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FOREWORD
Agriculturally speaking the land use pattern in Southern Ontario has grown out 

of almost a century and a half of settlement and development. It lacked the benefit 
of any central or regional direction. It was not based on scientific knowledge of the 
soil as we know it to-day from our soil classification surveys. Land clearance was 
an art -- a practice which rolled the forest frontier back without regard for the qual
ity and endurance of the soil when cleared and used for the growing of crops. Size
able areas that were cleared proved to be marginal and submarginal for agricultural 
purposes because of shallowness over bedrock, excessive stoniness, unsuitable 
topography, lack of fertility and susceptibility to erosion. From experience and 
through trial and error and with the aid of technical soil survey has come a fairly 
accurate inventory of the soil resources of Ontario.

To date most of the soil survey work in Ontario has been conducted in that 
portion of the province that lies south of the French River, Lake Nipissing and the 
Mattawa River. The survey has revealed that in Southern Ontario, excluding the 
Shield area, about four million acres of poorly drained soils occur. Of this area 
about one million acres have been tile drained in the last fifty years. In addition to 
the four million acres of poorly drained soils another four million acres of imper
fectly drained soils have been mapped. The production on both the poorly and im
perfectly drained soils can be greatly increased with drainage improvement. About 
six million acres in Southern Ontario are susceptible to water erosion. Of this area 
it is estimated that about one million acres have been severely eroded. More than 
three million acres have low moisture holding capacity and low fertility status. When 
cultivated the fertility on these soils is rapidly depleted. It is well we have this in
formation, particularly at a time when we are in the throes of a period of unpre
cedented industrial and urban development and population increase.

The effect of increase in population and competition for land for purposes other 
than agriculture is changing the land use pattern of Ontario rapidly and markedly. 
Areas that were formerly used for agricultural purposes have been swallowed up for 
other uses such as housing developments, industrial expansion and highway construc
tion. The change in pattern of use in the Hamilton-Toronto area is familiar to most 
of us. This once highly specialized agricultural area is fast becoming an urban and 
industrial fringe hugging Lake Ontario. The agricultural endeavours, fruit and vege
table production, are being relocated in other areas of the province insofar as soil 
and climate will permit. The change that is already obvious in the Hamilton-Toronto 
area is taking place in many other parts of Ontario. Much of the land that has been 
retired was never suited for agricultural purposes because of low quality. It is 
questionable if agricultural enterprise should have been established on it. A similar 
situation-should not occur again because of the information that is available from the 
inventory of our soil resources that should be used to develop use programs accord
ing to the quality and endurance of our land resources.

It is a sobering fact that we must make considerably greater demands from 
the soils of Ontario in the foreseeable future. We feel confident that such a purpose 
can be achieved without depleting or exhausting our soil resources and to this end 
the efforts of the Department of Soils are directed.

1



Slightly more than fifty per cent of our efforts are devoted to research investi
gations. Both fundamental and applied research studies are being conducted in the 
fields of soil classification, soil chemistry, soil fertility and soil physics. In the 
organization of our research program we recognize the need for obtaining informa
tion from the main soil regions in Ontario. To achieve this purpose experimental 
work is being conducted on experimental areas located at Guelph, Cayuga, Bramp
ton, Bradford and onfarmers1 fields in several counties from Kent through to Peter
borough County. The location of the experimental areas is indicated on the Map on 
page 2 and the titles of the approved research projects are recorded on page 2.

About 28 per cent of our efforts are directed towards extension and advisory 
work. The main areas of interest in the field of extension are (a) Soil Testing for 
making fertilizer recommendations and (b) Advisory Service to Ontario farmers 
through the regional soil extension specialists. The continuing research program 
provides effective information for our extension workers. In the past two years new 
and well calibrated potassium and phosphorus tests have been made available for soil 
testing and promising results have been obtained for a suitable nitrogen test for 
Ontario conditions. Fertilizer requirement tables have been developed for a number 
of crops which will result in greater uniformity and precision in fertilizer recom
mendations. These are but a few examples of how the results of our research efforts 
find expression in our extension activities.

Less than one fifth of our time is devoted to teaching. The instruction of stud
ents is an important responsibility. Courses are given to diploma, degree, and 
graduate students.

In the autumn of 1958 we will move to new modern facilities planned and con
structed to meet the teaching, research, and extension requirements for soils work 
in Ontario. It will be our purpose to continue to seek a fuller understanding of the 
soil resources of the province. The names of personnel associated with the depart
ment and their particular area of interest are listed on page 1 . On their behalf it 
is a pleasure to present our fourth Annual Progress Report compiled and edited by 
Dr. B. C. Matthews, which contains a review of the work conducted in the fields of 
research and extension during 1957.

N.R. Richards,
Professor and Head
Department of Soils.
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SOIL SURVEYS and SOILMAPS
Soil surveys provide an inventory of the soil resources of Ontario. Such an inventory is 

necessary as a basis for wise land use planning and also for the interpretation of experimental 
results obtained from field plots in terms of soil management requirements of similar soils in 
other parts of Ontario.

GENERALIZED SOIL MAP OF ONTARIO

During 1957, one member of the Soil Survey staff continued with compilation of a general
ized soil map of that part of Ontario lying south of Lake Nipissing. This map gives a broad pic
ture of major soil differences and similarities in Southern Ontario but is not intended to show 
detailed soil information for planning land use in a particular County.

DETAILED - RECONNAISSANCE SURVEYS

Soil maps and reports giving the description of the soils in some detail have been published 
by the Ontario Soil Survey for 25 Counties and Districts. They are as follows:

Soil Map only (no report) - Elgin, Haldimand, Kent, Middlesex, Norfolk, Welland.

Soil Map and Report - Carleton, Northwestern Ontario(i. e. Rainy River clay plain, Dryden 
area, Thunder Bay area,) Durham, Prince Edward, Essex, Grenville, Huron, Dundas, 
Perth, Bruce, Grey, Peel, York, Stormont, New Liskeard - Englehart area, Lambton, 
Ontario, Glengarry, and Victoria.

Soil surveys of several other Counties are complete and maps and reports are being pre
pared for publication as follows:

Oxford - map and report prepared. Tentative date of publication 1959.

Hastings - map and report prepared. Tentative date of publication 1959.

Simcoe - map and report prepared. Tentative date of publication 1959.

Manitoulin Island - map and report prepared. Tentative date of publication 1958.

Renfrew - field survey complete. Information available but not prepared for publication.

Lennox and Addington - field survey complete. Information available but not prepared for 
publication,

Frontenac - field survey complete except for one township.
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DETAILED SOIL SURVEYS

In areas of intensive agriculture, detailed soil maps are required for land use planning. 
During the past two years, personnel of the Department of Soils were actively engaged in a de
tailed soils and land use survey of Louth Township in Lincoln County. The results of this study 
were published in November 1957 under the title "Factors Affecting Land Use in a Selected Area 
of Southern Ontario". Copies of this report are available on request from Department of Soils.

Detailed soil surveys of 134 farms in Ontario were made as a basis for the land use plans 
prepared by the Department of Soils.

FERT1LIZER EXPERIMENTS
Most soils are deficient in one or more of the major fertility nutrients i.e. nitrogen, phos

phorus, and potassium. A considerable amount of research is carried on each year to deter
mine (1) the average nitrogen, phosphorus and potassium requirement of the different soils in 
Ontario under different cropping systems, (2) the proper time of application of fertilizer for most 
effective utilization, and (3) the relative effectiveness of different forms of fertilizer that are on 
the market.

FERTILIZER PAYS - IF USED WISELY

There are many expenses that every farmer must pay, associated with crop production. 
Most of these expenses are fixed i. e. they vary only slightly with differences in crop yield. Costs 
of land are fixed. Costs of tillage are related to the soil physical properties rather than to crop 
yield. Costs of seed are not related to crop yield. Costs of harvesting also are more often based 
on acreage rather than yield per acre. In other words regardless of the final yield per acre the 
costs of land, tillage, seeding, and harvesting are relatively fixed and not easily changed by the 
farmer.

The fertilizer costs are quite different. In this the farmer has a wide choice; and the 
choice of amount and kind of fertilizer for a particular crop and soil may have a far greater effect 
on the yield and net returns than any small changes that he may be able to make in the other 
costs of production.

Cost of fertilizer for some crops may be the largest single item of cost. Yet, if the amount 
and analysis of fertilizer is wisely chosen on the basis of soil test, the dollar invested in fertil
izer can return a larger profit than a dollar spent for any other production requirement.

The Department of Soils has carried out trials on many privately-owned farms in Ontario 
to obtain information on the best rate and analysis of fertilizer for several common crops on 
the average Ontario farm. In these trials twenty-seven different rates and analyses of fertilizer 
were compared. Seeding, fertilization and harvesting of the plots were done by personnel of the 
Department of Soils but all tillage and weed control was done by the farmer according to his usual 
practices.

The results of these trials are summarized in Figures 1, 2 and 3. In Figures 1, 2, 3, the 
returns in crop value over and above the cost of the fertilizer treatment are shown. This per
mits a more realistic comparison than using yield per acre. Highest yields are not necessarily 
the most profitable - the cost of fertilizer to achieve maximum yield may be excessive. Maximum 
net return is of greater significance than maximum yield.
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These are average results obtained from several kinds of soil. Any particular soil will 
differ from the average and therefore the best treatment for the average soil may not be best on 
your particular soil. However, for the farmer who has not obtained a soil test, the results shown 
are a reasonably good indication of the best rate and analysis of fertilizer to use.

Note that the grass-legume sod crop markedly reduces the nitrogen requirement of the 
succeeding crop of cereal grain or corn.

Figure 1 WHEAT
These results are average of 11 soils of widely different texture. For more precise recom
mendation use a soil test.

Figure 1 - Average Returns Due to Fertilizer in Dollars per Acre of Wheat After Subtracting 
The Cost of the Fertilizer

Note:
1. For wheat following corn or cereals:

(a)10-10-10@ 250 Ib./ac. drilled with seed or 16-20-0 @ 125 lb./ac. drilled with seed gave 
high average returns.

(b) 0-20-20 @ 125 lb. /ac. drilled with seed plus 33-0-0 e. g. ammonium nitrate @ 60 lb. /ac. 
as an early spring top-dressing gave highest average returns.

2. For wheat following a grass-legume sod:
(a) 0- 20-20 @ 125 lb./ac. drilled with the seed gave highest average returns.
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Figures 2 and 3 OATS
These results are average of 18 soils of widely different texture. For more precise recom
mendation use a soil test.

Figure 2 - Average Returns Due to Fertilizer in Dollars per Acre of Oats After Subtracting 
The Cost of the Fertilizer

Note:
1. For oats following corn or cereals:

(a)10-10-10@200 Ib./ac. gave highest returns; 10-10-10 @ 400 Ib./ac. gave higher yield but 
lower returns because the value of the increase in yield was not sufficient to cover the cost 
of the extra 200 lbs. of fertilizer.

(b) 16-20-0 @ 125 Ib./ac. was more profitable than 10-10-10 @ 200 Ib./ac. on clay soils but 
on the average of all soils, 16-20-0 was less profitable.

2. For oats following a grass-legume sod:
(a) 0-20-20 @ 100 Ib./ac. gave highest returns although not highest yields.
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CORN

Figure 3 - Average Returns Due to Fertilizer in Dollars per Acre of Corn After Subtracting 
The Cost of the Fertilizer

Note:
1. For corn following corn or cereals:

(a) 10-10-10 @ 600 lb./ac. gave highest average yields but the 400 lb./ac. rate gave highest 
average returns.

(b) 16-20-0 @ 400 lb. /ac. was a profitable fertilizer on clay soils.

2. For corn following grass-legume sod:
(a) 0-20-20 @ 400 lb./ac. gave highest average returns although 5-20-20 @ 200 lb./ac. gave 

similar returns but lower average yield.
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NITROGEN FERTILIZATION

Recent experiments indicate an increased need for nitrogen on many soils. This increased 
need should be expected as our soils have been under cultivation for long periods of time. On the 
other hand, the results in Figures 1, 2 and 3 show that grass-legume sod crops can replenish 
the supply of nitrogen in the soil and reduce the nitrogen fertilizer requirement.

For greatest returns - topdress winter wheat with nitrogen

A good time to apply nitrogen fertilizer for over-winter crops such as fall wheat, hay and 
pasture is in early spring. Most of the nitrogen in soil is in the organic matter and in that form 
plants cannot absorb the nitrogen. The nitrogen becomes available to plants when the organic 
matter is decomposed by soil microbes. In the early spring, of course, the soil is cold. The 
air warms up and plant growth begins before the soil has warmed up enough for the microbes 
to decompose the organic matter rapidly. The result is a temporary shortage of available nitro
gen for the crop.

In this situation readily available nitrogen applied as fertilizer gives the crop an early and 
vigorous start. But to be most effective the fertilizer must be applied early just as plant growth 
is beginning; later when the soil warms up and microbes release nitrogen from the soil organic 
matter, the time of greatest need for nitrogen has past.

The results shown in Figure 4 indicate greater returns in yield of wheat when nitrogen was 
applied in early spring (just as growth began) compared to the same amount of nitrogen applied 
at planting time in the fall or in late spring.

The amount of nitrogen to apply as a topdressing depends, of course, on the nitrogen status 
of the soil itself. If the soil is so high in nitrogen that wheat often lodges, then relatively smaller 
amounts or no nitrogen at all should be applied. In 1957, the nitrogen topdressing treatments 
were applied on six farms but only three showed any response to nitrogen. The other three soils 
were well supplied with nitrogen as indicated by soil test.

On hay and pasture fields, especially where grass predominates over legumes in the mix
ture, it is generally a wise practice to use 30 - 50 lb. of nitrogen per acre as a topdressing in 
the early spring.

Nitrogen fertilizer materials compared in greenhouse and in field experiments

Several nitrogenfertilizer materials are available to farmers in Ontario. The newer kinds 
of nitrogen fertilizer are often cheaper per pound of nitrogen and preliminary studies show that 
they are just as effective as the better-known nitrogen carriers such as ammonium nitrate, 
ammonium sulphate etc.

A greenhouse study showed that, if the soil temperature was at 40°F. or below, urea and 
ammonium sulphate were not readily leached. On the other hand if the soil temperature was 
above 40 °F. the nitrogen in urea and ammonium sulphate was converted by microbes to the nitrate 
form which was readily leached.

In this experiment, Italian ryegrass was the indicator crop. Calcium nitrate and urea 
applied after germination of the ryegrass gave greater uptake of nitrogen than did ammonium 
sulphate on an alkaline soil but not on acid soils.
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Figure 4 - Time and Rate of Nitrogen Fertilization for Winter Wheat

Note:
1. At each rate of nitrogen application the early spring date of application gave highest yield and 

highest returns over the cost of the nitrogen.

2. On these three soils in 1957 the 40 lb./ac. N, i.e. 120 1b./ac. ammonium nitrate (or its 
equivalent) was the most profitable.

3. If there is danger of lodging, the 20 Ib./ac. N, i.e. 60 Ib./ac. ammonium nitrate may be a 
safter treatment.

4. For these three soils, the returns in increased yields of wheat amounted to about $4.60 per 
dollar invested in the nitrogen fertilizer when 40 lb. /ac. N was used.
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The greenhouse study indicated that if nitrogen fertilizer is applied in late fall when the 
soil temperature is below 40°F. there should not be appreciable leaching during the winter. Field 
experiments at Guelph, reported in Table 1 also show that late fall topdressing of winter wheat 
was as effective as early spring.

TABLE 1

Late Fall Application of Nitrogen was as Effective as Early Spring 
Application on Winter Wheat (1956-57)

Nitrogen Applied 
lbs./ac.

Nitrogen Materials 
and rate/ac.

Yield of Wheat bu. /ac.
Late Fall 
(Nov. 7)

Early Spring 
(Apr. 6)

0 — 25 25

40 Urea
90 lb. /ac. 33 36

Ammonium nitrate 
120 lb. /ac. 36 34

Calcium nitrate 
250 Ib./ac. 38 39

80 Urea
180 Ib./ac. 43 44

Ammonium nitrate
240 Ib./ac. 43 45

Calcium nitrate 
500 lb. /ac. 41 45

Note: (1) The late fall application of nitrogen on winter wheat gave increases in yield similar 
to the early spring application. If similar results are obtained in other areas of the 
province, then late fall application of nitrogen may be recommended generally. From 
the farmers standpoint, fall application may be preferable to early spring application. 
Some soils may be too wet to carry the tractor and fertilizer spreader in early spring 
whereas in late fall the land will likely be drier and firmer. There is, however, a 
possibility of loss of nitrogen fertilizer by erosion if it is applied in the fall.

(2) There was no important difference in the effectiveness of urea, ammonium nitrate or 
calcium nitrate in supplying nitrogen as a topdressing on winter wheat.

HAY AND PASTURE FERTILIZER REQUIREMENT

Most people consider grasses and legumes to be soil-builders. Grassland farming has 
come to mean conservation farming. And it is indeed true that forage crops (grasses and legumes) 
conserve the soil in several ways.
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(1) forage crops have large root systems. The total weight of roots of grass and legumes 
is often 5, 000 to 10, 000 pounds per acre compared to a corn crop with 1,000 to 2, 000 
pounds of roots per acre. Such a large quantity of roots increases the organic matter 
content of the soil and improves the soil structure and aeration.

(2) the legume crops may increase the supply of nitrogen in the soil by fixing nitrogen 
from the air. The result is that the nitrogen fertilizer requirement of a cereal or 
corn crop following a legume-grass sod is relatively small.

Hay and pasture crops have large fertilizer requirement

The amounts of phosphorus and potassium removed from soil by hay and pasture crops are 
greater than most other farm crops as shown in Table 2.

TABLE 2

Hay and Pasture Crops Remove Large Amounts of Plant Nutrients

Crop Yield of Crop 
Harvested

Nutrients Removed in the Harvested Crop
Nitrogen 

(N)
Phosphorus 

(P2O5)
Potassium 

(K20)

lb. /ac. lb. /ac. lb. ac.

Alfalfa 2.5 tons/ac. 119 24 121

Timothy 2. 5 tons/ac. 50 18 81

Alfalfa-Timothy 4. 0 tons/ac. 135 34 162

Corn grain 80 bu./ac. 72 31 29
stover 4800 lb. /ac. 40 7 62

Wheat grain 40 bu. /ac. 50 24 12
straw 3800 lb. /ac. 23 6 36

Oats grain 60 bu. /ac. 36 14 9
straw 3000 lb. /ac. 19 9 60

Note: (1) Most of the potassium required by corn and cereals is contained in the stover and 
straw. If these crop residues are returned to the soil, the net removal of potassium 
from the soil is low.

(2) On the other hand, all of the above-ground part of the forage plants are usually har
vested and removed from the field. Hence there is a relatively large removal of potas
sium, phosphorus and nitrogen.

11



The need for greater amounts of fertilizer (phosphorus and potassium) for rotations that 
include sod crops is evident from the results obtained at Guelph (Table 3) on a well-drained loam 
soil.

TABLE 3

Increasing Number of Years of Sod Crop in Rotation Reduces the 
Yield of Corn Without Fertilizer

Yield of Corn bu. /ac. 
Av. of 5 years

Crop Sequence Unfertilized Fertilized

1. Continuous corn 29 65

2. Corn-oats-hay 51 69

3. Corn-oats-hay-hay 25 73

4. Corn-oats-hay-hay-corn-oats 36 62

5. Corn-oats-hay-hay-hay-hay 19 74

Note: (1) With no fertilizer applied, continuous corn (crop sequence No. 1) gave higher aver
age yields than corn in sequence No. 5 following four years of grass-legume sod. 
Sequences Nos. 3 and 4 with only two years of sod gave higher acreage yield of corn 
than sequence No. 5. Sequence No. 2 with only one year of sod gave highest yield of 
corn.

It is evident that the greater the number of hay years in the rotation the lower 
the cornyield whenno fertilizer was used. This reduction in corn yield was due mainly 
to a depletion of the potassium supply in the soil by the sod crop. Grasses and legumes 
use more potassium than corn or oats.

The one year of grass legume sod (sequence 2) however did increase corn yields 
presumably because the single year of sod increased the nitrogen supply in the soil 
but did not deplete the potassium supply to the limiting level for the succeeding corn 
crop.

(2) Withfertilizer, the number of years of sod in the sequence had little effect on the corn 
yield. Apparently when potassium and phosphorus are supplied as fertilizer the fer
tility of the soil was maintained.

(3) It is also evident that the yields of corn with fertilizer were highest when sod crops 
occurred in the sequence.

Sod crops may increase the yield and reduce the nitrogen fertilizer requirement of the next crop

Sod crops tend to improve the soil tilth and to increase the organic matter content of the 
soil. Moreover, if the sod includes a good percentage (50% or more) of legume, the soil may 
supply larger amounts of nitrogen to the succeeding crop.
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On the other hand, because grasses and legumes have large fertilizer requirements, sev
eral years of hay in a rotation may result in lower yields of the crops following the sod. In Table 
4 it is evident that in a corn-oats rotation (No. 2) red clover ploughed in the fall of the year of 
seeding gave higher yields of corn than the two years of alfalfa-brome in sequence No. 3. These 
data were obtained on the Haldimand Clay soil at the Regional Research Station at Cayuga.

TABLE 4

Yield of Corn and Oats in Different Crop Sequences

(Five year average 1953-57 incl. )

Crop Sequence Average Yield of Corn Average Yield of Oats

bu./ac. bu./ac.

(1) Continuous corn 50 --

(2) Corn-oats (seeded) 63 38

(3) Corn-oats-hay-hay 54 38

(4) Corn-oats-wheat-red clover 57 41

Note: (1) In each of the crop sequences, the amount of fertilizer applied on corn was the same, 
and the amount applied on oats was the same.

(2) Continuous corn with no sod crop gave lowest yields.

(3) The red clover ploughed in year of seeding (No. 2) gave highest yields of the corn crop 
in the rotation.

From the regional fertilizer trials throughout Ontario there is additional evidence of the 
value of a grass-legume sod in terms of the yield of the crops that follow it. This is shown in 
Table 5.

TABLE 5

Higher Yields are Obtained from Crops After Grass-Legume 
Sod than After Non-Sod Crops

Yield (bu. /ac. ) Without Fertilizer
Crop After Grass-Legume Sod After Non-Sod Crop

Corn 70 44

Wheat 39 30

Oats 58 37
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Note: (1) The yield figures shown in Table 5 are average yields obtained on farmers' fields dur
ing the past three years.

(2) Grass-legume sod resulted in 26 bu./ac. more corn, 9bu./ac. more wheat, and 21 
bu. /ac. more oats with no fertilizer applied.

It is apparent that a sod crop has value in a cropping system not only to supply hay and 
pasture but also in terms of increased yields of succeeding crops. Because most of the soil 
improvement due to sod occurs in the first year or two after seeding, it is wise to plough the 
sod after two or three years and capitalize on the soil build-up by growing corn or cereals.

Fertilizer topdressed in the fall increased yield of hay the next year

In 1956 a grass-legume hay mixture was seeded with oats as the companion crop on several 
farms in Ontario. The oats were adequately fertilized at seeding time. In the fall of the year of 
seeding, nitrogenat 15 and 30 lbs. N/ac., phosphorus at 30 and 60 lb. P2O5ac. and potassium 
at 45 and 90 1b. K2O/ac. were applied as a top-dressing. The average increases in yields of hay 
in 1957 due to phosphorus fertilizer applications are shown in Table 6.

Phosphorus (P2O5) Fertilizer Increased Yield of Grass-Legume Hay 
(Crop Sequence - Oats seeded - Hay - Hay)

TABLE 6

P2O5 Fertilizer Treatment
 1955 P2O5 

Fertilizer
Drilled with Top-dressed First Year.Hay (1956) 1956 Second Year Hay (1957)

oats on seeding 1st Cut 2nd Cut Total Top-dressed 1st Cut 2nd Cut Total
Fall T/ac. T/ac. T/ac. Fall T/ac. T/ac. T/ac.

Ib./ac. Ib./ac. Ib./ac.

0 0 1.80 1.11 2.91 0 2.45 1.06 3. 51

20 30 2.04 1. 23 3. 27 30 2. 63 1. 13 3.76

40 60 2. 14 1.28 3.42 60 2. 70 1.21 3. 91
_  ___ _ _ __ _ _ _ __ _ _ _ — — — — — — — —

P2O5 Fertilizer Treatment
1956 First Year Hay (1957)

0 0 2.01 1. 07 3. 08

20 30 2.38 1. 22 3. 60

40 60 2.37 1. 28 3. 65

* All yields are for hay at 15% moisture.
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Note: (1) Phosphorus, 50 lb. P2O5ac. total, applied on oats companion crop and top-dressed 
in the fall of the year of seeding, increased total hay yields during the first hay year 
by 0. 36 tons per acre. The cost of the phosphorus fertilizer was about $5. 00 per acre 
and the hay returns were about $7.00 per acre. (Hay @ $20.00/ton). The 20 1b. 
P2O5 drilled at seeding time gave increases in yield of oats. Therefore, only the 
cost of the 30 lb. P2O5/ac. top-dressed after oat harvest should be charged against 
the hay yields the next year.

Hence $3.00 worth of phosphorus fertilizer as a fall top-dressing on the new 
seeding gave the increase of 0. 36 tons of hay in the first hay year. An additional 30 
lb. P2O5/ac. top-dressed in the fall of the first hay year gave an increase of 0.25 
tons of hay in the second year hay.

Potassium fertilizer applied at the time of seeding and as a top-dressing in the fall of the 
year of seeding gave no increase in yield of first year hay. Applications of potassium in the fall 
of the first year hay at the rate of 45 lb. K2O/ac. and 90 lb. K2O/ac. gave significant increases 
of 0.21 and 0.28 tons/ac. respectively in the second hay year.

Nitrogen fertilizer applied in the fall of year of seeding did not increase first year hay 
yields but, in two instances, caused a decrease in yield.

The preliminary results of the fertilizer trials on grass-legume hay show that:

(a) Application of 150 lb./ac. of 20 per cent superphosphate on new seeding in the fall will 
give profitable returns in the first harvest year.

(b) Application of 150-200 lb. / ac. of 0-20-20on the sod in the fall of the first harvest year 
will give profitable returns in the second harvest year.

Experimental Plots at Regional Research Station, Cayuga.
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SOILTESTING and CHEMICAL ANALYSIS
The field experiments reported in the previous section provide a basis for making general 

fertilizer recommendations. Another phase of soil research involves the development of im
proved soil test methods and a study of the basic chemistry of the soil. A better understanding 
of the chemical reactions in the soil is required before we can make maximum effective use of 
the soil and fertilizer in the production of crops.

SOIL TESTS - GUIDES TO WISE USE OF FERTILIZER

Although certain fertilizer analyses and rates, as indicated previously give greater aver
age net returns than others, each farmer is concerned with the requirements of his particular 
soil. The average fertilizer requirement may not be most suitable in any specific field. Many 
farmers, however, use fertilizer without having their soil tested. For such farmers, the gen
eral average recommendations are the only guides that can be used to decide on the kind and 
amount of fertilizer to buy.

A soil test by a qualified soil testing laboratory and a fertilizer recommendation based on 
the results of the test, will assure the farmer of maximum effective use of his fertilizer dollar. 
This fact is illustrated in Figure 5. On 18 different farms and three crops (oats, wheat, and 
corn) in 1957 the average returns from fertilizer applied at a rate and analysis based on general 
recommendations were lower by several dollars per acre than the returns from the correct 
analysis and rate recommended on the basis of soil test.

During the past several years the Department of Soils has carried out extensive develop
ment studies and field calibration of soil testing methods. As a result new improved procedures 
for testing phosphorus and potassium are now in use in the Soil Testing Laboratory. In addition 
a nitrate testing procedure has been devised and calibrated with response of crops in the field. 
When the nitrate test is included as a routine procedure, soil tests should be of even greater 
value to the farmer in deciding what fertilizer and how much to buy.

In 1957, with the introduction of the improved phosphate soil test into the testing labora
tory, it was necessary to change the soil test report form. On the basis of many comparisons 
of the results of fertilizer trials in the field with soil test results, it is now possible to make 
more specific recommendations for each crop. Hence, a soil having a certain test value may 
be rated high for oats (a crop with a low fertilizer requirement) but only medium for potatoes (a 
crop with a high fertilizer requirement). The soil test rating on the report form, which is re
turned to the farmer, refers to the specific crop on that particular field. If another crop is to 
be substituted he should write to the Testing Laboratory, refer to his soil sample number, and 
obtain a new recommendation.

Note:

The Soil Testing Laboratory can be operated most efficiently if a steady flow of samples 
moves through it. To be certain that the soil test report will be available when needed, the 
farmer should send the soil sample to the laboratory at least a month before the date he expects 
to order his fertilizer. As a general rule, it is helpful if the farmer sends samples in the 
spring for fall-sown crops and in the fall for spring-sown crops.
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Figure 5 - Average Returns Due to Fertilizer Applied According to a General Recommendation 
and According to Soil Test

Note:
1. The farmer, who obtains a fertilizer recommendation according to soil test, can expect 

greater dollar returns over the cost of the fertilizer. For example corn fertilized according 
to soil test gave about four dollars more returns per acre than corn fertilized according to 
the best general recommendation without a soil test.

2. Generally the soil test recommendation does not increase the yields appreciably compared to 
the yields obtained with the general recommendation. The increased returns however are a 
result of using the correct fertilizer analysis and the correct rate; hence the fertilizer is used 
more efficiently, smaller amounts may be used, fertilizer cost is reduced and so returns are 
higher.

3. The soil test assures the highest returns per dollar invested in fertilizer.
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If you do not have a soil test, see the general fertilizer recommendations contained in 
Circulars of the Ontario Department of Agriculture.

Circular 300 Fertilizers for Intertilled Crops
Revised Circular 301 Fertilizers for Potatoes on Mineral Soils
Revised Circular 302 Fertilizers for Organic Soils

Circular 303 Fertilizer Recommendations for Fruit Crops
Circular 304 Fertilizers for Cereal, Hay, and Pasture Crops

NEW IMPROVED METHODS OF SOIL TESTING ARE USED IN THE SOIL TESTING LABORATORY

Phosphorus test

The following procedure for testing soils for phosphorus has been used in the laboratory 
at O.A.C. since July, 1957.

Extracting solution - 0. 05N ammonium fluoride plus 0. IN hydrochloric acid solution. This 
solution must be stored in polyethylene bottles to avoid loss of strength due to re
action of the fluoride with the glass.

Procedure - (1) Measure a level one-half teaspoonful of air-dry soil into a 50 ml. Erlenmeyer 
flask.

(2) Add 25 ml. of extracting solution and shake flask for one minute.

(3) Filter the suspension into a funnel tube marked at 2.5 and 5.0 ml. Remove all 
but 2.5 ml. of the soil extract by suction.

(4) Add 2.5 ml. of distilled water.

(5) Add 0.25 ml. of P-B reagent* and mix thoroughly.

(6) Add 0.25 ml. of P-C reagent* and mix thoroughly.

(7) Pour the coloured solution into an absorption tube and read the colour after 25- 
35 minutes using a 650 or 660 (red) filter in a colorimeter.

* P-B reagent - Ammonium molybdate plus hydrochloric acid.
* * P-C reagent - Amino-naphthol sulfonic acid.

Potassium test

The following procedure for testing soils for potassium has been used in the laboratory at 
O. A. C. since October 1955.

Extracting solution - 0. IN ammonium acetate plus 0.5N sulphuric acid plus 100 p. p. m. lithium.
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Procedure - (1) Measure a level teaspoonful of air-dry soil into a 125 ml. Erlenmeyer flask.

(2) Add 50 ml. of extracting solution and shake flask for 15 minutes on a shaker.

(3) Filter the suspension into a 50 ml. Erlenmeyer flask.

(4) Measure the potassium concentration in the extract by means of a flame photo
meter.

Fertilizer requirement tables

The results of the phosphorus and potassium soil tests described above have been corre
lated with measured response of crops to applied fertilizer during the past four years. Tables 
are now available to show the amount of fertilizer required for the particular crop on a soil hav
ing any particular soil test reading. Such fertilizer requirement tables have been prepared for 
corn, oats, wheat and potatoes.

Nitrogen test

In recent years no soil test for nitrogen has been used in this laboratory because no satis
factory method was available. However, a nitrogen test has been developed and it is expected 
that in the near future this test will be run on all samples received from farmers. This test 
should improve the accuracy of the nitrogen fertilizer recommendations.

The test involves incubation of a sample of the moist soil at 35°C. for seven days. The 
nitrate released during the incubation is removed from the soil by extraction with distilled water. 
The nitrate in the extract is measured colorimetrically using phenoldisulphonic acid reagent.

DRYING OF SOIL SAMPLES BEFORE ANALYSIS MAY MARKEDLY CHANGE THE POTASSIUM 
SOIL TEST RESULT

The soil samples that are tested in the Department of Soils laboratory are air-dried be
fore analysis. Recent studies have shown that drying of soil before analysis may increase or de
crease the potassium soil test value as shown in Table 7.
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TABLE 7

Drying May Increase or Decrease Potassium Soil Test

Soil Moist Soil
Soil Test Value (lb. K2O/ac. ) 

Air-dry Soil Oven-dry Soil

Guelph loam (1) 98 97 121

(2) 93 110 112

Fox sandy loam (1) 150 155 129

(2) 141 147 129

(3) 400 358 298

Listowel silt loam 185 220 251

Schomberg silt loam 115 114 110

Honeywood silt loam 254 255 208

Brookston clay 517 481 507

It is evident from thesa.da.ta and other similar data not included here that drying may cause 
release or fixation of potassium. The potassium level in the soil, however, does not determine 
whether drying will increase or decrease the potassium soil test. The indications are that the 
percentage of potassium relative to the total cation exchange capacity is the determining factor. 
Soils having a potassium saturation of 1.4 per cent or greater are likely to fix potassium upon 
drying of the soil.

The influence of drying is an important consideration in soil testing procedure. Studies 
are continuing to determine what drying treatment should be used so that the potassium soil 
test value will correlate most closely with crop response.

CLAY SOILS CAN SUPPLY MORE POTASSIUM IN GREENHOUSE THAN IS MEASURED BY SOIL 
TEST

Field experiments have shown that the potassium fertilizer requirements of crops are 
generally less on clay soils than on sandy soils. It is well known that the amount of potassium 
that may be removed from clay soils by two or three crops of alfalfa, for example, may be much 
greater than the amount of potassium measured by a potassium soil test.
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TABLE 8

Ladino Clover Removed Much More Potassium than the 
Amount Measured by Soil Test on Clay Soil

Soil Type
Potassium Removed by

Potassium Soil Test 7 Cuttings of Ladino Clover Difference

Fox sand
lb. /ac.

92
Ib./ac.

61
lb . / ac.

- 31

128 114 - 14

258 241 - 17

Guelph loam 104 89 - 15

113 110 - 3

223 274 - 51

Haldimand clay 259 410 +151

281 478 +197

344 585 +241

Note: (1) Clay texture soils supplied more potassium than was measured by soil test; hence 
clay soils have lower potassium fertilizer requirements than sandy soils.

(2) There was a close relationship between clay content of soil and its capacity to release 
native potassium to crops.

The results of this greenhouse study have been confirmed in field experiments. The re
sponse of crops to potassium fertilizer on clay soils is small. In fact, on the average clay soil, 
no potassium is required for cereal grains.
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FERTILIZER PLACEMENT
The root systems of plants are not large enough to contact all parts of the soil in order to 

absorb the plant food. This fact is of little significance in regard to nitrogen because it moves 
readily to the plant roots in the soil moisture. Phosphorus, however, moves relatively little in 
the soil; hence phosphorus fertilizer should be placed in the soil in such a way that the largest 
number of plant roots will grow into contact with the fertilizer.

For this reason, fertilizer that is broadcast and mixed with the whole volume of topsoil 
is often used less effectively than the fertilizer placed in bands near the seed.

BAND PLACEMENT OF FERTILIZER WAS MOST EFFECTIVE FOR POTATOES ON MINERAL 
SOILS

In 1957, the effect of fertilizer, placed in three different ways, on the yield of potatoes 
was measured on three different farms (Table 9).

TABLE 9

Band Application of Fertilizer Near Seed Gave Highest Yields of Potatoes 
(av. of three farms 1957)

Fertilizer
Analysis Lbs./Ac.

Yield of Potatoes (bu. /ac. )
Fertilizer all Fertilizer, one-half . Fertilizer all
broadcast before broadcast, one-half banded 2" to side
planting banded near the seed and 1" below seed

5-10-10 1,000 398 432 446

2, 000 454 478 510

3, 000 470 507 524

Note: (1) At all rates of fertilization the broadcast application gave lowest yields of potatoes; 
band application gave highest yield of potatoes.

(2) At the 1, 000 lb./ac. rate, for example, 48 extra bushels were obtained from the band 
application. In other words, the band method gave about $50. 00 extra returns per 
acre compared to the broadcast method.

(3) The application of half of the fertilizer broadcast and half-banded gave intermediate 
yields. The returns, however, may be no greater than from broadcast treatment be
cause the split application requires an extra field operation.

On the Muck Research Station at Bradford, there was little or no difference in yield of 
potatoes due to broadcast application compared to banded application of phosphorus (Table 10), 
There was however very little response to fertilizer of any kind on the Muck Research Station.
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TABLE 10

Phosphorus Treatment*
Yield of Potatoes (bu. /ac. ) 

Broadcast Application Band Application

none 529 529

60 lb. P2O5/ac 590 605

120 lb. P2O5/ac. 689 733

*A11 plots received 40 lb. N/ac. and 160 lb. K2O/ac. as a broadcast application.

Note: (1) Although the yields following band application as shown in Table 10 are higher than 
yields following broadcast application, the difference was not statistically significant.

(2) The indications are that band application of phosphate fertilizer is not required for 
potatoes on muck soil. More experimental results are required before a definite state
ment can be made.

BAND PLACEMENT OF FERTILIZER IS RECOMMENDED FOR CORN

Corn requires relatively large amounts of fertilizer. There is much evidence to show that 
readily available phosphorus, in particular, near the seed will stimulate the young seedlings and 
give the crop a vigorous start. There is, however, some danger of reduced germination if large 
amounts of fertilizer are placed with the seed or too close to the seed.

Field experiments on a sandy soil, a loam soil and a clay soil during the past three years 
show that up to 800 lb. of 10-10-10 per acre placed in two bands each band two inches to the side 
and one inch below the seed did not affect germination. It was found however that such a band 
placement gave higher yields than broadcast placement of the same amount of fertilizer. The 
band placement of such a large amount of fertilizer with corn with ordinary farm equipment is not 
recommended. If more than 300 lb. of fertilizer is required per acre, some of the fertilizer 
should be broadcast and disced in before planting.

As an alternative to the split application of complete fertilizer as suggested above, it may 
be more profitable to apply the phosphorus and potassium in a band at the time of seeding using 
0-20-20 for example. The nitrogen fertilizer then can be applied as a single nutrient material. 
The use of nitrogen fertilizer as a side-dressing permits the farmer to adjust the nitrogen treat
ment on the basis of the actual plant population he has established in the field.

The method of placement of fertilizer has an effect on the efficiency of the uptake of phos
phorus from the fertilizer as shown in Table 11.

23



TABLE 11

Uptake of Phosphorus from Fertilizer by Corn in Field

Fertilizer Placement 
(400 lb. 10-10-10/ac. )

Percentage of Total 
Phosphorus in Corn 
Derived from Fertilizer

All banded 2" to side and 1" below seed 54%

One-half banded 2" to side and 1" below seed plus 
one-half banded 6" to side and 4” below seed 60%

All phosphorus banded 2" to side and 1" below seed and 
all nitrogen banded 6" to side and 4" below seed 64%

All phosphorus and one-half nitrogen banded 2" to side and 
1" below seed and one-half nitrogen banded 6" to side 
and 4" below seed 69%

PHOSPHORUS FERTILIZER NEAR THE SEED IS REQUIRED ESPECIALLY IF THE SOIL 
TEMPERATURE IS LOW

One of the reasons for good returns from band application of phosphorus near the corn 
seed became evident in a greenhouse experiment.

In a greenhouse study with corn, the temperature of the soil was an important factor in 
determining the uptake of phosphorus by corn. The corn was ^rown in soil in pots in the green
house. Some of the pots were kept at 68°F. and others at 55°F.

When no phosphorus fertilizer was applied, the phosphorus content of the corn grown in 
soil at 68°F. was double the phosphorus content of the corn grown in soil at 55°F. When phos
phorus was applied the phosphorus content of the corn was the same at both soil temperatures. 
At the lower soil temperature, the yield of corn dry matter was only one-third as large as the 
yield at the higher soil temperature regardless of the fertilizer treatment.

Low soil temperature during the early growth of corn, therefore, does reduce yield and 
phosphorus content of the plant. With phosphorus fertilizer treatment, yields were increased 
even at the low temperature and the phosphorus content of the plant was maintained at an ade
quate level.

STUDY OF FERTILIZER PLACEMENT FOR SUGAR-BEETS HAS BEEN INITIATED

Very little information is available in regard to the proper placement of fertilizer for most 
effective utilization by sugar-beets. Greenhouse experiments are being carried out to measure 
the uptake of phosphorus from fertilizer placed in several positions relative to the seed in the 
soil. The results of these experiments will be used as a basis for field trials and will lead 
eventually to improved recommendations for fertilizing sugar-beets.
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LIME EXPERIMENTS
The soils of Ontario have been formed from many kinds of rocks. Much of the agricultural 

land in Southern Ontario is underlain by limestone bedrock. It is to be expected, therefore, that 
limestone is common in many Ontario soils. During the many thousands of years of weathering, 
leaching by rainwater, etc. , some of the lime and, in some soils, all of the lime has been re
moved from the topsoil. Sandy soils in particular are often lacking in lime. The clay soils of 
the Niagara Peninsula also are deficient. Most of the soils, both sandy and clay, in the Pre
Cambrian shield are acid and require lime.

LIME - AN ESSENTIAL REQUIREMENT FOR HIGH YIELDS ON ACID SOILS

The Oneida clay soil on the research farm near Brampton is representative of a large area 
of soil in Halton, Peel, and York Counties. Indeed, insofar as lime requirements are concerned, 
this soil is similar to many of the acid clay soils in Ontario. The effects of rate, placement, 
andkindof limestone on yield of crops are being measured at this experimental station (Table 12).

TABLE 12

Limestone Increased Yields of Alfalfa on Acid Clay (1957)

Lime Treatment 
(Applied 1955)

Increase in Yield of Alfalfa 
(Ib./ac. at 15% moisture)

First Cut Second Cut Total

Dolomitic lime 2.5 T/ac. 620 380 1000
5.0 T/ac. 860 720 1580

Calcitic lime Grade "A" 2.5 T/ac. 1535 725 2260
5.0 T/ac. 1490 900 2390

Calcitic lime Grade "C" 2.5 T/ac. 1075 325 1400
5.0 T/ac. 1415 785 2200

Note: (1) The yield increase of alfalfa due to lime treatment was obtained on the Oneida clay on 
the researchfarm at Brampton. The alfalfa was seeded in 1956 with a companion crop 
of oats. In 1957 the first hay crop was harvested. The lime was applied in the fall 
of 1955.

(2) The calcitic limestone, Grade "A”, is finely ground material which reacts relatively 
quickly in the soil. This fact probably accounts for the largest increases in yield be
ing obtained from the use of this lime. Moreover, the five ton rate of application of 
this fine grade of limestone was not significantly better than the 2.5 ton rate.

(3) Grade "C" calcitic limestone, being coarser material, was less effective in increas
ing alfalfa yields. In this case, the higher rate of application (5 tons/ac. ) gave sig
nificantly larger increases than the 2.5 ton rate.
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(4) Dolomitic limestone has the same degree of fineness as the calcitic limestone Grade 
"C". However at both rates of application the dolomitic limestone was inferior to the 
calcitic limestone. Dolomitic limestone reacts with the soil more slowly but compari
sons on Haldimand clay at the Regional Research Station at Cayuga (see Progress Re
port 1955) show that three years after application the dolomitic limestone equalled the 
calcitic material.

Finely ground calcitic limestone will increase crop yields on acid soils in the shortest time 
but it is more costly to buy. The coarser, and therefore cheaper, limestone materials require 
a longer time after application before maximum yield increases can be expected.

LIME SHOULD BE BROADCAST AND MIXED THOROUGHLY IN THE TOPSOIL

Incontrast to fertilizers, lime reacts very slowly in the soil. The rate at which lime be
comes available depends in part at least, on the fineness of the material, but also on the amount 
of mixing of the lime with the soil.

Experiments in 1957 showed that lime broadcast on the surface of the soil, without being 
mixed into the topsoil by discing or ploughing, dissolved very slowly and did not readily move 
down into the topsoil. Obviously if the lime remains on or near the surface, it will not improve 
the growth of crops. To be effective the lime must be well mixed into the area where the crop 
roots are growing i.e. the top 3 to 6 inches of the soil (Table 13). For more information on 
lime see Bulletin 523, "Lime Acid Soils for Better Yields", Ontario Department of Agriculture.

TABLE 13

Lime Should be Mixed with the Topsoil; Surface 
Application not Effective

Method of Application
(5 T/ac. Calcitic limestone Grade "A") 

applied 1955

Yield of Alfalfa (1957) 
(Ib./ac. at 15% moisture) 
(Total of two cuttings)

1. No limestone applied 6020

2. Broadcast on surface of new seeding 6570

3. Broadcast and ploughed down 8160

4. Broadcast, disced into top 3" of soil 
and then ploughed down 8580

5. One-half broadcast, disced into top 3” of soil 
then ploughed down and the remainder broadcast 
and disced in 8280

6. Broadcast and disced into top 3" of soil 8120

Note: (1) Method No. 2 (broadcast on surface after seeding) resulted in yield not significantly 
better than the check treatment (No. 1).

(2) The other methods of application (nos. 3, 4, 5 and 6) all gave yields that were signi
ficantly better than method No. 2 and the check. There was no difference, however, 
between methods 3, 4, 5 and 6.
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It is evident, therefore, that lime should be mixed with the soil in order that it may react. 
The results here show that discing the lime into the top three inches of soil before or after plough
ing is just as effective and certainly more convenient than the split application (method No. 5).

LABORATORY STUDIES SHOW THAT KIND OF LIMESTONE AND PARTICLE SIZE AFFECT 
RATE OF REACTION IN SOIL

Calcitic and dolomitic limestones of different particle sizes were used to lime an acid 
sandy soil in the laboratory. Subsequently the limed soils were leached with water.

All of the limestone treatments raised the soil pH over a period of forty-eight weeks. 
However, the finer materials caused the greatest increase in pH. The effect of lime on soil pH 
was limited to the layer in which the lime was mixed. Very little of the lime was leached to lower 
layers by the water that was percolated through the soil although there was some increase in 
calcium and magnesium in the layer immediately below the limed layer.

Greenhouse experiments using alfalfa as the indicator crop, showed that over a period of 
nine months (five clippings of alfalfa) the calcitic limestone was more effective in raising soil 
pH and alfalfa yields than dolomitic limestone of similar particle size. Limestone of coarse 
particle size (ten mesh) was least effective in increasing soil pH and yields while the finest par
ticle size material (100 mesh and less) was most effective.

Effect of Crop Rotation being Studied at Soils and Agricultural Engineering Farm, 
Guelph.
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LIQUID FERTILIZER

LIQUID FERTILIZER APPLIED TO THE SOIL WAS AS EFFECTIVE AS DRY FERTILIZER

Liquid fertilizer is available in Ontario for application on general farm crops as a soil 
treatment. This liquid is sold by the ton. A 5-10-10 liquid fertilizer for example contains 5 
pounds of available nitrogen (N), 10 pounds of available phosphorus (P2O5) and 10 pounds of 
available potassium(K2O) per hundred pounds of liquid. In other words one ton of 5-10-10 liquid 
contains the same amount of plant food as one ton of 5-10-10 dry fertilizer.

Liquid fertilizer has an advantage over dry fertilizer in that the liquid can be pumped - no 
bags of fertilizer to handle. On the other hand, tanks and pumps are required to handle liquid 
fertilizer while dry fertilizer can be used in an ordinary fertilizer drill.

Insofar as the effectiveness of these fertilizers in increasing crop yields, the liquid fer
tilizer applied to the soil is equal to dry fertilizer of similar analysis applied in the same way. 
In 1957, for example, at Guelph 200 Ib./ac. of 5-10-10 liquid fertilizer was applied with the 
seed of Clinton oats, and 200 Ib./ac. of 5-10-10 dry fertilizer was drilled with the seed in the 
usual way. There was no difference in the yield of oats produced. An increase of seven bushels 
of oats resulted from the liquid fertilizer and from the dry fertilizer treatment on adjacent plots.

FOLIAR FERTILIZATION WAS UNSATISFACTORY ON FIELD TRIALS

Although experiments show that plants can absorb nutrients through the leaves, it is not 
practical to attempt to supply nitrogen, phosphorus or potassium for general farm crops in this 
way. Tests on foliar fertilization of crops carried out by the Department of Soils during the 
past several years show that:

(1) foliar spray in one application, or in several applications during the growing period 
of the crop gave no increase in yield of wheat, oats, corn and potatoes compared to 
plots receiving no foliar spray.

(2) foliar spray gave no increase in yield of these crops either on soils that received an 
adequate application of dry fertilizer or on soils that received no dry fertilizer at 
planting time. On the other hand, dry fertilizer applied at planting on these same 
locations without foliar spray gave substantial yield increases.

In 1957 on several farmers' fields in Ontario the following different methods and rates of 
application.of foliar fertilizer were tested on oats and potatoes.

Oats: (1) 1 1/2 gal. 10-20-10 per acre applied when oats were 10-12 inches high.

(2) 1 1/2 gal. 10-20-10 per acre applied when oats were heading out.

(3) 1 1/2 gal. 10-20-10 per acre applied when oats were 10-12 inches highplus 1 1/2 gal. 10-20-10 
when oats were heading out.

The check yields without foliar spray averaged between 60 and 65 bus./ac. None of the foliar 
treatments gave yields greater than the check yields.
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Potatoes: (1)2 gal. 10-20-10 per acre applied just before the potatoes bloomed.

(2)2 gal. 10-20-10 per acre applied just after the bloom stage.

(3)2 gal. 10-20-10 per acre applied pre-bloom plus 2 gal. 10-20-10 per acre applied 
post-bloom.

(4) 1 gal. 10-20-10 per acre when potatoes were 6-12 inches high plus 1 gal. 10-20-10 
per acre applied pre-bloom plus. 1 gal. 10-20-10 per acre applied post-bloom plus 
1 gal. 10-20-10 per acre two weeks later.

(5)2 gal. 10-20-10 per acre applied instead of 1 gallon as indicated in treatment 4.

(6) 1 gal. 10-20-10 per acre applied each week for eight weeks after the potatoes were 
4 to 6 inches high.

The average yields of potatoes withoutfoliar spray varied in the range of 450 to 525 bu./ac. 
None of the foliar spray treatments indicated above caused an increase in the yields.

Tests were made at Guelph in 1957 on Clinton oats to determine whether foliar sprays 
might increase yields if they were applied in late afternoon or evening.

One and one-half gallons of 10-20-10 per acre were applied just before heading, to oats 
growing on soil of high fertility and soil of low fertility. Applications were made in late after
noon and in the evening using a hand-drawn power sprayer with a six-foot boom. The check yield 
of oats w ith no spray was 57 bu./ac. on the soil of high fertility and 35 bu./ac. on the soil of low 
fertility. Neither the afternoon nor evening application of foliar spray increased the yields of 
oats.

For additional information on foliar fertilizers see Ontario Department of Agriculture 
Circular 325, "Foliar Fertilizers - Ten Questions and Answers".
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MANURE STUDIES
INCREASES IN CROP YIELDS VARY WITH TIME OF APPLICATION OF MANURE

Farmyard manure is an excellent source of fertility and is readily available on livestock 
farms. It is well known, however, that large losses may occur if manure is handled improperly 
or applied at the wrong time. A four-year study of the effect of time of application of the manure 
fora rotation of corn-oats-hay-hay has recently been completed at Guelph. The effect of manure 
treatment on the yield of corn in the rotation is shown in Table 14.

TABLE 14

Manure Applied in Spring Before Corn Planting Gave 
Highest Yields of Corn Silage

Manure Treatment 
(total of Ten tons/ac.)

Yield of Corn Silage 
(75% moisture)

(Average of 4 years)
T/ac.

No manure applied 4. 5

10 T/ac. applied in spring before corn 6. 3

10 T/ac. applied in winter before corn 5.3

10 T/ac. applied on 2nd year hay in fall
before ploughing 5.6

10 T/ac. applied on 2nd year hay in spring 5. 9

5 T/ac. applied on 1st year hay in fall and
5 T/ac. applied in spring before corn 6. 1

10 T/ac. applied on 1st year hay in fall 5.5

Note: (1) Winter application of manure was less effective than spring application in increasing 
yield of corn silage. Apparently the losses from manure are greater when application 
is made in winter.

(2) Fall application of manure on sod before ploughing for corn was better than application 
during the winter after the sod was ploughed.

The yield of all crops in the rotation is probably of greater significance than the yield of 
the corn crop only. For instance, although the spring application of manure before corn gives 
the highest yields of corn it may be that application of all or part of the manure to other crops 
may give greater total feed production from the whole four-year rotation. Yields of the whole 
rotation with different times of application of manure are shown in Table 15.
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TABLE 15

Split Application of Manure May Give Greater Returns than Single 
Application on a Corn-Oats-Hay-Hay Rotation

Manure Treatment 
(total of 10 Tons/ac. )

Total Yield for Rotation 
Tons/ac.

(Corn-Oats-Hay-Hay)

No manure 8.47

10 T/ac. in winter before corn 9.36

10 T/ac. in spring before corn 10.76

5 T/ac. in fall 1st year, hay and 5 T/ac._ in 
spring before corn 10. 87

5 T/ac. in fall on new seeding and 5 T/ac. in 
winter 1st year hay 9.43

5 T/ac. in fall on new seeding and 5 T/ac. in 
spring before corn 10.45

10 T/ac. infall 1st. yr. hay 10.35

10 T/ac. in spring 2nd. yr. hay 10.38

Not'e; (1) Split application of the manure, part in fall of first hay year and part in spring before 
corn gave the highest total yield of feed for the complete rotation.

(2) If manure is to be applied only once in the rotation, it is best to apply it in the spring 
before the corn crop.
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TILLAGE STUDIES
MOULDBOARD PLOUGH WAS AN EFFECTIVE PRIMARY TILLAGE IMPLEMENT IN RECENT 

EXPERIMENTS

Some type of tillage for the preparation of a seed bed is necessary for all kinds of crop 
production. In recent years many kinds of implements have been made available to Ontario 
farmers but relatively little information is. available regarding their effectiveness. Field ex
periments recently completed show the effect of several types of primary tillage on the yields of 
corn and on the physical properties of a Burford loam soil and a Lockport clay soil. The crop 
yields following the different tillage treatments are shown in Tables 16 and 17. This was a co
operative study with the Department of Engineering Science.

TABLE 16

Mouldboard Plough was Good Primary Tillage Implement 
on Burford Loam

* Final fitting was done with disk harrow and drag harrows.

Tillage Implement*

Yields per acre 
(Average of 5 years)

Corn Silage 
(75% Moisture)

Oats Hay 
(14% Moisture)

Ton Bu. Ton

Mouldboard plough 5. 1 47 1. 6

One-way disk + disk plough 4. 5 44 1. 6

One-way disk + mouldboard plough 4. 7 48 1.6

Sub-base plough 5. 1 45 1.5

Disk plough 4. 9 47 1. 5

One-way disk 5. 7 43 1.6

Rotary tiller 4. 2 42 1.8

Cultivator 4. 5 40 1. 8
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Mouldboard Plough was Good Primary Tillage Implement 
on Lockport Clay

TABLE 17

Tillage Machine

Yields per acre
Corn Silage 

(75% Moisture)
Wheat Oats Hay 

(14% Moisture)

Ton Bu. Bu. Ton

Mouldboard plough 3. 0 35 47 1.6

One-way disk + mouldboard plough 3. 0 32 47 1.6

Disk plough 3. 0 33 42 1.5

One-way disk 3.0 32 44 1.8

Rotary tiller 3. 0 35 45 1.6

Rotovator 3. 1 37 44 1.7

Note: (1) None of the tillage treatments gave better yields or soil physical condition than the 
ordinary mouldboard plough.

(2) Power requirements were lower for the one-way disk treatment but the mouldboard 
plough gave better weed control.

LABORATORY RESULTS SHOW EFFECT OF FROST ACTION ON SOIL STRUCTURE

It is generally recommended that clay soils should be ploughed in the fall rather than in 
the spring. Fall ploughing usually results in better soil tilth the next spring presumably because 
of the effect of freezing and thawing of the ploughed soil during the winter.

Samples of Haldimand clay at different moisture contents were subjected to three cycles 
of freezing and thawing. After the freezing treatment the aggregate size distribution of the soil 
was compared with that before freezing. It was found that clay soil from a continuous sod plot 
showed a significant breakdown of water-stable aggregates upon freezing at moisture contents 
nearer above field capacity. Clay soil from a continuous corn plot showed no change in water
stable aggregates due to freezing. The effect'of freezing and thawing on soil structure therefore 
depends on moisture content of the soil and on the degree of aggregation of the soil initially.
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SOIL WATER
The adequacy of the moisture supply is an important factor in determining the yield of crops 

and the efficiency of fertilizer use. In 1951 the Hydrology Station was established at Guelph to 
permit the study of (1) soil and water losses by surface run-off and (2) the effects of climatic 
factors, such as temperature, rainfall, wind, and humidity, on the water requirements of crops.

RAINFALL INTENSITY IS AN IMPORTANT FACTOR IN SOIL EROSION

Losses of soil and water from the Guelph loam soil have been measured at the Hydrology 
Station at Guelph since 1952. It has been evident every year that (1) little or no losses occur 
from the plots in sod, (2) greatest losses occur from the continuous corn plot, and (3) losses 
from corn plot following sod crop are negligible.

Erosion losses are likely to be greatest during the spring and summer because during this 
part of the year rainstorms are more frequent and most intense (Table 18).

TABLE 18

Number and Intensity of Rainstorms at Guelph During 
the Period 1953-57

Period
Number of Storms Having a Maximum Intensity of:

2.0"/hr. 
or less

2.0-4. 0"/hr. 4. 0-6.0"/hr. 6.0"/hr. 
or more

Jan. , Feb. , Mar. 8 0 0 0

Apr. , May, June 14 10 7 1

July, Aug. , Sept. 3 9 4 3

Oct. , Nov. , Dec. 0 1 1 0

Note: (1) Largest number of high intensity storms occur in the summer months. Bare land, 
e. g. summerfallow, may lose much soil by erosion.

On cropped land, greatest losses of soil are likely to occur in spring before the spring 
crop has been planted and developed sufficiently to cover the ground.
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SPECIALLY-DESIGNED EQUIPMENT IS USED TO MEASURE USE OF WATER BY CROPS AND 
LOSSES OF WATER FROM SOIL BY EVAPOTRANSPIRATION

Meteorological measurements near the ground

In 1957 several new research devices were constructed for measurement of the water used 
by crops. In Figure 6 is shown some of the equipment that was used to measure the meteor
ological conditions near the ground that are important in determining how much water is evapor
ated from plant leaves and the soil surface. Primarily, the amount of water evaporated depends 
upon the heat supply at the evaporating surface. More than ten thousand B.T.U.’s of heat is 
required to evaporate one gallon of water. To evaporate one acre-inch of water, 240 million 
B. T. U. 's are required. The heat mostly comesfrom the sun but some comes from the air pass
ing above or through the crop. The carriage shown in Figure 6 moves slowly back and forth 
sampling the temperature, humidity, and wind at different heights above the crop surface. At 
the right in the picture is a net radiometer for measuring the heat from the sun which is available 
for evaporation. All of these measurements are recorded automatically.

Information obtained by this equipment will be used to determine (1) why different crops 
use different amounts of water, (2) the most efficient planning and scheduling of irrigation, and 
(3) the best management of total water resources in an area.

Floating lysimeter

To the left in Figure 6 is a white box containing the recorder for a floating lysimeter. This 
lysimeter is a metal tank filled with soil in which a crop can be grown. The tank floats inside a 
reservoir tank filled with water. Measurement of the water level change in the reservoir tank 
indicates directly the weight change of the floating tank, e.g. as the inside tank becomes lighter 
due to loss of soil moisture, the tank rises and the water level in the reservoir tank goes down. 
Thus the amount of water that is being removed from the soil by evapotranspiration can be easily 
found from hour to hour chart readings.

Corn was grown to maturity using only the water in the soil at the time of planting

Several plastic tents, 12 x 15 feet in area were placed over pasture and corn crops in 1957. 
These tents kept the rain off the soil so that the crop was restricted to the water stored in the 
soil at the time the tent was set up. The ladino clover-orchard grass sod was severely wilted 
within seven weeks and subsequent growth was small.

In the case of the corn crop, the tents were placed over the plots at the time of emergence. 
Initial growth of the corn under the tents was more rapid than outside because of higher soil and 
air temperatures. Slits in the plastic allowed the corn plants to grow up above the tent. The 
slits were sealed around each corn plant and the tents remained in place until harvest.
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In spite of the fact that no rainfall fell on the soil under the tents and no supplemental water 
was added, yields of corn silage were as large on the tented plots as on the surrounding field. 
The mature crop was produced on a relatively small amount of water. The plastic tent practically 
prevented evaporation of water from the soil surface. Hence the water required by the crop was 
the amount actually removed through the plants. Apparently removal of water through the crop 
is less than half the total water removed from the ordinary field of corn. The plastic cover re
duced the unnecessary loss of water directly from the soil. Also the temperature of the air and 
soil under the tent was higher than the surrounding area - a factor which undoubtedly contributed 
to the high yield of corn.

The use of plastic covering in this way obviously has no practical value for the general 
farmer at present. Home gardeners, however, may find it practical to use plastic covering to 
warm the soil faster in the spring to give early vegetables a quick start.

Figure - 6 Equipment Constructed for Measuring Meteorological Conditions Near 
the Ground at Hydrology Station.
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Figure 7 - Sales of Mixed Fertilizers and Fertilizer Materials in Ontario 
1929-1957

FERTILIZER USE
In 1957 fertilizers sold in Ontario amounted to 364,502 tons of mixed fertilizer and 51,484 

tons of fertilizer materials for a grand total of 415, 986 tons. This is a slight decline in tonnage 
compared to 1955.

The general trend, however, since 1929 has been an increase in the use of mixed fertilizers 
particularly. The amount of fertilizer materials sold has increased also but to a much lesser 
extent (Figure 7).

The increase in the use of the fertilizer nutrients nitrogen, phosphorus and potassium in 
Ontario is shown in Figure 8. Although sales of nitrogen, phosphorus and potassium in mixed 
fertilizers have all increased since 1929, inrecentyears there has been an even greater increase 
in the use of nitrogen and phosphorus as fertilizer materials. Generally, the cost per pound of 
nutrient is less when purchased as a fertilizer material rather than as a mixed fertilizer. Hence 
the farmer who uses large amounts of fertilizer should buy the nitrogen as a separate fertilizer.
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Figure 8 - Sales of Nitrogen(N), Phosphorus (P2O5) and Potassium (K2O) as Fertilizer in Ontario 
(1929-1957)
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PUBLICATIONS

The 1956 Progress Report contains a complete list of publications available in the Depart
ment of Soils. New publications that appeared in 1957 are listed below.

BULLETINS

1. Heeg, T. J. Lime Acid Soils for Better Yields, Bulletin 523, 1957.

2. Olding, A.B., R.E. Wicklund and N.R. Richards. Soil Survey of Ontario County, Report 
No. 23, 1957.

3. Gillespie, J.E. and N.R. Richards. Soil Survey of V ictoria County, Report No. 25,1957.

4. Matthews, B. C. , N.R. Richards and R.E. Wicklund. Soil Survey of Glengarry County, Re
port No. 24, 1957.

REPRINTS OF TECHNICAL PAPERS

1. Smith, J. A. andB.C. Matthews. Release of potassium by 18 Ontario soils during continuous 
cropping in the greenhouse.
Can. J. Soil Sci. 37:1-10, 1957.

2. Matthews, B. C. and J. A., Smith. A percolation method for measuring potassium-supplying 
power of soils.
Can. J. Soil Sci. 37:21-28, 1957.

3. Ketcheson, J.W. Some effects of soil temperature on phosphorus requirements of young corn 
plants in the greenhouse.
Can. J. Soil Sci. 37:41-47, 1957.

4. Byers, G. L. and L. R. Webber. Tillage practices in relation to crop yields, power require
ments and soil properties.
Can. J. Soil Sci. 37:71-78, 1957.

5. Smith, J. A. and R.W. Sheard. Evaluation and calibration of phosphorus soil test methods 
for predicting fertilizer requirements of potatoes.
Can. J. Soil Sci. 37:134-142, 1957.

6. Richards, N.R. Efficient use of fertilizer boosts farm income.
Proceedings Ontario Soil and Crop Improvement Association 1957.

7. Irving, R. M. Land Use planning and urban development in Southern Ontario.
Agr. Institute Rev. 12:18, November-December, 1957.
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THESES

The Department of Soils offers graduate training to qualified students leading to a Master's 
degree. During 1957, four students completed the requirements for the M. S.A. degree and 
presented the theses listed below:

1. Campbell, W. L. Effect of various limestone particles on sandy soil,M. S. A. Thesis, May 1957.

2. McCann, G.E. The effect of lime on alfalfa grown on fine textured soils, M.S. A. Thesis, 
May 1957.

3. Baldwin, C.S. Soil factors influencing the behaviour of certain nitrogen fertilizers, M.S.A. 
Thesis, September 1957.

4. McEwen, H. B. Measurement of exchangeable potassium and potassium-supplying power of 
soils, M.S.A. Thesis, September 1957.

RESEARCH PROJECTS IN DEPARTMENT OF SOILS

1957-58

(Name of staff member in charge of project appears after the title)

S. S. 1 - Taxonomic classification of soils; Soil surveys and their interpretation: R. M. Irving, 
B. C. Matthews.

S. S. 2 - Genesis and morphology of virgin and cultivated soils: B. C. Matthews, D. J. Eagle.

S. F. 21 - Control of soil reaction, calcium fertility and liming in relation to yield and nutrient 
content of crops: T. J. Heeg.

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

S. F. 23 - Correlationof soil testing methods for nitrogen, phosphorus and potassium with crop 
response to added nutrients and with fertilizer requirement: J. A. Smith.

S.F . 24 - Effect of organic amendments on soil and on yield and nutrient uptake of crops: J. W. 
Ketcheson.

S.F . 25 - Effects of fertility levels and cropping systems on soil and on yield and nutrient uptake 
by crops: J. W. Ketcheson.

S.F . 26 - Effect of different fertilizer materials, placement, time, and methods of application 
on crop growth, yield, and nutrient uptake: J. W. Ketcheson.

S.F . 30 - Factors affecting root distribution patterns and feeding zones of crops at various stages 
of growth: M. H. Miller.

S.F . 31 - Utilization of micro-nutrients by plants as influenced by chemical, physical and bio
logical factors: M. H. Miller.

S. C. 41 - Chemical behaviour of plant nutrients in organic soils as indicated by soil and plant 
analysis: A. L. Willis, E. Rustad.
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S. c. 42 - Methods and techniques for chemical analysis of soils and plants: A. L. Willis.

S. P. 60 - Measurement and interpretation of climatic and weather characteristics with respect 
to soils and crop yields: K. M. King.

S. P. 61 - Removal of soil water by evapotranspiration and percolation and its effect on crop 
yields: K. M. King.

S. P. 71 - Crops, cultural practices, and soil additives on the physical properties of soils: L. 
R. Webber.

S. P. 72 - Infiltration, movement and availability of moisture in soils: L. R. Webber.

S. P. 73 - Thermal properties of soils: L. R. Webber.

S. P. 78 - Soil and water losses under different land covers and cultural practices: L. R. Webber.

Department of Soils will move from this Building to new Modern Building in 1958.
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SOIL ADVISORY SERVICE

FARM PLANNING

The Department of Soils, with the co-operation of the Extension Branch of the Ontario De
partment of Agriculture, provides a land use planning service to farmers. Farmers desiring 
this service make application through their Agricultural Representative. A soil specialist makes 
a survey of the farm, mapping type of soil, slope, erosion, stoniness, present land use and 
gathers other pertinent facts as a basis for setting up a plan.

With the above information and in consultation with the farmer, plans for suitable crop 
rotations, field re-arrangement fertility practices, pasture renovations, methods of erosion 
control, and drainage improvement are drawn up as required. The plan of the farm is prepared 
in booklet form showingfield layout, acreages, crop rotations, and annual acreages of each crop. 
Where necessary a plan for the changeover from the old cropping system to the new is included. 
The plan is then submitted to the farmer for his study and approval. After the plan has been 
approved it usually requires about two or three years to put it into operation.

Common land use improvements

On the farms planned to date, of which there are over eight hundred, (Table 19) the more 
common practices recommended were (1) crop rotations to suit the land capability, (2) improved 
fertility practices including the use of sod crops, manure, fertilizers and lime, (3) pasture 
renovation, and (4) grassed waterways. In some instances a re-arrangement of the fields was 
suggested in order to make best use of the land and to facilitate tillage and harvesting operations. 
On long smooth slopes field strips parallel with the fences or in some cases contour strips were 
recommended.

Where drainage was inadequate consideration was given to the relative costs of drainage 
improvement as compared to the probable increased production. The type of soil and the climate 
are important factors in this consideration. Farmers interested in going ahead with a drainage 
program are advised to contact their Agricultural Engineering Extension Specialist and have a 
drainage survey made. In many cases it is better to have the drainage work completed before 
the new cropping plan is put into operation.

Some reforestation has been recommended on about 21 per cent of the farms planned to 
date. A list of these farms and their locations are forwarded to the Reforestation Division of 
the Department of Lands and Forests. This enables their field men to give assistance in the 
follow-up program. Other land use improvements such as gully and stream bank erosion control, 
terracing, development of wildlife areas and farm ponds have been suggested on a smaller number 
of farms.

Table 19 is a summary of the land use planning program of the Department of Soils to date. 
A total of 134 farms were planned during 1957. From 1946-57, 843 farms were planned. Appli
cations on hand at the end of February 1958, totalled 107. The table is set up on a county and 
district basis. No applications have been received from the counties or districts not mentioned 
in the table.
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SOIL TESTING

During the year April 1, 1957 to March 31, 1958, approximately 11, 000 soil samples from 
3, 450 farmers in Ontario was analysed in the Soil Testing Laboratory in the Department of Soils.
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Brant 1 28 3 27 26 12 8 17 7 9 3 2 1
Bruce 2 19 1 19 19 18 12 11 16 18 2 12 1
Dufferin 3 22 2 19 21 15 14 7 12 16 5 2 2
Durham 4 34 1 34 30 29 25 26 22 8 7 3 1 1 7
Elgin 5 12 5 12 12 6 4 4 8 5
Frontenac 0 1 1 1 1 1 1 1 1
Grenville 1 1 0 1 1 1 1 1 1 1
Grey 7 39 15 39 38 36 27 6 23 26 9 14 2 2
Haldimand 1 11 1 12 12 99 11 7 12 8 3 2 4
Halton 4 22 11 17 20 11 15 10 8 6 3 2
Hastings 0 8 1 8 7 1 7 8 7 6
Huron 6 8 1 8 8 6 3 6 8 5 3 2
Kent 0 2 0 2 1 1 1 1 1
Lambton 0 1 0 1 1 1
Lennox & Addington 1 9 0 9 9 9 6 6 7 8 4
Lincoln 0 3 1 3 2 3 1 1 1 1
Manitoulin 4 4 2 4 4 2 4
Middlesex 14 68 9 64 65 36 42 35 33 46 8 5 1 1
Norfolk 2 12 1 10 9 7 9 5 5 8 2 1 2
Northumberland 1 13 3 13 12 12 9 10 8 2 6 1 1
Ontario 4 98 4 96 96 81 67 80 57 35 29 6 9 6 1
Oxford 11 59 10 56 57 20 40 34 11 26 3 5
Peel 22 92 11 89 88 55 48 19 34 35 21 11 5
Perth 0 11 0 11 11 11 9 8 10 8 4 4 1 1
Peterboro 9 25 2 34 34 21 19 20 22 13 11
Prescott 2 2 0 2 2 2 2 2 2 1 2
Renfrew 0 3 0 2 2 4 1 1 2 1
Simcoe North 1 18 2 18 17 15 13 7 14 12 4 2 6
Simcoe South 3 19 6 19 17 17 9 9 12 10 6 3 1 1
Thunder Bay 0 4 0 4 1 0 4 1 4 2 4
Victoria 0 7 2 7 7 4 2 5 2 2 1
Waterloo 5 19 2 18 18 9 12 14 4 3 3 1
Welland 0 7 0 7 6 6 5 5 5 2 1
Wellington 11 48 9 48 44 42 25 25 38 27 10 8 2 7 1
Wentworth 5 13 0 9 8 9 2 4 3 7 3 3 2 1
York 6 101 1 101 100 73 72 58 45 46 23 12 2 2 1

Totals 134 843 107 824 806 579 524 448 444 411 176 97 34 31 '12 15

% of Total 98 96 69 62 53 53 49 21 12 4 4 1 2
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