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FOREWORD

It is a pleasure to present the 1961 Progress Report for the Department of Soil Science. 
The report, edited and compiled by Dr. B. C. Matthews, reviews pertinent findings and ob
servations of the research and advisory program of the department for the period April 1, 
1961 - March 31, 1962. It is scarcely necessary to state that our continuing efforts are 
directed towards seeking a better understanding of our soil resources as they are related to 
use and management.

It is with regret that we record in this report the resignation of Professor F. F. Morwick 
which became effective September 18, 1961. Professor Morwick was associated with the 
teaching and research endeavors of the department for many years. His contribution to soil 
classification and land use planning is widely recognized. In August of 1961, he was made a 
fellow of the Soil Conservation Society of America. We join with his wide circle of associates, 
former students and friends in wishing for him an enjoyable life of retirement from active 
participation as a faculty member.

Soil scientists and practising agronomists were saddened by the sudden passing of 
Norman J. Thomas on January 31, 1962. Professor Thomas retired on superannuation in 
February of 1961. His contribution to soil management and crop production will long be 
remembered.

Mr. John de Vries resigned in September and is now at Washington State University 
where he is pursuing post-graduate studies.

We welcome to the faculty Dr. T. E. Bates, (September, 1961); Mr. David Bowman, 
(September, 1961) and Mr. D. W. Hoffman, (March, 1962).

Professor L. R. Webber is the recipient of travel grants from the National Research 
Council and the British Council which will make it possible for him to visit several research 
stations in the United Kingdom and Europe during July and August of 1962.

During the year we have worked closely with several departments and branches of the 
Ontario and Canada Departments of Agriculture, The Advisory Fertilizer Board for Ontario, 
the Ontario Soil and Crop Improvement Association and others.

We gratefully acknowledge the financial assistance extended to our research program 
by the Canada Department of Agriculture, the National Research Council, the American Potash 
Institute Inc. , the Canada and Dominion Sugar Co. Ltd. , Cyanamid of Canada Ltd., and the 
Toronto Anglers and Hunters Association.

Guelph, March 28, 1962. N. R. Richards
Professor and Head,
Department of Soil Science.

5



THE RESEARCH PROGRAM, DEPARTMENT OF SOIL SCIENCE

The unsolved questions in soil science are many and varied. Although soil has been 
studied by many people almost from the beginning of farming 5000 years ago; although ad
vances in the basic sciences of physics, chemistry, and biology have been applied in soil 
science with great success in the past 100 years; although the number of soil scientists working 
today is greater than the total number of soil scientists that have ever lived in the past, still 
there are many unanswered questions.

Some of these questions are local and related to particular soils and crops in Ontario; 
some are more general and apply to the whole Province; some are basic questions the answers 
to which will benefit farming throughout the world.

The answers to such questions then are the broad objectives of our research program. 
It is a balanced program in which we are providing practical information about soils and 
fertilizer use so that the farmers of Ontario can make wise decisions in regard to their soil 
management - decisions that will give reasonable assurance of maximum returns to the 
farmer and of conservation of his soils for future production. At the same time, we attempt 
in our basic research, to anticipate the problems of the future so that we may have the 
answers when needed. The "mystery" of soils and plant growth is due to our lack of under
standing. Basic research takes the "mystery" out of soil science.

Some indication of the breadth of our research program can be obtained by studying the 
list of research projects currently underway in the Department of Soil Science (see page 56).
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APPLIED RESEARCH
Applied research is intended to provide answers to current problems in soils and 

fertilizer use. In this research, field experiments and greenhouse studies play an important 
part.

During 1961 more than 5000 field plots were involved in different experiments on wheat, 
oats, corn, potatoes, and forage crops. These plots were located in widely separated parts 
of Ontario.

(1) on Puslinch Field at Guelph

(2) on the Regional Research Station at Cayuga

(3) on the Muck Research Station at Bradford

(4) on more than thirty different farmer's fields in Central and Western Ontario.
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Figure 1 - Comparison of Temperature, Precipitation and Heat Units in 1961 
•with Long-term Average at Guelph
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THE WEATHER IN 1961

During the winter of 1960-61, frost penetrated to depths of more than three feet in 
undisturbed soils with grass cover. This was somewhat deeper than in previous years. 
The spring of 1961 was generally cool and wet in Southern Ontario. Even in late May, frosts 
were common. At Guelph, however, the precipitation was slightly below normal. Throughout 
July and August, there were cloudy skies, frequent showers and thunder storms, high relative 
humidity and consistently warm day and night temperatures but no heat waves.

Soil moisture was abundant. Lodging of cereal crops was severe in many fields. 
However low rainfall and above normal temperatures in September and October facilitated 
the completion of harvest. Warm weather persisted until the middle of November. In spite 
of difficulties due to weather, the final harvested yields were above average for many crops.

Note: (See Figure 1)

1. Minimum temperatures were frequently above average and maximum temperatures below 
average due to cloudy skies during the growing season.

i
2. Precipitation was slightly less than average from May through July, greater than 

average in August and below average for the rest of the year.

3. The accumulation of heat units was less than average in April and May, similar to the 
average in the summer months, and greater than average in the fall.

4. The long-term average values have been provided by the Department of Physics, O. A. C.
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YIELD INCREASES DUE TO FERTILIZER

The field research program on farmers' fields continued in 1961. At each of 24 different 
farms, twenty-seven different combinations of nitrogen, phosphorus and potassium were applied 
to the soil for wheat, oats and corn. The results when combined with those of previous years 
serve (1) to improve the calibration of the soil tests currently in use and (2) to point out differences 
in fertilizer requirements of different crops on different soils under different crop management 
systems.

Corn

The summary of some results for corn over the past seven years is shown in Table 1.

* Yield level giving greatest net return from applied fertilizer at 1961 prices.

Soil and
Past Cropping

No
Fertilizer

0-20-20
400 lb. /ac.

10-10-10
400 lb. /ac.

10-10-10
600 lb. / ac.

Sand, sandy loam
after legume-grass 64 99 94 113*
after small grain or corn

Loam, silt loam
after legume-grass 69 91* 86 91
after small grain or corn 62 83 88* 84

Clay loam, clay
fair-good drainage

after legume-grass 72 94* 96 99
after small grain or corn 45 51 64* 67

poor drainage
after legume-grass 65 80* 82 87
after small grain or corn 48 56 73* 72

Note:
1. When legume-grass crop preceded corn, the yield without fertilizer was higher than 

when a small grain or corn crop preceded the corn.
2. Corn that was not following a grass-legume crop had a higher nitrogen fertilizer 

requirement.
3. Even with fertilizer, it was usually not possible to raise yields of corn, not following 

grass-legume, to the level of yields of corn which was following grass-legume crop.

10
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(1955-1961)



Wheat and Oats

In 1961, field experiments with wheat showed increases of 7 to 22 bu. /ac. from the 
application of 50 lb. of P2O5 per acre. With oats at six locations, yield increases of 5 to 10 
bu. /ac. were obtained from 20 lb. N/ac.; 5 to 8 bu. /ac. from 40 lb. PpG^/ac.

PRECEDING CROP AND NITROGEN FERTILIZER AFFECT POTATO YIELDS

TABLE 2.

Nitrogen Requirement of Potatoes Related to Preceding Crop

Nitrogen Treatment*

lb. N/ac.

Yield of Marketable Potatoes (bu. /ac.) 
Grown Following:

Oats or Grass Sod Potatoes Alfalfa
Applied with Potatoes Unmanured Unmanured or Manured Sod

* All plots received 200 lb. P2O5/ac. and 200 lb. K^O/ac.

Note:
1. On potatoes following oats or grass sod, unmanured, 75 lb. N/ac. gave highest net 

returns i. e. $93. 50/acre above cost of N fertilizer.
2. On potatoes following alfalfa manured, 50 lb. N/ac. gave highest net returns i. e. 

$7. 00/acre above cost of N fertilizer.
3. On potatoes following potatoes unmanured, 100 lb. N/ac. gave highest net returns 

i. e. $73. 00/acre above cost of N fertilizer.
4. Too much nitrogen 9i. e. more than 50 lb. N/ac. on potatoes following alfalfa manured 

caused a reduction in yield.

Prices - potatoes @$1. 00/bu. ; Nitrogen @14£/lb.

0 277 223 400

25 329 260 405

50 373 280 414

75 381 285 373

100 376 310 364

200 361 311 298
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The maintenance of organic matter and a satisfactory level of nitrogen in soil for potatoes 
has long been recognized as an important problem. Farmyard manure and legume crops in the 
potato rotation offer real benefits in this regard. Certainly the use of manure and legumes 
decreases the need for nitrogen fertilizer on potatoes. This is shown by figures in Table 2 
obtained on six potato fields in the Alliston and Lafontaine areas of Simcoe County.



FERTILIZER INCREASES YIELD OF GRASS-LEGUME CROP

In 1959 a grass-legume mixture (Lincoln Brome and Vernal Alfalfa) was seeded with 
oats companion crop on Haldimand clay at Cayuga and on Burford loam at Guelph. In 1960 
similar stands were established on Otonabee loam near Peterborough and on Brookston clay 
loam at Western Ontario Agricultural School, Ridgetown. The latter is being carried on by 
staff at the School.

Phosphorus and potassium fertilizer is applied as atop-dressing in September each year 
with nitrogen being applied in early spring. The stands consist of more than 50% legume.

On the Haldimand clay, no increase in yield was obtained from the application of any 
nutrient during the first two hay years. The results (Table 3) from the Burford loam experi
ment, however, show responses to potassium applications. The soil test for potassium was 
M- (115 lb. /ac.) but was H+ for phosphorus.

TABLE 3

Yield of Grass-legume Hay Due to Nitrogen 
and Potassium Application on Burford Loam

Year Nitrogen 
Applied 

lb. N/ac.

Yield of Hay (Ton/ac.) 15%Moisutre
1st Cut 2nd Cut 3rd Cut Total

1960 0 2. 27 1. 45 3. 72
15 2. 34 1.44 3. 78
30 2. 31 1. 40 3. 71

1961 0 1. 64 1. 31 0. 74 3. 69
15 1. 72 1. 25 0. 70 3. 67
30 1. 84 1. 22 0. 69 3. 75

Potassium
Applied

lb. K2O/ac.

1960 0 2. 27 1. 34 3. 61
30 2. 31 1. 42 3. 73
60 2. 34 1. 53 3. 84

1961 0 1. 55 1. 08 0. 59 3. 22
30 1. 75 1. 26 0. 73 3. 74
60 1. 89 1. 43 0. 80 4. 12
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Note:
1. No increase in yield of grass-legume hay from application of 30 lb. N/ac. In general 

on a hay stand on 50% or more legume, nitrogen fertilizer is not recommended.
2. Response to potassium in all cuts in both years. This soil tested medium in potassium. 

At 60 lb. I<2O/ac. the returns were $4. 50 per dollar spent in fertilizer (hay at 
$20. 00/ton).

3. On plots receiving no potassium the proportion of legume in the stand was reduced 
to less than 20% in the second hay year.

At the first year hay location near Peterborough 60 lb. PgOs/ac. increased yields by 
0. 25 ton in first cut and 60 lb. KgO/ac. increased yields by 0. 23 ton in second cut.

At the first year hay location at Ridgetown, 30 lb. N/ac. increased yields by 0. 20 ton 
in first cut only and 60 lb. PgOg/ac. increased yields by 0. 21 ton in first cut. There was 
response to potash fertilizer

These experiments are being continued to determine the long-term effects of the dif
ferent fertilizer treatments on yields and on the botanical composition of the stand.

NITROGEN FERTILIZER IS PROFITABLE ON PURE GRASS STANDS.

On Puslinch Field, the yield of pure grass (brome) was compared with yield of grass
legume mixture (brome-alfalfa). It is evident from Table 4 that grass stands need relatively 
large amounts of nitrogen.
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TABLE 4

Nitrogen Application and Yield Increase of Brome and 
Alfalfa-Brome (1961)

Crop

Pure stand of Brome grass

Yield Increase (Ton/ac. 15% Moisture) Due to
40 lb. N/ac. 100 lb. N/ac.

1.00 2.0

Alfalfa-brome 1st year 0. 2 0. 2

2nd year 0.2 0. 2

Note;
1. Large increase in yield due to nitrogen topdressing on pure grass stand.
2. Small increase in yield due to nitrogen on first and second year grass-legume stand.
3. On grass, returns of $4. 00 per dollar spent on Nitrogen fertilizer. On the alfalfa 

brome the yield increase due to nitrogen fertilizer were not sufficient to pay for the 
fertilizer.

LIME REQUIREMENTS OF ONTARIO SOILS

Many of the soils in Southern Ontario and some in Northern Ontario have a good natural 
supply of lime. This is because the soil parent material in many areas contains large amounts 
of lime.

Current usage of agricultural limestone in Ontario is about 50,000 tons per year. Still 
there are many farmers who could benefit from using lime and others who are now using 
lime may be wasting their money and time.

In Table 5 there is an estimate of the acreage of farmland that needs some lime in order 
to achieve optimum production of general farm crops.
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TABLE 5.

Estimated Acreage of Land Requiring Lime in Ontario

* Counties not listed in table have negligible acreage requiring lime.

Region and ______
County*  Sand,

Acreage Requiring Lime
Sandy Loam Soils Loam, Clay Loam, Clay Soils

Southern Ontario Region
Western Ontario: Simcoe 6, 000 11, 000

Central Ontario: Peter
borough, Northumberland, 
Ontario, York, Hastings, 
Prince Edward, Victoria, 
Lennox-Addington 83, 000 36, 000

Eastern Ontario: Carleton, 
Frontenac, Leeds, Lanark, 
Renfrew, Prescott, Russell, 
Stormont, Glengarry, Dundas, 
Grenville 376, 000 243,000

Total for Southern Ontario 465, 000 290,000

Northern Ontario Region 266, 000 137,000

Total for Province 731, 000 427, 000

This means that in Ontario as a whole there are about one million acres of farmland 
that could benefit from application of lime.

Of course, all of the acreage does not require lime every year. Experimental results 
indicate that an application of lime according to soil test will raise the soil pH to the optimum 
leveland maintain it for 7-10 years. Based on these facts,the average annual lime require
ment in Ontario is estimated at about 230, 000 tons - i. e. about five times the present usage.

Soil pH and Lime Requirement of Crops

Alfalfa requires a soil pH of 6. 5 or above for optimum growth. The clovers will tolerate 
a slightly lower pH. The small grains and corn normally do not give increased yield due to 
lime if the soil pH is 5. 5 or above.
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Lime for Legume Establishment

Many soils in Ontario are well supplied with lime in the subsoil although the surface 
soils maybe acid. On these soils alfalfa often responds in the first year to lime application 
but in subsequent years shows no advantage of the lime treatment. Presumably this is because 
by the second year the alfalfa roots are getting sufficient lime from the subsoil.

This suggests the possibility of using relatively small amounts of lime as a starter 
application for legumes. However, further experimental work is required before this pro
cedure can be recommended with confidence.

Have Your Soil Tested Before Applying Lime

There is a real possibility of applying too much lime on some soils. "Over-liming" 
can result in a deficiency of certain trace elements such as boron and manganese. You should 
have your soil tested at least a year before the legume crop is to be grown on the field. Then 
the correct amount of lime can be applied six months or a year before the legume is seeded. 
Limestone requires this long to react with the soil and to raise the

For further information on the use of lime see Bulletin 523, Ontario Department of Agri
culture, "Lime Acid Soils for Better Yields".
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FERTILIZER PLACEMENT

The increase in crop returns from the use of fertilizer depends on using the right kind 
and amount of fertilizer. It also depends on putting the fertilizer in the right place in relation 
to the seed.

Some work completed by the Department of Soil Science during the past year has em
phasized the importance of proper placement of fertilizer.

Oats

In greenhouse studies, phosphorus fertilizer was placed in different positions relative 
to the seed. Uptake of phosphorus and yield of oats were measured (Table 6.)

TABLE 6

Effect of Placement of Phosphorus Fertilizer on Uptake of Phosphorus and 
Yield of Oats in Greenhouse

Placement of
Fertilizer Band* ’!5

Uptake of fertilizer P (mgm/pot) Yield of Grain 
Gm. / Pot3 wks. * 4 wks. * 6 wks. * 14 wks. *

With the seed 2. 44 6. 18 14. 82

Maturity

37. 3 18. 2

1" to side of seed 1. 68 5. 42 10. 42 31. 8 15. 7

2" below seed 2. 14 4. 91 9. 91 27. 7 14. 8

1" to side, 1" below seed 2. 11 4. 34 8. 91 29. 4 16. 8

* Time after planting. Phosphorus applied at 40 lb. P2O5/ac.
** Nitrogen (50 lb. N/ac.) and potassium (50 lb. K^O/ac.) mixed with soil plus nitrogen 

(10 lb. N/ac.) placed with phosphorus in the band.

Note:
1. With-the-seed placement gave greatest uptake of fertilizer-phosphorus at all stages 

of growth of oats.
2. With-the-seed placement gave greatest yield of oats.

Field experiments (Table 7) supported the results obtained in the greenhouse work.
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TABLE 7

Placement of Phosphorus Fertilizer and Yield of Oats in Field (1961)

Placement of
Fertilizer Band*

Yield
Grain 

bu. /ac.
Grain + Straw 

lb. /ac.
Low P Test Med. P Test Low P Test Med. P Test

With seed 85 93 6600 7800

1" to-side-of-seed 67 81 5200 7000

2" below-seed 85 90 6500 7200

* Phosphorus fertilizer applied at 30 lb. P2O5 peracre. Nitrogen(15 lb. N/ac. ) and potassium 
(30 lb. K^O/ac.) placed with phosphorus in the band.

Note:
1. 1" to-side-of-seed placement gave lowest yields of both grain and grain-plus straw.
2. 2" below-seed placement gave yields similar to the with-the-seed placement.
3. The relative effects of the three methods of placement were similar on the two soils 

(one of which had a low phosphorus test and the other a medium phosphorus test.

The general conclusion is that phosphorus fertilizer for oats should be banded with the 
seedfor optimum results. Previous work (Progress Report 1960) has shown that some nitrogen 
should also be included in the band with the phosphorus.

18

Caution: There is some evidence that excessive concentration of fertilizer with the seed may 
reduce germination. This is particularly likely if the fertilizer contains nitrogen and potas
sium. On the basis of present evidence, do not apply more than 300 lb. of high analysis 
fertilizer per acre with the seed of oats. If amounts greater than this are required, part of 
the fertilizer should be broadcast or drilled in before seeding.

Some farmers do not have a fertilizer drill to place fertilizer with the seed of oats. The 
only alternative then is to broadcast the fertilizer and work it into the soil before seeding. 
This procedure however results in less effective use of the fertilizer. In other words more 
fertilizer is required to produce a given yield if the fertilizer is broadcast before seeding.

Sugar Beets

In field experiments carried out in co-operation with Canada and Dominion Sugar Com
pany, the results in Table 8 were obtained.



TABLE 8

Fertilizer Placement and Phosphorus Content of Sugar Beet Leaves

Fertilizer Placement
Phosphorus Content (%P)
June 1

in Leaves
July 27

Banded below seed . 49 . 39

N broadcast, P and K banded . 44 . 40

| banded, 3/4 plow down ♦ 46 . 37

All plow down . 38 . 37

All broadcast . 40 . 39

Note:
1. Any treatment in which all or part of the fertilizer was banded resulted in higher 

phosphorus content than broadcast or plow down treatments at June 1 sampling date. 
Fertilizer placement had no effect on phosphorus content of leaves at July 27 sampling 
date.

2. There was no significant difference in yield of beets or per cent sugar in the beets in 
1961 as a result of the different methods of placement of fertilizer. In 1960 there 
was a similar influence on phosphorus absorption but also a higher yield with band 
application.

TABLE 9

Soil Losses in 1961 Related to Organic Matter and Aggregation

Crop and Treatment Organic Matter 
%

Aggregation 
% greater than 

0. 25 mm.
Soil Loss 
Ton/ac.

Corn annually up-and-down 
the slope

3. 6 22 22

Corn after 2 years of hay 
up-and-down the slope

4. 7 48 1. 7

Note:
1. The two years of hay in the crop sequence maintained organic matter at a higher 

level and markedly reduced soil losses under corn.
2. The eroded soil material contained 21% more organic matter, 33% more phosphate 

and 62% more potash than the soil remaining on the plot from which it came.
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SOIL ORGANIC MATTER AND AGGREGATION ARE IMPORTANT 
IN CONTROLLING EROSION

Ina long-term study of erosion losses at the Hydrology Station at Guelph, plots having 
highest organic matter content and largest percentage of soil aggregates greater than 0. 25 
mm. diameter suffered least loss of soil (Table 9).



CROPPING PRACTICES AFFECT SOIL ORGANIC MATTER, AGGREGATION, 
AND EROSION LOSSES

TABLE 10

Crop Sequence on Soil Physical Properties and Erosion Losses in 1961 
(on Guelph loam soil)

Plot Treatment Soil Loss 
ton/ac.

Water Loss 
inches

Organic Matter 
%

Aggregation 
%0. 25 mm. 

in diameter

1 Continuous hay 4. 87 72. 6

2 Continuous corn 22. 1 2. 1 3. 60 22. 1

3
(o')

Rotation corn ' ' 1. 7 0. 4 4. 67 48. 1

4 Rotation oats trace 0. 03 4. 18 46. 1

(a) rotation of corn-oats-hay-hay.

Erosion and soil properties

Under continuous sod, soil losses were negligible but organic matter and soil aggrega
tion were highest; under continuous corn the greatest soil loss was related to low levels of 
soil organic matter and aggregation (Table 10).

Erosion and rainfall intensity

In 1961, 89 per cent (19.7 ton/ac.) of the soil loss and 89 per cent (1. 87 inches) of 
the water loss by erosion from the corn plots occurred during five storms. A storm on 
August 6 caused greater losses than a storm of greater intensity on the previous day (August 
5). It was evident that the soil moisture content was increased by the rain of August 5. 
Therefore when a second storm (of less intensity) occurred on August 6, greater run-off 
occurred. The larger amount of moisture in the soil prior to a storm the greater the erosion 
losses.

The analysis of the soil from the continuous corn plot showed that the eroded soil con
tained 20%more organic matter, 33% more phosphorus and 60% more potassium than the soil 
remaining on the plot.
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During 1961, significant erosion occurred on corn plots only (Table 10). The losses 
according to cultural treatment were: continuous corn 22.1 ton/ac. corn after 2 years of 
hay, 1.7 ton/ac. Soil losses were reduced from 1.7 ton/ac. with up-and-down the slope 
planting to 0. 6 ton/ac. under a strip cropping programme. Corn after 2 years of hay and 
continuous corn were planted up-and-down the slope with soil losses of 1. 7 and 22. 1 ton/ac. 
respectively.



SOURCES OF NITROGEN FOR CROP PRODUCTION

In field experiments at Guelph, equal increases in yield of wheat have been obtained with 
late fall or early spring application of ammonium nitrate, calcium nitrate or urea. Price 
per pound of nitrogen (not fertilizer material) is therefore one of the more important factors 
to be considered in deciding what nitrogen source to use for highest profits. The different 
nitrogen fertilizers do have different properties, however, and these may affect their use
fulness under particular conditions of soil and climate or for specific methods of application.

Nitrogen in the nitrate form is readily available for plant growth but is more subject to 
loss by leaching than nitrogen from ammonia or urea. Nitrate nitrogen may therefore be less 
efficient for application on sandy soils when the crop is not actively growing. All of the nitrogen 
in nitrate of soda or calcium nitrate and half of the nitrogen is ammonium nitrate is in the 
nitrate form.

Ammonia in "pressure solutions" is all or partly in the hydroxide form and is quite 
volatile. Pressure solutions are therefore not suitable for surface application. Non
pressure solutions are usually composed of ammonium nitrate and urea. Ammonium nitrate 
is not volatile and may be used for surface applications under Ontario conditions. Urea is 
not volatile in the normal fertilizer form and is believed to be safe against loss with surface 
applications under most conditions where it will be used. Urea nitrogen quickly changes to 
ammonia form when it contacts the soil or organic materials. When it is applied to the sur
face of sandy soils of pH above 7. 0 at summer temperatures, it is believed that vaporization 
losses may be appreciable. Urea, anhydrous ammonia and ammonia pressure solutions are 
more likely to cause damage when applied at high rates near the seed than are other common 
sources of nitrogen.

Application of nitrogen when the soil is frozen is believed to be satisfactory for fall 
wheat and forages provided the ground is not covered with snow or ice.’ Application on snow 
or ice can be expected to result in some lowering in efficiency due to loss in surface drainage.
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SOIL TEMPERATURE MEASUREMENTS AT GUELPH

The six year averages (1959-61) of soil temperature under short grass at the Hydrology 
Station have been shown in Table 11 and Figure 2. Values are shown for the 4-inch and 12- 
inch depths for six 5-day periods of each month. At greater depths within the soil the annual 
variation in soil temperature is smaller. In fact at depths of 30 feet or more the variation 
would be less than 1°F.

In the top foot there is a daily variation in the soil temperature. The amount of variation 
depends upon the solar radiation, the air temperature, the amount of crop cover, and the soil 
moisture. In Figure 3 are shown the daily progressions in soil temperature at the 1-inch and 
4-inch depths for a bare soil and at the 4-inch depth for the same soil under a hay crop. Note 
how much warmer the bare soil becomes. This extra warming is due to the lack of shading 
and because some of the heat which is not used to evaporate water from the plant leaves is 
used to heat the soil. The temperature at the 1-inch depth under hay and the air temperature 
were similar to the 4-inch temperature in the bare soil.

Figure 2 - Mean Soil Temperature (6 yr. 
av.) at Guelph under Short Grass Cover

Figure 3 - Daily Fluctuation in Soil 
Temperature at 1" and 4" Depth with 
Hay Cover and without Cover
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TABLE 11

Mean Soil Temperatures at Two Depths at Guelph 
(1956-61)

Day of Month
1-5
Mean

6-10
Mean

11-15
Mean

16-20 
Mean

21-25 
Mean

26-31 
Mean

January 4" 25 25 25 24 23 23
12" 32 32 32 31 31 30

February 4" 23 24 24 25 25 25
12" 30 31 31 31 31 31

March 4" 25 25 26 25 26 27
12" 31 31 31 31 31 31

April 4" 28 29 33 38 43 43
12" 32 33 35 39 42 45

May 4" 43 46 49 48 52 54
12" 44 47 49 49 51 53

June 4" 56 59 62 61 62 64
12" 56 57 60 61 61 62

July 4" 64 64 65 66 68 68
12" 63 63 64 65 66 66

August 4" 67 67 67 66 64 65
12" 66 66 66 65 63 64

September 4" 66 63 62 57 59 55
12" 64 63 62 58 59 57

October 4" 51 51 49 47 45 43
12" 54 53 52 50 48 46

November 4" 43 38 37 36 34 32
12" 46 43 41 40 39 38

December 4" 30 30 27 27 27 26
12" 36 35 34 33 33 32
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Figure 4 - Relationship between Radiation and Evapotranspiration from Grass and 
Corn for Five Days in 1961

SOLAR RADIATION RELATED TO WATER LOSS BY EVAPOTRANSPIRATION 
UNDER CORN AND BLUEGRASS SOD
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The hourly rates of evapotranspiration from a corn field and from bluegrass sod, both 
with moist soil, are shown for five days (Figure 4.) Although the absolute error in the rates 
shown may be 0. 05 mm. per hour, it would appear that the rates from the two crop covers 
were nearly the same. The net radiation, expressed as the depth of water that would be 
evaporated if all the net radiation were used for evaporation, is also shown for two days. 
These and other data indicate that about 80 to 85 per cent of the net radiant energy is utilized 
l. the evapotranpsiration of water. The decrease in rates of evapotranpsiration from August 
17 to August 21 was due to increasing cloudiness, which reduced the incoming solar radiation 
for each day as shown on the graph. For example on August 17 total incoming solar radiation 
was 628 calories/sq. cm. but decreased on subsequent days to 188 calories/sq. cm. on 
August 21.



LOSSES OF PLANT NUTRIENTS BY LEACHING IN 1961

In 1954 three lysimeters of Guelph loam soil were set up at the Hydrology Station and 
planted to bluegrass. These lysimeters have been used to determine the amount of water 
and nutrients which pass through the soil to the ground water. The amount of percolation has 
varied from 1. 5 to 10. 5 inches per year - depending on rainfall distribution. The amount of 
nutrients leached was insignificant in comparison with the amount of fertilizer usually added 
to a soil.

In late October, 1960, 10-10-10 fertilizer was added to the three lysimeters at rates 
of 500, 1000, and 2000 pounds per acre respectively. The fertilizer was prepared from 
ammonium nitrate, superphosphate, and muriate of potash. Percolation occurred for the 
first time in March, 1961 and continued until the end of May. The amount of percolation and 
the amounts of nutrients leached have been summarized in Table 12.

Treatment 
(lb. / ac. of 10-10-10)

Percolation 
(inches) NH4-N

Nutrients 1 
NO3-N

.eached 1 
Ca

(lb. /ac.
Mg

)
k2o P2O5

500 5. 1 . 31 5. 4 42. 4 28. 1 . 79 . 61

1000 3. 1 . 06 13. 9 30. 2 24. 6 . 12 . 19

2000 3. 1 . 03 24. 7 58. 1 35. 6 1. 43 1. 87

There was only slight loss of potassium, phosphorus, or nitrogen in the ammonium form. 
There was, however, some leaching of nitrogen in the nitrate form. The total amount of 
nitrogen removed varied from about 10 to 14 per cent of the total applied in the fertilizer. It 
should be noted however that the fall of 1960 was particularly dry and in a wetter season 
greater loss of nitrogen by leaching may occur.
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TABLE 12

Losses of Plant Nutrients From Loam Soil by Leaching

THE VALUE OF FARMYARD MANURE IN CROP PRODUCTION

Experiments carried out at the Regional Research Station, Cayuga, on the effect of 
manure in different crop rotations have provided some information on the value of farmyard 
manure in a modern cropping program (Table 13).

In our experiments, 20 tons of manure per acre have been applied over a four-year 
period to the following rotations.



Manure Treatments

Rotation 1. Continuous corn

.... 5 tons per year; late fall (November) and plowed in.

Rotation 2. Continuous sod (mainly timothy and bluegrass with some brome)

.... 5 tons per year; spring application (Late April).

Rotation 3. Corn - oats (seeded to red clover for fall plow down)

Corn .... 10 tons; late fall (October) on red clover and plowed in.
Oats (seeded to red clover) .... no manure.

Rotation 4. Corn - Oats (seeded) - followed by 2 years of hay (alfalfa-brome)

Corn .... 10 tons; late fall (October) on second year hay and plowed in.
Oats (seeded) .... no manure.
Hay (first year) .... 5 tons; on oat stubble (Late August).
Hay (second year) .... 5 tons; spring application (Late April).

Rotation 5. Corn - Oats - Wheat (seeded) - Red Clover

Corn .... 10 tons; late fall (October) on red clover and plowed in.
Oats .... no manure.
Wheat (seeded) .... 5 tons; on oat stubble and disced in before drilling wheat.
Red Clover .... 5 tons; in fall of seedling year (Late August) on wheat stubble.
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TABLE 13

Yields of Crops in Several Rotations with Manure and Fertilizer 
(Haldimand clay)

* Fertilized to approximate Soil Test Recommendations for phosphorus and potassium.
*♦ Fertilized at low rate (approximately one-half soil test rate of fertilizer).

Note:

1. Similar yield increases from manure were obtained regardless of fertility level used.

2. Fertilizer application up to levels required accordingto soiltest resulted in yields similar 
to the yields from a low fertilizer rate plus manure with the exception of the wheat crop 
which yielded considerably better with fertilizer at the higher rate (particularly nitrogen 
topdressing).

3. Similar yield increases of corn, oats, wheat and hay due to manure or fertilizer treat
ment (or both) were obtained regardless of the type or length of rotation (Table 14).
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Rotation
Yield of Crop (8-year average 1953-60)

**Low Fertility Low Fertility *Soil Test 
+ Manure

Soil Test 
+ Manure

Continuous Corn 51

Yield of Corn (bu. / ac.)

58 61 69
Corn - Oats (Red Clover) 63 68 67 76
Corn - Oats - Hay - Hay 57 67 65 72
Corn - Oats - Wheat - Red Clover 62 71 69 76

Average 58 66 65 73

Corn - Oats (Red Clover) 53

Yield of Oats (bu. / ac.)

58 59 63
Corn - Oats - Hay - Hay 52 59 61 65
Corn - Oats - Wheat - Red Clover 58 64 64 70

Average 54 60 61 66

Continuous Sod 2. 0

Yield of Hay (tons/ac,)

2.5 2.3 2. 6
Corn - Oats - Hay (first year) 2. 2 2. 5 2. 5 2. 7

Hay (second year) 2. 6 2. 9 3. 2 3. 3
Corn - Oats - Wheat - Red Clover 2. 3 2. 5 2. 6 2. 6

Average 2. 3 2. 6 2. 6 2. 8

Corn - Oats - Wheat - Red Clover 31

Yield of Wheat (bu. /ac.)

36 44 47



Value of Manure in Various Rotations on Haldimand Clay Loam Soil 
Over 8-Year Period

(1953-60)

Rotation 1.

Continuous corn -- $2. 00 per ton

Rotation 2.

Continuous sod -- $1. 00 per ton

Rotation 3.

Corn - Oats (seeded to red clover) -- $1. 45 per ton

Rotation 4.

Corn - Oats - 2 years of hay (alfalfa-brome) - $1. 25 per ton

Rotation 5.

Corn - Oats - Wheat - Red Clover - $1. 25 per ton
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TABLE 14

Average Yearly Crop Response to Manure in All Rotations 
(1953-60)

Increase from Manure Value of Increase

Corn - 8 bu. /ac. .... @ 1.25/bu. $10.00
Oats - 5-6 bu. /ac. .... @ 0. 75/bu. 4. 50
Wheat - 3-5 bu. /ac. .... @ 1. 25/bu. 5. 00
Hay - 0.2 - 0. 3 tons/ac............. @ 20.00/ton 5. 00



Poultry manure contains 2 to 3 times as much nitrogen and 3 to 8 times as much phosphoric 
acid as cattle manure. When used incorrectly on crops, poultry manure will cause nitrogen 
burning, rank growth of grass (often to the detriment of legumes) and lodging of crops. One 
ton of broiler manure (fresh droppings plus litter) is equal to about 300 pounds of a 10-10-10 
commercial fertilizer. One ton of fresh hen manure is equal to about 300 pounds of a 10-10-5 
fertilizer.

The important thing is to apply poultry manure in relatively small amounts on only certain 
crops.

Corn - One ton of dry poultry manure or 4 tons of fresh, wet droppings are sufficient 
for one acre of corn ground. This will give about 100 pounds of nitrogen per acre. Apply 
200 pounds of 0-12-24 with these amounts of manure to make a complete fertilizer. Much 
higher levels of poultry manure (up to 8 tons per acre) have been used with no noticeable 
effects on the corn, but oats have lodged badly the next year.

Small Grains - Poultry manure has caused considerable lodging of small grains and 
should not be used except on light, poor soils. Do not apply poultry manure to any fields that 
are to be seeded down to grass-legume.

Pastures - Poultry manure may be used but with caution, on good legume-grass pastures. 
If applied, be sure to clip closely 2 or 3 times, starting early in the spring. On grass 
pastures, use about one-half the amount suggested for corn.

Hay Fields - Poultry manure may cause the first hay crop to lodge. Hay crops that 
tend to lodge can be cut early and used for grass silage.
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SOIL SURVEYS AND REPORTS

With the co-operation of the Canada Department of Agriculture, soil surveys were 
continued in Lanark and in Leeds Counties. A total of 200, 000 acres were surveyed in 1961. 
The soil map of Lincoln County was revised.

Soil survey reports and maps for Hastings County and Parry Sound District were 
published. The following is a list of the publications of the Ontario Soil Survey. These are 
available from Department of Soil Science.

Soil Map With Legend

No. 1. Norfolk
2. Elgin
3. Kent (for limited distribution)
4. Haldimand (for limited distribution)
5. Welland
6. Middlesex (for limited distribution)

Soil Survey Map and Report

No. 7. Carleton (out of print) No. 18. Peel
8. Northwestern Ontario 19. York
9. Durham 20. Stormont

10. Prince Edward 21. New Liskeard-Englehart Area
11. Essex (out of print) 22. Lambton
12. Grenville 23. Ontario
13. Huron 24. Glengarry
14. Dundas 25. Victoria
15. Perth 26. Manitoulin
16. Bruce 27. Hastings
17. Grey 28. Oxford

31. Parry Sound
33. Prescott and Russell

Photostat copies of soil map only at $1. 00 per copy in black and white are available 
for Brant, Peterborough (South), Waterloo, Halton, Wentworth, Northumberland, Lincoln, 
and part of Renfrew.

Field Work Completed

The field survey is completed for the following Counties; Lincoln, Simcoe, Wellington, 
Dufferin, Renfrew and Frontenac. Maps and reports will be published as soon as possible.
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SOIL ASSOCIATIONS OF LANARK COUNTY

Figure 5. Major Soil Areas of Lanark County-
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SOILS AND AGRICULTURE IN LANARK COUNTY

Lanark County has a total land area of 728, 320 acres of which 516, 081 acres or 71 per 
cent is in farms.

Only 25 per cent (178, 100 acres) is under crops. The acreage of cropland is com
paratively small because of the small acreage of tillable land.

Crop yields are low. Indeed, the average yields for oats and mixed grains are 10 
bushels per acre lower than the provincial average. Yields can be improved by using greater 
amounts of manure and commercial fertilizer. In 1961 about 17 pounds of fertilizer were 
applied to each acre of improved land in Lanark County compared to 49 pounds per acre in 
Dufferin County - an area where mixed farming is also dominant.

Although there are many different kinds of soils in Lanark County they may be assembled 
into five "soil associations" as shown on the map (Figure 5) and described as follows.

1. Rolling Sandy Loam Till Plains

This area consists mainly of gently rolling sandy loam soils with clay loam soils 
occupying the level ground between the knolls. The sandy loam soils are well-drained. In 
the southwest part of the area, the soils, being derived mainly from hard Precambrian rocks, 
are strongly acid. Elsewhere however the sandy loam till soils are derived mainly from 
calcareous sandstone and limestone and are only slightly acid. Excessive stoniness is the 
chief limitation to crop production on the sandy loam soils. The clay loam soils are stonefree 
and of medium to good natural fertility and a high content of organic matter but are poorly 
drained.

General farming and dairying are common in this area. The well drained sandy loams 
are suited to the growing of small grains, silage corn, alfalfa, hay and pasture where stoniness 
is not excessive. Because of their poor drainage the clay loams are used chiefly for pasture.

2. Undulating to Rolling Silt Loams and Clays

This area, between Carleton Place and Arnprior, includes some of the best soils in 
the County. Most of the soils have good to fair drainage although poorly drained clays are 
common north of Pakenham.

Livestock-raising and dairying are the most common farm enterprises. Oats, mixed 
grains, hay, pasture and silage corn are the main crops grown.
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3. Level Limestone Plains

Soils of this area generally have less than twelve inches of sandy loam material over 
sandstone or limestone bedrock. The topography is level except for a few rocky hills and 
ridges east of Carleton Place and numerous swampy depressions in which organic materials 
have accumulated.

Except for a few small patches of deeper soil, these plains are entirely used for summer 
grazing of livestock.

4. Hilly Rockland

Most of Lanark County is composed of rockland which consists mainly of stony, sandy 
loam soils varying in thickness from 1 or 2 inches to a few feet over bedrock. Patches of deep 
soil occur throughout the area and bogs and lakes occur in the depressions between the steeply 
rolling rock knobs.

Most of this area is non-agricultural. However, farms are found wherever parcels of 
deep soil occur and mixed grains and hay are grown. Much of the land in the southern part of 
the area is used for grazing.

Organic Soils

Organic materials have accumulated in the depressional areas where drainage is very 
poor. These soils, called muck, consist of the decayed remains of trees, shrubs, sedgesand 
grasses. Only the larger areas are shown on the accompanying map.

The areas remain water saturated most of the year and at present are covered with trees.

33



DEVELOPMENTAL RESEARCH
The application of the results of applied research to a farm program is an important 

step which cannot be ignored. It is the purpose of the developmental research program to apply 
the research findings on a farm basis (1) to determine that the results obtained on small ex
perimental plots are applicable on a field basis (2) to demonstrate to farmers the advantages 
in following the recommended practice.

The developmental research involves work on many farms in several Counties. We 
are grateful to the Agricultural Representatives and the Soil and Crop Improvement Associa
tions as well as the individual farmers without whose co-operation this work would not be possible.
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FIELD FERTILIZER TRIALS ON OATS AND WHEAT IN 1961

A co-operative project with the Soil and Crop Improvement Association was initiated 
on oats in 1959 and has been extended to wheat in subsequent years.

The objectives were

(1) To determine the economic advantage in applying fertilizer according to soil test 
recommendation compared to (a) double the soil test recommendation and (b) the general re
commendation of the Advisory Fertilizer Board.

(2) To demonstrate the range in crop yield increase that can be expected from fertilizer 
application on different soils.

The fertilizer was applied in strips of 2 or more drill-widths across the field using the 
farmers' drill. All treatments were replicated. Two strips received no fertilizer. The final 
yield was based on several samples from each strip.

The treatments were

(1) No fertilizer
(2) Fertilizer applied according to soil test
(3) Fertilizer applied at double the soil test recommendation
(4) General recommendation of Fertilizer Advisory Board for Ontario i. e. for oats not 

seeded down and not manured, 300 lb. /ac. 10-10-10 for wheat, not manured, 300 1b. / ac. 5-20-10.

The results for oats are presented in Tables 15, 16 and for wheat in Table 17.
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TABLE 15

Summary of Yields From Fertilizer Trials with Oats in 1961

Fertilizer Requirement by Soil Test Yield (bu. /acre)

Nitrogen Phosphoric
County lb. N/ac. lb. PgOs/ac.

Potassium 
lb. KgO/ac.

‘No
Fert
ilizer

Soil Test 
Recommendation

Double 
Soil 
Test

General 
Recommendation

A. Sandy Loam, Silt Loam and Loam Soils

Huron 20 35 20 84 101 92 96
Middlesex 30 0 15 42 62 62 65
Welland 25 35 25 49 59 60 61
Peel 0 0 35 55 69 81 86
York 25 0 35 59 76 81 81
York 30 3 5 0 80 85 85 86
Ontario 30 0 25 60 68 71 71
Ontario 30 35 45 54 72 77 72
Victoria 30

/Xverage 1961 (9 trials)

Average 1959-61 (20 trials)

35 35 51

59

59

68

73

71

74

76

73

68

76

75

B. Clay Loam and Clay Soils

Elgin 30 0 5 73 86 87 87
Perth 20 15 5 58 64 65 65
Wentworth 0 45 25 60 60 60 60
Wentworth 25 55 5 67 71 73 69
Lincoln 30 60 10 90 97 100 98
Lincoln 30 40 0 58 64 76 67
Halton 25 55 10 46 68 69 72
Halton 0 55 5 74 77 78 78
Peel 20 55 0 68 74 89 77
Victoria 25

Average 1961 (10 trials)

Average 1959-61 (20 trials)

20 0 50

64

67

50

71

74

60

76

78

56

73

77

Average All Soils 1959-61 (40 trials) 63 72 75 76
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Net Returns From Returns Per Dollar Invested
Fertilizer ($/Acre)__________ ($) ________

Soil Test 
Recommend 
at ion

Double 
- Soil

Test

General 
Recommend
ation

Soil Test 
Recommend
ation

Double 
Soil 
Test

General 
Recommend
ation

Sandy loam, silt loam 
and loam soils

Oats Valued at 7 5<?/bu.

1959 (4 expts.) 4. 90 0. 70 -1. 00 3. 35 1. 15 0. 90
1960 (7 expts. ) 1. 00 -3. 75 -1. 30 1. 15 0. 70 0. 90
1961 (9 expts,) 2. 65 -0. 50 1. 85 1. 35 0. 95 1. 20
1959-61 (20 expts. )

Clay loam and clay soils

2. 50 -1. 40 0. 15 1. 40 0. 90 1. 00

1959 (4 expts.) -2. 60 -7. 80 -5. 10 0. 50 0. 30 0. 50
1960 (6 expts.) 2. 35 2. 10 -1. 50 1. 45 1. 20 0. 85
1961 (10 expts.) -2. 80 -4. 75 -4. 80 0. 60 0. 65 0. 60
1959-61 (20 expts.) -1. 20 -3. 30 -3. 85 0. 80 0. 70 0. 65

All soils (1959-61 (40 expts.) 0. 65

Oats

Sandy loam, silt loam

-2.35 -1.85

Valued at $1. 00/bu.

1. 10 0. 80 0. 85

and loam soils 1959-61

Clay loam and clay soils

5. 50 2. 10 4. 00 1. 85 1. 15 1. 35

1959-61 0. 35 -0. 50 -1. 35 1. 05 0. 95 0. 90

All Soils 1959-61 2. 95 0. 70 1. 30 1. 45 1. 05 1. 10
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Returns From Fertilization of Oats



Note:

1. Over a three-year period, yields of oats on unfertilized coarse textured (loam) soils were 
lower than on unfertilized fine textured (clay) soils. The response to fertilizer was greater 
on the coarse textured soils, however, resulting in approximately equal yields on the two 
groups of soils when fertilized.

2. Fertilizer applications for oats were more profitable on the coarse textured than on the fine 
textured soils in 1959 and 1961 but the opposite was true in 1960.

3. Fertilisation as currently recommended by soil test was more profitable than fertilization 
by the general recommendation or double the soil test.

4. Fertilization of oats returned a profit on clay and clay loam soils in 1960 when oats were 
valued at 7 5£ per bu. If oats are worth $1. 00 per bu. it can be seen that fertilization of oats 
was profitable in all three years on both groups of soils, although profit was smaller on 
the clay and clay loam soils than on the sandy loam and loam soils.
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TABLE 17

Summary of Fertilizer Trials With Wheat

County Year
No

Fertilizer
Soil Test 

Recommendation

Double
Soil 
Test

General
Recommendation

Durham 1959/60 31
Yield bu, /acre

53 53 53
Elgin 1960/61 28 48 44 51
Huron 1960/61 50 56 60 59
Middlesex 1960/61 20 31 39 37
Wentworth 1960/61 37 35 36 36
Halton 1960/61 35 38 48 47
Peel 1960/61 27 59 57 57
Victoria 1960/61 37 51 47 49

Average (8 trials) 33 46 48 48

Average (8 trials)

Average (8 trials)

Returns/Acre From Fertilizer*  
_______________ ($)_____________

10.60 8.60 9.60

Returns/dollar Invested in Fertilizer*
_________________($)_________________

2. 70 1. 90 2. 00

* Wheat valued at $1. 25 per bu.

Note:

1. Fertilization produced large and profitable increases in yield of -wheat.
2. Fertilization according to soil test recommendation produced $1. 00 per acre greater returns 

in these trials than fertilization by the general recommendation. The return per dollar in
vested showed even larger differences in favour of soil,test recommendations.
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FERTILIZER TRIALS ON TURNIPS IN 1960-61

Some field trials of fertilizer for turnips were carried out with the Soil and Crop Improve
ment Associations and have given some useful results shown in Table 18.

TABLE 18

Yields and Returns From Fertilizer on Turnips 
in 1960 and 1961

County Year
No

Fertilizer
Soil Test j Times General

Recommendation Soil Test Recommendation

Perth 1960 680 920

Yield of Marketable Turnips bu. /acre

890 900

Huron 1960 360 520 500 540

Huron 1961 530 740 760 610

Average 3 trials 520 730 720 690

Average 3 trials 85

Returns/acre From Fertilizer ($)

74 65

Average 3 trials

Returns/Dollar Spent on Fertilizer ($)

4. 10 3. 10 3. 60

Note:

1. Application of fertilizer on turnips resulted in large and profitable increases in yield of 
turnips in these trials.

2. Fertilization according to soil test appeared to result in highest profits.
3. Fertilization did not affect the proportion of marketable turnips with nitrogen rates up to

36 lbs. of N per acre.

Four field trials in 1961 and one in 1960 showed that fertilizer broadcast or drilled before 
planting at rates recommended by soil test gave a small profit on white beans. There is some 
indication that fertilizer banded below and to the side of the seed may give higher yields.
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Applied and developmental research must be anchored by fundamental research. In 
spite of the many problems which must be solved by applied research, we must maintain re
search into the basic reactions in the soil and the fundamental aspects of soil-plant relationships.

The results of fundamental research can seldom be used directly and immediately. The 
results reported here show the general direction of our research and indicate the kinds of 
studies that are underway.
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PHOSPHORUS IS FIXED IN SOIL MAINLY AS ALUMINUM PHOSPHATE

In a laboratory study, phosphorus was added in solution to several soils which varied 
in pH from 5. 3 to 7. 6. After 15, 30 and 335 days the phosphorus in the soil was fractionated 
into aluminum phosphate, iron phosphate and calcium phosphate forms. It was found that:

(1) the aluminum phosphate form was increased by the phosphate treatment in all soils, 
except the Guelph loam.

(2) the calcium phosphate form was not increased in any soil except the Minesing soil 
which contained 70% calcium carbonate.

(3) phosphate treatment increased the water-soluble phosphorus in all soils, especially 
those with a pH above 7. 2.
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NITROGEN FERTILIZER INFLUENCES SOLUBILITY AND MOVEMENT OF 
FERTILIZER PHOSPHATE

Phosphate fertilizer pellets were placed in moist soil and allowed to equilibrate for 2 
days, one, two, four and eight weeks. Water-soluble phosphorus content of the soil at dif
ferent distances from the pellet was determined after equilibration. It was found that:

(1) more than 80% of the fertilizer phosphorus moved out of the pellet during the first 
two days.

(2) ammonium sulphate placed with the fertilizer pellet decreased the amount of water- 
soluble fertilizer phosphorus in the soil near the pellet but increased the distance 
of movement of the phosphorus in the soil.

(3) sodium nitrate placed with the fertilizer pellet reduced the movement of fertilizer 
phosphorus away from the pellet.

(4) most of the non-water-soluble fertilizer phosphorus in the vicinity of the fertilizer 
pellet was in the form of aluminum and iron phosphate.

CONCENTRATED PHOSPHATE SOLUTIONS CAN BREAK DOWN CLAY MINERALS

The clay minerals were separated from the surface layers of a Guelph loam and 
Haldimand clay loam soil. These clay minerals were treated with concentrated phosphate 
solutions. It was found that;

(1) there was a net loss in weight of the clay upon treatment due to losses of amorphous 
iron and aluminum compounds as well as to solution of some of the clay crystals.

(2) X-ray analysis, electron micrographs, chemical analyses, and differential thermal 
analyses showed that the residue of the Guelph fraction contained more illite and less 
vermiculite and interstratified montmorillonite than the sample before treatment. 
The Haldimand fraction after phosphate treatment contained more illite and some 
halloysite which was also present in the untreated sample.

It was concluded that concentrated phosphorus solutions (as may be found near a fertilizer 
pellet) can cause disintegration of the clay minerals, especially the expanding minerals, e. g. 
vermiculite and montmorillonite.



UPTAKE OF FERTILIZER IS AFFECTED BY METHOD OF PLACEMENT 
AND KIND OF SOIL

The method of placement of fertilizer is known to have an effect on the amount of 
phosphorus taken up by a growing crop. It is a general recommendation that for maximum 
utilization, the fertilizer should be placed in a band with or near the seed. Evidence obtained 
last year indicates that band application is best on most ;oils but not on all soils.

The uptake of fertilizer phosphorus by wheat after eight weeks in the greenhouse is 
shown in Table 19.

TABLE 19

Uptake of Phosphorus From Fertilizer Banded and 
Mixed With Soil By Wheat in Greenhouse

Soil Type pH

Average Uptake of
Fertilizer Phosphorus (mgm/pot) from:

Relative
Uptake From 

Mixed Treatment 
(Banded = 100)

Fertilizer Banded*  
below seed

Fertilizer Mixed*  
with soil

Vasey sandy loam 4. 9 13. 8 4. 7 34

Haldimand clay 6. 0 25. 5 15. 4 61

Saugeen silty clay loam 6. 8 28. 3 19. 6 69

Guelph loam 6. 6 21. 7 17. 0 78

Newcastle loam 6. 8 25. 9 20. 6 79

Schomberg clay loam 7. 2 24. 5 19. 8 81

Bondhead loam (2) 7. 2 21. 5 17. 9 83

Bondhead loam (1) 7. 2 17. 1 14. 4 84

Otonabee loam 7. 4 14. 2 15. 0 105

Minesing silty clay 7. 5 10. 1 18. 5 183

* Phosphorus - 100 lb. P2O5 mixed or banded in soil.
Nitrogen - on all pots - 80 lb. N/ac. mixed with soil plus 20 lb. N/ac. banded with phosphorus.
Potassium - on all pots - 400 lb. KgO/ac. mixed with soil.

Note:

1. For acid soils (i. e. Vasey and Haldimand) the fertilizer mixed with the soil was utilized to 
a much less extent than fertilizer banded just below the wheat seed.

2. For the two soils which contained free lime (i. e. Otonabee and Minesing) the fertilizer mixed 
with the soils was utilized to a greater extent than the fertilizer banded.

3. For the remaining soils which were about neutral and contained no free lime the fertilizer 
mixed with the soil was used slightly less readily than fertilizer banded below the wheat seed.
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STUDIES ON PHOSPHORUS SOIL TEST METHODS

The capacity of several different Ontario soils to supply phosphorus to wheat and red 
clover in the greenhouse has been measured. At the same time new laboratory methods of 
evaluating the phosphorus status of soils are being studied with a view toward improving the 
soil testing service for farmers.

Phosphorus Extracted by Several Methods

Soil Type
Phosphorus Absorbed 
by Crop (mgm. P/pot)* PA] pa2

Anion
Exchange Resin

Cation Exchange 
Resin

Saugeen 35. 9 138 269 61 155

Schomberg 25. 6 60 169 40 158

Bondhead (1) 25. 6 155 338 58 185

Minesing 17. 7 8 42 38 148

Haldimand 12. 7 47 58 26 40

Guelph 11. 0 51 106 27 70

Bondhead (2) 9. 3 45 125 19 73

Vasey 8. 7 424 484 51 89

Newcastle 7. 4 40 104 17 50

Otonabee 6. 8 30 65 21 79

* No phosphorus applied. Nitrogen (100 lb. N/ac.) and potassium 400 lb. KgO/ac. mixed with 
each soil.

Note:

1. The PAi and PA2 tests did not accurately measure the phosphorus status of the soils on 
basis of comparison with phosphorus release to crops in the greenhouse. These tests were 
particularly in error on the acid Vasey soil and on the high lime Minesing soil.

2. The cation, exchange resin method was more effective in arranging the soils in order of 
their phosphorus-releasing capacity.
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RESIN EXTRACTION OF SOIL PHOSPHORUS OFFERS PROMISE FOR SOIL TESTING

The amounts of phosphorus released by ten soils to wheat and red clover was compared 
with the amount of phosphorus extracted from the soils by several different methods. (Table 20).

TABLE 20

Phosphorus Absorbed by Wheat and Red Clover Compared With Amount 
Extracted by Several Test Methods



Correlation of Soil Test Results with Yields of Wheat and Red Clover in Greenhouse

The effectiveness of a soil test method is. indicated in part by its degree of correlation 
with yield criteria of crops. This is shown for several phosphorus methods in Table 21.

TABLE 21

Correlation of Several Soil Test Methods With Yield 
of Wheat and Red Clover

Phosphorus Test
Correlation Coefficients (r) of Soil Test With

Log 100-% Yield of 
Dry Matter

Yield of Phosphorus 
(Check Pots)

Yield of Dry Matter 
(Check Pots)

Fluoride soluble 
(Modified PAj)

-. 20 +. 03 +. 03

Fluoride + Acid-Soluble 
(Modified PA2)

-. 39* +. 28 +. 20

Acid-soluble (PAg-PAp 61** +.70** +. 62**

Anion Exchange Resin -. 79** +. 76** 4- 71 **

Cation Exchange Resin -. 80** +. 81** +. 79**

* significant correlation at 5% level
* * significant correlation at 1% level

Details of the tests indicated in Table 21 may be obtained from Department of Soil 
Science.

NON-EXCHANGEABLE POTASSIUM IS IMPORTANT FOR CROP GROWTH
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The soil test for potassium that is currently being used in the soil testing laboratory 
is designed to measure the water-soluble potassium and the potassium that is held on the sur
face of the soil particles. It is known that these forms of potassium are available to plants. 
However these are not the only forms of potassium in the soil that may be used by plants.

A large part of the total potassium in soil is held within the crystals of clays and in 
primary minerals such as orthoclase and mica. This is the so-called non-exchangeable 
potassium. Some of this non-exchangeable potassium does become available to crops during 
the growing season. Therefore some measure of this form of potassium along with the pre
sent measure of water-soluble and adsorbed (exchangeable) potassium should provide a more 
precise estimate of the potassium status of soils.



Recently a resin method has been developed to measure a portion of the non-exchangeable 
potassium, the portion that is called "moderately-available. " The method involves the equilib
ration of soil and cation exchange resin in water for two days. After equilibration the non
exchangeable potassium released by the soil is determined by extraction of the mixture with 
ammonium acetate at room temperature and compared to a similar extraction in the absence 
of resin. The difference obtained following a two-day equilibration period is called "moderately 
available potassium".

Usingthe exchangeable potassium (current method) along with the moderately-available 
potassium (resin method) it is possible to predict crop yields and hence potassium fertilizer 
requirements more accurately. The improvement is indicated in Table 22.

TABLE 22

Correlation of Crop Yield (Log 100-Y) in the Field With Soil Test Value 
For Potassium 

(1956-59)

Crop
Correlation Coefficient (r)

Current Method Proposed Method

Corn -.33 -.61

Wheat -.34 -.74

Oats -. 16 -. 71

Potatoes -. 73 -. 77

Note:

1. The higher value of the coefficient for the proposed method indicates that it is more 
accurately measuring the soil potassium that is of importance to the crops.

Some additional development work is necessary before the proposed method can be intro
duced into the routine soil testing laboratory.

GROWTH-CHAMBER STUDIES WERE BEGUN in 1961
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During 1961 growth chambers became available for use in soils research. These 
chambers provide growing conditions that can be closely controlled at the desired temperature, 
humidity and light intensity and duration. The possible temperature range is from 35° to 
100°F. the humidity range is from 40 to 98% relative humidity. The light intensity can be 
varied from 2000 to 5000 foot candles by varying the distance between the plants and the lights.



These chambers have been used to study the influence of soil moisture on nutrient 
absorption. By growing plants at a high relative humidity (95-98%) transpiration of moisture 
by the plant can be reduced to less than 20 per cent of the transpiration under field conditions. 
Thus the soil moisture is not depleted as rapidly and plants can be grown for a period of three 
weeks without addition of water, and without causing a great reduction in soil moisture content. 
It was found that the absorption of phosphorus by corn growing on soil with a moisture content 
held constant close to the wilting point was only 15 per cent of that by corn growing on soil 
held near the field capacity.
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MANGANESE REACTIONS IN SOIL

Continued study of manganese in soil has shown that: (1) there is one rapid isotopic 
exchange reaction between Mn-54 and hydroquinone-extractable soil manganese. This indicates 
that there is a single equilibrium form of manganese oxide in the soil. (2) there are several 
forms of soil manganese, extractable with zinc sulphate, which are in equilibrium with the 
solution manganese. Exchange between these forms and solution manganese is much slower 
than exchange with the oxide forms.

TIME-OF-CUTTING AFFECTS TOTAL YIELD OF GRASS 
(with co-operation of Dept, of Field Husbandry)

It is to be expected that the time and frequency of cutting of grass during the growing 
season will affect the total yield obtained. In studies on the fertilizer requirement of grass, 
therefore, it is desirable to use a cutting program that will allow the grass to show the 
maximum effect of the fertilizer treatment. In 1961 therefore pure stands of orchard, timothy 
and brome grasses (fertilized with 275 lb. N/ac., 75 lb. P2O5/ac. and 75 lb. K2O/ac.) were 
subjected to different cutting regimes to establish maximum production figures.

The cutting was done as follows:

(a) on basis of time intervals i. e. 2, 4, 6 weeks between cuttings
(b) on basis of amount of incident light intercepted by the crop

(c) on basis of the morphological development of the crop.

The results show that:

(1) Yields of brome and timothy were increased by 1200 and 2600 lb. of dry matter per 
acre respectively when the first and third harvests were taken before stem elongation and the 
second harvest after axillary bud development. Not only were the yields greater as indicated 
but, in the case of timothy, weed infestation was reduced from 50% to less than 2% of the har
vested dry matter. This was in comparison with taking each harvest immediately after stem 
elongation. Orchard grass did not show the above affects of cutting management on yields.

(2) Yields of all species were greater if harvests were taken when 95% of the incident 
light (rather than 80%) was intercepted by the foliage.

(3) With a six-week interval between harvests, season yields were 4. 5 to 5. 25 tons of 
dry matter per acre compared to 2.5 to 3.0 tons/acre with a two-week interval between 
harvests.



The interpretation of research results for the farmer is an important part of the total 
program of the Department of Soil Science. For this purpose soils extension specialists are 
located in certain County offices to serve Several adjacent Counties. These specialists are 
in close contact with the research program and are well qualified to advise farmers in regard 
to soil management problems.

Some of the extension activities are described in the following section.
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ADVISORY SERVICES



LAND JUDGING COMPETITIONS 1961

Land Judging Competitions were held in fourteen counties in 1961. Mainly Junior farmers 
and 4-H Club members competed in these competitions with an average attendance of ap
proximately 40 per competition.

In the competitions at Halton, Waterloo, and New Liskeard, senior farmers were 
encouraged to attend and participate in tours and discussion of the areas selected for the 
competitions. A special competition was conducted for the agricultural class of Exeter High 
School.

In past years the staff personnel of the Department of Soil Science, Guelph, have con
ducted these competitions and tours. In 1961, the Ontario Department of Agriculture per
sonnel in the counties of Halton and Wentworth conducted their own highly successful land 
judging competitions.

County No. of Contestants No. of Seniors

Halton 45 30
Waterloo 50 20
New Liskeard 40 15
Peel 45 -
Hastings 30 -
Durham 30 -
Victoria 10 -
Ontario 35 -
Oxford 60 -
Wentworth 35 -
Wellington 50 -
Middlesex 30 -
Perth 25 -
Norfolk 40 -

LAND USE PLANNING
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The soils extension specialists assisted many farmers with their soils and land use 
problems. Land use guides were prepared for 55 farms in 1961 (Table 23). In preparing 
these guides the specialist made recommendations in regard to fertility maintenance and 
improvement, drainage improvement, cropping sequence, pasture improvement, field 
arrangement and erosion control.

Farmers interested in this service should make application to the County Agricultural 
Representative. Land use plans for farms in Essex, Kent and Lambton are prepared by the 
Soils Specialist at Western Ontario Agricultural School, Ridgetown and for Counties of Eastern 
Ontario by the Soils Specialist at Kemptville Agricultural School.



TABLE 23

Farms Planned in 1961 and Requests on Hand March 1, 1962

Farms Planned Requests on Hand
C ounty 1961 Total Farms Planned March 1, 1962 ,

Brant 9 46 5
Bruce 2 29 1
Duffer in 30 3
Durham 36 2
Elgin 19 1
Grey 18 114 7
Ha Id im and 3 15
Halton 4 44 4
Hastings 9
Huron 25 1
Kent 2
Lambton 2 8
Leeds 1 1
Lennox & Add. 10
Lincoln 2
Middlesex 94 2
Norfolk 17
Northumberland 2 22 2
Ontario 1 106 2
Oxford 2 74 1
Peel 1 109 1
Perth 1 19 4
Peterborough 27 2
Prince Edward 1 1
Simcoe N. 25
Simcoe S. 27 4
Thunder Bay 4
Victoria 9 1
Waterloo 3 27
Welland 1 9
Wellington 5 75 14
Wentworth 14
York
Frontenac

114
1

Total Farms Planned 55 1, 163 58
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SOIL TESTING AND FERTILIZER RECOMMENDATIONS

An important part of the research work of the Department of Soil Science during the past 
few years has been directed toward improvement of methods of soil testing and refinement of 
the fertilizer recommendations for the major crops grown in Ontario. As a result of this re
search it is now possible to make more accurate and economically sound fertilizer rec
ommendations for farmers. It is gratifying to note that more and more farmers are making 
use of the soil testing service. This is evidenced by the fact that in 1958 only 10,000 samples 
were analyzed in our laboratory but in 1961 more than 35, 000 samples were analyzed.

Duringthe past three years, it has been possible to bring the soil testing service closer 
to the farmer by having the agricultural representatives in the Counties make the fertilizer 
recommendations. The soil testing is all done in the central laboratory at Guelph but the actual 
recommendations are made in the County agricultural offices by men who are quite familiar 
with the soil and crop management in the County. This new procedure allows a more personal 
service to the farmer and we believe results in more effective recommendations. At the pre
senttime the agricultural representative in 27 Counties and Districts are making their own 
fertilizer recommendations. In addition, all of the Fruit and Vegetable Extension Specialists 
are making fertilizer recommendations for fruit and vegetables.

The summary of the soil testing by Counties and Districts in 1961 is given in Table 24.
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Total Number of Soil Samples Analyzed and Number of Growers by Counties

TABLE 24

April 1, 1961 to March 31, 1962.

C ounty No. of Growers No. of Samples

Algoma 9 5 203

* Brant 241 842

Bruce 395 1349

*C ar let on 263 714

Cochrane 34 69

*Dufferin 173 528

*Dundas 106 259

^Durham 142 462

Elgin 364 1379

Essex 596 1265

Frontenac 194 330

^Glengarry 95 235

Grenville 71 258

Grey 307 1020

*Haldimand 144 424

Haliburton 9 20

* Ha It on 134 361

Hastings 101 255

*Huron 364 1425

Kenora 3 3

Kent 751 2844

Lambton 358 1246

Lanark 93 257

Leeds 103 229

Lennox & Addington 48 100

* Lincoln 262 686

Manitoulin 69 177

’^Middlesex 427 1236

Musko'ka 64 95

Nipissing 83 153
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* In these Counties, the fertilizer recommendations are made by the Agricultural 
Representative.

53

County No. of Growers No. of Samples

^Norfolk 554 2124

Northumberland 99 284

* Ont ar io 307 927

^Oxford 564 2028

Parry Sound 138 197

* Peel .137 414

* Perth 313 1218

* Peterborough 99 249

Prescott 171 428

^Prince Edward 109 332

Rainy River 124 162

Renfrew 299 476

Russell 167 468

*Simcoe North 256 862

^Simcoe South 276 963

* Stormont 109 304

Sudbury 29 78

*Temiskaming 150 350

Thunder Bay 73 142

^'Victoria 160 465

^Waterloo 265 924

Welland 124 367

* Wellington 548 1745

^Wentworth 210 600

'::York 346 1024

Miscellaneous 10 76

Province of Quebec 18 44

TOTAL 11, 744 3 5, 675



GRADUATESTUDENT PROGRAM

During 1961, there were 11 students enrolled in the Graduate Sehool for work in Soil 
Science. Six students completed the requirements and were granted the M. S. A. degree in 
1961.

1961 GRADUATES AND THESES TITLES

Amer, S. A. W. The chemical reactions of some soil phosphorus fractions.

Bhuiya, A. II. A study on the physical and chemical effects resulting from the adsorption of 
sodium by a soil.

Campbell, C. A. The influence of concentrated phosphorus solutions upon some of the chemical 
properties of clay.

Haagsma, T. The release of non-exchangeablc soil potassium to cation-exchange resins as 
influenced by temperature and moisture.

Reid, A. S. J. Exchange reactions of Mn 54 with soil manganese.

Sherrell, C. G. The effectiveness of several band applications of fertilizer for oats in the 
greenhouse.

REGISTERED FOR 1961-62

PUBLICATIONS
April 1, 1961 to March 31, 1962
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For M, S. A. Degree 
Aberson, G. M. 
Beckford, D. P. 
Hagarty, J. J.
Walter, R. H. 
Wright, H. C.

Special Student
M. V. Bapat

Post-doctorate Fellow
Dr. N. Miljkovic

Extension Publications

1. Advisory Fertilizer Board for Ontario (N. R. Richards, Chairman), Fertilizers for 
intertilled crops, Ont. Dept, of Agric. Pub. 300 (revised) Jan. 1962.

2. Ibid. Fertilizer recommendations for potatoes, Ont., Dept, of Agric. Pub. 305 (revised) 
October, 1961.

3. Ibid. Fertilizer for cereal, hay and pasture crops, Ont. Dept, of Agric. Pub. 304 
(revised) January, 1962.

4. Dept, of Soil Science, Progress Report, Research and Advisory Service, O. A. C. 
Duplicating Division, April, 1961.



5. Dept, of Soil Science, Progress Report for Regional Research Station, Cayuga, O. A, C. 
Duplicating Division, July, 1961.

6. Lane, T. H. Some soil facts for farmers. Proceedings Annual Convention, Ont. Soil 
and Crop Improvement Assoc. , January, 1962.

7. Matthews, B. C. Soil fertility build-up. Proceedings Annual Convention, Ont. Soil 
and Crop Improvement Assoc. January, 1962.

8, Matthews, B. C. Boron and manganese for field crops in Ontario, Ont. Dept, of Agric. 
Pub. 90, October, 1961.

9. Webber, L. R. Erosion is serious. Ont. Dept, of Agric. Pub. 186 (Revised) 1961.

Scientific Papers
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1. Broadwell* *, C. E. and M. H. Miller. The effect of various placements of fertilizer on 
sugar content and yield of sugar beets.
Proc. 12th General Meeting, Amer. Soc. Sugar Beet Technologists, February, 1962. 
^Canada and Dominion Sugar Company.

2. Broadwell*, C. E. and M. H. Miller. The effect of various rates of nitrogen on sugar 
content and yield of sugar beets.
Proc. 12th General Meeting, Amer. Soc. Sugar Beet Technologists, February, 1962.
*Canada and Dominion Sugar Company.

3. de Vries, J. and K. M. King. Note on the volume of influence of a neutron surface 
moisture probe.
Can.-Jour. Soil Sci. 41:253-257, 1961.

4. de Vries J. and L. R. Webber, Field capacity of soil as affected by previous cultural 
treatment.
Can. Jour. Soil Sci. 42: 13-16, 1962.

5. Gillespie, J. E. , R. E. Wicklund and N. R. Richards. The soil survey of Hastings County. 
Reprot no. 27, Ontario Soil Survey, February, 1962.

6. Hoffman, D. W., R. E. Wicklund and N. R. Richards. The soil survey of Parry Sound 
District.
Report No. 31, Ontario Soil Survey, January, 1962.

7. MacKenzie, A. F. Inorganic soil phosphorus fractions of some Ontario soils as studied 
using isotopic exchange and solubility criteria.
Can. Jour. Soil Sci. 42: 150-156, 1962.

8, MacKenzie, A. F. and J. E. Dawson*, The preparation and study of thin sections of wet 
organic materials.
Jour, of Soil Sci. 12: 142-144, 1961.
*Cornell University, U. S. A.



9, Matthews, B. C. and P. H. T. Beckett*.  A new procedure for studying the release and 
fixation of potassium ions in soil.
Jour, of Agricultural Science. 58: 59-64, 1962.
*Oxford University, England.

10. Miller, M. H. and V. N. Vij. Some chemical and morphological effects of ammonium 
sulphate in a fertilizer phosphorus band for sugarbeets.
Can. Jour. Soil Sci. 42: 87-95, 1962.

11. Richards, N. R. Production possibilities and technology, fertility and soil management - 
Eastern Canada.
Resources for Tomorrow Conference 1: 55-65, 1961.

12. Richards, N. R. The soils of Southern Ontario, in Soils of Canada, Royal Soc. of Can. 
Spec. Pub. 3, University of Toronto Press, 1961,

13. Sheard, R. W. Note on an aid for rapid vacuum filtration. 
Can. Jour. Soil Sci. 41: 260, 1961.

14. Sillanpaa,  M. and L. R. Webber, The effect of freezing-thawing and wetting-drying 
cycles on soil aggregations.

*

Can. Jour. Soil Sci, 41: 182-187, 1961.
*University of Helsinki, Finland.

15, Weir, C. C. and M. H. Miller. The manganese cycle in soil I Isotopic-exchange reactions 
of Mn. 54 in an alkaline soil.
Can. Jour. Soil Sci, 42: 105-114, 1962,

RESEARCH PROJECTS ACTIVE 1961-62

Project No.
S. S. 1 Taxonomic Classification of Soil Surveys and Their Interpretation. (With co

operation of Soil Survey Staff of Canada Department of Agriculture).

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.

S. S. 2. 6. Particle size distribution and chemical analysis of genetic horizons 
of soil series.

S. F. 11 Calibration of Soil Tests Currently in Use and Evaluation of Fertilizer Re
commendations on Ontario Farms.

S. F. 11. 5, Economic evaluation and calibration of chemical soil tests currently 
in use for predicting fertilizer requirements of perennial forage 
crops on Ontario farms.

S. F. 11. 6. Studies on the magnesium requirements of Ontario soils for crop 
production.
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S. F. 21 Control of Soil Reaction, Calcium Fertility and Liming in Relation to Yields 
and Nutrient Content of Crops,

S, F. 21. 1 Effect of different forms of limestone on growth and yield and 
composition of alfalfa on Haldlmand clay, R. R. S. Cayuga,

S. F. 21. 2, Greenhouse evaluation of response of alfalfa to lime and molybdenum 
on Ontario soils,

S. F. 21. 3 A comparison of banded lime and nitrogen application with broad
cast lime for the establishment of alfalfa in the greenhouse.

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

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 applications of N, P, and K.
S. F. 22. 9 Response of pure stands of grass and legume to rate applications of 

N, P, and K.

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

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 

some Ontario soils.

S. F. 25 Effects of Fertility Levels and Cropping Systems on Soil and on Yield and 
Nutrient Uptake of Crops.

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, 
C ayuga.

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 proper
ties of Burford loam.

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

S. F. 25. 21 Yield and nitrogen uptake by grasses and legumes grown at different 
levels of applied nitrogen and water and their effect on chemical 
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.
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S. F. 26. 25 Fertilizer placement for oats and alfalfa-brome in the field.

S. F. 27 Effect of Soil Fertility, Moisture Supply and Management on Forage Crop 
Production.

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

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

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

S. F. 28. 2 An investigation of the effect of cor m size on the regrowth of timothy.
S. F. 28. 3 A quantitative study of the grass-legume nitrogen inter-action of

forage species.
S. F. 28. 4 Grass-legume interactions - a greenhouse approach.
S. F. 28. 5 A study of the growth and reproductive morphology of alfalfa, 

brome grass, orchard grass and timothy.
S. F. 28. 6 A study of the criteria for the defoliation of grass species.
S. F. 28. 7 An investigation of the effect of soil nutrient level, soil moisture,

soil and aerial environment and their interactions on the changes 
in the growth curve gross morphology and chemical composition 
with time for pure forage species.

S. F. 28. 8 Response of legume and grass species to levels of soil potassium 
under greenhouse conditions.

S. F. 30 Factors Affecting Root Distribution Patterns and Feeding Zones of Crops at 
Various Stages of Growth.

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. 6 The influence of depth of fertilizer placement on the relative absorp

tion of fertilizer phosphorus from an N + P and a P band by oats.
S. F. 30. 7 The influence of soil moisture tension on growth and nutrient 

absorption by plants.

S. F. 31 Utilization of Micro-Nutrients by Plants as Influenced by Chemical, Physical 
and Biological Factors.

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

S. C. 41 Chemical Behaviour of Plant Nutrients in Organic Soils as Indicated by Soil 
and Plant Analysis.

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.

S. C. 42. 2 Extraction of different forms of phosphorus from soils.
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S. C. 50 The Chemical Behaviour of the Major Plant Nutrients in Mineral Soils.

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

S. C. 51 Chemical and Mineralogical Composition of the inorganic Colloidal Fraction of 
Ontario Soils.

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

S. P. 60 Measurement and Interpretation of Climatic and Weathering Characteristics 
with Respect to Soil and Crop Yields.

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 tem
perature and precipitation and their presentation as isompas of 
Southern Ontario.

S. P. 60. 4 Development of instruments and methos for agrometeorological 
measurements.

S. P. 60. 5 Variations in soil temperature 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.

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, 7 Heat budget and water budget of a corn crop.
S. P. 61. 9 Effect of soil moisture content on evapotranspiration rate.
S. P. 61. 10 Micrometeorological studies of evapotranpsiration.

S. P, 71 Crops, Cultural Practices, and Soil Additives on the Physical Properties of 
Soils.

S. P. 71. 2 Effects of crop rotations on physical properties of Haldimandclay, 
R. R. S. Cayuga.
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