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THE HOMES OF SOIL SCIENCE

1. Granite Gneiss
- Grenville Province s 1.2 billion years old
- Precambrian metamorphic

2,3, 4. Dolomitic Limestone, Guelph Formation
- Silurian = 400 million years old
- Sedimentary

As part of the University's 25th 
Anniversary Celebrations the Depart
ment mounted a display that contained 
these photographs of campus homes of 
the Soil Sciences.
Top: The first home of the Soil Science 
division in the Old Chemistry Building. 
Middle: The Department of Soils was 
housed in the "Old Hort" Building from 
1936-59
Bottom: The ’New" Soils Building 
opened in 1959.
The campus has continued to grow 
around the building as have the trees 
that now cloak the front facade. A 
second floor extension to the new wing 
is slated to be added in 1990 to meet the 
ever increasing space needs of our 
department.

5. Quartz - Mica-Amphibole-Feldspar Gneiss
- Grenville age
- Precambrian metamorphic

6. Trondjhemite
- Grey granitoid
- The commonest rock of the Canadian Shield
- Precambrian = 1.2 billion years old

Located in front of the Richards Building are six rocks that represent the 
major types with significance in the formation of soils in Ontario. 
Specimens 1,5, and 6 represent rocks from which the parent materials of 
the Podzolic soils of the Boreal Forest region of northern Ontario were 
formed. Species 2,3, and 4 are commonly found in the Sedimentary rocks 
from which the parent materials of soils in Southern Ontario were 
formed. Materials derived from these types of rocks were subsequently 
transported, resorted and then redeposited by glaciers and the glacial 
waters as the ice melted. The characteristics of these rocks are expressed 
in the mineralogy of our soils which in turn influences soil chemical 
properties.

EXTRA CURRICULAR ACTIVITIES
Land Resource Science has an active social committee and hosts many spe
cial events throughout the year for its staff, faculty and graduate students 
and their families, bringing members together from the diverse fields that 
exist within our department. Annual events include a picnic, com roast 
and Christmas party plus a host of organized sports team meets. Our most 
infamous sports meet is 
the "Bill Mitchell 
Immortal Cup" Soccer 
Challenge which 
every fall, pits faculty 
and staff against the 
graduate students. 
Shown is Department 
Chair Bev Kay present
ing the Cup to the Grad 
Student Team Captain, 
Mark Smith after the 
Grads' victory for the 
second year in a row in 
1989.

THE COLLECTION OF ROCKS



In the picture at left, Dr. Richards is shown 
giving his address at the building naming 
ceremony. Behind him on the dais is LRS 
Chair Bev Kay, Mrs. Richards and University 
of Guelph President Brian Segal.

The department of land resource science's 
building was officially named The "Richards Building" 
on September 29,1989 as part of the University of Guelph's 

25th Anniversary celebrations. The building was named for 
Dr. N.R. (Rick) Richards who has made significant contribu
tions to the University of Guelph and the discipline of Soil 
Science through teaching, research and administration. Dr. 
Richards joined the Ontario Agricultural College in 1951 as 
Professor and Head of the Department of Soils. Under his 
guidance the building now known as the Richards Building 
was conceived and constructed and the Department renamed 
Soil Science. In 1962, Dr. Richards became Dean of the Ontario 
Agricultural College and provided leadership that was criti
cal to the formation of the University of Guelph.

THE GOOD EARTH NEWS
Land Resource Science has its own weekly 
newsletter that keeps faculty, staff, students, 
past graduates, and other University depart
ments informed on current field related job post
ings, departmental seminars, notices, social and 
sporting events. Each issue has a popular Quote 
of the Week section and the occasional entertain
ing article. Over 260 copies are mailed out week
ly to on and off campus subscribers.

Editing and production 
are done by staff members, 

Marilyn Metcalf and 
Debbie Wilson, 

with contributors 
from across 

the 
department.

GUS BRYANT RETIRES
Gus joined the department in the spring of 1952 after obtaining 
his Diploma in Agriculture from O. A.C. For twelve years he 
worked with Prof. Len Webber at the Cayuga sub-station and 
assisted Prof. Webber in the lab during the winter months. 
With the closing of the station he became a technician with 
Prof. Tom Bates. During these years he transversed the 
province from Kingston west, maintaining and harvesting 
plots.
Following the opening of the Elora Research Station he moved 
on to the care and fabrication of field equipment for the Depart
ment at Elora. Here he demonstrated his unique ability to con
vert ideas for equipment improvement or fabrication into 
reality. It has been a tradition in the department that if some 
item of agricultural equipment was to be found, fixed or fabri
cated... "Ask Gus".
To honour Gus, the Department held a retirement luncheon 
this past winter. Gus is shown in the picture above, at the left 
with Professors Murray Brown, Murray Miller and Department 
Chair Bev Kay.



FOREWORD

The annual report 
provides a glimpse of the excit
ing developments in teaching, re

search and extension which have oc
curred in the Department of Land 
Resource Science in the past year.

Many of these developments arise 
from increased emphasis being 
placed on enhancing society's 
capability to use our rural resources 
in a more sustainable manner.

Undergraduate programs are 
being restructured. A new major, 
Environmental Soil Science, was in
troduced in the B.Sc. program in 
order to provide greater emphasis, at 
the undergraduate level, on the en
vironmental implication of the 
management of soil resources. Plans 
are also currently being finalized to 
introduce an Agronomy Major in the 
B.Sc.fAgr.) program replacing the 
former Soil Science and Crop Science 
majors. Graduate enrolments have 

remained relatively stable in the past 
2 years with a large proportion of 
theses research projects related to 
more effective use of soil, water and 
atmospheric resources.

Research programs have con
tinued to grow with the greatest 
growth in studies related to 
diminishing soil degradation and 
improving water quality in agricul
tural areas.

Extension efforts continue to grow 
as the Department makes a concerted 
effort not only to get the latest re
search fundings out to the different 
user groups but also to continue to 
receive advice and comments on 
emerging research needs.

The success that we have achieved 
in the past year is a reflection, in part, 
of the enthusiasm and creativity of 
students, staff, and faculty in the 
Department. The skills and the at
titudes that enable members of the 

Department to fulfill their roles are, 
however, strengthened by the moral 
and financial support and the con
structive criticism that a much larger 
community provides to the Depart
ment. This report is really dedicated 
to you as a member of that larger 
community. We value your involve
ment in our programs and we look 
forward to continued exchange with 
you.

In closing I wish to acknowledge 
the effort of Marilyn Metcalf, Debbie 
Wilson and V. Rasiah in assembling 
this report and in encouraging all of 
us to meet publication deadlines.

B.D. Kay
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PERSONNEL

COMMITMENT AND CREAT
IVITY of facultyz staff and stu
dents contributed to a vibrant 

Departmental program in the past 
year. Several members of the depart
ment were recognized specifically 
for their contributions.

Professor Terry Gillespie was one 
of two faculty at the University who 
were awarded the first Distin
guished Teaching Award by the 
Central Students Association. 
Various members of faculty served 
on editorial boards or as associate 
editors of journals: P.H. Groenevelt, 
Journal of Soil and Tillage Research; 
M.H. Miller/ Canadian Journalof Soil 

Science; D.E. Elrick, Journal of Con
taminant Hydrology and Journal of 
Air, Water and Soil Pollution; T.E. 
Bates, Journal of Environmental 
Quality; E.G. Beauchamp, Com
munications in Soil Science and Plant 
Analysis; B. D. Kay, Cold Regions 
Science and Technology; W. Ches- 
worth, Agrogeology; and R. Protz, 
Canadian Journal of Remote Sens
ing.

Two of our staff members were 
elected to the University of Guelph 
Staff Association's executive. Mark 
Evans is the Grievance Officer for the 
850 member Association and Debbie 
Wilson is a Member-at-large.

Graduate students also attained 
some outstanding achievements in 
1989. Winner of scholarships, fel
lowships and other awards are listed 
elsewhere in this report. Kim Bolton 
was awarded the Morwick Scholar
ship for academic excellence and for 
contributions to the Department. 
David Crabtree received the Hubert 
Armstrong Award from Sigma Xi for 
the best M.Sc. Thesis at the Univer
sity of Guelph.
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PERSONNEL AND INTERESTS
FACULTY / PROFESSIONAL STAFF

B.D. KAY, B.S.A., M.Sc. (Guelph), 
Ph.D. (Purdue), Professor and Chair
man. Physical-chemical reactions in 
soils, dynamics of frost heaving, in
fluence of tillage and cropping prac
tices on soil structure. (Ext. 2447-8)*,

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

E.G. BEAUCHAMP, B.Sc.fAgr.), 
M.Sc. (McGill), Ph.D. (Cornell), 
Professor and Acting Chair. 
Nitrogen in the soil/crop system; 
manures; fertilizers and plant nutri
tion. (Ext. 3239),

M.E. BROOKFIELD, B.Sc. (Edin
burgh), Ph.D. (Reading), Associate 
Professor. Paleoecology, paleontol
ogy, stratigraphy and tectonics. (Ext. 
2654).

D.M. BROWN, B.S.A., M.S.A. 
(Toronto), Ph.D. (Iowa State), Profes
sor. Climate related to land use plan
ning, crop zonation and irrigation 
feasibility. (Ext. 2206).

D.L. BURTON, B.Sc. (Dalhousie), 
M.Sc. (Guelph), Research Associate. 
Soil Biochemistry; nutrient cycling. 
(Delhi Research Station - 582-1950).

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

D.E. ELRICK, B.S.A. (Toronto), M.S., 
Ph.D. (Wisconsin), Professor. Soil 
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), Co-ordinator 

of O.I.P, Computer Laboratory and 
Teaching Associate. Soil science, 
resources planning and manage
ment. (Ext. 3393).

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

P.H. GROENEVELT, M.Sc., Ph.D. 
(Wageningen), Professor. Applied 
soil physics, erosion, soil structure. 
(Ext. 3585).

S.G. HILTS, B.A. (Western Ontario), 
M.A. (Toronto), Ph.D. (Toronto), As
sociate Professor. Joint appointment 
with University School of Rural Plan
ning and Development. Natural 
resources management, environ
mental planning, land utilization. 
(Ext. 2702).

J. HOU, B.Sc. (Northwestern Agric.), 
M.Sc. (Chinese Academy of Science), 
Visiting Scientist. Soil chemistry. 
(Ext. 8748).

L. HUBER, Ingnieur Agricole (ESIT- 
PA, Le Vaudreuil, France), Docteur 
Ingnieur (INAPG, Paris), Visiting 
Scientist, National Institute for 
Agronomic Research (INRA), Grig- 
non, France.

R.G. KACHANOSKI, B.Sc., M.Sc. 
(Saskatchewan), Ph.D. (California, 
Davis), Assistant Professor and Co
ordinator of Extension. Soil physics, 
soil and water conservation and ex
tension. (Ext. 2498).

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

K.M. KING, B.S.A. (Toronto), M.S., 
Ph.D. (Wisconsin), Professor, 
Agrometeorology; evapotranspira
tion and photosynthesis of field crops 

and forests; effects of elevated atmos
pheric CCb. (Ext. 2787).

I.P. MARTINI, Doct. Geol. Sci. 
(Florence), Ph.D. (McMaster), Profes
sor. Sediments and sedimentary 
rocks, sedimentology, glacial geol
ogy. (Ext. 2488).

R. McBRIDE, B.Sc., Ph.D. (Guelph), 
Assistant Professor. Soil science and 
agricultural land use planning. (Ext. 
2492).

T.P. McGONIGLE, B.Sc. (Sussex), 
D.Phil. (York), Research Associate. 
Vesicular-arbuscular mycorrhizas 
and their effect on plant growth. 
(Ext. 8748).

M.H. MILLER, B.S.A, (Toronto), 
M.S., Ph.D. (Purdue), Professor. Soil 
fertility, plant nutrition and soil and 
water conservation. Director, Centre 
for Soil and Water Conservation. 
(Ext. 2482).

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

E. PERFECT, B.Sc. (Newcastle-upon- 
Tyne), M.A. (Carleton), Ph.D. (Cor
nell), Research Associate. Effect of 
cropping systems and ground freez
ing on soil structure. (Ext. 2489).

R.PROTZ, B.S.A., M.S. (Sas
katchewan), Ph.D. (Iowa State), 
Professor. Soil genesis and classifica
tion; soil variability; soil clay 
mineralogy; mapping techniques 
and soil landform relationships. 
(Ext. 2481).

D.M. ROBINSON, B.S.A. (Toronto), 
Manager. Soil and Water Conserva
tion Information Bureau. (Ext. 2451).

R.W. SHEARD, B.S.A. (Sas
katchewan), M.S,A. (Toronto), Ph.D. 
(Cornell), Professor. The agronomy 
of crop production of cereals and 
forage. (Ext. 2491).
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G.A. SPIERS, B.Sc. (Waikato), M.Sc., 
Ph.D, (Alberta), Research Associate. 
Mineralogy, geochemistry and 
pedology. (Ext. 2489).

R.L. THOM AS, B.Sc., M.Sc. (Alberta), 
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), Profes
sor. Physics of soils, plant and at
mosphere. (Ext. 2453).

H.P. VAN STRAATEN, Dipl. Geol., 
Dr. rer, nat (Gottingen, Germany), 
Research Associate. Geology, 
mineral exploration, agrogeology in 
East Africa. (Ext. 2454).

R.P. VORONEY, B.Sc. (Calgary), 
M.Sc., Ph.D. (Saskatchewan), Assis
tant Professor. Soil biological ac
tivity, soil management. (Ext. 3057).

G.J. WALL, B.Sc.(Agr.), M.Sc. 
(Guelph), Ph.D. (Ohio). Agriculture 
Canada, Associate Graduate Faculty. 
(Ext. 2103).

C.J. WARREN, B.Sc.(Guelph), M.Sc., 
Ph.D. (Alberta), Research Associate. 
Utilization of fly ash on agricultural 
soils. (Ext. 2491).

B. ZEBARTH, B.ScXAgr.), M.Sc. 
(Guelph), Ph.D. (Saskatchewan), Re
search Associate. Intensive cereal 
management. Resigned October 18, 
1989.

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

FAX No. (519) 824-5730

CLER1CAL/TECHNICAL STAFF

K. ALEXANDER, B.Sc. (Mount Al
lison), M.E.S. (Dalhousie), Research 
Assistant (part-time). Maximum 
corn yield research. (Ext. 8593).

R.D. BALDWIN, B.Sc. (Guelph), 
Forestry and Pedology Technologist. 
Resigned March 31,1989.

N. BAUMGARTNER, Assoc. Dipl. 
Agr. (Guelph), Teaching and 
Laboratory Technician. Soil physics. 
(Ext. 8556).

P.E. BEIRNES, Administrative 
Secretary. (Ext. 2448).

R. BERARD, B.S.A. (St. Boniface), 
M.Sc. (Manitoba), Research As
sociate. Soil plant water relations. 
Resigned June 30,1989.

L. BISSELL, Clerk. (Ext. 2661).

D. BRENNER, Secretary. Extension. 
(Ext. 6364).

J.C. BRYANT, Assoc. Dipl. Agr. 
(Guelph), Technician. Soil manage
ment plot work and field equipment 
fabrication. Retired December 31, 
1989.

K. CURREN, B.Sc. (Guelph), Re
search Assistant. Agrometeorology. 
(Ext. 2208).

J. CUTHILL, B.Sc.(Agr.) (Guelph), 
Project Co-ordinator. Slow rate in
filtration land treatment of landfill 
leachate. Resigned November 17, 
1989.

E.L. DICKSON, Dipl. Chern. Tech. 
(St. Clair, C.A.A.T.), Technician. 
Runoff collection and analysis, re
search analytical laboratory. (Ext. 
2494).

M.R. EVANS, B.Sc. (Waterloo), Cer- 
tif. Comp, and Info. Sci. (Guelph), 
Technician. Computer data analysis. 
(Ext. 2493).

B. FARQUHARSON, B.Sc. Forestry 
(Lakehead). Research Assistant. 
Yield reduction effects of crop 
residues in conservation tillage 
(phytotoxins). (Ext. 8157).

J.A. FERGUSON, Assoc. Dipl. Agr. 
(Guelph), Technician. Soil manage
ment data acquisition and statistical 
analysis. (Ext. 2617).

E.F. GAGNON, Assoc. Dipl. Agr. 
(Guelph), Supervisor, Analytical 
Services Laboratory. (Ext. 2494).

D.E. IRVINE, Chartered Cartog
rapher (Ont. Inst. Ch. Cart.), Cartog
raphy and computer graphics. (Ext. 
3364).

J. KERR, Library Technician/ 
Secretary. Soil and Water Conserva
tion Information Bureau. (Ext. 2799). 
Commenced duties August 14,1989.

H. LAMMERS, B.Sc.Agr. (Guelph), 
Assistant Manager. Soil and Water 
Conservation Information Bureau. 
(Ext. 2487. Commenced duties Sep
tember 5, 1989.

D.A. LOBB, B.Sc. (Toronto), Re
search Assistant. Soil and water con
servation. Centre for Soil and Water 
Conservation. (Ext. 2484).
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J. LOMBARD, B.Sc.(Agr.) (Guelph), 
Research Assistant, Manure 
nitrogen project. (Ext. 6371).

J. LOVCANIN, B.Sc. (Belgrad), Tech
nician. Soil management and plant 
nutrition field plots. (Ext. 6371).

T. MARTIN, B.Sc., M.Sc. (Alberta), 
Research Associate. Land 
stewardship cropping systems. (Ext. 
8166).

B. MERCHANT, B.Sc.(Agr.), M.Sc. 
(Guelph), Research Assistant. Al
gonquin Forest Site Program. 
Resigned March 31,1989.

MJ. METCALF, Secretary. (Ext. 
6365).

T. MOLJLL, B.Sc.(Agr.), M.Sc. 
(Guelph), Research Associate. 
Natural Heritage Stewardship 
Project Co-ordinator. (Ext. 8329).

B. O'NEILL, B.E.S. (Waterloo), M.Sc. 
(Guelph), Research Assistant. Ef
fects of management on surface 
hydraulic properties. (Ext. 8556).

C. PALMER, B.Sc.(Agr.) (Guelph), 
Soil Analysis Assistant. (823-5700 
Ext. 330).

T. PARARAJASINGHAM, B.Sc. 
(Peradeniya, Sri Lanka), M.Sc. (Penn 
State), Research Assistant. Mycor
rhizal relations. (Ext. 8167).

J.A. POISSON, B.Sc. (Guelph), Tech
nician. Soil chemistry/biochemistry 
and Analytical Services Laboratory. 
(Ext. 2494).

V. RASIAH, B.Sc. (Ceylon), M.Sc., 
Ph.D. (SDSU), Research Assistant. 
Land stewardship cropping systems.

P.J. ROBERTS, Secretary. Under
graduate and graduate programs. 
(Ext. 2456).

J.A, RZADKI-MOULL, B.Sc. (Toron
to), M.Sc. (Guelph), Research Assis
tant. Natural Heritage Stewardship 
Project. Assistant Co-ordinator. 
(Ext. 8329).

S. SADURA, B.Sc.(Agr.) (Guelph), 
Teaching and laboratory technician. 
Information technology. (Ext. 3393).

J.K. SCARROW, Clerk. (Ext. 
2455/2661).

P. SMITH, B.A. (Guelph), Tech
nician. Geochemistry. (Ext. 8175).

L.A.STAHLBAUM, Technician. Soil 
classification. (Ext. 2494).

R.E. SWEETMAN, Dipl. Elec. Eng. 
(R.E.T.S., Detroit), Technician. 
Agrometeorology, electronic in
strumentation, data acquisition and 
processing, field experiments. (Ext. 
2208).

D. TEL, Dipl. Agr. (Oedekerk), Dipl. 
Agr. College (Groningen), Tech
nician. Supervisor, Research 
Analytical Laboratory. Lab. Instruc
tor for Soil Chemistry. Soil, plant 
and water analyses. (Ext. 3507).

L. TOERPER, B.Sc. (Alberta), Re
search Assistant. Soil chemistry and 
plant nutrition. (Ext. 8157).

M. VAN PATTER, B.Sc.(Agr.), M.Sc. 
(Guelph), Research Assistant. 
Natural Heritage Stewardship 
Project. Resigned June 2,1989.

D. VEENHOF, B.Sc.(Agr.) (Guelph), 
Research Assistant. Pedotechnology 
research program. (Ext. 8556).

P. VON BERTOLDI, Agr. Eng. (Ar
gentina), M.Sc. (UCD), Technician. 
Soil management and plant nutrition 
plot work. (Ext. 8106).

R. VON BERTOLDI, B.A. (Argen
tina), Technician. Soil and Water 
Conservation. (Ext. 8106),

D. WILSON, B.A. (Guelph), Tech
nician. Cartography, desk top 
publishing and graphics. (Ext. 3364).

W.G. WILSON, B.Sc. (Guelph), Tech
nician. Soil chemistry, biology and 
clay mineralogy. (Ext. 8157).

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

FAX No. (519) 824-5730
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UNDERGRADUATE 
EDUCATION

The land resource
SCIENCE DEPARTMENT offers 

undergraduate education programs 
leading to the Bachelor of Science de
gree or the Bachelor of Science in 
Agriculture degree. The B.Sc. degree 
is received by students majoring in 
Earth Science, which emphasizes an 
understanding of the physical and 
chemical processes near the earth's 
surface. Course work includes near- 
surface geology, geomorphology, 
weathering, soil physics and 
chemistry, and meteorology. Soil 
Science majors focus on the fun- 
damental scicnce and management of 
our soil resources, and receive the 
B.Sc. (Agr.) degree. The remaining 
B.Sc. (Agr.) students in our Depart
ment are enrolled in the Resources 
Management major. Knowledge 
about the nature, economics and 
management of rural resources with 
a strong biophysical foundation, is 
emphasized.

Co-operative Education is available 
as an option for the Soil Science and 
Resources Management majors. 
Four work semesters with govern

ment ministries, conservation 
authorities and environmental con
sultants provide students with first 
hand exposure to realistic problems 
and potential future employers.

Big changes were made in the Soil 
Science program. The B.Sc. (Agr.) 
modified program, outlined in last 
years report, is now in place. But 
there has been some criticism of it and 
it will likely be modified.

An Agronomy Major in the B.Sc. 
(Agr.) program, was agreed on jointly 
with Crop Science. Three areas of 
emphasis within this degree are: 
Crops, Soils and General Agronomy. 
This degree also includes a co-op.

Environmental Soil Science is now 
a specialized honours within the B.Sc. 
program. Special attention is given to 
problems such as waste disposal, pes
ticide movement and degradation, 
erosion, ground water contamination 
and land reclamation.

A Minor in Applied Climatology in 
the B.Sc. (Agr.) program was ap
proved jointly between Geography 
and Land Resource Science.

A major review of undergraduate 
course offerings in Soil Science is 
taking place within the department. 
This may, or may not, result in exten
sive changes to the undergraduate 
courses in soils. This relates to the 
possibility of a Soil Science Major in 
the B.Sc. program which is also being 
actively discussed.

Resource Management considered 
a B.Sc. program but decided against 
it. They made changes to the existing 
program. They replaced a 4th year 
course with 'Management of the 
Environment' and introduced a 
course on environmental 
stewardship.

Earth Science started a distance 
education course called 'Study of the 
Earth' which attracted over 100 stu
dents in Fall 1989. There are now 
over 300 students in the Introductory 
Earth Science courses each year. 
Geochemistry will soon be replaced 
with a course on Water Chemistry.



UNDERGRADUATE EDUCATION
Undergraduate Diploma and Degree Courses Offered During 1989.

Course
Numbers Courses Enrolment

Diploma
87-010 Principles of Soil Science 134
87-011 Soil Management for Crop Production 120
87-020 Land Resources & Environmental Quality 84

Degree
01-110 The Agriculture and Food System I 304

46-100 Principles of Geology (Fall and Winter) 48
46-104 Study of the Earth 153
46-104 Study of the Earth (Distance Education) 108
46-110 Principles of Geology (Fall and Winter) 107
46-202 Stratigraphy 11
46-215 Glacial Geology 13
46-210 Mineralogy 7
46-250 Remote Sensing 20
46-306 Groundwater 17
46-307 Petrography 5
46-404 Geology of Canada 8
46-409 Sedimentology 4
46-411 Topics in Earth Science 6
46-412 Topics in Earth Science 1

64-203 Meteorology and Climatology 46
64-302 Agrometeorology 25
64-416 Intermediate Meteorology 2

87-201 Soil Science 44
87-250 Problem Solving in Land Resource Science 20
87-302 Soil Genesis and Classification 11
87-305 Land Utilization 28
87-308 Soil & Water Conservation 21
87-310 Resources Planning and Management 9
87-311 Resources Field Camp 7
87-321 Soils Field Camp 4
87-350 Land & Water Use in Tropical Countries 10
87-401 Soil Chemistry 22
87-402 Soil Physics 18
87-405 Soil Management 21
87-407 Problems in Land Resource Science 2
87-409 Soil Management 4
87-410 Soil Plant Relationships 31
87-415 Decision Making in Resources Management 7
87-420 Issues in Soil Science 12
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7

Graduates in Soil Science, 
Resources Manaaement and Earth Science

JUNE, OCTOBER 1989, AND FEBRUARY 1990

SOIL SCIENCE MAJORS
Erik Apedaile 
Emile Giroux

RESOURCE MANAGEMENT
MAJORS

Jeffrey Brick
Luc Lortie
Johnson Mbeca
Ron Paolin
Rabindra Tamrakar
Derek Veenhof
Mitch Wilson
John Kirwin
Janet Liver
John Lombard

EARTH SCIENCE MAJORS
John Lusty
Kathleen O'Keefe

Undergraduate In-Course Awards
NOVEMBER 1989

John A. Archibald Memorial 
Scholarship

Greg Shannon
Soil Science

Robert Harcourt Scholarships
Pamela Joosse
Resources Management

Anne Sweet
Resources Management

Fertilizer Institute of Ontario
Scholarships

Mathew Aerts
Soil Science

Robert McCann Scholarship
Anne Sweet
Resources Management

Barkley's of Avonmore
Scholarship

Pamela Joosse
Resources Management

Allied Farm Services Scholarship
Christine Lane-Smith
Soil Science

Class of 1955 O.A.C. Scholarship
Pamela Joosse
Resources Management

R.W. Pawley Scholarship
Mathew Aerts
Soil Science

C.M. Switzer Scholarship
Pamela Joosse
Resources Management

Dean’s Honour Roll -1989
Fall Semester 1988
Jeff Brick, Resources Management 
Stephen Fraser, Earth Science 
Kathleen O'Keefe, Earth Science 
Pamela Shantz, Resources 
Management
Richard Steele, Resources 
Management

Winter Semester 1989
Jeff Brick, Resources Management 
Rich Decoutere, Resources 
Management
Stephen Fraser, Earth Science 
Francis McCann, Earth Science 
Pamela Shantz, Resources
Management

Fall Semester 1989
Peter Chesney, Resources
Management
Goretty Dias, Earth Science
Stephen Fraser, Earth Science 
Margaret Grodde, Resources 
Management
Pamela Joosse, Resources
Management
Lynn Rowan, Resources Management 
Patricia Story, Resources Management 
Anne Sweet, Resources Management



The department of land 
RESOURCE SCIENCE offers a 
wide range of opportunities for 

graduate studies at the M.Sc. and 
Ph.D. levels. M.Sc. programs are 
available in Agrometeorology, Soil 
Science and in Resources Develop
ment (in conjunction with the 
University School of Rural Planning 
and Development). An M.Agr. pro
gram is offered in Land Management 
and Agricultural Land Use. Ph.D. 
programs are available in 
Agro meteorology and Soil Science. 
The Department also participates in 
the interdepartmental groups on 
Biophysics, Hydrology, Plant 
Physiology and Toxicology whereby 

a student registered in the Depart
ment, may enrol and specialize in one 
of those disciplines.

Financial assistance in the form of 
scholarships, research assistantships 
and teaching assistantships are avail
able to qualified students. Research 
facilities available include well 
equipped laboratories for 
agrometeorology, soil chemistry, soil 
mineralogy, soil physics, soil biology 
and biochemistry, and plant nutri
tion. Research instrumentation in
cludes x-ray diffraction, mass 
spectrometry, liquid and gas 
chromatographs, sonic anemometry, 
gas analysers, data loggers and 
agrometeorological field equipment.

Greenhouses, growth chambers and 
50 ha of field research plots are avail
able for research projects. A 
graduate student has the oppor
tunity to work with faculty in one of 
the many research projects under
way in the Department. For further 
information contact the faculty mem
bers in the relevant area of interest or 
the Graduate Co-ordinators in 
Agrometeorology or Soil Science.

Graduate Co-ordinators:
Agrometeorology - K.M. King 
Soil Science - R.L, Thomas

8

GRADUATE EDUCATION



GRADUATE 
AWARDS 

October 1989

Morwick Scholarship recipient Kim Bolton, centre with members of the Morwick 
Family and Acting Department Chair, Eric Beauchamp.

Soden Fellowships in Agriculture
Alan G. Barr
John W. Paul

Cecil H. Franklin Graduate
Fellowship in Soil Conservation

Ronald P. Beyaert

Mary Edmunds Williams
Fellowship

Peter G. Braunberger
D. Mark Smith

Commonwealth Scholarship
Mathias Fosu 
Anderson L. Ward

Natural Science and Engineering 
Research Council Fellowship

Peter G. Braunberger
Jean Caron
John W. Paul
D. Mark Smith
Ian van Wesenbeeck

Open University Graduate
Scholarship

David W. Bergstrom
Heather E. McNairn
Debbie A, Milne

Visa Scholarship
Cheng Yong Zhang

9

CIDA Scholarship
Yusuf W. Dogo

Ontario Graduate Scholarship
Philippa Cureton

IDRC Scholarship
Edwin P. Mchihiyo

Foreign Differential Award
Claudia S. Wagner

Morwick Scholarship
Kim Bolton



GRADUATE 
EDUCATION
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Graduate students and supervisors 
Winter Semester, 1990

Soil Science Program
M.Sc. Student Supervisor
Anderson, M. P.H. Groenevelt
Braunberger, P. M.H. Miller
Brogly, P. I.P. Martini
Covert, J. E.G. Beauchamp
Cureton, P. P.H. Groenevelt
Dogo, Y.W. R.P. Voroney
Fallow, D. D.E. Elrick
Fosu, M. E.G. Beauchamp
Hamlen, C. R.G. Kachanoski
Lobb, D. M.H. Miller
Marcille-Kerslake W. Chesworth
McCabe, D. R. Protz
Mchihiyo, E. W. Chesworth
McNairn, H. R. Protz
Milne, D. W. Chesworth
O'Keefe, K. I.P. Martini
Oluku, H. L.J. Evans
Penny, R. R.P. Voroney
Pringle, E. R.G. Kachanoski
Proud, B. R. Protz
Rombang, J. P.H. Groenevelt
Shrive, C. R.A. McBride
Smith, M.G. I.P. Martini
Vanderwerf, P. T.E. Bates
Wilson, R. R.G. Kachanoski
Younie, M. R.G. Kachanoski
Zhang, X. E.G. Beauchamp

Ph.D. Student Supervisor
Alexander, K. M.H. Miller
Bergstrom, D. E.G. Beauchamp
Beyaert, R. R.P. Voroney
Bolton, K. L.J. Evans
Caron,). B.D. Kay
Lu, S. M.H. Miller
McCarthy, P. I.P. Martini
Parkin, G. D.E. Elrick
Paul, J. E.G. Beauchamp
Shelp, G. W. Chesworth
Sweeney, S. R. Protz
Van Wesenbeeck,!. Elrick/Kachanoski 
Ward, A. R.G. Kachanoski
Wen, G. R.P. Voroney
Winter,]. R.P. Voroney
Zhang, C.Y. T.E. Bates
Zhang, Z. R.P. Voroney

Agrometeorology Program
M.Sc. Student Supervisor
Chipanshi, A. K.M. King
McLean, H. K.M. King
Smith, D.M. D.M. Brown

Ph.D. Student Supervisor
Barr, A. T.J. Gillespie
Edwards, G. G.W. Thurtell
Fuentes, J. T.J. Gillespie
Groot, A K.M. King
Wagner, C. T.J. Gillespie

M.Agr.
M.Sc. Student Supervisor
P. Taylor R.A. McBride



GRADUATE DEGREES CONFERRED
JUNE, OCTOBER 1989 AND FEBRUARY 1990.

Student Degree Supervisor Thesis Title Defence Date

Soil Science Program

ZHU, Zhao-yi M.Sc. T.E. Bates Evaluation of soil extractants for 
prediction of manganese 
availability in Ontario soils.

Jan. 2/89

FLATHER,David M.Sc. E.G. Beauchamp Inhibition of fermentation and 
dissimalatory reduction of NO3' 
to NH? by acetylenein anaerobic 
soil

March 14/89

HART, Robert M.Sc. M.H. Miller Response of corn to rates and time 
of nitrogen application, seed-placed 
starter fertilizer and plant 
population

April 5/89

LIU, Liangxue M.Sc. T.E. Bates Methods of assessing plant available 
potassium in Ontario soils

April 24/89

WEN, Guang M.Sc. R.P. Voroney ATP measurements for estimation 
of microbial biomass in land 
treatment soils

May 12/89

SRIBlMAWATI,Tien 
(RPD)

M.Sc. D.M. Brown Comparison of rainfall distribution 
during dry spells using radar 
images and gauge networks in 
southwestern Ontario

May 17/89

CAMPBELL, Alex M.Sc. D.E. Elrick Determination of soil hydraulic 
properties using a tension infiltro- 
meter

May 23/89

MOTT, Stella M.Sc. P.H. Groenevelt Oily waste biodegradation: effects 
of tillage, application rate and 
forced aeration

May 30/89

NURWADJEDI, A. M.Sc. R. Protz Detectability of reflected radiation 
and organic matter content of 
Southern Ontario soils

June 27/89

GREGORICH, Ed Ph.D. R.G. Kachanoski The effects of texture on the 
stabilization and physical 
protection of organic matter 
in soil

Aug. 9/89

WARD, Anderson M.Sc. R.G. Kachanoski A study of solute transport during 
three-dimensional infiltration from 
a point source

Dec. 18/89

JONES, Sandra M.Sc. D.E. Elrick The effect of oily waste on the 
hydraulic properties of soil

Dec. 20/89
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Student

Agrometeorology Program

ZHANG, Yun

Degree

M.Sc.

Supervisor

T.J. Gillespie

Thesis Title

A model to estimate leaf surface 
wetness duration using standard 
weather station data

Defense Date

Apr. 13/89

LIN, Ping M.Sc. G.W. Thurtell The feasibility of a time-lag 
anemometer by a thermometer 
array

May 10/89

SINGH, Gurmeet M.Sc. D.M. Brown Modelling soil water status for 
irrigation scheduling in potatoes

Aug. 10/89

1989 Graduate Students
Department of Land Resource Science, University of Guelph

Back Row: Ron Beyaert, Ian Van Wesenbeeck, Ted Huffman, Guang Wen, Ken Alexander 
4th Row: Anderson Ward, Hugh McLean, Art Groot, Julien Winter, Ed Gregorich, Nanne Hoekstra, Liangxue Liu, 

Rhonda Penny, Kim Bolton
3rd Row: Mark Smith, Alan Barr, Lu Shen, Gordon Fairchild, Ray Berard, Cathy Hamlen, Peter Braunberger, Sandy 

Jones, Brian Farquharson
2nd Row: David Crabtree, Yusuf W. Dogo, Ahmet Nurwadjedi, Gurmeet Singh, Jean Caron, Deb Milne, Dave Evans, 

Zhaoyi Zhu, Zhang Yun
Front Row: Edwin Mchihiyo, Xia Zhang, Ping Lin, Claudia Wagner, Mathias Fosu, Philippa Cureton, Dave 

Bergstrom, Don McCabe, Jose Fuentes
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EXTENSION HIGHLIGHTS

The extension program of 
the Land Resource Science 
Department is designed to transfer 

and encourage application of re
search based knowledge related to 
the wise use of our land resource. 
The extension service is offered to 
farmers, the agriculture industry, 
and government through specialized 
education programs, provision of 
resource persons, expert response for 
solving problems and answering 
technical requests.

Extension activity continued to be a 
high priority accounting for ap
proximately 1.5 faculty-years of ef
fort. Significant extension time was 
spent on supporting the provincial 
and federal governments' soil con
servation programs. Tillage-2000, a 
farm scale conservation project spon
sored jointly by OMAF and Land 
Resource Science, finished its fourth 

year and continues to provide a 
major focus for extension activities. 
The fourth annual T2000 co
operator's workshop brought re
searchers, farmers, agribusiness and 
government people together to dis
cuss the project results and plan for 
the coming year. Faculty par
ticipated in a number of other 
workshops and forums in the 
province dealing with conservation 
and sustainability.

Significant extension activities 
focused on the efficient-use of 
nitrogen on the farm. A number of 
talks on the possibility of a new 
nitrogen soil test for Ontario were 
given. A cooperative on-farm re
search and extension project was in
itiated in the 1989 growing season 
with the OMAF soils and crops 
specialists of the Plant Industry 
Branch and cooperating farmers. 

Agribusiness was also involved. The 
project examined the response of 
corn to different rates of applied fer
tilizer on fields with a range of pre
vious management. The project will 
be formalized this coming year into a 
3-year cooperative program with the 
OMAF Plant Industry Branch, the 
Fertilizer Institute of Ontario (TFIO), 
the University of Waterloo's Centre 
for Groundwater Research, and the 
Dept, of Land Resource Science, 
University of Guelph. The main goal 
of the project will be to develop N 
management at the field scale which 
minimizes the import on our 
groundwater resource while maxi
mizing economic activity. TheT2000 
project and the new Partners In 
Nitrogen PINS project are examples 
of Land Resource Science's efforts to 
bridge the gap between research and 
practice at the farm gate.

13
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RESEARCH SUMMARY

RESEARCH involves learning 
about ourselves and our en
vironment. It provides new informa

tion as a cornerstone for teaching in 
a University and for society in 
general. Although curiosity is often 
the driving force for the research we 
do, our objectives and goals are 
usually mission-oriented. Our re
search generates new knowledge 
and new ideas which will assist those 
needing to know more about our 
land resources and our ability to sus
tain them for the future.

The total value of grants and con
tracts supporting research in Land 
Resource Science in 1989 was ap
proximately $3.0 million. This repre
sents a further significant increase 
over last year. The Ontario Ministry 
of Agriculture and Food contributed 
$1.08 million to this funding. Other 
agencies which contributed funding 
to Land Resource Science include the 
following.
□ Natural Sciences and Engineer

ing Research Council
□ Agriculture Canada
□ Canadian International 

Development Agency

□ International Development and 
Research Centre

□ Potash-Phosphate Institute of 
Canada

□ Ontario Ministry of Natural 
Resources

□ Ontario Heritage Foundation
□ Ontario Ministry of Agriculture 

and Food (special projects)
□ Environment Canada
□ CibaGeigy Canada Ltd.
□ The Fertilizer Institute of

Ontario, Inc.
□ Indian Affairs and Northern 

Development Canada
□ Pioneer Hi-Bred Ltd.
□ Ontario Ministry of the 

Environment
□ Canadian Geological Foundation
□ Ontario Turfgrass Research 

Foundation
□ Employment and Immigration 

Canada
□ Campbell Scientific
□ Canadian Institute for Research

in Atmospheric Chemistry
□ Ontario Ministry of Citizenship 

and Culture
□ Enichem Americas Ltd.
□ University Research Incentive 

Fund (Ontario Government)

□ Institute for Chemical Science 
and Technology

□ Bran and Leubbe Technicon
□ Allied Colloids (Canada) Inc.
□ Canadian Industries Ltd.
□ Globaltech, Inc.
□ Ontario Jockey Club
□ Ontario Hydro
□ Foundation for Agronomic

Research
□ Ontario Com Producers

Association
The funding from these agencies 

indicates the continuing and increas
ing needs for more knowledge about 
our land resources. In addition, the 
funding helps to maintain a dynamic 
research program at the frontiers of 
new knowledge.

Progress reports on research 
projects in 1989 are presented in the 
following pages. An index of 
authors are presented at the end of 
this Report. The reports are grouped 
as follows:

1. Land characterization
2. Land management
3. Land inventory and stewardship

14



CURRENT 
RESEARCH 

PROJECTS AND 
FUNDING 

SOURCES

15

Faculty Title of Project Funding Agency

T.E, Bates Nutrient requirements and response of turf 
to fertilizer

O.M.A.F.

T.E, Bates Development and evaluation of methods for 
prediction of macro- and micronutrient 
requirements of crops

O.M.A.F. & 
Phosphate Potash 
Institute

T.E. Bates Use of sewage sludge on agricultural land 
with emphasis on plant availability of heavy 
metals

O.M.A.F.

T.E. Bates Evaluation of compost made from irradiated 
sewage sludge

Nordion
International

E.G. Beauchamp Dicyandiamide as a nitrification inhibitor Cyanamid Canada 
Ltd.

E.G. Beauchamp Manure as a source of nitrogen O.M.A.F.

E.G. Beauchamp Denitrification of soils N.S.E.R.C.

E.G. Beauchamp Manure N availability to corn O.M.A.F.

M.E. Brookfield Mesozoic evolution of the Himalayas N.S.E.R.C.

D.M. Brown
R.Jung
S. Squires

Scheduling irrigation for optimum water use 
and yield of potatoes

O.M.A.F.

D.M. Brown 
S.R. Bowley 
D.N. Mowat

Forage quality as affected by atmospheric 
drying conditions and rainfall

O.M.A.F.
(C.I.C.O.)

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

W. Chesworth
P. van Straaten

TheGuelph-Morogoro (Tanzania) 
agrogeology project (second phase)

International 
Development 
Research Centre



Faculty Title of Project Funding Agency

W. Chesworth
P. van Straaten

Ethiopia-Canada Project International 
Development 
Research Centre

D.E. Elrick Transport phenomena in natural 
porous media

N.S.E.R.C.

L.J. Evans Charge characteristics of Ontario soils O.M.A.F.

L.J. Evans Chemistry of Fe and Al in soils N.S.E.R.C.

L.J. Evans The nature of soil-test boron U.S. Borax
Corporation

L.J. Evans 
J. Warren 
R.W. Sheard

Metal release from fly ash NSERC / Ontario 
Hydro

L.J. Evans Phosphorus release and crop residue 
management

TED-SWEEP
Agric, Canada

) TJ. Gillespie Measurement and estimation of crop 
microclimates for pest management

O.M.A.F.

T.J. Gillespie Investigation of planetary boundary layer 
models to estimate regional scale 
climates

N.S.E.R.C.

P.H. Groenevelt Evaluation of soil additives for erosion 
control

O.M.A.F.

P.H, Groenevelt Physical properties of soils under intensive 
cultivation

N.S.E.R.C.

S.G. Hilts Natural heritage stewardship 
project

Ontario Heritage 
Foundation, MNR, 
Canadian National 
Sportsmen's Shows, 
Wildlife Habitat 
Canada, Nature 
Conservancy of 
Canada, McLean 
Foundation, 
Laidlaw Foundation, 
W.W.F., 
Coalition of the 
Niagara Escarpment

S.G. Hilts
D.M. Brown
R.A. McBride

Development of a rating system to evaluate 
agricultural land at the local level
- Phase 11

O.M.A.F.

S.G. Hilts
P. Stonehouse
D. Blackburn

Farmer Attitudes to Conservation S.S.H.R.C.
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Faculty Title of Project Funding Agency

R.G. Kachanoski Tillage effects on the spatial 
and temporal variations of 
soil properties

N.S.E.R.C

R.G. Kachanoski Nitrogen response under conservation 
tillage

O.M.A.F.

R.G. Kachanoski Use of electro-magnetic induction 
measurementsof soil resistance for medium 
scale variability assessment

N.S.E.R.C.

R.G. Kachanoski
R.P. Voroney

Effects of conservation tillage on bio-physical 
relationship on soil

O.M.A.F.

R.G. Kachanoski
M.H. Miller
D. Aspinall

Relationships between landform, soil, and tillage 
systems, on erosion rates and crop yield

O.M.A.F.
Ag. Canada 
(SWEEP)

R.G. Kachanoski Variable applications of fertilizers O.M.A.F.
N.S.E.R.C.

B.D. Kay Quantitative characterization of heat, water 
and solute transport in freezing soils

N.S.E.R.C.

B.D. Kay
B. Sheard
T. Vyn
P.H. Groenevelt

Land Stewardship Program O.M.A.F.

K.M. King Effects of elevated atmospheric 
CO2 on agriculture

O.M.A.F.
Env, Canada
Min. of Energy

K.M. King CO2 flux to a forest Atmospheric 
Env. Service

K.M. King
T.J. Gillespie

Acquisition and compilation of 
agroclimatological data

O.M.A.F.

I.P. Martini Effects of river ice on sediment transport N.S.E.R.C., Min. 
of Indian & 
Northern Affairs

I.P. Martini Quantitative analysis of sands and 
sandstones

N.S.E.R.C.

I.P. Martini Comparative analysis between recent cold 
climate peats and ancient coal measures

N.S.E.R.C

R.A. McBride 
A.M. Gordon 
P.H. Groenevelt 
L.J. Evans 
T.J. Gillespie

Slow rate infiltration land treatment and 
recirculation of landfill leachate in 
Ontario

Ont. Ministry of 
the Environment

R.A. McBride (and 
Ecologistics Ltd.)

Compaction effects on soil properties and 
crop yields on Ontario Hydro access roads

Ontario Hydro
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Faculty Title of Project Funding Agency

R.A. McBride (and 
LRG2)

Aberfoyle Creek (Agric. Productivity) Univ, of Guelph 
Research Excellence
Fund

R.A. McBride
A.M. Gordon

Effects of free carbonates in the soil on 
red pine growth

O.R.R.G.P. (Ont.
Min. of Nat.
Resources)

R.A. McBride Soil compaction research O.M.A.F. (EYC)

R.A. McBride Wastewater management research O.M.A.F. (EYC)

R.A. McBride Characterization of soil compaction and 
its argonic significance

O.M.A.F.

M.H. Miller
E.G. Beauchamp 
R. Rudra
T.J.Vyn

The use of corn crops for nutrient conservation Supply and
Service Canada
(SWEEP)

M.H. Miller 
T.P. McGonigle 
R.L. Peterson 
T.E. Bates

Role of VA mycorrhizal in crop production NSERC Strategic 
Grant

M.H. Miller
W.A. Mitchell

Methods of application of fertilizer at planting 
for corn in conservation tillage systems

O.M.A.F.
Potash Phosphate
Institute of
Canada, Fertilizer Inst, 
of Ontario

M.H. Miller Soil factors and root growth NSERC Operating 
Grant
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Faculty Title of Project Funding Agency

R. Protz Influence of clay content on clay weathering 
and morphology of soils in the Lake 
Erie Basin

N.S.E.R.C.

R. Protz An evaluation of crop residue monitoring 
utilizing satellite data

O.M.A.F.

R.L. Thomas Study of organic constituents in stable 
soil micro-aggregates

N.S.E.R.C.
O.M.A.F.

G.W. Thurtell Soil-plant-atmosphere N.S.E.R.C.

G.W. Thurtell Turbulent diffusion A.E.S.
O.M.A.F.

R.P. Voroney
P.H. Groenevelt
R.G. Kachanoski
L.J. Evans
T.E. Bates

Industrial waste management through 
enhanced land treatment

N.S.E.R.C.
I.C.S.T.

R.P. Voroney 
P. van Straaten

Use of natural zeolites to improve turfgrass 
establishment, growth and maintenance 
in sand root zones for putting greens

Ont. Turfgrass 
Research Found.
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The Effect of Aggregate Size on Dry Matter Partitioning During
The Early Growth of Maize (Zea Mays L.)
K.G. Alexander and M.H. Miller

It has been observed previously 
that plant growth is greatly affected 
by soil aggregate size. Shoot weight 
and root morphology have been 
found to be greatly modified by vary
ing aggregate size. The development 
of an understanding of the response 
of maize to the rooting environment 
is significant in view of the ability of 
crop management practices to 
modify soil structure. An experi
ment was conducted to characterize 
the effect of aggregate size on dry 
matter partitioning between the 
shoot and the root with the use of 
sequential harvesting.

Soil from a continuous grass plot 
(>10 yrs) at the Elora Research Sta
tion was collected, air dried and 
sieved into various aggregate size 
fractions, <0.8 mm, 0.8 -1.6 mm, 1.6 
- 4.8 mm and 4.8 - 9.6 mm. Soil for 
each pot was fertilized to provide 125 
pg N, 550 pg P and 345 pg K g'1 soil 
and placed in 20 cm diameter plastic 
pots. Six pre-soaked maize seeds (cv. 
PAG SX-111) were planted 2.5 cm 
below the surface of the soil in each 
pot. The soil water potential was 
maintained at - 15 kPa by daily 
watering to a predetermined weight.

The experiment was conducted as 
a CRD in a greenhouse in which the 
maximum and minimum daily 
temperatures were 24°C and U°C 
respectively. Two days after emer
gence (DAE) the pots were thinned 
leaving the three most uniform 
plants in the pots. Plants were har
vested at 4, 8, 12 and 16 DAE. The 
plants were separated into shoot, 
root, and seed components and oven 
dried and weighed.

The effect of aggregate size on dry 
matter partitioning, expressed as the 
shoot :root ratio was clearly 
demonstrated in the experiment. 
While apparent as early as 4 DAE 
differences in the shoot:root ratio did 
not reach significance until 8 DAE 
(Table 1). At 16 DAE there was a 37.5 
percent decrease in shoot dry matter 
with 4.8 - 9.6 mm aggregates com
pared with <0.8 mm aggregate (Table 
1). Root growth followed a reverse 
trend, with 46.4 percent greater root 

dry matter production on the largest 
aggregate size compared with the 
smallest. The residual seed com
ponent did not show any trend sug
gesting that the dependence on seed 
reserves was not altered by ag
gregate size.

The percentage of dry matter parti
tioned to the root between successive 
harvests from the seed reserves and 
from new growth decreased both 
with time and decreasing aggregate 
size (Figure 1). The percentage of 

Table 1: Shoot, root and seed dry weights and the shoot:root ratio as affected by 
soil aggregate size.

Means in a column followed by the same letter are not significantly different at P = 0.05,

DAE Aggregate 
Size 
(mm)

Shoot
Dry Wt.

(g>

Root
Dry Wt.

<&>

Seed
Dry Wt.

(g>

Sht:Rt. 
Ratio

4 <0.8 0.122 0.084 0.309 1.46
0.8-1.6 0.136 0.099 0.276 1.40
1.6-4.8 0.143 0.119 0.282 1.23
4.8-9.6 0,129 0.118 0.284 1.10

8 <0.8 0.275 a 0.137 0.195 2.00 a
0.8-1.6 0.262 a 0.153 0.177 1.72 b
1.6-4.8 0.250 a 0.164 0.189 1.54 b
4.8-9.6 0.203 b 0.175 0.229 1.22 c

12 <0.8 0.715 a 0.237 c 0.155 3.04 a
0.8-1.6 0.687 a 0.313 b 0.150 2.19 b
1.6-4.8 0.636 ab 0.359 a 0.135 1.79 c
4.8-9.6 0.561 b 0.345 ab 0.150 1.63 c

16 <0.8 2.100 a 0,504 b 0.115 4.18 a
0.8-1.6 1.618b 0.653 a 0.129 2.48 b
1.6-4.8 1.515 be 0.758 a 0.096 2.00 c
4.8-9.6 1.312c 0.738 a 0.107 1.77 c

Figure 1: The percentage of new growth allocated to the roots as affected by ag
gregate size over four harvest dates.

new growth allocated to the roots in 
the three larger aggregate size ranges 
appeared to level off during the final 
two growth periods while the root 
partitioning of the <0.8 mm ag
gregates was still decreasing at 16 
DAE. The continued alteration in 
dry matter partitioning with varying 
aggregate size suggests that the 
growth differences do not arise from 
the initial partitioning of seed reser
ves but possibly from a change in the 
set point of the shoot:root ratio.
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Research on the Nutritional Status of Turf Grasses

Nutrient Survey of Turf
In 1988 clippings and soils were 

analyzed from a single bentgrass/ 
annual bluegrass green on each of 
thirty golf clubs in Southern Ontario 
to measure the extent of macro- and 
micronutrient deficiencies and 
toxicities. Clippings were also 
sampled every three days for a 
month on one sand green to deter
mine the fluctations in nutrient con
centrations that can be expected over 
time.

A similar survey was run on 20 
Kentucky bluegrass nursery sod 
fields in 1989 with clippings sampled 
on one field approximately every 
two weeks for 8 weeks.

Phosphorus concentration in the 
clippings of both the greens and 
nursery sod was somewhat higher 
than required on most sites. Potas
sium and magnesium concentrations 
were quite acceptable on all site ex
cept a few of the nursery sod fields 
which were slightly low in mag
nesium but probably not deficient. 
Potassium can depress magnesium 

uptake so potassium applications 
should be carefully controlled on low 
magnesium sites.

The micronutrient concentrations 
in clippings were mostly in the nor
mal range except for one green that 
was approaching toxic concentra
tions of copper and two greens ap
proaching toxic concentrations of 
boron. One sod field had a copper 
concentration in the clippings which 
was slightly lower than normally ac
cepted but was probably not defi
cient.

Clippings sampled through the 
season showed some variation in 
nutrient concentration but not suffi
cient to rule out the use of plant 
analysis to help diagnose nutrient 
status of turf grasses. Chemical 
analysis of clippings should be used 
more than at present to determine the 
nutrient status of turf. For turf on 
sandy soils with the clippings 
removed, for example on sand 
greens, plant analysis appears to be 
somewhat more reliable than a soil 
test for potassium. Plant analysis of 

field grown crops is usually quite un
reliable for iron because of the iron 
content of soil dust.

A Potassium Study
In 1989 trials were set up at the 

Cambridge Research Station with 
rates and times of application of 
potassium on both a bentgrass green 
with clippings removed and a Ken
tucky bluegrass lawn with clippings 
left on. Both trials are on a Lisbon 
loamy sand. During 1988 potassium 
concentrations in the soil and in the 
clippings decreased whether or not 
potassium was applied but no 
deficiencies appeared. This is 
surprising on this sandy soil, par
ticularly with all clippings removed. 
The trial will be continued in 1990.

This work has been funded by the 
Ontario Ministry of Agriculture and 
Food, the Ontario Turf Research 
Foundation and the Ontario Sod 
Growers Association.

* Ontario Ministry of Agriculture 
and Food

Update on Soil N Test Development

Development of the N soil test is 
continuing with the assistance of 
some individuals in the Ontario Min
istry of Agriculture and Food, 
Agriculture Canada, and agribusi
ness as well as growers. Data as
sembled and evaluated for corn 
grown in 1989 so far support the in
formation presented in the 1988 An
nual Report of the Department of 
Land Resource Science. Thus we are 
confident that we can considerably 
improve the predictability of N re
quirements for corn in Ontario.

Data from more than 15 spring 
cereal trials in 1989 were evaluated.

These data were inconclusive inas
much as many of the trials were af
fected by droughtiness or pests. On 
the other hand, information obtained 
from winterwheat trials in 1989 has 
shown that there may be a good 
relationship between the most 
economic rate of N (MER N) and 
available soil N. Soil samples for 
winterwheat will have to be taken in 
late March or early April so that ade
quate time is available before N fer
tilizer has to be applied. Also, am
monium and nitrate contents in the 
soil samples will have to be included 
together to determine available N.

The MER N vs available soil N 
relationship for winterwheat indi
cates a lower N requirement than for 
corn. Data for a MER N vs available 
soil N relationship for tomatoes are 
also being evaluated.

The logistics of soil sample taking, 
handling and analyses within a short 
"turn-around" period before planting 
in the spring continues to be a con
cern. The possibility of soil N tests 
that can be done by the grower is 
being investigated.
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Denitrification-Relationships to Causal Factors in the Field

Denitrification rate in soil is related 
to 4 causal factors: 1. presence of 
denitrifiers;2. low (^concentrations; 
3. carbon (C) substrate supply for 
denitrifiers; and 4. nitrogen oxides 
(NO'3, NO' z NO, and N?O) for useas 
terminal electron acceptors. These 
causal factors are difficult to measure 
in soil, and modelling of denitrifica
tion rates based upon measurement 
of them has not yet been successful,

A preliminary laboratory study in
dicated the possibility of appreciable 
denitrification in residue-amended 
soil under moist (but not necessarily 
saturated) conditions. Denitrifica
tion occurred with high C substrate 
supply in soil incubated under 
aerobic atmosphere.

Denitrifying enzyme activity 
(DEA) is used to measure the relative 
level of functional denitrifying en
zymes in soil. In the field, relation
ships between measured denitrifica
tion rates and 3 causal factors (aera

tion status, C availability, and NO"3 
concentration) have not accounted 
for much more than half of the varia
tion in rates. We measured DE A and 
3 causal factors to test whether DEA, 
by removing some of the diffusional 
constraints of soil structure on the 
rate measurement, affords a closer 
relationship to these causal factors.

A study site at the Elora Research 
Station under spring barley was 
used. Nitrogen fertilizer was ap
plied before seeding. At 18 dates 
over the summer and fall of 1989 soil 
samples were collected from the sur
face horizon with metal rings (ap
proximately 5 by 5 cm). At each date 
10 samples were collected along a 
randomly located straight line at 10 
cm intervals. Each soil sample was 
analyzed for DEA, NO‘3, and 
mineralizable C. Gravimetric mois
ture content was determined and 
bulk density and air-filled porosity 
calculated. For the last 12 sampling 

dates, mineralizable C was replaced 
by respiration rate measurements 
when soil was sufficiently moist.

Variation in parameters included 
spatial and temporal components. 
Over all dates, DEA was not more 
closely associated with moisture con
tent and air-filled porosity than 
denitrification rate has been in other 
studies. Instances occurred at some 
dates when DEA values were unex
pectedly high, relative to values ex
pected based on soil moisture con
tent and physiological controls at the 
level of the microorganism. When 
data from these sampling dates were 
excluded, there was a strong relation
ship between DEA and soil moisture. 
Hence measurement of DEA may yet 
have utility in modelling or predict
ing denitrification rates; its relation
ship to several causal factors needs to 
be more precisely defined.

The Retention of Leachate Cadmium by Soil

The work, briefly described here, is 
a continuation of the investigation 
into the fate of landfill leachate cad
mium (Cd) in soil. Cadmium con
centrations from the four leachate 
samples (Hamilton-Wentworth 
Landfill leachate, Essex County 
Sanitary Landfill leachate, Muskoka 
Lakes Landfill leachate, and the City 
of Guelph Landfill leachate) ranged 
from 0.03 to 0.12 pg/ml and in all 
cases exceeded the Ministry of the 
Environment's maximum acceptable 
level for drinking water of 0.005 
pg/ml (Ontario Ministry of the En
vironment, 1983). Chian and De- 
Walle (1976) reported cadmium con
centrations in sanitary landfills range 
from 0.03 to 17 pg/ml. Because of its 
environmental significance the inter
action and retention of leachate Cd in 
soil is important. Due to the presence 
of chemically reactive components, 
including clay minerals, humic 
materials and the oxides hydroxides 

and oxyhydroxides of iron and 
aluminum, soil has the capacity to 
immobilize trace heavy metals like 
Cd.

Soil samples were taken from the 
same four landfill sites sampled for 
leachate chemistry. At the Hamilton- 
Wentworth Regional Landfill two 
samples were taken, one from an un
disturbed forested area (Glanbrook 
Ah) and the second from an adjacent 
grassed area (Glanbrook Ap). A 
sixth sample was taken from a site in 
the Regional Municipality of Niagara 
(Welland). Samples were taken from 
the A horizon of each profile.

Adsorption experiments were car
ried out in duplicate in 50 ml acid 
washed centrifuge tubes. Fifty to 200 
mg of soil was added to the tubes 
along with 25 ml 0.01 M LiClOi solu
tion. Appropriate quantities of 1 M 
LiOH or 1 M HCIO4 were added to 
this solution and equilibrated at 25° C 
for eight days to obtain nine pH levels 

in the range 3.5 to 8.0. After eight 
days of equilibration aliquots of a 
CdClO4 solution were added to ob
tain Cd concentrations ranging from 
0.06 to 0.2 mmol Cd/1. The solutions 
were equilibrated at 25°C for another 
24 hours and then centrifuged at 8000 
x g for 20 minutes. A 10 ml sample 
was filtered (0.45 pm) for quantifica
tion of residual solution Cd by ICP- 
AES and a HACH free-diffusion 
junction electrode was used to 
measure pH of the remaining solu
tion.

The relative proportion of ad
sorbed Cd was calculated as the 
amount of metal adsorbed after 24 
hours divided by the amount added. 
Although theamount of adsorbed Cd 
differs between the soils a common 
trend for heavy metal adsorption 
was observed (Figure 1). As pH in
creases Cd adsorption increases for 
all soil samples to give an "adsorption 
edge". This pH-dependent adsorp-
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tion behaviour has been reported 
previously (Elliott et al., 1986) how
ever the mechanism controlling the 
adsorption behaviour is not under
stood (Evans, 1989).

As the concentration of Cd in the 
equilibrium solution increases the 
amount of Cd adsorbed by the soil 
also increases (Figure 2). The ad
sorption data from the above experi
ments was transformed to fit the 
commonly used linear form of the 
Langmuir adsorption isotherm. Ad
sorption of Cd for the Glanbrook Ah 
soil conformed to the Langmuir ad
sorption isotherm. The correlation 
coefficients of c/q against c ranged 
from .938 to .996. Adsorption maxi
ma (qm) were calculated for each pH 
level and for each soil and were 
plotted against pH showing that as 
pH increases so does the maximum 
amount of adsorption (Figure 3).

Modelling adsorption in soils using 
adsorption isotherms, while very 
common, does not represent a 
mechanistic approach to adsorption. 
Hence attempts will be made to 
model colloid surface phenomena in 
soils by using various surface com
plexation models for both mineral 
and organic soil constituents.
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Figure 1: The effect of pl I on the relative proportion of adsorbed Cd (ao)for the 
Glanbrook Ah soil.

Figure 2: Cd concentration in the equilibrium solution (c) plotted against the 
amount of adsorbed Cd (qm)for the Glanbrook Ah soil at 8 different pH values.

Figure 3: The effect of pH on Cd adsorption maxima (qm)for the Glanbrook 
Ah soil.
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Measuring Soil Atmosphere Composition during the Winter

Much of the NO3' remaining in the 
root zone in the fall is susceptible to 
loss during the winter months. It is 
not clear whether denitrification or 
leaching from the profile arc respon
sible for these losses. Monitoring of 
soil atmosphere composition with 
depth provides insight into the 
timing and location of denitrifica
tion. Semi-quantitative estimates of 
denitrification may also be calculated 
based on N2O concentration 
gradients and flux estimates. Collec
tion of soil atmosphere samples 
during the winter months is compli
cated by soil freezing. A soil atmos
phere sampling device was con
structed to allow periodic monitor
ing of soil atmosphere profiles 
throughout the year.

Sampler Design
The shaft of the sampler was con

structed from 1/2" polyvinyl 
chloride tubing in which sampling 
wells were positioned at depths of 0, 
5,10,15, 30, 50,100 cm (Fig. 1). The 
sampling wells were constructed 
from 1 mL disposable syringes to 
which a length of spaghetti tubing 
was connected. The syringe barrels 
were inserted in holes drilled in the 
PVC shaft at a 45 0 angle from the axis 
of the sampler, preventing water ac
cumulation. The inlet of the syringe 
barrel was covered with a nylon 
screen. The spaghetti tubing was 
connected to a double ended 
vacutainer needle at the soil surface.

Samples are collected by first draw
ing 1 mL of gas, to purge dead 
volume, and then drawing a 4 mL 
sample using an evacuated blood 
collection tube (Vacutainer Brand, 
Becton Dickson). Gas samples were 
stored and CO2, N2O, N2 and O2 con
centrations determined by gas 
chromatography.

This design allows the measure
ment of the composition of soil at
mospheres with depth at a single 
location, reducing theeffect of spatial 
variability on gas flux calculation. 
The installation of a single, multilevel 
sampler minimizes site disturbance 
and allows repeated collection of 
samples from a single site

Figure 1: Soil atmosphere sampler construction

throughout the year for examination 
of seasonal variation in soil atmos
phere composition.

Sample Profiles
Soil atmosphere samples were col

lected during the winter of 1989 from 
probes installed on a Fox loamy sand 
(Grey Brown Luvisol) at the Delhi 
Research Station. Soil atmosphere 
profiles indicate the accumulation 
was likely the result of a decrease in 
gas diffusivity resulting from the for
mation of an ice layer at the soil sur
face. The accumulation dissipated 
during the spring thaw. If 
denitrification is a major pathway of 
nitrogen loss in this soil it would ap
pear to be primarily occurring 
during the early spring (March- 
April) when substrate, NQf and suf
ficient moisture all coexist in the soil. 
The aeration status of this coarse tex
tured soil (O2 = 20%) suggests 

nitrification rather than denitrifica
tion may be the source of N2O ac
cumulating in the profile. Ap
proaches to identify the source of 
N2O accumulating in the profile will 
be examined. Elevated CO2 con
centrations observed at the 5 cm 
depth on January 31, 1989 were as
sociated with a brief thaw and likely 
the result of biological activity. The 
values shown on Fig. 2 as well as 
more recent data indicate high levels 
of CO2 are maintained at depth 
throughout the season, likely in as
sociation with carbonates present in 
the soil. Freezing and thawing play 
an important role in the seasonal 
variation of soil gas fluxes. Further 
these data indicate continued soil 
biological activity, both at the surface 
and with depth,throughout the 
winter months.
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Nitrous Oxide Concentration 
(ppmv in excess of atmospheric)

Carbon Dioxide Concentration 
(ppmv in excess of atmospheric)

Figure 2: Nitrous oxide (N2O) and carbon dioxide (CO2) profiles recorded on four dates during the winter of 1989 in a Fox 
sandy loam located at the Delhi Research Station.

Kinetics of Structural Stability Changes with Moisture Content

Soil structural stability is important 
to maintain agricultural productivity 
and decrease erosion losses. When 
grasses were introduced to a soil that 
has been under continuous corn 
production for considerable time, the 
structural stability increased. This 
has been attributed to reduced tillage 
and traffic, an increased annual 
return in organic matter and greater 
microbial and root activity. Changes 
in cropping practices can also modify 
the moisture regimeofthetop surface 
layer due to differences in both root 
distribution and evapotranspirative 
demand. Decrease in moisture con
tent has been correlated to an in
creased structural stability, as 
measured by a wet sieving test (Per
fect et al, 1990). Experiments trying 
to extrapolate these conclusions to a 
clay soil were moderately successful 
but required further investigations 
regarding the kinetics of the relation
ship between moisture content and 
structural stability since it appears 
that the relationship would develop 

only when long equilibration periods 
were maintained. The behaviour of 
the relationship for soils under dif
ferent cropping histories needed also 
more study since literature suggested 
the effect of moisture content on 
structural stability would gradually 
become less important when the 
number of years under grasses in
creased.

Laboratory and field experiments 
were initiated in 1989 to investigate 
how quickly stability changed when 
soil moisture content changed. In a 
lab experiment, a clay soil with two 
contrasting cropping histories (30 
years of bluegrass and 30 years of 
continuous corn) was forced through 
a sieve, rewetted to 32% gravimetric 
moisture content, equilibriated for 10 
days at 4°C, rapidly air dried to 5 
different moisture contents 
(12,17,22,27,32%) and maintained at 
these water contents for different 
lengths of time (0 to 60 days). Wet 
aggregate stability (WAS) was deter
mined over time. Results showed 

that the moisture content effect was 
strongly influenced by the equilibra
tion time (Fig.l). The relationship be
tween stability and moisture content 
was linear after 5 days of equilibra
tion, but started to behave quadrati- 
cally at longer times. Soil which had 
grown 30 years of bluegrass had a 
higher structural stability for all 
times and moisture contents com
pared to 30 years of corn . Difference 
in behaviour with time and moisture 
content for both cropping histories 
were very low. Biocide controls sug
gested that the time and the moisture 
content effect were dominantly non- 
microbial and literature suggested 
that the gain in stability with time 
was essentially the result of new links 
forming or of cementation processes 
taking place under drier conditions. 
The quadratic behaviour would sug
gest that the formation of new links 
or the diffusion of cementing 
material takes place faster at inter
mediate water content (22%), com
pared to drier conditions
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(12%)(Kemper et al, 1987). Conse
quently, this experiment suggests 
that when rainfall occurs, the struc
ture of the plough layer of a clay soil 
will be less stable when the soil is 
already wet. The longer the wet 
period prior to the rainfall event, the 
more susceptible the soil will be to 
erosion and structural deterioration.
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Figure 1.

Evolutionary Trends in Pedogenesis

From a chemical standpoint the 
evolution of soil composition can be 
simplified into a set of solid/aqueous 
solution interactions. Other soil 
forming factors can be taken into ac
count if need be, in terms of their 
effect on the chemical parameters 
used to define the solid/aqueous 
solution system. Two factors that 
have proven useful in weathering 
studies for almost 40 years are Eh (or 
pe) and pH. When the general set of 
conditions in the soil/water interac
tive system is considered with Eh and 
pH as master variables, a zone with 
three salients is outlined (Fig. 1). 
Each salient can be taken to represent 
three dominant trends in soil evolu
tion, each dominated by different 
physico-chemical processes. Two 
are found in relatively oxidised and 
one in reduced materials. Essential
ly, the hydrodynamics of a given 
situation will determine which trend 
is followed. In regions of humid 
climate, with a ready availability of 
water, and in situations where the 
materials, the landscape position, 
and the position of the water table, 
allow an unimpeded drainage, trend 
A, the acid trend is followed. In arid 
or semi-arid climates, a net annual, 
upward movement of water in the Figure 1.
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weathering zone (even though a 
downward leaching may be possible 
at certain times of the year) results in 
trend S, an alkalinization that can 
lead to the precipitation of salts by 
evaporation. In water saturated 
profiles, trend R is found, and 
progressive reduction reactions 
produce gleying. The reactions that 
are characteristic (though not ex
clusively so) of the three evolutionary 

trends are acid/base (trend A), solu- 
tion/precipitation (trend S), and 
redox (trend R), reactions. Each leads 
to different adsorption charac
teristics for theclay fraction, and each 
when theextreme is attained, leads to 
specific soil problems.

The direction of the trends, and 
their endpoints are controlled by in
variant points in Eh-pH space. These 
are analogous to invariant points in 

P-T diagrams, and are currently 
being studied in a collaborative 
project with Dr. Felipe Macias 
Vasquez of the University of San
tiago de Compostela, Spain.

With the objective of delimiting 
problem areas, this threefold evolu
tionary scheme has been used to 
produce a preliminary pedo- 
geochemical map of the Mbeya 
region.

Possible Role of Volatiles in Production of Parent Magmas 
in the East African Rift System
IV. Chesworth

Figure 1 shows the East African rift 
system. During the Cenozoic, in ex
cess of 1,000,000 kin3 of igneous rock 
has been extruded along this set of 
fissures through the earth's crust, the 
predominant lava being basaltic. 
This ranges from the dominantly 
tholeiitic rocks of the Red Sea and 
Afar Triangle parts of the rift to alkali 
basalt, which is the commonest rock 
in the south. In places, relatively 
small volumes of nephelinite have 
extruded, and in addition, some of 
the basalts are picritic in nature.A 
similar kind of variability is to be 
seen in individual centres such as the 
triple point volcano Rungwe (Figure 
2).

The presenceof mantle xenoliths in 
basic rocks of the rift system, an ac
cepted indicator of the possible 

Figure 1.

primary nature of a melt, isa relative
ly rare occurrence, so the chances are 
that the rocks we see at the surface 
have been modified by differentia
tion, contamination or some other 
process. In other words, the rock 
types mentioned in the first para
graph are not primary. However, 
they are primitive, i.e. closest to 
being primary of any rocks in the 
system. The question then arises, 
how do they relate to each other? 
The following hypothesis, which is 
of a preliminary nature, suggests the 
possibility that presence or absence 
of volatiles, and their nature, in the 
melting region, can provide the 
range of compositions necessary.

Melting of peridotites in the mantle 
is a function of pressure, tempera
ture, percent melting, and whether 
volatiles are present or not. If they 
are, then their composition, and 
especially the CO2/H2O ratio, is 
critical. Figure 3 shows the effects of 

Figure 2.

the various factors. As can be seen 
from the figure primary tholeiites, 
alkali basalts, nephelinites and 
picrites can all be obtained by a 
manipulation of the factors men
tioned. In addition, carbonatites and 
kimberlites can also be obtained by 
melting at greater depths, and both 
of these rock types occur close to, if 
not associated with, the East African 
Rift.

Figure 3.
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Agrogeology Network in Africa
TV. Chesworth and P. van Straaten

Agrogeology as a new field of ap
plied science, is particularly ap
plicable in developing countries, 
since most of them have geological 
resources suitable for the farmer, and 
these resources are currently under
utilized.

The Department of Land Resource 
Science has been a pioneer in the 
development of this field. With the 
financial support of the International 
Development Research Centre 
(IDRC) we have three current 
agrogeological projects (one in Tan
zania, two in Ethiopia). Each invol
ves the seach for, and employment of 
geological reosurces of use in increas
ing the productivity of soil.

One of us (P.v.S.) was instrumental 
in setting up an Agrogeology Net
work for Africa in 1988 in Tanzania. 
Currently, he is chairman of the 
steering committee of this network 
and was invited by the Common
wealth Science Council to attend an 
international agrogeology meeting 
in Uganda in May 1989. During this 
meeting it became apparent that 
there is a great need to coordinate 

efforts and to exchange information 
and results on agrogeological re
search amongst interested re
searchers and users. It was recog
nized that there are many common 
problems in Sub-Saharan Africa with 
respect to soil productivity. Also, in 
many cases the agrogeological 
resources found in these countries 
are very similar.

During the Uganda meeting the 
Steering committee of the Agrogeol- 
gy Network for Africa was charged 
with the task of searching for funding 
for the following activities of the net
work:
-training of students and profes
sionals in Africa and abroad; inter
African exchange of professionals in
volved in agrogeology, conferences, 
workshops, seminars, and study 
tours.
-development of an agrogeological 
information centre for Africa which 
will:
- compile an inventory of 

agromineral deposits in Sub- 
Saharan Africa,

- collect information on common 
soil productivity problems in Sub- 
Saharan Africa and specific soils 
that would benefit from the ap
plication of agrominerals,

- collect information on technologi
cal research related to small-scale 
mining, and on conventional and 
innovative processing of 
agrogeological resources,

- disseminate this information to 
the relevant researchers in the 
region.

University of Guelph Sigma Xi Award M.Sc. Thesis for 1989
The Petrogenesis and Weathering of Basalt from the Rungwe Volcanics,
S.W. Tanzania
D. Crabtree

As the title suggests two separate 
studies were undertaken. The 
petrogenetic section concluded that 
basaltic compositions from the Kiejo 
region of the Rungwe volcanics are 
not primary. Well defined physical 
and chemical constraints were 
employed to demonstrate that the 
picrobasalt —>basanite —> tephrite se
quence can be explained by olivine 
accumulation (in the picrobasalts) 
and by fractional crystallization of 
olivine + clinopyroxene (in the 
basanite -> tephrite sequence) from a 
primary magma composition. 
Evidence from polybaric phase 
diagrams suggests that Kiejo primary 
magma originated between 15-20 
Kbar (corresponding to depths of - 
50-65 km).

The second half of the thesis found 
that weathering of basalt from the 
Tukuyu lava flow under humid 
tropical conditions could be ex
plained in terms of incipient, inter
mediate and advanced weathering 
systems. In all three, Fe and Ti are 
immobile relative to other major ele
ments. The order of primary mineral 
decay is: olivine + plagioclase > 
clinopyroxene » tita no magnetite. 
The mobility of Si and Al in the in
cipient stages of weathering is high, 
due to the rapid breakdown of abun
dant groundmass plagioclase 
feldspar. Intermediate and ad
vanced weathering systems are char
acterized by a decreased mobility of 
Si and Al, and the eventual stabiliza
tion of the assemblage kaolinite + 

goethite. Evidence for the possible 
occurrence of talc and pyrophyllite 
was found in the incipient and ad
vanced weathering systems respec
tively. Such phenomena can be con
sidered to represent localized zones 
of small scale equilibria within the 
weathering system.

Dave Crabtree was supervised by 
Ward Chesworth, with notable help from 
Peter van Straaten and Graeme Spiers. 
The Sigma XI award committee was 
chaired by Dr. Ed Janzen of the Depart
ment of Chemistry, who particularly 
called attention to the rigorous use of 
thermodynamics in the thesis.
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Measurement and Estimation of Crop Microclimates for Pest Management

Progress has been made in Essex 
and Kent Counties in a disease 
protection scheme for tomatoes 
which utilizes weather data from En
vironment Canada stations at Lon
don and Windsor. This research was 
carried out in cooperation with Dr. R. 
Pitblado of the Ridgetown College of 
Agricultural Technology and Dr. B. 
Srivastava of Environment Canada.

Fungicide spray scheduling for 
tomatoes has previously been op
timized by using air temperature and 
leaf wetness duration data gathered 
in the crop with specialized sensors 
(schemecalled TOMCAST=TOMato 
foreCASTer). Spray scheduling 
based on temperature/wetness 
criteria, resulted in reduced fun
gicide use and the disease control 
was good. Our research now indi
cates that the leaf wetness measure

ment can be replaced by wetness es
timates calculated from tempera
tures taken nearby, but outside, the 
tomato field along with dew point 
data available from London and 
Windsor weather stations. Tomato 
fields sprayed according to our new 
scheme had yields that were not sig
nificantly different from fields 
sprayed under the TOMCAST 
schedule, and were much greater 
than the yield from unsprayed fields.

A second experiment to enhance 
our understanding of canopy ar

Spray Scheme Yield (tonnes/ha)

No spray 35.5
TOMCAST 60.0
New scheme 63.3

chitecture effect on leaf wetness, and 
to improve our ability to estimate leaf 
wetness from weather station data, 
was carried out at the Elora Research 
Station. Physical and biological data 
were gathered during dew nights on 
three crops with widely differing 
canopies; corn, alfalfa and turfgrass. 
An extensive weather data set was 
also obtained at the Elora 
Climatological Station. Analysis of 
these data is underway.

The Guelph Pressure Infiltrometers

TheGuelph Pressure infiltrometers 
are designed for surface measure
ments of the hydraulic properties of 
soils to complement the depth meas- 
urements of the Guelph Per
meameter. Two versions are shown 
in Fig. A, the smaller 10 cm. diameter 
ring attachment for normal soils and 
in Fig. B, the larger 20 cm. diameter 
ring designed specifically for low 
conductivity soils and materials such 
as clay liners for landfill sites. Com
mercial prototypes from Soilmois
ture Equipment Corporation, Santa 
Barbara, California are shown in Fig. 
A and B.

(1) The Pressure Infiltrometer 
Attachment

The pressure infiltrometer is 
designed specifically to measure Kfs 
and 0m at the soil surface, with min
imal disturbance to the soil surface 
itself. In practice, a 10 cm diameter 
sealed ring is driven a known dis
tance into the soil (from 1 to 5 cm 
depending on soil properties) and a 
constant head (from 3 cm to 25 cm) is 
applied. Flow measurements are

Figure A.

then taken until near steady state is 
obtained (similar to the Guelph per
meameter technique). Within limita
tions, the soil surface need not be dis
turbed and measurements can be 
taken on a grass or stubble surface. 
Although not particularly obvious, 
the pressure infiltrometer approach 

has a number of physical and 
theoretical advantages over the con
stant head well permeameter techni
que and thus gives more accurate 
subsurface measurements of KfS and 
0m. If more accurate measurements 
are required, the pressure in-
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filtrometer can be used by angering or 
digging a sufficiently large hole.

The theoretical development of the 
Pressure Infiltrometer is contained in 
a paper by Reynolds and Elrick that 
has recently been accepted by Soil 
Science Society of America Journal. A 
series of three papers is planned, the 
second dealing with transient flow 
from the Pressure Infiltrometer (the 
first was concerned only with steady 
state flow), and the third with instru
ment development and applications,

(2) The Clay Infiltrometer
Attachment

A 20 cm diameter pressure in
filtrometer is being tested on very 
slowly permeable materials such as 
compacted earthen liners. Prelimi

nary tests indicate that hydraulic 
conductivities of the order of 
lO^ms'1 can be measured using 
ponded heights up to 50 cm by 
using an additional constant head 
burette system capable of measur
ing water volumes to 0.01 cms. 
For these slowly permeable soil 
measurements may take as long as 
one or several days. Fig. B shows 
the clay infiltrometer attachment 
to the Guelph Permeameter with 
the horizontal burette arrange
ment for the measurement of flow 
rates of the order of 1 ml per hour.

* Land Resource Research Centre, 
Agriculture Canada, 
Ottawa

Figure B.

pH-Dependent Cation Exchange Capacity of Ontario Soils

Information on charge densities, 
cation exchange capacities and sur
face areas of soils is important be
cause of the role these properties play 
in many agriculturally significant 
processes. Amongst these processes 
are the retention of plant nutrients as 
either anions or cations; the buffering 
capacity of soils to acidity produced 
by nitrification and/or acidic 
precipitation; soil-water retention 
characteristics and soil test recom
mendations. The two components 
largely responsible for both the soil's 
cation exchange capacity and its sur
face area are clay and organic matter 
and both may, to a greater or lesser 
extent, have charges whose mag
nitude varies with the degree of 
acidity of the soil.

In previous work on thirty four soil 
samples from the Ap horizons of 
heavy-textured Orthic Humic 
Gleysols (Typic Haplaquolls) from 
southwestern Ontario was shown 
that approximately 74% of the 
variability in cation exchange 
capacity (q+) could be attributed to 
the soil's clay and organic matter 
contents at pH 4and about 86% at pH 
8 (Evans, 1982). Mean cation ex

change capacities calculated for the 
soils at pH 4 were 20.3 cmoR+J.kg'1 
and 31.6 cmoK+J.kg’1 at pH 8.

Additional results indicated values 
of 181 cmol(+).kg-l and 316 
cmol(+).kg-l as the cation exchange 
capacities of soil organic matterat pH 
4 and pH 8 respectively. Similarly, 
values of 21 and 35 cmoK+J.kg'1 were 
calculated as the cation exchange 

capacities of the clay fraction at pH 4 
and 8 respectively.

The variation in cation exchange 
capacity as a result of changes in pH 
was found to be:
pH 4 q+= 2.65 + 0.18% clay +

3.08% organic carbon
pH 8 q+ = 7.69 + 0.27% clay +

5.32% organic carbon
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This approach is essentially empiri
cal and the results obtained are only 
applicable to soils with similar 
mineralogies and similar humic 
characteristics. In recent years, how
ever, a number of surface complexa
tion models have been developed for 
both mineral and humic constituents 
which can be directly applied to 
predictions concerning the pH-de- 
pendence of cation exchange 
capacity of soil. Of particular interest 
in the present study are discrete 
ligand models to describe the 
protonation of soil organic matter 
and constant capacitance models to 
describe the charge characteristics of 
variable charge sites such as those 
found on secondary soil minerals.

Three acidic soils from Ontario 
were limed with CaCOs to obtain a 
range of pH values ranging from ap
proximately 4.5 to 7.3. These three 
soils - the Welland (Orthic Humic 
Gleysol), the Cane (Orthic Humic 
Gleysol) and the Eventural (Orthic 
Gray Luvisol) series, varied in their 
contents of clay and organic matter. 
After equilibrating the soils for one 
month with CaCOs the soils were air- 
dried and their cation exchange 
capacities (q+) determined by ex
change with BaCh. Barium contents 
were determined by ICP-AE 
spectrometry. Contents of Ca2+, 
Mg2+, Na+ and K+ exchanged by the 
Ba were determined by AA spectros
copy.

For each of the three soils the values 
for q+ increased with increasing pH 
(Fig. 1), For the Welland soil, values 
increased from 13.0 cmol.kg'1 at pH 
4.4 to 22.5 at pH 7.4; for the Cane soil 
from 39.5 at pH 5.4 to 55.9 at pH 7.4; 
and from 11.2 at pH 4.6 to 19.2 at pH 
7.3 for the Eventural soil. In all cases 
the cation exchange capacities 
reached a maximum at a pH of about 
pH 6.7 and then remained relatively 
constant at higher pH's.

To model the above results it was 
assumed that the soil consisted of 
two types of charged surfaces - 
i. a constant charge surface con

tained within phyllosilicate clays

The ionization of soil organic matter can be treated as if it behaves as a 
simple triprotic acid or as an equivalent set of monoprotic acids (Gregor 
and Powell, 1988). For an equivalent set of three monoprotic acids,

HL' = H*  + L'' ; K'a
HL” = H*  + L”' ; K”a
HL'” = H+ + L'”' ; K”'a

Content of ligands,
{L'fr = {HL'} + (Ll 'J
{L”}t = (HL”) + {L”'}
(L'")t = {HL”1} + {L1”-}

Total content of ligands,
{L)t = (L')t + {L”}t + {L'”]t

Cation exchange capacity, 
= (L' 'J + (L”’} +{L”'-}

For changes in pH,
K'a ■ {L '(T K'”a ■

q+ = + + + + +

The total acidity of soil organic matter was assumed to be 316 cmol.kg' . 
This value is derived from the calculated q+ of soil organic matter at pH 
8, a pH at which all the acidic groups will have ionized. Values for K'a, 
K"a andK'"aand for {L'Jt, {L")Tand {L'")t were taken from Gregory and 
Powell (1988).

Figure 2.

ii. a variable charge associated with 
soil organic matter
Previous work has shown that the 

cation exchange capacity of the clay 
fraction of Ontario soils has a value 
of 21 cmol. kg'1 at pH 4. This value 
should represent the constant charge 
associated with Ontario soils. Each of 
the above three soils was thus allo
cated a constant charge proportional 
to its clay content.

Results from the model (Fig. 2) 
were compared with the values 
determined for q+ and percentage 
deviations calculated. In the three 
soils studied the general shape of the 
pH-dependence of q+ was modelled 
very well, except that the calculated 
values in all cases were too high, 
generally by about 10-20%.

The deviation between the model 
and the determined values was 
probably due to the values used for 
q+ for clay and {Lh1 for soil organic 
matter are too high. More ap
propriate values for these values for 
the three soil is now being inves
tigated.

References:
Evans, L.J. 1982. Cation exchange 

capacities and surface areas of 
Humic Gleysolic Ap horizons from 
southwestern Ontario. Can. J. Soil Sci. 
62: 291-296.

Gregory, J.E. and H.K.J. Powell. 
1988. Protonation reactions of fulvic 
acids. J. Soil Sci. 39: 243-252.
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The Effect of Foliaae Wetness on the Deoosition of Ozone

The effect of surface wetness on 
surface sink strengths of gaseous pol
lutants is largely unknown even 
though dew or intercepted raindrops 
may be present over large vegetated 
areas for many hours during long- 
range transport of pollutants. Infor
mation on the sink strength of 
gaseous pollutants when receptors 
are wet, is needed to develop im
proved modelling schemes that can 
estimate amounts of pollutants 
deposited on vegetated surfaces 
during long-range pollutant 
transport.

Experiments were conducted to 
understand the mechanisms govern
ing the uptake of gaseous pollutants 
by vegetation, including the role of 
stomatai behaviour. A gas exchange 
system was developed for measuring 
the uptake of gaseous pollutants by 
whole leaves. Leaves of hypos- 
tomatous and amphistomatous plant 
species were exposed to known con
centration of ozone (O3) under con
trolled environments. Two different 
surface wetness situations were 
studied: a film of distilled water 
simulating dew, and larger droplets 
which were placed on the adaxial 
surface of leaves to simulate 
raindrops. The O3 flux density (F03) 
to individual leaves was determined 
using the mass balance of the gas 
entering and leaving a cuvette 
designed with very low interfering 
O3 uptake by the measuring system 
itself. The F03 results for a typical 
experimental run when water was 
sprayed on a red maple leaf, which 
was exposed to an O3 concentration 
of 90 ppb and to a photosynthetically 
active radiation of 325 pE m'2 s'1, are 
presented in Fig. 1. The F03 showed 
a substantial increase immediately 
after 2 cc of water was sprayed in the

Figure 1.

form of a dew layer on the adaxial 
leaf surface. Thereafter the flux 
declined, eventually reaching the 
levels prior to water spraying as the 
leaf surface became dry. The F03 also 
increased when water drops were 
placed on the leaf surface (Fig. 1). 
These observations indicate that leaf 
surface wetness substantially enhan
ces the deposition of Ch, but are con
trary to expectation for O3 is known 
to be quite insoluble in water. Based 
on separate measurements of stoma
tai resistance to water vapour dif

fusion (rsv) taken on the abaxial leaf 
surface, the marked increase in O3 
uptake appears to be controlled by 
stomatai behaviour. The rSv measure
ments showed decreases in stomatai 
resistance shortly after water was 
sprayed on the adaxial surface of 
leaves. Our preliminary results sug
gest that dew or rainfall outdoors 
may be major meteorological factors 
affecting deposition of gaseous pol
lutants to vegetated surfaces.
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Mulches and Microclimates

We have been investigating a cover 
crop system where winter rye is 
planted in the fall, then killed and 
mowed to form a mulch in the spring, 
and soybeans are planted through 
this mulch. Information is being 
gathered to build a computer model 
of crop/mulch systems with the ob
jective of determining the optimal 
timing of killing as a function of the 
weather conditions in the spring,

A preliminary experiment was per
formed at Delhi (sandy soil) during 
1988, comparing the effect of the 
mulch on soil water and soybean 
growth. The mulched treatment 
showed good water conservation 
during the drought period, but final 
yields were not significantly different 
on mulched and conventional plots 
(2.6 vs. 2.7 T/ha).

The experiments were expanded in 
1989 to include Delhi and a location 
at Woodstock (loamy soil). Rye that 
had been planted in October 1988, 
was killed on two dates in May 1989. 
Percentage ground covered by 
residue increased from 30% to 60% 
between early and late killing dates 
at Delhi, and from 60% to 75% at 
Woodstock.

Spring and early summer soil 
temperatures under the mulches 
were significantly cooler during the 
day (up to 6 °C) and warmer (up to 
3°C) during the night. Temperature 
differences bet ween the two mulched 
treatments were more noticeable at 
Delhi where the difference in percent 
soil covered was greater (e.g. Fig. 1).

Soil moisture differences between 
treatments were more subtle in 1989 

thaninl988. This was due to smaller 
amounts of mulch present at the sur
face in 1989. At Delhi, drying of the 
soil by transpiration of the late-kill 
rye could be seen early in the season, 
but after soybean planting no dif
ference was observed among treat
ments. The late-kill treatment gave 
the marginally best yield of 2.4 T/ha, 
compared to 2.2 T/ha for the early- 
kill and ploughed treatments (no sig
nificance). At Woodstock, the mul
ched treatments had higher soil 
moisture contents throughout the 
season (Fig. 2) yielding 3.1 T/ha 
(early-kill) and 3 T/ha (late-kill) 
compared to2.9 T/ha (ploughed) (no 
significance).

Experiments will be extended to a 
heavy clay site in 1990 and continued 
on the current sites.

Figure 2.Figure 1.
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Influence of Water Adsorption Characteristics on Wet Aqqreqate Stability

Stability values of moist soil ag
gregates maybe better related to field 
moist soil than that of air-dry ag
gregates. Water adsorption charac
teristics of soil aggregates was estab
lished ina laboratory experiment and 
then related to measured wet ag
gregate stability (WAS). The soil 
used in this study was from a long 
term rotation experiment established 
on the Urrbrae soil series at the Waite 
Agricultural Institute, South 
Australia. The rotations selected in 
this study were continuous forage 
and wheat-fallow. Air-dry ag
gregates of different size fractions: 
0.25-0.50, 1.00-2.00, 4.0-6,76, and 6.7- 
9.5 mm in diameter, were prewetted 
to -10, -5, -2, -1, and -0.3 kPa water 
potential (Vm) in sintered glass fun
nels. Water retained, after equilibra
tion, by each aggregate size at each 
\|/m was determined. The WAS of 
each aggregate size at each antece
dent \|/m was determined using the 
procedure developed by Pojasok and 
Kay (1990).

The established water adsorption 
characterisitic curves indicated that 
retention, at each increased with 

decreasing aggregate size. The in
crease was significantly higher in the 
continuous forage soil than that in the 
wheat-fallow rotation. Water filled 
drainable pore volume, between -10 
and -0.3 kPa increased with 
decreasing aggregate size and the in
crease was higher in the continuous 
forage soil. The latter suggests the 
loss of drainable porosity in the con
tinuous wheat-fallow soil. In 
general, water retention and water 
filled drainable porosity varied with 
\|/m, cropping history, and aggregate 
size.

The WAS, for a given aggregate 
size of a given cropping history, 
rapidly increased with decreasing 
antecedent, Vm until approximately 
-4 kPa. The WAS, for a given crop
ping history at given antecedent \|/nv 
slowly increased with increasing ag
gregate size until approximately 2.6 
mm diameter. However, the increase 
in WAS with increasing aggregate 
size was discernible only at high Vm, 
greater than -2 kPa. The WAS of con
tinuous forage soil, for a given ag
gregate size at given antecedent 
was significantly higher than the cor

responding value of the wheat-fal
low rotation. Thus, WAS, in general 
appeared to be sensitive to ym, par
ticularly at high ym-

The results on water retention, 
water filled drainable pore volume 
and WAS suggest that continuous 
forage system soil can provide better 
soil physical environment for crop 
growth. Because field soils have vari
able moisture contents, the WAS 
values obtained using aggregates at 
moisture content at the time of sam
pling can be more easily extrapolated 
to field conditions than that usingair- 
dried aggregates.

References:
Pojasok, T., and B. D. Kay. 1989. 

Assesment of a combination of wet 
sieving and turbidimetry to charac
terize the structural stability of moist 
aggregates. Can. J. Soil Sci. (in press)

1 Dept, of Soil Science, Waite Agricul
tural Research Institute, Univ, of 
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Methods of Assessing Plant-available Potassium in Ontario Soils1

The effectiveness of five extrac
tants, NaCl, ABDTPA, NH4OAc, 
Mehlich-3 and 0.1M HNOa was 
evaluated on 72 Ontario soils for 
prediction of plant available K to al
falfa grown in a greenhouse. Total K 
uptake by four cuts of alfalfa was 
used to measure plant available soil 
K. The average amounts of K ex
tracted were in ascending order: 
ABDTPA < NaCl < NH4OAc < Meh- 
lich-3 < 0.1 M HNO3, The highest cor
relation with K uptake by alfalfa was 
obtained with 0.1M HNQj (r = 0.76) 
and the lowest with NaCl (r = 0.61). 
The K uptake by alfalfa was used as 
dependent variable to develop 
predictive models using stepwise 
regression with soil K extracted by 
the five extractants, exchangeable Mg 
and Ca, soil pH, organic matter, cat

ion exchange capacity (CEC), and 
contents of silt and clay as inde
pendent variables. With soil K ex
tracted and its square, the highest 
prediction of variation in K uptake 
was explained by ABDTPA (R2 = 
0.84), followed by 0.1M HNO3 
(0.808), NH4OAc (0.81), NaCl (0.78) 
and Mehlich-3 (0.77). Inclusion of 
soil properties improved the predic
tion. The models developed differ in 
the number of variables which con
tributed significantly at 5% prob
ability. Based on the R2 and ease of 
measurement of variables, the 
NH4OAc model is one of the best as 
a predictor of availability of K in On
tario soils when used along with 
other soil properties.

The extraction of soil K by 
electroultrafiltration (EUF) and by 

chemical methods were compared to 
predict plant-available K on 38 On
tario soils. The relation of soil 
properties to the amount of K ex
tracted by EUF fractions were also 
determined. The content of silt and 
clay were negatively correlated with 
EUF-K at 50V and positively corre
lated with EUF-K at 400V. Soil pH 
and organic matter were not sig
nificantly correlated with the 
amounts of K extracted in the EUF-K 
fractions. In general, K extracted by 
chemical methods was more closely 
correlated than EUF-K fractions with 
K uptake. However, EUF-K fractions 
and K extracted by chemical methods 
had roughly equal ability to predict 
availability of soil K when used along 
with other soil properties. The EUF- 
(50+200+400V) - K model is the 

35

B.D. Kay, V. Rasiah, and A.R. Dexter1

Liangxue Liu



simplest one using EUF-K and con
tains three variables, K, K2 and Ca2. 
The use of EUF is limited due to cost 
of equipment and time required for 
analysis unless all nutrients can be 
accurately determined on the ex
tracts.

The 0.1 M HNO3-K extraction 
method of MacLean was modified. 
The modified method consists of 
0.2M HNOx 1:20 soil/solution ratio 

and 30 minutes of shaking time. The 
modified and the MacLean method 
extracted similar amounts of K. Both 
had equal ability to predict K 
availability. The modified method 
can be used in lieu of the MacLean 
method for routine extraction of soil 
K and for treatment prior to sequen
tial extraction of nonexchangeable K 
with boiling 1M HNO3. The ad
vantage of the modified method over 

the MacLean method is the improve
ment of analytical speed and con
venience. Through modification of 
the MacLean method, the HNO3-K is 
easily incorporated into soil testing 
program along with NEUOAc.

TThis is an abstract of an M.Sc. thesis 
completed under the supervision of 
T.E. Bates.

British Columbia Phosphate Rock: Development of New Technology 
for Direct Application to Soils

Introduction
The Canadian fertilizer and 

agriculture industries are largely de
pendent on a reliable and economic 
source of phosphate rock. Canada 
currently imports all of its phosphate 
rock requirements from Florida and 
the western United States.Increased 
demand and expected depletion of 
the richer Florida deposit, however, 
suggest that Canada may have to 
seek a new supply, face considerably 
higher import costs, or develop its 
own resources in the future.

The best potential for development 
of British Columbia phosphate rock 
resources occurs at the base of the 
Jurassic Fernie Formation in the Fer
nie basin. At present, this phos
phorite which averages 18 to 20 per 
cent P2O5 cannot compete with the 
Florida deposit.

The objective of this study is 
twofold: to evaluate the suitability of 
ground phosphate rock from the Fer
nie Basin for direct application as a 
fertilizer, and to develop new tech
nology for the utilization of British 
Columbia phosphate rock and 
zeolites in agriculture. This would 
provide an alternative to existing 
chemical fertilizers and increase the 
economic potential of the British 
Columbia deposits. This study is an 
extension of previous work on 
zeolites in British Columbia con
ducted by the author.

Characterization
Samples were collected from the 

basal Fernie phosphorite at seven ex
posed sections (Figure 1). The 1 to 2 Figure 1: Map of Fernie Basin showing sample locations.
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metre thick pelletal phosphorite bed, 
reflects a period of rapid marine 
transgression and slow clastic ac
cumulation during Sinemurian time.

The mineralogy of the samples was 
determined using the Rigaku 
Geigerflex x-ray diffractometer. 
Apatite was present in all samples 
and a-cell parameters were calcu
lated using the least-squares powder 
diffraction program. The a-cell value 
for the apatite in VM89-1 suggests 
that this is a fluorohydroxyapatite, 
whereas the apatite in all other 
samples was francolite. Quartz and 
minor amounts of feldspar were 
present in all samples, as well as cal
cite in samples VM89-1 to VM89-4 
and dolomite in VM89-1 and VM89-2. 
These accessory minerals have 
deleterious effects on commercial 
processing.

VM89-3, VM89-4 and VM89-8 were 
analysed using a Philips XRF 
spectrophotometer at McMaster 
University. The results are presented 
in Table 1. All three samples fall 
within the acceptable ranges of P2O5, 
CaO/PzOs, R2O3/P2O5, MgO set by 
commercial fertilizer processing 
plants.

When phosphate rock is to be used 
for direct application, the reactivity of 
the rock is of major concern. The 
values for neutral ammonium citrate 
direct-a vailable P2Q5 (expressed as 
per cent of rock) are 0.50. 0.63, 0.63,

1.10,1.27,1.19, and 1.17 respectively 
for VM89-1 to VM89-8. These values 
indicate that the rocks are moderately 
reactive.

The Zeolite - Phosphate Rock 
System

The effectiveness of direct applica
tion is limited by the relatively slow 
reactivity of phosphate rock. A 
simplified dissolution reaction for 
hydroxyapatite is as follows:

Ca5(PO4)3OH + = 5Ca2+ +
3H2PO4 + H2O

By the law of mass action, an ac
cumulation of calcium ions inhibits 
the breakdown of phosphate rock 
and the subsequent release of phos
phorus to plants. A possible solution 
to this problem is the addition of 
zeolites, naturally-occurring 
aluminosilicate minerals which have 
a characteristically high cation ex
change capacity (CEC). Acting as a 
sink for calcium ions, zeolites can en
hance the dissolution of phosphate 
rock.

Zeolites suitable for this system are 
indigenous to British Columbia. 
Based on previous findings, a clinop
tilolite from the Princeton Basin was 
chosen for this study. This zeolite 
,VM88-9 has an average CEC of 147 
meq/lOOg and an estimated zeolite 
content of 67 per cent.

Given the negative effects of cal
cium ions on the dissolution of 
apatite, it is apparent that phosphate 
rocks with little or no calcite or 
dolomite are desirable. Therefore, 
VM89-8 should be better suited for 
direct application than VM89-3 and 
VM89-4,

In an effort to better understand the 
mechanisms involved in the phos
phate rock - zeolite system and to 
maximize its effectiveness, control
led dissolution experiments were 
conducted. Initial experiments indi
cated that pre-saturating the zeolite 
with ammonium increased its ability 
to enhance phosphate rock dissolu
tion. Furthermore, the amount of 
phosphorus solubilized increased 
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Table 1: X-ray Fluorescence Data

VM89-3 VM89-4 VM89-8

SiQ? (%) 5.34 7.56 10.97
AI2O3 (%) 1.11 1.03 1.71
Fe2O3 (%) 0.53 0.51 1.94
MgO (%) 0.40 0.40 0.35
CaO (%) 47.72 46.99 45.43
Na2O (%) 0.34 0.30 0.26
K2O (%) 0.15 0.15 0.31
T1O2 (%) 0.07 0.07 0.16
MnO (%) 0.01 0.01 0.02
P2O5 (%) 29.81 31.15 33.96
S(%) 1.45 1.06 0.44
Total C (%) 3.75 2.97 2.04
Organic C (%) 1.94 1.69 1.89
Carbonate C (%) 1.81 1.28 0.15
LOI (%) 13.05 10.82 5.35

CaO/P2O5 1.60 1.51 1.34
R2O3/P2O5 0.07 0.06 0.12



with zeolite grain size, until it 
remained constant at grain sizes 
greater than 0.5 millimetre.

The third experiment compared 
the release of P over time from three 
phosphate rocks, VM89-3, VM89-4, 
and VM89-8 in the presence of 
zeolite, and VM89-8 without zeolite. 
In brief, the procedure involved 
shaking 200 mg of powdered phos

phate rock with 1 g of zeolite in 30 mL 
of distilled water for four days at 
25°C. The solutions were then 
centrifuged and the supernatants 
were analysed colourimetrically for 
P using a Technicon II Auto 
Analyser. The results are presented 
in Figure 2. A comparison of VM89-8 
with and without ammonium-ex- 
changed zeolite reveals the positive 

effect the zeolite has on phosphate 
rock solubility.

The zeolite - phosphate rock sys
tem increases the solubility of the 
phosphate rock and may provide a 
market for the Fernie phosphorite 
and lower grade deposits, as well as 
an alternative to superphosphate fer
tilizers.

Arctic Emerged Coastal Landscape and Ecological Niches of 
Prince Charles Island, Foxe Basin, Canada

Prince Charles Island is the largest 
island in the Foxe Basin. It is some 
125 km long and 95 km wide and 
resembles an elongated and some
what deformed circle in shape (Fig. 
1). The climate is arctic and the island 
is surrounded by a shallow, cold sea, 
which is covered by ice for most of the 
year. The island is underlain by 
horizontally bedded Paleozoic car
bonates, locally exhumed and bear
ing glacial striations, and is covered 
by a discontinuous veneer of till, 
which may be locally fluted, scat
tered, isolated erratics, sand and 
gravel, which have been moulded 
into beach ridges during emergence, 
and a thin cover of mud and fine sand 
on flat floors of former embayments 
or on sheltered shores. The 
landscape is generally very flat, 
rising gradually to a maximum eleva
tion of about 250 feet (75 m), located 
on a glacier-streamlined mound of 
bedrock, mantled by sandy and 
gravelly beach ridges.

The island is exposed to the open 
waters of the Foxe Basin on its 
southern and western quadrants, 
and is protected from sea swells on 
the north and northeastern quad
rants by nearby islands and the coat 
of Baffin Island. These factors have 
been important in affecting the 
emerging coastal morphology. On 
the comparatively sheltered eastern 
and northeastern shores, flat sandy 
and muddy plains have formed, 
covered by extensive grassy wet
lands, with locally developing char
acteristics shallow round lakes. Ex
tensive areas of well developed 
emerged beach ridges are found 
along the west coast, while the south

shore is characterized by rocky ex
posures and extensive deposits of 
coarse gravel and debris. Further 
beach ridges and some rocky shores 
occur in the north and northwest, 
with a transitional zone running 
across to the flat plain, cut by many 
elongated lakes, in the northeast. The

higher northwestern central part of 
the island is characterized by near
outcrop bedrock flats, locally dis
sected by low reject normal faults, 
and covered by thin deposits of 
shingles, which have been locally 
reworked into shallow recurving 
spits and ridges. This area is the first 
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part of the island to have emerged; it 
experienced maximum erosion prior 
to the further appearance of sur
rounding low islands, at a time when 
less dampening of waves by sea ice 
occurred owing to a warmer climate 
(that is less sea ice) and deeper sea 
than at present.

The emerged landscape provides a 
variety of characteristic habitats 
which support populations of 
migratory avifauna and resident 
foxes, polar bears and caribou. On 
gradually sloping eastern and north
erncoasts, ice-strewn tidal flats grade 
through a narrow short-grass (Puc- 
cinellia phryganodes) saltmarsh to ex
tensive wet coastal grasslands with 
almost continuous vegetation cover. 
A vast belt of marshy wetland, with 

heavily saturated moss/sedge cover 
and dotted with round lakes 
stretches through the east-central 
part of the island. Prominent species 
of birds using such marshy areas in
clude Red Phalarope, White-rum ped 
Sandpiper and Sabine's Gull. Brant 
and Canada Geese breed in the com
plex of elongated lakes and saturated 
marsh/grassland occurring in the 
northeast. Better drained areas and 
emerged beach ridges may develop 
moderately well vegetated tundra, 
characterized by Dn/as, Salix, 
Saxifraga, sedges and lichens, and 
support breeding populations of 
Ruddy Turnstones, Black-bellies 
Plovers, Oldsquaws and eiders. The 
shallow lakes and tundra ridges in 
the northwest were used by moulting 

Snow Geese during July. Semi-bar
ren rocky and gravelly ridges in the 
south supported Brant, Herrings 
Gulls, Oldsquaws and eiders. The 
larger partially vegetated (Dryas, 
sedges, saxifrages) ridges in all parts 
of the island were pitted with polar 
bear dens. Few species appear to 
make use of more barren habitats, 
including impoverished areas of 
damp mud/ gravel with clay boils or 
patches of gravel or exposed 
bedrock. Field mapping was under
taken to provide ground truthing for 
habitat classification studies using 
satellite imagery.

1 National Wildlife Research Centre

Emergent Arctic Coastal Landscape and Sediments of Northwestern 
Foxe Basin, Canada

Foxe Basin is a graben do wnfaulted 
in post-Paleozoic times which retains 
large tracts of flat lying Paleozoic car
bonate rocks, covered by a thin, dis
continuous veneer of Pleistocene till, 
and surrounded by Precambrian 
metamorphic and crystalline terrains 
(Figure 1). The area has been 
glaciated during the Pleistocene and 
probably supported an ice dome; it 
was drowned by an early post-gla

cial sea, has emerged in the last 4000 
years at a rate of approximately 
75cm/century, and has been exposed 
to recent cold climate, thus to 
development of permafrost. At the 
moment those coasts are subjected to 
arctic climate, long periods of sea 
cover, occasional storms during open 
water periods and microtidal to low 
mesotidal conditions. Ice floes are 
present in the shallow sea

throughout the year, and they are 
moved about by prevalent winds and 
occasionally piled against some 
shores in full summer.

Generalizing, the emerging coasts 
can be subdivided into three major 
groups (Figure 2):
(1) jagged rocky coasts with only 
local development of pebbly and 
bouldery pocket beaches where 
Precambrian outcrops occur (Fury 
and Hecla Strait area);
(2) series of well developed gravelly 
and sandy beach ridges with spacing 
and amplitudes varying depending 
on the orientation of the coast in 
respect to open water fetches, steep
ness of shore which is great part dic
tated by the proximity to carbonate 
bedrock mesas dissected by normal 
and strike-slip faults, and availability 
of sediments (northeastern coast of 
Melville Peninsula and islands) ;
(3) flat lying to gently sloping low 
energy, low rates of sedimentation 
sandy to gravelly muddy coasts 
whose slopes are controlled by the 
buried substratum surface, their 
coarse gravelly and pebbly material 
has been transported directly by 
glaciers or by ice floes, and mud has 
been ice rafted and locally reworked 
by waves (embayments of the main 
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coasts and parts of the islands). Only 
in muddy embayments and in minor 
measure, behind the protection of 
some bouldery ridges, there is any 
development of Puccinellia 
phryganodes dominated salt marsh, 
for instance in the large fault control
led Tideflat Bay of northeastern 
Rowley Island.

The emerging landscape develops 
permafrost heaving of bedrock 
blocks, progressive flattening of 
beach ridges, frost boils in flatter 
areas as in inter-ridge areas, and 
stripes and solifluction lobes on 
steeper slopes. Older carbonate 
beach ridges develop characteristic 
surficial features such as frost rock 
shattering, sharpening of pebble 
edges by solution, surficial pitting of 
clasts by solution and small likens 
growths, and discontinuous veneer 
of re-precipitated buff, varnish-like 
carbonate on the upper side of peb
bles. The colonization of the emer
gent land by plants and soil develop
ment are slow processes. They are 
enhanced in sandy and muddy ter-

Figure 2.

rains, and where natural fertilization 
has occurred through occupation and 
activity of humans and nesting 
migratory birds. Maximum depth of 

the arctic soil profiles is about 1 m, 
limited by the depth of permafrost 
table.

A Simple Compression Cell for the Determination of the 
Upper Plastic Limit of Soils

The Atterberg consistency limits 
are amongst the most meaningful 
and widely interpreted of soil en
gineering test indices. In addition to 
their importance in classifying soils 
for engineering uses (e.g., Unified, 
A.A.S.H.O. systems), the upper 
(UPL) and lower (LPL) plastic limit 
moisture contents have been used to 
estimate the shear strength, bearing 
capacity, compressibility, swelling 
potential, and surface area of 
cohesive soils (McBride, 1989). The 
time (expense) required to perform 
the standard UPL (Casagrande) test 
has been reduced with the 
widespread adoption of the one- 
point method (Nagarajandjayadeva, 
1981), but the problems of inordinate
ly high levels of operator and 
mechanical variability persist. Data 
derived from a simple, inexpensive 
compression cell ("Guelph Liquid 
Limit Cell") show that this device is 
capable of bringing soil-water 

suspensions to their respective UPL 
consistency states in a rapid and high
ly reproducible manner and without 
test iteration. The rationale behind a 
compression-based procedure for 
consistency limit determination has 
been discussed by McBride and 
Bober (1989), and preliminary results 
were presented using a commercial- 
ly-available Rowe consolidation cell.

The sample chamber of the com
pression cell consists of a porous plas
tic cylinder (McCoy, 1989) and solid 
plastic end plates with restraining 
rods. An air-entry tube encased in an 
expandable latex diaphragm is 
mounted on one of the end plates and 
permits a prescribed pneumatic pres
sure to be applied to the soil slurry in 
the sample chamber. Each end plate 
is equipped with an external "ten
siometer" such that the pore water 
pressure of the sample can be con
tinuously monitored with a pressure 
transducer.

The instrument was calibrated 
against the standard Casagrande 
UPL method using 24 soils sampled 
from Middlesex County, which had 
variable texture and organic matter 
content. The results suggest that the 
effective stress at the UPL (o'upl) is 
independent of texture for soils with 
clay contents greater than about 100 
g kg'1, but decreases as a log function 
with increasing organic matter con
tent (Fig. 1). Subsamples of these 
soils were sent to the Soils and Ag
gregates Laboratory of the Ontario 
Ministry of Transportation and Com
munications (O.M.T.C.) for compara
tive testing of the UPL index by the 
one-point Casagrande method. 
Simple regression of the O.M.T.C. vs. 
G.L.L.C upper plastic limits yielded 
a coefficient of determination (R2) of 
0.90 and a standard error of estimate 
of 0.034 kg kg'1.

In conclusion, soil-water suspen
sions subjected to a prescribed effec

40

R.A. McBride, N. Baumgartner and D. Veenhof



tive stress (Fig. 1) in a simple com
pression cell can be used as a basis for 
comparatively rapid and reliable 
one-point UPL measurement using 
conventional procedures or as a sub
stitute forexisting standard methods. 
Advantages of this cell design over 
oedometers for this application in
clude elimination of friction between 
the soil or piston and the sample 
chamber walls, equitable stress dis
tribution through the sample, and the 
capability to process many soil 
samples simultaneously using 
several of these inexpensive cells con
nected to an air pressure-regulated 
manifold. The development of effec
tive stress before equilibrium is 
achieved can also be accurately 
monitored with a pressure 
transducer. Calibration studies are 
now underway employing soils with 
different clay mineralogy as well as 
deep borehole samples (i.e., no or
ganic carbon) obtained from the On
tario Geological Survey.
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Digital Terrain Modelling of Agricultural Soil Capability

Many municipalities in southern 
Ontario have significant land areas 
where there is a concurrence of a vi
able agricultural industry and high 
potential aggregate resources (Mack
intosh et al., 1982). The absence of a 
defensible system for assessment of 
the agricultural capability of lands 
underlain by sand and gravel 
deposits of value for aggregate ex
traction has been a deterrent to effec
tive rural land planning in these 
regions.

Despite its many deficiencies, the 
Canada Land Inventory (C.L.I.) clas
sification of soil capability for com
mon field crop production (Env. Can, 
1972) remains the principal interpre

tive system used to represent the in
terests of agriculture in Ontario at all 
planning levels. Inconsistencies in 
interpretation by different analysts, 
however, only exacerbate thealready 
adversarial setting that frequently 
develops in the resolution of such 
land use conflicts.

A landmark case is currently before 
the Ontario Municipal Board in Pus- 
linch Township (Wellington Coun
ty), Ontario. The hearing resulted 
from a series of re-zoning applica
tions submitted to the township by 
several land-owners and other par
ties representing the interests of the 
aggregate industry, including the 
University of Guelph which owns a 

187-ha segment of a much larger ag
gregate deposit in the township.

A series of physically-based field 
procedures and soil measurements 
were identified that could assist in 
quantifying spatial variation in 
agricultural soil capability for the 
purpose of local level land evalua
tion. In areas with high potential for 
aggregate extraction, many of the 
parameters necessary for soil water 
regime characterization can be physi
cally difficult to measure (e.g., 
groundwater table position, total soil 
porosity). For the University of 
Guelph lands, apparent electrical 
conductivity of terrain was used for 
groundwater table depth estimation
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(R2 = 0.83) and soil density-moisture 
measurements were taken in the 
upper plant root zone with a nuclear 
portaprobe. A digital terrain model 
was used to create contour maps of 
three key moisture retention 
parameters (McBride and Mackin
tosh, 1984a) from irregularly spaced 
soil inspection points. The same 
geographic information system 
(SPANS) was then used to overlay 
these layers to create a map of soil 
moisture-based agricultural 
capability for common field crop 
production (McBride and Mackin
tosh, 1984b).

Application of these same concepts 
could also prove useful during the 
pre-planning stage of progressive 
rehabilitation to agriculture as an 
after-use at other sites across the 
province. Reconstruction of soil 
profiles from sequentially stripped 
materials based on optimization of 
modelled soil water regime charac
teristics (e.g., ground water table posi
tion) could accelerate the recovery of 
crop productivity to pre-extraction 
levels in rehabilitated surface-access 
mines.

Figure 1: Contour map of preliminary agricultural soil capability for common field 
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Vegetative Responses to MSW Leachate Exposure from Land 
Treatment/Recirculation Systems

This summary report outlines 
progress on, only the vegetative 
aspects of a three-year, interdiscipli
nary research study now nearing 
completion ("Slow Rate Infiltration 
Land Treatment and Recirculation of 
Land fill Leachate in Ontario"-M.O.E. 

Project No. 333G). The vegetative 
response data presented in the first 
segment originate from the Muskoka 
Lakes landfill near Port Carling, On
tario, where the only large-scale, 
municipally-operated leachate irriga
tion system in Ontario exists. The 

second part of this report documents 
progress made in a leachate recir
culation experiment conducted on 
the in-ground lysimeter nest on the 
University of Guelph campus (Dairy 
Bush Hill).
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1. Physiological and Spectral 
Responses of Sugar Maple (Acer 
Saccharum Marsh.) to MSW 
Leachate Spray Irrigation

Foliar gas exchange, water rela
tions and spectral properties of un
derstory sugar maple (Acer sac
charum. Marsh.) sapling leaves were 
studied in a natural forested ecosys
tem subjected to spray irrigation of 
municipal solid waste (MSW) 
landfill leachate and compared to 
similar measures taken from leaves 
of unirrigated saplings. Photosyn
thetic rates in irrigated saplings were 
reduced 34% to 53% in comparison to 
unirrigated sapling rates. Similarly, 
water use efficiency of sapling leaves 
subjected to direct leachate exposure 
dropped an average of 70%, while 
transpiration rates were similar to, 
and leaf temperatures were 20% 
higher than, those found in unir
rigated leaves. Spectral patterns of 
understory leaves, distorted because 
of the accumulation of leachate 
precipitate residues on the adaxial 
surface, demonstrated increased ab
sorbance in the near infrared 
waveband and reduced reflection in 
visible wavebands compared to 
abaxial surfaces. The adaxial spectral 
properties of mid-canopy leaves 
(above maximum spray height) of 
mature sugar maple trees were not 
distorted by these residues and 
revealed spectra that suggested in
creased nitrogen uptake and benefit 
derived from leachate irrigation. 
These findings on leaf tissue integrity 
and energy budgets have implica
tions for design of leachate treatment 
and disposal systems on land and for 
forest ecology in general.

2. The Effects of Landfill Leachate 
Recirculation on Plant Vigour

Recirculating municipal solid 
waste (MSW) sanitary landfill 
leachate through a vegetated clay 
surface liner and through the refuse 
cell may offer an alternative ap
proach to the management of these 
wastewaters. It is proposed that 
recirculation may afford benefits 

which include lowered volume of 
leachate, improved rate of refuse 
decomposition in the cell, and at
tenuation of organic and inorganic 
leachate constituents in a soil en
vironment.

Thirty nine (39) in-ground, bottom
draining lysimeters (80 cm diam. x 
1.2 m deep) at the University of 
Guelph were filled to simulate a clay 
covered landfill profile. The 
lysimeter nest was rainsheltered. 
Each lysimeter drained individually 
to separate containers in an under
ground bunker.

Vegetation treatments included 
two woody species, weeping willow 
and hybrid poplar (Salix babylonica 
and Populus spp. NM6), and two 
grass species, reed canarygrass and 
meadow foxtail (Phalaris arundinacea 
L. and Alopecurus praetensis L.). The 
two sources of untreated leachate 
were from the Township of Muskoka 
Lakes and the City of Guelph 
municipal solid waste sanitary 
landfill sites. Aliquots pumped from 
the 200 litre storage containers were 
delivered to the surface of lysimeters 
as the irrigant. Effluent collected at 
the lysimeter drains was returned to 
the corresponding holding tank, 
thereby creating 39 individual, con
tinuously recirculating systems.

Both tree species evapotranspired 
more than either of the grass species. 
Water-irrigated poplars used the 
most water (64.2 mm wk'1) com
pared to the 58.0 mm wk'1 used by 
leachate-irrigated poplars. Conver
sely, the willows irrigated with 
Guelph leachate used slightly more 
water (62.9 mm wk'1) than the water- 
irrigated willows (60.1 mm wk"1). 
This occurred despite the fact that, 
during the last 3 weeks of irrigation, 
the Guelph leachate-irrigated trees 
were showing signs of moisture 
stress (i.e. premature senescence).

Reed canarygrass used 53.4 mm 
wk'1 of Guelph leachate whereas the 
control swards and those irrigated 
with Muskoka leachate consumed 
only 27.5 mm wk'1 and 29.5 mm wk"1, 
respectively. The reed canarygrass 
irrigated with leachate did not show 

any stress symptoms. Meadow fox
tail plants consumed an average of 
28.6 mm wk'1 of liquid regardless of 
the type of liquid applied.

An analysis of variance indicated 
that after 17 leachate applications, 
there was significantly higher dry 
foliar biomass accumulation (p < 
0.05) for Guelph leachate-irrigated 
reed canarygrass (0.764 kg m'2) than 
for either the Muskoka leachate-ir- 
rigated swards (0.367 kg m' ) or the 
water-irrigated control (0.220 kg 
m'2). Meadow foxtail irrigated with 
both of the landfill leachates resulted 
in significantly higher (p < 0.05) dry 
foliar biomass accumulation (0.523 
and 0.341 kg m'2 for Guelph and 
Muskoka leachate, respectively) than 
in the water control plants (0.128 kg 
m"2). The response of the trees was 
dramatically different from that of 
the grass species. Whereas the gras
ses thrived on both of the leachates 
applied, full leaf senescence had oc
curred in the trees with leachate ap
plied by the end of 17 applications. 
The symptoms observed were char
acteristic of vegetation exposed to 
drought. This supports the 
hypothesis that the high measured 
electrical conductivity of the Guelph 
leachate (average 7.85 mS cm'1) 
results in a significant osmotic poten
tial component in the total water 
potential of the soil solution (calcu
lated as approx. -283 kPa).

In summary, of the 4 species tested, 
reed canarygrass outperformed the 
others with respect to most of the test 
parameters and seems to offer the 
greatest potential as a landfill cover 
species under a continuous landfill 
leachate recirculation system. The 
leachate-irrigated grass swards out
performed the water-irrigated con
trol swards in terms of both dry 
biomass production and height 
growth (height data not presented 
here). There was no indication of 
phytotoxicity or moisture stress 
symptoms in the grasses, particular
ly in the reed canarygrass, as there 
was in the leachate-irrigated poplar 
and willow.
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Corn Row Width and Orientation Affect Growth of Interplanted 
Hardwood Seedlings

Cropping practices such as row 
orientation and width influence the 
light penetration and radiation 
balance within corn canopies. Inves
tigations were started in 1988 into the 
effect of these cropping practices on 
the growth of interplanted black wal
nut and red oak seedlings. Four row 
orientations; NS, EW, NE-SW, NW- 
SE, and two row widths, ,75m and 
1.5m were used in a split-split-plot 
design with four replications. The in
itial height and stem diameter of the 
seedlings were recorded and the 
height of the highest live bud was 
measured weekly. Seedling dieback 
and regrowth were then determined 
for each treatment. Preliminary 
analysis indicates that for seedling 
dieback the two species where sig
nificantly different in response. The 
effect the row width on the seedlings 
and the effect of row orientation on 

the seedlings combined to influence 
seedling dieback. Similarly, prelimi
nary analysis of the shoot regrowth 
results indicate that there was a 
species difference in the regrowth of 
the tree seedlings. The row orienta
tion by row width interaction also 
influenced the regrowth of the see
dlings. The temporal distribution of 
dieback and regrowth appears to 
coincide with the drought conditions 
of 1988. For both species the NW-SE 
row orientation treatment showed 
the best regrowth resopnse in both 
1988 and 1989. In contrast, the NE- 
SW row orientation had the least 
favourable response.

Investigations in September 1989 
into seedling photosynthetic rate 
showed that on days with a high 
vapour pressure deficit, seedlings in 
the NW-SE row orientation treat
ment continued to photosynthesize 

through the afternoon whereas the 
seedlings in the other treatments ex
perienced stomatai closure making 
photosynthesis measurements im
possible to obtain. The diurnal 
photosynthetic response of all see
dlings peaked in mid morning, 
which coincides with the time of 
direct light penetration into the NW- 
SE row orientation. This suggests 
that this row orientation should be 
used for maximum photosynthetic 
use of the incoming light.

The growth and photosynthetic 
response of the seedlings suggest that 
the row orientation and row width of 
the corn crop will influence the 
growth of interplanted hardwood 
seedlings.

* Department of Environmental 
Biology

Relationship Between Changes in Soil Structural Stability and 
Subsequent Corn Yields

The deterioration in soil structure 
caused by intensive corn (Zea mays 
L.) production has received much at
tention in recent years (e.g. 
Ketcheson, 1980). Structural condi
tions can be improved by growing 
forage crops for different lengths of 
time (Perfect et al., 1990). However, 
only limited information is available 
concerning the effects of such chan
ges on subsequent corn yields.

The purpose of this report is to ex
amine the relationship between chan
ges in soil structure induced by three 
years of forage production, and sub
sequent yields of corn. The experi
ment was established in the spring of 
1985 on a silt loam soil (Gleyed 
Melanic Brunisol) at the Elora re
search station. The cropping treat
ments were: alfalfa (Medicago saliva 
L.), alfalfa I bromegrass (Bromws in- 
ermis Leyss.), low nitrogen

1 1bromegrass (30-45 kg N.ha .yr ), 
high nitrogen bromegrass (200-230 
kg N.ha'1 .yr'1), conventional till corn, 
minimum till corn, single cut red 
clover (Trifolium pratense L.) and 
double cut red clover. The ex
perimental design and management 
practices are described in detail by 
Perfect et al. (1990).

The cropping treatments were 
sampled at approximately monthly 
intervals throughout three growing 
seasons. Two indicators of structural 
stability were measured according to 
the method of Pojasok and Kay 
(1990): dispersible clay (DC) and wet 
aggregate stability (WAS). Since the 
measurements proved to be sensitive 
to antecedent water content, changes 
in both DC and WAS will be ex
pressed in terms of half lives rather 
than absolute values. The half life 
represents the time required for 

either parameter to improve to a 
point midway between its initial and 
maximum levels (Perfect et al., 1990).

After 3 years all of the plots were 
ploughed under and planted to corn. 
On 31 May 1988 the entire site was 
seeded with Pioneer 3949 com, side 
dressed with 200 kg.Ha'1 of 0-20-20 
fertilizer. To eliminate possible 
residual differences in fertility due to 
the previous cropping treatments, all 
of the plots received 130 kg.Ha'1 of 
nitrogen asNFUMhon 16 June 1988. 
The corn was harvested on 25 Oct 
1988 and the grain yield determined 
at 15.5% moisture.

The calculated half lives for the dif
ferent cropping treatments are given 
in Table 1. Analysis of variance 
revealed significant differences be
tween the treatments, with high 
nitrogen bromegrass having the 
shortest half life in terms of both DC
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and WAS. The two corn treatments 
had the longest half lives, indicating 
only small changes in DC and WAS 
over the three year period.

The corn grain yields are also given 
in Table 1. The values are about 
average for this site at the rate of 
nitrogen applied. Previous cropping 
treatment had a highly significant ef
fect on yield. Comparison of means 
indicated that the yield of corn fol
lowing alfalfa was significantly 
higher than that following either 
bromegrass treatment, or conven
tional till corn. This was probably not 
a nitrogen effect, since adequate fer
tilizer was applied to all of the plots.

A highly significant relationship 
was found between the half life for 
DC and the subsequent yield of corn 
(Fig. 1). Grain yields decreased in a 
non-linear fashion with increasing 
half life (i.e. plots which showed the 
least structural improvement over 
three years also had the lowest 
yields). Using a power law model it 
was possible to explain 40% of the 
total variation in yield.

No significant relationship was 
found between yield and the half life 
for WAS. Thus, DC appears to be 
more important than WAS in deter
mining crop yield. Presumeably, the 
interaction between DC and soil 
moisture controls surface crusting, 
which is known to influence seedling 
emergence and infiltration. Both fac
tors can influence final yield. Future 
research should be directed towards 
the relationship between soil struc
ture and growth parameters during 
establishment and at critical periods 
during the growing season when 
water stress is important.

ACKNOWLEDGEMENTS
Professor R.W. Sheard and J.A. Fer

guson managed the experimental 
plots and collected the corn yield 
data.

REFERENCES
Ketcheson, J.W. 1980. Long-range 

effects of intensive cultivation and 
monoculture on the quality of 
southern Ontario soils. Can. J. Soil 
Sci. 60:403-410.

Perfect, E., B.D. Kay, W.K.P. van 
Loon, R.W. Sheard, and T. Pojasok. 
1990. Rates of change in soil struc

tural stability under forages and 
corn. Soil Sci. Soc. Am. J. (in press).

Pojasok, T., and B.D. Kay. 1990, 
Assessment of a combination of wet

sieving and turbidimetry to charac
terize soil structural stability. Can. J. 
Soil Sci. (in press).

Figure 1: Relationship between corn yield and the half life for dispersible clay 
(DC).

Table 1: Half lives and subsequent com yields for the different cropping treat
ment*

t Means with the same superscript letter are not significantly different at 
P<0.05.

Treatment DC 
------ yr

WAS Yield 
kg. ha'1

Alfalfa 2.5ac 5.3ab 8095.6a

Alfalfa/Bromegrass 2.4a 5.0b 7602.5AB

Bromegrass (Low nitrogen) 2 9abc 5.0b 6375.5C

Bromegrass (High nitrogen) 2.3a 4.6b 6937.9bc

Corn (Conventional till) 7.7b 17.3a 6406.1c

Corn (Minimum till) 4.3bc 23.1A 7372.2AB

Red Clover (Single cut) 2.3a 5.8ab 7392.8ab

Red Clover (Double cut) 2.5a 6.9ab 7565.1ab

45



Enhancement of Protein in Wheat by Nitrogen Fertilization 
jR. W. Sheard and B. J. Zebarth

Nitrogen fertilization is required to 
increase the yield of wheat. The ef
fect of nitrogen on baking quality as 
measured by protein content, how
ever, is not consistent. Soft white 
winter wheat used for cake and 
cookie flour requires an optimum 
protein concentration of 9.5% 
whereas the hard red winter and 
spring wheats used for bread flours 
require an optimum protein level of 
14.5%.

The influence of nitrogen fertiliza
tion on the protein level in four wheat 
types was measured on five farms 
during the 1988 and 1989 seasons. 
The wheat cultivar and types were: 1) 
Harus, a soft white winter wheat; 2) 
Monopol or Absolvent, European 
hard red winter wheats; 3) Max, a 
European hard red winter wheat; 
and 4) Columbus, a hard red Western 
Canadian spring wheat.

A close correlation between the rate 
of nitrogen application and the in
crease in protein level in the wheats 
was found (Table 1, Fig. 1). The 
response to nitrogen separated the 
wheats into three distinct groups, the 
soft white winter wheat, the 
European hard red spring and winter 
wheats and the Western Canadian 
hard red spring wheats.

At the recommended nitrogen rate 
currently in use for soft white winter 
wheat of 90 kg N/ha a protein level 
of 11.5% is predicted, fully two per
centage points above the optimum 
level. An application of 120 kg N/ha 
is required to achieve a protein con
centration in the European wheats 
comparable to that found in the

Figure 1: The relationship between nitrogen application rate and protein concentra
tion in four wheat cultivars.

Western Canadian cultivar grown 
without nitrogen.

As no price premium or penalty is 
applied for protein level of wheat

grown in Ontario it is concluded that 
the grower must use the nitrogen 
level recommended for maximum 
economic yield.

Table 1. Regression coefficients, variance ratio for reduction in sum of squares due to regression and R2 for the relationship of 
protein concentration to rate of nitrogen fertilization.

tabulated F23 = 9.55

Cultivar ao
Regression Coefficients

R2ai az F23

Harus
(%CP)
8.39 .0389 .0000569 498.62 99.70

Monopol 9.34 .0568 .0001161 301.62 99.50
Max 10.71 .0451 .000093 346.59 99.57
Columbus 13.70 .0418 .000091 1594.20 99.91
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Floodplain and Paleosol Profiles of the Carboniferous Cumberland 
Coal Basin, Nova Scotia, Canada

The continuous, easily accessible, 
thick (1400 m) exposure of Late Car
boniferous (late Westphalian A to 
early Westphalian C) fluvio- 
lacustrine rocks of the Cumberland 
Group along the south shore of the 
Bay of Fundy, at Joggins, allows 
detailed sedimentological work (Fig, 
1). The overall paleoenvironments of 
the rapidly subsiding, closed Cum
berland Basin have previously been 
reconstructed. This study focuses on 
the analyses of various types of 
floodplain sequences and their in
cipient (poorly developed) paleosol 
profiles. The rock exposure can be 

subdivided into three major parts. (1) 
Muddy and carbonate lacustrine con
ditions and coal formation frequent
ly interrupted by flooding events 
predominated in the lower part of the 
exposure. Gray mudstone, stigmaria 
rooting, local accumulations of plant 
material, siderite nodules and thin 
coals are indicative of soils formed 
under poorly drained to water 
saturated conditions. Recurrence of 
suncracked red mudstone indicate 
periodic emergence of parts of the 
floodplain. (2) Red mudstone become 
predominant in overbank deposits of 
the middle portion of the exposure.

Profiles showing colour horizona- 
tion, mottling and rooting are indica
tive of soil formation under humid to 
semi-arid climate (no caliche profiles 
have been observed). (3) More humid 
and flood-prone conditions were re
established in the upper part of the 
rock sequence, where there are poor
ly developed coal seams, gray and 
red mudstone, stigmaria rooting and 
sparse accumulation of detrital plant 
material. No carbonate-bearing 
lacustrine rocks are found in this 
part.

Figure 1.
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Imorovina Knowledae of Areal Rainfall Distribution for Irriaation Plannina

Application of models for crop 
production risk analyses requires 
climatic data that include the tem
poral distribution of rainfall over 
several growing seasons. Such data 
are usually site specific. To assess 
this risk over an extended area, 
knowledge of the spatial variability 
of rainfall is required. Most summer 
precipitation in temperate regions 
comes from convective storms as
sociated with frontal passages. Rain 
gauge networks are too sparse to pro
vide the areal distribution of rainfall 
from convective storms. Modern 
weather radar facilities that use com
puters to store data of rainfall inten
sity over time and space on magnetic 
tape (Hogg, 1978) can be used to pro
vide areal distribution of rainfall for 
specified time periods. In this study 
rainfall distribution over south
western Ontario during two mid
summer 'dry spells' was examined 
by comparing gauge and radar 
amounts.

The weather radar located near Ex
eter was used to provide accumu
lated rainfall data from July 12 to 
Aug. 17,1984 and July 17 to Aug. 17, 
1985. Accumulated rainfall was 
mapped for each period using 90 
gauge sites. This was compared to 
corrected 'gray scale' maps from the 
radar grid of = 4 km2 prepared by 
Hogg, 1978. The OMAF* * rain gauge 
network for a four county area in the 
region was used to supplement the 
AES network for the 1985 dry period. 
A map prepared from this denser 
gauge network was overlaid one 
prepared using the corrected radar 
grid data for the four county area.

1 Atmospheric Environment Service, Environment Canada, Downsview, Ontario,.
* O.M.A.F. rain gauge networks are operated by Soil and Crop Improvement Associations in each county.

Accumulated gauge rainfall 
ranged from 10 to 142 mm in 1984 
and from 11 to 157 mm in 1985 
whereas radar values for the same 90 
sites ranged from 5 to 73 mm in both 
years. Both sets of data showed a log 
normal distribution. The regression 
analyses indicated that neither al
titude nor distance were significant

Figure 1: Rainfall distribution for July 17 to Aug. 17,1985 based on rain gauge 
networks (one gauge per ~2(X)km2) and weather radar images for a four county 
region of southwestern Ontario.

(5% error level). Consequently a 
simple regression of radar vs gauge 
rainfall, assuming a zero intercept, 
showed radar rainfall to be about 
45% of gauge amounts in 1984 and 
38% in 1985. Analyses of the 
residuals in the regression indicated 
no significant pattern for the errors 
across the region in either year. 
Therefore, multipliers of 2.22 in 1984 
and 2.62 in 1985 were used to correct 
the radar rainfall isohyets. Com
parisons of the gauge and radar maps 
for each year showed that the greatest 
number of extreme rainfall cells ap
pear on the radar maps. However, 
extreme amounts occurred in the 
same locality on both maps. In 
general, the rainfall distribution each 
year was similar on both maps, ex
cept for positioning of isohyets. The 
1985 map for the four county area 
(Fig. 1) illustrates these differences, 
and the ability of the radar to 
generate the approximate location 
and number of extreme rainfall cells 
during dry periods.

It can be concluded that eventually 
radar images of rainfall may be used 
to provide a picture of the 'driest' and 
'wettest' areas within a region during 
extended dry periods, as long as 
gauge data are used to correct radar 
amounts. It is possible that use of 
synoptic situations during the rain
fall events, e.g. wind speed and direc
tion, might be used to improve the 
functional relationships between 
gauge and radar (Brownscombe and 
Hems, 1989).
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Lower Arctic Soil Development in Granitic Terrain under Tundra 
Vegetation, Whatever Lake, N.W.T.

The Whatever Lake, N.W.T. study 
area is one of the research sites of the 
National Hydrological Research In
stitute (Saskatoon), It is located about 
100km south of Baker Lake, N.W.T. in 
the Ferguson River drainage system. 
Treeline is approximately 100km 
south of this site which is dominated 
by Lower Arctic tundra vegetation. 
The entire area is underlain by per
mafrost.

This site has been investigated pre
viously by the Geological Survey of 
Canada and most recently by the 
Groundwater Research Institute of 
the University of Waterloo. The GRI 
research effort will detail the stable 
isotope and major ion geochemistry 
of the lake waters. Soil development 
in this granitic terrain had not been 

investigated as part of these previous 
other projects.

The primary objective of conduct
ing a reconnaissance-scale investiga
tion of the soils of the various 
geomorphological surfaces in the 
Whatever Lake area was ac
complished. Detailed description and 
micromorphological sampling of soil 
profiles at 3 locations were also com
pleted. Soil microfauna samples were 
collected from surface soilhorizonsof 
representative vegetative niches in 
the study area.

The microfauna samples have been 
analysed by Dr, Alan Tomlin and his 
staff at Agriculture Canada in Lon
don. Textural and bulk inorganic 
chemical properties of the soil 
samples have been determined in the 
laboratory at Guelph. Micromor

phological samples have been im
pregnated with 3HBMA resin, har
dened and await preparation as thin 
sections for detailed examination of 
in situ soil conditions.

The funding for this project was 
provided by grant #880-33 to the 
senior author by the Northern 
Studies Training Program (NSTP) of 
the Canada Department of Indian 
and Northern Affairs. The assistance 
of Mr. Jerry Pilny of the University of 
Waterloo while on site is gratefully 
acknowledged. Dr. T.W.D. (Tom) Ed
wards of the University of Waterloo 
and his crew arranged transportation 
to and from the study site. They also 
provided logistical support at the 
site. The Geological Survey of 
Canada provided the project with 
tents and a radio,

Tanzania-Canada Agrogeology Project Evaluates Local Phosphate 
and Limestone Resources
P. van Straaten, Ward Chesworth, P,S. Smith and E.P. Mchihiyo.

During 1989 geologists and 
agronomists of the IDRC and 
Government of Tanzania supported 
agrogeology project concentrated on 
the evaluation of the phosphate 
deposit of Panda Hill and other phos
phate and limestone resources in SW 
Tanzania. The phosphate deposit of 
Panda Hill which is strategically lo
cated close to phosphorus deficient 
farmland and close to road and rail 
was singled out for detailed assess
ment by means of geological map
ping and surface pitting. Thedetailed 
field survey, carried out by staff from 
the Tanzanian Ministry of Minerals 
and Energy and LRS, outlined two 
bodies of phosphate bearing rocks 
and residual soils close to the surface 
of Panda Hill. The indicated reserves 
confirm that this small deposit has 
sufficient tonnage and gradeof easily 
mineable phosphates to supply the 
Mbozi district of the Mbeya region 
with phosphorus based fertilizer raw 
materials to last for more than 40 
years based on the current phosphate 

consumption rate and a mine 
production of 30 tonnes per day.

Agronomic testing of the Panda 
phosphates continued on selected 
phosphorus deficient and acid soils 
of the Mbeya region. The aim in this 
years field programme was to estab
lish the best rate of application. The 
results of these tests which were car
ried out in the Mbeya region by Mr. 
J. Kamasho and his staff of the Uyole 
Agricultural Centre are summarized 
in table 1.

A first economic analysis of the 
project was carried out by J. Hamil
ton from the U of G. Department of 
Rural Economics. The cost/benefit 
analysis revealed that the develop
ment of a phosphate mine and a 
simple beneficiation operation at 
Panda Hill is economically feasible 
and a positive investment oppor
tunity. The annual net benefits to the 
farmers of the Mbozi District are very 
encouraging and for all scenarios 
tested the use of phosphate rock from

Panda Hill turned out to be 
profitable.

Further geological field work in
cluded detailed soil and stream sedi
ment sampling surveys, and vegeta
tion surveys at the Panda Hill and 
Ngualla carbonatite complexes. The 
geological reconnaissance survey at 
Ngualla delineated an additional 
phosphate deposit with indicated 
reserves of more than 1.2 million ton
nes and grades above 16% P2O5. 
However, little economic sig
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nificance has been given to this 
resource due to its remote location.

A reconnaissance soil survey of 
part of the Iringa district revealed a 
clear dependency of soil types on the 
underlying parent materials: soils 
overlying granites are relatively in
fertile as compared to the more 
nutrient rich soils overlying a 
metamorphic sequence with varying 
rock types, such as amphibolites, 
biotite-epidote schists and dolomitic 
limestones.

In addition, it was recognized that 
one of the limiting factors of soil 
productivity in this area is the high 
soil acidity. Consequently the 
geologists of the project undertook a 
major exploration campaign to locate 
and assess the local limestone resour
ces which could be used to ameliorate 
the identified acidity problems.

Several types of carbonate resour
ces potentially suitable for agricul
tural use were identified in the field: 
calcitic and dolomitic marbles, car
bonatites, sedimentary marine and 
lacustrine limestones of different 
ages and calcretes.

Out of twelve limestone occurren
ces visited in 1989 four were selected 
for further investigations: the lime
stoneresources from Ngana (Tukuyu 
district), Kihumbi (Mbeya district) 
Ikengezaand Vitono (both Iringa dis

trict). Liming materials from these 
deposits are currently being chemi
cally analysed and tested in pot and 
field trials in the Mbeya region and at 
the Sokoine University of Agricul
ture, Morogoro.

The project activities financed by 
the International Development Re
search Centre (IDRC) will end in 
March 1991. However, practical 
results from this research will be
come evident only when the local 
phosphate and liming resources will 

Table 1. Yield ofcom in inceptisols and oxisols treated with TSP and Panda rock 
phosphates, 1988/89 season (data provided by J. Kamasho, Uyole Agricultural 
Centre, Mbeya).

Treatments Mbimba Ihanda Uyole

Control 2884.4 3071.9 2463.7

40 kg P/ha Panda 3241.7 3615.9 3387.7
80 kg P/ha Panda 4194.1 3699.3 3475.9
120 kg P/ha Panda 3516,5 3970,4 3202.9

40 kg P/ha TSP 4276.5 3145.7 2881.9
80 kg P/ha TSP 3342.5 4039.2 3011.4
120 kg P/ha TSP 4331.5 4665.1 3068.7

CV% 22.7 15.6 15.3
LSD kg/ha 1224.0 814.0 940

bedeveloped, marketed and used. To 
achieve this goal small scale phos
phate and limestone mines will have 
to be developed, the locally available 
agromineral resources will have to be 
marketed and extension services 
strengthened. The Department of 
Land Resource Science is presently 
negotiating with the Canadian Inter
national Development Agency 
(CIDA) the funding of a feasibility 
and development phase.

Effect of Crop Canopy on Water and Solute Transport in the Root Zone

The interception and redistribution 
of rainfall by crop canopies has been 
observed by several researchers and 
is well documented in the literature. 
However, the effect of the non- 
uniform flux of water into the soil 
surface on solute transport in the root 
zone is not well known. The objective 
of this experiment was to determine 
the spatial distribution of steady state 
infiltration rates in the root zone 
during steady simulated rainfall, and 
secondly, to study the redistribution 
of a non-reactive solute pulse applied 
uniformly at the surface.

A set of 96 solution samplers were 
installed at depths of 0.2m and 0,4m 
and at a spacing of approximately 
0.2m in a transect perpendicular to 

and spanning 12 corn rows. The soil 
profile was brought to steady state 
water content (30%) from an initially 
dry condition (10%) using a rainfall 
simulator at a rate of 0.03m/h. Water 
content measurements were made 
continuously as the profile wetted on 
a set of 96 time domain reflectometry 
(TDR) probes installed at each solu
tion sampler location. This resulted 
in an estimate of the steady state in
filtration rate and final water content 
at each spatial location. Once steady 
state water content was reached a 
uniform pulse of KC1 was applied at 
the surface and leached through the 
profile at a rate of 0.03m/h. Soil water 
solution samples were taken at all the 
sites simultaneously at regular time 

intervals using an electric vacuum 
pump. At the conclusion of the ex
periment, the crop was removed and 
the experiment was repeated on the 
bare plot.

Initial results show that the row 
area had a greater recharge and in
filtration rate on average than the in
terrow area, as is expected due to 
canopy interception of rainfall and 
subsequent stemflow. Soil water 
samples are presently beinganalyzed 
for Cl content on a' TRAACS 800 
autoanalyzer. The resulting 
breakthrough curves will allow the 
determination of solute travel times 
and and solute redistribution in the 
root zone.
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Scale Dependence of in Situ Solute Transport

It is difficult to extrapolate results 
from laboratory solute transport ex
periments to field situations because 
of the natural heterogeneity of soils. 
As a result researchers have con
ducted field scale tracer studies. Sig
nificant spatial variability has been 
observed for parameters of the con
vection dispersion equation (CDE), 
such as velocity and dispersivity. In 
solute transport modelling, two 

Figure 1.

limiting cases of the dispersion 
process have been identified; the 
"near-field' dispersion, which is the 
solute spread associated with local 
scale measurements (one solution 
sampler) and "far-field" dispersion 
which is the solute spread associated 
with the field scale dispersion 
process (global or field averaged 
measurements). Several researchers 
have reported far-field variances two 

to four times greater than the average 
local scale variance. This is at
tributed to local solute velocity fluc
tuations increasing the far field 
variance. To date, no measure has 
been made of the spatial scale at 
which the transition from the near- 
field to the far-field variance occurs. 
The knowledge of this scale is neces
sary to determine the appropriate 
plot size to monitor during solute 
transport experiments such that all 
major horizontal velocity variations 
are taken into account.

The objective of this experiment is 
to develop a method for measuring in 
situ the transition from the near-field 
to far-field scales during unsaturated 
flow conditions. Soil solution 
samplers were installed in a transect 
at a 0.4 m depth and 0.2 m spacing, in 
both a cultivated and never cul
tivated (forested) site, ApulseofKCl 
was applied to both sites under con
ditions of constant surface flux den
sity of water, which was applied 
using a trickle irrigation system. The 
variance of solute travel times, V2(t), 
at different spatial scales were calcu
lated from moment analysis of 
breakthrough curves (BTC's) ob
tained by averaging local BTC's over 
different spatial scales. The scale de
pendence of V2(t) indicated scales of 
at least 2.8 m and 3.8 m were needed 
to reach an effective far field variance 
for the forested and cultivated sites 
respectively (Fig. 1). The larger scale 
in the cultivated site was due to an 
increase in horizontal correlation 
length scales of soil properties caused 
by tillage mixing. The scale depend
ence of V2(t) can be used to determine 
the minimum plot size necessary to 
include all major horizontal varia
tions in solute travel time, which can 
then be compared to spatial distribu
tions of soil properties affecting 
transport.
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Solute Transport in a Fox Loamy Sand Soil

Results from one-dimensional 
solute transport experiments carried 
out at the Delhi Research Station in 
July 1988 indicated significant 
preferential flow of solute into B- 
horizon "tongues" which occur ap
proximately every 1.5-2m in the 
profile of the Fox loamy sand in 
Delhi, Ontario. This observation sug
gests that the assumption of one
dimensional flow at the field scale in 
this soil is violated due to the 
variability in B-horizon depth and 
the subsequent lateral subsurface 
transport. To study the effect of the 
significant cycling in the B-horizon 
depth on solute redistribution, a 
uniform solute pulse (KC1) was ap
plied to a 65nrplot (Figure 1) and 
subsequently leached at a steady 
state surface water flux of .02m d'1 
using a trickle irrigation system, until 
the centroid of the pulse was es
timated to be at 0.8m. A trench 2m 
deep and 12 m long was cut into the 
profile and horizontal soil cores (5cm 
dia,5cm long) taken every 0.1m to a 
1.5 m depth, and every 0.2m horizon
tally for a distance of 10m, resulting 
in 750 soil samples per face cut (Fig
ure 2). The face of the pit was sequen- 
tiallycutbackin 0,1m increments and 
a similar set of soil cores removed. A 
total of 9 face cuts were sampled and 
the cores analyzed for chloride con
tent, resulting in a 3-dimensional dis
tribution of solute in the soil. Prelimi
nary results confirm earlier data ob
tained from solution samplers which 
showed more than 100% greater 
recovery of applied solute in the ton
gues than in the non-tongue areas at 
the 0.8m depth. This dataset will 
enable the validation and calibration 
of solute transport models and allow 
the testing of various sampling 
schemes for monitoring solute 
transport at this site.

Figure 1: Application ofKCl pulse to study site.

Figure 2: Trench face showing tonguering of B-horizon and sampling locations.
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Solute Transport through a Crop Root Zone during Trickle Irrigation

An experiment was conducted at 
the Delhi Research Station under a 
crop of tomato in an attempt to es
timate the solute travel time prob
ability distribution function and the 
mean pore water velocity during in
filtration from a point source. A KC1 
pulse wasapplied at selected emitters 
on two occasions during the life of the 
crop. Once at the onset of reproduc
tive growth and once just prior to har
vest. The experiment was repeated 
under barcplot conditions. The ra
tional behind this procedure was to 
examine the effects of a crop on soil 
hydraulic properties and how these 
change with the maturity of the crop. 
Soil solution samples were analyzed 
for Cl' and breakthrough curves ob
tained for each site.

Results indicate that in a 
heterogeneous field the theory of a 
streamline constant describing a 
given flowline is invalid. Although 
the streamline constant was of the 
same order of magnitude in the 
bareplot treatment, values did not 
suggest a spherical geometry. The 
calibration of the three-dimensional 
Convective dispersive equation at 
one depth did not allow prediction of 
travel time to greater depths on the 
same flowline. However the low CV 
of the streamline constant at each 
depth suggests that a constant though 
unknown geometry may be control
ling flow in the field.

The presence of a crop significantly 
reduced solute travel time. The 
operating mechanism could either be

an exclusion of part of the pore space 
available for solute transport or by the 
creation of larger channels for 
preferential flow. The unsaturated 
flow regime tends to eliminate the 
latter and thus reduced travel time 
may in-fact be caused by a reduction 
in transport volume. Crop roots also 
appear to have a homogenizing effect 
on the profile thereby reducing the 
variability in transport parameters. 
The streamline constant and its coef
ficient of variation decreased with 
time but both increased with radial 
distance.

Evaluation of Extractants for Prediction of Manganese 
Availability in Ontario Soils1

Five extractants, NH4OAC, 
ABDTPA, DTPA, H3PO4 and Meh
lich-3, were evaluated on 43 Ontario 
soils for their ability to predict soil 
manganese (Mn) availability to 
soybeans and oats in a greenhouse. 
To test the plant response to Mn, each 
crop was grown on each soil with or 
without Mn sprayed on the foliage. 
The Mn concentration in soybeans 
and Mn uptake by oats were used as 
dependent variables to develop 
predictive models using stepwise 
regression with soil Mn extracted by 
various extractants, soil pH, organic 
matter, clay content and cation ex
change capacity (CEC) as the inde
pendent variables.

Manganese deficiency did not ap
pear on soybeans but oats had Mn 
deficiency symptoms and yield 
response on some soils. The highest 
correlation coefficient in both 
soybeans (r = 0.56) and oats (r = 0.45) 
was obtained with H3PO4, followed 
by Mehlich-3 and DTPA in soybeans 
and by DTPA and Mehlich-3 in oats. 
In both cases, ABDTPA gave the 
lowest correlation. Inclusion of soil 
properties in the models improved 
the effectiveness of prediction. For 
the acidic extractants H3PO4 and 
Mehlich-3, soil pH was the only vari
able besides soil Mn which con
tributed significantly to the predic
tions. For the three non-acidicextrac

tants, CEC also entered the models. 
In soybeans, Mehlich-3 provided a 
model R2 (0.79) which appeared to be 
greater than with other extractants, 
followed by DTPA and H3PO4. In 
oats, the Mehlich-3 model produced 
an R2 (0.60) similar to the H3PO4 
model (R2 = 0.59) and higher than the 
DTPA model. The Mehlich-3 model 
appeared to be most effective in 
separating soils producing Mn defi
cient oats from those producing non
deficient oats.

1 This is an abstract of an M.Sc, thesis 
completed under the supervision of 
T.E. Bates.
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The Use of Composted Horse Manure for the Production of 
Home Garden Crops

Introduction
Experiments were conducted on 

behalf of the Ontario Jockey Club, to 
evaluate composted horse manure in 
the production of home garden 
crops. It is proposed to use com
posted horse manure to fulfill part of 
the demand for organic soil amend
ments for use on home lawns, gar
dens, greenhouses and nurseries.

Objectives
1. To determine the effect of com
posted horse manure applied to soil 
on the production of some typical 
home garden crops. This was ac
complished by comparing com
posted horse manure with a competi
tive product, Hillview Farms Com
posted Cattle Manure, at several rates 
of application.
2. To determine the properties of this 
particular composted horse manure 
and the variability to be expected. 
This was accomplished by analyzing 
the batches of composted horse 
manure produced from April 
through August,

This project covered a single grow
ing season.

Summary
Crop yields and apparent quality 

were at least as good with the com
posted horse manure as with com
mercial fertilizer or composted cattle 
manure. Over a longer time period 
one would expect the organic 
materials to outyield the chemical 
fertilizers due to the known benefi
cial effects of organic matter on soil 
structure, water holding capacity and 
nutrient supply. It is not surprising 
that this did not show in one season 
under irrigated conditions.

The nutrient content of all crops 
was in the acceptable range for all 
treatments. There were statistically 
significant differences in nutrient 
content among treatments on one 
crop or another but these effects ap
peared to be almost random and are 
believed to have no major sig
nificance.

Manures are usually expected o 
contain considerable numbers of live 
weed seeds but in the one sample of 
horse manure compost tested there 
were no viable weed seeds. 
Thorough composting is known to 
destroy weed seeds.

Thus the composted horse manure 
tested appears to be a very acceptable 

source of organic matter and 
nutrients. As expected heavy metal 
content is low and poses no concern.

The composted horse manure 
tested provided less ammonium plus 
nitrate (plant available) nitrogen and 
less total phosphorus but more 
potassium than the composted cattle 
manure tested. If the main purpose 
of supplying compost is to supply 
nitrogen and phosphorus, this par
ticular horse manure would require 
a higher rate of application. In the 
case of potassium the reverse would 
betrue. It is not known whether this 
is consistent with other horse and cat
tle manure composts.

Four samples of horse manure 
compost were analyzed and the 
chemical composition was reasonab
ly consistent except for nitrate and 
ammonium N content (plant avail
able N) which varied quite widely. 
This could pose a problem in recom
mending application rates. If the 
process is standardized the variation 
in plant available nitrogen content 
will probably stabilize. Plant avail
able nitrogen is one factor for which 
consistent values are quite impor
tant.

Early Growth and Phosphorus Absorption of Maize under 
Various Soil Disturbance and Tillage Systems

Several growth chamber experi
ments have shown that the dry mass 
and shoot phosphorus concentration 
of maize growing in soil left undis
turbed since the previous cycle of 
plant growth is greater than when 
the soil has been broken up by hand 
between growth cycles. These in
creases in plant performance have 
been correlated with more extensive 
development of mycorrhizal 
colonization in the roots. Mycor
rhizae are symbiotic associations be
tween roots and certain soil fungi. 
Sugars are passed from the plant to 

the fungi, and in return the fungi as
sist with phosphorus uptake from 
the soil into the plant.

We present here two experiments 
in which intermediate soil distur
bance treatments were imposed. In 
the growth chamber experiment, as 
well as the disturbed (D) and undis
turbed (U) treatments, intermediate 
disturbance (denoted by T) was im
posed by cutting the soil volume in 
1-cm (II) 2-cm (12) and 4-cm (14) 
cubes. In the field experiment maize 
was grown for 2 years in plots given 
0, 100 or 400 kg P ha'1 as 0-46-0 in 

1988. Na-HCCh-extractable soil 
phosphorus concentrations in these 
plots in the spring of 1989 were 3, 7 
and 28 mg P L'1 respectively. Fac- 
torially combined with the phos
phorus fertilization variable were 
four disturbance treatments. In 
order of decreasing degree of distur
bance these were severe disturbance 
(SD) where the soil was broken up 
mechanically so that 90% of it could 
pass a 5-mm sieve, conventional til
lage (CT) with fall plow, spring disc 
and cultivation, no-till (NT) sown 
with a 4 row planter, and no-till hand
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Figure 2:6?) Shoot dry mass and (b) shoot phosphorus con
centration at the 5 to 6 leaf stage, in the field experiment in 
1989. Abbreviations for the disturbance treatments (SD, 
CT, NT, NTHP) are explained in the text. Each bar is the 
mean of four replicates. The LSDs shown are atP = 0.05.

Figure !:(«) Shoot dry mass and (b) shoot phosphorus con
centration in the growth chamber experiment. Abbrevia
tions for the disturbance treatments (ID, II, 12,14, U) are 
explained in the text. Each bar is the mean of six repli
cates. The LSDs shown are at^ = 0.05.

plant (NTHP) where seeds were 
placed individually in the row in 
holes 1.5-cm in diameter made with 
a cork borer. The disturbance treat
ments were imposed in spring 1989.

In the growth chamber experiment, 
the shoot dry mass and shoot phos
phorus concentration were sig
nificantly lower in the D treatment, 
relative to the other, less disturbed 
treatments (Fig. 1). This was part of 
a gradual increase in shoot dry mass 
and shoot phosphorus concentration 
from the D to the U treatments, going 
through the decreasing degrees of 
disturbance in order, namely, D, II, 
12,14 and U.

In the field experiment in 1989 the 
shoot dry mass at the 5 to 6 leaf stage 
was significantly greater in the 
NTHP treatment compared to the SD 
treatment in the 0 and 100 kg P ha'1 
plots (Fig. 2a). The dry mass in the 
CT and NT plots were intermediate 
with respect to the SD and NTHP 
treatments. At 400 kg P ha’1 there 
were no differences in dry matter 
among disturbance treatments. 
Shoot phosphorus concentrations at 
the 5 to 6 leaf stage increased 

gradually with decreasing degree of 
disturbance at all levels of applied 
phosphorus (Fig. 2b). Dry grain 
yields in the fall of 1989 were 4.3, 6.5 
and 7.9 tonnes ha'1 in the 0,100 and 
400 kg P added ha* 1 treatments 
respectively.

In contrast to previous studies 
where mycorrhizal colonization was 
found to be greater in undisturbed 
soil, there were no significant dif
ferences in the mycorrhizal coloniza
tion of the roots between disturbance 
treatments in either the growth 
chamber experiment or field experi
ment (data not shown). This raises 
three important questions: (i) what is 
(are) the reason(s) for the lack of an 
effect on colonization in the studies 
presented here? (ii) Is the effect of 
disturbance on shoot phosphorus 
concentration related only to mycor
rhizae? (iii) If the effect is related to 
mycorrhizae when no difference in 
colonization is seen, what 
mechanism is operating?

Disturbance of a soil volume from 
which roots but not hyphae have 
been excluded can result in reduced 
colonization in plants of the sub

sequent cycle (Evans & Miller, 1990). 
In that study shoot phosphorus con
centrations were increased in the un
disturbed treatment, and it was con
cluded that disturbance reduces 
colonization by diminishing the 
viability of that external mycelium 
left from the previous growth cycle. 
However, in the absence of an effect 
of soil disturbance on infection as 
found here, an explanation for the 
mechanism of enhanced nutrient up
take in the undisturbed soil requires 
that the extensiveness or activity of 
the external mycelium be greater in 
the undisturbed system.

It is not clear whether a functional 
external mycelium must be 
generated de novo for a given root or 
if the network established by a pre
vious plant can remain functional 
with regard to transport and nutrient 
acquisition, once the plant in the 
present cycle has been united to it. If 
mycorrhizaeare in fact the mediators 
of the increased phosphorus absorp
tion in undisturbed soil, then this ex
ternal mycelium likely plays a key 
role in bringing about the plant 
response.
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The role of mycorrhizae in high 
yielding crop production systems is 
not yet fully understood. Their effec
tiveness is known to decrease with 
increasing availability of phos

phorus but it is unclear as to whether 
they contribute significantly to phos
phorus absorption with current fer
tilizer practices and yield levels. If 
they do, the results of our distur

bance studies would suggest that the 
effectiveness would be increased if 
the soil was disturbed even less than 
occurs with a no-till planter.

Effectiveness of a Seed Coat Application of Phosphorus for Corn

Background
Phosphorus absorption during 

early seedling growth is important to 
final yield of corn. It has been shown 
that application of a small amount of 
P (10-15 kg P2O5 ha'1) directly with 
the seed will result in a pronounced 
increase in early shoot growth and 
will frequently result in greater yield. 
An alternative to applying the P with 
the seed at planting is to coat the 
seed. A company in Saskatchewan 
has developed a process for seed 
coating including phosphorus. 
Bruce Shillinglaw, a farmer in Huron 
County, arranged to have a unit of 
seed treated to be used for experi
ments during the summer of 1989. A 
field scale comparison was con
ducted by Bruce Shillinglaw on his 
farm. A plot experiment was con
ducted at the Elora Research Station 
and a greenhouse experiment was 
conducted during early summer of 
1989. In all experiments, early 
growth and P absorption were 
measured.

Field Scale Comparison
Coated seed was used in one half of 

the planter and uncoated seed of the 
same hybrid was used in the other 
half. There were no visual differen
ces in early growth but dry weight 
data were not obtained. A repre
sentative sample of plants from 
coated and uncoated seed taken at 
about the 6-Ieaf stage had identical P 
concentration (0.42%).

Plot Experiment
A plot experiment was established 

on an area previously in alfalfa. The 
soil was very low in available P 
(NaHCCh-ext. P of 4 ppm). 
Nitrogen, potassium and mag
nesium were broadcast prior to 
ploughing the plot area. Plots con
sisted of 2 rows , 3 m long, 0.75 m 

apart. Seeds, coated or uncoated, 
were hand planted with a 10-cm 
spacing between seeds. Six repli
cates of each treatment were estab
lished.

The results are shown in Table 1.
There were no significant differen

ces between treatments in either dry 
weight or P concentration at any of 
the three sampling times.

Greenhouse Experiment
Soil was collected from the field 

plot area following application of N, 
K, and Mg. Six pots were set up with 
each of the coated and uncoated seed. 
Eight seeds were planted per pot and 
the most uniform six plants were 

Table 1. Shoot dry weight and P concentration in field plot experiment at 
three sampling times.

Sampling 
stage

Shoot dry weight

Coated Uncoated 
g plant'1

Shoot P cone.

Coated Uncoated 
m8g4

3-4 leaf 0.11 0.11 3.9 3.8
5-6 0.50 0.50 3.2 3.2
7-8 3.86 3.44 2.4 2.5

Table 2. Shoot dry weight and P concentration in greenhouse experiment 
at three sampling times.

Sampling 
stage

Shoot dry weight

Coated Uncoated 
g plant* 1

Shoot P cone.

Coated Uncoated 
mg g4

3-4 leaf 0.13 0.14 2.7 2.7
4-5 0.37 0.28 1.4 1.4
5-6 0.66 0.66 1.4 1.4

retained after emergence. Plants 
were removed at the 3- to 4-leaf (3 
plants), the 4- to 5-leaf (2 plants) and 
the 5- to 6-leaf (1 plant) stages.

The results are presented in Table 
2.

There were no significant differen
ces in dry weight or P concentration 
at any of the three samplings. The 
apparent difference in dry weight at 
the second sampling was due to one 
particularly high value in the coated 
seed treatment and one particularly 
low value in the uncoated treatment. 
If these two values are excluded the 
meansare0.34 and 0.31 forthecoated 
and uncoated seeds respectively.
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Table 3. Dry weight and P content of seeds.

Coated Uncoated

Dry weight (g seed* 1) 0.312 0.259
P dissolved in HC1 (mg seed'1) 0.04 0.0
P remaining in seed (mg seed'1) 7.8 1.2

Analysis of Seed
A sample (20) of coated and un

coated seeds was analyzed for P. The 
seeds were first placed in 100 ml of 
IN HC1 to dissolve a portion of the P 
in the seed coat. This solution was 
analyzed for P and the washed seeds 

were then ground and analyzed. The 
results are presented in Table 3.

The seed coat contains about 6.5 mg 
of P per seed. At a seeding rate of 
65,000 plants, this would provide 
about 0.4 kg P ha'1. Although this 
appears to be a small amount, if only 
5% of the P had been absorbed and 

translocated to the shoot, it would 
have increased the shoot P concentra
tion at the 5- to 6-leaf stage in the 
greenhouse experiment from 1.4 to 
1.9 mg g'1.

The very low amount of P in the 
HC1 solution indicates that the P in 
the seed coat has a very low 
solubility. It is our understanding 
that CaCCh is a major ingredient of 
the seed coat. This would cause the 
P to be converted to tri-calcium phos- 
phate which has very low 
availability.

Conclusion
The P in the seed coat provided by 

the process used is not available to 
the plant.

Methods of Application of Fertilizer at Planting for Corn in 
Conservation Tillage Systems

Current recommendations are that, 
where there is a requirement for 
phosphorus fertilizer on corn, some 
or all of the requirements should be 
applied at planting. There are two 
main reasons for this recommenda
tion. First, the requirement of the 
corn plant for phosphorus in relation 
to growth is highest in the seedling 
stage. Hence it is important that the 
phosphorus is placed where the see
dling roots can absorb it. Secondly, 
because phosphorus is strongly ad
sorbed on soil, a greater proportion 
remains in solution if the fertilizer is 
concentrated rather than mixed with 
a large volume of soil. With present 
planters, the fertilizer is usually ap
plied 5 cm to the side and 5 cm below 
the seed using a double disk opener.

Two recent developments have 
caused us to think again about this 
placement method. Research using 
an outdoor hydroponic system indi
cated that yields could be increased 
if shoot-P concentration at the 5- to 
6-leaf stage was increased to more 
than 0.5%. This concentration is rare
ly achieved with a 5 x 5 band, per
haps because only a portion of the 
young roots are intercepted by this 
band. The second factor that has 
caused us to renew our research on 
fertilizer placement is that the con

ventional double-disk fertilizer ap
plication does not work well in a no
till system. It is difficult to get ade
quate penetration into the more rigid 
soil and also more difficult to prepare 
a good seedbed folio wing the opener.

A project began in 1988 with the 
following objectives:

l.To design a system to place fer
tilizer in strips on either side and 
below the seed.

2,To determine the effectiveness for 
corn of the strip fertilization sys
tem compared with conventional 
fertilizer application systems in a 
range of soils.

A John Deere 7000 Conservation 
planter was converted in 1988 into an 
experimental planter capable of plac
ing fertilizer in several positions rela
tive to the seed. The dry fertilizer 
system was replaced with a liquid 
system because of the ease of han
dling using pumps and valves. The 
conventional fertilizer band opener 
was removed and replaced with a 
single coulter with a liquid fertilizer 
tube. Two coulters (1/2" ripple) 
were installed on an additional tool 
bar in front of each seed unit. These 
coulters were about 10 cm on either 
side of the seed row. A fertilizer in

jection system was attached to each 
of these coulters. The system in
cludes a shoe to lift the soil and a 
flat-fan spray jet underneath the shoe 
through which liquid fertilizer can be 
pumped under pressure. This sys
tem is designed to provide a strip 
band 6-8 cm wide 1-2 cm below and 
on either side of the seed. The prin
ciple involved is that these bands will 
intercept most of the seminal roots of 
corn shortly after emergence and 
hence result in earlier and greater 
absorption of P.

In addition to a conventional side 
band (5 cm to side and below seed) 
and the strip band, fertilizer can be 
placed with the seed as well as in a 
single band about 10 cm to the side of 
the row.

1989 TRIALS
Two trials were conducted in 1989, 

one at the Elora Research Station on 
a silt loam soil with a P test of 3 ppm 
and one on Hartholm Farms near 
Woodstock on a loam soil with a P 
test of 12 ppm.

The treatments were as follows:
1 .Side band - 5 cm x 5 cm from seed 
2.Strip bands - a strip approximate

ly 7-8 cm wide on each side and 2- 
3 cm below seed
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3.10 x 5 band - normal band but 10 
cm to side and 5 cm below seed

Each placement was at 3 P rates, 
recommended by soil test, 1/2 
recommended and 1 1/2 x recom
mended (Elora) or 2 x recommended 
(Woodstock). A fourth treatment at 
Woodstock was fertilizer with the 
seed at a rate to provide 5 kg P ha-1. 
Liquid 10-34-0 was used for all treat
ments.

There was a growth response to 
fertilizer rate and placement as early 
as the 4- to 5-leaf stage (Table 1). The 
greatest shoot dry mass was obtained 
with the strip band at the highest P 
rate although the shoot P concentra
tion with this placement was not 
greater than the conventional band. 
There was a marked increase in leaf 
P concentration at silking with in
creasing fertilizer rate but no dif
ferences due to placement.

There was a good grain yield 
response to increasing fertilizer rate 
at both sites (Table 1). Although the 
amount of N applied increased as 
well as the P, we think that most of 
the response was to P since addition
al N was applied to all plots at a rate 
of 150 kg ha'1.

The response to placement was 
very similar at the two sites. With the 
conventional band, and the 10 x 5 
band, the maximum yield was ob
tained with the recommended rate. 
There was little difference in yield 
between these two placements.

Table 1: Shoot dry mass (DM) at 4- to 5-leaf stage and grain yield (15.5% 
moist) as influenced by fertilizer rate and placement.

p 
rate 

kg P ha'1

ELORA 
Shoot 
DM 
gpl'1

Grain 
yield 

kg ha'1

WOODSTOCK
P 

rate 
kg Pha'1

Shoot 
DM 

gapl'1

Grain 
yield 

kg ha’1

Check 0 0.21 5104 0 0.28 7990

Side band 25 0.28 6838 10 0.34 8755
50 0.28 7806 20 0.38 9053
75 0.29 7676 40 0.36 9095

Strip band 25 0.31 7260 10 0.34 8927
50 0.30 7949 20 0.37 9060
75 0.33 8333 40 0.41 9653

10x5 band 25 0.23 6756 10 0.31 8551
50 0.25 7535 20 0.34 8616
75 0.25 7711 40 0.31 9078

With seed - - 5 0.37 7928

LSD (0.5) 0.04 736 0.05 708

Yields with the strip band were es
sentially the same as the other two 
placements at the two lower rate of 
application, but were about 600 kg 
ha'1 (10 bu ac'1) greater at the highest 
rate. The highest yield with the strip 
band occurred with the highest rate 
of P.

These results suggest that higher 
yields may be obtained with the strip 
band but that higher rates of P must 
be added. This is not as desirable 

from either an economic or an en
vironmental viewpoint as obtaining 
the same yield with less fertilizer or a 
higher yield with the recommended 
rate.

Further assessment of the strip 
band is required on sites with a 
higher soil P test and using higher 
rates relative to those required than 
were used in 1989.

Cattle Manure as a Nitrogen Source for Corn
J.W. Paul and E.G. Beauchamp

Is cattle manure able to supply the 
nitrogen requirements for a corn 
crop without risk of groundwater 
pollution by nitrate? Manure is con
sidered a major contributor of nitrate 
to the groundwater because it is 
generally applied at high rates and 
the recovery of manure nitrogen is 
low. The literature suggests that 
leaching losses from manured soils 
are lower than those from inorganic 
N fertilized soils when tlje manure is 
applied at total N rates equal to that 
of fertilizer N or when rates are com
pared on the basis of similar N
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Figure 1: Com grain yields (15.5% moisture) on silt loam 
soil at the Elora Research Station in 1988 and 1989 with dif
ferent rates of manure or urea fertilizer.

Figure 2: Soil inorganic N concentrations (nitrate and am
monium) left in the soil to a depth of 30 cm after the 1989 
com harvest (November 1989).

availability to corn. The reason for 
this is increased denitrification, am
monia volatilization, and immobi
lization of inorganic N from manure 
slurries.

Research on a silt loam soil at the 
Elora Research Station over the past 
two years has shown that inorganic 
N contents in the fall are equal or 
lower in soils amended with 
manures than with urea fertilizer. 
Liquid dairy cattle manure, solid beef 
manure, and composted beef and 
dairy cattle manure applied at rates 
of 100, 200, and 300 kg total N ha'1 
were compared with urea applied at 
rates of 50, 100, and 150 kg N ha'1. 
The 1988 site had a history of several 
years of bromegrass with no nitrogen 

fertilizer whereas the 1989 site had a 
history of manure application (none 
in 1988) and was in corn for the 
second year after alfalfa. Inorganic N 
contents in the soil before planting 
were 20 and 88 kg N ha'1 to a depth 
of 30 cm in 1988 and 1989, respective
ly. Corn yields in 1988 showed a large 
response to fertilizer N (Figure 1). 
Corn yield response to composted 
manure was low. In 1989 there was 
no yield response to manures or to 
urea fertilizer. Yields were sig
nificantly lower with 100 kg urea N 
ha'1 than with no fertilizer. Post har
vest soil inorganic N measurements 
to a depth of 30 cm showed much 
higher N available for leaching in the 
urea-amended plots than in the 

manure-amended plots in 1989 (Fig
ure 2). Post harvest soil inorganic N 
was low in 1988 and not significantly 
different among treatments.

Results to date indicate that the 
cropping and fertilization history of 
the soil is critical to understanding N 
availability from manure and fer
tilizer, and that spring inorganic N 
measurements may be agood predic
tor of N requirements for a corn crop. 
It appears that fertilizer N applied in 
excess over requirements is much 
more available for leaching than 
manure N because of lower am
monia volatilization and denitrifica
tion rates.

Crop Rotation-Tillage-Drainage Interaction

The response of corn to crop rota
tion and tillage on drained and un
drained silt loam soils was measured 
in 1989; a relatively dry spring where 
all treatments were planted on the 
same day (Table 1). The experiment 
involved conventional fall plowing 
with secondary tillage compared to 
no-till planting following either a 
four year rotation of wheat, 
soybeans, corn, corn or wheat, alfal
fa-timothy, alfalfa-timothy, corn.

Six rates of nitrogen were applied 
to the final year of corn which per
mitted linear regression analysis and 
the subsequent estimation from a 
quadratic model of the maximum 
economic yield (MEY), the nitrogen 
requirement (MER-N) at MEY and 
the moisture percentage at harvest 
associated with MER-N.

The prime factor influencing the 
MEY was the rotations where the 
forage based system produced an 

average of 19% more corn than the 
cash crop system. In addition con
ventional tillage resulted in 13.2% 
more corn than the zero-tilled corn.

Soil drainage class and tile 
drainage interacted with the crop
pingsystems, Under a cash crop sys
tem tile drainage enhanced produc
tion by 7.5% on the poorly drained 
soil in contrast to 18% following a 
forage-based rotation. On the other 

60

R.W. Sheard



hand tile drainage had no significant 
effect on the imperfectly drained soil. 

Drainage and tillage did not have a 
significant effect on the nitrogen re
quirement. The forage based rota
tion, however, reduced the MER-N 
by 140 kg N/ha.

Tillage and rotations interacted to 
influence the moisture content at har

vest. The forage system resulted in 
an increase of 6.5 percentage points, 
where conventional tillage was 
employed in contrast to no dif
ference, at an average of 26.7%, 
where the no-till system was used.

The minimal benefits attributed to 
drainage were considered to be due 
to the relatively late planting date 

which did not capitalize on the early 
seedbed preparation which was 
feasible on the conventionally tilled 
soil.

Table 1: Influence of drainage, crop rotation and tillage on maximum economic yield with respect to nitrogen, the nitrogen re
quirement and the harvest moisture percentage at the nitrogen rate for maximum economic yield.

Soil Drainage 
Class

Tile
Drainage Rotation Tillage

Maximum
Economic Yield*  
(kg/ha @ 15.5% H2O)

Nitrogen 
Rate**  
(kg N/ha)

Moisture
Percentage***  

(%)

Poor No Cash Crop Conventional 6690 224 18.0
No-Till 5131 180 27.9

Forage Conventional 6869 38 27.0
No-Till 6318 45 27.0

Yes Cash Crop Conventional 6743 185 18.1
No-Till 5972 171 26.0

Forage Conventional 8054 20 26.8
No-Till 7508 38 27.8

Imperfect No Cash Crop Conventional 6857 166 22.3
No-Till 5899 134 26.7

Forage Conventional 8155 46 23.9
No-Till 7476 51 26.2

Yes Cash Crop Conventional 6888 153 21.6
No-Till 6044 178 27.1

Forage Conventional 8080 0 24.2
No-Till 7282 31 25.5

*MEY @ $0.60/tonne com and $0.11/kg N
*»N Rate for MEY
*** Calculated at the N rate required for MEY

Soil Test Calibration for Forage Species

Potassium recommendations for 
forages are separated into two 
categories; primarily pure stands of 
alfalfa and all other species. An ex
periment, initiated in 1987, utilized a 
central composite design (incom
plete block) to compare the potas
sium requirements of alfalfa, red 
clover, birdsfoot trefoil and timothy. 
In addition the design permitted an 
evaluation of the phosphorus re
quirement of the four species and the 
phosphorusX potassium interaction.

Five rates of phosphorus and/or 
potassium were applied to adjacent 
first year stands of the four species in 
1988 and 1989. The phosphorus and 
potassium requirements for maxi
mum economic yield (MER-P, MER- 
K) were computed from multiple 
linear regression analysis using a 
quadratic model.

The MER-P estimates for alfalfa 
and red clover were similar in 1988 
and 1989 (Table 1). The MER-P es
timate for trefoil, however, was sub
stantially lower than 1988 whereas 

the reverse occurred with timothy. 
The alfalfa and red clover MER-P 
values are 187 and 138% greater than 
the O.M.A.F. recommendation of 
phosphorus fertilization of forage 
species.

All three forage legumes provided 
similar MER-K's for the two years of 
data (Table 2). Whereas the MER-K 
calculated for alfalfa was only slight
ly higher than the O.M.A.F. recom
mendation, the average MER-K for 
red clover and birdsfoot trefoil were 
78% and 66% higher, respectively. 
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The MER-K for timothy was found to 
be 24% higher than the O.M.A.F. 
recommendation.

An examination of the interaction 
between the two nutrients in 1988 
was made (Table 3). The data sug
gest little effect of one nutrient on the 
responseofthesecond. Forexample 
a change of 100 kg KzO/ha in the 

potassium rate for alfalfa would only 
result in 4.6 kg PiQs/ha increase in 
MER-P. A somewhat greater interac
tion appeared to occur with timothy.

Three points are evident from the 
experiments; (1) there is a greater re
quirement for phosphorus for all 
forage species than currently recom
mended, (2) there is no justification 

for a separate potassium recommen
dation for alfalfa from other forage 
species, and (3) the interaction of the 
two nutrients on yield is minor.

Table 1: The phosphorus requirement for maximum economic yield of four forage species in 
1988 and 1989.

Species 1988 1989 O.M.A.F. Recommendation
-------------------- kg 1’205/ha-----------------------

Alfalfa 
Trefoil 
RedClover 
Timothy

217*  185 70**
140 20 70
147 180 70
52 84 70

* Based on the economic constraints of hay @ $0.10/kg and P2O5 @ $0.61/kg.
** Recommendation for a soil test of 4.7 ppm P2OS.

Table 2: The potassium requirement for maximum economic yield of four forage species in 
1988 and 1989.

Species

Alfalfa

1988

257*

1989 O.M
---- (kg KzO/ha)—

298

I.A.F. Recommendation.

250**
Trefoil 318 252 160
Red Clover 295 238 160
Timothy 162 287 160

* Based on the economic constraints of hay @ $0.10/kg and K2O @ $0.372/kg.
** Recommendation for a soil test of 55 ppm K2O.

Table 3; The increase in requirement of phosphorus resulting from a 100 kg KiO/ha 
application and the increase in requirement of potassium resulting from an application 
of 100 kg PiOs/ha for four species.
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Increase in
Species P2O5 K2O

(kg P2Os/ha) (kgKzO/ha)

Alfalfa 4.6 6.1
Trefoil 13,9 19.5
Red Clover 8.7 7.3
Timothy 47.9 23.8



Scheduling Irrigation for Potatoes using a Crop Growth Model

This project has developed a proce
dure for estimating soil water status 
and irrigation amounts and time of 
application for the potato crop.

SIMPOY (SIMulation of POtato 
Yield) estimates soil water status for 
five soil layers (0-60 cm) on a daily 
basis from emergence to end of 
season. It uses standard soil water 
budgeting techniques, except that 
evaporation and transpiration are 
calculated separately. Crop 
development is estimated from 
temperature data and growth from 
transpiration and vapour pressure 
deficit. Irrigation time is 'triggered' 
by soil water status in the 5 to 30 cm 
layer when a given soil water poten
tial is reached.

Estimates of soil water status were 
compared to measurements made at 
weekly intervals during the 1988 
growing season on the Alliston soils. 
Three randomly selected sites were 
located in each of rainfed and ir
rigated conditions, where soil mois
ture access tubes for measurements 
with a neutron scattering instrument 
were installed. Soil water status in 
the surface layers was obtained 
gravimetrically and using the Time 
Domain Reflectometry (TDR) techni
que.

The available soil water (ASW) in 
the 60cm profile calculated by SIM
POY, on each day throughout the 
1988 growing season, is compared to 
the measured values (Fig. 1). The 
day-to-day change in ASW was fairly 
well represented by SIMPOY espe
cially for the rainfed plot. Differen
ces in drainage characteristics among 
tube sites in the irrigated plot causes 
large differences in ASW during the 
last half of the season. Even in the 
rainfed plot differences in ASW be
tween the lowest and highest values 
was nearly 100% after Julian day 210 
(July28). This was caused by several 
large rainfalls in late July and early 
August. This variability in ASW 
among measurement sites illustrates 
the need to obtain sites, that repre
sent 'typical' conditions in the field.

Figure 1: A comparison of estimated and measured available soil water in 0-60 cm 
profile from May 31 (day 152) to August 29 (day 242) 1988 at test sites on Allis
ton fine sandy loam.

Components of the model that re
quire modification before it can be 
used include: (1) drainage; (2) root 
growth; (3) crop development and 
leaf area increase for various cul
tivars; and (4) relative tolerance of
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Hay Quality as Affected by Weather during Field Drying

Five modes of hay yield and quality 
loss during field drying are reported 
in the literature (Collins, 1983; 
Hayhoe, 1973). Losses occur due to: 
(1) post-cutting respiratory activity 

consuming soluble car
bohydrates

(2) leaching of soluble tissue com
ponents by rainfall

(3) mould development 
(4) bleaching by solar radiation 
and
(5) rainfall-induced leaf shatter

There is interest in developing a 
computer model that would use 
weather data to estimate weather-in
duced loss of hay yield and quality 
during field drying. Such a model 
could be an important component of 
a crop insurance programme to pro
vide coverage for losses due to 
weather damage during drying. One 
approach to modelling these losses 
involves using a hay drying model in 
conjunction with procedures that 
quantify each mode of loss. An ade
quate estimator of respiratory losses 
is available (Wood and Parker, 1971), 
but the other modes of loss have not 
been quantified with respect to 
weather factors. Therefore, an ex
periment was undertaken during the 
summer of 1989 to quantify changes 
in yield and forage quality attributes 

due to leaching and leaf loss induced 
by rainfall.

A rainfall simulator was used to 
apply rain to forage samples under 
controlled conditions. Samples of 
uniform fresh weight were collected 
in wire mesh baskets from plots in a 
large field of forage (>90% alfalfa) at 
the Elora Research Station. Sufficient 
samples were collected to allow rain
fall treatments to be applied at four 
moisture contents during the drying 
period. Sample baskets were placed 
on alfalfa stubble during drying and 
covered with plastic during periods 
of natural rainfall. All samples 
treated at a given moisture content 
were moved to the rainfall simulator 
prior to treatment. The rainfall 
simulator was housed in a cattle pen 
at the Elora Beef Research Facility. 
Rainfall was applied at two inten
sities and four amounts, A control 
sample which received no rain was 
collected for each intensity level. 
During rainfall application, samples 
were placed on a metal frame which 
allowed the collection of any leaves 
lost during rainfall and leachate 
waters draining through forage 
samples.

All plant tissue samples were dried 
and weighed to determine dry mat
ter contents and yield losses. 
Leachate water samples were 
analyzed for total nitrogen and total 

organic carbon to provide indices of 
leaching losses. The forage samples 
were analyzed for crude protein, acid 
detergent fibre (ADF) and neutral 
detergent fibre (NDF) using near 
infra-red reflectance spectroscopy.

When analyses of the results are 
completed, functions will be avail
able to estimate leaching and rainfall- 
induced leaf losses from drying hay 
given crop moisture content, rainfall 
amount and, if necessary, rainfall in
tensity. These functions will then be 
used to help build a model which 
estimates forage yield and quality 
losses from weather data.
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Yield Reduction Effects of Crop Residue in Conservation Tillage

We have hypothesized that crop 
yield reduction under conservation 
tillage is attributable to production of 
phytotoxins by soil microorganisms. 
Organic acids, including both 
volatile fatty acids (VFAs) and 
phenolic acids (PAs) are produced by 
microorganisms during decomposi
tion of crop residues under condi
tions when oxygen is limited. The 
primary acids formed are acetic, 
propionic and butyric. This research 
will relate the production of these 

compounds to different residue 
types, soil chemical properties and 
environments, and to different crop 
residue management practices. A 
critical factor controlling production 
of phytotoxins is the soil environ
ment: soil water content, air-filled 
porosity and soil temperature. Defin
ing the soil environment under 
which phytotoxins are produced is 
critical to this research as it will allow 
us to extrapolate our findings to 

other soils and environmental condi
tions.

The objectives of this research are 
to determine the:
(1) effects of crop residues and sur

face residue placements on 
phytotoxin production,

(2) effects of soil climate and soil 
chemical properties on 
phytotoxin production and sub
sequent yield reductions,

(3) optimum crop residue manage
ment practices which minimize
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or eliminate the yield reduction 
caused by phytotoxins, and 

(4) sensitivity of various varieties of
crops to phytotoxins.

Field and laboratory experiments 
have been set up to test these objec
tives.

During this growing season, using 
corn as a test crop, rye and corn 
residues were evaluated for produc
tion of phytotoxins. The corn was 
planted at a higher rate and thinned 
to 60,000 plants /ha for a uniform 
stand over all treatments. The 
residue placement was near to but 
not on the row after planting of test 
crop. Initial crop growth (June 11th) 
was reduced by the application of 
residues. However, this pattern was 
not maintained throughout the 
season. Final grain yields were 
higher in plots with residue in com
parison to the yields obtained from 
bare ground control plots. The ap
plication of green rye enhanced final 

yield as did mature weathered corn 
residue for the past growing season. 
The effect of corn residues on final 
yield was opposite to the previous 
year. Weather conditions during the 
growing seasons largely determined 
the final yields and may explain the 
conflicting results.

Established crops including corn, 
spring wheat, spring canola, barley, 
barley under-seeded to red clover, 
soybeans and soybeans with rye 
cover crop were evaluated, using 
corn as a test crop, for the potential of 
shoot + root material and its effect on 
final grain yield. Generally, where 
residue was removed from the row 
area by use of trash whippers the 
yield was increased on average over 
all treatments approximately 5.0 % 
from plots where residue was left in 
the row area.

Laboratory experiments have 
revealed some exciting results with 
regard to soil amended with calcium 

nitrate (CatNOs)?] to alleviate 
phytotoxicity. A soil mixture con
taining chopped soybean residue 
(1% by weight), amended with 
Ca(NOs)2 and incubated for 7 d (25 C 
and 60 % water content by weight) 
reduced the accumulation of VFAs 
and PAs. In contrast the addition of 
CaO or CaCOs enhanced the ac
cumulation of VFAs and PAs in com
parison to a control where no calcium 
compound was added.

Research will continue with an em
phasis on developing management 
practices to reduce the effects of 
phytotoxin production.
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The Natural Heritage Stewardship Project

Sponsors:
• Carolinian Canada Land Protection 

and Stewardship Program 
(Ontario Heritage Foundation, 
Wildlife Habitat Canada, World 
Wildlife Fund Canada, Canadian 
National Sportmen's Shows, Laidlaw 
Foundation, McLean Foundation)

• Ontario Heritage Foundation - 
Niagara Escarpment Program

• Ministry of Natural Resources - 
Wetlands Program

The Project evolved through a tran
sition year in 1989, with many inter
esting and new developments taking 
place. We still maintained a role in 
assisting the Carolinian Canada Pro
gram, but with more emphasis on the 
training and coordination of land
owner contact personnel based 
around southwestern Ontario in 
land management agency offices. 
Natural heritage landowner contact 
programs operated from the Niagara 
District Ministry of Natural Resour
ces office, as well as from several 
Conservation Authorities (Hamilton 
Region, Upper Thames River, Long 
Point Region, St. Clair Region). A 
paper discussing the use of manage
ment grants for private landowners 
was prepared for review by the 
Carolinian Canada Steering Com
mittee. The entire Carolinian 
Canada Program is now undergoing 
an evaluation, which we assisted in 
developing.

A pilot private land stewardship 
project on the Niagara Escarpment 
last year evolved into a continuing 
program in 1989, Landowners in 
seven areas from Niagara to Grey 
County were contacted, with 53 
choosing to participate in the Natural 
Heritage Stewardship Award Pro
gram. Landowner contact personnel 
(Al Alderson, Shawn Strangways 
and Joy Fausto) were trained and 
based from here. One of these three 
positions was provided courtesy of a 
Challenge '89 SEED grant.

With both the Carolinian Canada 
and Niagara Escarpment projects, 
ten Natural Heritage Stewardship 
Award presentation ceremonies 
were organized and attended by 
Project staff.

The first draft of a training manual 
for natural heritage landowner con
tact was prepared and circulated for 
comment to our funding organiza
tions and other interested parties. It 
will be produced in final form in the 
first half of 1990.

A prototype natural heritage 
newsletter for landowners was pub
lished and distributed to all private 
landowners and organizations in
volved with the program since 1985. 
Funding was secured to produce two 
further issues in fiscal 1989/90.

The Project continued to work 
closely with the Ministry of Natural 
Resources to develop a proposal to 
initiate a province- wide landowner 
contact project for wetlands. The 

Ministry has recently reached a 
cooperative agreement with Wildlife 
Habitat Canada and Ducks Un
limited to protect and secure sig
nificant wetlands across Ontario. 
Much of their emphasis will be land 
protection through private 
stewardship methods, as developed 
by our project. Much of the back
ground to this was published in the 
Proceedings of a conference "Wet
lands - Inertia or Momentum", spon
sored by the Federation of Ontario 
Naturalists in 1988.

Conference Presentations

Heritage Conservation and Sus
tainable Development - Ottawa 
(Wildlife Habitat Canada and 
Heritage Resources Centre, Univ, of 
Waterloo)

Canadian Association of Landscape 
Architects - Quebec City, Que.

Soil and Water Conservation Society 
-Edmonton, Alta.

Canadian Institute of Planners
- St. John, N.B.

Natural Areas Association
- Knoxville, Tennesee
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Climatological Data at the 
Elora Research Station, 1989

M = DATA MISSING

Month

Mean 
Daily 

Temp.
(°C)

Corn 
Heat 
Units

Degree 
Days 
>5°C

Degree 
Days 

<18°C

Total 
Precipi

tation 
(mm)

Mean
Wind 

Speed 
(km/hr)

Mean 
Daily 
Solar 

Radiation 
(MJ/m2)

Mean 
Daily 

Net 
Radiation 

(MJ/m2)

JAN. -3.8 677 45.9 20.45 5.6 -0.7
Dif. 4.4 -131.7 -12.4 1.6 -0.4 0.4

FEB. -8.1 731 48.9 16.9 9.5 -0.1
Dif. -0.8 15.5 0.0 -0.3 -0.3 -1.7

MAR. -3.4 16 665 50.2 16.3 13.8 1.5
Dif. -0.7 9.1 24.6 -23.9 -1.5 0.9 -0.1

APR. 3.8 28 428 44.6 13.9 16.0 6.2
Dif. -1.3 -36.0 41.6 -26.0 -3.7 -1.3 -0.5

MAY 11.7 313 210 201 101.8 15.3 18.7 9.4
Dif. 0.3 89.9 7.8 -14.5 24.2 0.2 -0.0 -0.4

JUNE 17.1 607 363 54 130 11.6 21.1 9.8
Dif. -0.0 26.8 -0.4 -7.1 43.1 -2.1 -0.6 -1.5

JULY 20.1 746 468 11 8.9 9.5 25.1 11.2
Dif. 1.0 29.5 29.6 -16.4 -64.1 -2.0 3.4 -0.2

AUG. 18.1 672 406 33 91.7 10.7 20.0 8.9
Dif. -0.0 4.4 -1.3 -7.1 19.6 0.3 1.5 -0.4

SEPT. 14.1 438 274 133 29 11.4 15.1 5.8
Dif. -0.1 45.0 -2.7 0.5 -42.3 -0.3 1.3 -0.3

OCT. 8.5 128 296 59.4 M 9.8 3.0
Dif. -0.0 1.5 0.0 -6.9 M 1.2 0.1

NOV. 0.4 18 530 97.9 M 5.4 0.2
Dif. -1.5 -7.3 49.9 32.2 M 0.7 -0.4

DEC. -10.9 895 43.6 M 6.2 -1.3
Dif. -5.7 177.4 -27.9 M 2.0 -0.5

Year 5.6 2776 1910 4653 751.9 M 166.3 53.9
Dif. -0.4 176 -2 133 -84.0 M 8.3 -2.8

"DIF." is the amount that the 1989 value is above (+) or below (-) the 1951-1980 average value
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INTO AFRICA

Ibadan, Nigeria. Home of 1.LT A. With 2.5 million inhabitants and no high-rise 
buildings it is the largest village in the world.

The international soil
TILLAGE RESEARCH OR

GANIZATION (ISTRO) plans to hold 
its 12th International Conference 
from July 8-12, 1991 at the Interna
tional Institute of Tropical Agricul
ture (IITA) in Ibadan, Nigeria.

The population of Nigeria is rapidly 
rising. Now numbering 100 million, the 
population will rise to 200 million in the 
coming 20 years.

A pre-conference tour is planned, 
starting in Niamey, Niger, home of 
the International Crop Research In
stitute for the Semi-Arid Tropics 
(ICRISAT), via Sokoto, Kaduna, 
Abudja and Udo to Ibadan.

Along the way we will have a look 
at the people. We will also have a look 
at soils and crops; and, of course, we 
will have a look at soil tillage.

The title of the conference is "Tillage 
for sustainable crop production".

Mucuna
This is the ideal cover crop for the tropics. It protects the soil. It improves soil 
structure. It fixes nitrogen. The beans can be sold as seed. A brew from the beans 
tastes like coffee. It is the "red clove" for Africa.

This is the second time that an 
ISTRO conference will be held out
side of Europe. The first one outside 
Europe, the Tenth in 1985, was held 
at the University of Guelph and was 
organized by the Departments of 
Land Resource Science and Crop 
Science.

The present organizers hope to 
make the Twelfth Conference as 
good as the Tenth.
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