn 0.55 15.42 16.0 5 9.0 51ight
L-3 (GB) shale. Bulk (1306.5) effloresence

sample from (181.5) 06 Iqt brn 4.11 6,51 6.84 7 21.5 on cone 09
road cut.

04 dl rd brn 7.88 1.05 1.14 8
(3121.1)

30.9
(4486.6)

briquettes

03 dk rd brn 8,23 0.27 0.34 8 39.1
(5668.1)

Georgetown Red shale, bulk 
sample from road

15.8 0.93 1.3 safe 09 bqt rd brn 1.2 14.23 14.85 6 13.2 51ight
1-4 (1920.4) effloresence

cut. (134.61 06 Iqt brn 2.0 13.74 15.14 6 13.5 on cone 09
(1962.1) briquettes

03 dl or 2.67 9.68 12.34 7 18.8
(2728.5)

1100QC dl or 2.67 9.05 10.85 7 17.8
(2580.2)

Hi 1 ton Red shale with 14.2 0.86 2.1 safe 09 Igt brn 0,54 13.0 14.4 5 11.1 Slight
L-S thin layers of (1608,9) effloresence

nreen shale. (125.2) 06 Inf. brn 0.67 13.0 14.40 6 12.8 rnne
Channel sample from (1857.6) briquettes
pit wall. 04 dl or 0.54 10.68 12.79 7 17.8

03 bgt brn 3.23 9.35 12.17 7
{2582.5) 

16.6
(2404.8)

Ruttonville Red shale with 15.1 1.07 2.1 safe 09 Igt brn 0,13 14.32 14.96 6 9.1 Effloresence
L-6 thin layers of (156.1) (1319.6) on cone 09

green shale and 06 Igt brn 0.54 12.54 14.41 6 12.4 briquettes
silt/sandstone. (1800.5)
Channel sample 04 Igt brn 0.54 11.08 13.25 7 14.1
from stream cut.

03 rd brn 1.21 11.0 13.23 7
(2052.0) 

16.4
(2381.8)

Streetvi1le 15.2 0.9 2.4 safe 09 Iqt brn 0.2 15.0 15.71 5 7.0 SIight
L-7 Red shale with (130.1) (1018.1) effloresence

thin layers of 06 Igt brn 0.27 12.92 14.48 5 8.8 on cone 09
green shale and (1269.3)
silt/sandstone. 03 let brn 1.08 11.71 13.82 6 16.2
Channel sample (2345.8)
f rom pit wall. 1100°C lot brn 0.81 11.15 13.19 6 15.5 

(2245.4)

St. Catherine 14.3 0.83 1.9 safe 09 bqt brn 0.13 11.63 12.27 5 9.5 Slight
L-S Red shale with (119.7) (1383.9) effloresence

thin layers of 06 lot rd brn 1.88 8.79 9.96 6 18.4 on cone 09
green shale. (2671.4) briquettes
Bulk sample 03 rd brn 3.49 3.9 5.76 8 25.1
from pi t floor . (3640.5)

1100°C lot brn 3.35 3.63 5.19 8 20.8
(3014.5)

Beamsvil le Reworked red 15.4 24.6 1.03 5.93 safe 09 rd or 1.07 15.5 16.34 5 8.4 51ight
L-9 shale (stiff (149.5) (1217.4) effloresence

clay). Dutch 06 Iqt rd or 3,61 8.06 8.86 7 19.3 on cone 09,
auger sample. (2801.7) warping at

04 rd brn 7.55 0.72 2.46 8 23.2
(3368.2)

cone 04 S 03

03 dl rd brn 8.47 0.6 1.07 8 22.8
(3306.6)

Note: Core 09 - 915°C, 06 - 991°C, 04 - 1050°C, 03 1O86°C ; di-dull, 1qt-1iqht, dk-dark, brn-brown, vl-vellow, or-orarw, rd-red, bqt-briqht .

The Influence of texture on clay weathering and soil formation in mid Northern Ontario
R, Pro+z, G,J, Ross, and M.J, Shipltalo

Seven soil profiles from the 
Nagagaml River Watershed in Mid
Northern Ontario were sampled for 
this study. The parent materials 
were similar In lithology and clay 
mineralogy. The mean particle 
dIameters (MPD), however, ranged 
from ,07 to 1,87 mm indicating 
that texture had a major influence 
on soil development and weathering 
within the watershed. Thickness 
of the solum was found to be 
positively correlated to the log 
of MPD but appeared to drop off 
when the solum became very coarse 
textured (Fig. 1). Vermiculite 
was the major pedogenlc alteration 
product in the clay fraction of 
these soils and It was therefore 
a useful indicator of weathering. 
Percent pedogenic vermiculite was 
found to be linearly related to 
clay content (Fig, 2), however, 
total amount of pedogenlc 
vericullte was greatest in medium 
textured soils (Fig, 3). These 
data quantify the hypothesis that 
leaching is most effective In 
medium textured soils.

Figure 1. Relationship of solum thickness to mean particle diameter (MPD) of the 
first horizon.
A —all seven pedons sig. at α=.05; B-excluding Elgie-1 sig. at α =.02; 
C-hypothefical relationship for all seven pedons.
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Figure 2. Relationship between percent 
pedogenic vermiculite and percent clay in 
horizons containing pedogenic vermiculite 
from the seven sample pedons.

Figure 3. Relationship between the relative 
amount of pedogenic vermiculite and clay 
content of pedogenic vermiculite containing 
horizons from the seven sample pedons.

Soil erodibllity studies using a portable rainfall simulator
t.J, Shelton, R.W. Tossell and B, Vaughan

In 1982 and 1983, a portable 
rainfall simulator was developed 
under the supervision of G.J, 
Wall, (Agriculture Canada); W.T. 
Dickinson and R.P. Rudra (School 
of Engineering, University of 
Guelph); and D. Beals (Ontario 
Hydro, Toronto). The Guelph 
simulator operates on the basis of 
a single Irrigation-type nozzle 
system. Water is pumped through 
the system and Is uniformly 
dispersed via the nozzle over a 
meter-square plot. Both the In
tensity and duration of the 'rain
fall' can be altered, to simulate 
various types of storms.

The simulator was designed 
to study the effects of rainfall 
on runoff and erosion on different 
soil types and under various 
management conditions. The 
long-term objectives of this study 
are as foilows;

1, to develop an Index of relative 
soil erodlblIIties for selected 
soil textures (and possibly for 
various soil series) in the 
Regional Municipality of 
Niagara.

2, to examine the seasonality of 
soiI erodiblIIty,

In the spring of 1984, 
mechanical modifications were made 
to the simulator In order to sim
plify the apparatus and increase 
Its operational reliability in the 
field. Further Iaboratory cali
bration of the simulator followed 
and by mid summer calibrations in 
the field were completed.

Operational field methods 
were developed with respect to: 
site selection and preparation, 
profile description and sampling, 
rainfall simulator assembly, field 
procedures and test sequences, 
runoff and sediment collection and 
subsequent laboratory analyses.

The methods were applied on 
three different soil types in the 
Regional Municipality of Niagara, 
Simulated rainfall tests were 
conducted on three different plots 
on each of the sand, silty clay 
loam and very fine sandy loam 
textured surface soils, as well as 
on a loam textured surface soil at 
Guelph, A typical test sequence 
consisted of a series of six simu
lated rainfall events, or 'runs', 
which were separated by five 20 
minute waiting periods. The first 
five runs were of 20 minutes dura
tion, the Intensity of which was 
equivalent to 5 cm/hr. In the 
last run, the Intensity was 
Increased to 10 cm/hr and the 
duration decreased to 5 minutes, 
Al I surface runoff from each run 
was collected and measured, 
Aggregates were retained, with the 
use of 1 mm, 500 ^m and 250 [jjn 
diameter sieves In the collection 
system.

Subsequent laboratory anal
yses and measurements provIded 
information on the sediment and 
runoff from each plot. Generally, 
the very fine sandy loam plots 
yielded the most sed iment, the 
silty clay loam plots had the 
greatest runoff and the sand plots 

yielded the least. However, there 
was found to be significant 
variation In runoff and sediment 
yields between, not only different 
soiI textures, but plots of 
slmllar textured sol Is. While it 
appears that sol I moisture 
content, organic matter levels and 
other site conditions could 
account for some of this 
variation, there Is insufficient 
information available at present 
on which to base quantitative 
relationship assessments.

in the 1985 field season, it 
Is expected that the field method
ology will be Improved and that 
more plot information will be 
collected from the Niagara region. 
In addition to the ongoing study, 
a rainfall simulation technique 
for quantifying the effectiveness 
of sol I conservation methods In 
controlling crop land phosphorus 
losses will be developed. The 
resulting data could be used in 
model I Ing and extrapolation 
to evaluate the agricultural com
ponent of the Annex 3 Phosphorus 
Management Plan for the Interna
tional Joint Commission's Great 
Lakes Water Quality Agreement®
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Proposed methods for estimating sheet and rill erosion rotes at a regional level r and 
water erosion and sedimentation rates at a watershed level
I,J. Shelton, B, Vaughan, R,W. Tossel, G,J. Wall and W.T. Dickinson

Effective soil conservation 
planning at a watershed, regional 
or provincial level requires 
information on potential erosion 
rates and an approprlate method 
with which this information can be 
generated. Two similar methods: 
for estimating potential water 
erosion at a regionaI IeveI, and 
for estimating potential water 
erosion and sedimentation at a 
watershed level; are proposed.

The proposed methods use the 
Universal Soil Loss Equation 
(USLE) as the basic tool for 
quantifying potential erosion. A 
regression equation, which pre
dicts the amount of suspended 
sediment that could be loaded Into 
streams from a given agricultural 
area, is used to estimate poten
tial sedimentation. Both equa
tions utilize existing Information 
on climate, soiIs, topography and 
crop systems as the data base.

The regional methods have 
been applied to the Southern 
Ontario region, and potential 
sheet and rill erosion rates have 
been determined for the map units 
of the Generalized Soil Landscape 
Map of Ontario (southern portion) 
at a scale of 1:500,000.

The rainfall erodibility 
Index, Inherent soil erodibility, 
topographic effect, crop and man
agement ratio and support practice 
factor (or the R, K, LS, C and P 
factors respectively) In the USLE, 
were quantified and a soli loss 
rate calculated, based on a set of 
predominant site and land use 
characteristics, for each soiI 
landscape map unit. Soil loss 
rates were grouped into five cate
gories, which are as follows:

Soil Erosion Long term, Average
Class Annual Soil Loss

(tons/acre/year)

1 0,0 to 1.0
2 1.1 to 2.0
3 2.1 to 4.0
4 4.1 to 8,0
5 greater than 8,0

Of the total cropland In 
Southern Ontario, 14 percent was 
estimated to have a class 1 soli 
loss rate, 34 percent a class 2 
rate, 20 percent a class 3 rate, 
15 percent a class 4 rate and 17 
percent a class 5 rate.

The watershed scale methods 
were appl led to the Grand River 

Watershed. A potential erosion 
and sedimentation rate was calcu
lated for each Statistics Canada 
Enumeration Area (or group of 
areas, depending on the number of 
farms In each) in the watershed. 
The same erosion categories were 
used In this study as In the 
Southern Ontario study. Approxi
mately 8$ of the watershed area 
was categorled as 'class 1', 16% 
as 'class 2', 35% as 'class 3*,  
20% percent as 'class 4' and 21 % 
percent as 'class 5' erosion 
potential.

The estimates of sediment 
yield, which are based on the 
percentages of row crops and clay 
In an area, were also divided Into 
five classes, ranging from 0 to 
greater than 400 kg/ha/year.

The proposed methods are not, 
and were not Intended to be 
suitable for conducting detailed, 
site specific studies. They do, 
however, provide a reasonably 
reliable means by which gen
eralized Information on potential 
soil erosion and sediment yields 
can be obtained!

Organic matter studies of Northern Ontario Podzols
S,E. Shlpltalo, C, Fyfe, W. Chesworth, M, Sheppard

The genesis of Podzolic soils 
Is thought to be initiated by 
soluble organic matter which Is 
I eached f rom the forest 11tter. 
The organic molecules are known to 
weather the mineral fraction 
causing elements such as Al and Fe 
to be released into the soil 
solution as weathering products. 
The Al and Fe In solution is then 
complexed by the soluble organic 
matter, translocated to the 
subsoil and deposited onto grain 
surfaces. The mechanism of depo
sition is thought to be associated 
with an increase In the ratio of 
metals to complexing sites up to a 
critical value that results in 
precipitation. The theory just 
outlined Is not universally 
accepted nor have the structure of 
the organic-metal complexes been 
determined. In this study solid 
state C-13 and AI-27 nuclear 
magnetic resonance (NMR) is used 
to provide structural information 
about these complex molecules.

Figure 1, Bedrock geology of the Turkey 
Lakes watershed.
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Three pedons were sampled In 
the Turkey Lakes watershed 50 km 
north of Sault Ste, Marie (Fig. 
1), Samples of the major horizons 
and subsamples every 5 cm In the 
podzolic horizons were collected. 
Soil samples for C—13 NMR analysis 
were prepared by son 1fyI ng the 
samples In distilled water for 1 
minute and removing the >53 um 
fraction by wet sieving. The 
sand-free samples were then freeze 
dried. In earlier experiments, 
this treatment was found to In
crease the proportion of carbon In 
the <53 ^m fraction without alter
ing the structural components. 
Spectra were collected using cross 
polarization and magic angle sam
ple spinning on a Bruker CXP 100 
with a 22,4 MHz magnet. The num
ber of scans collected depended on 
the carbon content and ranged from 
20,000 to 60,000 scans. Various 
levels of Al were added to extrac
ted humic and fulvic acids from 
the podzolic horizons. These 
samples were then analyzed using 
AI -27 NMR on a Bruker CXP 400 
using magic angle spinning; 4200 
scans were collected. The data 
from one pedon is expressed here 
to Illustrate the trends from all 
three pedons.

Interpretation of solid state 
C-13 NMR spectra of soil organic 
matter and related materials is 
complicated by several factors 
Including low C-13 contents, 
heterogeneous molecules, and the 
Inherent line broadening of the 
technique. In order to facilitate 
interpretation of the spectra each 
spectrum Is divided Into the fol
lowing four regions:

1. 0-50 ppm, the alkyl or unsub
stituted aliphatic region;

2. 50-110 ppm, the C-0 region, 
usually considered the carbo
hydrate region although methoxy 
and N and S substituted struc
tures contribute here;

3, 110-160 ppm, the aromatic 
region Including substituted 
aromatics;

4. 160-200 ppm, the carboxylic 
acid region with limited con
tributions from amide and ester 
carbons.

Verticals are dropped to the base
line at these divisions and the 
defined areas are measured and 
calculated as a percent of the 
total carbon measured.

The Ae horizon organic matter 
varies significantly from the

organic matter of the podzolic 
horizon as Indicated by Its lower 
carboxyl content and higher aro
matic and carbohydrate contents 
(Fig, 2), The low carboxy t and 
high aromatic contents can be 
accounted for by the re I ati ve 
solubility of these components. 
The structures which can dis
sociate, such as COOH, are more 
water soluble, whereas the solu
bility of the hydrophobic aromatic 
structures will depend on the 
quantity of functional groups 
which are substituted on the 
structure. The higher carbohy
drate content of the Ae organic 

matter is probably due to Increas
ed root activity In this horizon 
which Inputs carbohydrate, 
particularly cellulose, Into the 
soil.

The organic matter in the 
podzolIc horizon exhibits some 
trends with depth (Fig. 2 and 3), 
Overall, the allphatics are the 
most abundant structures ranging 
between 31 and 39 percent of the 
total carbons (Figure 2 and 3), 
The aromatics decrease slightly 
with depth and represent between 
16 and 20 percent of the total 
carbons (Figure 3) which Is sig
nificantly lower than values from 
podzolic soils estimated by chemi
cal means. The decrease In carbo
hydrates with depth, from 29 to 19 
percent of the totaI carbons 
(Figure 3), may depend on changes 
in the type of carbohydrates 
present. Solid state C-13 NMR 
does not currently provide the 
resolution necessary to different
iate between carbohydrate types. 
Contribution to this region of the 
spectrum, however, includes cellu- 
Iose, which wouId decrease with 
decreasing quantity of roots. In 
addition, the signal from N and S 
substituted structures would occur 
In this region of the spectrum and 
these biochemically Important 
compounds are recycled and 
concentrated in the upper soil 
horizons In podzolic soils.

The carboxylic acid content 
of the podzolic horizon Increases 
significantly with depth, from 11 
to 28 percent of the total carbons 
(Figure 2 and 3). This may be 
accounted for by the high water 
solubility of these structures.

Figure 2. Solid state C-13 NMR spectra of 
selected horizons of podzol from Northern 
Ontario. The scale is in parts per million of 
the magnetic field.

Figure 3. The depth distribution of the 
percentoge of (a) aliphatic, (b) carbohydrate, 
(c) aromatic, and (d) carboxylic acid carbons 
as measured by solid state C-13 NMR from 
samples of a podzol.
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In addition, dissociated carbo
xylic acids are thought to be the 
most active metal complexing 
agents. The organic compounds 
with more available sites would 
require a greater quantity of 
metals In order to reach the cri
tical ratio of metal to complexing 
sites giving rise to precipita
tion, Thus compounds with higher 
COOH contents wouId remaIn In 
solution longer, and perhaps reach 
greater depths, than compounds 
with fewer COOH sites. From the 
C-13 NMR data of the podzolic 
horizon It can be Inferred that 

aliphatic structures are more 
abundant than aromatic structures 
and that the degree of mobility of 
the organic compounds Is related 
to the carboxylic acid content.

There Is considerable inter
est In the effect that metal 
bonding has on the organic 
structures as seen by C-13 NMR, 
No changes in the C-13 NMR spectra 
are found with low Al additions to 
humic and fulvlc acids. With high 
Al additions noticeable line 
broadening Is evident, however the 
effect appears to be uniform 

throughout the spectra and did not 
affect the Interpretation, These 
materials were anlyzed using AI-27 
NMR to determine the coordination 
of the Al, Although the lines of 
the spectra are broad, it appears 
that all of the Al Is bonded octa
hedrally to the humic and fulvlc 
acids at both high and low Al 
additions. This Is not surprising 
since octahedral coordination Is 
the most favorable coordination 
for Al under low temperature and 
pressure conditions.

Aggregate stabilization by earthworms
M.J. Shipltalo and R. Protz

In last years Progress Report 
we noted that the clay In sol! 
Ingested by earthworms offered 
various food sources (I eaves of 
1, alfalfa; 2, corn; 3. clover; 
4, bromegrass and 5, no food) is 
Initially more dispersible than 
the clay In uningested moist soil. 
The clay in these casts remained 
more dispersible unless they 
contained significant amounts of 
added organic carbon and were 
allowed to age for several weeks 
or were al lowed to dry. In 
addition, we noted that 
dispersibility of the dried casts 
was highly dependent on organic 
carbon content and the food 
source. Corn, as a food source, 
was the most effective In reducing 
dispersibility, alfalfa and clover 
intermediate In effect whereas 
bromegrass and no food had little 
effect. The objective of the 
present research effort is to 
determine the factors responsible 
for these observations.

The moist soli used In the 
experiment was wetted to the 
liquid limit and stirred for vari
ous periods of time In order to 
simulate the action of passage of 
the soil through the earthworms 
digestive tract. Clay dispersi
bilities similar to that observed 
In the unaged moist casts were 
obtained by this procedure. These 
results suggest that the initial 
increase in the dispersibility of 
clay In the worm casts Is related 
to the physical, rather than chem
ical, disruption of existing par
ticle to particle bonds In the 
soil by the churning action 
encountered upon passage through 
the earthworms gut.

Secondly, we wished to deter
mine what components of the food 
sources were responsible for the 
decreases In dispersibility noted 

when the casts were dried. There
fore, casts were collected and 
dried from worms which were 
offered no food, corn leaf and 
alfalfa leaf under conditions 
similar to that in the first 
experiment. To evaluate the 
effect of selectively removing 
various components, the casts were 
subjected to one of several chemi
cal pretreatments prior to testing 
for dispersibility. The treat
ments are summarized in table 1. 
Please note that the molarity of 
sodium In the final step of each 
treatment is the same In each 
case.

The results (figure 1) indi
cate that sodium chloride removes 
most of the beneficial effect of 
feeding corn to the worms whereas 
the beneficial effect of feeding 
alfalfa is only removed upon 
treatment with sodium pyrophos
phate. The fact that sodium 
chloride essentially removes the 
beneficial effect of feeding corn 
suggests that the binding effect

Figure 1. Dispersibility of clay in dried soil 
and dried casts from worms fed corn leaf, 
alfalfa leaf and no food after being 
subjected to the indicated chemical pre- 
treatment.

Notes: food treatments within a chemical pretreatment followed by 
the same letter are not significantly different at a = .05.

’indicates an inverse relationship between organic carbon 
and dispersibility
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Table 1: Summary of the effects of the pretreatments used.

Chemical Pretreatments

6 hrs.

.025M Na-Pyrophosphate

2 hrs. Remarks

-removes organic polymers 
linked to clay by 
polyvalent cations

.022M Na-Per Iodate .05 M Na-Borate 
pH 9.6

-oxidizes polysaccharides 
which are unstable under 
aIkaline conditions

.02M NaCI .05 M Na-Borate 
pH 9.6

-effect of borate anion 
and alkaline conditions

.02M NaCI .10 M NaCI -effect of Na cation

imparted by corn is prlmarlly 
cationic in nature. Analysis of 
the various extractants indicates 
that calcium ions are less 
extractable from the alfalfa casts 
suggesting a calcium-organic 
matter- clay interaction may be 
responsible for the binding effect 
imparted by alfalfa.

Because different binding 
mechanisms appear to be operative 
and the beneficial effect of 
feeding corn Is destroyed upon 
treatment with relatively mild 
extractants, It suggests that the 
beneficial effect of feeding 
alfalfa may be longer lasting®

The relationship of soil organic matter to the physical properties of soil
R.L. Thomas and J.R, Davenport

The objectives of the current 
study were:
I) To determine the total below

ground deposition of carbon 
by bromegrass (Bromus Inermus 
L.) and corn (Zea mays L.).

II) To attribute the below-ground 
deposition to root or to 
extra-root deposition.

Ill) To evaluate the aggregate 
stability under corn and 
bromegrass.

IV) To estimate the polysacchar
ide content of the soil under 
corn and bromegrass.

V) To try to relate any differ
ences In aggregate stability 
to carbon deposition or to 
polysaccharide content.

To differentiate the carbon 
already in the sol I from that 
introduced by the growth of the 

plants, plants were labelled with 
14C. Bromegrass and corn were 
established, labelled with
at weekly Intervals during the 
1983 and 1984 growing seasons 
until the corn reached maturity. 
One half of the boxes were har
vested In the fall of 1983 while 
the other set were stored outside 
over winter and again cropped and 
labelled during 1984,

At harvest, the top growth 
was removed, dried and weighed. 
The soil was sampled in 5 x 5 x 5 
cm cubes to the depth of the Ap 
horizon (15 cm). Selected samples 
were used for ana lysis to deter
mine the amount of root growth and 
the extra-root deposition of 
14carbon. Polysaccharides and 

aggregate stability were deter- 
™ined on some samples.

Data on 14C incorporation and 
the production of top and root 
biomass are presented in Table 1, 
The bromegrass produced approxi
mately 1.5 times as much root 
material as the corn. The 14C 
data correlate very closely to the 
biomass data in that about 2.4 
times as much 14C was transferred 
below ground by the grass as by 
the corn. Since planting density 
could be a major factor In the 
total biomass production, the 
ratios of brome/corn and tops/ 
roots are better Indicators than 
the actual biomass figures. The 
ratios clearly Illustrate that the 
bromegrass produced more root 
material for a given top growth 
than corn.

Polysaccharides have long 
been considered a factor In stabi
lization of soil structure. 
Aggregate stability and polysac
charide data for selected samples 
are presented in Table 2. There 
was no difference in aggregate 
stability of soil under corn or 
bromegrass despite the higher 
introduction of carbon under 
bromegrass (Table 1) or the higher 
polysaccharide production under 
corn (Table 2). It could be sug
gested that a positive effect on 
structure of the carbon input 
under bromegrass has been equalled 
by the polysaccharide production 
under corn.

A major question that remains 
is the persistence of the soil 
stability. If the polysaccharide 
under corn is rapidly decomposed, 
then the observed stability may be 
only a short term stabiIity, 
Studies of rates of decomposition 
are In progress.

Table 1. Root and Top Production and Incorporation by 
Bromegrass and Corn,

* In top 15 cm

Plant Mass (g/pot) 14C IncorporationμCl

Roots* Tops Soil & Roots* Tops

Bromegrass 164.5 149.4 68.36 115.3
Corn 67.3 314.3 28.88 249.9

(Bromegrass/Corn) 
2.44 0.48 2.36 0.46

Table 2. Aggregate Stability and Polysaccharide Content of Soil 
Under Bromegrass and Corn.

Stability 
index*

Polysaccharides 
μg/g soi1

Bromegrass 0.74 34.7

Corn 0.71 44.4

* Proportion of silt and clay not readily dispersed.
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The release of phosphorus from orqanic soils
R.L, Thomas and G.A. Sevean

An extensive analysis of the 
organic soils of the Holland Marsh 
has revealed that substantial 
amounts of P have been retained in 
the soils as a result of previous 
cultural practices. The phosphor
us so retained is identified by 
the higher P content near the 
surface of the soil. The leaching 
of the organic soils at an accel
erated rate in the laboratory 
removed some of the accumulated P, 
It was estimated that approximate

ly 340 kg/ha could be removed with 
extensive leaching. The amount 
and rate of P removal did not 
appear to be related to the mapped 
soil series of the Marsh, The 
results have important implica
tions for the future, and suggest 
that P will continually leach from 
the sol Is of the Hol land Marsh for 
many years. Changes In current 
agronomic practices are not likely 
to change the situation. The rate 
of P loss will be dependent on the 

hydrologic characteristics of the 
Marsh and the net leaching that 
will occur each year, A major 
unknown factor is the fate of P in 
the soils as the organic soils 
continue to subside. It could be 
anticipated that as the soils 
become shallower, the concentra
tion of P will become closer to 
the depth of drainage tile and the 
future rate of leaching of P may 
change.

Research into grain yield potential of maize
G.K, Walker, M.H. Miller and M, Tollenaar

At final harvest, the maize 
yield per ha can be thought of as 
number of seeds per plant x mean 
seed weight x number of plants per 
ha. Higher yields will result 
from an Increase in one or more of 
these components, provided that an 
Increase in one component is not 
offset by a decrease In another. 
Such compensations do occur: more 
plants per ha tends to result in 
fewer seeds per plant, for in
stance.

A contentious issue in this 
area is whether yield iIs '’source
limited" (not enough photosynthate 
to fill the grain) or "sink
limited" (not enough seeds, or 
seeds can't get big enough, to 
accept the photosynthate). This 
is probably an oversimplified 
picture, since it is likely that 
the number of seeds, and how big 
the seeds can get, are related to 
photosynthesis (ie, sink size Is 
itself "source-limited").

To investigate some aspects 
of this problem, plants (Pioneer 
3925) were grown hydroponically In 
palls at two plant population 
densities, 20,000 and 30,000 
plants ha’l (low and high densi
ties, respectively). At silking, 
some plants from the low density 
treatment were moved to the high 
density treatment (low/high treat
ment), and vice versa (high/low

treatment), Plants grown at Iow 
density were much larger; at 
siIking, totaI biomass per plant 
(including roots) was 345 g, com
pared to 175 g for high density 
plants. Unfortunately, low/high 
plants produced fewer, rather than 
more, seeds per plant (Table 1), 
so we were unable to determine If 
the high/hlgh plants were "sink- 
limited". Maize plants seem able 
to "abort" kernels during a period 
of approximately 2 weeks after 
silking, and this presumably 
explains why the potentially large 
kernel number (>1100 per plant) 
was not real ized in the low/high 
treatment. However, plants in the 
high/low treatment produced about 
100 more kernels than high/hlgh, 
Implying that the kernel no. Is 
sensitive to photosynthesis short
ly after anthesis.

It is interesting that seed 
weights varied little. If the 
potential seed weight is uniform 
among treatments, these data do 
not suggest a source-limitation 
for high/hlgh plants during grain 
filling, since seed weights for 
high/low and high/hlgh were simi
lar, When adequate water and 
nutrient supplies are ensured, it 
may be possible to raise yields by 
Increasing number of seeds per ha, 
that is, by increasing the number 
of plants per ha or the number of 
seeds per plant. Under more 
typical growing conditions, 
though, where water or nutrient 
stresses may occur during grain 
filling, there may be no advantage 
to a greater number of seeds per 
ha.

Table 1: Post-silking growth and yield components for the four treatments

Treatment

Change In biomass 
from silking to maturity 

(g plant-1)

Number of 
Seeds plant-1

Mean 
seed weight 
(mg seed-1)

High/Hlgh 188 495 313

Low/HIgh 132 413 304

HI gh/Low 322 606 310

Low/Low 448 1126 287

Maximum yield research at Cambridge
G.K. Walker, M.H. Miller, M. Tollenaar

In 1984 we conducted further 
studies Into yield limitations of 
maize, again using both a hydro
ponic system and soil-grown 
plants. The 1984 experiment in
cluded the following treatments, 
al I at 80,000 plants ha-1.

1. Pioneer 3925 grown hydroponic
alIy in palls above-ground;

2, As for no. 1, with pails sunk 
in the soiI ;

3, Pioneer 3925 grown In soil with 

drip Irrigation, 200 kg ha-1 
P2O5 200 kg ha-1 K20 and 100 kg 
ha-1 N applied preplant, and 
five postplant N applications 
totalling 325 kg ha-1 N 
(applied June 19-Aug. 12);
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4. As for no. 3, with PAG SXIII.

Treatments 1-4 used a square 
plant spacing

5. As for no, 3, with 75 cm row 
spacing;

6, As for no, 5, with no postplant 
N applications;

7, As for no, 5, with only three 
postplant N applications (July 
12-Aug. 12).

As in 1983, yield levels were 
high compared to typical farm 
yields. The highest grain yield, 
12.2 t ha-1, is equivalent to 230 
bu ac-1. Table 1 shows that 
growth in the palls was substan
tially improved over 1983 (a 
nutrient deficiency In the palls 
during the first few weeks of the 
1983 season may explain this 
difference). Although grain 
yields In treatments 1 and 2 were 
higher than in 1983, the relative 
Increase in biomass was larger 
than for grain, suggesting, 
perhaps, that grain yield at these 
levels is "sink- limited". 
Treatments I and 2 provide a com
parison where root zone tempera
ture is the only variable. Taking 
the results from harvests made 
through the season in 1984 into 
consideration, we conclude, as for 
1983, that root zone temperature 
regime had no effect on growth and 
yield.

Results for treatment 3 were 
similar to those obtained In 1983,

At present, we cannot explain the 
4-5 t ha-1 growth difference be
tween the paiI treatments and 
treatment 3. The results show a 
clear difference between hybrids, 
the earlier-maturing PAG SXI 11 
yielding approximately 15% less 
than Pioneer 3925. Comparison of 
root growth in treatments 3 and 4 
did not suggest that root proli
feration was related to the dif
ference In biomass production. As 
in 1983, the data suggest that 
there is some advantage In using a 
regular (l.e, narrow row) spacing 
(compare treatments 3 and 5).

Yield levels in treatment 6 
were similar to those obtained In 
1983, and again demonstrated that 
a continued N supply is necessary 
If high yields are to be obtained. 

That production in treatment 7 
exceeded production In treatment 5 
Is not readily explained, but it 
Is significant that high yields 
were attainable in treatment 7 
with 125 kg ha-1 less N than was 
applied in treatment 5. Timely N 
application, leading to high 
efficiency of fertilizer use, may 
be a key to making high yields 
economicaI.

Two years of research at 
Cambridge have shown that whatever 
Inherent soil limitations to 
growth exist, they can mostly be 
overcome. Future research wilI 
continue to assess possible I Imit
ations, so that the most appro
priate management decisions can be 
made.

Table 1: Dry matter production and grain yield (dry matter 
basis) for alI treatments in both years.

Treatment 
Number

Above-ground 
dry matter Grain Yield

1983 1984 1983 1984

1 20.0 25.8 ± 4.0 10.2 12.2 ± 1.4
2 20.2 +- 0.7 24.3 + 0.8 10.4 +- 0.7 11.3 + -0.8
3 21.1 +- 1.0 20.4 + 1.0 11.1 + -0.3 10.8 +- 0.7
4 17.5 ± 2.7 8.9 +- 1.2
5 19.5 +- 1.1 18.5 +- 1.1 10.6 +- 0.4 10.1 +- 0.4
6 15.3 +- 3.8 15.7 +- 4.0 7.7 +- 1.8 8.4 + -2.0
7 20.5 ± 2.4 10.9 +- 0.8

Note: means and standard deviations for four replicates.
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• Land Management Studies
Soil test for zinc availability-revised
T.E. Bates

For the last several years 
the DTPA (diethylene triamine 
penta acetic acid) extractant 
developed by Lindsay and Norvell 
(1978) has been used to measure 
zinc availability in Ontario soils 
and has been adjusted for soiI pH 
using the following equation:

Zinc Availability Index = 100 x 
(SoiI Zinc - 0.124 SoiI Zinc x
SoiI pH)

In this equation "Soil Zinc" is 
that extracted with DTPA In μg/cm3 
(ppm).

Since this test was imple
mented, It has become apparent 
that It under-estimates zinc 
availability on Ontario soils with 
pH values about 7.0. Zinc 
deficiency can very rarely be 
found on many of our high pH 
soils, for example tn Bruce, Gray 
and Victoria counties, yet the 
Index indicates zinc deficiency on 
most of these soiIs,

A careful re-examination of 
the data from Anwar Haq’s thesis 

(1971) and Haq, Bates and Soon 
(1980) resulted in the choice of a 
second equation presented by Haq 
and Miller (1972), This equation 
adjusts the zinc Index for soil pH 
up to approximately 7.0 but makes 
very little adjustment for pH 
values between 7,0 and 8.0, This 
equation was Introduced Into the 
0MAF soil testing system Sept, 1, 
1984 and is providing more 
meaningful results on high pH 
soils. The new equation Is as 
follows:

Zinc Availability Index = 203
+ 4.5 SoiI Zinc - 50.7
SoiI pH + 3.33 (SolI pH)2

With this Index values below 15 
are believed to Indicate potential 
zinc deficiency on corn. At time 
of writing, work is nearing 
completion to build phosphorus 
soiI test Into the equation.
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Corn yield response to irrigation, plant population and nitrogen
D.M. Brown

The objectives of this study 
were to determine the yield 
response of field corn to: (1) 
Irrigation applied to maintain 
soil moisture above a specific 
level during the pretassllng- 
through-siIking period on a loam 
textured soil In this region; and 
(2) N rates and plant population 
levels above those recommended 
when soil moisture was maintained 
at an adequate level. The 
Intention was to use the 
experimental yield responses 
obtained over a relatively few 
years to validate a corn yield 
estimation model. The model was 
then to be applied to climatic 
data for a number of years in 
order to ascertain the yield 
response to Irrigation for 
economic analyses (see Place and 
Brown, this Report),

Field corn was subjected to

Figure 1. Relationship of water applied and 
distance from line source as measured in 
four rain gauges, for the five years.
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variable levels of soil dryness In 
mid-season by supplying a 
decreasing gradient of water 
through a line-source overhead 
sprinkler system (Fig. 1), The 
study was conducted on the 
Guelph/WoolIch soil series at the 
Elora Research Station.

The climatologlcal data, soli 
descriptions, phonological 
records, Irrigation amounts, soil 
moisture measurements, and whole 
plant dry matter and grain yield 
data were assembled for the fIve 
years (1979 to 1983) In which this 
Irrigation experiment was con
ducted.

The results demonstrated that 
significant corn grain (Table 1) 
and whole plant dry matter (Table 
2) yield increases can be obtained 
on medium (silt loam) textured 
soils when irrigation is applied 
during long dry spells In a cool, 
humid climatic region, where short 
season (low heat unit) hybrids are 
grown. When plant population was 
Increased above the normal plant
ing density a further yield In 
crease was obtained, although 
there was no interaction between 
irrigation levels and plant popu
lation in four of the five years 
of the study. Increasing the N 
rate above that recommended, 
resulted in a positive yield in
crease in only two out of the five 
years. In one other year there 
was a slight decrease in yields 
when extra N was applied. It is 
apparent that at the present corn 
grain yield levels at ERS, there 
Is no need to add more than 75 to 
100 kg ha-1 of N, even when soil 
water is to be maintained at an 
optimum level.

Table 1. Grain yields (t/ha) as affected by Irrigation levels and hybrids 
over the five years

Year Relative Irrigation Level*

0 1.0 5.3 5.0

A. 2450 Heat Unit hydrid
1980 4.79 5.02 5.07 5.20
1981 4.92 5.13 5.33 5.38
1982 5.24 5.41 5.67 5.68
Mean 4,98 5.19 5.36 5.42

B. 2500 Heat Unit hybrid
1979* 5.72 6.24 6.60 6.90
1980 5.07 5.40 5.28 5.47
1981 5.71 5.61 5.74 5.89
1982 6.50 6.55 6.59 6.69
1983 6.82 7.64 8,25 8.64
Mean 5.96 6.29 6.49 6.72

C. 2600 Heat Unit hybrid
1979* 6.08 6.30 6.42 6.55
1980 5.38 5.48 5.55 5.61
1981 5.63 5.70 5.72 6.24
1982 6.62 6.65 6.65 6. 62
1983 7.67 8.34 8.68 8.82
Mean 6.28 6.49 6.60 6.77

D, 2675 Heat Unit hybrid
1983 7.16 8.09 8.49 8.76

* Depth of water applied can be determined from Fig, 1 and 1979 levels were 
0,0,9, 3,5 and 5.0 at mid plot.

Table 2, Whole plant dry matter yields (+/ha) as affected by Irrigation 
levels and hybrid over the five years.

Year Relative Irrigation Level*Irr

0 1.0 3.3 5.0

A. 2450 Heat Unit hybrid

1980 7.82 8.40 8.67 9.21
1981 8.80 9.06 9,58 9,90
1982 9.29 10.08 10.05 10.26

Mean 8.64 9.18 9.43 9.79

B. 2500 Heat Unit hybrid

1979* 9.71 10.48 11.32 12.20
1980 8.85 9.34 9.75 10. 54
1981 10.36 10.88 11.39 11.48
1982 11.10 11.61 12.03 12.19
1983 9.66 1 1.51 12.66 13.04

Mean 9.94 10.76 11.43 11.89

C. 2600 Heat Unit hybrid

1979* 10.42 9.94 1 1.56 11.93
1980 9.75 10.23 10.11 10.52
1981 11.02 11.12 11.29 12.22
1982 11.82 11.47 11.50 12.45
1983 10.89 11.86 12.46 13.26

Mean 10.78 10.92 11.38 12.04

0. 2675 Heat Unit hybrid

1983 9.95 1 1.60 12.56 12.91

* Depths of water applied can be determined from Fig, 1 and 1979 levels were 
0,0,2, 2,5 and 4,5 at mid-plot.
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Stable organic matter content in the plow layer as influenced by oxidation and erosion 
and by addition of plant material and manure
S.H. Brunsting and P . H . Groenevelt

Intensive agriculture tends 
to lead to the depletion of stable 
organic matter In the plow layer. 
For the following calculations we 
use as the definition of ’’stable 
organic matter" the organic 
material remaining In the soil one 
year after application of plant 
material or manure.

There are several mechanisms 
that contribute to the depletion 
of stable organic matter in the 
plow layer. The most prevalent 
mechanisms are;

1.Oxidation, by which the organic 
matter disappears, mainly as 
CO2 into the atmosphere, via 
microbial activity.

2.Erosion, by which organic mat
ter is carried off the field, 
firstly in proportion to the 
soil loss and secondly by a 
selection mechanism, usually 
called "enrichment", which Is 
the additional removal of 
organic matter by erosion, due 
to the low specific weight of 
organic matter.

In contrast to the above mentioned 
mechanisms of depletion, there are 
also mechanisms by which the sta
ble organic matter can be replen
ished, or by which its content can 
be Increased above previous 
IeveIs.

These mechanisms Include:

1, Addition of root material. 
This is inevitably linked to 
crop production.

2, Addition of above ground plant 
material (dependent on farm 
management).

3, Addition of manure (dependent 
on farm management).

4, Incorporation of stable organic 
matter, present In the soil 
below the plow layer, which is 
Iinked to erosion and yearly 
plowing to an equal depth below 
the soiI surface.

In order to study the fluctu
ations in the content of stable 
organic matter in the plow layer, 
we use the following balance equa
tion:

ΔOM = ∑tG1 - ∑jLj (1)Where 
ΔOM is the change In stable 

organic matter content, 
expressed in kg OM per 
ha per year,

Gj is the ith Gain Function 
[kg OM ha-1 year-1

and Lj Is the jth Loss Function 
[kg OM ha-1 year-1]

Loss Functions

The above mentioned mechan
isms of depletion will now be 
formulated by the following loss 
functions:

1. LO: The loss function due to 
oxidation.

This function is calculated 
from the decay function

°Vt« ' 0Mt-o x <2>

where Is the stable OM
content t* years 
after year zero, and 

a Isa constant char
acteristic for the 
soli type and climate 
under consideration 
(years).

Thus, for each year, this loss 
function can be evaluated from

L0 = 0Mt=t*-1 " $Mt=t*
= 0Mt=t*-lC'a+f) {3)

The constant a Is equal to the 
half-life, stable
organic matter, which follows 
directly from equation (2), which 
gives for t* = T

OM. T = ~ OM.t=T, 2 t=o
For a conventionally tilled loam 
sol I In the Guelph area we take 
for the half-life of stable 
organic matter, the value of 42 
years. This value was deduced 
from ten years of data (1952-1962) 
collected on Hydrology Hill,

2, L$: The loss function due to 
soil erosion, not consid
ering selective removal of 
organ Ic matter.

Values for L_ are calculated 
from: s

Le = E x POM , S surface
[kg OM ha-lyear"l] (4)

where E = yearly sol I loss [kg 
soil ha"l year"l] and' 

POM , = the percentage ofsurface 3
organic matter at the 
soil surface [kg OM/kg 
sol IJ

3, L,: The loss function repre
senting the additional 
removal of organic matter 
due to the selective 
action of soil erosion. 
Values for Lft are calcu
lated from

L^ = (R-1)Lg[kg OM ha'^year"^] (5)

where Ris, what Is usually 
cal led, the "enrichment 
ratio’1. For the present 
calculations we use R = 
1,7, that Is, the removal 
of OM by erosion per unit 
soil loss Is 1,7 times the 
OM content of the p I ow- 
layer.

The previously mentioned 
mechanisms of replenishment will 
now be formulated by the following 
gain functions:

1, Gr: The gain function repre
senting the addition of 
root material which stays 
In the soil after harvest
ing, Values for GRare 
calculated from:

Gr = a Mr = a x 0.33 x Yc

[kg OM ha*l year“^] (6) 

where a is the conversion factor 
of the mass of roots 
produced per year, MR, [kg 
roots ha“l year"^l to 
stable organic matter, 
Kolenbrander (1974) lists 
for a the value 0.35 [kg 
OM/kg roots].

Yc is the grain corn yield 
[kg corn ha'l year~l]

The relation MD = 0,3 x Y was r\ C
deduced from experimental data 
collected on Hydrology Hill,

Gain Functions
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senting the addition of 
above ground material. 
Values for Gp are calcu
lated from

Gp = pMp = p x 0.65 x Yc

[kg 0M ha*! ygar~l] (7)

where f? Is the conversion factor 
for the mass of above 
ground plant material 
added to the soli per 
year, Mp, [kg plant mater
ial ha-! year'l] Into 
stable organic matter. 
Kolenbrander (1974) lists 
for p the value 0,25 [kg 
OM/kg plant material].

The relation MD = 0,65 x Y was r C
deduced from experimental data 
collected on Hydrology Hill,

3, G^: The gain function repre
senting the appl icatlon of 
manure. Values for G^ are 
calculated from;

= Y MDM = Y x °-13 MWM
[kg OM ha-1 year*1] (8)

where M^^ Is the wet mass of man
ure and M^. Is the mass UM
of dry matter in the 
manure [kg manure ha-! 
year*! ]

The relationsh'P hdm = °'13MWM is 
listed by Beauchamp (1983) as the 
minimum conversion between wet and 
dry solid cattle manure. Although 
Kolenbrander (1974) lists a value 
of 0.50 for y for farmyard manure 
as the conversion factor into 
stable organic matter, the data on 
his graph show a rather wide 
range. We were forced to use the 
lowest value of the range, viz, 
y = 0,35, in order to avoid a 
dramatic rise in the calculated 
values of stable organic matter in 
the soiI dur ing the years of 
app11 cation of solid cattle manure 
(1963-1970), which did not occur 
in the experimental data. For the 
years In which liquid poultry 
manure was appl led on the 
Hydrology Hill (1971-1977) we 
US9d 8m “ymom -y * °-078 MwM

where Mnijl = 0,078 M.... is the aver- UM WM
age conversion between 
liquid poultry manure 
and its dry matter con
tent according to 
Beauchamp (1983), For 
liquid poultry manure we 
use y ~ 0.40,

4. G<j: The gain function repre
senting the addition of stable 
organic matter by Incorporation of 
subso11, accord I ng to the year Iy 
soil loss, assuming the depth of

Figure 1. Orgonic matter content over time 
on Hydrology Hill.

Gc -Ex POM . ..S subsoiI
[kg OM ha-! year-!] (9)

reduced to 6 t ha’1 year’1 the POM 
will graduaI Iy rise to 3.0$, On 
the other hand if no above-ground 
plant material (and no manure) is 
added to the soil and yearly soil 
loss Is kept at zero t ha’1 
year"1, the POM will gradually 
drop to 1.40$, If in this case 
the soil losses are permitted at a 
rate of lit ha’1 year-1 the POM 
will gradually drop to 1.04$, 
Such calculations could be useful 
In the development of a farm man
agement strategyB

plowing below the soli surface was
always the same. Values for G$
are calculated from:

where POM . .. Is the percentage subsoil H M
organic matter in the soil 
immediately below the plow 
layer. The 0M content 
below the plow layer was 
obtained from experimental 
data.

Calculations and Prognosis

Thirty two years (1952-1983 
Inclusive) of data collection on 
Hydrology Hi 11 by Profs, Webber 
and Ketcheson have provided 
sufficient Information to make it 
possible to evaluate all the above 
loss functions and gain functions. 
Starting at year zero (1952) with 
an CM value of 76,830 kg 0M per 
hectare furrow slice, which is 
equivalent to a POM of 3.94$ the 
development of the OM content (and 
POM) for pl ot #2 was cal cu I ated 
sequentially, each year following 
the one previous, using equations 
(1) through (9). Year by year 
calculated values of POM between 
t=0 (1952) and t=31 (1983) are 
shown in Fig. 1, The open circles 
show the experimentaI values of 
the POM. The non-smooth behaviour 
of the cal cul a ted values are, of 
course, a result of varying 
amounts of soil loss and varying 
yields of corn.

The previous equations pro
vide the tools to make prognoses 
of the development of the POM for 
different management practices. 
Prognoses for the next 30 years 
are presented In Fig. 1. Starting 
from a calculated value of POM of 
2,64$ in 1983, the POM will stay 
at that value If all plant 
including the roots) Is returned 
to the soil and the soli loss Is 
maintained at 13 t ha-1 year-1. 
If, however, the soli loss Is
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FOOTNOTE TO FIGURE 1

The period between 1952 and 1983 
shows the calculated values as 
well as the measured values. For 
the per Iod starting 1 n 1983, the 
solid lines show calculated values 
assuming no manure application 
(Gjyj = 0), full I ncorporatlon of 
roots, and the following addition
al management practices (from top 
to bottom):

- Gp maximum, annual soil loss (T) 
maintained at 6 t ha-1 yr-1, 
eventually resulting In an equi-
I ibri urn 0M content of 3,00$,

- Gp maximum, T = 13 t ha-1 yr-1 
resulting In a steady 0M content 
of 2.64$.

- Gp = 0, T = 0 t ha"1 yr’1 
resulting In a decrease of 0M 
content to 1,40$.

- Gp = 0, T = 11 t ha-1 yr’1 
resulting In an OM content of 
1.04$.
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Guelph-Morogoro agrogeology project
W, Chesworth, Semoka, P, Smith and P, van Straaten

A major project began on 
January 1st, 1985, linking the 
Department of Soil Science from 
the Sokolne University of Agricul
ture, Morogoro, Tanzania with the 
Department of Soil Science, 
University of Guelph. This new 
agrogeo log leal project will bring 
together scientists from two tra
ditionally separate disciplines, 
geology and agriculture. The new 
Joint approach between Morogoro 
and Guelph will combine geological 
with agricultural expertise.

Field activities of the agro- 
geological teams will be under
taken in Tanzania, East Africa, 
where food production has fallen 
considerably over the last two 
decades. Among the factors con
tributing to the low productivity 
Is a general decline In soil fer
tility resulting from continuous 
use of land without returning 
nutrients to the soil. This situ
ation developed as a result or a 
move from shifting cultivation to 
more permanent farming practices. 
In other parts of the country, 
productivity has declined because 
of high soil acidity resulting 
from natural processes and the 
continuous use of acidifying 
fertilizers such as ammonium 
sulphate. The problem of sol I 
Infertility is most common In the 
highly leached soils (oxisols and 
ultisols).

To Increase crop production 
in 1982/83, Tanzania Imported com
mercial fertilizer valued at over 
30 million Canadian dollars. Even 
so, the amount of fertilizer 
Imported did not come close to 
meeting the country's demand. In 
addition, a timely supply of fer- 
tiIizers to the farmer was not 
guaranteed as transport to the 
inland areas was unreliable and 
costly because of poor roads, 
insufficient number of trucks and 
Iack of fuel and spare parts. 
Furthermore, chemical fertilizers 
are expensive, particularly for 
smalI scale farmers, and when 
wrongly applied, may cause ecolo
gical damage. The main potential 
beneficiaries of this project are 
therefore the small farmers In the 
more Isolated regions of the 
country, especially those prac
ticing subsistence agriculture.

Manures and composts are also 
available In large quantities and 
are at present underused or 
thoroughly leached before they are 
applied. Preliminary results 
Indicate that a combination of

Figure 1. Agrogeology project area in 
Tanzania.
organic and inorganic sources of 
plant nutrients may be more bene
ficial than separate applications 
of each.

The materials discovered by 
the geologists will be thoroughly 
tested. An Integral part of test
ing is the need to characterize 
chemically and mineralogically all 
soils and geological materials of 
Interest. In Guelph, weathering 
experiments will be undertaken and 
In two Tanzanian research sta- 
tIons, (UyoIe and Morogoro) pot 
and field experiments will be 
carried out to test and evaluate 
promising materials.

The aim of the research pro
gramme over the initial three 
years is to come up with some 
locally available materials for 
soil amelioration and formulate 
fertiIzer/soiI conditioner recom
mendations to the local, especial
ly the ’subsistence' farmer.

The programme is largely 
funded by the international 
Development Research Centre 
(IDRC), Ottawa, Personnel partic
ipating in this project are: 
J.M.R, Semoka, P.N.S, Mnkeni, J.A. 
Kamasho, N.E.M. Moshl, P,E, 
Mchihlyo, M.M, Makweba, W. 
Chesworth, P, van Straaten and 
P. Smith.

The motto of the project Is 
Chakula kwanza (klswahilI for: 
food first), Madini kwa klllmo 
(rocks for agriculture) see Figure 
2,

Figure 2. Agrogeology project, Tanzania/ 
Canada.

The main objective of the 
Tanzanian-Canadian agrogeolog leal 
research project is to increase 
the fertility of some common types 
of soils In the project area of 
south and southwest Tanzania by 
making use of locally available 
geological and organic materials.

To achieve this goal the 
project will specify the soil 
fertiIIty problems of three sel
ected tests areas in the Mbeya, 
Mbozl and Morogoro districts (Fig, 
1) and identify soils that are 
possible to improve.

The geological team consist
ing of geologists from the Tanzan
ian Geological Survey (Madini) and 
geologists from the Department of 
Land Resource Science, University 
of Guelph, will locate and assess 
locally available materials needed 
to amellorate the problem soils. 
Specifically, the following geolo
gical resources will be studied:

- locally available phosphate 
rock, of both sedimentary and 
Igneous (carbonatitic) origin, 

- locally available liming mater
ials (limestones, dolomites, 
marl and carbonatite),

- locally available silicates, 
among them volcanic ash, scorla- 
ceaous volcanics, zeolites and 
dolerites.
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The effect of soil additives on the evaporation rate of water from soil
R.M. El- Asswad and P.H, Groeneve 11

The direct evaporation of 
water from the sol i surface often 
causes considerable water losses 
In dry land and irrigated farming. 
The soil usually remains bare for 
many weeks during the early stages 
of crop development. At this 
time, the moisture content of the 
upper soil layer can be of great 
importance for seed germination 
and seedling establishment as well 
as for the growth of the young 
plant.

The water content of the top 
layer of the sol I profl Ie deter
mines to a large extent how effi
cient precipitation and irrigation 
water are used for crop produc
tion, One way by which soil water 
can be conserved is the reduction 
of evaporation losses. In sandy 
soil, conserving water, no matter 
how little, can influence the crop 
growth especially In arid and 
semi-arid environments. Sands and 
sandy sol Is occupy very large 
areas of the world. The problem 
is therefore of great practical 
Importance,

A Iaboratory study was con
ducted In order to determine the 
short and Iong term effects of 
three different additives on the 
evaporation rate of water from a 
Libyan sandy sol I (Torripsament), 
The additives were Iiquid cattle 
manure, polyvinyl acetate (PVac), 
and polyvinyl alcohol (PVA). 
These materials were sprayed on 
the sol I after the sol I was packed 
Into plexiglass columns. The 
columns were then weighed, satur
ated and weighed again In order to 
determine the total amount of 
water In the columns. The evapor
ation process was then started 
under controlled conditions (at a 
temperature of 30°C and a relative 
humidity of 45%), Each material 
had a different Influence on the 
evaporation rate (figure 1), The 
evaporation reduction was highest 
for the manure treatment, fol lowed 
by the PVac and then the PVA 
treatment,

In order to understand the 
mechanism by which the additives 
reduce the evaporation from soil a 
capillary rise experiment was 
conducted to determine the Influ
ence of the additives on the index 
of wettability (the soil-water 
contact angle), the abiIity of 
water to penetrate the sol I (the

penetration coefficient), and the 
transmission characteristic (the 
hydraulic conductivity). Columns, 
as before, were filled with soil 
which was treated with one of the 
additives. The columns were then 
placed in a pan with a constant 
water level. The rise of the 
wetting front was then measured as 
a function of time (fig, 2), The 
equilibrium height of capillary 
rise and the final amount of water 
taken in were also registered.

The soi-water contact angle 
a, was calculated from the equa
tion:

Figure 1. Effect of different treatments on 
evaporation.

where:

Z* = (2θ cosα/ρ gr)
Z* = the equilibrium 

height of capillary 
rise [ml

θ = surface tension [kg 
s-2]

ρ = density of water [kg 
m-3]

g = acceleration due to 
gravity [m s-2]

r = pore radius of the 
soil [m]

Figure 2. Effect of treatment on capillary rise 
with time1/2.
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The pore radius, r, was 
determined separately using a 95? 
ethyl alcohol solution, for which 
the contact angle, α is zero.

The penetration coefficient, 
λ, and the hydraulic conductivity, 
K, were determined using the equa
tion (Malik, et al., 1981):

dZ/dt = 2 δ rcos 
α/Gμ 1/Z - ρgr2/Gμ
which can be derived from
PolseuiIIe's Law.

The experimental results 
provide sufficient Information for 

a dZ/dt vs. 1/Z plot (fig. 3),

From this plot one finds:
2 δ rcos α/Gμ = λ2/2 

= the slope
and ρgr2/Gμ = K= the intercept.

AlI treatments increased the 
soil-water contact angle, 
decreased the penetration 
coefficient, and decreased the 
saturated hydraulic conductivity 
In comparison with the control 
(Table 1). All these results can 
be explained by Increased 
hydrophobicity due to the differ
ent treatments and this, In turn, 
explains the reduced evaporation 
rates.

For ethyl alcohol, the equi
librium height of capillary rise 
was 30.25 cm. The density Is 
0.78945 g cm-3 and the surface 
tension is 22.75 dyne cm-1 at 
20⁰C. For these values, together 
with α = 0, the effective pore 
radius r is calculated to be 19.5 
μm.

To compare the hydraulic 
conductivity results shown In

Figure 3. dZ/dt vs 1/Z plots for different 
treatments.

Table 1, the saturated hydraulic 
conductivity, Ks, was measured 
using the constant head apparatus 
developed by Etrick et al, (1981), 
The Ks values obtained were 6.9 x 
10-5, 10.4 x 10-5, 18.7 x 10-5, 
and 4.1 x 10-5 for the untreated 
soil, manure, PVA, and PVac treat
ments respectively. The Ks values 
for the untreated and the PVac 
were very close to the values 
shown in Table 1, whereas the K 
values for the manure and PVa 
treated soil were somewhat higher. 
The lower hydraulic conductivity 
values calculated from the capil
lary rise experiment (Table 1), 
might have resulted from Incom
plete saturation.

Table 1: Equilibrium height of capillary rise (cm), water absorbed (gram), 
contact angle (°), penetration coefficient λ (cm/s1/2), and 
hydraulic conductivity K (m s-1) for different treatments.

Equilibrium 
Height 

(cm)

Water 
Absorbed 

(gram)

Contact 
Angle 
(°)

Penetration
Coefficient X, 

(cm/s1/2)

Hydraulic 
Conductivity 

(m s-1)

Untreated soil 50.0 160.0 50° 0.707 6.3 x 10-5

2% Manure 33.5 123.9 65° 0.400 2.4 x 10-5

0.4% PVA 32.0 133.2 66° 0.374 2.3 x 10-5

0.4% PVac 31.0 103.5 67° 0.469 3.6 x 10-5
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Economic feasibility of Irrigating peanuts in Ontario
B, Francois, P, Stonehouse, R. Roy and D.M, Brown,

A study designed to provide 
information on the response of 
peanuts to irrigation and the 
economic feasibility of this prac
tice in Ontario used similar 
approaches as used in the study on 
field corn. The peanut irrigation 
project was conducted at Canada 
Agriculture Research Station, 
Delhi and the economic feasibility 
study at University of Guelph.

The analysis of climatologi
cal data indicates that almost 
annually, irrigations are required 

to maintain soil moisture at ade
quate levels to eliminate water 
deficit stress in peanuts. In 
addition low temperatures cause 
stress In peanuts. Both water 
deficits and low temperatures 
contributed to reduced peanut 
yields. The Incidence of low 
temperatures may nullify the posi
tive responses to irrigation de
signed to relieve water deficit 
stress, i.e, even though water 
deficit stress may occur, yields 
may not be Increased by irriga
tion.

It is therefore expected that 
there Is a high probability the 
costs of irrigation may outweigh 
the benefits because of the 
incidence of low temperatures 
which cause reduced responses to 
Irrigation. Irrigation of peanuts 
can therefore be considered to be 
a risky proposition for growers in 
Ontario unless some means of ame- 
Iioration of the effects of low 
temperature stress are used in 
conjunction with irrigation to 
offset the water deficit stress.

Effect of soil surface conditioning on phosphorus losses due to soil erosion and on 
the yield of corn
M.H, Marsh and P.H, Groenevelt

Soil erosion not only results 
In long term yield reductions, but 
also in the deterioration of the 
water quality in streams and 
lakes. Phosphorus is one of the 
major pollutants resulting from 
soil erosion, producing serious 
surface water quality problems. 
This research is directed at min
imizing phosphorus losses from 
soil erosion by conditioning the 
surface soi1,

Ten runoff plots on Hydrology 
Hill (Guelph Loam soli) were uti
lized in a randomized complete 
block design with five blocks and 
two treatments, viz, one control 
and one polyvinyl alcohol (PVA) 
treatment. The treatment con
sisted of the application of PVA 
In a If solution at a rate of 20g 
PVA/m2 (200 kg/ha) to five of the 
plots after fertilizing, discing 
and planting. The remaining five 
plots were controls. The volume 
of runoff from natural rainfall 
events was measured with a flume, 
stilling well and recording 
device, and samples were collected 
for analysis of total phosphorus 
and soluble phosphorus. Observa
tions were made on plant growth, 
corn yield and soil aggregate 
stabiIity,

Results

The plots treated with PVA 
lost significantly less total P 
and soluble P than did the control 
plots. The means for the totals 
of six rainfall events are pre
sented below.

Corn plants growing on the 
PVA treated plots were signifi
cantly taller than the controls at 
the seven leaf stage (mean dif
ference = 7.9%, measured June 
25th, 1984), they were earlier to 
silking and tasselIing (approxi
mately 2 days) and they produced 
yields 11.8% higher (the 95? con
fidence interval is from 7.1% to 
16.5%).

Discussion and Conclusions

Stabilization of the surface 
soil with PVA resulted in a 66% 
reduction In total phosphorus lost 
and a 57% reduction in soluble 
phosphorus lost over six natural 
runoff events. The data suggest 
the effect to be due mainly to the 
increased stabliIty of aggregates 
greater than 1 mm diameter, 
resulting In Increased infiltra

tion and reduced runoff volumes. 
These combined factors produced 
Iower particuIate matter Iosses 
and hence lower total P losses.

The large Increase (11.8%) In 
corn yield is also of great inter
est since It may be related to 
yield declines observed due to 
soil degradation under continuous 
corn cropping. Plant populations 
were not different between the 
control and the treated plots, and 
surface crusting did not appear to 
be a problem hindering emergence. 
Furthermore, PVA is not expected 
to provide any nutritional 
advantage to a plant. It is 
therefore suggested that the yield 
effect is mainly a result of the 
increased Infiltration and 
available water which results from 
Improved surface soiI stabliIty. 
This is supported by tensiometer 
data early in the growing season.

Mean Phosphorus Loss (kg/ha) (n = 5 plots)

Total P Soluble P

PVA Treated 2.250 .0640
Control 6.686 .1505
Di fference 4.436 .0865
s.e. of diff. 1.057 .0207
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Effects of soil disturbance on P absorption by corn
M,H, Miller, G. Arnold and D,G, Evans

An earlier field and growth 
room study reported greater P 
absorption by corn (Zea mays L.) 
seedlings from an undisturbed 
no-till soiI than from the same 
soil following disturbance (See 
1982 Progress Report, pp. 64-66). 
These studies established that the 
P absorption per unit length of 
root growing in the undisturbed 
soil was about 3 times that of a 
root growing in the disturbed 
soil. Studies continued in 1984 
to determine the mechanism(s) 
responsible for the greater 
absorption on the undisturbed 
soil.

Undisturbed soil cores (15 cm 
diam.) were obtained at the end of 
May, 1984, from plots at the Elora 
Research Station that had been In 
no-till corn since 1969. Soil was 
removed in 5-cm Increments from 
directly around the vicinity of 
each core and was repacked Into 
similar containers for use as the 
disturbed treatment. Half the 
pots were exposed to 1.5 Mrad of 
gamma irradiation which Is suffi
cient to eliminate all mycorrhizal 
fungi as welI as reduce other 
microbial activity. Corn was 
grown In the pots In a growth room 
for 17 days. A second set of pots 
20 cm In diameter was obtained In 
a similar manner. Corn was grown 
In half of these pots for 17 days 
and canola (Brassica rapus), which 
does not form mycorrhizal associ
ations, was grown In the remaining 
pots for 26 days.

As In previous studies, the P 
absorption by corn was much great
er from the undisturbed than from 
the disturbed small cores which 
were not Irradiated. Simliar 
results were obtained from the 
larger cores (Table 1), This 
occurred in spite of a greater 
root length in the disturbed cores 
(Table 1), When the cores were 
Irradiated, absorption from the 
undisturbed cores was somewhat 
less than that from the disturbed 
cores. The % P In the tissue from 
the Irradiated cores was very 
similar to that from the disturbed 
non-irradiated soils (Table 1). 
Absorption of P by canola was not 
affected by disturbance of the 
soil.

The effects of Irradiation 
and the comparison of corn and 
canola suggested that disturbance 
was affecting the mycorrhizal 
relations with corn. Mycorrhizal 
fungi are known to develop a sym
biotic relation with corn (as well 
as many other crops) and are also

known to be important In P 
absorption. We are not aware, 
however, of any reports Indicating 
an Influence of soli disturbance 
on the effectiveness of the 
mycorrhizal relation. The degree 
of infection of the corn roots 
with mycorrihlzal fungi was 
measured and is shown in Figure 1, 
Root segments were rated from 0 to 
4 based on the degree of 
Infection, with 0 representing no 
Infection and 4 representing the 
most Intense infection. Although 
there was no effect of disturbance 

on the porportion of roots that 
were not infected (0 rating), a 
smaller porportion of the Infected 
roots had a rating of 1 and a 
greater proportion had a rating of 
4 in the undisturbed cores (Figure 
1). The higher ratings suggests 
that the Intensity of infection 
was greater in the undisturbed 
soli. Although further studies 
are required, these data support 
the hypothesis that disturbance of 
a soil that has been In a no-till 
system for several years, reduces 
the effectiveness of the mycor
rhizal fungi in increasing P 
absorptionsFigure 1, Influence of disturbance of no-till 

soil on mycorrhizal infection of corn roots.

Table 1: Plant growth and P absorption by corn and canola as affected by 
soli Irradiation and disturbance.

NT(ND*

Smal1 Cores (Co)

NT(Co)

Large

NTD(Co)

Cores

NTD(NI) NT( 1) NTD(1) NT(Ca) NTD(Ca)

Shoot D.M, 
(g plant-1)

0.40 0.37 0.46 0.57 0.69 0.55 0.70 0.72

Root length 
(m plant-1)

0.76 1.18 1.47 2.17 1.09 1.48 2.36 2.14

Shoot % P 0.55 0.25 0.25 0.26 0.39 0.27 0.38 0.40

Shoot P 
content 
(mg plant-1)

1.38 0.89 1.23 1.50 2.75 1.49 2.67 2.90

*NT - No-till - undisturbed; NTD - No-till disturbed;
Nl - Not irradiated; I - Irradiated; Co - corn; Ca - canola.
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The purple corn problem in Ontario
M.H. Miller and J. Cobblna

Studies have continued to 
determine the cause of the rather 
sudden development of severe pur
pling of corn seedlings at about 
the 4th leaf stage in Ontario 
fields (See 1982 Progress Report, 
pp, 66-69, and 1983 Progress 
Report, pp, 14-15),

In many Instances the purple 
syndrome is observed in Irregular 
areas of a field, frequently fol
lowing a period of abnormally low 
temperature. The purpling Is 
usually due to a combination of 
low phosphorus In the tissue and 
the low temperature. There are 
several possible causes of low 
tissue P in an adequately ferti
lized crop. Young corn plants 
require a high concentration of P 
for maximum growth. Thus any 
factor that restricts the early 
absorption of P may induce pur
pling, A frequent cause of 
reduced P uptake, particularly 
from a fertilizer band, is damage 
to the young root system by toxic 
fertilizer rates or by nematodes.

A corn seedling is dependent 
for nutrient and water absorption 
on the seminal root system which 
develops from the seed. At a 
later stage (5th to 6th-leaf) the 
nodal root system which develops 
from the base of the shoot 
replaces the seminal root system. 
If the seminal root system Is 
damaged, absorption of nutrients, 
particularly P, from a fertilizer 
band will be reduced.

One farm near Elora with a 
purple corn problem was Investi
gated in 1984. The farm was 
visited on June 28, The corn was 
very irregular in growth with corn 
50 cm tall and very healthy in 
some areas and only 15 cm tali and 
purpled in other areas.

Plant (including root system) 
and soil samples were taken from 
three areas where the plants were 
stunted and purple and from three 
nearby areas where they were heal
thy.

When the root systems were 
washed from the soil, it was obvi
ous that severe damage had occur
red to the young root system of 
al I of the stunted plants. The 
seminal roots were very short, 
thickened and highly branched 
Indicating that the tip of the 
roots had been killed (Fig. la). 
The root system on all of the 
healthy plants was normal (Fig, 
lb). There was no apparent damage 
to nodal roots. The damage to the

very young roots would have pre
vented the plants from obtaining 
banded fertilizer nutrients. The 
prevention would have been par
ticularly critical for phosphorus
Figure 1. Corn seedlings from field near 
Elora.
(a) Stunted and purple seedling with 
severely damaged seminal root system, 
(b) Normal plant.

which is very Important for early 
growth. Tissue purpling is a 
result of low phosphorus in the 
plant as indicated In the follow
ing table.
Note

I, Although the P and K soil tests 
were somewhat lower on the 
areas where the purple corn was 
found, they were still high. 
With the fertilizer applied 
there should not have been any 
deficiencies.

2, The plant contents of P and K 
were lower in the purple corn. 
Only the P concentration was 
low enough to affect growth. 
It was this low P concentration 
that was responsible for both 
the reduced growth and the 
purple color.

The cause of the root damage 
in this Instance was thought to be 
oat cyst nematode which develops 
on cereals, particularly oats and 
barley, and is usually most 
serious in course-textured soils. 
The nematode feeds on the vary 
young roots for a short time, then 
develops cysts which are readiy 
identified on oat and barley 
roots. Although the larvae will 
attack young corn roots, they do 
not form cysts so are difficult to 
positively Identify after the 
middle of June, The stunting and 
purpling of corn due to the oat 
cyst nematode could be readily 
prevented by using a crop sequence 
which Includes at least one and 
preferably two years between an 
oat or barley crop and a corn 
crop.

One of the first observations 
when attempting to diagnose the 
problem of purple corn was to wash 
the Intact root systems from the 
sol I and check for damage to the 
seminal root system which can be 
easily separated from the nodal 
root system as in Figure 1, More 
detailed examination would be 
required to distinguish nematode 
Injury from fertilizer toxicity 
damage to the root systems

Table 1: Results of soil and plant analysis from healthy and purple core 
areas.

Soil Analysis Plant Analysis Seeding 
wt.

pH P K N P K

% % % g/pl

HeaIthy 7.2 35 (VH) 163 (VH) 3.55 0.34 3.99 2.74

Purple 7.1 28 (H) 141 (H) 2.85 0.18 2.81 0.64
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Limitations to corn yield at Elora
M,H, Miller, W.A, Mitchell, D,A, Barry

As an Initial step in estab
lishing the potential corn yields 
and in defining the soil and cli
matic limitations to yield In 
Southern Ontario, an experiment 
was established in 1981 at the 
Elora Research Station with fund
ing from Sylvite Sales Inc, and 
the Ontario Ministry of Agricul
ture and Food with the following 
objectives:

I, To establish the potential 
yield of corn under the temper
ature and radiation regime 
occurring 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. NormaI Fertility
Soil was fertilized with P and 
K according to soil test recom
mendations (20 kg P2O5, 70 kg 
K2O/ha) , Nitrogen was applied 
at 100 kg N/ha preplant,

2. High FertiIity
Phosphate and potash were 
applied in the fall of 1980 to 
increase soil test values to 
about 100 for P and 300 for K, 
Additional P and K were applied 
In the spring of 1982 (150 
kg/ha each of P2O5 and K2O), 
1983 and 1984 (200 kg/ha), A 
total of 300 to 350 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 1 m and replaced with a 
soiI:peat:perlite mix (3:1:1 by 
volume) fertilized to give soil 
test values of about 100 for P 
and 300 for K, This highly 
fertilized medium extended to a 
depth of 1 m. Drainage was 
provided in the bottom of the 
pit. This treatment subse
quently received the same fer
tilizer applications as treat
ment 2. AlI plots were roto- 
vated (walking rotovator) prior 
to planting but after removal 
of all stover. All additional 
operations including planting 
were done by hand, A drip

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

Treatment 1981

Dry Grain1
Matter

(t/ha)(kg/ha)

1982

Dry Grain1
Matter

(t/ha)(kg/ha)

1983

Dry Grain1
Matter

(t/ha)(kg/ha)

1984

Dry Grain1
Matter

(t/ha)(kg/ha)

Mean

Dry Grain1 
Matter

(t/ha)(kg/ha)

Normal
Fertil, 13.0 6485 12.5 6732 12.1 7400 9.5 4860 11.8 6369

High 
Fertil, 14,6 7695 16.8 9711 17.5 10930 15.8 9200 16.2 9384

Artif,
Medium 15.1 8153 14.9 9136 17.1 11040 16.4 9160 15.9 9367

1 At 15.5% molsture

Irrigation system was esta
blished so that each plot could 
be independently irrigated.

Two plots for each of the 
three basic treatments were 
established in each of four 
replicates to permit evaluation of 
an additional variable. In 1981 
an Irrigation - no irrigation 
comparison was included. In 1982, 
all plots were irrigated and two 
hybrids were used. In 1983, all 
plots were Irrigated and zinc was 
added to one plot of each of the 
three basic treatments in each 
replicate. In 1984, the treat
ments were modified to allow us to 
obtain information on the response 
to P alone rather than to N, P and 
K together. As in 1982 and 1983, 
all plots were Irrigated using a 
trickle system to ensure that 
water was not a limiting factor, 
PAG SXII I was grown each year at a 
population of 80,000 plants/ha.

The total dry matter and 
grain yields on the basic treat
ments with irrigation are pre
sented in Table 1,

Three observations are of 
major Interest:

I) Grain yields on the high fer
tility treatment have been much 
higher than previously obtained 
at Elora. Over the four years 
they have averaged 9384 kg/ha 
(150 bu/ac) with a high of 
10930 kg/ha (174 bu/ac) in 
1983. In a long term fertility 
trial at Elora (1967-77) the 
average yield on the best 
treatment was 113 bu/ac. The 
average farm yield for Welling
ton County during the 1981-1983 
period was 5030 kg/ha (80 
bu/ac), Although a part of the 

high yields obtained in this 
experiment may be due to Irri
gation, in 1981 the no-iriga- 
tion treatment yielded the same 
as the irrigated suggesting 
that moisture Iimitation will 
not account for a major part of 
the difference.

2) The difference In yield between 
the normal and high fertility 
treatments i ncreased from 1210 
kg/ha In 1981 to about 
3000 kg/ha (47 bu/ac) in 1982 
and 3500 kg/ha (56 bu/ac) in 
1983, In 1984 there was a 
serious lodging problem on the 
normal fertiIIty plots which 
probably reduced yields consid- 
erably,

3) There has not been a signifi
cant difference in yield 
between the high fertility and 
the artificial medium plots in 
any year. This indicates that 
the high bulk density subsoil 
at the Elora Research Station 
does not present a significant 
limitation to corn yield. This 
conclusion has been substanti
ated by extensive root growth 
studies which show that root 
growth in the upper 50 cm of 
soil has been at least as great 
as in the artificial med Ium. 
We think that the roots are 
able to develop in the inter
pedal cracks in the well aggre
gated B horizon on this soil.

Although final yield on the 
artificial medium has not been 
different from that on the soil, 
there has been a consistently 
greater early growth on this 
treatment (Table 2), The differ
ence in seedling weight between 
the normal and high fertility 
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treatment is very likely due to 
the Increased P concentration 
(Table 2). The greater seedling 
weight on the artificial medium, 
however, is not associated with a 
higher P concentration in the 
tissue.

Two aspects of the results 
were Investigated further In 1984, 
The treatments were altered to 
look at the response to P alone 
rather than the response to the 
combination of NPK, One of the 
normal fertility plots In each 
replicate received the same N and 
K as the high fertility treatment. 
This plot yielded 7690 kg/ha (122 
bu/ac) compared to 9200 kg/ha (146 
bu/ac) on the high fertility 
treatment. This indicates that 

marked responses can be obtained 
to phosphorus fertilization at 
rates greater than those 
recommended by soli test. We 
suspect that to obtain high grain 
corn yields, it is necessary to 
have a highly available supply of 
P earIy In growth and a good 
supply of N during grain filling. 
This possibility will be further 
tested in a new project being 
Initiated In 1985,

In addition, the early growth 
stage was studied more closely to 
determine the reason for the 
greater early growth on the 
artificial medium. In 1984, 
samples taken one week before the 
sampling time of the data In Table 
2 showed that the seedling weight 
on the artificial medium was 35% 

greater than on the high fertility 
soil (0.15 compared to 0.11 
g/plant). Shoot P concentration 
on the artificial medium was 0.42$ 
compared to 0.38% on the high 
fertility soil (significantly 
different at P * 0.05). The 
greater seedling weight on the 
artificial medium might have 
resulted from the higher P 
concentration on the artificial 
medium during very early seedling 
development. As the seedling 
grows, dilution effects may cause 
the difference In P concentration 
in the shoot to disappear. The 
relationships between shoot P 
concentration and growth of corn 
during the seedling stage will be 
further investigated In 1985.

Table 2: Dry matter and % P In seedlings.

Seedling Weight (g/plant) %P

Treatment 1981 1982 1983 1984 Mean 1981 1982 1983 1984 Mean

Normal Fertility 0.45 0.53 0,55 0.38 0.48 0.28 0.32 0.31 0.40 0.33
High Fertility 0.58 1.10 1.23 0.51 0.86 0.55 0.54 0.44 0.50 0.51
Artificial Medium 0.92 1.13 1.70 0.66 1.10 0.55 0.52 0.42 0.52 0.50

Development of a method for estimating the yield response of field corn to irrigation
R. Place and D.M, Brown

A computer simulation pro
cedure was formulated that would 
estimate the yield response of 
field corn to irrigation from 
climate and soils data. The yield 
(Y) estimating function, Y = 
kT/VPO, depends on the determina
tion of transpiration (T) and 
vapour pressure deficit (VPD) on a 
daily basis throughout the growing 
season and a species specific crop 
coefficient (k).

An existing COrn Yield SI Mu
tation model (SIMCOY) that simu
lates the effect of temperature 
and soiI water on corn crop 
growth, development and whole 
plant and grain dry matter yield 
was reconstructed to Incorporate 
the latest knowledge of climate/ 
crop/soiI relationships. Climate 

requirements to properly evaluate 
T and VPD in the above function 
include dally maximum, minimum and 
dewpoint temperatures, solar and 
net radiation or sunshine hours, 
precipitation and wind run. Local 
soil parameters Including water 
holding properties and rooting 
depth as well as crop parameters 
Including plant population, maxi

mum plant height and hybrid grow
ing season length are also 
required as inputs. Model valida
tion was conducted by comparI son 
of output results to soil moisture 
measurements and whole plant dry 
matter and grain yields obtained 
from the five year Irrigation 
experiment conducted at the Elora 
Research Station, (see "Corn Yield 
Response to Irrigation, Plant 
Population and Nitrogen" by D.M,

Brown, this Report)",

Total dry matter estimates 
were within a range of error 
between an underestimate of 6% to 
an overestimate of 23% when com
pared to observed values from four 
Irrigation treatments. Grain 
yield estimates were less precise 
than dry matter estimates because 
of the use of a constant harvest 
Index for al I treatments and 
years. The largest deviations 
were noted when input parameters 
did not reflect the conditions In 
the soil environment. This model 
tended to overestimate yields for 
the driest soil conditions Indi- 
cating that adjustments may be 
necessary in the method used to 
determine water stress.
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The effect of phosphorus fertilizer applications on sodium bicarbonate soluble (soil 
test) phosphorus levels in Ontario Soils
J,E, Richards, T.E, Bates and S.C, 
Sheppard (S.C. Sheppard is cur
rently with Atomic Energy of 
Canada Ltd., Plnawa, Manitoba, ROE 
1L0)

Sol I test phosphorus concen
trations change slowly, either 
Increasing as a result of ferti
lizer application or decreasing as 
a result of crop removal.

The effect of 10 annual 
broadcast applications of phos
phate fertilizers was studied on a 
Conestogo silt loam, a 
Chlnguacousy clay loam and a Fox 
sandy loam under continuous grain 
corn. Rates of broadcast phos
phate ranged from 0 to 206 kg 
P2O5/ha each year. All soils were 
ploughed to a depth of approxi
mately 15 cm each year and sol I 
samples were taken down to 15 cm 
each fall. Only the corn grain 
was harvested, the stalks being 

ploughed under. The effect of 
these treatments on corn yield and 
maturity were reported previously 
(LRS Progress Report, 1978, pp. 
58-60, FertiIizer Research 1985 
In press).

Despite the differences In 
soil texture and In the original 
soiI test levels (6, 24 and 26 μg 
P/cm3 for the three sites), tne 
effect of fertilizer phosphorus on 
soil test levels was the same on 
all three sites. The effect was 
linear over the rates of applica
tion In this study. In a regres
sion equation, fertilizer phos
phorus applied explained 86% of 
the variability (R2 = 0,86) in 
soiI test phosphorus across al I 
plots over ten years. The slope 
of the regression equation was 
0.061, meaning that each kilogram 
of fertilizer P applied increased 
the soil test P by 0.061 μg/cm3 or 
that 16.4 kg fertiIzer P were 

required to change the soil test 
one unit (1 μg P/cm3). Converting 
fertilizer P to P2O5 this may be 
stated that 38 kg P2O5/ha are 
required to raise the soil test 
phosphorus one unit (1 μg P/cm3), 
This value may be of general use 
as an estimate of the effect of 
fertilizer phosphorus on soil test 
IeveIs in Ontario.

Where no broadcast phosphate 
was applied and plots received 14 
kg P2O5/ha with the seed every 
second year, no change In soil P 
IeveIs was observed over the 10 
year period. When low rates of 
phosphorus are applied to Ontario 
soils at moderate soil test levels 
It appears that the soiI test 
decreases very slowly If at all. 
It is possible that decreases may 
be more rapid at very high soil 
test phosphorus levels.

Integrated management for barley
R.W. Sheard

The acreage of bar ley In 
Ontario has Increased 45.8% over 
the 1978-83 period to 525,000 
acres in 1983. The average pro
vincial yield of 55 bu/ac, how
ever, has not Increased signifi
cantly during that time. A por
tion of the static yield level may 
be attributed to nitrogen recom
mendations not keeping pace with 
changing farm practices over the 
past 20 years. The changing farm 
practices have Included 1) longer 
periods In a rotation without a 
legume crop, 2) production of 
barley on non-Iivestock producing 
farms and 3) Improvement in cul
tivars having greater straw 
strength and yield potential.

Research in Europe In the 
last decade has shown significant 
advances In cereal production 
through the use of Integrated 
Cereal Management (I.C.M,), The 
production system Involves use of 
growth regulatory-stem strengthen
ing chemicals, disease protecting 
chemicals, Increased rates and 
timing of nitrogen applications 
and heavier seeding rates.

Bruce barley, seeded May 16 
at 2 bu/ac was fertilized with 
rates of N ranging from zero to 
150 kg N/ha as ammonium nitrate 
and treated with 1.5 L Al/ha of 
Cerone in 250 L H2O/ha on June 26 

when the barIey was at Feekes 
growth stage 9-10, BayIeton 50WP 
fungicide was applied at 140 g 
Al In 200 L H20/ha on July 12.

A very marked yield response 
to nitrogen was observed (Fig. 1). 
I.C.M. resulted In an Increase In 
a grain yield but not In straw 
yield. The percentage increase in 

grain yield due to I.C.M. tended 
to Increase as the rate of nitro
gen was Increased; rising from 
11,6% without nitrogen to 45% at 
150 kg N/ha. The Increasing 
superiority of I.C.M, over con
ventional management at higher N
Figure 1. Response of barley grain yield to 
nitrogen application rate,

1.3 
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rates corresponded to an increase 
in lodging at N rates beyond 90 kg 
N/ha with conventional management. 
As the treatments were hand har
vested, the lodging effect was a 
direct result of lower grain yield 
and not a harvesting loss.

Response equations, calcu
lated for the grain yield data, 
Indicated the maximum yield with 
conventional barley management was 
3.26 tonne/ha in contrast to 4.12 
tonne/ha with integrated barley 

management. The corresponding 
nitrogen levels required to 
achieve the yields were 104 kg 
N/ha and 142 kg N/ha, respec
tively, Using constraints of 72 
cent/kg nitrogen and 16 cent/kg 
barley the most economic yield of 
barley was 3.23 tonne/ha with a 
nitrogen rate of 91.5 kg N/ha for 
conventional management In con
trast to 4.07 tonne/ha with a 
nitrogen rate of 124.6 kg N/ha 
with integrated cereal management. 
Thus an extra 34 kg N/ha, combined 

with Cerone and BayIeton, produced 
841 kg/ha more barley. 

1 O.M.A.F. Publ. No. 20, Agricul
tural Statistics for Ontario.

Fall application of large urea granules for winter wheat
Yadvinder Singh and E.G, Beauchamp

Fai l-applled N fertiIIzers 
are often less efficient than 
spring-applied N In supplying N to 
winter wheat. The reduced effici
ency of fall-applied urea is asso
ciated with Its fast nitrification 
during the fall and subsequent 
leaching and denitrification 
losses which occur before crop 
growth the following spring.

Fall application of large 
urea granules for spring barley 
has been demonstrated successfully 
in western Canada (Nyborg & Malhi, 
1979, Plant & Soil 52: 461-465). 
Their use is also being Investi
gated for rice crops In tropical 
countries. From our Iaboratory 
studies, significant nitrification 
of urea In large (3 g) granules 
was found using soil temperatures 
typical of those found in S. 
Ontario during fall/early spring. 
The nitrification rate of urea In 
these large granules, however. Is 
much slower than in prills avail
able commercially. To minimize 
nitrification, post plant applica
tion and incorporation of a suit
able nitrification Inhibitor Into 
large urea granules are being 
considered, A nitrification 
Inhibitor, dicyandiamide (DCD) 
which is quite compatible with 
large urea granules has proved 
effective In further slowing down 
nitrification. Thus urea granule 
size coupled with a suitable 
nitrification inhibitor and late 
fall application appear to result 
in substantial conservation of 
applied N,

A replicated field experiment 
was conducted at the Elora 
Research Station with winter wheat 
planted on Sept, 18, 1983, Appli
cations of 80 kg N/ha (as urea) 
Involved different granule sizes, 
times of application and the pre
sence or absence of DCD (Table 1), 
Dicyandiamide (10% by wt, of urea) 

was pelleted with 2 g urea gran
ules, while other sizes of urea 
granules were obtained from the 
International Fertilizer DeveIop
ment Centre, Muscle Shoals, 
Alabama, The large urea granules 
were placed 8 cm deep at appro
priate distances in alternate 
wheat row spacing. Application of 
I arge urea granules was made at 
planting time and on Oct, 20, 
1983, A spring topdress of 
commercial urea prills was made on 
April 4, 1984.

Grain yield of wheat was 
significantly higher (10—12%) with 
large urea granule treatments at 
planting time over urea prills 
Incorporated Into soil (Table 1), 
Post plant application of large 
urea granules gave similar or even 

higher yields over the spring 
topdress treatment of urea prills, 
DCD with 2 g urea granules 
Improved the grain yield further 
over 2 or 3 g urea granules atone. 
Straw yield response data behaved 
in a similar fashion to grain 
yields. Higher grain yield with 
the post plant placement of large 
urea granules over spring topdress 
of urea prills could be partly due 
to greater volatilization losses 
with the latter, as the soil pH 
was 7.5.

These data clearly show the 
potential of fall application of 
large urea granules and DCD in 
conserving fertilizer for winter 
wheat.

Table 1: Grain and straw yields of winter wheat to urea nitrogen applied at 
different times as granules of different sizes and with or without 
DCD,

Treatment* Grain Yield Straw Yield

Contro1 (No N) 2614

(kg/ha)-----------------

3416

Urea prills Incorporated Into soil 
at planting

2 g urea granule at planting

4439

4972

7023

6747

3 g urea granule at planting 4900 7455

2 g urea granule at planting + DCD 5290 7165

2 g urea granule post planting 5453 7528

3 g urea granule post planting 5741 8369

2 g urea granule post planting + DCD 5894 8546

Urea prills topdressed In spring 5171 7647

LSD (0.05) 378 861

*urea applied at 80 kg N/ha
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Research on crop rotations
T. Vyn, Dept, of Crop Science

Rotation Sequences

Two long-term rotation 
experiments were established In 
1980 (via an NSERC Strategic 
Grant) to determine the effects of 
preceding crop on soil structure 
and the subsequent growth and 
yield of a corn crop. The experi
ments were established on a silt 
loam soiI at the Flora Reserach 
Station, and on a clay loam soil 
east of MiIton, Each test 
involves eight crop sequences:

1.continuous corn,
2. continuous alfalfa (reseeded by 

direct seeding as required).
3.corn-corn-barley-barley.
4. as #3 except both crops seeded 

to red cIover for Iate 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 repeat
ed out of phase so that yield data 
can be collected from corn in each 
rotation (except continuous alfal
fa) every year. Each replicate, 
therefore contains 14 plots. Each 
plot, In turn, Is divided to per
mit a comparison of conventional 
(Involving moldboard plowing) and 
minimum (Involving either chisel 
plowing or discing) tillage tech
niques for establishing the vari
ous crops.

Nitrogen fertilizer was 
appIied to all corn pIots each 
year at a rate of 150 kg N/ha, 
The first yield measurements for 
corn following various crops In 
rotation were made In the 1982 
season. Both first-year and 
second-year (1983) corn resuIts 
with the various rotations are 
summarized In previous Progress 
Reports, ResuIts at Elora and 
Milton for 1984 (first-year corn 
following various previous crops) 
are summarized in Table 1, Corn 
yield differences for the various 
crop rotation sequences were 
significant at both locations. 
Although yield differences between 
the two tillage treatments were 
not significant, corn yields 
following chisel plowing were much 
lower than those fol lowing 
moldboard plowing with continuous 
corn production. However, when 
corn fol lowed crops other than 
corn In rotation, corn yields

Table 1, Effect of various crop rotation sequences and two tillage 
treatments on corn grain yields In 1984 on silt loam and clay loam 
soils.

Corn yield (t/ha)**

Silt Loam Clay loam

Rotation sequence* Chisel Moldboard Chisel Moldboard

Continuous corn 6.1 6.5 4.5 5.6
Barley-barley-corn-corn 7.2 6.9 5.7 5.7
Barley+RC-barley+RC-corn-corn 6.6 6.5 6.2 5.7
Soybeans-soybeans-corn-corn 6.3 6.5 5.9 6.2
Soybeans-winter wheat-corn-corn 6.7 6.3 6.3 5.7
Soybeans-winter wheat+RC-corn-corn 6.8 6.8 5.6 5.9
Alfalfa-alfalfa-corn-corn 6.9 6,9 5.6 6.0

* Rotation sequences began in 1980 on fields which had been In continuous 
corn since 1967 (silt loam) and since 1973 (clay loam).

RC = red clover Interseeded

**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 which was seeded to various crops 
on a silt loam site In 1984 (Elora),

Crop Treatment*

Aggregate stability (%)

May 15 June 29 August 7 October 3

1. Continuous corn 31.5 26.0 28.5 25.1
2. Continuous alfalfa 47.3 45.3 39.9 43.2
3. Barley 29.9 35.1 30.7 28.2
4. Barley & red clover 32.6 32.1 31.2 33.9
5. Soybeans 31.4 29.5 27.6 22.4
6. Alfalfa 33.7 35.0 30.2 26.9

S.E. (difference) 3.76 2.76 3,96 5.99

* Treatments 3 to 6 were planted in spring of 1984 In plots which had been 
In corn the previous two years.

Table 3: Wet aggregate stability of clay loam soil which was seeded to 
various crops In 1984 (Milton),

Aggregate stability (%)

Crop Treatment* May 3 July 16 August 13 October 4

1, Continuous corn 37.9 48.9 45.3 39.6
2. Continuous alfalfa 40.6 56.9 49.9 51.1
3. Barley 33.3 48.1 42.7 43.9
4. Barley + red clover 36.7 53.6 47.8 45.7
5. Soybeans 34.6 43.2 33.3 32.5
6. Alfalfa 35.0 45.0 41.0 38.9

S.E. (difference) 3.30 4.00 3.60 4.64

* Treatments 3 to 6 were planted in spring of 1984 on plots which had been 
In corn the previous two years.
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after chisel plowing were similar 
to yields after moldboard plowing. 
Yield Improvements when corn 
followed crops other than corn in 
rotation were much more apparent 
with fall chisel plowing than with 
fall moldboard plowing.

As In previous years, wet 
aggregate stability was measured 
several times during the season on 
the plots planted to various crops 
at both Elora and Ml Iton, The 
results of farm measurement dates 
are presented in Tables 2 and 3, 
for Elora and Milton, respective
ly, The differences between crop 
treatments In aggregate stability 
were significant (P = 0.05) each 
measurement date with the excep
tions of August 7 at Elora and May 
3 at MiIton, Several tentative 
conclusions can be made from these 
data:
a) There Is considerable variabil

ity, both, In the absolute 
numbers as welI as in crop 
rankings, for the four measure
ment dates at each location,

b) Despite this variability, the 
structural stability of the 
soil In the treatment with 
continuous alfalfa was consis
tently higher than that of the 
soil in the continuous corn 
plots,

c) The soli structural stability 
In the soybean plots was either 
similar to, or lower than that 
in the continuous corn plots,

d) With one exception, the soil 
structural stability during the 
first year of alfalfa did not 
appear to be significantly 
better than that of the 
continuous corn soil.

Wet aggregate stablIity 
measurements were also obtained on 
treatments which were planted to 
corn In 1984 after two years of 
various crops (Tables 4 and 5). 
The previous crop In rotation did 
not appear to have any significant 
influence on the soil structural 
stability during the first year of 
corn production. In general, soil 
aggregates appeared to be more 
stable following barley or winter 

wheat with a red clover plow-down 
and fol lowing a two-year alfalfa 
stand than fol lowing corn or 
soybeans, A similar trend was 
also apparent during first-year 
corn production In. 1982 following 
the same cropping sequences.

However, the general lack of 
statistically significant 
dIfferences among previous crop 
treatments for first year corn 
production suggests that either 
a) the soil-improving 

characteristics of crops like 
red cIover and alfalfa do not 
persist very long after 
moldboard plowing these soils 
or

b) the test to determine soil 
structural stability (modified 
wet sieving) Is inaccurate.

Results with the wet sieving 
test are highly dependent on 
variables such as soil moisture 
content at the time of sampling, 
sample location (eg, wheel traffic 
areas) within a plot, the drying 
pretreatment and the speed of 
wetting. Thus, while the wet 
sieving test Is suitable when 
there are large differences (eg, 
continuous corn versus continuous 
alfalfa), the test may be unable 
to statistically differentiate 
smaller differences.

Table 4: Wet aggregate stability of silt loam soli planted to corn in 1984, 
following various cropping sequences (Elora),

Cropping Sequence* Aggregate stability (%)

1982 1983 1984 May 15 June 29 August 7 October 3

corn corn corn 31.5 26.0 28.5 25.1
barley barley corn 28.7 26.7 23.8 21.6
barley+RC barley+RC corn 33.9 34.1 32.9 27.6
soybeans soybeans corn 35.7 27.6 28.1 18.6
soybeans winterwheat corn 28.5 27.0 28.8 22.6
soybeans wInterwheat+RC corn 35.3 31.1 30.4 27.4
alfalfa aIfaIf a corn 37.0 35.8 32.7 21.1

S.E. (difference) 3.76 2.76 3.96 5.99

*RC = red clover Interseeded

Table 5: Wet aggregate stability of clay loam soil planted to corn in 1984 
following various cropping sequences (Milton),

Cropping Sequence* Aggregate stability

1982 1983 1984 May 3 July 16 August 13 October 4

corn corn corn 37.9 48.9 45.3 39.6
barley barley corn 38.1 48.7 41.4 36.6
barley+RC barley+RC corn 37.3 51.6 42.8 37.8
soybeans soybeans corn 36.4 46.7 37.0 32.9
soybeans winterwheat corn 37.5 49.9 38,1 32.1
soybeans winterwheat+RC corn 42.7 53.0 45.5 43.5
aIfaIfa aIfaIfa corn 42.3 51.3 41.3 37.9

S.E. (difference) 3.3 4.00 3.60 4.64

*RC = red clover Interseeded
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Nitrogen supply to maize
G.K. Walker

Work at the Cambridge Re
search Station In 1983 had shown 
that less than 20% of the N even
tually consumed by maize had been 
taken up at 2 weeks prior to silk
ing, and approximately half had 
been taken up by silking. That 
being so, it is perhaps surprising 
that many farmers apply N only 
once during a season - at the 
start. Early applied nitrogen Is 
susceptible to denitrification 
and/or leaching losses, and It is 
possible that more efficient use 
of N fertilizer, and perhaps 
higher yields, will result If N 
fertilization Is timed to coincide 
with periods of high plant N 
requirements.

Since most maize In southern 
Ontario is not grown on sandy 
soils such as occur at Cambridge, 
this preliminary study was conduc
ted at the Elora site (silty clay 
loam). The goal was to establish 
and maintain a range of soil N 
levels by applying (or not apply
ing) fertilizer N, Two plant 
densities (53,300 and 80,000 
plants ha-1) were used to provide 
a 'N demand' variable. An extend
ed dry spell, lasting from mid
July through August, had two nega
tive effects on the study: water, 
not N, was probably the most 
Important yield-Iimiting factor; 
and the cement-1 Ike surface hori
zon couId not be sampIed after 
July 24,

Four N regimes were Imposed 
at both plant densities:
1, Zero applied N;
2. 50 kg N on June 5;
3, Treatment 2, + 50 kg N on

Aug, 1;
4. Treatment 3, + 50 kg N on

July 10.
Treatments were replicated three 
times, and sampling was confined 
to three 1 m2 microplot areas In 
each replicate. All N was applied 
as ammonium nitrate, sampling was 
to 30 cm, and a dry bulk density 
of 1.4 g cm-3 was used to calcu
late the inorganic N In this 
Iayer.

Fig, 1 shows soil inorganic N 
levels for June and July, 1984, 
Ammonlum-N did not exceed 10%, and 
was usually less than 5%, of the 
total inorganic N, Points to note 
are:
1) a slight Increase during June 

in Trt, 1 due to mineraliza
tion exceeding uptake or 
other losses;

ii) a larger Increase in Trts, 
2-4;

iii) declining N levels In all 
Trts. during July;

iv) lower soiI N levels at the 
higher plant densities.

From plant tissue analyses 
available for harvests on July 10 
and Aug, 14, uptake rates simllar 
to rates of removal from soli were 
obtained (Table 1), Since the 
topsoil was very dry for most of 
the July 10 - Aug, 14 period, it 
Is likely that a substantial frac
tion of the N taken up by the crop 
was extracted from below the 30 cm 
sampling depth. Water content to 
30 cm on July 24 was 0.21 +- 0.02 
cm3 cm-3 (n = 24), and precipita
tion from July 24-Aug, 14 totalled 
22 mm, the largest amount being 10 
mm on Aug, 13, If much N was 
taken up from below 30 cm, loss of 
N from the top 30 cm, or conver
sion there Into nonextractable 
forms, is implied,

Recalling that N uptake goes 
on throughout the growing season 
and that, relative to the end-of- 
season value, it tends to parallel 
d ry matter accumuIation, it is 
possible that in maize, N supply 
may Increasingly limit photosyn
thesis as the season progresses. 
A case can be made, then, for 
ensuring that soil Inorganic N 
levels are maintained during July 
and August, when the crop grows 
rapidly. Possible avenues are: 
increased soil organic matter; 
timely fertilizer application; 
slow release fertilizer.

It is also worth noting that, 
at least at Elora, few roots pene
trate below 50 cm, and most are in 
the top 30 cm (other work at Elora 
has shown that this distribution 
does not seem to relate to high 
soil bulk density). Early-applied 
N does not have to be leached to a 
great depth, then, to be "less 
accessible” to the crop.

Table 1: Comparison of mean crop N uptake rate (July 
10-Aug, 14) with mean net soil Inorganic N 
removal rate (July 10-24).

Plant Plant N Soil N
Treatment density ------------ kg ha-1d-1

1 Low 1.14 0.95
High 1.21 1.10

2 Low 1.78 1.89
High 1.73 2.23

3 Low 1.64 1.67
High 2.30 2.68

4 Low 1.78 0.67
High 2.35 3.16

Figure 1. Main soil inorganic N levels to 30 
cm depth beneath maize at Elora in 1984.



Soil aeration and maize arowth
G.K. Walker, G,W. Thurtell, M.H, Miller

The possibility that the 
oxygen supply to the roots limits 
crop production Is sometimes 
raised. One method for ensuring 
an adequate supply to the roots 
Is to continuously flush the root 
zone with air, A simple field 
experiment was set up to determine 
if maize plants responded to 
Improved aeration.

The experiment was conducted 
at the Cambridge Research Station 
(Fox loamy sand), using maize 
planted In 0.75 m rows. In a 1.2 
m section of row, three aluminum 
tubes, spaced 0.6 m apart, were 
burled to a depth of 0.3 m. 
Water-saturated air was pumped 
through each tube at approximately 
4 dm3 mln-1. This set-up was 

repeated at four positions In the 
fleid.

Air was pumped from June 3 to 
July 30 (from 4th-leaf stage to 
silking). No effect of aeration 
on plant growth was observed, and 
we conclude that O2 was not Iimit- 
ing plant growth at this site.

• Land Allocation and Planning Studies
A landowner contact pilot protect in Ontario
S. HiIts

During the summer of 1984, a 
pilot project to test ’landowner 
contact' as a means of protecting 
natural areas on private land was 
carried out In Ontario, The past 
ten years of discussions in 
Ontario have often emphasized the 
need to do more to protect such 
sites, but few concrete steps have 
been taken. Similarly, discus
sions within government agencies, 
have dealt mostly with sites on 
crown land; the need to examine 
new ways of dealing with privately 
owned ecological areas is appar
ent.

The research project we have 
slowly developed over the past two 
years has been funded by the 
Ontario Heritage Foundation, and 
sponsored by the Natural Heritage 
League, To our knowledge it Is 
the first organized attempt to 
apply such an approach in Canada, 
It has been modelled closely after 
U,S, programs, and we have con
sulted with several people in dif
ferent U.S, states for assistance. 
Essentially, landowners are con

tacted, by letter, phone, or 
simply by dropping In, and asked 
about their awareness of natural 
heritage features on their pro
perty, and their intentions for 
such property in the future, A 
very 'soft-sell' approach empha
sizing private stewardship and 
honest respect for the landowner 
was built in from the beginning.

As a research project, this 
effort was designed to see if the 
sex, age, education and experience 
of the person doing the contacting 
had any influence on success, (It 
did not). It was also designed to 
see how landowners would react 
(90^ were either positive or at 
least willing to listen). The 
costs, time requIrements, and 
other aspects of the program were 
measured. Interestingly enough, 
the biggest difficulty turned out 
not to be the landowners, but the 
agencies with which we were 
attempting to establish co-opera
tion, While this ended up 
positively, it required a very 
large time commitment.

Based on the success of the 
pilot project, the Natural Heri
tage League has now decided to 
establish an operational 'Land
owner Contact Program' In Ontario, 
Funding has been received for 
Phase 2 of the research project, 
an interim phase which involves 
translating the results of the 
pilot project into such an opera
tional program. This Includes 
fund-raising and the design of a 
'Registry' system as an honourary 
award for landowners, as welI as 
further detailed study of land
owner attitudes.

While there are real limita
tions and costs to landowner con
tact, the benefits are potentially 
great. As an innovative approach 
to those natural areas on private 
lands, It appears to be a very 
positive step forward. For 
readers Interested in further 
details, a brief article describ
ing the pilot project was pub
lished in the Natura I Areas 
Journal 4(3): 22-25, July 84, and 
a 40 pp, final report Is available 
on request from the author.

Local level agricultural land evaluation systems
S. Hil+s

The early preparation for a 
major study of local level agri
cultural land evaluation systems 
was carried out during 1984, This 
study, which began at the request 
of Ontario's Ministry of Agricul
ture and Food under the Univer
sity's Program 39 research, 
represents a major shift in the 
direction of agricultural land 
evaluation research at Guelph, 
The previous research on a provin
cial land evaluation model has 
come to an end, and two major new 

projects are now underway, at the 
national and local levels respec
tively.

Several reports on the pros
pects for local level agricultural 
land evaluation are now in prepar
ation, looking at (1) user needs, 
(2) factors that might be 
included, and (3) types of 'rating 
systems' which might be Incorpor
ated, Numerous discussions have 
been held among faculty within a 4 
Department group Including Land 

Resource Science, Agricultural 
Economics, Geography and the 
School of Rural Planning, At 
least one discussion paper will be 
ready for circulation In the 
spring of 1985, It Is hoped that 
this year's work can be devoted to 
finalizing specific terms of ref
erence for several future year's 
research.
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Soil-vegetation relationships of Southern Ontario bogs
S. Hilts, J, Cooper, A, lonson and I, Attridge

During the summer of 1984, 
three students funded by NSERC 
scholarships and a grant from the 
Royal Canadian Geographical 
Society undertook a biophysical 
study of 13 bogs between Guelph 
and London, Sol I and vegetation 
samples were taken in al I cases, 
and a classification of the 
represented wetland types was 
attempted.

The results Indicated that 
bogs In Southern Ontario do not 
appear to have the typical charac

teristics of other sites described 
in the scientific literature. In 
particular, soiI and water pH 
tends to be higher, in the 4.5-6.0 
range, compared to 3.0-4.0 else
where, Many of the sites studied, 
though locally known as 'bogs’ 
might more accurately be termed 
’fens'. The reasons appear to be 
past disturbance In the settled 
landscape of Southern Ontario, and 
the fact that most of the bogs 
studied are kettle ponds, with 
mlnerotrophlc hydrological condi
tions.

Another dimension of the 
study was an attempt to enhance 
Iandowner interest iIn the sites 
studied. Information packages 
based on the field work completed, 
but translated Into layman’s 
terms, were distributed to many of 
the landowners Involved, as part 
of the landowner contact project 
described elsewhere In this 
report.



Undergraduate Education

List of courses and enrolment 1984/85

Course
Numbers Courses Enrolmeni

Diploma

87-010 Principles of Soil Science 182
87-011 Soli Management for Crop Production 158
87-020 Land Resources and Environmental Quality 63

Degree

46-100 Principles of Geology (Fall and Winter) 59
46-104 Study of the Earth 73
46-202 Stratigraphy 16
46-205 Glacial Geology 4
46-210 Mineralogy 13
46-218 Geochemistry 14
46-250 Remote Sensing 31
46-306 Hydrogeology 36
46-307 Petrography 12
46-310 Geochemistry and Geology of Fossil Fuels 10
46-404 Geology of Canada 18
46-409 Sedimentology 15
46-411 Topics In Earth Science 13

64-203 Meteorology and Climatology 37
64-204 Meteorology and ClImatology 19
64-302 Agrometeorology 23
64-305 Microclimatology 12
64-406 Micrometeorology I
64-416 In termed!ate Meteorology 3

87-200 Soil Science 353
87-201 Soil In Planned Environments 36
87-250 Problem Solving In Land Resource Science 25
87-302 Soil Genesis and Classification 35
87-305 Land Utilization 32
87-308 Soli & Water Conservation 21
87-310 Resources Planning and Management 15
87-311 Resources Field Camp 20
87-321 Soi Is Field Camp 8
87-350 Land and Water Use In Tropical Countries 11
87-401 Soil Chemistry 38
87-402 Sol I Physics 23
87-405 Soil Management 44
87-407 Problems In Land Resource Science 8
87-409 Soil Management 14
87-410 Soli Plant Relationships 29
87-412 Current Resources Management Issues 22
87-415 Decision Making in Resources Management 22
87-420 Issues In Soil Science 10
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List of graduates In Earth Science, Resources Management and Soil Science

Earth Science Majors

Catherine Abbott 
Grant Caven 
Scott Cryer 
Ronda F|sher 
Catherine Ford 
David Lunman 
Terry Needham 
Daniel Vasiga

Resource Management Majors

Bruce Clark 
Suna Dervish 
Ruth Hal I 
Scott Mi I ne 
Richard Schwass 
Andrea Szomor 
Mark Weavers

Soil Science Majors

Valerie Alder 
Susan CamlIlerI 
Marsha MacasklII King 
Tlmotheus Woerlen

4th year undergraduate research projects in Earth Science, Resources Management 
and Soil Science

4th YEAR UNDERGRADUATE EARTH 
SCIENCE PROJECT

The Metamorphic Conditions of the 
Irvy and Mangles Belt, Lower 
Hayes River Map Area, 
District of Keewatin, N.W.T. 
Terry Needham.

4th YEAR UNDERGRADUATE RESOURCES 
MANAGEMENT PROJECTS

A Feasibility Study for a Trail 
Riding Facility in the Dundas 
Valley Conservation Area - 
report to the Hamilton Region 
Conservation Authority. Suna 
Dervish, Mark Neavers, 
Richard Schwass, Paul 
Hasenecker. Apr 11 5, 1984,

Natural Heritage Areas In the 
Guelph Region - report to the 
Guelph Field Naturalists, 
Inc, Bruce Clark, Scott 
Milne, Maureen Ormond, April 
5, 1984.

A Land Use Study of Puslinch Town
ship report to the Puslinch 
Township Council, Ruth Hall, 
Lenore Ross, April 5, 1984,

A Feasibility Study for a Comer- 
clal Soil Sampling Service. 
Audrea Szomor, Apr 11 5, 
1984.

4th YEAR UNDERGRADUATE SO IL 
SCIENCE PROJECTS

Determination of a Relationship 
Between Drainage Character
istics and the Pa IeosaI Inity 
of the Depositional Environ
ment for clays In the Ottawa 
Valley. Tim Wright, April 
5, 1984.

Change In Soil Matrlc Potential of 
a Soil Under an Applied 
Stress, Doug Young, Apr 11 
5, 1984.

Effect of Various Sub-freezing 
Temperatures on K Fixation In 
Clays. Michelle Normandin. 
April 9, 1984.

Soil Vegetation Correlations In 
North Eastern Ontario. Cindy 
Niemi. April 9, 1984.

The Effect of Soil Bulk Density on 
Apple Tree Root Growth at a 
Rehabilitated Site, John 
Fischer, April 9, 1984,

Zn and Cd In Soil: a Comparison 
of Levels Extracted by Chemi
cal Techniques and by Plants, 
Sue Camilleri, December 3, 
1984.

Uranium Retention by Some Mineral 
and Organic Soils from 
Manitoba, Vai Alder. 
December 3, 1984,

The Influence of Soli Moisture on 
the Effectiveness of a Fungi
cide. Tim Woerlen. December 
3, 1984.



List of students/supervlsors Registered Winter Semester 1985

M.Sc, Students Supervisors Ph.D, Students Supervisors

Sol I Science Program

Angers, D. B.D. Kay
Baldock, J, B.D, Kay
Bal I, B. M.H. Ml Iler
Brunstlng, $, P.H, Groenevelt
Davidson, D, R.W, Sheard
Dinwood Ie, G, E,G, Beauchamp
Farrell, B, E.G, Beauchamp
Hart, R, M.H. Ml Iler
Marsh, M, P.H. Groenevelt
Ovid, A. P.H, Groenevelt
Richards, N. D.E. Elrick
Sevean, G. R.L. Thomas
Shang, C. T.E. Bates
Shlpltalo, S.E. W, Chesworth 
SI wale, G. E.G. Beauchamp
Smith, J. D.E. Elrick
Tossel I, R. P.H. Groenevelt
Wright, D. R.W. Sheard
Young, D. P.H. Groenevelt

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
Evans, D. M.H. Mi 11 er
Fairchi Id, G. M.H. Mi Iler
Gated, 0. T.E, Bates
Ishizaki, T, B.D, Kay
Rachar, D. B.D. Kay
Reynolds, D, D.E. Elrick
Richards, J, T.E. Bates
Shlpltalo, M, R. Protz
Simard, R, T.E, Bates
Singh, Y. E.G, Beauchamp

Aarometeoroloav Proaram

Barr, A, K.M. King
Kalllomakl, M* T.J. Gillespie

Brown, R, T.J, Gillespie
Graham, M, G,W, Thurtell
Heiklnheimo, M, G.W, ThurtelI
Hopps, P. J,D. WlIson
Leclerc, M. G.W, ThurtelI
McGinn, S. K.M, King

Non-Degree

Alvo, P, G.W, Thurtell

Resources DeveIopment
Univ. School 'oFRuraT Plannina and Develooment

Charlton, D. S.G. Hilts
RzadkI, J, S.G, Hilts
Van Patter, M. S.G. Hilts
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Graduate degrees conferred, thesis titles, defence dates

Student Degree Supervisor Thesis Title Defence
Date

Soil Science Program

B. Ball M.Sc. M.H. Miller Root distribution and Feb, 8,
nutrient cycling of some 1985 
tree shrubs suitable for 
alley cropping In the humid 
tropics

R. Dona Id M, Sc, B, D. Kay Theeffectofsoll July 19,
aggregate size on early 1984 
shoot and root growth In 
corn (Zea mays L,)

C. Grant M,Sc, B,D, Kay Character I zat Ion of soil Oct, 12,
structure using a 1984
root-sized micropene
trometer

D. Lee M.Sc, D, E, El rick A comparison of methods for July 26, 
measuring saturated 1984
hydraulic conductivity of 
four field soils having a 
range of textures

P, Lopez M.Sc. E, E, Mackintosh Soil moisture as a Dec. 17,
criterion for estimating 1984 
production of processing 
tomatoes for land 
evaluation purposes

P, Uhlig M.Sc, R. Protz An integrated multivariate May 3,
analysis of reconnaissance 1984 
sol I data

M, Yanuka Ph.D. D, E, Elrick Percolation theory and June 18,
capillarity in relation to 1984 
pore geometry and topology

Agrometeorology Program

R. Place M.Sc. D.M, Brown Development of a method for Oct. 22,
estimating the yield 1984
response of field corn to 
irrigation
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Publications, seminars, papers, presented, visiting scientists

List of publications in refereed journals
Amlro, B.D., T.J. G11lesple and 

G.W. ThurteTT. 1984. Injury 
response ot Phaseolus Vulgar
is to ozone flux density. 
Atmos, Environ, 18: 1207—
121 5,

Amlro, B.D,, T.J. Gillesple and 
G.W. ThurfeFE 1984. An 
energy fialance model for 
estimating leaf cuvette 
environments. Environ, and 
Expt. Botany 24: 321-330.

Beauchamp, E.G, 1983. Response 
of corn to nitrogen In pre
plant and sidedress applica
tions of liquid dairy cattle 
manure. Can. J. Sol I Sc I. 
63: 377-386.

Brisco, B,, F,T. Ulaby and R, 
Protz, 1984, Improving Crop 
Class)fl cat ion through atten
tion to the turning of Air
borne Radar Acquisitions. 
PhotogrammetrIc Eng Ineer ing 
and Remote Sensing 50: 739-
74 5.

Burton, D.L, and E,G« Beauchamp. 
1984. Field techniques using 
the acetylene blockage of 
nitrous oxide reduction to 
measure denitrification. 
Can, J, Soli Scl. 64: 555-
562,

Chesworth, W., J. Dejou, C, de 
Klmpe, F, Macias-Vasquez,
J.M. Cantagrel, P. Larroque, 
C. Garcla-Paz, and E. 
Garcla-Rodeja, P, Quantln. 
1983, Et ud e de paleosoIs
rouges developpes sur les 
basaltes mlocenes du Masslf 
Central francals, Princl- 
pales caracterlstlques 
physIco-chImIques de ces 
pedogeneses. Cahlers 
O.R.S.T.O.M. ser. Pedol. 20: 
189-208.

Chesworth, W,, J. DeJou, C. de 
Klmpe, F, Macias-Vasquez, 
J.M. Catagrel, P. Larroque, 
C, Garcla-Paz, and E. 
Garcla-Rodeja. 1983, Impor
tance de la ferslalIitisatlon 
sur les basaltes mlocenes du 
Masslf Central. Scl. Geo, 
Mem. 7 3: 53-62.

Chesworth, W., F. Macias-Vasquez, 
E Acquaye and E. Thompson, 
1983. AgrIcuIturaI a Ichemy: 
bread from stones. Episodes, 
1983: 3-7.

Chesworth, W. 1983. Phase rela- 
tionships In the system SIO^- 
AIjO^HqO applicable To 
weathereh materials of the 
earth. Kelkar Volume, Indian 
Soc, of Earth Sciences, 1983: 
67-83.

Chesworth, W,, C, Fyfe and J. 
GraKam. 1984, An albic 
weathering zone on felsitic 

. volcanics from the Grenville 
province of the Canadian 
Shleld, Congreso Interna
tional de Sue I os Volcanlcos, 
La Laguna, Spain, 1984: 101- 
112.

Chesworth, W,, J. Dejou and P, 
Larroque, 1984, The prob
able source of halloysite In 
soil derived from basalt at 
Belbex, Massif Central, 
France, Congreso Interna
tional de Suelos Volcanlcos, 
La Laguna, Spain, 1984: 577- 
590.

Chisholm, P.S., R,W. Irwin and 
C,J, Acton. 1984. Interpre- 
TaTTon of Soil Dra Inage 
Groups from Sol I Taxonomy - 
Southern Ontario, Can. J, 
Soil Scl. 64: 383-393.

Dow, E.W,, T.B, Daynard, J.F. 
Muldoon, D,J, Major and G.W. 
Thurtel1. 1984, Res I stance
fo~lrought and density stress 
1 n Canadian and European 
maize (Zea Mays L,) hybrids. 
Can. "E Plan Scl, 64: 
575-585.

Evans, L,J, and Man ley, E.P, 
1985. Podzol development In 
northeastern Ontario. Scl. 
Geol, Mem., Strasbourg 73: 
85-93,

Gillespie, T.J, and A, Barr, 
1984. Adaptation of a dew 
estimation scheme to a new 
crop and site. Agric, 
Meteorol, 31: 289-295,

Grinham, D,F, and l,P, Martini.
1983, Sed1men+ology of the 
Ekwan Shoal, Akimi ski Strait, 
James Bay, Canada, Sedimen
tary Geology. 57: 273-294.

Groenevelt, P,H,, B.D, Kay and 
C.D, Grant. 1984. Phys leal 
assessment of soil with re
spect to rooting potential. 
Geoderma 34: 101-114.

HI Its, S,G, 1984. Innovative 
affernative for the protec
tion of natural areas. 
Ontario Geography 23: 25-36.

Hilts. S.G, 1984. The F.O.N.'s 
Nature”Reserves: Dorcas Bay. 
Seasons 24(1): 54-59.

Hilts, S.G, 1984. The F.O.N.'s 
Nature” Reserves: Petrel
Point, Seasons 24(1): 60-
63.

HI Its, S,G. and P• Wagner- 
Mele(fan. 1984, A Landowner 
Contact Pilot Project In 
Ontario. J. of Natural Areas 
4(3): 22-25.

King, W.A, and l,P, Martini, 
1983, Morphology and recent 
sediments of the lower anas
tomosing reaches of the 
Attawaplskat River, James 
Bay, Ontario, Canada, Sed 1- 
mentary Geology, 57: 
295-320.

Martin I, I «P. 1983, Consldera-
tIons or? the sub-arctic coas
tal environments of the 
Aklmlskl Island area, N.W.T, 
and Ontar Io, Canada, Sed 1- 
mentary Geology. 37: 
251-272.

Mar tin I , I .P, and W.A, 
Glooschenko? 1983. Emergent 
coasts of Aklmlskl Is I and, 
James Bay, Northwestern Tei— 
rltorles, Canada: Geology, 
Geomorphology and Vegetation. 
Sedimentary Geology. 37: 
229-250.

Martini, I.P. and D, F. Grinham. 
1985, Sedimentary conditions 
and deposits of Aklmlskl 
Strait, James Bay, Canada, 
Sedimentary Geology, V, 37, 
p. 251-272.

McBride, R.A, and E.E, Mack In tosh. 
---------FW;---- Soli survey Interpre- 

tatlons from water retention 
data:------1. Development and
val Idatlon of a water reten
tion model. Soli Scl, Soc. 
Am, J. 48: 1338-1343,

McBride, R.A, and E.E. Mackintosh, 
---------T53E---- Soil survey i n+erpre- 

tatlons from water retention 
data:-------11. Assessment of
soli capability ratings and 
crop performance Indices.
Sol I Sc 1, Soc. Am, J, 48: 
1343-1350.
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Miller, M.H. 1983. Soil llmlta- 
t ions' fo crop productivity in 
Canada, Can, J, PI, Sci,
63: 23-32.

Protz, R,, G,J, Ross, I,P, Martini 
and J, Terasmae, 1984. Rate" 
of podzolic soil formation 
near the Hudson Bay, Ontario. 
Can. J. of Sol I Sci. 64: 
31-49,

Protz, R«, G,J, Ross, I.P. Martini 
ahB’j. Terasmae, I984, Rate 
of Podzolic Soli Formation 
Near Hudson Bay, Ontario, 
Can, J, of Soil Science 64: 
31-49.

Reynolds, W.D, and E,G« Beauchamp, 
1984. Comments on "Potential 
errors In the first order 
model for estimating soil 
nitrogen mineralization 
poten 11 a I s'* . So 11 Sci, Soc, 
Amer, J. 48: 698 (Letter to 
Editor).

Reynolds, W.D, and G.K, Walker, 
1984, Deve I opment an*d  

validation of a numerical 
model simulating evaporation 
from so 11 cores. So i I Sci, 
Soc. Am. J., 48: 960-969.

Skretkowlcz, A.L, and G.W, 
ThurtelI, 1984. Comparaffve
water stress stud les on 
drought resistant and 
susceptible corn grown In 
chamber and field 
environments. Can. J, Plant. 
Sci. 63: 775-787.

Smit, B,, M, Brklacich, J, 
Dumanskl, K,B, MacDonald and 
M.H. Miller. 1984, Integral 
I ancl eval uat Ion and Its 
application to policy. Can, 
J. Soil Sci. 64: 467-479.

Sutton, J.C., T.J. G11lesple and 
P.O, Hl I debrand. 1984. 
Monitoring weather factors In 
relation to diseases. Plant 
DIsease 68: 78-84,

Walker, G.K, 1984. Evaporation
From wet soli surfaces 
beneath plant canopies.

Agric, and Forest Meteorol., 
33: 259-264.

Walker, G.K, and J, L. Hatt I e I d, 
IvS'S Stress measurement 
using foliage temperatures, 
Agron. J,, 7 5: 623-629.

Wilson, J.D., V.R. Catchpoole, 
(7, T, De nmead and G.W. 
T hurt e I I . 1 9 8 5 .
Ver'l fl cation of a simple 
mlcrometeorologleal method 
for estimating the rate of 
gaseous mass transfer from 
the ground to the atmosphere. 
Agric, Meteor, 29: 183-189.

Wilson, J.D., T.S. Clarkson and 
RTS; Rad fIeId, 19 84.
Observations of wind flow and 
tracer gas dispersion over 
sand dunes. New Zeal, J, 
Sci, 2 7: 237-242.

Zebarth, B,J,, B,D, Kay and D, 
Lee, 1984^ Impact resis
tance of three soils under 
varying moisture and freezing 
temperature conditions. Can. 
Geotech. J, 21: 449-455.

List of reports, publications in non-refereed journals
Battlston, L,A,, P.H, Groenevelt, 

J. Havlln artl P ,1 .~THoma s. 
1984, Ba rr i ers to Sustained 
Intensive Agrleu Itural Pro
duction on Ontario Soils, IN 
Notes on Agriculture, Vol. 
XIX #2 pp. 9-14.

Batt iston, L.A. M.H. Miller, 
1983, Soil erosion ^nd corn 
yields In Ontario. Dept, of 
Land Resource Science, 
University of Guelph. 
211 pp,

Battiston, L.A. and M.H, Miller. 
1984. Soi I erosion and sol I 
productivity in Ontario. 
Dept, of Land Resource 
Science, University of 
Guelph, 211 pp.

Beauchamp, E.G, and L.E. 
"Bal'Fis’tbn."'' 1934, Sol I man
agement problems for tree and 
shrub production. Landscape 
Ontario. Sept/Oct issue, 
Vol, 12, No. 4.

Brown, D.M., K.M. King, G.E. Kidd, 
M^ Evans and P. Newdick and 
R.E. Sweetman, 1984, Micro
loggers for Agricultural 
Weather Stations - potentials 
and problems. Can, Soc. of 
Agron,, Annual A.I.C. Conven
tion, Winnipeg, Manitoba. 
19-22 Aug, pp, 4.

Brown, p.M. and W.D, Wyllie. 
I$84. Growing season dry 
spells In southern Ontario. 
Cl imatol. Bui I. 1 8: 15-30.

Burton, D, L,, E.G, Beauchamp and 
K. Kill Inger. 1984, nitro
gen losses from animal barns. 
For Agricultural Energy Man
agement Resources Centre. 
O.M.A.F,

Chan, C,, W, Chesworth, L,J. Evans 
and HT Witely. 1984. Geo
chemistry of weathering In 
the Blue Springs watershed, 
Ontario, and its bearing on 
water quality: in Water
Quality Evolution within flie 
Hydrological cycle of Water
sheds. Proc. Can. Rydr, 
SymposI urn (in press).

Chesworth, W, and S,E, ShIpItaIo. 
1983, Major element geochem
istry of boreal podzols from 
the vicinity of Lake Nipigon, 
N. Ontario, A.E.C, Ltd., 
T.R.-216, 110-120.

T,B, Daynard, M, Tollenaar, J,H, 
Dekker, T.J, Vyn and J, 
Mu Idoon, 1985^ Rye-corn 
sequences for biomass produc
tion, Annual Report (1982- 
83) for AgricuIture Canada 
(ERDAF). 32 pp.

Evans, L,J, and B.H, Cameron, 
1984. Reconnaissance soil 
survey of the Chapleau- 
Foleyet areas, northern 
Ontario, Ontario Ministry of 
Natural Resources, 40 pp,

Glooschenko, W,A, and I ,P, 
Martini, Wetlands of the 
Attawaplskat River Mouth, 
James Bay, Ontario, Canada. 
Annual Wetland Conference, 
U.S.A. 27-05-83.

HI Its, S.G, 1983. Environmental 
evaluation of the Meadow Lane 
Study Area, Dundas, Ontario. 
IN Lower Spencer Creek Study 

"Secondary Plan and Recreation 
Concept Plan. Hamilton 
Wentworth Region Planning and 
Development Dept.

HI Its, S.G, 1983, Can we justify 
ilie expense of maintaining 
environmental quality? In 
Planning In a Time oT 
Restraint, Univ, of Waterloo, 
School of Urban and Regional 
Planning,

HI Its, S.G, 1984, F.O.N. Nature 
Reserves Policy Manual, 
Univ, of Guelph, Dept, of 
Land Resource Science.

Hilts, S.G. and M, Parker. 1984, 
T NaturalIsts Guide to the 
Bruce, Map Insert, Special 
Issue of Seasons, 24(1),
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Kelly, R, and I,P. Martini. 1983.
PTeTstocene Iacustrlne sed I - 
ments of the Scarborough 
Formation, Lake Ontario. IN 
N.A, Rukanvlna (ed.) Proceed
ings of the 3rd Workshop on 
Great Lakes Coastal Erosion 
and Sedimentation, CCIW, 
Burlington, Ont. p, 81-84.

Ketcheson, J.W., T.J, Vyn and T.B. 
Daynard. 1983. TlIlage 
practices for residue 
management and erosion 
control (Revised). Factsheet 
83-087 of Ontario Ministry of 
Agriculture and Food,

Martini, I .P>> M.E, Brookfield and 
Q.H.J, (Swyru 1984, PTeTsto- 
cene stratigraphy and sed I- 
mentology of the Bowmanvllle 
Bluffs, IN Proceedings of 
Symposium on Quaternary Dat
ing Methods, York Univer
sity,

Martini, I,P, and R, Protz, 1983, 
SeIected papers on the Hudson 
Bay Lowland, Dept, of Land 
Resource Science, University 
of Guelph, Tech. Memo 83-1.

Martini, I, Peter and C. Sa I as, 
1 %3. bepos itional charac
teristics of the Whirlpool 
Sandstone, Lower SIlurian, 
Ontario. Ontario Geological 
Survey Open Fl Ie Report 5363, 
124 p.

Martini, I.P., N.A, Rukanvlna and 
J. Kwong. 1983. Resource 
potential of Lake Ontario 
nearshore deposits, IN N.A, 
Rukavlna (ed.) Proceedings of 
the 3rd Workshop on Great 
Lakes Coastal Erosion and

Sedimentation, CCIW,
Burlington, Cht, p, 149-152,

McBride, R.A, and D.M. Brown. 
1964. JTstudy of crop model- 
I Ing alternatives for the hay 
and pasture Insurance plan In 
Ontario. A Report for the 
Crop Insurance Commission of 
Ontario, Vol, 1, Report
and Vol, 2 Appendices, 167 
PP.

Miller, M.H, 1984, Stresses on 
Agricultural land In Ontario, 
A report prepared for The 
Sclence Counci I of Canada, 
71 pp.

Muldoon, J.F,, T.B, Daynard, M. 
Tollenaar, T.J, Vyn and J.H, 
Dekker, Rye-corn
sequences for biomass 
production. Annual Report 
(1983-84) for AgrIculture 
Canada (ERDAF), 38 pp.

Ontario Instltute of Pedology. 
T5347 F’reI Iminary AgrIcul- 
tural Soil Capabilities for 
Common Field Crops In the 
Niagara Region. Ontario 
Institute of Pedology, Publ, 
84-2.

Protz, R>, G,J. Ross, and M.J. 
Sh rpl ta Io. 1984. The 
Influence of texture on soli 
thickness and clay mineral 
formation in Northern 
Ontario, Tech. Memo. 84-2. 
Dept. of Land Resource 
Science, Univ, of Guelph, 
Ontario. 33 p.

Ross, G. J., C. Wang and R, Protz. 
1984. Soil Mi neraloglcal 
evidence as an Indicator of 

Post and Pre-Wisconsin 
Weathering In Canada. (In 
Quaternary Chronologies, 
Edited by W.C. Mahaney Geo, 
Books),

Salvador), A., N, Bredln, R, Lohr 
and I,P, Mart Ini, 1983, The 
Hu d s"on Bay Lowl and Informa
tion Retrieval System, Dept, 
Computing and Information 
Science, University of 
Guelph, Guelph, Ontario. 
Technical Report CIS83-3, 
122 p.

Sheard, R.W. 1984, A water 
budget for Irrigation 
scheduling. Greenmaster 20: 
2, 13-14.

Shelton, I.J., G,J« WalI ancl W.T. 
Dickinson. 1984. A Proposed 
Methodology for Mapping Pro
vincial Soil Loss Potential. 
0.1.P. 84-4.

Vyn, T.J., T.0. Daynard, J.W.
KetcKeson and J.H. LeeT 
1V837 Tnlage for crop pro
duction on Ontario soils, I.
Principles, O.M.A.F, Agdex 
110/632.

Vyn, T.J,, T,B» Daynard, J.W, 
Ketcheson and J.H, Lee. 
IVfT?. Tl I lage for crop 
production on Ontario soils. 
I I. Practices, O.M.A.F. 
Agdex 100/516.

Vyn, T.J. 1983, Progress In 
Tillage research at the 
University of Guelph. Pages 
E1-E3 IN Soil Management Day 
proceed!ngs, Southwestern 
Ontario Farmers' Week.

List of seminars and papers presented

Abboud S. and T.E. Bates, 1984. 
Ad sorpt i on o7 Cd by Sewage 
Sludge-Amended Soils, Ann. 
Meetings, Can, Soc, Soil 
Sci,, Banff, Alberta, 26-29 
Aug,

Amiro, B,, T,J, G1Ilesple and G. W. 
ThurtelI, T5B37 Injury
response to ozone f I ux den
sity in Phaseolus vulgaris L, 
34th Ann7 Meeting Am. First, 
Bio, Sci,, Grand Forks, N, 
Dakota, 7-1 1 Aug,

Angers, D,, B.D. Kay and P,H, 
Groenevelt. 1984, Compac+a- 
biIt+y oT aggregated soils 
with different cropping his
tories, Ann, Meetings Can. 
Soc, Soil Sci., Banff, 
Alberta, 26-29 Aug.

Battiston, L.A. and M.H. Ml Iler. 
1984. The effect of hIsforIc 
sol I erosion on crop yields 
In Ontario. Ann, Meetings 
Can. Soc. Soil Sci., Banff, 
Alberta, 26-29 Aug,

Battiston, L,A,, R.A, McBride, 
M.H , M i I I er anTd M7T. 
"Brk lac Ich. I 984. So i I
erosion-productivity research 
in Southern Ontario, Amer, 
Soc, Agr, Eng. Nat, Symp, on 
Erosion and Soi I Productiv
ity, New Orleans, Louisiana, 
10-11 Dec.

Beauchamp, E.G, 1983, Ava11abiI- 
TTy o7 manure nitrogen, 
Ann, Meetings Can. Soc. Soil 
Sci,, Truro, Nova Scotia, 
10-14 July.

Bl ackburn, W,J,, R-X, Duan and 
T.J. Gillespie. 1984. Pre- 
dieting apple scab ascrospore 
discharge. CSHA/ASHA Meet
ings, Vancouver, B.C. Aug,

Brown, D.M, 1984. The potential 
for irrigating field crops in 
southern Ontario. Can. Soc. 
of Agron,, Annual A,I.C, 
Convention. Winnipeg, 
Manitoba, 19-22, Aug,

Burton, D, L, and E.G, Beauchamp, 
1983, Spat i a I variabHTFy of 
denitrification and related 
field parameters. Amer, Soc. 
Agron. Meetings. .Washington, 
D.C., 14-19 Aug,
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Clothier, B.E. and D.E. Elrlck.
1984, Poster paper at the 
Gordon Research Conference on 
mod el 1 Ing of flow In 
permeable media, Andover, 
N.H., 31 July - 3 Aug.

Davenport, J.R. and R.L. Thomas, 
1984. Rh I zodepos I + Ion of
carbon In relation to aggre
gate stab I I I ty . Ann. 
Meet i ngs Can, Soc, Soil 
Sci., Banff, Alberta, 26-29 
Aug.

Davenport, J.R, and R.L, Thomas, 
1984, The rhIzodeposltlon of 
C-14 under corn and brome
grass, Amer. Soc. Agron, 
Ann. Meetings, Las Vegas, 
Nevada, 25-30 Nov.

Donald, R.G, and 8,D, Kay*  1984. 
The effect of soil aggregate 
size on early shoot and root 
growth In corn (Zea Mays L.). 
Ann. Meetings Can. Soc. Soil 
Sc I., Banff, Al berta, 26-29 
Aug.

Elrlck, D.E. 1984, A simple 
model of hydrodynamic disper
sion of solute for unsatur
ated flow, Amer. Soc, Agron. 
Meetings, Las Vegas, Nevada, 
25-30 Nov.

Elrick, M. and T.J, GlIlesple. 
1983. Feed back for teaching 
Improvement, Towards 2000: 
The condltlonand future of 
teaching In universities. U. 
of Windsor, Ontario, 15-17 
June.

Elrlck, D.E,, W.D, Reynolds, D.M, 
Lee and B.E. Clothier, 1984, 
The "Gue I ph Permeameter" for 
measuring the field-saturated 
soil hydraulic conductivity 
above the water tabie: I, 
Theory, procedures and appl I- 
catlons. Canadian Hydrology 
Symposium, Quebec City, 10-12 
June.

Foster, N.W, and E,G, Beauchamp. 
1983. NItrogen release from
urea and sul fur-coated urea 
In a Jack pine forest floor. 
Amer. Soc, Ag ron. Mee tings, 
Washington, D.C., 14-19 Aug,

Gillespie, T.J, 1983, (Invited). 
Meteorot ogleal conditions 
that lead to high ozone epi
sodes. Agrometeorol. Work
shop. Guelph, Oht,, 19 Oct.

GlIlesple, T.J, 1984. (In vI ted). 
Workshop on leaf wetness
measurements. Am, Phytopath. 
Soc. Meeting. Guelph, Ont,,
Aug.

Grant, C.D., P.H, Groenevelt and 
B.D, Kay. 1484, Character- 
ization of soil structure 
using a root-sized penetro
meter, I: Development of 
methods, Ann. Meetings 
Can, Soc. Sol I Set., Banff, 
Alberta, 26-29 Aug.

Groene v e11, P.H, and S.H. 
Brun st Ing^ T984. Sheet 
Erosion and the Ap Horizon. 
Ann. Meetings Can. Soc. Soil 
Scl., Banff, Alberta, 26-29 
Aug.

Hilts, S,G. 1984. Canadian 
Na fura I Areas: an overview. 
Natural Areas Association, 
Pellston, Michigan, 12 Sept.

Hilts. S.G, 1984. A Landowner 
Contact Pilot Project In 
On tarlo. Can, CounclI on 
Ecological Areas, Toronto, 
30 Aug.

H I I ts, S,G, and P, Wagner- 
McLellan, 1984, Iandowner 
contact in Ontario. Natural 
Areas Association, Pellston, 
Michigan, 12 Sept,

Hi Its, S.G, and P. Wagner- 
McLellan, 1984, A Landowner 
Contact Research Project. 
School of Rural Planning and 
Devei opment, Un I versi ty of 
Guelph, 22 March,

Kwong, J.K,P,, I.P, Martini and M, 
Narain, 1984, Sha Ie and CI ay 
resources, Central Region, 
M.N.R. - Poster paper - OGS - 
Geoscience Research Seminar, 
4-5 Dec.

Martini, I«P, and J.K.P, Kwong. 
1484. Depo sItlonal CKarac- 
teristlcs of the Whirlpool 
Sandstone, Poster Paper - 
Ont, Geol. Surv. -Geoscience 
Research Seminar, Toronto, 
Dec,

Martini, I,P. 1983, Major geo-
morphology features of the 
emergent coast of Hudson- 
James Bay. Dept. Geography, 
University, Turku, Finland, 
Oct,

Martini, I ,P, 1983, Sedlmento-
logy o7 tidal flats of 
Hudson-James Bay, Department 
Physical Geography, 
Un I ver si ty of StockhoIm, 
Stockholm, Sweden, Oct,

Martini, J*?*  1983, CoastaI
stud l es on the Hud son-James 
Bay, Dept, Geology, Delhi 
Un I vers Ity, Delhi, India, 
Nov,

Martini, 1I.P, 1983. GIacIo-
lacusfrlne sedimentation of 
the northshore bluffs of Lake 
Ontario, Ontario, Canada. 
Dept, Geology, University of 
Delhi, Delhi, India. Nov.

Martini, I ,P, 1983. Sy n tec to n I c
sedimentation of a Middle 
Triassic rift, Northern 
Apennles, Italy. Dept, 
Geology, University of Delhi, 
DelhI, Ind I a. Nov,

Martini, I.P, 1983. The study of 
an environment In Hudson Bay: 
sediments and biology. Dept, 
of Geology, Universlta degli 
Stud i d I Pi sa, Pisa, Italy, 
Dec. (In Itai Ian).

Martini, I.P, 1984. Sedlmen to- 
logy o7— the tidal flats of 
Hudson Bay, Dept. Geology, 
University of Newcastle, 
Newcastle, NSW, Australia. 
Feb.

Martini, I .P, 1984, Glaciolacu-
sfrine deposits of the Scar
borough Bluffs, Canada, 
Dept, Geology, University of 
Newcastle, Newcastle, NSW, 
Australia. March.

MartInI, I.P, 1984. Se d1m en to-
logical analysis of the coass 
In James Bay, Canada, Dept, 
Geology, James Cook 
University, Townsville, 
Australia, May.

Martini, I.P, 1984. Ca n ad I an 
peats as analogs for the 
ancient Permian coals of the 
Bowen Basin, Col IInvll Ie 
Coal Society, Collinsville, 
Austral la. ffay.

Martini, I.P, and W, Glooschenko. 
Cold cl I mate environments of 
peat formation In Canada. 
Keynote address for the 18th 
Symposium on the Advances In 
the Study of the Sydney 
Basin, Un IversIty of 
Newcastle, Newcastle, 
Austral I a, Apr 11.

McBride, R.A., L,A, Battlston and 
—Mm er. The effect of 

soil erosion on Iong-term 
potential soil productivity 
in Ontario. Ann, Meetings 
Can, Soc. Soil Scl,, Banff, 
Alberta, 26-29 Aug,

Miller, M,H, 1984, Soil factors 
as they affeet root growth, 
phosphorus absorption and 
crop yield. Can. Soc. of 
Soil Science. Lecture Tour. 
Winnipeg, Saskatoon, 
Vancouver, and Edmonton, 
June.
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Protz, R,, G, J, Ross and M,J, 
Sh fp-fta I o, 1984. The 
Influence of texture on clay 
mineral and soil formation in 
Northern OntarIo, Symposium 
on Clay Minerals In 
Agriculture, Industry and the 
Environment. Calgary, 
Alberta, 23-25 Aug.

Reynolds, W.D., D.E. Elrlck, N. 
B a u m g a r t n eT~ a’n'd § . ITT 
Clothler. 1’984. The "Guelph 
Permeameter" for measuring 
the fleld-saturated soli 
hydraulIc conductlvltya bove 
the water table: 11. The
Apparatus. Proc. Canadian 
Hydrology Symposi urn, Quebec 
City, Quebec, 10-12 June.

Sevean, G.A. and R.L. Thomas.
1984. Phosphorus release 
from cultivated organic 
soiIs: Environmental Imp 11- 
catlons. Ann, Meetings Can. 
Soc, So 11 Sc I., Banff, 
Alberta, 26-29 Aug.

Sheard, R.W,, T. Bruulsema and 
5,’ft.'"Chr I st i e, 1984. The 
utilization of nitrogen from 
l^N-labelled legume residues 
by barley, 29th National 
Alfalfa Improvement Conf. 
Lethbridge, Alberta, July.

Sh I pl ta Io, M. J. and R, Protz. 
1984. Dlsperslbll tty of Clay 
in Earthworm Casts, 
International Symposium on 
Faunal In fIuences on Sol I 
Structure. Univ, of Alberta, 
Edmonton, 11-13 June.

Shi pita Io, M.J. and R, Protz, 
1984. Factors Influencing 
the Water Stability of 
Earthworms Casts. Amer, Soc, 
Agron, Meetings, Las Vegas, 
Nevada, 25-30 Nov,

Shi pita Io, S.E., C.Fyfe, and W. 
Cheswprth, So 11d St a te * 3C^" 
NMR Character IzatIon of 
Organic Carbon from Three 
Northern Ontar Io Podzols, 
Ann, Meetings, Can, Soc, 
Soli Scl., Banff, Alberta, 
26-29 Aug,

Singh, Y, and E.G, Beauchamp. 
1984. Ch a racterlzatlon of 
nitrifler activity associated 
with large urea granules In 
soils. Ann. Meetings. Can 
Soc. Soil Sc I., Banff, 
Alberta, 26-29 Aug.

Tollenaar, M,, J.F, Muldoon, T,J, 
Vyn and T,B. Daynard, 1^547 
p o T e n t i a I dry matter 
productivity with a rye-corn 
cropping sequence In Ontario, 
Amer, Soc. Agron. Meetings, 
Las Vegas, Nevada, 25-30 
Nov,

Vyn, T.J, 1983. TlI I age 
a I Tern a tIves - Ontario 
research review. Soil Today 
- Food Tomorrow Conference, 
Toronto, Cht,, 6-8 Dec.

Vyn, T, J,, T, B, Daynard, M, 
To IIenaar and J.F, Muidoon.
1984, Tillage requirements 
for corn fol lowing a rye 
cover crop. Amer, Soc, 
Agron, Meetings, Las Vegas, 
Nevada, 25-30 Nov,

Chapter in book
Beauchamp, E.G, 1983. N i trogen 

loss from sewage sludge and 
manures applied to 
agricultural lands. IN 
J.R. Freney and J.R. Simpson 
(eds.) Gaseous Losses of 
Nitrogen from Plant-Sol I 
Systems, Mart Inus-NIhoff 
Publishers, The Hague.

Book review
Ketcheson, J,W. 1984. Review of 

Soil, K. Simpson, published 
by Longman Group, Harlow, 
Essex, Gt, Britain, 1983, 
Sol I and TlI I. Res. 4: 
486-488.

Radio Tapes/T.V.
HHts, S,G, CJOY rad i o tape: 

"Projecting Natural Heritage 
Through Landowner Contact",

Vyn, T.J. P.E.I, Min, of Agric, - 
radio tapes on conservation 
tillage,

Vyn, T.J, CTV (Kitchener) - T.V. 
Fntervlew on crop rotations.
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K» McNaughton. DSIR, Plant Physi
ology Division, Palmerston 
North, New Zealand. Equili
brium Evaporation: The Con
cept and Its Appl ication to 
Shelter and Regional Evapora
tion Models.
(May 18, 1984)

D. Tessier. Soils Laboratory, 
CNRA, VersalI les, France. 
Experimental Study of the 
Structure of Clays.
(June 27, 1984)

D, Greer, Plant Physiology 
Division, DSIR, Palmerston 
North, New Zealand. Mode I - 
ling the Environmental Con
trol of the Frost Harden Ing 
and Dehardening Processes In 
Plnus Radlato.
(Sept. 21, 1984)

P. H, Groenevelt. Land Resource 
Science, University of 
Guelph, Guelph, Ontario, The 
Integrated Arid Lands 
Development Project (CIDA). 
OR The Use of Brack I sh and 
3a"line Water for the Produc
tion of Forages and Horticul
tural Crops, OR Visiting 
Israel and Egypt, 
(Oct. 16, 1984)

H. Xlangllng. Department of Agro- 
physIcs and AgrometeoroIogy, 
Beijing Agricultural Univer
sity, China, A Slide Presen
tation of Mu Itlple Cropping 
and Agroclimatic Resources in 
North China, 
(Oct. 26, 1984)

S.G. Hilts. Department of Land 
Resource Science, University 
of Guelph, Guelph, Ontario. 
Rural Planning as Mutual 
Learning. OR Information 
Transfer: The Example of a 
Landowner Contact Project, 
(Nov. 6, 1984)

S. Garrod, Department of Land 
Resource Science, University 
of Guelph, Guelph, Ontario, 
Legislation and Science.
(Nov. 13, 1984)

P. Todorovlc. Visiting Professor 
from Yugoslavia at the 
Department of Civil Engineer
ing, University of Waterloo, 
Effect of Erosion on Crop 
Production.
(Nov. 15, 1984)

W. Chesworth, Department of Land 
Resource Science, University 
of Guelph, Guelph, Ontario, 
Late Cenozoic Geology and 
Some Consequences for the 
Second Oldest Profession.
(Dec. 11, 1984)

D, Hillel, Department of Plant 
and Soil Sciences, University 
of Massachusetts, Amherst, 
The Negev: Land, Water and 
Life In a Desert Environment, 
(Jan. 16, 1985)
AND Egypt: Ancient and
"Modern Agriculture, 
(Jan. 22, 1985)

J. Mannering. Purdue University, 
West Lafayette, Indiana, 
Conservation Tillage: 
Indiana’s Approach, 
(Jan. 23, 1985)

M, Oades. Waite Agricultural 
Research Institute, 
University of Adelaide, South 
Austral la. The Structural 
Stab 111 ty of Soi I s.
(Feb. 6, 1985)

S. Cohen, AES, Kingston. Impacts 
of Future Climatic Changes In 
the Great Lakes Region, 
(Feb. 20, 1985)
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