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FOREWORD

The 1960 Progress Report, edited by Professor L. R. Webber, is a review 
and interpretation of the fundamental and applied research projects and advisory 
program of the Deparment of Soil Science. We hope the material contained in the 
report will be helpful to you. If you wish further information concerning the 
several items contained in the report, do not hesitate to contact us.

A number of events of special significance and interest occurred during 
the year. Professor Norman Thomas, after more than thirty-seven years with 
the Ontario Agricultural College, superannuated in January, 1961. Norm Thomas 
was closely associated with the advisory work of the department and was well and 
favourably known as one of Canada's foremost agronomists. His work in the field 
of forage crop management is well recognized.

D.E. Logsdail resigned in September to accept a position at the Kemptville 
Agricultural School. W. L. Campbell severed his associations in May to enter 
private enterprise in the field of commercial sod production. R. M. Irving re
signed in June to continue post-graduate studies at the University of Minnesota.

Dr. B. C. Matthews received a Nuffield Travel Fellowship and his leave 
commenced in July. Dr. R.G. Menon of Michigan State University was appointed 
to staff during Dr. Matthews' absence. Professor R.W. Sheard returned to staff 
in June 1960 following leave for graduate studies at Cornell University.

The Annual Meeting of the Canadian Society of Soil Science was held in the 
department in june. Several staff members were closely associated with organi
zing the Annual Meeting of the Soil Conservation Society of America, August 
28-31. The theme selected for the meeting was "New Technologies in Land 
Resource Use." The Soil Conservation Society, meeting outside of the United 
States for the first time, brought to the campus hundreds of soil scientists and 
provided a unique opportunity to meet with personnel in the field of resource use. 
Other organizations meeting in the Soils building during the year included the 
Provincial Soil Fertility and Soil Survey Committees, the Advisory Fertilizer 
Board for Ontario, the Grand Valley Conservation Authority, the Ontario Chapter 
of the Soil Conservation Society of America, and others.

Schools of instruction were held for Agricultural Representatives and Fruit 
and Vegetable Extension Specialists to acquaint them with the basis for making 
fertilizer recommendations from the results of analysis from the soil testing 
laboratory. More than 34, 000 samples were analyzed during the year and the 
fertilizer recommendations made by personnel of the department, twenty-five 
Agricultural Representatives, the Fruit and Vegetable Extension Specialists, 
and soil scientists at the Kemptville Agricultural School and the Western Ontario 
Agricultural School at Ridgetown. The soil testing laboratory in the department 
now serves as a central laboratory for the Ontario Department of Agriculture.

Financial assistance to our research program was made by the Canada 
Department of Agriculture, the National Research Council. Agricultural Chemi
cals Ltd., the American Potash Institute Inc., the Canada and Dominion Sugar 
Co. Ltd. , Cyanamid of Canada Ltd. , and the Toronto Anglers and Hunters 
Association.

Guelph, May 5, 1961. N.R. Richards,
Professor and Head, 
Dept, of Soil Science.
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THE RESEARCH PROGRAM

IN THE 

DEPARTMENT OF SOIL SCIENCE

The staff of the Department plays an important role in research, field 
experimentation, and laboratory investigations designed primarily to further 
our knowledge of soils. The task of soil scientists is unique in that they are 
working with a material which exhibits chemical, physical and biological proper
ties.

The chemical nature of the soil involves many elements and compounds 
- their source and release, their availability to and utilization by plants. 
Physical properties have to do with texture, structure, aeration, and moisture. 
Most of the biological activity occurs in the organic fraction which contains 
microbial cells, both living and dead, as well as numerous organic compounds. 
Under field conditions there are important environmental factors - topography, 
rainfall, and temperature - over which a researcher has no control. Finally, 
Man imparts characteristics to a soil through his tillage and cropping practices.

The research endeavours of the staff may be classed as fundamental, 
applied, or developmental in nature.

Fundamental research is that which involves new knowledge, reveals 
basic facts, and contributes to our understanding of the soil and the reactions 
that take place.

Applied research endeavours to find solutions to existing problems through 
the application of fundamental knowledge. In some cases the results are sub
ject to economic interpretations.

Developmental research is essentially a testing program in which results 
of applied research are demonstrated on farmers' fields. This procedure 
brings the latest research information to the attention of the farmer. Con
siderable emphasis is placed on the economic interpretation of the results.

Progress on research in the Department is reported under three sections; 
fundamental, applied, and developmental.
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Fundamental research in the chemistry, physics, and biology of the soil 
contributes to our knowledge and understanding of many reactions that occur. 
The practical or economic value of research of this nature is seldom realized 
until the findings are applied experimentally. Fundamental studies are a con
tinuing program in that, results may not be available within a fixed time inter
val.

Some of the phases of soil science that are under detailed investigation 
in the Department are: the reactions and interrelationships of many chemical 
elements and compounds within the soil and their availability to plants; soil 
genesis; chemical and mineralogical composition of inorganic colloids; agro- 
meterology; physical conditions as related to soil moisture, ions, and crop 
gr owth.

7
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NITROGEN FERTILIZERS ON GRASS INCREASE 
THE POTENTIAL NEED FOR POTASH

On many hay or pasture fields it is difficult to keep a legume in the mix
ture. Often when a legume has disappeared from the stand the farmer still 
desires further production before breaking up the sod. Under these situations 
high yields of grass (four tons per acre) are possible by the use of 150-200 
pounds of nitrogen per acre annually.

As the nitrogen fertilizer application is increased, however, the demand for 
potash is also increased. On a high-potash testing soil, nonfertilized timothy was 
found to contain 2. 4% potash (K2O) per acre resulting in an annual removal of 50 
pounds per acre. Where 150 pounds per acre of nitrogen was applied the potash 
content increased to 2. 7% and the annual removal to 243 pounds of K2O per acre. 
When a single application of 300 pounds per acre was made, no increase in yield 
was obtained, but the potash content in the grass rose to 3.5% and over 310 
pounds of K2O per acre was removed annually.

Thus, even on high-potash testing soils, it appears that potash fertilizers 
are needed when high rates of nitrogen are used. A careful watch of the potash 
level in the soil is desirable.

The percentage of potash in timothy, below which yield is depressed, is 
considered to be 1. 5%. The high values quoted above, therefore, may be 
considered luxury consumption of potash. While this cannot be avoided where 
a soil has a naturally high level of potash, the use of split applications can 
avoid luxury consumption when potash fertilizers are needed. Dividing the 
annual application into a number of portions equal to the expected number of 
harvests or grazings and applying one portion after each harvest or grazing 
is highly recommended.
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INTERACTIONS OF NITROGEN AND PHOSPHORUS 
IN A FERTILIZER BAND

Fertilizer, when placed in a concentrated band in the soil, induces a series 
of physical, chemical and biological reactions. Moisture moves into the area 
of high salt concentration dissolving some of the nutrients arid carrying them 
into the soil. The fertilizer nutrients react among themselves and with the soil 
as they move away from the band. When a plant root reaches the volume of soil 
influenced by the fertilizer, a third interacting factor, the biological reaction, is 
introduced. The availability of the fertilizer to the plant depends upon the over
all effect of these reactions. If the reactions produce an environment in which 
there is a continuing supply of readily available nutrients and which is conducive 
to the development of an extensive absorbing root system, the maximum utili
zation of the fertilizer will occur. If, on the other hand, the reactions cause 
conversion of the nutrients to unavailable forms, and do not promote vigorous 
root growth, little benefit will result from the fertilizer application. Research 
is under way to increase our understanding of these reactions and their im
portance in plant nutrition.

It has been observed and reported previously that the addition of nitrogen 
to a fertilizer band greatly increased the absorption of phosphorus from the band 
by corn, oats, and sugar beets. Greenhouse and laboratory studies were con
ducted to determine the reactions responsible for this increased utilization. 
Studies on the influence of nitrogen (ammonium sulphate) on the reactions in a 
band have indicated that the major influence of nitrogen is to greatly increase the 
development of roots in the fertilizer band. The influence of ammonium sulphate 
on the chemical availability of the superphosphate appeared to be of minor im
portance.

The influence of nitrogen on root growth in a fertilizer band has been in
vestigated further in a sand culture experiment in which the corn plants were 
grown with three levels of nitrogen in the sand culture. 'A single root from each 
plant was allowed to develop in a separate container containing soil plus the 
fertilizer. The results from this study revealed that the increased growth of 
roots in the fertilizer band is greatest when the level of nitrogen in the soil 
(sand culture) is low. At high nitrogen levels, there was little influence of band- 
applied nitrogen on root growth. There are indications that both NO3- and NH4+ 
forms of nitrogen increased the root growth but that the greatest influence on 
fertilizer phosphorus absorption was from NH4+ forms. This work is continuing 
during 1961.
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FERTILIZER PLACEMENT FOR OATS

Figure 1

Placing the fertilizer with the seed 
is a recommended practice. Exces
sive fertilizer will reduce seed ger
mination.

Fertilizer was not reached by plant 
roots when placed to the side of the 
seed.

Research studies in fertilizer place
ment are investigating the effects of 
fertilizer placed directly below the 
seed.
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PHOSPHORUS IN ONTARIO SOILS

Research was begun in the latter part of 1959 and continued through 1960 
on the problem of assessing the phosphorus status of Ontario soils by means 
of soil tests. Ten soils of widely varying characteristics were cropped in the 
greenhouse with and without the addition of increasing rates of superphosphate. 
One crop of wheat and three cuttings of red clover were harvested.

Phosphorus analysis of the harvested plants permitted the calculation 
of the total uptake of phosphorus by the crops grown. In the case of the no
phosphorus treatment, this provided a measure of the total phosphorus supplied 
to the plants by each of the ten soils. These results are shown in Table 1 
with the soils ranked in order of decreasing phosphorus-supplying power.

Several of the soils were selected on the basis of their abnormal phos
phorus test - phosphorus response relationship. Subsequent extraction of the 
ten soils by the Mod. PA2 phosphorus test showed that the amounts of phos
phorus extracted by the soil test were not significantly correlated with the 
amounts of phosphorus supplied to the greenhouse crops by the respective soils. 
This confirms the need for investigation of the soil phosphorus fractions ex
tracted by this test, and other soil tests, in relation to those fractions absorbed 
by plants from these soils. These studies are proceeding in the laboratory 
along with investigation of other related problems such as the fixation of ap
plied phosphorus.

Soil Type
Soil 
PH

Total P Supplied to the 
Crops Grown (Mgm. P/pot)

Mod. PA2 test 
lb. /ac. P2O5

Saugeen clay 7. 2 70.5 269

Bondhead loam (1) 7. 7 59.5 338

Schomberg clay loam 7. 3 47. 4 169

Minesing silty clay 7. 4 26. 2 42

Vasey sandy loam 4. 9 24. 7 484

Haldimand clay 5. 9 24. 0 58

Bondhead loam (2) 7.4 19. 3 125
Guelph loam 7. 6 18. 9 106

Otonabee loam 7. 6 16. 4 65

Newcastle loam 7.7 15. 0 104

11
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SOURCES OF SOIL PHOSPHORUS

One of the important facets in crop management is the phosphate nutrition 
of the crop. The soils, in which crops grow, contain many kinds of phophates 
compounds but not all phosphates are equally useful or available to a plant. 
Much of the fertilizer phosphate added to a soil becomes fixed in non-available 
forms. Thus, it is important to find out:

(a) How to measure the types of soil phosphate,

(b) What kind of soil phosphate supplies phosphorus to the crop.

In the Department of Soil Science, laboratory techniques, including the 
use of radioactive phosphorus, are being used to study these problems. At 
present, some Ontario soils are being analyzed for their phosphorus content 
associated with aluminum, iron, and calcium. Results in non-acid soils show 
that;

1. The proportion of aluminum, iron and calcium phosphates depends 
on the relative acidity of a soil.

2 Most of the phosphorus addedtoa soil becomes fixed as iron or aluminum 
phosphate.

3. The aluminum phosphates supply most of the water-soluble phosphorus 
found in a soil.

Thus, is non-acid soils aluminum phosphate may be the key to the phos
phorus nutrition of our crops.

The organic phosphorus content of Ontario soils varies between 18 and 
53 per cent. It has been found that some soils, having a high organic phosphorus 
content, have a low content of phosphorus associated with calcium compounds. 
In certain soils, the organic form could be an important source of phosphorus 
for a considerable part of the crops' requirements.
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POTASSIUM AVAILABILITY IS INFLUENCED BY TEMPERATURE AND MOISTURE

Table 2 Non-Exchange able Soil Potassium Released (Mgm/gm. Soil) to Cation 
Exchange Resin-after One Day Contact

Moisture' Content

Temperature 
°C.

Wilting 
Point

50% 
Avail.

Moist.
Equiv. Susp.

5 0. 050 . 053 . 066 . 087
25 0. 062 . 087 . 097 . 140
50 0. 063 . 093 . 137 . 228
80 0. 125 .218 . 359 . 431
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Laboratory studies have shown that the release of moderately available 
or non-exchangeable soil potassium to plants is influenced by temperature and 
moisture. A Haldimand clay loam was mixed with cation exchange resins at 
moisture contents of wilting point (15 atm. tension), 50 per cent of available 
water, moisture equivalent and a 1:1 soil + resin ; water suspension. These 
samples were stored for periods up to 16 days at temperature of 5, 25, 50, 
and 80°C.

The amount of potassium removed by the resin was very low at 5°C. as 
indicated in Table 2 . The removal increased as temperature was increased 
particularly at temperatures of 50° and higher.

The moisture content had little influence on the removal at 5°C. Ap
parently at this point temperature was the limiting factor. At 25°C. and higher 
temperatures, the removal decreased as the moisture content decreased. 
This influence of moisture was reduced by using a resin of smaller particle 
size. With the smaller-sized resin, the length of the path from the point of 
release of soil potassium to the resin would be reduced since there would be 
a much larger number of resin particles. Thus, it was concluded that since 
reducing the resin size reduced the effect of moisture, the main factor causing 
the lower release at the lower moisture contents was the diffusion of the potas
sium in the soil moisture to the resin. Similarly, it is to be expected that 
diffusion would limit the movement of potassium to the plant root when the soil 
moisture content was low.



POTASSIUM STUDIES ON AN ORGANIC SOIL

For the past three years an attempt has been made to lower the fertility 
of an organic soil located at the Muck Research Station, Bradford. The reason 
for doing this involves the use of soil testing as a criterion for fertilizer require
ment and subsequently, correlating crop yields to fertilizer application.

The area set aside for lowering the fertility has produced good yields 
of carrots and onions for the past three years without any use of fertilizer. 
According to soil tests carried out in considerable detail on this area there 
has been a gradual reduction in the fertility status, particularly as regards 
potassium. The soil test for this element was found to be lower than ever 

found before in cultivated areas of the Marsh that had been tested. An analy
sis of the carrots revealed that between 225-240 lb. of elemental potassium 
were removed in 1960. The yield of carrots was 1194 bushels (55 lb.). It 
was estimated that the 1088 bushels (50 lb.) of onions removed 160 lb. of ele
mental potassium. It appears that the high potassium removal during this 
period accounted for the low soil test values.

The yields obtained over the three-year period without additions of fer
tilizer indicate the presence of a much higher reserve of available potassium 
than would be expected from a soil test.
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SOIL STRUCTURE AND LIME

It is generally recognized that applying lime to clay soils improves soil 
tilth and workability. Water stability tests of aggregates have failed to show 
any beneficial effect from application of lime. In soils containing calcium 
carbonate it is believed that structural aggregates are formed mainly by the 
binding of humic acids by exchangeable calcium, or by the absorption of these 
acids on the surfaces of carbonate particles.

Two kinds of limestone, calcitic and dolomitic, were applied at rates 
up to 8 tons per acre on the Haldimand clay in 1952. Tests were run in 1960 
on the water stability of sized aggregates (2-3 mm.) from these treated plots. 
The results were:

1. Calcitic limestone applied at rates up to 8 tons per acre did not pro
duce a significant increase over the check in soil aggregate stability.

2. Two tons per acre of dolomitic limestone produced a significant 
decrease in aggregate stability over all other treatments including 
the check.

3. Previous fertilizer treatments had no apparent effect in causing dif
ferences in soil aggregate stability.



4. Preliminary work suggests that the pH, the water-soluble calcium 
content, or some other property of the aggregate bath water may 
•affect the results.

5. There were no significant differences in the total organic matter 
content due to the liming treatment.

USE OF WATER BY GRASS

June July August September

I960 measured . 20 . 18 . 16 . 14

1960 Thornthwaite . 14 . 15 . 14 . 11

1956-60 measured . 166 . 186 . 154 . 122

1956-60 Thornthwaite . 140 . 156 . 144 . 108

During June (1960) the measured potential evapotranspiration was greater 
than the average for the past five years; other monthly values were similar to 
the average. Although there is a considerable scatter from year to year, the 
5-year average data when plotted show the typical lag of the Thornthwaite value 
behind the measured amount. The lag is a result of the lag in mean air tem
perature (used in a Thornthwaite calculation) behind the net radiation, which 
actually controls the evapotranspiration.
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Evapotranspiration is the process in which liquid water is vapourized and 
transferred from the soil and plants to the atmosphere. As long as the water 
movement to the evaporating surfaces is not restricted, the evapotranspiration 
rate is controlled only by climatic variables, and is called the potential eva
potranspiration. The evapotranspiration rate determines the decrease in soil 
moisture content. If the average evapotranspiration rate is 0. 2 inches per 
day, a rainfall or irrigation of 2. 0 inches every 10 days is needed to restore 
the original soil moisture content.

Table 3 - The Measured Potential Evapotranspiration and the Thornthwaite
Calculated Values for the Summer Months as Daily Average Depth 
of Water in Inches.



SPHERE OF INFLUENCE OF A NEUTRON SURFACE PROBE

Table 4 - The Vertical and Horizontal Dimensions of the Volume
of Influence at Different Moisture Contents.

Per Cent Moisture, (V) 5.0 15. 2 19. 6 28. 5 34. 0 38. 6 43. 1

Vertical Dimension, (cm.) 33 24 21 17 16. 5 15.5 14. 5

Horizontal Dimension, (cm.) 53 49 47 45 44 43 42

Figure 2.

View of Plots at the Regional Research Station in Haldimand County
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In a laboratory experiment, the effect of the volumetric soil moisture 
content on the size and the Shape of the volume of influence of the P21 sur
face probe was determined. The results are presented in Table 4. The ver
tical and horizontal dimensions of the volume of influence decreased as the 
volumetric soil moisture content increased. The volume of influence was found 
to be a true hemisphere at 15% moisture by volume. The resulting standard 
curve appeared to be significantly different from the one supplied by the manu
facturer.



NEUTRON MOISTURE MEASURING EQUIPMENT

Figure 3.
A Neutron Moisture Meter Measures 
The Moisture In A Soil Profile.

A steel tube (c) is driven into the soil and a probe (d) is lowered to dif
ferent depths. Fast neutrons are emitted from the probe and they are slowed 
and scattered back by the soil water to a detector in the probe. Each return
ing slow neutron is counted on the electronic scaler (a). The number of counts 
obtained depends upon the moisture content of the soil in a volume indicated 
by (e). The probe is enclosed in a lead and paraffin shield (b) while the equip
ment is being moved to a new measuring site.

17



AUTOMATIC RECORDING OF AGROMETE ORO LOGIC AL DATA

Figure 4

During the past year an automatic 
weather data recording system was 
developed and put into operation at 
Puslinch Field. The photograph above 
shows a rotating boom upon which 
are mounted sensors to obtain the 
temperature and humidity at differ
ent heights above a corn crop. Sev
eral other variables such as soil tem
perature and the net radiation also 
are measured.

The diagram at the left indicates how 
the information about each weather 
variable begins as an electrical voltage 
which is measured and then trans
lated into a coded digital value. The 
coded data along with the time, vari
able identification and instructions 
are punched into paper tape. A com
puter reads the tape, calculates, sum
marizes and prepares a typed copy 
of the results.
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SOIL RESOURCES IN SOUTHERN ONTARIO

SOIL SURVEY AND CLASSIFICATION

19

Since 1957 the Ontario Soil Survey staff have been assembling survey 
information for the compilation of a generalized soil map of Southern Ontario - 
that part of Ontario lying South of Lake Nipissing and the French and Mattawa 
Rivers.

Total land area in Southern Ontario - 32. 5 millions of acres.

A. Not suitable for agriculture

1. Within the Canadian Shield ---------------14. 5 millions of acres

(Includes isolated areas of soils of limited agricultural use; largely 
bare areas of Precambriam rocks; innumerable small swamps).

2. Outside the Shield ---------------- 5. 0 millions of acres

(Shallow over bedrock, extreme stoniness, and very steep slopes).

B. Suitable for agriculture ---------------13. 0 millions of acres

Agricultural production on these 13 million acres can be increased con
siderably in some areas by improved soil management. The three principal 
limitations and the approximate acreages involved are:

1. Inadequate drainage on 9. 1 million
2. Low fertility on 5. 3 million
3. Stoniness on 1. 2 million

The soil survey in Ontario is conducted by the Department of Soil Science 
with the co-operation of the Research Branch, Canada Department of Agriculture.

Soil surveys consist of plotting soil boundaries on aerial photographs, 
classifying soils, observing crop growth on specific soils and judging soil 
characteristics. Field work in 1960 was completed on 350, 000 acres in Lanark 
County and 200, 000 in Leeds County.



SOIL SURVEY REPORTS AND MAPS AVAILABLE 
FOR ONTARIO

SOIL MAP WITH LEGEND

1. Norfolk
2. Elgin
4. Haldimand
5. Welland
6. Middlesex

SOIL SURVEY REPORT AND MAP

8. Northwestern Ontario including 19. York
Rainy River Clay Plain, Dryden 20. Stormont
area and Thunder Bay area. 21. New-Liskeard-Englehart Area

9. Durham 22. Lambton
10. Prince Edward 23. Ontario
12. Grenville 24. Glengarry
13. Huron 25. Victoria
14. Dundas 26. Manitoulin
15. Perth 28. Oxford16. Bruce
17. Grey

FOR LIMITED DISTRIBUTION ONLY

3. Kent
7. Carleton

11. Essex

In addition to the above published maps and reports, photostat copies have 
been made of the following county maps and are available for a very limited dis
tribution at a cost of $1. 00 per copy in black and white.

1. Brant
2. Peterboro (South)
3. Waterloo
4. Halton
5. Northumberland

7. Lincoln
8. Part of Renfrew

20



ORGANIC SOIL RESOURCES

21

- Deposits 3 feet or more in depth -

(Acreage compiled from reconnaissance Soil Survey)

Eastern Ontario;

Acreage Remarks

Dundas 20, 000 One area in north approximatly 3, 000
acres - rest small and scattered.

Carleton 55,400 One area of about 8,000 acres'- rest
small and scattered

Glengarry 22,600 Scattered areas of 2,000 acres or
less.

Grenville 24, 600 One large area of about 6, 000 acres
- remainder small and scattered.

Lennox & Addington 14, 800 Mostly scattered.

Prescott 19, 000 All under 2, 000 acres in size.

Russell 4, 500 Mostly in part of Alfred Bog - partly
developed.

Stormont 35, 100 Two large areas - one in centre of
county, undeveloped - other is part 
of Alfred Bog ano is being developed.

Central Ontario:

Durham 22, 100 Mostly along stream banks in northern
part of county-

Hastings 88, 400 Very scattered - no large areas.

Northumberland 22, 500 Scattered along stream courses as
long, narrow areas.

Peterborough 52, 000 Mostly in lower half of county, along
stream courses and adjoining Rice 
Lake.

Prince Edward 13, 100 Scattered, small areas.-

Victoria 54, 900 Mostly along stream banks - well
scattered over county- one area about 
7,000 acres.
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York 27, 800 Largest area is included in Bradford
marsh - another large area in north 
east corner undeveloped.

Ontario 55, 500 Mostly in long narrow sections along
stream banks.

Western Ontario:

Dufferin 34,400 Scattered, part in Luther swamp.

Grey 98, 900 Very scattered with no large areas.

Bruce 66, 900 One promising area in Greenock swamp
of about 25, 000 acres - remainder 
scattered.

Halton 7, 400 Small, scattered areas

Peel 4,500 Small, scattered areas.

Huron 33, 900 Mostly at north end of county.

Perth 9, 900 Small, scattered areas.

Simcoe 60, 600 Two large areas - one is part of
Bradford marsh - another in Minesing 
swamp - rest scattered.

Waterloo 13,000 Small, scattered areas.

Wellington 32, 200 Part in Luther Swamp - remainder
scattered.

Southern Ontario;

Brant 7, 000 Very scattered, small areas.

Elgin 3, 900 Scattered areas.

Essex 1, 700 Scattered areas.

Kent 7, 000 About 2, 000 developed at Erieau marsh.

Lambton 4, 500 Mostly in Thedford marsh - partly
developed.

Middlesex 12, 100 Mostly scattered.

Oxford 12, 600 Mostly scattered.

Welland 1, 900 Mostly scattered.

Wentworth 14, 100 One large area in Beverly swamp
- one area being developed.



The success of an applied research program in soils depends on the 
strength and diversity of the fundamental research. Primarily, the purpose 
of an applied program is to get the answers to definite problems, often with 
some economic importance attached. In comparison with fundamental re
search, the applied program is often of shorter duration and frequently in
volves field work under physical conditions not controlled by the researcher.

Applied research in soil management, fertilizer use, agrometeorology, 
and soil moisture was conducted on the following areas;

Puslinch field at Guelph
Regional Research Station at Cayuga
Brampton Seed Farm
Muck Research Station at Bradford
Farmers’fields throughout central and southwestern Ontario.

23
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WEATHER AND CROPS

From the time the seeds are planted and the crop safely in storage, the 
weather is’ an uncontrollable variable that often determines whether it was a 
good or a poor crop. Moisture and warmth are required at all stages of growth. 
The demand for moisture and warmth increases as the plant grows reaching a 
maximum in early August for corn; excessive heat and moisture in July could 
ruin spring grains; alternate freezing and thawing in the spring, or winter 
icing, materially reduces the yields of fall wheat or kills out the clovers.

Results of experimental work at the Puslinch Field (Guelph), Cayuga 
Station, or on farmers' fields, are often related to seasonal weather effects.

Some of these more important effects during 1960 at Guelph and Cayuga were;

1. A heavy snow cover persisted until the end of March. Thus, in spite 
of record cold waves, the frost penetration into the soil was less than 
twelve inches throughout the winter.

2. During April and May, the rainfall was above normal with few rain
less days. The result was that grain crops suffered delayed seeding, 
poor growth, and nitrogen deficiency. Measured soil temperatures during 
this period were similair to previous years although in wetter locations 
the temperature was probably lower.

3. Soil moisture and temperatures were generally at desired levels during 
June and July, the time of rapid growth.

4. From the middle of August to late November the rainfall was low. 
Excellent weather occurred for harvesting cereals, maturing of corn, 
and fall cultivation. It was necessary to irrigate experimental plots of 
fall wheat to insure proper germination. However, at the time of freeze- 
up, the soil moisture content was less than field capacity. As there was 
little winter precipitation, the ground water dropped to low levels at the 
beginning of 1961.
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Figure 5 Precipitation and Temperature at Regional Station at Cayuga.



Figure 6 Temperature and Precipitation at Guelph.

YIELDS AND RETURNS FROM VARIOUS FERTILIZERS FOR CORN

25

Since 1955 the Department of Soil Science has been engaged in an extensive 
program of fertilizer trials wherein 27 different combinations of nitrogen, 
phosphorus, and potash are applied to the soil for a crop. Each treatment 
occurs three times at each testing site to give a total of 81 individual plots. 
During these years over 100 farms have been used in this program.

The accumulated data provide;

(a) information on the response of soils to applied fertilizers.

The following data will show the combination of plant nutrients that pro
duced the top yields, regardless of net returns, as well as the yield that would 
return a farmer the most profit.

(b) information to refine and constantly improve the fertilizer recom
mendations made by various extension personnel.



Fertilizer Yield Net Yield Net
Used (1) Increase (2) Return (3) Increase (2) Return (3)

0-40-0 17 $16.25 7X $3. 75
0-40-40 24 21. 90 7X 0. 65
0-40-80 30 26. 20 8X -1. 50
60-40-0 20 9. 90 18 7. 40
60-40-40 28 16. 00 28 16. 20
60-40-80 29 17.00 22 8. 60
120-40-0 18 -2. 50 19 -1. 25
120-40-40 27 6. 55 26 5. 30
120-40-80 31 9. 50 27 4. 55
120-80-80 30 0 39 IL 15

The increase in yield was not significantly greater than the 
unfertilized plot, which yielded 54 bu./ac.

EXPLANATORY NOTES:

1. Fertilizer used indicates the pounds per acre of N, P2O5, and K2O that 
were banded to the side and below the seed. The sources were: N from 
ammonium nitrate, P2O5 from superphosphate, and K2O from potas
sium chloride.

2. Yield increase is the increase in yield over the unfertilized plot.

3. Net return is the profit in dollars and cents after paying fertilizer costs.

Corn priced at $1.25/bu. and fertilizer at 1960 prices.

OBSERVATIONS:

1. Nitrogen had little effect on yield when preceded by a grass-legume hay, 
but nitrogen greatly increased yield of corn in a cash-cropping rotation.

2. Highest net return after grass-legume hay without nitrogen; additional 
nitrogen reduced net returns. At each level of nitrogen, potash increased 
yield and net return.

3. Net returns in cash crop rotation generally lower than after hay. Highest 
net return from 60-40-40; although yields were increased by further nitrogen, 
net returns decreased.
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Table 5.
On LOAM Soils 

After Grass-Legume Hay
No fertilizer

Yield 54 bu. /acre.

On SILT or CLAY LOAM 
Soils after Corn or Soybeans 
no fertilizer

Yield 54 bu. /acre.



MANURE BOOSTS CORN YIELDS

An extensive crop rotation project on the Haldimand clay was established 
in 1952 at the Regional Research Station, Cayuga. In addition to studying the 
effects of different rotations on crop yields, two levels of fertility and manure 
treatments were included. The high fertility was similar to that used by a farmer 
operating on a cash-crop basis; the high fertility plus manure was a practice 
followed by farmers with livestock; the low fertility and no manure treatment 
wao considered to be a low level of operation.

The following data apply to corn over an 8-year period 1953-1960

Low fertility treatment - Each year the low fertility treatment included 
a total of 41 lb. of N, 48 lb. of P2O5 and 24 lb. 
of K2O per acre;

High fertility treatment-78 lb. of N, 68 lb. of P2O5 and 44 lb of K2O per
acre.

Manure treatment - the practice has been to apply 20 tons of manure over a 
four-year period. Thus Rotation 1 (corn annually) would 
receive 5 tons per year; Rotation 3 (corn, oats) would 
receive 10 tons on the corn;. Rotation 4, 10 tons on the 
corn, 5 tons on each hay crop; Rotation 5, 10 tons on the 
corn, 5 tons on the wheat and 5 tons on the red clover (fall.)

R otation Preceding Crop
Low
Fert.

High 
Fert.

High Fert.
+ Manure

Increase from
Fert. Manure

1 Corn 51 61 68 10 7

3 Oats 63 67 75 4 8

4 2 yr. old alf. -brome 57 65 72 8 7

5 Red Clover 62 69 76 7 7

1. For either fertility or manure treatment, the yields from corn annually 
were not as good as when a rotation was followed.

2. Except for the two-year rotation of corn-oats, the yield increases 
from manure were about the same as from high fertility treatment.

3. The 10-bushel increase from fertilizer in the corn-annually practice 
indicates the need for high levels of soil fertility if corn is grown 
annually.
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The Yield of Corn, Bu. /Ac., 
Table 6. As Affected By Preceding Crop, Fertility Levels and Manure



LIME ACID SOILS FOR LEGUMES

In 1952, Grade A calcitic limestone and ordinary grade dolomitic lime
stone were applied to plots at rates of 0, 2, 4, and 8 tons per acre. In addition, 
dolomitic limestone was applied at 12 tons per acre.

The limestone plots were split for high and low fertility programs. From 
1952 to 1960, the low fertility plots have received 46 lb. N, 156 lb. P2O5 and 
78 lb. K2O; the high fertility plots have received 66 lb. N, 533 lb. P2O5 and 167 
lb. K2O.

Alfalfa has been grown on the plots for 5 years, wheat 2 years and oats 
1 year. Alfalfa was seeded with oats in the spring of 1959.

Liming and the low fertility treatment increased yields in all cases by 
0. 2 to 0. 5 tons per acre. The heavier application of fertilizer with the lime 
gave further increases of 0. 1 to 0. 6 tons per acre. Increases of 0.5 to 0. 9 
tons per acre were obtained over the check by the use of fertilizer and lime. 
The applications of fertilizer have not influenced soil reaction.

Figure 7 - Limestone Applications Increase Soil pH and Yields of
Alfalfa
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At the 6 to 9-inch depth, soil pH values were 5.5 to 5.8. An application 
of 8 tons per acre raised the pH to 6. 3 at this depth. Beyond 9 inches, soil 
pH has not been changed significantly by surface application.

In purchasing and applying lime for the correction of soil pH, a farmer 
should consider;

1. That the recommendations as to quantity and type (calcitic or dolomitic) 
are based on soil analysis.

2. That the finely divided materials, e.g. Grade A, corrects the soil pH 
in a shorter period of time than the coarse stone.

3. That lime should be applied one year before a legume is seeded.

4. That the best results are obtained when the lime is thoroughly mixed 
with the cultivated layer of soil.

MANURE ON FALL WHEAT

Fall wheat is one of the crops in the rotation project at Cayuga. As 
with other crops two levels of fertility were maintained with and without manure 
applications. The four-year rotation was corn-oats-fall wheat-red clover.

1. At both levels of fertility, manure accounted for an in
crease of 3 to 5 bushels.

2. The difference in the fertility levels was a spring application 
of 33 lb. N per acre, which accounted for 13 bu. without 
manure or 11 bu. with manure.
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Treatment lb. /ac. of N-P2O5-K2O Yieldbu./ac. (1954-60)

Low fertility 6-36-18 (drilled) 31

" " fertilizer + 5T.manure 36
in fall

High fertility 6-36-18 (drilled) 44
33-0 - 0 (spring)

" " fertilizer + 5T. manure 47
in fall



AMOUNTS AND KINDS OF FERTILIZER FOR POTATOES

For several years, the Department of Soil Science has conducted fertilizer 
trials on privately-owned farms in some of the potato -growing districts of 
Ontario. The purpose of these studies was to determine the effects of;

1. Fertilizer placement on yield and quality of potatoes.

2. Chloride and sulphate forms of potassium on the quality of potatoes.

Previous Progress Reports (1957-58-59) have reported data to show that 
the band application of fertilizer was far superior than a broadcast application.

There were no significant differences in the Consumer Preference Index 
due to fertilizer placement at the rates used.

The results of the 1960 studies are shown in Figure 8. Increased yields 
were obtained by applications up to 3000 lb,/ac. of a 6-12-12 fertilizer. How
ever, the greatest profit was obtained from an application of 1500 lb. /ac. of the 
fertilizer.

Figure 8 - Yields Increase with Increasing Amounts of Fertilizer but
Greatest Profit at 1500 lb. /ac.
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Table 8. Effect of Chloride and Sulphate Forms of Potassium
on Potato Yield and Quality

Source of Potassium Yield, bu. /ac. C.P. I. * Total Solids

All in chloride form 381 26 20. 3

All in sulphate form 390 26 21.2

Half chloride plus half sulphate 404 25 20. 2

* C. P. I. Consumer Preference Index is based on the colour, texture, and flavour 
of the cooked potatoes - determined by the Department of Field Hus
bandry, O. A. C., Guelph.

1. No significant differences in C. P. I. due to source of potassium in the 
fertilizer.

2. The 1960 values are slightly higher than in 1959; due to the increase 
in dry matter which affects the texture - a factor in the C. P. I.

Total Solids;

1. The highest value associated with the sulphate source of potassium has 
also been found in previous years.

2. The yield of dry matter or total solids tends to decrease with an in
creasing amount of fertilizer applied.

SUGAR BEET FERTILIZATION

Two experiments were conducted in 1960 in co-operation with the Canada 
and Dominion Sugar Co. Ltd., Chatham, Ontario. The staff of the C. &. D. Co. 
performed the field work while the staff of the Dept, of Soil Science, O. A. C. 
assisted in the planning, performed chemical and statistical analysis, and 
assisted in the interpretation of the data.

Fertilizer Placement

An experiment comparing different fertilizer placements was conducted 
on the C.& D. Co. Ltd. experimental field in Dover Twp., Kent County. The 
results were as follows;

(1) Fertilizer applied in bands directly below, or below and slightly to 
the side of the seed resulted in higher yields of beets and gross sugar 
than did the plowed-down or broadcast applications.
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(2) The per cent sugar was highest with the plowed-down application.

(3) The main effect of a band application appeared to be due to a greater 
supply of phosphorus during the first few weeks of growth.

Figure 9.
A Multi-purpose Machine that Space-plants the Sugarbeet Seeds, Bands 
the Fertilizer, and Applies the Pre-emergent Herbicide in One of Two 
Forms - Granular on the Right and Liquid on the Left.
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Rate of Nitrogen

An experiment comparing rates of nitrogen (urea) sidedressing on yield 
and sugar per cent was conducted on the Canada and Dominion Sugar Co. Ltd. 
experimental field at Wallaceburg. The results were as follows;

(1) The yield of beets was increased by approximately 3 T,/ac. by the 
addition of 40 lb. N/ac. Further nitrogen up to 160 lb. /ac. gave con
sistent but lesser yield increases.

(2) The per cent sugar in the beets was decreased by the 120 and 160 
lb. /ac. rates of nitrogen.

(3) The highest yield of sugar was obtained with the 80 to 120 lb. /ac. N 
rate.

(4) The most economical rate of N application for sugar beets would appear 
to be 40 to 80 lb. /ac.



SOIL ORGANIC MATTER AND CROPPING PRACTICES

The organic fraction of soil originates from the residues of vegetation 
- roots and stubble, plus the additions that may be made in the form of barn
yard manure. In well-drained soils, the amount ranges from 1.5 per cent in 
sandy soils to 5 per cent in some clays; poorly drained soils normally have a 
much higher content of organic matter. The productivity of some soils is 
believed to be limited by a low organic matter content.

Some of the benefits from, and functions of organic matter are;

1. Promotes soil tilth, aggregation, and structure.

2. Increases the resistance to erosion.

3. Stores nitrogen and minor elements for crop use.

4. Provides a source of food and energy for micro-organisms.

Most of these benefits, however, are only realized when the organic mat
ter goes through a decomposition stage. While the level of organic matter is 
important, often the rate of decomposition is of greater importance. If the 
ratio of carbon to nitrogen is wide, as in straw, the addition of this carbonaceous 
material to a soil may result in nitrogen starvation for the following crop. 
The straw stubble and roots contain large amounts of carbon with little nitrogen. 
The micro-organisms have a large supply of energy at their disposal in the form 
of carbon. If they are to grow and multiply, they must have nitrogen to form the 
protein of their bodies. The rate of decomposition of the straw will be dependent 
upon the amount of nitrogen the soil can supply. Thus, all the nitrogen released 
by the soil is used by micro-organisms to build their body tissue with little left 
for the crop. Plowing down straw and other carbonaceous residues causes a 
shortage of available nitrogen for the ensuing crop. To overcome this situation, 
a nitrogen fertilizer should be applied at the time of plowing down the residue 
to give the equivalent of 75 pounds of ammonium nitrate per ton of residue. 
This supplies the nitrogen for the micro-organisms, instead of depending on that 
released from the soil. In this way more residual organic matter may result 
and the succeeding crop will be less likely to show a nitrogen deficiency.

33



MANURE AFFECTS LEVEL OF SOIL ORGANIC MATTER

Table 9 Per Cent Soil Organic Matter Under Corn 
in Three Cropping Practices, With and Without

Manure.

Cropping Practice
Per Cent Organic Matter

No Manure: With Manure

Corn, annually 4. 0 4. 6

Corn-oats-hay-hay 4. 6 5. 0

Corn-oats-wheat-red clover 4. 9 5. 0

Sod, annually since 1952 4. 5 -

Fence row 7. 6 -

The effectiveness of organic matter levels on corn yields is difficult to 
assess. While yields were higher with the rotations u?ing forage crops, this 
may be attributed either to the organic matter level or the increase in nitrogen 
provided by the legume. Likewise, both manure and fertilizer contributed to 
higher corn yields, hence the benefits from manure may be either nutritional 
or in the increased organic matter level. In any event, regular returns of 
residue and manure should be provided.
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At the Regional Research Station, Cayuga, rotations with different pro
portions of forage crops to intertilled crops, and with different fertility levels 
are being studied on a fine-textured soil (Haldimand clay). Over an eight
year period ending in 1960, a corn-oats-hay-hay or corn-oats-wheat-red clover 
rotation appears more effective than continuous corn in maintaining the level 
of organic matter. Farmyard manure applied at the rate of five tons per acre 
has also been effective in raising the level of organic matter for all rotations. 
Apparently no management practice used in this study approximated the level of 
organic matter found in the fence row adjoining the plot area.



USE OF SOIL MOISTURE BY CORN AND HAY

The soil moisture in the corn plot showed a tendency to build-up during 
June as the rainfall was slightly in excess of evapotranspiration. However, 
the alfalfa-brome had used half the available moisture by mid-July. The rain
fall in late July and early August significantly replenished the moisture supply. 
The corn crop used moisture at a greater daily rate during the period August 10 
to 25, than the hay. Early in September the soil in both plots was approaching 
the permanent wilting point to a depth of 24 inches.

Figure 10- Depletion of Plant Available Soil Moisture during June, July, and 
August 1960 Under Plots of Corn and Hay on the Haldimand Clay, 
Cayuga.
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MOISTURE EXTRACTION PATTERNS FOR CORN AND HAY

HALDIMAND CLAY AT CAYUGA
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Figures 11-and 12-Show the depths from which c orn and a first year alfalfa- 
brome extracted soil moisture from mid-June to late August 
1960.

OBSERVATIONS

June 16- From June 12 to 15 incl. rainfall amounted to 1. 32 inches
which accounts for the values, almost at field capacity, under 
both crops.

June 20- Rainfall during the previous week amounted to 0.4 inches
The alfalfa-brome had used the moisture in the 0 to 9-inch 
depth to about half the available amount while corn (planted 
June 4) has not developed an extensive root system beyond 
the surface layers.

July 13- No rain during the previous two weeks. The hay had removed
about 2/3 of the available moisture to a depth of 15 inches while 
under corn 1/2 the available moisture was used to the 9-inch 
depth with plenty of moisture below.

Aug. 11- From July 13 to Aug. 11 rainfall amounted to 3.83 inches.
The previous rains had raised the available moisture under 
both crops to the 50 per cent level at the 9-inch depth. Below 
9 inches the soil under the hay crop was much drier than under 
the corn but not as dry as on July 13th.

Aug. 18 and 26- Total rainfall from Aug. 11 to Aug. 26 amounted to 0. 3 inches. 
The moisture under both crops was markedly reduced to the 24- 
inch depth. Below 24 inches the hay extracted slightly more 
moisture than the corn.
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FIGURE 11 CORN

FIGURE 12 ALFALFA BROME (FIRST YEAR)



DEVELOPMENTAL RESEARCH

The developmental research program is designed to bring the latest in 
research information to farmers. Soil management practices, that have been 
developed by applied research, are carried out on farmers' fields to demonstrate 
the advantages in following recommended practices.

For the Department this program serves to test the validity of research 
findings on an extensive scale. On occasions the demonstration fails to achieve 
its predicted value, and, if the reasons for the failure cannot be attributed to 
local environmental conditions,the problem then forms a research project either 
at the fundamental or applied level.
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PRELIMINARY FERTILIZER TRIALS

NITROGEN FOR FALL WHEAT
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Before extensive fertility trials are laid out on several farmers' fields, 
small exploratory experiments are conducted for the purpose of;

(a) defining a fertility problem of a specific crop.

(b) assisting in the preparation of reliable and profitable fertilization of 
the crop.

During 1960 preliminary work was started on several crops and the ex
perimenter's observations follow.

WHITE BEANS.............. Variety (Sanilac)........... on a three-year old sod and a
clay loam low in nitrogen and phosphorus,and medium potassium

Applying the fertilizer three weeks before planting was more pro
fitable than drilling the fertilizer at planting time. The soil test 
recommendation, 275 lb. /ac. of 5-20-20, yielded 30.5 bu. /acre 
and returned $3. 00 for each fertilizer dollar invested. Unferti
lized plots yielded 22 bu. per acre.

TABLE TURNIPS.............. on clay loam soils low in nitrogen and phosphorus,
and medium in potassium At two locations the average yield with
out fertilizer was 640 bu. /ac. Fertilizing at the recommended 

rate accounted for an extra 224 bu. and returned nearly $5. 00 per 
dollar invested in fertilizer. There were no differences in vita
min C content of the turnips whether fertilized or not.

Previous Progress Reports by the Department of Soil Science have shown 
consistently the financial advantage in drilling fertilizer with the wheat in the 
fall. The recommended ratio being 0-2-1 and at rates determined by soil tests. 
The nitrogen requirement is met by an application in late fall, November 15th 
or in early spring before April 1st, of a nitrogenous fertilizer.

Experimental work has shown no significant difference between the two 
times of application. Applying the fertilizer late in April or early May is not 
recommended. In the spring of 1960 most soils in Southern Ontario were cold 
and wet with the result that later-than-usual applications of nitrogen were ef
fective.



THE INFLUENCE OF FERTILIZATION ON CROP QUALITY
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The response of a crop to fertilization is usually measured in terms of 
the yield of dry matter. The quality of the crop is seldom considered, pro
bably because its measurement is not very precise. It is realized, however, 
that the quality is an important aspect which may be influenced by fertilizer 
and management practices.

Information has been obtained on the influence of fertility practices on 
the quality of turnips, sugar beets, and potatoes.

The per cent dry matter and consumer preference index (C.P. I. ) have 
been used as a measure of potato quality for the past three years. A reduction 
in per cent dry matter has been observed with applications in excess of 2, 000 
lb. per acre of a 6-12-12 fertilizer. This reduction in dry matter, however, 
was not reflected in a reduction in the C. P. I. The addition of a portion or all 
of the potash as the sulfate form has increased the per cent dry matter al
though, again, no influence has been noted on the C. P. I. Thus, it appears 
that although fertilizer additions increase yields, they do not affect potato 
quality to a great extent.

The vitamin C content of turnips grown under fertilized and unfertilized 
conditions was measured in 1960 on two locations. There was no significant 
influence of the treatments on vitamin C content although the yield was increase d 
from 640 to 864 bu. /acre.

The per cent sugar in sugar beets has been found to decrease under high 
rates of nitrogen fertilization. Although the per cent sugar was decreased with 
nitrogen additions of 160 lb. N per acre or greater, the gross sugar yield was 
not decreased.

The information that has been obtained would indicate that the quality of 
the crop is not influenced by fertilization to as great an extent as is the yield.



RESULTS OF FERTILIZER TRIALS ON OATS IN 1960

A cooperative project between the soil and crop improvement associations 
in several counties and the Department of Soil Science, Ontario Agricultural 
College, was initiated in 1959 to obtain information from a large number of soils 
and to determine the reliability of the soil test recommendations under actual 
farm conditions. Oats was the only crop reported in 1959-60.

The objectives of this program were;

1. To determine the range in crop yield increases that can be expected from 
the use of fertilizer on several representative soils.

2. lb determine the economic advantage in applying fertilizer at three levels - 
(a) soil test recommendation, (b) double the soil test recommendation 
which should achieve 95 per cent of the maximum possible yield, and (c) 
the general recommendation of the Advisory Fertilizer Board.

Procedure

Farm cooperators were selected by the Agricultural Representatives in 
each county. Soil samples from these locations were analyzed by the Soil 
Testing Laboratory at the Department of Soils, Ontario Agricultural College. 
The fertilizer for oats was applied with the fertilizer drill in strips of 2 or 
more drill-widths across the field. One strip received no fertilizer. The 
final yield was based on several samplings from each strip.

1. Fertilizer applied according to soil test to give 80 per cent of maximum 
yield that was possible on the particular soil during the 1960 crop year. 
This is the level currently being recommended for fertilizers for oats.

2. Fertilizer applied according to soil test to give 95 per cent of maximum 
yield.

3. General recommendation of the Fertilizer Advisory Board for Ontario; 
for oats not seeded down and not manured, 300 lb. /acre 10-10-10.
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TABLE 10 - Summary of Yields and Returns Per Fertilizer
Dollar Invested for Oats on Loam Soils.

Yield of Oats (bushel/acre) Returns per Fertilizer Dollar

Soil No Soil Test Double General Soil Test Double General
County Texture Fertilizer Recommendation Soil Test Recommendation Recommendation Soil Test Recomm

Huron Loam 62 68 83 84 0. 38 0. 74 1. 28

Middlesex Loam 60 68 65 70 2. 33 0. 61 0. 58

Ontario Loam 31 50 46 50 1. 33 0. 90 1. 11

Peel Loam 68 74 82 79 0. 64 0.74 0. 58

N. Simcoe Sandy Loam 70 86 77 85 1.70 0. 37 0. 88

S. Simcoe Loam 59 75 76 74 1. 70 0. 90 0. 88

York Loam 48 58 61 64 1.06 0. 69 0. 93

Average 57 68 70 72 1. 31 0.70 0. 89

TABLE 1 1 Summary of Yields and Returns Per Fertilizer Dollar
Invested for Oats on Clay Loam Soils.

County
Soil
Texture

Yield of Oats (bushel/acre) Returns per Fertilizer Dollar

No
Fertilizer

Soil Test
Recommendation

Double
Soil Test

General
Recommendation

Soil Test
Recommendation

Double
Soil Test

General
Recomm

Elgin Clay Loam 57 88 100 93 4. 82 4. 18 2. 10

Middlesex Clay Loam 41 39 51 58 0. 00 0. 58 1. 00

Perth Clay Loam 66 77 81 72 1.79 1. 17 0. 35

Peel Clay Loam 89 101 100 92 1. 68 0.77 0. 17

Halton Clay Loam 90 90 104 108 0. 00 0. 91 1. 05

Wentworth Clay Loam 64 72 71 74 1. 33 0. 58 0. 58

Average 68 78 84 82 1. 60 1. 36 0. 89
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OBSERVATIONS

Fertilizer For Oats on Loams and Sandy Loams - (Table 10)

1. Without fertilizer the average yield was 57 bu. /ac.; the average yield 
of all fertilizer treatment was 7 0 bu. /acre - a general increase of 13 
bushels with no fertilizer application appreciably better than the soil test 
recommendations.

2. Five cooperators out of seven recovered their investment in fertilizer 
when applied at rates recommended by the soil test.

3. Applying fertilizer at double the test value was not profitable.

4. The general recommendation, 300 lb. /ac. of 10-10-10 yielded a profit 
in Huron County indicating a response to the additional nitrogen. The 
yield increases in Peel County, from 68 to 74, 79, and 83 bu. /ac. did 
not yield a profit.

OBSERVATIONS

Fertilizer for Oats on Clay Loam Soils - (Table 11)

1. Without fertilizer the average yield was 68 bu. /ac.;the average yield of 
all fertilizer treatments was 81 bu. /ac. - a general increase of 13. bu. / 
acre. The double-soil-test rate accounted for a general increase of 6 
bu. /acre over the soil test recommendation.

2. The Elgin County cooperator made money on his fertilizer investment at 
all three recommendations but most at the soil test recommendation.

3. Three cooperators out of six averaged $1. 60 return per dollar invested 
when they used fertilizer at the soil test value and lost money at all other 
levels.

4. Two cooperators, Middlesex and Halton, barely recovered their invest
ment at the general recommendation level and lost at all other levels. 
These low returns are probably due to inadequate nitrogen in the fer
tilizer selected from the soil test recommendation.
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ADVISORY SERVICES

The research endeavours of the Department are interpreted and expressed 
through our Advisory Services program. Staff members, working in co-operation 
with the Agricultural Representatives and through the County Soil and Crop 
Improvement Associations, develop soils extension programs for assigned 
areas in the province. Soil specialists are located at Guelph, London, and 
Lindsay.

Advisory Services include:

1. Fertilizer recommendations.

Soil samples submitted by farmers are analyzed in the Soil Testing Lab
oratory. The results of the tests provide the basis for recommending the fer
tilizer - analysis and rate - required for a particular crop. Research in soil 
chemistry and fertility has assisted in the development of fertilizer requirement 
tables. These tables, along with the information supplied by the farmer, are 
used in making specific recommendations by the staff at Guelph, Agricultural 
Representatives in 25 counties, and Fruit and Vegetable Extension Specialists." 
These recommendations are forwarded directly to the farmer.

2. Land use plans.

Farmers wishing a soil management and land use program for a particular 
farm can obtain the services of staff members by submitting an application to the 
Agricultural Representative. The service is designed, through consultation with 
the farmer, to develop a recommended system of management taking into con
sideration the quality of the land, the type of farming, and the main land use 
problems.

3. Communication media.

Information concerning improved technologies in soil management are made 
available through radio and T. V. programs, circulars, newspaper articles, 
and speaking engagements at meetings.
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USE FERTILIZERS ACCORDING TO A SOIL TEST

An important step towards an accurate fertilizer recommendation is to 
provide the soil testing laboratory with a sample of soil that truly represents 
the area under consideration. Chemical tests determine accurately the amounts 
of nitrogen, phosphorus, and potassium in a soil sample, but if the sample 
is not properly taken from the field the results can lead to recommendations that 
may mean a loss instead of a profit. Samples properly taken and accompanied 
by a history of cropping practices on the field provide the specialist with the in
formation that is necessary to make the proper recommendations.

General recommendations do not give the farmer accurate fertilizer re
quirements that are required for top profits in crop production. Each field and 
each farm present a separate problem. Farmers are in need of accurate in
formation so that fertilizer can be used most effectively and profitably. Several 
years of study have shown that crops of oats, wheat, corn, turnips, and potatoes 
fertilized according to soil test will give the farmer the greatest return for 
each dollar invested in fertilizer.

Figure 13
The Soil Testing Laboratory Processed More Than 34, 000 Samples in 1960.
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Table 12. Number of Soil Reports and Sampes for Counties and Districts

R = Number of Reports to Farmers S = Number of Soil Samples

COUNTY 1956 1957 1958 1959 1960
OR

DISTRICT R S R S R S R S R S

Algoma 29 65 28 66 28 66 17 33 58 136
Brant 56 149 76 132 66 183 156 480 166 526
Bruce 333 640 115 412 219 911 455 1023 394 1294
Carleton — “ — — — — — — — — — — 3 9 47 156
Cochrane 11 24 24 51 26 56 43 100 39 97
Duffer in 87 179 74 242 176 426 95 223 175 592
Dundas — — 1 9 1 4 — — — — 12 45
Durham 44 137 49 204 55 100 60 177 121 287
Elgin 113 302 53 174 74 247 118 438 193 801
Essex 61 127 56 142 68 218 107 274 392 1152
Frontenac 1 2 — — — — 2 8 27 68
Glengarry — — — — 1 3 — — — — — - 26 67
Grenville — — — — — — — — —• — 2 4 — — 7 22
Grey 212 631 167 482 155 560 185 641 360 1260
Haldimand 67 169 49 156 57 166 70 160 137 348
Haliburton 1 3 — — — — 1 4 1 4 5 9
Halton 29 109 39 106 97 238 115 292 113 305
Hastings 3’ 7 4 42 1 11 7 15 38 145
Huron 167 360 184 531 117 320 118 351 462 1886
Kenora 6 13 11 23 7 20 5 9 10 25
Kent 52 290 74 318 70 256 128 807 634 2720
Lambton 121 389 89 226 114 321 190 687 464 1784
Lanark — — — — 2 3 1 4 46 138
Leeds — — — — — — — — — — — — — — 2 2 13 42
Lennox &
Addington — — — — 1 1 — — 2 3 6 15
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Lincoln 50 130 84 276 57 184 61 253 98 385
Manitoulin 22 79 17 65 12 33 24 65 20 60
Middlesex 94 362 86 322 114 307 98 296 244 781
Muskoka 49 76 60 94 8 33 43 72 53 107
Nipissing 20 46 96 150 49 125 81 145 92 189
Norfolk 155 331 53 177 82 219 142 398 230 550
Northumberland 82 183 51 199 33 82 42 132 108 296
Ontario 100 294 109 268 80 209 147 472 335 1070
Oxford 56 187 69 241 59 225 148 424 454 1231
Parry Sound 79 84 85 98 10 32 116 135 103 115
Peel 114 229 74 292 153 388 161 424 177 530
Perth 140 306 122 450 152 503 117 286 326 1183
Peterborough 30 68 23 63 49 100 47 100 91 197
Prescott — — — — — — — — 1 1 — — — — 21 118
Prince Edward 6 37 16 106 2 6 72 154 131 346
R ainy R iver 99 154 100 112 91 118 183 234 134 170
Renfrew 2 3 1 1 — — 3 4 43 98
Russell — — — — — — — — — — — — 13 38
Simcoe 176 746 143 502 188 540 N.186 545 326 855

S. 251 617 259 696
Stormont — — — — — — — — — — — — 1 2 29 64
Sudbury 20 47 9 20 16 50 27 56 28 55
Temiskam ing 19 74 31 53 53 142 68 167 79 180
Thunder Bay 31 69 51 77 48 116 47 75 79 169
Victoria 43 123 51 107 66 160 55 116 146 372
Waterloo 105 283 107 241 101 219 161 554 214 710
Welland 65 140 61 163 56 144 93 255 140 357
Wellington 326 739 310 861 388 1235 278 692 447 1474
Wentworth 70 202 71 213 65 221 139 412 178 447
York 156 445 122 451 139 406 236 807 267 921
Miscellaneous 1 5 1 1 11 11 7 59 14 54

SUB-TOTAL 3, 503 9, 038 3, 098 8, 923 3, 419 9, 923 4, 914 13, 691 8, 824 27,738

Tobacco 429 1, 944 573 2, 428

Special* 5, 000 5, 700

TOTAL 3, 503 9, 038 3, 098 8, 923 3, 419 9, 923 5, 343 20, 635 9, 397 35, 866

* Includes samples analyzed for research projects and as a service to the 
Provincial Soil Fertility Committee.



LAND USE PLANNING

Productive land on which good crops, pastures, or forests will grow is 
our most valuable resource. In some areas, soil productivity has decreased 
by erosion, overcropping, or loss of organic matter; in other areas productivity 
could be increased by artificial drainage.

Soil conservation means far more than preventing erosion, checking run
off, and the depletion of soil nutrients. True conservation means using the land 
to produce the greatest amounts of crops, pasture, or forests while protecting 
and improving it.

Personnel of the Soil Advisory staff assist many farmers in preparing a 
conservation plan for their land. The specialist and the farmer go over each 
acre of land, study the kinds of soil they have to deal with and finally prepare 
a use capability map. This map shows the possible uses for each field and at 
the same time achieves the objectives of soil conservation.

In preparing the basic conservation plan for a farm, some of the topics 
considered are:

1. Fertility maintenance or improvement.

2. Drainage improvement if needed.

3. Crop rotations.

4. Pasture improvement.

5. Field arrangement.

6. Erosion control measures .

Farmers interested in the service should make application to their Agri
cultural Representative.

The accompanying table gives some indication of the location of farmers 
who have used this service. The major land use problems are listed. (Table 13)
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Brant 9 37 17 34 34 17 14 17 11 15 8 4 2 1 0 1
Bruce 8 27 2 25 25 23 15 13 23 22 3 14 1 0 0 0
Dufferin 8 30 1 28 30 20 17 8 19 20 6 2 2 1 0 0
Durham 2 36 0 31 30 28 22 23 22 9 7 3 0 1 1 7
Elgin 6 19 0 18 17 10 8 4 12 12 0 0 0 0 1 0
Grey 57 96 26 88 84 68 56 19 60 59 26 26 2 3 0 2
Haldimand 1 12 5 12 13 10 12 8 13 8 4 2 5 0 0 0
Halton 18 40 2 33 32 21 22 15 21 17 4 3 0 1 0 2
Hastings 1 9 0 9 8 2 7 9 8 7 1 0 1 0 0 0
Huron 17 25 0 23 22 12 13 11 24 10 6 6 0 0 0 0
Kent 1 2 0 2 1 0 1 1 0 1 0 0 0 0 1 0
Lambton 5 6 2 6 6 4 0 0 5 6 1 1 0 1 0 0
Lennox &. Add. 1 10 1 10 10 10 7 7 8 9 5 0 0 0 0 0
Lincoln 1 2 0 2 2 2 1 1 2 2 0 0 0 0 0 0
Middlesex 26 94 2 87 78 51 46 38 41 52 8 5 1 0 0 1
Norfolk 5 17 0 13 14 7 12 5 8 12 2 1 2 0 0 0
Northumberland 7 20 4 20 19 19 15 16 15 8 9 1 0 0 1 0
Ontario 7 105 2 102 99 84 71 72 59 38 29 6 0 9 5 8
Oxford 13 72 3 69 69 21 49 35 14 31 4 0 0 0 0 5
Peel 16 108 0 104 102 62 48 19 46 43 22 14 0 5 0 0
Perth 8 19 3 19 19 14 11 12 l’? 14 4 4 1 1 0 0
Peterborough 2 27 1 26 36 23 21 22 24 14 11 0 0 0 0 0
Simcoe N. 7 25 0 23 22 19 13 9 19 14 4 2 6 0 0 0
Simcoe S. 8 27 0 26 24 22 12 10 17 14 6 5 1 1 0 0
Thunder Bay 0 4 0 4 1 0 4 1 4 0 2 0 4 0 0 0
Victoria 2 9 4 7 7 5 2 5 3 2 1 0 0 0 0 0
Waterloo 5 24 3 22 22 14 15 14 6 6 4 1 0 0 0 2
Welland 1 8 0 8 7 6 5 0 6 6 0 0 2 1 0 0
Wellington 22 70 13 64 55 53 26 30 47 38 10 8 2 7 1 0
Wentworth 1 14 0 10 9 10 3 4 3 7 4 3 2 1 0 0
York

Total Farms 
planned

Percent of
Total

13 114

1108

1 110

93

109

91

81

65

72

56

60

44

51

54

52

49

23

19

12

11

0

3

2

3

2

1

1

3

Table 13 RECOMMENDED LAND USE PRACTICES ON 
PLANNED FARMS
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Land judging contests are relatively new techniques used by the Soil Ad
visory Staff to teach the inherent factors in soils that determine productivity, 
and how these soil characteristics may be altered to achieve proper land use.

Pits are dug at four different sites so that the contestants can examine 
the soil. In land judging competitions, the contestants look for those character
istics that affect crop yield: soil texture, permeability, slope, erosion, drain
age features, and others. Another part of the contest is the proper selection 
of land treatments (crops, fertilization, cultivation) that improve soil product
ivity.

Land judging competitions were held in the following counties in I960; 
Huron, Oxford, Norfolk, Halton, Peel, Middlesex, Dufferin, Elgin, Wentworth, 
Wellington (2), Perth, Lambton, Grey, Victoria, Durham, Ontario, and Peter
borough. There was an average attendance of 30 for each competition.

Figure 14.
Photograph of an Exhibit Using a Model of a Farm Planned by the Advisory 
Staff.
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GRADUATE STUDENT PROGRAM

During 1960, there were 12 students enrolled for graduate work in Soil 
Science. Four students completed all their requirements and received their 
M. S. A. degree during the year.

1960 GRADUATES AND THESES TITLES

PUBLICATIONS
April 30, 1960 to March 31, 1961.

52

Chandool, D. E. - Chemical measurement of soil nitrogen fractions in soils 
cropped at two nitrogen levels in the greenhouse.

Levesque, Marcel - Some effects of soil temperature on growth and phosphorus 
uptake by two varieties of alfalfa.

Patil, A. S. - Self diffusion coefficient of rubidium as influenced by soil moisture.

Vij, V. N. - Some chemical and physiological effects of nitrogen in a fertilizer 
phosphorus band.

REGISTERED FOR 1960

Aberson, G. M. Haagsma, T.
Amer, S. A.W. Reid, A. S. J.
Bhuiya, M. Z. H. Sherrell, C. G.
Campbell, C. A. Wright, H. C.

1. Dor maar, J. F. and J.W. Ketcheson. Effect of nitrogen form and soil temp
erature on the growth and phosphorus uptake of corn plants grown in the green
house. Can. J. Soil Sci. 40: 177-184, August 1960.

2. Graham. W.G. and K. M. King. Fraction of net radiation utilized in evapo
transpiration from a corn crop. Proc. Soil Sci. Soc. Amer. 25: 158-160.1961.

3. Heeg, T. J. Soils and fertilizers for home gardens. One Hundred and Fifth 
Annual Report, Ontario Horticultural Societies, 1959.

4. Heeg, T. J. Making and maintaining your garden carpet. J. Can. Rose Soc. 
1960.



5. King, K. M. and W. G. Graham. Note on a multi-channel integrator for a re
cording potentiometer. Can. J. Plant Sci. 40; 443-446. 1960.

6. King, K. M. Evaporation from land surfaces. Proceedings Second Canadian 
HydrologySymposium, Committee of Geodesy and Geophysics, National Re
search Council, March 1-2, 1961.

7. Matthews, B. C. and R. W. Baril. Soils of the Great Lakes - St. Lawrence 
Lowlands. Agricultural Institute Review, Vol. 15, No. 2, March-April 1960.

8. Miller, M. H. and C.E. Broadwell. Yield and sugar content of beets as in
fluenced by fertilizer placement in Ontario. Proceedings of Eleventh Eastern 
Regional Meeting, Amer. Soc. Sugar Beet Tech. Jan 24-25, 1961.

9. Miller, M. H. and G. C. Ashton. The influence of fertilizer placement and 
rate of nitrogen on fertilizer phosphorus utilization by oats as studied using 
a central composite design. Can. J. Soil Sci. 40; 157-167. 1960.

10. Murray, J. S. Fertility and soil tests as related to yields and quality of tur
nips. Soil and Crop Improvement Association, Toronto, January 1961.

11. Pelton, W. L. , K. M. KingandC.B. Tanner. An evaluation of the Thornth- 
waite and mean temperature methods for determining potential evapotranspir
ation. Agron. J. 52; 387-395. 1960.

12. Richards, N.R. New findings in fertilizer use. Proceedings Ontario Soil and 
Crop Improvement Association, Toronto, January 1961.

13. Richards, N.R., Chairman, Advisory Fertilizer Board for Ontario. Fer
tilizer recommendations for potatoes on mineral soils. (Revised February 
1961). Circular 301, Ontario Department of Agriculture.

14. Vij, V. N. and M. H. Miller. The influence of nitrogen in a fertilizer band on 
the root growth and fertilizer phosphorus absorption by sugar beets. Proceedings 
of Eleventh Eastern Regional Meeting, Amer. Sugar Beet Tech. Jan 24-25, 1961.

15. Webber, L. R. Soil Tilth. Better Farming - March 1961.

16. Webber, L. R. On to Ontario. Jour. Soil and Water Conservation 15; 40-42. 
1960.

17. Wicklund, R.E. and N.R. Richards. The soil survey of Oxford County. Report 
No. 28 of the Ontario Soil Survey. March 1961.
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RESEARCH PROJECTS ACTIVE 1960-61
Project No.

S. S. 1 Taxonomic Classification of Soils; Soil Surveys and their interpretation, (with 
co-operation of Soil Survey Staff of C.E. F., Canada Department of Agriculture). 
(Richards and Wicklund).

S. S. 1. 1 Detailed reconnaissance surveys of Ontario soils.
S. S. 1. 3 Compilation of generalized soil map of Ontario

S. S. 2 Genesis and Morphology of Virgin and Cultivated Soils. (Matthews & Wickluno 
Hoffman, Gillespie).

S. S. 2. 6 Particular size distribution and chemical analysis of genetic hori
zons of soil series.

S. F. 21 Control of Soil Reaction, Calcium Fertility and Liming in Relations to Yields 
and Nutrient Content of Crops. (Heeg).

S. F. 21. 1 Effect of different forms of limestone on growth and yield and com
position of alfalfa on Haldimand clay, R.R. S. Cayuga.

S. F. 21. 7 Effect of different forms of limestone on the yield of legumes on 
Oneida clay loam at Brampton.

S. F. 21. 8 Effect of placement of a high grade calcitic limestone on the yield 
of legumes on Oneida clay loam at Brampton.

S. F. 22 Co-operative Investigation of Response of Field Crops to Nitrogen, Phosphorus 
and Potassium on Different Soil Types. (Sherrell)

S. F. 22. 1 Response of oats to rate applications of N, P, and K.
S. F. 22. 2 Response of corn to rate of applications of N, P, and K.
S. F. 22. 4 Response of wheat to rate of applications of N, P, and K.
S. F. 22. 5 Response of hay to rate applications of N, P, and K.
S. F. 22. 8 Evaluation of potassium salts on the yield and quality of potatoes.

S. F. 23 Correlation of Soil Testing Methods for Nitrogen, Phosphorus, and Potassium 
with Crop Response to Added Nutrients and with Fertilizer Requirement. (Smith)

S. F. 23. 1 Evaluation of soil testing methods for phosphorus.
S. F. 23. 2 Evaluation of soil testing methods for potassium.
S. F. 23. 6 Calibration of modified incubation method with response of crops to

nitrogen fertilization in the field.
S. F. 23. 8 Greenhouse and laboratory evaluation of the phosphorus status of soils
S. F. 23. 9 Fixation and release of soil potassium as influenced by tempera

ture and moisture in the soil. (Miller)
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S. F. 25 Effects of Fertility Levels and Cropping Systems on Soil and on Yield and Nutrient 
Uptake of Crops. (Ketcheson)

S. F. 25. 7 Effect of N, P, K fertilizers applied in various combinations as starter 
only, and as starter plus soil treatment on yield of wheat, red clover, 
corn, oats, in rotation on Haldimand clay, R. R. S. Cayuga.

S. F. 25. 15 Forms of nitrogen in soil organic matter.
S. F.25. 16 Influence of grasses and legumes on yield and nitrogen uptake by 

crops in rotation and on soil nutrient and organic matter properties 
on Burford loam.

S. F. 25. 18 Evaluation of soil phosphorus and potassium levels in a crop se
quence on Puslinch Field.

S. F. 25. 19 Soil temperature effects on phosphorus and potassium uptake by 
different varieties of alfalfa.

S. F. 25. 20 Influence of soil temperature on uptake of soil and fertilizer phos
phorus by oats.

S. F. 25. 21 Yield and nitrogen uptake by grasses and legumes grown at dif
ferent levels of applied nitrogen and water and their effect on che
mical properties of soil. (Haldimand clay at R . R. S., Cayuga)

S. F. 25. 22 Study of the nitrogen response on corn grown on Haldimand clay 
at two moisture levels.

S. F. 26 Effect of Different Fertilizer Materials, Placement, Time and Methods of 
Application on Crop Growth, Yield, and Nutrient Uptake. (Ketcheson)

S. F. 26. 25 Fertilizer placement for oats and alfalfa-brome in the field.

S. F. 27 Effects of Soil Fertility, Moisture Supply and Management on Forage Crop 
Production. (Matthews, Sheard)

S. F. 27. 1 Effect of different rates of application of nitrogen, phosphorus 
and potassium on yield and nutritive value of a long-term stand 
on alfalfa-brome.

S. F. 27. 2 Effect of time and rate of application of nitrogen on yield on persi
stence of alfalfa-brome mixture.

S. F. 28 Soil Fertility and Management as Related to Growth, Morphology and Chemical 
Composition of Forage Species. (Sheard)

S. F. 28. 1 To investigate the sampling procedures for "food reserves" anal
ysis of timothy.

S. F. 28. 2 An investigation of the effect of corn size on the regrowth of tim
othy.

S. F.28. 3 A quantitative study of the grass-legume nitrogen interaction of 
forage species.
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S. F. 30 Factors Affecting Root Distribution Patterns and Feeding Zones of Crops at 
Various Stages of Growth, (Miller)

S. F. 30. 3 Influence of different ionic species on root distribution and phos
phorus absorption from band applications.

S. F. 30. 4 Fertilizer placement for cereal grains.
S. F. 30. 5 The influence of nitrogen additions on the phosphorus solubility, 

phosphorus absorption, and root distribution of corn and sugar beets.

S. F. 31 Utilization of Micro-Nutrients by Plants as Influenced by Chemical, Physi
cal and Biological Factors. (Miller)

S. F. 31. 1 The influence of organic materials on gr owth and micro-nutrient 
utilization by crops.

S. F. 31. 2 The manganese equilibrium in soils and its influence on the availa
bility of manganese to plants.

S. C. 41 Chemical Behavior of Plant Nutrients in Organic Soils as Indicated by Soil 
and Plant Analysis. (Willis)
S. C. 41. 8 Technique for sampling organic soils for chemical analysis.

S. C. 42 Methods and Techniques for Chemical Analysis of Soils and Plants. (Willis)

S. C. 42. 2 Extraction of different forms of phosphorus from soils. 
(Conjoint with S. F. 23. 1)

S. C. 50 The Chemical Behavior of the Major Plant Nutrients in Mineral Soils. 
(MacKenzie)

S. C. 50. 1 The chemical forms and reactions of phosphorus in some Ontario 
soils.

S. C. 51 Chemical and Mineralogical Composition on the Inorganic Colloidal Fraction of 
Ontario Soils. (MacKenzie)

S. C. 51. 1 Mineralogy of clay fraction of Ontario soils and relationship to fix
ation and release of plant nutrients.

S. P. 60 Measurements and Interpretation of Climatic and Weather Characteristics with 
Respect to Soils and Crop Yields. (King)

S. P. 60. 1 Evaluation and interpretation of weather data collected at Hydrology 
Station.

S. P. 60. 2 Computation of five-day thirty-year (1921-1950) normals of temp
erature and precipitation and their presentation as isomaps of 
Southern Ontario.

S. P. 60. 4 Development of instruments and methods for agrometeorological 
measurements.
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S. P. 60. 5 Variations in soil temperatures because of affect of plant cover, 
soil physical properties and atmosphere conditions.

S. P, 61 Removal of Soil Water by Evapotranspiration and Percolation and Its Effect 
on Crop Yields. (King)

S. P. 61. 1 Measurement of potential evapotranspiration under grass cover at 
Hydrology Station.

S. P. 61. 3 Percolation Losses through a Guelph loam soil under grass cover 
at Hydrology Station.

S. P. 61. 9 Effect of soil moisture content on evapotranspiration rate, (de Vries)

S. P. 62 Effect of Soil Physical Conditions on Ion Uptake by Plants. (King)
S. P. 62. 1 Effect of moisture tension on diffusion of Rb^6 in soil.

S. P. 71 Crops, Cultural Practices, and Soil Additives on the Physical Properties of 
Soils (Webber)
S. P. 71. 2 Effects of crop rotations on physical properties on Haldimand clay, 

R.R.S. Cayuga.

S. P. 72 Infiltration, Movement, and Availability of Moisture in Soils. (Webber)
S. P. 72. 2 Characterization of soils for disposal of industrial wastes by spray 

irrigation.

S. P. 78 Soil and Water Losses Under Different Land Covers and Cultural practices. 
(Webber)
S. P. 78 1 Soil and water losses on Guelph loam as related to crop and soil 

management and rainfall characteristics at Hydrology Station.
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