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FOREWORD

In the presence of many alumni and friends the new Soils Building was officially transferred 
to the Ontario Agricultural College on June 20, 1959. The opening ceremonies were carriedout 
under the chairmanship of Dr. J. D. MacLachlan. Two ministers of the provincial legislature, 
the Honourable Ray T. Connell, Minister of Public Works, and the Honourable W. A. Goodfellow, 
Minister of Agriculture, participated in the ceremonies. Speaking to the large group assembled 
for the occasion President MacLachlan stated, "Our Soils Department, now fourteen years old, 
shoulders heavy responsibilities in education, research, extension and services, for the Province 
of Ontario, and is recognized the world over for its contirubtion to soil science. This new 
building, second to none on the continent, will mean much for even greater service to our 
agriculture. ’’ It was fitting that the ceremonies should be held on the annual College Alumni 
Day.

For a number of years, it has been our practice to issue an annual Progress Report in 
which departmental activities are reviewed. The results of the efforts of those associated with 
the department, be it in the field of research or advisory services, have been compiled by Dr. 
B. C. Matthews and are presented herewith. A few of our departmental activities in 1959 that 
we feel will be of special interest are given special mention.

A number of organizations such as the Advisory Fertilizer Board for Ontario, the Con
servation Council of Ontario, Committees of the Soil and Crop Improvement Association and 
others made use of departmental facilities for meetings during the year. The National Soil 
Survey Committee and the National Soil Fertility Committee met in Guelph in February. This 
provided an opportunity for the majority of soil scientists in Canada to review and discuss 
matters pertaining to soil classification and soil fertility work for Canada.

Professor R, J. Bryden retired through superannuation February 1st. Professor Bryden 
transferred from the Department of Chemistry when a Soils Department was formed in 1945 
and gave valuable and distinguished service in the field of soils extension over the years. 
Dr. A. F. MacKenzie and Mr, Jan de Vries joined the staff in September of 1959.

During the year, graduate students from Canada (Quebec and Ontario), India, United Arab 
Republic, United States and Pakistan pursued studies leading to the M.S. A. degree. Dr. Mikko 
Sillanpaa from the Agricultural Research Centre, Department of Soil Science, Helsinki-Kulosaari, 
Finland, was awarded a National Research Council Fellowship for post-doctorate studies in soil 
science in this department commencing November 1, 1959.

A considerable reorganization was made in the soil advisory program of the department 
during the year. Professor D. E. Logsdail was transferred from Guelph to Lindsay, July 1, to 
provide advisory service and applied research program for the Counties of Durham, Ontario, 
Peterborough, and Victoria. Mr. J. S. Murray was transferred to London, Ontario, January 1, 
to serve the counties of Elgin, Huron, Middlesex and Perth in a similar capacity. An arrange
ment was made through the Extension Branch of the Ontario Department of Agriculture whereby 
the Agricultural Representatives in the Counties of Durham, Haldimand, Huron, Middlesex, 
Ontario, Peel, Perth, Peterborough, Prince Edward, Simcoe North, Simcoe South, and Victoria 
interpret the results of soil analysis made in the Soil Test Laboratory, O. A.C. into fertilizer 
recommendations for samples submitted from the aforementioned counties. Three schools of 
instruction were held during the year for Agricultural Representatives to acquaint them with 
the basis for making fertilizer recommendations based on the results of soil analysis from the 
department Soil Test Laboratory. Members of the Advisory Fertilizer Board, personnel from 
the Department of Agriculture and the fertilizer industry attended a Soil and Tissue Testing 
Conference held in the department on March 10 and 11.
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The staff of the department along with his many friends and fellow scientists are pleased 
with the distinct honour that has come to Dr. B. C. Matthews. Dr. Matthews received a Nuffield 
Travel Fellowship for 1960-61 which will permit him to transfer residence to Oxford University 
and also provide an opportunity for travel in the United Kingdom and several countries in Europe 
to study soils research work and become familiar with the philosophy and techniques of organiza
tion and conduct of agricultural research and teaching at the graduate and undergraduate levels.

We hope the results and interpretation of the research endeavours of the department will 
be helpful to you. If you wish further discussion concerning the material contained in the report, 
do not hesitate to contact us.

N. R. Richards 
Professor and Head 
Department of Soils.

Guelph, April 11, 1960.
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THE RESEARCH PROGRAM , DEPARTMENT OF SOILS

The purpose of. our research program in soils is to provide answers to problems in soil 
use and management as well as to increase our understanding of soil as a natural part of our 
environment. Many of the questions that we attempt to answer through research are current 
questions - What is the relative value of the different nitrogen fertilizers? What is the best 
method of application and placement of fertilizer for different crops? What is the value of crop 
rotation in a farm program ? How much and what kind of fertilizer is most profitable on a parti
cular soil and crop? How should farmyard manure, poultry manure, sewage sludge and other 
organic materials be used as soil amendments? These are only a few of the many questions that 
farmers ask and for which our applied research program is providing the answers.

In addition to these many questions for which an answer must be provided, these are many 
fundamental questions about soils which must be answered by research now if we are going to 
continue to provide answers to farmers’ problems in the future - What is the relationship be
tween soil moisture and nutrient diffusion in the soil and uptake by plants? What is the chemistry 
of transformation of nutrients such as phosphorus, potassium and manganese in the soil? How 
do soil moisture characteristics and climatic variables such as net radiation, wind velocity, re
lative humidity, etc, interact to determine the loss of soil moisture by evapotranspiration. 
These are some of the fundamental questions currently being investigated here.

In an attempt to bring the latest research information to the attention of farmers and to 
establish the validity of our research results over a large area, a developmental research pro
gram has been established. Soil management practices, especially the use of fertilizers, that 
have been established by the applied research program, are carried out on farmers’ fields to 
demonstrate the relative advantage of following the recommended practices. Although this is a 
new phase of our research program, it is an important- part, of the total program.

Research Projects 1959-1960

The following is a list of the research projects that are active in the Department of Soils. 
The name of the staff member(s) in charge of each project appears after the title.

Project No.

S.S.I . . Taxonomic classification of soils; soil surveys and their interpretation. (Irving and 
Matthews) (with co-operation of Soil Survey Staff of Research Branch, Canada Dept, 
of Agriculture).

S.S.2 Genesis and morphology of virgin and cultivated soils. (Matthews)

S. F. 21 Control of soil reaction, calcium fertility and liming in relation to yields and nutrient 
content of crops. (Heeg)

S. F. 22 Co-operative investigation of response of field crops to nitrogen, phosphorus and 
potassium on different soil types. (C. G. Sherrell)

S. F. 23 Correlation of soil testing methods of nitrogen, phosphorus, and potassium with crop 
response to added nutrients and with fertilizer requirement. (Smith)

S. F. 25 Effects of fertility levels and cropping systems on soil and on yield and nutrient up
take of crops. (Ketcheson)
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S.F. 26 Effect of different fertilizer materials, placement, time and methods of application 
on crop growth, yield, and nutrient uptake. (Ketcheson)

S.F. 27 Effect of soil fertility, moisture supply and management on forage crop production. 
(Matthews)

S. F. 30 Factors affecting root distribution patterns and feeding zones of crops at various stages 
of growth. (Miller)

S.F. 31 Utilization of micro-nutrients by plants as influenced by chemical, physical and 
biological factors. (Miller)

S. C. 41 Chemical behaviour of plant nutrients in organic soils as indicated by soil and plant 
analysis. (Willis)

S. C. 42 Methods and techniques for chemical analysis of soils and plants. (Willis)

S. C. 50 The chemical behaviour of the major plant nutrients in mineral soils (MacKenzie)

S. C. 51 Chemical and mineralogical composition of the inorganic colloidal fraction of Ontario
soils. (MacKenzie)

S. P. 60 Measurementand interpretation of climatic and weather characteristics with respett 
to soils and crop yields. (King)

S. P. 61 Removal of soil water by evapotranspiration and percolation and its effect on crop 
yields. (King)

S. P. 62 Effect of soil physical conditions on ion uptake by plants. (King)

S. P. 71 Crops, cultural practices, and soil additives on the physical properties of soils.
(Webber)

S. P. 72 Infiltration, movement, and availability of moisture in soils. (Webber)

S. P. 78 Soil and water losses under different land covers and cultural practices. (Webber)
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APPLIED RESEARCH
This section contains the results of the applied research conducted in 

1959.

Research of this kind, must be carried out on a field plot basis. More
over because of the wide variety of soils in Ontario it is necessary to establish 
the field plots in several different areas.

Applied research in soil management and fertilizer use was conducted:

(1) on Puslinch Field at Guelph
(2) on the Regional Research Station at Cayuga
(3) on the Brampton Seed Farm
(4) on thirty different farmers’ fields widely scattered throughout central 

and western Ontario.
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THE RIGHT FERTILIZER FOR YOUR SOIL AND CROP

During the past several years, fertilizer trials have been carried out on more than 100 
farms in Ontario. One of the purposes of these trials is to obtain information on the increases 
in yields and net returns of several major crops due to different fertilizer application.

In the 1958 Progress Report, the average returns due to different fertilizers and the aver
age returns per dollar invested in fertilizer were reported in some detail. A few copies of this 
report are still available at the Department of Soils.

The results however were averages for all of the soil types included in the trials. Now 
results are available from a sufficient number of soils so that it is possible to arrange the soils 
into groups that differ in their response to fertilizer. The tables 1, 2, and 3 show the yields 
and returns from oats, wheat, and corn with different fertilizers on several groups (families) 
of soils.

The Ontario Soil Survey has grouped the many soils of Ontario into families so that soils 
of a family have similar productivity. This makes it possible to use the results from fertilizer 
trials on a few soils as a basis for general fertilizer recommendations on other soils in the 
family.

For example, the results shown for oats on the Guelph family in Table 1 should apply 
reasonably well to each of the soils listed as members of the Guelph family (see page ). If 
you have Harriston loam on your farm for instance, the average returns shown for the Guelph 
family should apply. Although this average is better than the general average for all soils as a 
basis for choosing your fertilizer, it is still much less satisfactory than a recommendation 
based on a soil test.
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Table I

Yield and Returns from Different Fertilizer for Oats 
on Several Groups (Families) of Soils 

1955-56-57-58-59

0-20-20 0-20-20
200 lb/ 

acre

6-12-12 
165 lb/ 

acre

10-20-0
200 lb/ 

acre

10-10-j
200 lb/ 

acre
No 100 lb/

Fertilizer acre

Guelph Family - well drained loams, silt loams
Average Yield bu/acre 50 55 55 59 61 67
Average Increase over check -- 5 5 9 11 17
Ave. Return over fertilizer cost $0. 50 -$3.00 $0. 60 -$0. 30 $5. 40

London Family - fair drained loams, silt loams
Average yield bu/acre 50 57 59 63 74 70
Average Increase over check -- 7 9 13 22 20
Ave. Return over fertilizer cost $1.75 -$0.20 $3. 40 $7. 40 $7. 50

Huron Family - well drained clay loams, clays
Average yield bu/acre 60 64 64 66 68 69
Average Increase over check -- 4 4 6 8 9
Ave. Return over fertilizer cost -$0.45 -$3. 70 -$1.50 -$2. 40 -$0. 20

Perth Family - fair drained clay loams, clays
Average yield bu/acre 64 66 69 75 74 75
Average Increase over check -- 2 5 11 10 11
Ave. Return over fertilizer cost -$1.85 -$3.00 $2. 00 -$1.00 $1.20

Honeywood Family - well drained loams, silt loams
Average yield bu/acre 64 73 72 77 77 78
Ave. Increase over check -- 9 8 13 13 14
Ave. Return over fertilizer cost $3.05 -$0. 90 $3.40 $1. 10 $3. 30

Otonabee Family - well drained loams
Average yield bu/acre 52 59 55 61 62 64
Ave. Increase over check- -- 7 3 9 10 12
Average Return over fertilizer cost $1. 75 -$4. 40 $0. 60 -$1.00 $1. 90

Oats @70₵/bu. ; Fertilizer cost based on 1959 prices.

NOTE:
1. All yields in Table 1 are for oats not following a legume-grass sod.

2. For soil types included in the Families listed see page

3. On silt loams, clay loams and clays - 6-12-12 at 165 Ib/ac. gave greatest returns.

4. On loams - 10-10-10 at 200 Ib/acre gave greatest returns.
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Table 2
Yield and Returns from Different Fertilizers for Wheat 

on Several Groups (Families) of Soils 
1956-57-58-59

No 
Fertilizer

16-20-0 
125 lb 
/ acre

6-12-12
200 lb/ 

acre

0-20-20 
125 lb 
/acre

0-20-20 
125 Ib/ac.
+20 lb. N *

10-10-10
250 lb/ 

acre

Guelph Family - well drained loams, silt loams
/ acre

Average yield bu/acre 21 47 29 28 51 48
Ave. Increase over check 26 8 7 30 27
Ave. Return Over Fertilizer Cost $31.65 $5.65

Burford Family - well drained loam over gravelly subsoil

$6. 00 $37.00 $30.75

Average yield bu/acre 25 31 30 26 41 33
Ave. Increase over check 6 5 1 16 8
Ave. Return over fertilizer cost $2. 60 $1.40 -$2.65 $18. 70 $4. 65

Fox Family - well drained sands, sandy loams
Average yield bu/acre 37
Ave. Increase over check
Ave. Return over fertilizer cost

42
5 

$1.15

43
6 

$2. 85

41
4 

$1. 70

48
11

$7. 75

Perth Family - fair drained clay loams, clays
Average yield bu/acre 35
Ave. Increase over check 
Ave. Return over fertilizer cost

Brookston Family - poorly drained clay loams,

46
11

$9. 85

clays

39
4 

$0. 65

39
4 

$2. 40

— 44
9 

$4. 75

Average yield bu/acre 37 43 43 42 51 43
Ave. Increase over check 6 6 5 14 6
Ave. Return over fertilizer cost $2. 60 $2. 95 $3. 15 $13.80 $0. 45

Wheat @ $1.45/bu; Fertilizer cost based on 1 959 prices

*Nitrogen was top-dressed in early spring for this treatment only.

NOTE:

1. All yields in Table 2 are for wheat not following a legume-grass sod.

2. For soil types included in the Families listed see page
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Table 3

Yield and Returns from Different Fertilizers for Corn 
on Several Groups (Families) of Soils 

1955-56-57-58-59

No 
Fertilizer

0-20-10
400 Ib/ac.

6-12-12 
660 Ib/ac. 
+80 lb. of

N/acre

10-10-10
600 lb/ 
acre

0-20-20
400 lb/ 
acre

10-10-10 
400 lb/ 
acre.

Guelph Family - well drained loams, silt loams (corn following 
Ave. yield bu/acre 69 85 92
Ave. Increase over check -- 16 23
Ave. Returns over fertilizer cost $8.25 -$0.95

legume-grass sod)
91 91
22 22

$6.65 $14.40

86
17

$8. 15

Fox Family - well drained sandy loams 
Ave. yield bu/acre 64
Ave. Increase over check
Ave. Returns over fertilizer cost

(corn following legume-
86 107
22 43

$5.75 $24.05

grass sod)
113

49 
$41.50

99
35 

$30.65

94
30 

$24.40

Perth Family - fair drained clay loams, 
Ave. yield bu/acre 45
Ave. Increase over check 
Ave. Returns over fertilizer cost

clays (corn not following legume-
44 70 67
-1 25 22

-$13.00 $1.55 $7.75

grass sod)
51

6 
$4. 40

64
19 

$11.65

Brookston Family - poorly drained clay loams, clays (corn not following legume-grass sod)
Ave. yield bu/acre 48
Ave. Increase over check
Ave. Returns over fertilizer cost

52
4 

-$6. 75

78
30

$7. 80

72
24 

$20. 25

56
8 

$9. 40

73
25 

$18.15

Brookston Family - poorly drained clay loams, clays (corn following legume-grass sod)
Average yield bu/acre 65
Ave. Increase over check
Ave. Returns over fertilizer cost

73
8 

-$1. 75

91
26

$2. 80

87
22

$6. 50

80
15

$5. 65

83
18

$9. 40

Corn @ $1.25/bu; Fertilizer at 1 959 prices.

NOTE:

1. For soil types included in the Families listed see page

2. On claysand clay loams (Perth and Brookston) for corn not following a legume-grass 
sod use 400-600 lb. of 10-10-10 per acre

3. Highest yields with no fertilizer were obtained where corn followed legume-grass sod.
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Soil Types Included in Families Listed in Table 1, 2 and 3

Each of the soil families listed in the preceding tables includes several soil types that 
have similar characteristics.

Guelph Family - included Guelph, Bondhead, Woburn, Harriston, Darlington, Eldorado and 
Eganville soils. These soils cover more than 1, 500,000 acres in Ontario. They are well- 
drained loam soils with some stones on the surface.

London Family - includes London, Guerin, e Milliken, Listowel, Whitby, Stafford and Howland 
soils. These soils occur in association with and are similar to those of the Guelph family but 
they have only fair natural drainage. In total they occupy more than 500, 000 acres.

Huron Family - includes Huron, King, Cashel, Schomberg, and Waupoos soils. These soils 
occupy more than 1, 000, 000 acres mainly in Central Ontario. They are well-drained clay loam 
and silt loam soils on undulating to rolling topography.

Perth Family - includes Perth, Carp, Monaghan, Peel, Smithfield, and Solmesville soils. These 
soils cover more than 1, 000, 000 acres and occur in close association with those of the Huron 
Family. These soils have fair drainage and a clay loam to silt loam surface soil.

Honeywood Family - included H o n e yw o o d , Brantford, Percy, Lieth, Teeswater, Whitfield, 
Brant, Newburgh, Newcastle, Primrose and Bennington soils. In Central Ontario there are 
about 500, 000 acres of these soils. They are well-drained, practically free of stones and have 
very fine sandy loam and silt loam surface layer.

Otonabee Family - includes Otonabee and Harkaway soils. These soils cover about 725, 000 
acres in a band extending from Owen Sound eastward to Peterborough. The soils are loamy, 
with some stones on the surface and are well-drained.

Fox Family - includes Plainfield, Pontypool, Oshtemo, Fox, Grimsby, Clinton, Brighton, 
and Waterloo soils. These are the sand and sandy loam soils of good natural drainage. They 
occur in widely scattered areas (more than 1,000, 000 acres) in Western and Central Ontario.

Burford Family - includes Caledon, Burford and Fonthill soils. These soils are well-drained 
soils with gravelly subsoils. The surface layer is loamy and the topography is fairly level. 
They occupy about 300, 000 acres in Southern Ontario.

Brookston Family - includes Brookston, Osnabruck, Chesley, Moscow, Malton, Ferndale, 
Simcoe, Gerow, North Gower, Malton and Wolsey soils occupying more than 2, 000, 000 acres in 
Southern Ontario. These soils are level and poorly drained. Many areas have been tile drained. 
Large areas of these soils occur in Kent, Lambton and Essex Counties and in Dundas and Stormont 
Counties although smaller areas are widely scattered. The soils are clay loam to clay in texture.
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Specially designed equipment used for accurate application of fertilizer on 
field plot.

FERTILIZER FOR THE FORAGE CROP

The forage crop is an important one in Ontario. There are, in fact, more than two and 
one-half million acres of seeded hay and pasture. Most of the forage seeding is done with oats 
as the companion crop.

Fertilizer At Seeding Time

When seeding down with a companion crop, it is wise to use less nitrogen and more phos
phorus and potassium in the fertilizer. This will reduce the competition and strengthen the 
stand of new legume and grass seedlings.

In 1957 and 1958 fertilizer trials were set up on farmers’ fields on oats seeded to a grass
legume mixture. Oat yields were taken as well as hay yields in the first hay year and are re
ported in Table 4.
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Table 4

Response of Oats and Hay to Fertilizer Applied at Time 
of Seeding

(Average of Nine Locations 1958-59)

Fertilizer
Applied on Oats

Oats Hay Total Returns
Above Cost of

Fertilizer
Yield Returns Yield Returns

bu/acre per acre ton /acre per acre per acre

0-0-0 63 2.11
10-10-10 200 Ib/ac, 76 $2. 60 2. 15 $0. 80 $3. 40
5-10-10 200 Ib/ac. 73 2. 10 2. 19 1. 60 3. 70
5-10-10 400 Ib/ac. 71 -4. 20 2.30 3. 80 0. 40
0-20-20 100 Ib/ac. 70 1. 75 2.33 4. 40 5. 15
0-20-20 200 Ib/ac. 70 -1. 60 2.37 5. 20 3. 60
5-20-20 200 Ib/ac. 77 2. 10 2. 39 5. 60 7. 70

Oats @70₵/bu. Hay $20. 00/ton
Total cost of fertilizer was charged against the oat crop.

NOTE: 1. The highest yield of oats came from 200 lb. of 10-10-10 or 200 lb. of 5-20-20.
Insofar as net returns from oats were concerned, the 10-10-10 was the superior 
fertilizer.

2, Highest yields of first year hay, however, came following 200 lb. of 5-20-20 per 
acre applied at the time of seeding oats

3. It is usually profitable to accept a slightly lower return on the companion crop to 
assure maximum establishment of the forage seedlings.

Methods of Seeding Alfalfa With Oats Companion Crop

The establishment of alfalfa seedings is an important consideration on many farms in 
Ontario. In most areas alfalfa is seeded by broadcasting the seed or by drilling the seed in rows 
with the oats.

Broadcast seeding leaves the seeds at some distance from the fertilizer while seeding in 
the oat rows increases the compeition.

Field studies at Guelph are showing some advantage for seeding alfalfa in rows between 
the oat rows and applying fertilizer in a band below the alfalfa seeds.
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Table 5

Yield of Alfalfa in Seedling Year With Different Placement 
of Fertilizer and Seed 1958 

(Oats planted in 14” row spacing)

Alfalfa Seed and Fertilizer Placement
Yield of Alfalfa at Oat Harvest 

gms. per 40 foot row
30 Ib.N, 15 lb. P2O5 30 1b.N, 30 lb. P2O5

Fertilizer and Alfalfa With Oats 44 39
Fertilizer and Alfalfa Between Oat Rows 111 185
Fertilizer Between Oats Rows; alfalfa with oats 41 31
Fertilizer With Oats; alfalfa between oat rows 116 157

NOTE: 1. Alfalfa seeded between oat rows was much more vigorous at the time of oat har
vest than alfalfa seeded in the oat rows.

Uptake of Fertilizer

By using radioactive phosphorus fertilizer, it was possible to measure the amount of phos
phorus actually taken up by the alfalfa from the fertilizer.

Table 6

Uptake of Phosphorus from Fertilizer by Alfalfa Seedlings

Uptake of Phosphorus from Fertilizer
Alfalfa Seed and Fertilizer Placement by Alfalfa

Mgm. of P per 40’ row

Fertilizer and alfalfa with oats 27

Fertilizer and alfalfa between oats rows 87

Fertilizer between oats rows
alfalfa with oats

Fertilizer with oats
alfalfa between oats rows

4

16

NOTE: 1. Greatest uptake of fertilizer phosphorus by alfalfa seedlings occurred when both
seed and fertilizer were placed between the oats rows. The differences in growth 
of alfalfa noted above in the year of seeding were not reflected in yields of alfalfa 
the next year.

In 1959, alfalfa-brome mixture was seeded with oats and between oats rows.
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Table 7

Growth of Alfalfa-Brome in Seedling Year With Different Placement 
of Seed and Fertilizer 1959

(Oats planted in 14” row spacing)

Alfalfa-Brome Seed and Fertilizer 
Placement

Yield of Alfalfa-Brome at Oat Harvest 
(gm. per 40 foot row)

Alfalfa-Brome with oats; fertilizer with oats 32

Alfalfa-Brome between oat rows; fertilizer between 
oat rows 53

Alfalfa-Brome | with oats, | between oat rows, 
fertilizer | with oats, | between oat rows 67

NOTE: 1. Signigicant increase in growth of alfalfa-brome in seedling year when all or part
of the alfalfa-brome seed was placed between the oat rows.

2. Placement of at least part of the fertilizer with the alfalfa-brome seed gave in
creased growth of the seedlings.

Summary:

It is evident that the placement of the forage seeds and fertilizer in relation to the seed 
of the companion crop markedly affects the growth of the seedlings. So far however, the in
creased seedling vigor has not been reflected in yields of hay in the year following seeding.
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FERTILIZER FOR POTATOES

The potato crop requires relatively large amounts of fertilizer. Moreover, the quality of 
the potatoes is an important consideration in addition to the yield per acre. During the past 
several years, the Department of Soils has carried on fertilizer trials on potatoes on privately- 
owned farms in some potato-growing districts of Ontario.

The purpose of these studies was to determine the effect of fertilizer placement and kind 
of fertilizer on the yield and quality of potatoes.

Fertilizer Placement

Table 8

Effect of Fertilizer Placement on Yield of Potatoes 
Average 1957-58-59

Fertilizer Rate and Analysis
Average Yield of Potatoes Bu/Acre With 

Fertilizer Placement
All Banded | Banded

| Broadcast
All Broadcast

1000 Ib/acre 5-10-10 414 413 373

2000 Ib/acre 5-10-10 478 453 431

3000 Ib/acre 5-10-10 490 477 449

NOTE: 1. For band application fertilizer was placed two inches to the side and one inch below
the seed-price.

2. An average of 41 lb. more potatoes was obtained with the fertilizer banded com
pared to the broadcast application. In other words, one may expect to obtain about 
$30.00 additional returns per acre by band placement of fertilizer with potatoes.

The quality of the potatoes produced in the placement study was evaluated by the Dept, of 
Field Husbandry on the basis of the Consumer Preference Index which included colour, texture 
and flavour.

There was no significant difference in the Consumer Preference Index due to different 
placement of fertilizer at any of the rates used.

Fertilizer Materials

It has been suggested by some workers that the chloride present in fertilizer as muriate 
of potassium may adversely affect potato quality particularly in view of the large amounts of 
fertilizer generally applied. There are, in fact, special mixed fertilizers on the market which 
contain at least part of the potassium in the sulphate form rather than in the muriate (chloride) 
form.

Carefully controlled experiments over the past three years provide a basis for comparison 
of the effect of muriate versus sulphate forms of potassium on potato yield and quality.
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In these trials fertilizer was applied at the rate of 2000 lb. of 6-12-12 per acre on three 
different farms.

Potassium all as chloride - Ave. Yield = 514 Consumer Preference Index = 24

Potassium, half as chloride, half as sulphate - Ave. Yield = 524 ” ” = 24

Potassium, all as sulphate - Ave. Yield = 507 Consumer Preference ” =25

NOTE: 1. There was no significant difference in yield or in consumer preference index with
chloride compared to the sulphate form of potassium in the fertilizer.

In another experiment, five different rates of 5-10-10 fertilizer were applied with the re
sults shown in Table 9.

Table 9

Effect of Chloride and Sulphate Forms of Potassium on 
Potato Yield and Quality
(Ave. of two locations)

Potassium Form
Fertilizer Rate All Chloride 1/2 Chloride, 1/2 Sulphate All Sulphate
(5-10-10) Ib/acre Yield C. P.I. * Yield C. P. I. Yield C. P. I.

1, 000 363 25 374 25 367 25
1, 500 385 25 405 24 405 24
2, 000 378 24 417 26 453 25
2, 500 409 25 433 24 424 26
3, 000 395 23 411 23 437 24

*C. P. I. = Consumer Preference Index measured in Dept, of Field Husbandry.

NOTE: 1. There was a significant increase in yield of potatoes up to the 2500 Ib/acre rate.
On one location the fertilizer containing sulphate of potash gave a significantly 
higher yield than the fertilizer containing chloride of potash.

2. The 2000 Ib/acre rate caused a decrease in yield and a reduction in quality as 
measured by C. P. I.

3. There was no significant effect on quality due to differences in the amount of chloride 
compared to sulphate in the fertilizer.

CROP ROTATION AND MANURE

During the period 1953-1959, the effect of manure and commercial fertilizer on the 
yields of crops in several rotations has been measured at the Regional Research Station at Cayuga. 
Fertilizer was applied at two rates - low fertility being the rate the average farmer would use 
and high fertility being much above the average rate. On half of each fertilizer treatment, man
ure was applied at the rate of 15 tons per acre in each four-year period.

20



Table 10

Average Yields of Crops in Several Rotations With Manure and Fertilizer

Rotation
Yield of Crop (7-Year Average)

Low Fertility Low Fertility 
+ Manure

High Fertility High Fertility 
+ Manure

Rotation 1
Continuous Corn 48 bu. 59 bu. 57 bu. 67 bu.

Rotation 2
Continuous Sod 2. 01 tons 2.31 tons 2. 56 tons 2. 57 tons

Rotation 3
Corn 63 bu. 65 bu. 66 bu. 74 bu.
Oats 50 bu. 57 bu. 57 bu. 61 bu.

Rotation 4
Corn 55 bu. 63 bu. 64 bu. 70 bu.
Oats 50 bu. 59 bu. 55 bu. 63 bu.
Hay (1st year) 2. 08 tons 2. 28 tons 2.29 tons 2. 53 tons
Hay (2nd year) 2.37 tons 2. 94 tons 2. 70 tons 3. 11 tons

Rotation 5
Corn 58 bu. 66 bu. 70 bu. 74 bu.
Oats 56 bu. 61 bu. 61 bu. 67 bu.
Wheat 31 bu. 43 bu. 36 bu. 48 bu.
Red Clover 2. 13 tons 2. 47 tons 2. 28 tons 2. 45 tons

NOTE: (1) Even at high rates of fertilizer application, manure application increased yields
over those with fertilizer alone.

(2) Low fertility plus manure gave yields at least equal to those from high fertility 
treatment.

(3) On all treatments, second year hay gave higher yields than first year hay.
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NITROGEN FERTILIZERS

The use of nitrogen fertilizers has increased steadily over the years but has shown a 
marked increase in recent years. Nitrogen is removed by most crops in larger amounts than 
other nutrients. Experimental work here and elsewhere shows that profitable increases result 
from higher rates of nitrogen than were recommended a few years ago.

Furthermore the price of the nitrogen in fertilizer has decreased in recent years. Many 
different kinds of nitrogen fertilizer are available to Ontario farmers. Some of these are listed 
in Table 11.

Table 11

Nitrogen Fertilizer Materials 195! 
(used in Ontario)

Nitrogen Material % Nitrogen Tons Sold*
Retention 
by Soil

Residual
Acidity**

Approx . Price 
per lb. of N  Remarks

Solid:
Ammonium nitrate 33 22,546 fair 1200 13. 3₵
Calcium cyanamide 21 2, 082 good -1245 18. 2₵
Sulfate of Ammonia 20 2, 069 good 2200 15. 9₵
Nitrate of soda 16 418 poor - 580 25. 4₵
Urea 45 27 good 1200 12. 8₵
Urea-formaldehyde 38 good 50. 0₵ Slowly available

form tor lawns and golf greens
Gas:

Anhydrous ammonia 82 1, 750 good 2960 10.0₵ High pressure

Solution:
Aqua ammonia 20) 2, 345 good 1200 11. 6₵ Low pressure
Ammonium nitrate-urea 32) 12. 8₵ no pressure

*D. B.S. statistics for year ending June 30, 1959
**pounds of lime required to neutralize acidity of one ton of the fertilizer.

Our experimental work shows that these nitrogen fertilizers are all about equally effective 
in increasing crop yield. Some are more convenient to apply than others. Some are less ex
pensive than others. The farmer must consider the relative costs of the material and costs of 
application in making a decision to buy one of the nitrogen fertilizers rather than another. On 
winter wheat for example, the time of application of nitrogen is more important than the kind of 
nitrogen fertilizer - Table 12.
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Table 12

Nitrogen Materials and Time of Application on Winter Wheat

Nitrogen Applied 
lb of N/ac.

Material Used 
lb/acre

Yield (bu/acre) with N applied on:
Nov. 15 April 1 May 24

None 33 33 33

40 lb. 120 lb. ammonium nitrate 
(33%)

43 45 37

90 lb. urea (45%) 43 44

100 lb. ammonium nitrate 
and ammonia solution (41%) 39 40 30

50 lb. anhydrous ammonia 
(82%) 43 36

NOTE: (1) At any given time of application the nitrogen fertilizers were equally effective as a
top-dressing on winter wheat.

(2) Top-dressing in early spring or late fall were equally effective and considerably 
better than the late spring top-dressing.
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DEVELOPMENTAL RESEARCH
 On-the-farm demonstrations of the latest and best soil management prac

tices are an effective means of extension. In addition, simple field strip p’ots 
can provide useful information in support of the results obtained from the ex
tensive small plots used in the applied research program.

In 1959, several Counties participated in a program to demonstrate the 
returns from fertilizer and the value of soil testing. The Soil and Crop Im
provement Associations in the Counties made this program possible. The per
sonnel of the Department of Soils assisted in many ways in carrying out the 

work.
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FIELD DEMONSTRATION OF CROP RESPONSE TO FERTILIZER

The research program of the Department of Soils during the past several years has led to 
the development of new methods of soil testing. The regional fertilizer trials carried on since 
1954 have provided more precise estimates of the average yield increases due to fertilizer ap
plication (see tables 1, 2, 3 ) and more precise correlation of soil test results with fertilizer re
quired for largest economic returns.

In order to obtain information from a larger number of soils and to determine the accuracy 
of the soil test recommendations in actual farm operations, a co-ordinated program was initiated 
in 1959 by the Soil and Crop Improvement Associations in several Counties and the Department 
of Soils.

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. To show the economic advantage of applying fertibzer on the basis of soil test rather 
than on the basis of the general recommendation of the Advisory Fertilizer Board for Ontario or 
on the basis of the farmer’s own choice.

Procedure:

Farmer co-operators were selected by the Agricultural Representatives in each County. 
Soil samples were taken from the fields on which the fertilizer trials were to be made. The 
samples were analyzed by the Soil Testing Laboratory in the Department of Soils and the optimum 
rates and analyses of fertilizer were calculated from the fertilizer requirement tables based on 
the soil test. These tables have been developed in the Department of Soils from research re
sults and indicate fertilizer required for a yield of 90 percent and 95 percent of the maximum 
possible yield. A third treatment was the general recommendation of the Advisory Fertilizer 
Board and the fourth was the farmer’s own treatment.

Oats in Southern Ontario

The fertilizer for oats was applied with a fertilizer drill in strips of two or more drill 
widths across the fields. One strip was left with no fertilizer.
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Table 13

Average Yields and Returns From Fertilizer on Oats 1959

County
No

Soil Fertilizer
Soil
Test (1)

Soil
Test (2)

General
Rec. (3)

Farmer’s
Treatment (4)

Type Yield Yield Returns Yield Returns Yield Returns Yield Returns

Durham Newcastle loam
bu/ac.

67
bu/ac.

90 $11.35
bu/ac 

82 $0. 00
bu/ac. 

98 $11.20
bu/ac.

78 $3. 55

Halton Haldimand Clay 52 59 0. 90 63 -0. 30 57 - 7. 00 60 -0. 60

Halton Dumfries sandy 
loam

44 42 -6. 00 (5) 54 -1.45 51 -5. 40 44 -4. 50

Ontario Otonabee loam 72 89 8. 25 89 2. 75 93 4. 20 74 -1. 80

Peel Chinguacousy clay 
loam

71 72 -4. 20 74 -7. 70 70 -11 20 68 -15. 30

Peel Oneida clay loam 63 75 0. 90 56 -20.00 67 -7. 70 -- -

Wentworth Chinguacousy 
clay loam

92 87 -10.20 88 -19. 60 103 -2. 80 88 -6. 80

Wentworth Smithville clay 
loam

66 77 3. 10 74 -3. 60 82 0. 70 -- -

York Woburn loam 67 66 -3. 00 (5) 68 -9. 00 62 -14.00 69 -8. 55

Lincoln Haldimand clay 35 74 18. 95 56 3. 20 63 9. 00 -- -

Lincoln Haldimand clay 40 85 24. 50 65 7. 50 75 13. 90 -- -

Average Returns per acre 
over cost of fertilizer

$4. 05 -$4. 71 -$0. 83 -$4. 86

(1) Fertilizer applied according to soil test to give 90% of maximum yield that was pos
sible on the particular soil during 1959 crop year. This is the level currently being 
used in recommending fertilizer for oats.

(2) Fertilizer applied according to soil test to give 95% of maximum yield.

(3) General recommendation of Fertilizer Advisory Board for Ontario for oats not seeded 
down and not manured i. e. 300 Ib/ac. 10-10-10.

(4) Fertilizer treatment used by the farmer (not based on soil test).

(5) No fertilizer required according to soil test.

NOTE: (1) On two farms, one in Peel and one in Wentworth County, all fertilizer treatments
including the fertilizer applied according to soil test (90% level) gave a decrease 
in net returns. Both of these fields were Chinguacousy clay loam soil. It is 
apparent that the soil test was inaccurate on these two farms. The inaccuracy of 
the soil test recommendation may have been due to improper sampling in the field 
or the method may have been unsuitable for this particular soil.
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(2) Of the remaining farms, seven required fertilizer according to soil test. Results 
show that the soil test recommendation (90% level) was more profitable than any 
other treatment.

Two farms, one in York and one in Halton County required no fertiliser according to soil 
test. The results show in both instances the soil test was correct because the use of fertilizer 
result in a net loss.

(3) The General Recommendation was less profitable than the soil test recommenda
tion (90% level) except in one instance where the soil test was apparently inaccurate.

(4) Fertilizer recommended at the 95% level according to the fertilizer requirement 
table was less profitable than at the 90% yield level in all instances. The cost of 
the extra fertilizer to achieve 95% yield was greater than the value of the increase 
(if any) in yield of oats.

(5) The two soils in Lincoln County gave particularly low yields without fertilizer. 
This resulted in a relatively large return due to fertilizer and hence increased the 
average returns due to fertilizer.

(6) On the overallaverage, fertilizer applied according to soil test (90% level) returned 
$4. 05 per acre more than the cost of the fertilizer. All other treatments returned  
less than the cost of the fertilizer i. e. a net loss as a result of the fertilizer 
treatment.

*

(7) Oats is a relatively low value crop and therefore net profit due to fertilizer is low 
compared to crops such as corn or wheat. However where fertilizer is required 
and applied at the rate and analysis indicated by soil test it does return a worth
while profit.

Oat Fertilizer Trials on Manitoulin Island

During 1959 fertilizer trials were carried out on oats on Manitoulin Island. The basic plan 
of the trials however was not the same as for those above - hence they are reported separately 
here.

Three farms were included in these trials. The yields were low. For the farmer who 
has no soil test, the 10-10-10 fertilizer at 200 Ib/acre was the best choice for oats in 1959 as in 
1958.

Table 14

Average Returns From Fertilizer on Manitoulin Island 1959 
(Average of 3 Farms)

Treatment
Yield

Bu/acre
Cost of 

Fertilizer
Return in Excess 
of Fertilizer Cost

No fertilizer 22 - -

Fertilized according to soil test 34 $6. 30 $2. 10

General fertilizer recommendation
200 Ib/ac. 10-10-10

34 $7.60 . $0. 80
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Potatoes

As further support of the results of fertilizer trials on potatoes reported on page , the 
Soil and Crop Improvement Association of South Simcoe County carried out an extensive program 
of field demonstrations with the co-operation of the Departments of Soils and Field Husbandry.

Table 15

Average Yields of Potatoes With Different 
Fertilizer Treatment*

Average of 7 Farms

Yield bu/acre
Harvest Date General Recommendation

Fertilized by Soil Test 6-12-12 @ 1500 Ib/ac.
Muriate Form Sulfate Form Special Sulfate Form

Sept. 1, 1959 301 313 298

Sept. 15 320 309 286

Sept. 30 330 358 310

*The Agricultural Representative in South Simcoe supervised the field work inconnection 
with these results.

NOTE: 1. The use of the fertilizer as recommended by soil test resulted in 34bu. higher
yield of potatoes per acre compared to the general 6-12-12 fertilizer recom
mendation.

2. The sulphate form of fertilizer gave no greater yield of potatoes than the muriate 
form applied at the same rate.

3. Quality evaluation of the potatoes from these trials also showed no improvement 
due to use of sulphate form rather than chloride form of potassium.
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FUNDAMENTAL BASIC 
RESEARCH

This section contains some of the results of the fundamental research 
conducted in 1959. None of these several studies is complete and the results 
reported are not intended to form the basis for new recommendations on soils 
and fertilizer use. However, the results contained here indicate some of the 
facets of soil science that are under detailed investigation in the Department 
of Soils.



SOIL SURVEYS AND SOIL MAPS

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

Field work in 1959 was completed on 300, 000 acres in Lanark County, 188, 000 acres in 
Leeds County and 120,000 acres in Northumberland County. These surveys were done on a 
scale of 4 inches - one mile using aerial photographs.

The soil map and report for Manitoulin Island, Report Number 26 was published in 1959. 
Other Counties for which maps and reports are available: Carleton, Northwestern Ontario, 
Durham, Prince Edward, Essex, Grenville, Huron, Dundas, Perth, Bruce, Grey, Peel, York^ 
Stormont, New Liskeard - Englehart area, Lambton, Ontario, Glengarry and Victoria. A soil 
map only is published for Elgin, Haldimand, Kent, Middlesex, Norfolk and Welland.

Survey personnel also assisted the Farm Economics Branch, as well as many individuals 
in identifying and evaluating soils in many different areas.

Soil Survey of Halton County

The original soil survey of Halton County was in 1937-38. In recent years urbanization 
has increased extensively in the area and more detailed soils information is required as a basis 
for planning land use. In 1 959 the soils in about 30 percent of the County were mapped in detail 
on aerial photographs of scale 4 inches = 1 mile. The soil map shows the soil materials, tex
ture, drainage, slope, erosion and stoniness.

FERTILIZER PLACEMENT FOR CEREAL GRAINS

Fertilizer for cereal grains is commonly applied with the seed. Certainly, the placement 
of fertilizer with the seed results in more effective use of the fertilizer by the plants than broad
cast application.

Application of fertilizer with the seed however increases the possibility of reduced germ
ination because of the burning effect of the fertilizer. This is particularly true when relatively 
large amounts of fertilizer are being applied.

Studies are underway here to determine the value of placing fertilizer in bands separated 
by some distance to the side or below the seed.

Greenhouse Studies

Oats grown in the greenhouse have been, used to determine the rate of uptake of phosphorus 
from fertilizer placed in different positions. Radioactive phosphate fertilizer was used and the 
uptake in the plants was measured by a Geiger counter using a special ‘‘in situ” technique dev
eloped here.

The results of this study were:

(1) During the first weeks of growth, fertilizer placed with the seed supplied more phos
phorus to the plant than fertilizer placed to the side and/or below the seed.
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(2) Four to six weeks after planting, fertilizer placed two inches directly below the seed 
or one inch to the side and two inches below the seed supplied more phosphorus to the plant than 
fertilizer placed with the seed.

(3) At the early head stage, fertilizer placed with the seed was again superior.

There is good evidence that the placement of fertilizer does influence the uptake by the 
plant. Work is now planned to discover which stage of growth is the most critical in regard to 
phosphorus uptake. Then some definite fertilizer placement may be recommended.

A special technique has been developed here to measure the amount of fertilizer 
phosphorus absorbed by a plant. This technique allows measurements to be 
made using radio-active phosphorus without requiring that the plant be harvested
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Placement of Phosphorous Fertilizer Affects Oats at Four Week Stage. 
0 -phosphorus fertilizer placed with seed.
1 -phosphorus fertilizer placed one inch to side of seed.
2 -phosphorus fertilizer placed two inches to side of seed.

Field Studies

On the basis of the greenhouse results in regard to fertihzer placement for oats, field 
experiments were established in 1959.

Oats were seeded in 7” row spacing and fertilizer was placed (1) with the seed, (2) two 
inches below the seed, (3) one inch to the side of the seed, and (4) broadcast before planting. 
Alfalfa-brome mixture was seeded with the oats on some of the plots.

Table 16

Effect of Fertilizer Placement and Rate on Oats Yield

Fertilizer rate and placement Yield of oats bu/acre
Not

Seeded
Seeded With
Alfalfa -brome Mean

200 Ib/acre 5-20-20
with seed 86 93 90
2’ ’ below seed 88 90 89
1 ” to side of seed 82 91 86
broadcast 80 91 85

600 Ib/acre 5-20-20
with seed 84 90 87
2 ’ ' below seed 86 82 84
1 ” to side of seed 76 85 80
broadcast 88 86 87
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NOTE: 1. No significant difference in yield of oats due to different methods of placement of
fertilizer.

2. No significatn difference in yield of oats due to different rates of fertilizer. The 
600 Ib/acre rate placed with the seed reduced the emergence of oats but had no 
detrimental effect on the eventual yield of oats.

The efficienty of uptake of fertilizer by the oats with different fertilizer placement was 
measured using radioactive phosphorus fertilizer.

Table 17

Effect of Fertilizer Placement on Uptake of Phosphorus Fertilizer by Oats

Fertilizer rate and placement
P Uptake from Fertilizer 

(mgm/100 gm. of material)
June 18 July 23

200 Ib/acre 5-20-20 91 124
with seed 65 110
2’’ below seed 84 159
1 ” to side of seed 19 33
broadcast

600 Ib/acre 5-20-20
with seed 163 129
2'’ below seed 125 185
1 ” to side of seed 146 219
broadcast 34 48

NOTE: 1. Greatest uptake of phosphorus from fertilizer was obtained when fertilizer was
placed with the seed.

2. Broadcast application resulted in the least efficient uptake of fertilizer by the oats.

The fertilizer rate and placement had little effect on yield and phosphorus uptake by the 
alfalfa-brome seedlings planted with the oats.

PHOSPHORUS IN ONTARIO SOILS

Research in recent years has resulted in the development of an improved laboratory method 
for measuring the phosphorus level of Ontario soils. At the same time this work has shown that 
some soils (especially those containing much lime) require phosphate fertilizer even through the 
soil test indicates a good supply already present.

In 1959 extensive research was initiated on this problem in field experiments as well as in 
the greenhouse and laboratory. A few results from the greenhouse work are. shown in Table 18.

33



Table 18

Effect of Phosphate Fertilizer on Yield of Wheat Plants in Greenhouse

Soil Type Soil 
PH

Yield of Wheat Plants at 8 Weeks (gm. dry matter/pot)

No Phosphorus
400 lb. P2O5/acre mixed 

with soil

Saugeen Clay 7. 2 6. 87 9. 11

Schomberg Clay Loam 7. 3 4. 85 8. 70

Minesing Silty Clay 7. 4 4. 36 7. 67

Bondhead Loam "A” 7. 7 4. 01 7. 28

Haldimand Clay 5. 9 2. 64 7. 80

Guelph Loam 7. 6 2. 28 7. 46

Bondhead Loam “B” 7. 4 1. 84 7. 52

Newcastle Loam 7. 7 1. 83 7. 89

Ot.onabee Loam 7. 6 1.83 7. 11

Vasey Sandy Loam 4. 9 1. 41 4. 31

Average 3. 19 7. 48

NOTE: (1) All soils gave a marked increase in yield when phosphorus fertilizer was applied.

The 400 Ib/acre rate used above is much to high to be economic. However the yield in
creases from smaller rates of phosphorus application are economic as shown in Table 19.
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Table 19

Rate and Placement of Phosphorus Fertilizer 
For Wheat in Greenhouse

(Average of Ten Soils)

Fertilizer Rate 
lb. ^2^^/acre Placement

Yield of Wheat at 8 Weeks 
lb. of Dry Matter/Pot

0 3. 19

100 Mixed with Soil 6. 16

200 " " " 7. 14

400 " " " 7. 48

50 Banded With Seed 6, 25

100 " " " 6. 06

150 " " " 6. 67

NOTE: 1. Phosphorus at 50 Ib/acre banded with seed gave higher yields than 100 Ib/ac. mixed
with the soil.

FIXED POTASSIUM MAY BECOME AVAILABLE TO PLANTS

Field and laboratory studies have shown that the exchangeable potassium in soil as measured 
by the usual ammonium acetate extraction is not entirely satisfactory as a method of testingsoil 
for potassium. In some soils the non-exchangeable potassium released during cropping has a 
significant effect on the yield of crop.

It has been found here that if a soil sample is mixed with a cation exchange resin and stored 
moist for 48 hours, the amount of potassium extracted from the soil by ammonium acetate is 
much larger than that without the resin being present. The resin appears to remove the portion 
of the non-exchangeable potassium that is moderately available to plants.

When the exchangeable potassium value (the usual soil test value) was considered along with 
the resin-exchangeable potassium, i. e. the potassium released to resin during moist storage, 
a larger degree of correlation with yield response was obtained than when exchangeable potassium 
was considered separately.

The electronic computer, which is now available at the College for research purposes 
makes it possible to carry out the statistical work involved in the multiple quadratic regression 
analysis required in this study. Indeed the computer service is being used in the analysis of 
the data from many of the field and greenhouse soils studies.
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MANGANESE REACTION IN THE SOIL

Manganese is an essential plant food although it is used only in small amounts by plants. 
A deficiency of manganese is most likely on leached sandy soils or on soils containing large 
amounts of lime.

Manganese deficiency has been recognized in certain areas of Ontario. This deficiency 
shows up especially in oats and soybeans.

The application of manure helps to overcome manganese deficiency. Greenhouse results 
in the 1958 Progress Report as well as results obtained in 1959 using beef manure, poultry 
manure, and alfalfa green manure show that the application of manure increased the uptake of 
manganese by soybeans.

Laboratory studies in 1959 have revealed some of the fundamental aspects of. the man
ganese reactions in soils.

1, By using radioactive manganese, it was found that all of the manganese that is com
bined with organic material (chelated) is in equilibrium with and hence readily changes to avail
able soluble form.

2. The higher oxides of manganese apparently exist in the soil as particles having several 
reacting layers. There are at least four reactions involved in the manganese equilibrium as 
shown by time-isotopic exchange data.

3. The rate of release of divalent manganese is a function of the easily reducible man
ganese content of the soil.

Manganese deficiencies in the field can be corrected by spraying manganese sulfate dir
ectly on the plants. In fact spraying is preferable to soil application on limey soils.

MOVEMENT OF PLANT NUTRIENTS IN SOIL

The uptake of nutrients by plants depends to some extent on the rate at which the nutrient 
moves in the soil moisture to the absorbing surface of the plant roots.

Using radio-active rubidium in laboratory studies, it has been found that:

(1) as the soil moisture tension was increased, i. e. the soil became drier, the movement 
(diffusion) of water was decreased.

(2) as the soil moisture tension was increased, the diffusion of rubidium in the soil was 
also decreased but to a lesser degree than the diffusion of water.

(3) the rate of diffusion of rubidium agreed closely with the theoretical rate. It was con
cluded that equilibrium between exchangeable and non-exchangeable forms of rubidium was 
established relatively rapidly or the fixation of the exchangeable rubidium was linear with time.
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RAINFALL AND SOIL EROSION

Since 1953, soil and water losses by runoff from a loam soil on a seven percent slope at 
the Hydrology Station have been measured under different crop sequences. It is apparent that 
the amount of erosion on a given soil depends on several variable factors. However, the total 
rainfall energy has an important influence on soil and water erosion.

EI-values are a measure of rainfall energy. These values can be calculated from measure
ments of (1) rainfall intensity, (2) the amount of rain falling at each intensity and (3) the maximum 
30-minute intensity. It was found that for the years 1953-1959, inclusive, that:

(1) the EI values for individual storms during May to July 15 explained 59 percent of the 
variability in soil losses from a continuous corn plot.

(2) during the July 15 to October portion of the growing season, there was no significant 
correlation between EI values for individual storms and soil losses by erosion. This result was 
probably due to the greater plant cover and the trend for storms of higher energy to occur in 
August.

(3) for the entire season, May to September, theannualEI values accounted for 70 per cent 
of the variability in soil loss oy erosion.

(4) during the May to July 15 period, the annual EI values accounted for 82 percent of the 
variability in soil losses.

Organic Matter Losses

On the continuous corn plots, there has been a 15-20 percent loss in organic matter during 
the seven-year period. The soil lost by erosion is invariably higher in organic matter than the 
soil remaining on the plot.

NET SOLAR RADIATION AND WATER LOSSES BY EVAPOTRANSPIRATION

FROM CORN CROP

During 1959 a study was completed on the relationship between evapotranspiration from a 
corn crop and net radiation i.e. the solar radiation available at the crop surface. It was found 
that:

(1) if the soil is moist, practically all of the net radiation is used for the evaporation of 
water from the crop and soil surfaces.

(2) there was no apparent effect of stage of development of the corn plant on the ratio of 
evapotranspiration to net radiation. Hence net radiation is superior to the Thornthwaite method 
of predicting evapotranspiration.

The effect of soil moisture depletion on the ratio of evapotranspiration to net radiation was 
studied at the Regional Research Station, Cayuga. During the period July 23 to August 6, 1 959, 
the soil was dry under corn. Only 0. 12 inches of rainfall was received -and evapotranspiration 
was 0.65 inches which is about one-third of the potential evapotranspiration predicted from net 
radiation measurements during the same period.
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SOIL ADVISORY PROGRAM
Several members of the Department of Soils have primary responsibility 

in soils extension. The soils extension work is closely integrated with the 
general extension program of the Extension Branch, Ontario Department of 
Agriculture.

The soils extension men in the Department of Soils have been located at 
Guelph. However, in 1959 the first steps were taken to locate these men in the 
Counties. In June 1959, a soils extension specialist was transferred from 
Guelph to the Extension Branch office in Lindsay to serve the Counties of 
Victoria, Ontario, Peterborough and Durham. In January 1960, another soils 
extension specialist was located in the Extension Branch office in London to 
serve the Counties of Middlesex, Elgin, Huron and Perth. These specialists 
remain as members of the Department of Soils and are actively carrying out 
its extension and research programs in their respective areas.
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SOIL TESTING

New Nitrogen Test Introduced

Ina co-ordinated project carried out in several Counties during 1959 (see page ) it was 
quite evident that the use of the correct kind and amount of fertilizer as indicated by soil test can 
mean extra profit to the farmer.

New methods of analysis for phosphate and potash were introduced into the soil testing 
laboratory at Guelph in 1957 following an extensive research study of the methods and calibration 
with crop yields in the field.

For many years, there has been no satisfactory method for measuring the nitrogen supply 
in soil samples. Estimates of the nitrogen fertilizer required have been based on estimates of 
the organic matter content of soil.

Now a method for measuring soil nitrogen has been developed and calibrated with crop 
yields in the field.

The procedure is as follows:

Treatment of Samples;

On receipt all samples must be placed in the cool storage incubator at 40°F, and high 
humidity to prevent drying out. Samples should be kept in cool storage Until immediately before 
drying (drying temperature not above 95°F). If taken between June 1st and September 31st this 
cool storage should be for a period of two weeks. Samples should be incubated on the same day 
as they come out of the drier.

Incubation: Place in incubation tube 2 teaspoonfuls of vermiculite followed by 2 teaspoonfuls of 
soil followed by 2 teaspoonfuls of vermiculite. Add 5 ml. of distilled water to each tube and 
place in incubator for 7 days.

Determination of Nitrate

Reagents

1. Phenoldisulfonic Acid - Dissolve 75 gm. of phenol in 450 ml. of concentrated sulfuric 
acid. Add 225 ml. of fuming sulfuric acid. Mix the solution and heat on a hot plate at 100°C. 
for 2 hours. Store the solution in a brown bottle.

2. Ammonium Hydroxide Soltuion - Mix 1 part of reagent grade ammonium hydroxide with 
1| parts of distilled water.

Procedure: Wash soiland vermiculite into 125 ml. beaker-flask with a 50 ml. aliquot of dis
tilled water from automatic pipette. Add a pinch of solid calcium hydroxide, shake for 30 sec
onds and filter.

Transfer 2 ml. of filtrate into 30 ml. beaker and evaporate to dryness on hotplate at low heat. 
Cool, add 1 ml. phenoldisulphonic acid, rotate beaker, and allow to stand 10-20 minutes. Add 
10 ml. distilled water followed by 10 ml. ammonium hydroxide and read in colorimeter.
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NOTE: 1. Beginning March 1, I960, all samples received at the Soil Testing laboratory will
be tested for nitrogen.

2. With the introduction of the new incubation test for nitrogen it is necessary that the 
soil samples be received in a moist state. Do not air-dry the soil sample before 
sending it to the laboratory for analysis.

3. Because the nitrogen test involves a 7-day period of incubation, the minimum time 
between receiving the sample and forwarding the results is two weeks.

Fertilizer Recommmendation

In 1959, the agricultural representatives in a few Counties assumed the task of making 
fertilizer recommendations for soil samples received from their respective Counties,

This change is possible because the fertilizer requirement tables prepared by the Depart
ment of Soils provide a sound basis for interpreting the soil test results. Indeed with these re
quirement tables as well as his own personal knowledge of the farm and farmers in his County, 
the Agricultural Representative is in a position to make the best fertilizer recommendation for 
the farmer.

During 1960 the Agricultural Representatives in several more Counties will likely begin 
this important phase of the soil testing program.

On March 1, 1960, soil testing was discontinued at the Western Ontario Agricultural 
School, Ridgetown and the Vineland Horticultural Experiment Station. Farmers in the area of 
these laboratories should now forward their samples for analysis to the Department ofSoils, 
O. A, C,, Guelph, This change has been made in the interest of efficient use of facilities and 
personnel. Fertilizer recommendations based on the results of the soil tests however will con
tinue to be made by the specialist located at Ridgetown and Vineland.

The numbers of soil samples analyzed is the Soil Testing Laboratory are reported in Table 
20. In addition to these, more than 5, 000 samples were analyzed for research purposes.



Table 20

Number of Soil Samples Tested and Reports Sent by Counties and Districts
April 1, 1959 - March 31, 1960

County No. of Reports No. of Samples

Brant 165 577
Elgin 125 426
Essex 104 264
Kent 131 779
Lambton 199 685
Middlesex 97 293
Norfolk 142 398
Oxford 159 444
Haldimand 66 139
Halton 113 290
Lincoln 57 235
Peel 155 297
Welland z88 235
Wentworth 150 439
Algoma 16 32
Bruce 464 1049
Cochrane 38 91
Dufferin 93 215
Durham 57 166
Fort William 2 2
Grey 194 667
Huron 127 374
Kenora 5 9
Manitoulin 21 62
Muskoka 43 72
Nipissing 80 144
Northumberland 40 115
Ontario 156 486
Parry Sound 114 130
Perth 129 318
Peterborough 43 84
Port Arthur 1 1
Prince Edward 72 154
Rainy River 180 231
Renfrew 3 4
N. Simcoe 194 550
S. Simcoe 259 627
Sudbury 26 55
Temiskaming 62 155
Thunder 42 67
Victoria 55 116
Waterloo 172 578
Wellington 289 718
York 245 825
Miscellaneous 25 104

SUB-TOTAL 5, 018 13, 702

Tobacco 429 1, 944

TOTAL 5, 447 15, 646
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LAND JUDGING COMPETITIONS

With the co-operation of the Extension Branch, Ontario Department of Agriculture, land 
judging competitions were conducted in fifteen Counties during 1959. More than 400 Junior 
Farmers and 4H Club members and farmers competed in these competitions.

LAND USE PLANNING

County No. of Contestants County No. of Contestants

Dufferin 30 Ontario 44
Durham 40 Oxford 25
Grey 30 Peel 40
Halton 35 Perth 20
Hastings 39 Victoria 21
Lambton 20 Waterloo 25
Middlesex 20 Wellington 10
Norfolk 20

With the change-over from horses to tractors, and general improvement in farm equipment,*  
with the increase in the size of farms and the need for erosion control, along with the general 
need for greater efficiency in farm operation, the layout of fields on many farms can be con
siderably improved. This is one of the first considerations in the farm planning program. On 
stone-free, level to gently rolling land this is not as difficult a problem as in areas of sloping, 
irregular or stony land.

Assistance in Farm Planning is one of the services offered to Ontario farmers by the De
partment of Soils. In addition to field arrangement, consideration is given to:

1. drainage where needed

2. suitable cropping practices and rotations

3. fertility maintenance or improvement

4. pasture management

5. erosion control (a) grass waterways
(b) contour cultivation
(c) field strips or contour strips
(d) terracing
(e) gully and stream-bank control

6. 6. farm ponds

7. reforestation

8. wildlife areas.

Farmers interested in this service should make application to their Agricultural 
Representative.

The following table indicates the areas in which this work was carried on in 1959 and the 
applications on hand on March 1st for the 1960 season.
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Table 21

Farms Planned in 1959 and Requests on Hand March 1, 1960

County
Farms Planned

1959 Acreage Requests Acreage

Brant 4 535 15 1, 950
Bruce 6 1, 450 2 260
Dufferin 2 200 2 200
Durham 1 200 1 100
Elgin 0 3 500
Frontenac 0 1 100
Grey 9 1, 590 12 1, 870
Haldimand 0 3 335
Halton 5 770 0
Huron' 1 265 4 525
Lambton 4 670 1 100
Leeds 1 140 1 450
Lennox & Add. 0 1 240
Middlesex 9 1, 885 12 2, 500
Norfolk 2 200 2 475
Northumberland 1 100 6 975
Ontario 1 200 2 175
Oxford 8 1,300 0
Peel 5 640 1 300
Perth 2 200 2 250
Peterborough 0 1 100
Prince Edward 0 1 460
Renfrew 1 190 0
N. Simcoe 1 250 2 320
S. Simcoe 1 150 3 400
Stormont 3 700 0
Victoria 1 100 6 650
Waterloo 1 100 2 215
Welland 1 150 0
Wellington 7 1, 335 13 2, 330
Y ork 2 350 8 1, 530

78 13,670 108 17, 310

LAND USE PROBLEMS IN NORTHERN ONTARIO

During 1959, the land use problems in Northern Ontario were evaluated. Sixteen farms in 
the area extending from New Liskeard to Rainy River were studied in some detail. On the basis 
of the observations made it was evident that:

(1) drainage improvement, both surface and internal, is the first requirement for increased 
production on the farms of Northern Ontario.

(2) increased use of fertilizer, particularly on hay and pasture land, according to soil test 
would also increase production. Of course, the increased use of fertilizer should be combined 
with the use of improved forage seed mixtures.
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(3) the need for lime does not seem to be an urgent immediate problem to these farmers. 
Although the cultivated soils are often moderately acid, large amounts of lime occur at depths 
of 8-12 inches below the soil surface. The high cost of lime to the Northern Ontario farmer 
also limits its use for most of the crops grown in the area. However, as the limitations of 
drainage and fertility are overcome further increases in production will require lime especially 
in the districts of Algoma, Sudbury, Nippissing and Parry Sound.

PUBLICATIONS

Publications by personnel of the Department of Soils during 1959 are listed below.

Reprints of Technical Papers

1. Logsdail, D. E. and L. R. Webber. Effect of frost action on structure of Haldimand clay. 
Can. J. SoilSci. 39: 103-106, 1959.

2. Matthews, B. C. and C. G. Sherrell. Effect of drying on exchangeable potassium of Ontario 
soils and the relation of exchangeable potassium to crop yield. Can. J. SoilSci, 40: 35-41,

3. Matthews, B. C. Sources and uses of nitrogen, Proc. Ont. Soil and Crop Imp. Assoc. 
January, 1960.

4. Miller, M. H. and C. H. E. Werkhoven. An in-situ technique for the quantitative determina
tion of fertilizer phosphorus in growing plants. Can. J. Soil Sci. 39: 205-214, 1959.

5. Richards, N. R. Use and renewal of land resources. Proc, of Fifteenth Annual Meeting, 
American Railway Dev. Assoc. May 1959.

6. Richards, N. R. Management, nutrient requirements and soil testing. Proc. Ont. Soil and 
Crop Imp. Assoc. Toronto, Janurary 1960.

7. Webber, L. R. Note on the aggregate-size distribution and aggregate stability in Haldimand 
clay treated with four soil additivies. Can. J. SoilSci. 39: 252 -253, 1959.

8. Webber, L.R. Evaluating a soil for the disposal of waste by spray irrigation. Sixth 
Ontario Industrial Waste Conference, 1959.

9. Werkhoven, C.H.E. and M. H. Miller. Absorption of fertilizer phosphorus by sugar beets 
as influenced by placement of phosphorus and nitrogen. Can. J. SoilSci. 40: 49-58, 1960.

10. Wicklund, R. E. and E. P. Whiteside. Morphology and genesis of the soils of the Caribou 
catena, in New Brunswick, Canada. Can. J. SoilSci. 39: 222-234, 1959.

Bulletins

1. Heeg, T. J. Help yourself to a soil test. Ontario Dept, of Agriculture, Publication 181 
(revised) February 1960.

2. -Hoffman, D. W. , R. E. Wicklund, and N. R. Richards. Soil Survey of Manitoulin Island. 
Report No. 26, Ontario Soil Survey, December, 1959.
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Theses

During 1959, six students completed the requirements for the M. S.A. degree in the 
Department of Soils and presented the theses listed below.

1. Barber, T. E. Measurement of the release of certain cations by some Ontario soils. 
May 1959.

2. de Vries, J. The effect of artificial compaction and previous cultural treatment on 
some moisture properties of soils. April 1959.

3. Graham, W. G. Changes in the heat budget of a corn crop with plant development. April 
1 959.

4. Murray, J. S. Influence of calcium carbonate and calcium chloride on some chemical soil 
properties and the yield and composition of alfalfa grown on Oneida clay 
loam. May 1959.

5. Seaton, O. M. The relationship between water-soluble, exchangeable and non-exchange- 
able potassium in organic soils. September 1959.

6. Weir, C.C. Manganese transformations in soils. September 1959.
Circulars

Circular 300 - Fertilizers — Intertilled Crops, February 1960.

310 - Fertilizers - Potatoes on Mineral Soils, February 1960.

302 - Fertilizers - Vegetable Crops on Organic Soils, April 1958.

303 - Fertilizers - Fruit Crops, August 1957.

304 - Fertilizers - Cereals, Hay, and Pasture Crops, February 1959.

305 - Fertilizers — Tobacco, December 1958.

306 - Fertilizers - Vegetables on Mineral Soils, February 1959.

307 - Fertilizers - Turfs and Lawns, September 1959.

308 - Fertilizers - Foliar Fertilization, January 1958.

Circulars 300-307 are prepared by Advisory Fertilizer Board for Ontario.
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GRADUATE STUDENT PROGRAM

During 1959- 60, there were 12 graduate students in Soil Science at O. A. C. These students 
made an important contribution to the total research program of the Department. Financial 
support for the graduate student research was provided by the following c o m p a n i e s and 
organizations -

1. American Potash Institute

2. Canada and Dominion Sugar Company

3. Canadian Industries Limited

4. Cyanamid of Canada Limited

5. Toronto Anglers and Hunters Association.
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