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FOREWORD

The Department of Soils was established in 1945. It was not until 
1951, however, that land was made available to it for experimental work.

The S.A.E. farm (Soils and Agricultural Engineering Departments) 
near Guelph, was acquired in 1951. In the same year, because 30 per cent 
(9. 5 million acres) of Southern Ontario is susceptible to erosion, the Hydro
logic Station was set up at Guelph where the Department of Soils is studying 
erosion control practices, and water requirements of plants. It was evident, 
however, that experimental results on the soil at Guelph may not apply to 
all areas in the Province because of the wide variability in soils. In 1952, 
therefore, land was rented on which the Regional Research Station (R. R. S. ) 
was established at Cayuga, to study the management problems and fertility 
requirements of the fine textured soils of the Niagara Peninsula. The ac
quisition of these experimental areas has permitted a major expansion in 
the research program of the department.

The research activities of the Department are carried out in the fields 
of soil classification, soil fertility, soil chemistry and soil physics. As 
well as the experimental and investigational program, the department offers 
an extensive soil advisory service which includes soil testing, farm planning, 
and soils extension.

In addition to the research reported herein, a number of other studies 
are underway and results will be available in subsequent reports. The De
partment of Soils is also actively co-operating in a number of research 
projects being carried on by other Departments.

Most of the projects are of a long term nature and we are herewith 
presenting a progress report. This report was compiled and edited by 
Dr. B. C. Matthews.

N. R. Richards, 
Pnefessor and Head, 
Department of Soils.



SOIL FERTILITY

Personnel - J. W. Ketcheson, T.J. Heeg, R. W. Sheard, J. A. Smith

REGIONAL TESTS INDICATE RESPONSE OF CORN AND POTATOES 
TO FERTILIZER TREATMENT

The response of crops to applications of fertilizer-is affected by many 
factors such as, soil type, weather, and previous management of the soil. 
In order to get some measure of the fertilizer requirements of different 
crops, and to evaluate the productivity of the different soil types, the De
partment of Soils carries out field experiments in co-operation with different 
farmers in Ontario. The fertilizer requirements of corn, oats, wheat, hay, 
and potatoes are being studied. P few of the results for corn and potatoes 
in 1954 are reported here.

CORN

On a Brookston clay soil in Kent County and a Perth clay loam in 
Huron County different rates and analyses of nitrogen and phosphorus ferti
lizers were used, as shown in Table 1.

Rate, Fertilizer Analysis And Yield Of Corn Obtained On 
The Brookston Clay And Perth Clay Loam (1954)

Table 1.

Rate 
lb./acre

Analysis
(% n, p.2o,5, &;k2o)

Yield (bu. shelled corn/acre)
Brookston Clay Perth Clay Loam

0 25. 8 94. 2
250 0-20-0 31. 6 99.. 9
500 0-20-0 37. 7 99. 4'
150 33-0-0 42. 9 * 112.0 *
300 33-0-0 52. 3 * 101. 1
500 10-10-0 56. 4 * 118.6 *

1000 5-10-0 69. 1 * 110.0 *
1000 10-5-0 67. 4 * 106.8 *
1000 10-10-0 76. 7 * 119.0 *

* Statistically significant increase over no fertilizer.

Observations:

1. Amonium nitrate alone gave significant increase in corn yields 
but superphosphate alone did not. '

2. Nitrogen and phosphorus gave greater increases when used to
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gether.
3. The 1000 pounds of 10-10-0 gave the highest yields and there are 

indications that higher rates would have given higher yields.
4. The relatively low yields on the Brookston soil compared to the 

Perth soil are partially due to a long dry spell after planting which reduced 
the plant population to 12, 000 per acre. On the Perth soil there were 17, 000 
plants per acre.

Precision fertilizer drill in operation on a regional experimental site in a 
farmer-owned field. This machine applies different amounts of .fertilizer 

very accurately.
r T

The yield of corn following 1000 lbs. per acre application of fertilizer 
of different analyses on a Fox sandy loam in Waterloo County are given in 
Table 2. The field was plowed out of an old timothy sod shortly before the 
corn was planted. The plant stand was 14, 500 per acre.
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Rate, Fertilizer Analysis And Yield Of Corn Obtained 
On The Fox Sandy Loam

Table 2.

Rate 
lb. /acre

Analysis 
% N, P2O5, K2O

Yield (bu. shelled corn/acre) 
Fox sandy loam

0 - 14. 9
1000 5-5-0 24. 8 *
1000 10-5-0 22. 8
1000 0-5-10 33. 8 *
1000 0-5-20 26. 5 *
1000 5-5-10 43. 8 *
1000 5-5-20 50. 6 *
1000 10-5-1'0 41. 8 *
1000 10-5-20 45. 0 *

* Statistically significant increase over no fertilizer.

Observation:

1. Highest yields were obtained when a complete fertilizer was used.

POTATOES

Fertilizer test plots on potatoes were located on five different farms 
in 1954. All of the fertilizer was banded two inches to the side and slightly 
below the seed-piece.

Potash fertilization of potatoes is critical. On a soil low in potash, 
with adequate amounts of nitrogen and phosphorus added, 200 lbs. of K2O 
per acre increased yields by five times over the check. On another soil 
medium in potash with adequate nitrogen and phosphorus added, yields in
creased with K2O applications up to 100 lbs. per acre but decreased with 
higher rates of potash fertilization. The soil test should be used to pre
dict fertilizer requirement.

Quality tests were made by Department of Field Husbandry and Ex
perimental Farms Service, Canada Department of Agriculture, on the 
potatoes harvested in 1954. Excessive amounts of potash adversely affected 
potato quality. If the grower fertilizes according to soil test for most profit
able yield, no appreciable reduction in quality is likely to occur as a re-l 
suit of excess potash.

The potato crop has a high nitrogen requirement. Moreover, it is 
usually grown on a sandy soil that is low in nitrogen. On the average of all 
plots in 1954, 2000 lbs. of 10-10-10 per acre gave highest yields, 67 bushels 
per acre higher than 2000 lbs. of 5-10-10 per a6re as shown in Table 3.

The data in Table 3 show that for potatoes, as for other crops, the 
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balance of nutrients supplied is very important. High rates of P2C>5 and 
K2O without nitrogen, for example, gave 200 bushels less per acre than 
when adequate nitrogen was supplied. On soils deficient in potash, yields 
were rteduced by more than 100 bushels per acre when nitrogen and/or 
phosphorus were applied without potash.

Average Yields Of Potatoes From Five Fertility Trials In 1954

Table 3.

Rate 
lb. /acre

Analysis 
n-p2o5-k2o

Yield of Potatoes 
bu./ac.

0 - 300
1000 10-0-0 235
1000 0-10-0 243
1000 5-10-5 411
2000 5-10-5 520
1000 5-5-10 460
2000 5-5-10 542
1000 5-10-10 500
2000 5-10-10 544
2000 5-0-10 322
2000 5-10-0 268

500 10-10-10 440
1000 10-10-10 531
2000 10-10-10 612
2000 0-10-10 419

Observations:

1. The highest yields resulted when a complete fertilizer was used.
2. The same fertilizer analysis however, did not produce highest 

yields on all five locations. The fertilizer analysis and rate should be 
chosen on the basis of a soil test.

Table 4.

Mean Response Of Potatoes (bus./acre) To Different Amounts Of One 
Nutrient With Adequate Amounts Of The Other Two Nutrients 

(average of five locations, 1954)

lb. /acre Added N
Increase in Yield Due to 

P2°5 k2o

25 61 133 120
50 128 ’ 166 166
75 31 163 178

100 136 220 252
200 193 230 257
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Observations:

1. Potash fertilizer gave the largest increases in yield of potatoes.
2. Profitable response to nitrogen was obtained up to 200 lbs. of N 

per acre.

CROPS REQUIRE SOLUBLE PHOSPHORUS NEAR THE SEED 
AT PLANTING TIME

The use of phosphorus fertilizers is widespread in Ontario. For ef
ficient use of fertilizer, it is essential that the proper form and method of 
application be used.

The first roots should have access to plenty of phosphorus in order 
to obtain the young seedling’s early requirement. This requirement may 
be very high in such crops as wheat, oats, and tomatoes. To supply plenty 
of phosphorus near the roots fertilizers are usually applied with the seed, 
or banded near the seed at planting time.

Although high levels of phosphorus are required in a small volume 
of soil near the young seedling, lower levels are adequate throughout the 
larger volume into which the roots eventually grow. The phosphorus in the 
larger volume of soil may actually be present in a less soluble form, be
cause the plant’s roots take it up over a somewhat longer period of time. 
Here again various plants have different requirements for their growth, 
with wheat and alfalfa having a higher requirement than corn or soybeans.

Greenhouse Study

Superphosphate and rock phosphate are the two common forms of 
phosphorus fertilizer used by Ontario farmers. Both are suitable in build
ing up the level of slowly-soluble phosphorus in the entire rooting zone of 
soils. On acid soils, either material is effective. On neutral or alkaline 
soils, superphosphate is the most suitable source, because rock phosphate 
dissolves too slowly to be immediately effective. This was illustrated by 
the uptake of phosphorus by plants from a neutral and an acid soil in the 
greenhouse at the Department of Soils, Guelph (Table 5).

Uptake Of Phosphorus By Plants In Greenhouse

Table 5.

Treatment
Total Phosphorus - Mgms. per pot
Haldimand Soil Burford Soil

Barley Sweet Clover Barley Sweet Clover

No added phosphorus 2102 6609 2295 6043
Superphosphate starter * 2140 6685 > 1985 5088
Complete superphosphate ** 4031 11210 3263 7462
Complete rock phosphate ** 1947 7171 2114 5600
* 200 ppm. P2O5 in top 1/8 of pot.
** 200 ppm. P2O5 throughout pot. ■ 5



Haldimand Soil - pH 6. 0; Burford Soil - pH 7. 0. 

■The Haldimand soil gave the larger response to phosphorus fertilizer, 
for both the barley and sweet clover. Complete treatment with superphos
phate was the only treatment that gave a significant response of both crops 
on both soils. Rock phosphate caused a response of the sweet clover crop 
in the Haldimand soil only. This soil was more acid than the Burford and 
had a lower level of available phosphorus according to rapid soil test.

Field Experiment at Regional Research Station, Cayuga

Two rock phosphate materials, one from Africa and the other from 
Florida, U.S.A., were most effective in field experiments on Haldimand 
Clay near Cayuga, Ontario, when used along with a superphosphate starter 
(Table 6). Africa rock, phosphate, alone at .200 lbs.L t^Os/acre increased 
the yield of wheat 9. 6 bushels and the same treatment along with starter 
gave a 12. 5 bushel increase. Superphosphate treatment gave the maximum 
increase of nearly 20 bushels per acre.

Table 6.

Yield Response Of Wheat To Three Forms Of Phosphorus Fertilizer On 
Haldimand Clay (pH 6. 0)

Treatment Yield - bus. /ac.

No added phosphorus 42. 7
Superphosphate starter * 49. 6
Full superphosphate ** 48. 7
Full Florida rock ** 47. 2
Full African rock ** 52. 3
Starter plus full superphosphate 62. 6
Starter plus full Florida 47. 6
Starter plus full African 55. 2

* Starter - 20 lbs. P2O5/acre with seed.
* * Full treatment - 200 lbs. P2Os/ac. worked into the soil before planting.

Soluble phosphorus as supplied by superphosphate, is required near 
the roots of young seedlings. It should be applied as part of a complete 
fertilizer with the seed, or banded near the seed, at planting time. The 
phosphorus required after the seedling stage may be supplied by additional 
complete fertilizer banded near the seed a,t planting time or mixed thoroughly 
into the soil before planting. If mixed with the soil, rock phosphate is a 
satisfactory source of phosphorus on acid soils but only superphosphate is 
effective on neutral or alkaline soils.
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General view of Soils and Agricultural Engineering (S. A. E. ) farm.

FOLIAR APPLICATIONS OF LIQUID FERTILIZERS PROVE COSTLY

Recently, farmers have been given the opportunity to use a foliar 
spray, containing nitrogen, phosphorus and potash, instead of or in con
junction with conventional dry fertilizers. It has been known for a long time 
that plant nutrients, especially nitrogen, canbe absorbed through the leaves 
of plants. One difficulty, however, is in keeping the solutions on the foliage 
long enough for effective absorption of the nutrients. Several sprays are 
usually required during the growing season.

For the past three years, the Department of Soils has compared the 
response of corn, oats, and hay to nitrogen, phosphorus, and potassium 
fertilizers as a foliar spray with the response to the same amounts of these 
nutrients drilled with the seed at planting time in the eonveritional dry ferti
lizer form.

The foliar spray, prepared from a commercial product, contained 
approximately one-half pound of nitrogen, one pound of phosphoric acid and 
one-half pound of potash per gallon. Application rate was three gallons 
per acre as recommended by the manufacturer. For comparison a 5-10-13 
dry fertilizer was applied on the basis of the soil test and at the rate of 300 
pounds per acre to approximate the cost of the three gallon spray applica
tion. The amount of nutrients applied in each case are given below.
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Nutrient Content Of Foliar Spray And Dry Fertilizer

Table 7.

Nutrients in spray
(3 gals. /ac. ) @ $4. 95 per gal. 

lbs. /ac.

Nutrients in dry fertilizers 
(300 Iha./ac. ) @ $54^,00 per ton 

lbs. /ac.

N 1. 5 15
P2O5 3 30
k2o 1. 5 39

It is evident from Table 7, that one pound of plant food as liquid spray 
costs twenty-five times as much as in the form of dry 5-10-13 fertilizer.

In 1952 foliar spray costing about 15 dollars per acre did not increase 
yields of corn, oats or hay at S. A.E. farm. In 1953 and 1954 however, a 
similar spray treatment increased corn yields by about eleven bushels. In 
the same years, 5-10-13 dry fertilizer costing 8 dollars per'acre increased 
yields by nearly 20 bushels per acre.

The evaluation of foliar application as a method of fertilizing general 
farm crops is being continued.

The production of less expensive spray materials is a future possi
bility. Nitrogen, phosphorus, and potassium Solutions are on the market 
at prices nearly competitive with dry fertilizers. These solutions, how
ever, will be applied to the soil and not to the foliage.

Trace elements are required by crops in small amounts. Boron and 
manganese deficiencies have been corrected economically by suitable foliar 
spray. The general use of trace element sprays, however, is notrecom- 
mended unless actual deficiencies of one or more trace elements are recog
nized.

WITH ADEQUATE FERTILIZATION SOIL DEPLETING CROP ROTATIONS 
MAY MAINTAIN SATISFACTORY YIELDS

Rotation of crops from year to year is a recommended practice that 
help’s to increase yields, to control weeds and disease, and to maintain soil 
productivity. Legume crops, for example, conserve soil nitrogen and im
prove soil structure. Hence, such crops are soil-building crops. Row 
crops, such as corn, use large amounts of nutrients and also favour deter
ioration of soil structure.

Crop rotations permit crops of low nutrient requirement to be grown 
alternately with crops of higher nutrient requirement resulting in higher 
yields. Corn grown alternately with oat^ generally yields higher than corn 
grown continuously on the same field.

Results from the S. A. E. farm at Guelph however, show that adequate 
fertilizer application can maintain yields Of corn grown'continuously on a 
loam soil. Table 8 shows that fertilizer applied as required by soil test 
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doubled the yield of continuous corn unfertilized. Without fertilizer, corn 
in rotation with oats and hay yielded higher than corn following corn.

Yield Of Corn And Hay In Different Crop Rotations 1954

Table 8.

Fertilized Unfertilized

Continuous corn bus./ac. 56. 6 28. 7
Oats-hay-corn bus. /ac. 58. 4 37. 6
Hay following hay tons/ac. 2. 48 1. 96
Corn- Oats - hay tons/ac. 1. 80 0. 94

Observations:

1. Response to fertilizer of corn in continuous corn was greater than 
for corn in rotation with oats and hay.

2. Rotations alone will not maintain high yield of crops.
3. Adequate fertilization permits more frequent use of row crops 

such as corn in a rotation without decreasing yields.

CORN HAS NOT GROWN SUCCESSFULLY IN SOD ON A LOAM SOIL 
AT GUELPH

The maintenance of soil organic matter and the control of soil and 
water losses on sloping land are important problems wherever intertilled 
crops are grown. In recent years, it has been suggested that, by growing 
corn in narrow slits in a sod field, organic matter could be conserved. In 
certain areas, particularly in the U.S. this practice has met with some 
success. By adequate fertilization of the corn at time of planting, the 
growth of corn was stimulated so that it could overcome competition of the 
sod for water and plant food.

Corn grown in sod on the left; clean cultivated on the right.
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During 1952, ’53 and ’54 seasons, on the Burford loam at Guelph, 
however, the yields of corn planted in sod were extremely low even with 
adequate amounts of fertilizer while adjacent plots of corn clean cultivated 
gave satisfactory yields.

Table 9.

Yield Of Corn With Adequate Fertilization

Year In Sod 
bus. /ac.

Clean Cultivated 
bus. /ac.

1952 3. 58 77. 4
1953 0 54. 9
1954 1. 5 46. 4

Additional amounts of nitrogen up to 300 pounds of ammonium nitrate 
per acre, gave no significant increase in yields. The chief reason for the- 
failure of the corn in sod seemed to be a lack of sufficient moisture for the- 
sodcropas well as the corn. The available moisture in the soil under sod 
was extremely low at the time the corn was planted. The clean cultivated 
soil, on the other hand, had a good supply of available moisture at planting 
time. In areas receiving more rainfall during the growing season or on 
heavier soils that have a greater moisture-holding capacity, corn grown in 
sod may yield better than it did in these experiments.

NITROGEN FERTILIZATION OF A SOIL ALREADY HIGH IN NITROGEN 
DECREASED YIELD BUT INCREASED PROTEIN CONTENT OF OATS

This study was done on the S.A.E. farm at Guelph. The soil had 
adequate nitrogen for oats before fertilizer was applied.

Table 10.

N Treatment (Ibs./ac.) Yield of Oats 
bus. /ac.

Protein Content of Grain 
%

25 71. 0 12. 3
50 68. 3 15. 0

100 64. 5 17. 4
150 55. 5 18. 8

Nitrogen fertilizer caused lodging and hence a reduction in oats yield.. 
Over-fertilization can reduce yields of small grains in particular.
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AMOUNT OF LIME TO APPLY DEPENDS ON LIME REQUIREMENT 
OF THE SOIL AND THE KIND OF LIMESTONE

The use of limestone in Ontario has increased from 4, 471 tons in 1939 
to approximately 45, 000 tons per year in 1953 and ’54.

Lime is recommended to correct excessive soil acidity. Although 
plants such as alfalfa prefer alkaline soils and blueberries thrive on acid 
soils, most agricultural crops require neutral or slightly acid soils for 
maximum production.

Liming of acid soils is also beneficial in that it increases microbial 
activity in the soil. As a result nitrogen and other plant nutrients are re
leased from soil organic matter and more nitrogen is fixed from the air by 
nitrogen - fixing bacteria. Moreover liming a soil up to neutral may in
crease the availability of soil phosphorus.

The term pH denotes the degree of acidity or alkalinity of a soil. A 
pH of 7. 0 is neutral. Above 7. 0 is alkaline and below is acid.

Although the pH of a soil accurately indicates the need for lime it does 
not indicate how much lime may be required on a given soil. Recently an 
improved but time-consuming method for determining lime requirement 
has been found adequate to determine the amount of pure limestone (calcium 
carbonate) required to raise the pH of a soil any desired amount. Agricul
tural limestone, however, is neither pure calcium carbonate nor is it all 
finely divided. In estimating the amount of limestone required, therefore, 
the kind, purity and fineness of the product must be considered.

In a greenhouse study at the Department of Soils it was found that 2 
to 3 times as much calcitic stone (98.5% neutralizing value) and 4 to 6 times 
as much dolomitic stone (93. 5% neutralizing value) was required to give 
changes in soil pH over a period of six months similar to those with pure 
calcium carbonate. Fifty per cent of the calcitic particles were very fine 
and 28 per cent of the dolomitic particles were fine.

On a Haldimand clay soil at the Regional Research Station, Cayuga, 
calcitic limestone having a large proportion of fine particles is being com
pared to a dolomite limestone containing about 30 per cent fine particles.

Table 11.

Changes In pH And Calcium Content Of Haldimand Clay Due To 
Lime Treatment (Two Years After Treatment)

Limestone Treatment (Tons/ac. )
Material V 1.0 2 4 8 12

pH Ca PH Ca PH Ca pH Ca pH Ca

Calcitic . 5.7 700 6. 3 900 6. 7 1100 7.1 1400 — - - -
Dolomitic 5.7 700 6. 1 800 6. 3 800 6.6 800 6. 9 900
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Observations:

1. Finely ground calcitic stone increased pH and water soluble cal
cium more effectively than ordinary grind dolomitic stone over the two year 
period.

2. Finely ground calcitic stone, however, is at least three times the 
price of the ordinary grind dolomitic stone.

3. Alfalfa yields in relation to the lime applications will be taken in 
1955.

SOIL pH HAS A MARKED EFFECT ON INCIDENCE OF POTATO SCAB

Studies on the incidence of potato scab have been carried on by the 
Department of Soils in co-operation with the Division of Botany and Plant 
Pathology, Science Service, Canada Department of Agriculture since 1948. 
In a survey of about 100 potato fields in 1948-49, it was found that soil pH 
was the chief factor affecting the incidence of potato scab. Minimum scab 
was found in soils of pH less than 5.5 and greater than 7.0. Most scab 
occurred on potatoes grown in soils of pH 6. 0. tor 7. 0. There was noccon- 
sistent correlation between organic matter content, total nitrogen content 
or texture of the soil, or between the amount of chemical fertilizer applied 
and the incidence of potato scab.

Experimental work on potato scab control was carried on for five 
years ona potato field near Ancaster. The soil was Fox sandy loam vary
ing in pH from 5. 5 to 7. 5.

Various methods of scab control were tried with the following results: 
1. No crop rotation was found adequate in controlling scab but potatoes 

grown continuously on the same field had increased scab.
2. Soybeans plowed down as a green manure reduced scab but was not an 

adequate control.
3. Liberal applications of manure had no effect in reducing scab.
4. Soil conditioners and waste sulphite liquor did not reduce scab.
5. Reducing the air supply in the soil by covering it with a layer of rock 

wool reduced scab the first year and to a lesser extent in the second year.
6. Soilsterilants (Hexachlorocyclo-pentadiene, Orthocide and Vancide-51) 

did not control scab.
7. Applications of calcitic limestone raised the soil pH and increased the 

scab.
8. Sulphur applied at rates of 500 and 1000 lbs. per acre reduced scab in 

the first year after application but was not an adequate control. Two 
or three years of. sulphur treatment proved to be an effective control of 
scab. However, two years after treatment was discontinued, scab in
creased. It was concluded that sulphur applied to the soil can control 
potato scab but treatments must be made every year.

9. Yields of potatoes decreased with sulphur treatments particularly with 
the higher rate. The decreased yield was '-probably due to a nitrogen de
ficiency.
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10. Although sulphur treatment will control scab, it is expensive. In most 
instances, it will be more economical to grow potatoes on a different 
field each year, returning to the same field every three to five years.

NEW SOIL TEST METHODS LOOK PROMISING

Seventeen different procedures for measuring available phosphorus 
in soils have been studied and the results correlated with yield of potatoes 
in 1952, ’53, and ’54. A solution of 0. 05N H2SO4 and 0. IN NH4Ac(pH 4. 7) 
was the best extractant for phosphorus.

On the basis of this soil test method, a phosphorus fertilizer require
ment table for potatoes has been set up. After the 1955 field results are 
available, it is hoped that fertilizer requirement tables for both phosphorus 
and potassium will be available.

FLAME PHOTOMETER SHOULD INCREASE THE ACCURACY OF 
SOIL TESTS FOR POTASSIUM

A flame photometer is being calibrated for use in the soil testing 
laboratory. This instrument permits rapid and accurate measurement of 
potassium in soil extracts.- Various interferences, however, may affect 
the accuracy of the machine and these must be overcome before satisfactory 
results can be obtained.
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SOIL CHEMISTRY

Personnel - A.L. Willis, E. Witherspoon

FIVE TRACE ELEMENTS GAVE NO INCREASE IN RED CLOVER HAY 
AT GUELPH

In recent years, much interest has been aroused in regard to the use 
of trace element fertilizers for certain crops. Legumes have a relatively 
high requirement for trace elements and therefore are good indicator crops.

In the spring of 1954, red clover seeded in 1953 at S.A.E. farm, 
Guelph, was top-dressed with boron, manganese, molybdenum, copper, 
and zinc separately and in combination. Nitrogen, phosphorus, and potash 
were supplied in adequate amounts as indicated by soil test.

The yields of hay from all plots were between 3, 3'00 and 3, 850 pounds 
per acre but there were no significant differences in yield due to the minor 
element treatment.

GENERAL SURVEY INDICATES BORON DEFICIENCIES IN 
SEVERAL AREAS

Many of the soils in Ontario are high in lime. It is well known that 
boron deficiencies are more common on high lime soils.

In 1951, the Department of Soils studied the response of a legume 
crop to boron. One application was made before seeding and a second ap
plication was made in the fall of 1951. SoiTsamples were taken in the spring 
of 1951 and plant samples during the summer of 1951, 1952 and 1953. The 
work was done in Peterborough, Northumberland and Durham counties.

The water soluble boron content of four soils studied, (Otonabee loam, 
Dundonald fine sandy loam, Bondhead sandy loam and Pontypool sandy loam) 
was considered adequate for alfalfa. Plant samples taken from boron treated 
plots contained adequate amounts of boron but samples from untreated plots 
showed boron deficiency. Growth of alfalfa on the treated plots was more 
vigorous. Seed was produced on the boron treated second crop while seed 
did not set on the untreated plot.

It is evident that boron deficiency may be more common in Ontario 
and may affect a larger number of crops than is realized at present.
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SOIL PHYSICS

Personnel - L. R. Webber, W. L. Pelton

CROPPING SEQUENCE, PROPER TILLAGE AND STRIP CROPPING 
ARE EASY-TO-EMPLOY EROSION CONTROL MEASURES

In simple terms erosion may be defined as the removal of surface 
soil by moving water. Unrestricted erosion results in gullies varying in 
width and depth from shallow rills easily crossed by implements and soon 
forgotten, to deep courses over which bridges must be built. The cutting 
of gullies is preceded by sheet erosion which may remove the entire layer 
of surface soil exposing the grey unproductive subsoil. Gully erosion is 
spectacular, the most photographed and publicized, yet sheet erosion is 
more common and more serious on most Ontario farms.

A closer study of soil erosion will show that two separate and distinct 
events make up the erosion process. The first event is the detachment of 
soil aggregates or clumps from one another, and the second is the trans
portation of these aggregates by the surface flow of water.

One of the major projects at the Hydrologic Station, O.A.C. Guelph, 
is the intensive study of the factors contributing to soil erosion. In 1952, 
erosion plots were laid out on a Guelph loam on a seven per cent slope. 
Soil and water losses under different crop sequences, different tillage 
methods and strip cropping are measured each year.

Crop sequences

Sandy soils are easily detached because they lack enough clay and 
organic matter to bind the particles together and resist the separation pro
cess caused by falling raindrops. Generally, clay soils with plenty of or
ganic matter show a greater resistance to detachment, The capability of 
a soil to withstand the forces of separation depends on the stability of soil 
aggregates. Stable soil aggregates are formed under sod crops, weak ag
gregates. result under a row crop like corn and potatoes. Marked differ
ences within one soil type are shown in the following figures for the 1954 
season:

Three years of continuous corn ...... 8700 pounds of soil lost
Corn after two years of hay. ......... 400 pounds of soil lost
The outstanding control of erosion when alfalfa-brome preceded corn 

is related to an observable improvement in the stability of soil aggregates. 
The soil aggregates following a sod crop were not detached hence not avail
able for transport.

Tillage methods

Once soil aggregates have been broken up and the detachment process 
has released many particles, the soil is vulnerable to movement by surface 
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flow, The severity of the transport process depends on the amount of water 
not able to soak into the soil and the quantity of detached particles. At this 
point the proper cultural practices exert a controlling influence. If the 
surface flow can be slowed down the soil particles must fall out, because 
the quantity of material transported increases as the velocity and volume 
of surface flow increase.

Proper cultural practices have as their objective an increase in the 
surface storage capacity of a soil. This is similar to providing thousands 
of small pockets or depressions into which the surface water may accumu
late, and with time, soak into the soil. If the surface storage is not capable 
of retaining all the surface flow, then special practices are available for 
reducing the velocity at which the water moves.

The importance of surface storage was definitely shown with oats that 
were seeded down using a ridge roller or packer.

Oats, ridge-packed up and down the slope lost 15, 000 pounds of soil 
per acre in May 1953, while a plot packed across the slope lost 2, 300 pounds. 
When the small ridges are across the slope or on the contour great quan
tities of water are stored behind these small dams, but when the ridges go 
with the slope, they act as gutters to assist in a speedy surface flow.

Strip cropping

Strip cropping of sloping erodible land is a widely used cultural prac
tice on Ontario farms. The practice has reduced the amount of water lost 
from a field, but the soil losses show a greater reduction. The heaviest 
soil losses occur from the strip in corn or potatoes, but the detached 
material being transported is checked up and the velocity of flow reduced 
on reaching the hay strip. As the water is slowed up in the hay strip, the 
soil settles out, some water soaks in and the rest flows off clean.

At Guelph during 1954, on all strip cropped plots, soil and water 
losses were negligible.

Adequate Fertilization

There is a definite relationship between soil fertility levels and soil 
erosion, despite the best of cultural methods. With an adequate supply of 
plant nutrients, a dense cover of growing plants protects the soil against 
the detachment and transport processes. In many cases, the best erosion 
control a farmer can use is a higher level of soil fertility.
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Aerial view of the Hydrologic Station showing ten erosion plots, 
irrigation plots, weather instruments and the field house.

GOOD CROP ROTATIONS ARE CHEAPER THAN 
SYNTHETIC SOIL CONDITIONERS

FOR IMPROVING SOIL PHYSICAL CONDITION AND YIELD OF CORN

The Haldimand clay soil type occurs in several counties bordering 
Lakes Erie and Ontario around the Niagara Peninsula. This soil is a tough, 
plastic, acidic, impermeable clay that is low in organic matter and handi
capped by the slow movement of drainage water.

The productivity of this soil has been limited by a poor physical con
dition as evidenced by:

1. inadequate soil aeration.
2. slow removal of excess soil water.
3. low soil aggregation.
In 1952 the Department of Soils applied several widely advertised 

synthetic soil conditioners on plots of Haldima’fid clay at the Regional Re
searchstation, Cayuga. The following year a study of the effects of crops 
and crop rotation on soil physical condition was started on adjacent plots.

The primary objective was to evaluate the Conditioners as a means 
of improving soil structure and compare the results with good farming 
practices using various crops, rotations and manure.

17



The conditioner-treated plots have been in corn for three consecutive 
years and the rotation plots have been in operation for two years. A com- 
parisori of corn yields for 1953 and 1954 puts the conditioner plots at some 
disadvantage but does not invalidate the trend.

The conditioner plots have not been plowed, only disced to prepare 
a seedbed and incorporate the corn stalks. Plowing would have diluted the 
conditioner with more soil.

Table 12.

The Influence Of A Soil Conditioner On The Yield Of Shelled Corn (bus. /ac. ) 
Average Of 1953 and 1954

Treatment Corn, bus./ac.

no conditioner , 52
250 lb. mixed with 3” soil 60
500 lb. mixed with 3’’ soil 72

1000 lb. mixed with 3“ soil 82

The yields in Table 12 are the highest obtained on any of the condi
tioner treated plots. When twice the amount of conditioner was mixed with 
six inches of soil the corn yields were lower than those in Table 12.

Table 13.

The Influence Of Manure And Preceding Crop On The Yield of Shelled 
Corn, (bu./ac.)

Average Of 1953 and 1954

No Manure Manure, lOT/ac.

Corn after corn 63 79
Corn after oats 68 82

It seems reasonable to expect that the treatment “corn after corn with 
no manure’’, would reduce yields comparable to the “no conditioner’’ treat
ment when the experiments have been in operation the same number of 
years. From two year’s data the following observations are made:
1. the synthetic soil conditioner improved soil physical condition.
2. the improved physical condition was reflected in better corn yields.
3. yields of corn may be increased if a rotation is practised.
4. the incorporation of easily decomposable organic matter (manure, crop 

residues) is a more economical method of improving the physical con
dition than the use of soil conditioners.
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IRRIGATION AND FERTILIZATION INCREASE THE YIELD OF 
ORCHARD GRASS - LADING CLOVER PASTURE AT 

HYDROLOGIC STATION, GUELPH

To date, irrigation in Ontario has been used chiefly for cash crops. 
Irrigation,to maintain or increase the yield of pasture, may enable the dairy 
farmer to increase the livestock carrying capacity of his farm. It may 
assure a uniform supply of milk through drought periods when pasture pro
ductivity becomes low.

In 1952, therefore an experiment was set up to measure the effects 
of water and fertilizer on the yield of dry matter from a three-year-old 
pasture dominantly Orchard Grass and Ladino Clover.

Droughts and Water Use by Crops

The amount of water required for optimum crop growth can be es
timated by the Thornthwaite procedure using air temperature and hours of 
sunshine, According to this method a drought has occured at Guelph every 
year, except two, for the past 31 years. The monthly distribution, the 
frequency and the severity of droughts showed considerable variation from 
year to year.

(a) fertilizer applications
Two wide levels of fertility were established

1953 Applications Total (lbs,/ac.) Nutrients Applied

N p2O5 k2o

low fertility 22 66 55
high fertility (3 applications) 122 286 455

L . i. . u ; .1 icati. ) 1:
1954 Applications

low fertility 20 60 50
high fertility (2 applications) 32 84 80
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Table 13 .

Dates Of Clippings, Growth Periods, Rainfall, And 
Amount Of Supplemental Water (in inches) For Five Clippings

1953

Clipping Date
Growth

Period (Days) Rain (in. )
Irrigation Levels

0 1 2 3

First May 19 19+ 2. 61+ - - - -
Second June 17 28 7. 19 - - - -
Third July 13 25 2. 32 - - - -
Fourth Aug. 10 27 3. 86 0 0. 31 0. 63 1. 88
Fifth Sept. 9 29 0. 84 0 1. 83 2. 66 3. 66

Totals - 16. 82 0 2. 14 3. 29 5. 54
No. of irrigations 3 4 6

Table 14.

Dates Of Clipping, Growth Periods, Rainfall, And 
Amount Of Supplemental Water (in inches) For Five Clippings

1954

Clipping Date
Growth

Period (Days) Rain (in. )
Irrigation Levels

0 1 2 3

First May 19 19+ 0. 68+ - - - -
Second June 14 26 0. 56 - - - -
Third July 14 30 2. 11 0 0 1. 0 2. 5
Fourth Aug. 11 27 2. 92 0 .•>3.0 . 3. 25 3.. 0
Fifth Sept. 20 40 3. 83 0 1. 0 1. 0 1. 5

Totals - 10. 10 0 4. 0 5. 25 7. 0
No. of irrigations 4 5 5

(b) irrigation applications
Four levels of soil moisture were maintained. The “0” level re

ceived no supplemental water while levels 1, 2, and 3 received increasing 
amounts depending on the relative soil moisture levels that were desired.

The rainfall distributions for 1953 and 1954 were notably different in 
.the months of May and June. A moisture deficit developed in July 1954 
which meant that three of the five clippings were irrigated. Only the last 
two clippings were irrigated in 1953.

The pounds of dry matter given in Table 15 are the combined weights 
of legumes and grasses for each level of watering.
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Table 15.

The Production, Ibs./ac. Of Dry Matter (3 per cent moisture)
At Two bevels Of Fertility And Four Levels Of Watering For 1953 and 1954.

1953 Irrigation Levels

0 1 2 3

low fertility 3500 3700 4100 4100
high fertility 5300 5200 5400 5700

1954

low fertility 1800 2500 2900 2700
high fertility 4100 5300 5200 5200

From the production values and other data not shown here, the follow
ing observations seem warranted.

1. the high level of fertility increased production over the low level 
of fertility at each level of watering.

2. the residual fertiliser from 1953 high fertility treatment appeared 
to account for an 800 pound dry matter increase at the first clipping in 1954.

3. irrigation seemed to be more effective in 1954 than in 1953.
4. the small yield increases due to the second and third levels of 

irrigation in 1954 suggest over-irrigation.
5. fertilizer increased the protein content of grass.
6. irrigation tended to increase the legumes in the stand.

21



SOIL CLASSIFICATION AND SURVEY

Personnel - B. C. Matthews, R. F. Reid, D. J. Eagle

Canada Department of Agriculture - R. E. Wicklund, D. W. Hoffman,
J. E. Gillespie, A.B.Olding

DETAILED-RECONNAISSANCE SURVEYS

Soil surveys in Ontario are carried out on a co-operative basis be
tween the Department of Soils, O. A. C. and the Division of Field Husbandry, 
Soils, and Agricultural Engineering, Central Experimental Farms Service, 
Canada Department of Agriculture. Approximately 22 million acres of land 
largely in Southern Ontario have been surveyed and the soil types classified. 
The surveys have been done by Counties and Districts and maps and reports 
have been published or are being prepared for publication.

Present Status of County Surveys

A soil map, without a report, has been published for the following 
Counties:

Elgin, Haldimand, Kent, Middlesex, Norfolk, Welland.
These counties were surveyed before 1936, and some re-correlation 

is necessary, in the light of modern concepts of soil classification, before 
reports can be published.

A soil map and report have been published for each of the following 
Counties:

Report No. County or District

7
8

Carleton
Northwestern Ontario, i. e. Rainy River 
clay plain, Dryden Area, Thunder Bay Area

9
10
11
12
13
14
15
16
17
18
20

Durham
Prince Edward 
Essex 
Grenville 
Huron 
Dundas 
Perth 
Bruce 
Grey 
Peel 
Stormont

Photostat copies of the soil maps for the following counties are avail
able at a nominal charge.

Brant, Waterloo, Northumberland, Peterborough, Halton, Oxford.
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The soil maps and reports for the remaining Counties are in different 
stages of preparation.

County or District Present Status

York soil map is printed; the report will be published 
in 1955.

Lambton soil map is complete; publication expected in late 
1955.

Glengarry 
Temiska^ming 
Ontario

soil map is complete; publication in 1956.
soil map is complete; publication in 1956.
soil map complete; copy in office of agricultural 
representative; publication in 1956.

Victoria soil map complete; copy in office of agricultural 
representative.

Hastings 
Russell

soil map complete.
soil map complete; copy in office of agricultural 
representative.

Prescott
Manitoulin Island
Renfrew
Lincoln
Wentworth
Oxford
Simcoe
Lennox and Addington,

Frontenac and Leeds
Lanark

soil map complete.
soil map complete.
preliminary soil map prepared.
preliminary soil map prepared.
preliminary soil map prepared.
preliminary soil map prepared.
preliminary soil map prepared.
preliminary soil map prepared for the southern 
portions only.
preliminary soil map for all but the northern part 
of the County.

Proposed Surveys

In the 1955 field season soil surveys are proposed in the District of 
Parry Sound and in the remainder of Lennox and Addington, Frontenac and 
Leeds.

Soils of Southern Ontario

Approximately 500 different soil types have been mapped in Southern 
Ontario up to the present time. Work is now underway to group these soil 
types and to compile a generalized map of the soils of Southern Ontario. 
Publication of this summary of our soil resources is proposed in 1956.
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Kinds Of Soil Materials In Southern Ontario

Table 16.

Soil Material
Millions of 

Acres (Approx. )
% of 

Total Area
% of Area 

x Not Including 
Canadian Shield

Rolling loam, silt loam 8 24 40
Level silt, clay, in-

adequately drained 5 15 25
Level sand, gravel 3. 5 10 17
Hilly sand, gravel 1. 5 5 8
Muck and peat 2 6 10
Canadian Shield (bare-

rock and sand) 13 40
Total 33. 0 100

Detailed Soil Surveys

During the field season of 1954 detailed soil surveys were made for 
110 farmers who requested assistance from the Soil Advisory Service of 
the Department of Soils. These farms represented a total of 15, 000 acres.

Soil Genesis and Morphology

Fundamental research on the genesis of the major kinds of soil in 
Ontario and on improvement of the classification of Ontario soils was under
way in 1954. Three technical papers on this field of research were pre
pared for publication in scientific journals.
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LAND USE PLANNING

Personnel1 - F. F. Morwick, T. H. Lane, C. R. Leuty, D.E.Logsdail

The proper use and management of land is the first requirement for 
success on a farm and it benefits the community at large. Good soil 
management leads to high production on a sustained basis.

Since 1946 a land use planning service has been provided by the De
partment of Soils in co-operation with the Agricultural Representatives 
Branch, Ontario Department of Agriculture. The demand for this service 
has grown considerably especially in the past five years so that to date 432 
farms have been planned for improved land use in 33 Counties and Districts.

Land owners or operators who wish to take advantage of the land use 
planning service should make their request through their local agricultural 
representative. The Department of Soils prepares a detailed soil map of 
the farm showing field layout and present land use. Using this background 
information the farm planner along with the owner or operator prepares 
recommendations for soil management, crop rotations, fertility improve
ment, drainage improvement, erosion control, field rearrangement, pasture 
renovation and so forth. Finally a land use guide containing the recom
mendations is given to the farmer. The planner visits the farm frequently 
to assist in putting the new plan into operation.

Land owner discussing his land use plan with the Agricultural Representative 
and the land use planner from Department of Soils.
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Table 17 shows the distribution of planned farms by Counties and 
Districts and indicates the percentage of the farms requiring each of- the 
different land use practices. It is significant that only 7 per cent of the 
farm plans prepared to date have not been put into operation.

The benefits of land use planning increase over the years following 
the setting up of the plan. Some farmers now report increases in total pro
duction up as high as fifty per cent. *

During 1954, ninety-three farms were planned. On April 1, 1955, 
there were 144 requests for service on file.
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Dufferin 9 4 7 3 7 3 6 2 5
Durham 18 5 12 16 11 4 1 11 10 9 1 5 4 3
Elgin 2 1 2 2 2
Frontenac 1 1 1 1 1 1 1
Grey 5 4 5 2 5 5 5 3 4 2
Haldimand 9 8 9 6 9 9 6 1 8 2
Halton 13 11 11 1 5 11 5 2 1 4 2
Hastings 6 1 6 1 4 6 6 5 4 6
Huron 1 1 1 1 1 1 1 1 1 1
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Peel 38 2 28 38 2 7 38 11 20 2 14 12 8
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SOIL TESTING i r ■

Personnel - T. J. Heeg, N. J. Thomas, W. T. Ewen, R. J. Bryden

The Department of Soils maintains a soil testing laboratory to test 
samples sent in by farmers. On the basis of the soil test, fertilizer re
commendations are returned to the farmer. Table 18 shows the number 
and distribution of samples analyzed in the past year.

Table 18.

Number Of Soil Samples Tested And Reports Sent By Counties And Districts 
April 1, 1954 to March 31, 1955

County or District Number of Samples Number of Report.

Algoma 83 35
Brant 353 139
Bruce 313 111
Cochrane 77 33
Dufferin .182 60
Durham 129 53
Elgin 508 162
Essex 146 70
Grey 433 159
Haldimand 241 61
Halton 166 57
Huron 397 118
Kenora 58 31
Kent 283 74
Lambton 489 135
Lincoln 153 51
Manitoulin 63 19
Middlesex 757 231
Muskoka 40 24
Nipissing 70 35
Norfolk 507 186
Northumberland 88 34
Ontario 303 151
Oxford 314 82
Peel 252 95
Perth 985 273
Peterborough 6 53 211
Rainy River 41 15
Simcoe 665 202
Sudbury 88 ‘ 71
T emiskaming 51 17
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Table 18 (Continued).

County or District

Thunder Bay 
Victoria 
Waterloo 
Welland 
Wellington 
Wentworth 
York

Number of Samples

88
86

1, 188
217
531
339
507

Number of Reports

46
37

330
84

149
139
238

Total 11,930 4,076

The soil testing laboratories at Kemptville Agricultural School, at 
Western Ontario Agricultural School and at Central Experimental Farm 
handle most of the samples from their respective areas and, therefore, are 
not reported in the table above.

SOILS EXTENSION

Extension personnel in the Department of Soils serve on several agri
cultural committees. Assistance was given to Agricultural Representatives 
and the Soil and Crop Improvement associations in various counties '.in plan
ning soil programs.

A total of 250 public meetings were addressed during the year and 
1200 personal calls were made to assist individual farmers with their soil 
management and land use problems.
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