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FOREWORD

It is a pleasure to present the 1963 Progress Report (10th Annual) for the Department 
of Soil Science. The report, compiled and edited by Dr. M.H. Miller, reviews the research 
and advisory program of the Department for hie period April 1, 1963 - March 31, 1964.

The research program of the Department of Soil Science embraces a wide range of 
aspects of soil science. Basic and applied studies are being carried on in soil genesis and 
mineralogy, soil survey, soil management (soil physics, chemistry and fertility) and in 
agricultural meteorology. The overall objective is to provide sound information on which to 
base recommendations for the most effective use and management of the soil resources of 
the Province and on individual farms. Of necessity, special emphasis is placed on certain 
problems as they appear to be of major significance in Ontario. It is our constant aim, how
ever, to provide answers to the problems of to-day and to those that will arise in the future 
as Ontario farmers move toward more intensive use of land and ever increasing levels of 
production per acre.

Although this report reviews the major research and advisory work of the Department 
of Soil Science, some research is omitted because it has not progressed far enough to provide 
complete and useful information. In 1963, increased emphasis has been placed on research 
in several areas, for example (1) the use capability and interpretive classification and mapping 
of soils, (2) the time of application and method of placement of fertilizer for corn and forage 
crops, (3) the extent of trace element deficiencies on general farm crops in Ontario, and (4) 
the characterization of soil organic matter.

Mr. D.H. Bowman resigned on July 1, 1963, to continue graduate study. Mr. C.G. 
Sherrell resigned on July 26, 1963, to accept a position with Rukuhia Soil Research Station in 
New Zealand.

We welcomed to the faculty Dr. R.W. Arnold (May 6, 1963) a native of Iowa and a 
graduate of Iowa State and Cornell Universities and Dr. R.L. Thomas (October 21, 1963) a 
native of Alberta and a graduate of Alberta and Ohio State Universities. We are also pleased 
to have Dr. J.D. Colwell, Senior Research Officer, Division of Soils, Commonwealth Scientific 
and Industrial Research Organization in Australia with us as a visiting professor from 
November 15, 1963 to June 14, 1964.

During the year we assisted or were assisted by several departments and branches 
of the Ontario and Canada Departments of Agriculture, Department of Municipal Affairs, 
Department of Lands and Forests, as well as several other Departments of the Ontario 
Agricultural College, the Soil and Crop Improvement Associations, Advisory Fertilizer Board 
for Ontario and many other organizations and individuals. We are also grateful for the co
operation of the more than thirty-five farmers on whose farms we conducted field experiments 
in 1963.

We gratefully acknowledge the financial assistance for research from the Canada 
Department of Agriculture, the National Research Council, the Foundation for International 
Potash Research, the Canada and Dominion Sugar Company Ltd., Cyanamid of Canada Ltd., 
the International Minerals and Chemical Corporation, the Toronto Anglers and Hunters 
Association, the Meteorological Branch, Canada Department of Transport, and the A.R.D.A. 
Branch of the Ontario Department of Agriculture.

B. C. Matthews
April 10, 1964 Professor and Head,
Guelph, Ontario. Dept, of Soil Science.
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APPLIED RESEARCH

Applied research provides answers to current problems in soil manage
ment and fertilizer use enabling the farmer to obtain maximum returns without 
decreasing the productivity of his soil.

This research is conducted in the laboratories and greenhouses in the 
department and on field plots located:

(1) on Puslinch Field at Guelph

(2) on the Regional Research Station at Cayuga

(3) on the Muck Research Station at Bradford

(4) on many farms throughout South-Central and Southwestern Ontario.
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SUMMARY OF WEATHER VARIABLES

THE WEATHER AT GUELPH IN 1963

The first full year of observations were completed at the new climatological benchmark 
and agrometeorological station. It was the first time that some of the measurements such, as 
net radiation, soil moisture and soil heat flow had been recorded for extended periods at the 
Ontario Agricultural College. A depth-to-water-table recording was started. Some of the 
data collected have immediate application to research projects but the data will be most useful 
only after several years of continual observations and after the fluctuations in the variables 
have been observed.

The total precipitation at Guelph during 1963 was 22.24 inches, about 10 inches below 
normal (Fig. 1). Theyear was characterized by periods of low precipitation followed by normal 
or slightly above-normal precipitation. The winter snowfall was low and by mid-April the 
precipitation was 4 inches below normal. Average rainfall was received from then until about 
June 10 but there was virtually no more rainfall until July 10 when the deficiency for the year 
reached about 6 inches. This deficiency greatly reduced the growth of forages following the 
first cut. There was a period of average rainfall until mid-August when another long period 
of below-average precipitation started. This dry period was alleviated somewhat by rainfall 
totalling over an inch in mid-September but there was only one-third of an inch from then until 
the end of October. From October 4 to 31, there was no precipitation at all. Rainfall in 
November increased the moisture content inthe upper three feet of soil, but feeze-up occurred 
in December with no build up in ground-water supplies.

The months of January and February 1963 were very cold (Fig. 1). However warmer 
weather came in the last half of March and continued until May 10 when cooler than normal 
temperatures were obtained. June and July were slightly above average in temperature but 
August and September were below average. Above average temperatures and clear skies 
accompanied the dry weather of October. The mean temperature for October was only 0.5 
degree cooler than September. Warm weather persisted until the end of November. December 
temperatures were much below the long-time average. Accumulated heat units at the end of 
September were somewhat lower than the long-term average (Fig. 1).

The 56-year average values reported in Figure 1 are from the publication “Temperature 
and Precipitation and Their Variations at Guelph, O.A.C. for the years 1901-1956” prepared 
by the Dept, of Physics, O.A.C. and available from the Dept, of Soil Science.
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Figure 1 - Comparison of Temperature, Precipitation and Heat Units in 1963 with Long-Term 
Average at Guelph.
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YEARLY PRECIPITATION FOR 1954-1963

The total precipitation during 1962 and 1963 has been considerably below normal, causing 
water shortages in wells and streams. This period of low rainfall has resulted in reduction 
in crop yields, and has affected the ground-water supplies causing problems for farmers with 
shallow wells. The precipitation and deviation from the 56-year average for the past 10 years 
is shown in Table 1. These data indicate that the deficiency is due to the below-normal 
precipitation during the last two years rather than to a long-term trend.

*56-Year Average ■ 32.0 in.

Year
Total 

Precipitation
Deviation from 
56-Year Average*

(in.) (in.)
1954 40.7 + 8.7
1955 31.9 - 0.1
1956 38.7 + 6.7
1957 35.1 + 3.1
1958 28.6 - 3.4
1959 33.4 + 1.4
1960 30.4 - 1.6
1961 30.3 - 1.7
1962 24.4 - 7.6
1963 22.2 - 9.8

10
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Precipitation and Deviation from 56-Year Average for the 
Past 10 Years at Guelph



GROUND MINIMUM TEMPERATURES ARE LOWER THAN AIR MINIMUM

A ground frost fequently occurs even though the reported minimum temperature is 
several degrees above freezing. This is because the minimum temperature at the ground 
surface is usually lower than at a 5 foot height - the height at which reported minimum 
temperatures are recorded. It is commonly known that cooler spring and fall temperatures 
occur on a clear, still night than occur on a cloudy or windy night. It is also true that the 
difference between the ground minimum temperature and the observed or predicted air 
minimum temperature is greater on a clear, still night. As examples, the air and grass 
minimum temperatures for four days at the O.A.C. Climatological Bench Mark Station are 
reported in Table 2.

TABLE 2

Air and Grass Minimum Temperatures at Guelph for Four Days 
in May, 1963.

Date Weather Air*
Minimum

Grass**
Minimum

Difference

May 26 Clear Still 38 26 12

May 15 Clear Windy 41 36 5

May 30 Cloudy Still 45 42 3

May 20 Cloudy Windy 45 43 2

*Recorded 5 feet above ground level.
**Recorded at surface of a clipped turf.

Note:

1. Differences of 12 degrees or more may occur on clear still nights.

2. Clouds and wind reduce the difference.

Thus the chances of a ground frost occurring for any predicted minimum temperatures 
will be greatest on a clear still night.



SOIL MANAGEMENT FOR CORN PRODUCTION

Phosphorus fertilizer will hasten the maturity of corn. This effect is more pronounced 
on soils that are deficient in phosphorus, i.e. where phosphorus also increases yield. In 41 
field trials over a seven-year period, the moisture content of the corn at harvest was taken 
as a measure of maturity (Table 3). All the fertilizer was banded 1 1/2 in. to the side and 
11/2 in. below the seed. All plots in a trial were harvested on the same day.
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FERTILIZER AFFECTS CORN MATURITY

TABLE 3

’he Effect of Phosphorus on Maturity of Corn. 
(Ave. of 41 Trials 1955-1961).

% Moisture in Ear at Harvest *
No Phosphorus 80 lb. P2O5./AC.

Where Phosphorus Fertilizer 
Increased Yield (23 Trials) 40.7 36.9

Where Phosphorus Fertilizer Caused 
Little or No Increase in Yield (18 Trials) 36.6 35.4

*1% difference in moisture is approximately equal to 2 days difference in time of maturity.

Note:

1. Phosphorus decreased the moisture content of the ear almost 4% (hence 8 days earlier 
maturity) on sites where yield was increased by phosphorus application.

2. A much smaller decrease in moisture (1%) was obtained when yield was not increased 
by phosphorus application.

The effect of phosphorus on moisture content was very consistent. By comparison, the 
effect of nitrogen and potassium was less pronounced and much more variable. The average 
effects of nitrogen and potassium ferilizer on maturity are shown in Table 4.



TABLE 4

The Effect of Nitrogen and Potassium on Maturity of Corn. 
(Average of 41 trials 1955-1961).

*1% difference in moisture content is approximately equal to 2 days difference in maturity.

% Moisture in Ear at Harvest*
No Nitrogen 120 lb. N/Ac.

Where Nitrogen Fertilizer 
Increased Yield (18 trials) 38.2 37.4

Where Nitrogen Fertilizer
Caused Little or No Increase in Yield 

(23 trials) 36.6 37.7

% Moisture in Ear at Harvest*
No Potassium 80 lb. K2O/AC.

Where Potassium Fertilizer 
Increased Yield (20 trials) 37.1 36.6

Where Potassium Fertilizer
Caused Little or No Increase in Yield 

(21 trials) 37.7 37.9

Note:

1. On the average, nitrogen slightly decreased moisture in the ear when a yield response 
was obtained but increased it when no yield response was obtained.

2. Potassium had less effect than nitrogen on the moisture content of the ear at harvest.

Although the data in Table 4 are average values, nitrogen and potassium fertilizer 
frequently increased moisture content of the ear even when a yield response was obtained. 
The effect of nitrogen andpotassium on maturity of corn cannot be predicted with any certainty.

13



FERTILIZER PLACEMENT

A series of experiments has been initiated to determine the optimum method of fertilizer 
application for corn. While this work is not completed the results to date permit several 
tentative conclusions.

TABLE 5

Yield of Corn with Phosphorus and Potassium Applied by 
Two Methods. (Average of two experiments in 1963).

Method of Application ______ Yield of Corn (bu./ac.) with:______  
Phosphorus*  Potassium*

None Applied 54 56

Disced in before seeding 58 62

Banded 1 1/2 ” to side and 1 1/2 ” below seed 
at planting.

'  69 72

*Stover removed 1961-1963.
**A11 plots in corn 1957-60 with stalks returned and 75 lb. N/ac. applied.

*Data are average yields from two rates of application of the nutrient. The effect of placement 
was the same at both high and low rates.

Note:

1. Broadcasting and mixing either phosphorus or potassium into the surface soil by discing 
is a rather inefficient method of application. This inefficiency compared to band 
application was probably accentuated by the dry season in 1963.

2. In these experiments in 1963, when phosphorus and potassium were plowed down, 
yields were equivalent to those where the fertilizer was banded.

TABLE 6

Yield of Continuous Corn*  on Haldimand Clay**  (Cayuga) 
with Nitrogen Applied by Two Methods.

Method of Application Yield of Corn (bu./ac.)
1961 1962 1963 Ave.

No Nitrogen 85 55 23 55

60 lb. N/ac. banded at planting 100 76 83 86

45 lb. N/ac. broadcast in spring 
and disced in, 15 lb. N/ac. at planting.

95 72 72 79
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Note;

1. Yield of corn declined rapidly when no nitrogen was applied.
2. In all three years, yields were higher when all the nitrogen was banded at planting time.

The data in Table 5 and 6 indicate that broadcasting and discing fertilizer into the surface 
is not an effective method of application for any of the three nutrients. Further trials are in 
progress to evaluate alternate methods of application. Although these trials may result in 
changes in placement methods, the currently suggested methods are given below.

Suggested Methods of Fertilizer Application for Corn

1. All or most of the phosphorus and at least 10 to 30 lb. of nitrogen/acre should be placed 
approximately 1 1/2 in. to the side and 1 1/2 in. below the seed at time of planting.

2. Potassium may be applied 1 1/2 in. to the side and 1 1/2 in. below the seed at planting 
or plowed down before planting.

3. Nitrogen in excess of that applied with the planter may be plowed down before planting 
or placed at least 3 in. below the soil surface before or after planting.

4. Fertilizer should not be applied in contact with corn seed. Rates as low as 50 lb. of 
dry fertilizer per acre can cause serious reduction in germination of corn.

5. If a grain drill must be used for planting corn, the fertilizer should be plowed down 
or drilled-in at least four inches before planting rather than applied with the drill at planting.

TABLE 7

Yield of Corn on Haldimand Clay*  With and Without a Starter 
Application of Potassium.

Treatment** 1953-63 Average 1963

Check 60 84

Nitrogen + Phosphorus 79 112

Nitrogen + Phosphorus + Potassium 79 113

*Soil test indicated no potassium requirement.
**Fertilizer applied 1 1/2 in. to side and 1 1/2 in. below seed.

Note;

1. No yield response to the starter potassium.
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STARTER APPLICATIONS OF POTASSIUM

Corn frequently responds to a small application of phosphorus at planting even when the 
soil is well supplied with phosphorus. This does not appear to be true for potassium. In an 
experiment on Haldimand clay at the Regional Research Station at Cayuga over the past eleven 
years, 40 lb. K2O/acre has been applied at planting on a soil well supplied with potassium. 
The results are shown in Table 7.



CONTINUOUS CORN CAN BE GROWN ON HALDIMAND CLAY

Corn has been grown continuously since 1953 on Haldimand clay at the Regional Research 
Station at Cayuga. The soil is similar in many respects to several thousand acres of land in 
the counties of Haldimand, Lincoln, Welland, Wentworth, Halton and Peel. It has a clay content 
of about 40% in the surface and more than 60% in the subsoil. The drainage is imperfect.

In 1952 studies were initiated to determine the effect of several crop sequences and 
management practices on crop yields and soil physical properties. One crop sequence was 
continuous corn. The yields obtained under a management system which included annual 
application of 80 lb. N./acre plus 5 tons manure/acre with the corn stalks removed are shown 
in Table 8.

TABLE 8

Yield of Corn in a Continuous Corn Sequence on 
Haldimand Clay.

Corn Yield (bu./ac.)
1953 Ave. 1953-56 Ave. 1960-63 1963

88 76 85 91

Note:

1. Yield in 1963, the eleventh year in corn, was as high as in 1953, the first crop year.
2. The average of the last four years (1960-63) was higher than the first four years 

(1953-56).

These data indicate that continuous corn can be grown on soils such as the Haldimand 
clay without reduction in yield. It is likely that yields could have been increased during the 
eleven-year period if higher rates of fertilizer, particularly nitrogen had been used.
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FORAGE CROP FERTILIZATION

LEGUME-GRASS MIXTURES SHOW PROFITABLE RESPONSE TO PHOSPHORUS 
AND POTASSIUM

TABLE 9

Yield of Alfalfa-Brome Hay on Otonabee loam with Four Rates 
of Phosphorus and Potassium Fertilizer * (Ave. of 3 Years)

*Requirement by soil test = 40 lb. P2O5/ac. and 80 lb. K2O/ac.
**Hay valued at 20.00 per ton of dry matter; phosphorus 10(₵/lb. P2O5; potassium, 6₵/lb.K2O.

Phosphorus Potassium
Phosphorus Dry Matter Net** Potassium Dry Matter Net**
Applied Yield Returns Applied Yield Returns

lb.P2O5/ac./yr. Ton/ac. $/ac. lb.K2O/ac./yr. Ton/ac. $/ac.

0 2.95 - 0 2.96 -
30 3.29 3.80 30 3.24 3.80
60 3.41 3.20 60 3.43 5.80

120 3.58 0.60 120 3.89 11.40

Note;

1. Over 0.5 tonyield increase was obtainedfor phosphorus and almost 1 ton for potassium.
2. Most profitable rate of phosphorus was 301b. P2O5/ac. An additional 30 lb. P2O5/ac./yr. 

costing $3.00 produced only 0.12 ton of hay worth $2.40.
3. Most profitable rate of potassium was 120 lb. K2O/ac., the highest rate used.

These data further emphasize the value of potassium fertilization of a grass-legume 
mixture. Although the phosphorus requirements are generally lower, profitable response can 
be obtained if soil tests indicate phosphorus is required.
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Previous reports (See 1962 Progress Report, Page 19) have shown the response of alfalfa- 
brome mixtures to potassium on a Burford loam at Guelph. The Burford soil tested high in 
phosphorus; hence little response was obtained to this nutrient. A similar experiment has 
been in progress since 1961 on an Otonabee loam at Woodville in Victoria County. The average 
yields during the past three years are shown in Table 9.



PHOSPHORUS AND POTASSIUM REQUIREMENTS OF FORAGE SPECIES

The level of phosphorus and potassium required in the soil for a crop depends upon two 
factors:

1. The concentration of the nutrient required in the plant tissue.
2. The ability of the crop to absorb the native and applied forms of the nutrient.

Greenhouse experiments were conducted during the past year to determine the relative 
requirements of several forage species for phosphorus and potassium. Several crops of 
different species were grown on the same soils with and without additions of phosphorus and 
potassium. The phosphorus and potassium, when applied, were mixed throughout the soil. The 
concentration of the nutrients in the tissue of four species is shown in Table 10.

TABLE 10

Phosphorus and Potassium Content of Tissue from First Cut 
of Four Forage Species Grown in the

Greenhouse

No P Applied 920 lb.P2O5/ac. No K Applied 480 lb.K2O/ac.

Alfalfa .20 .24 1.21 1.86

Birdsfoot Trefoil .20 .24 1.51 2.36

Timothy .23 .35 1.49 2.54

Orchard Grass .24 .33 1.11 2.78

1. % Phosphorus was higher in grass than in legume species at both rates of phosphorus 
application.

2. % Potassium (K) in grass and legume species was similar when no K applied.
3. % Potassium (K) in grass was higher than in legume species when adequate K was applied.
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The ability of the four species to remove native and applied potassium is shown in Table 11

TABLE 11

Native and Applied Potassium Absorbed in 10 Cuts of Four 
Forage Species Grown in the Greenhouse on the Same Soils

Soil K Absorbed* % of Applied K Absorbed
(mgm./pot) (%)

Alfalfa 326 65

Birdsfoot Trefoil 401 71

Timothy 561 82

Orchard Grass 517 87

*K absorbed when no fertilizer applied.
Note;

1. The grass species were better able to absorb both the soil and fertilizer potassium 
than were the legume species.

Because the grass species are better able to absorb the soil and fertilizer potassium 
than are the legumes, the legume in a grass-legume mixture will show potassium deficiency 
before the grass.
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In an experiment on Burford loam at Guelph, the “hay” in an oats-hay-hay-corn sequence 
consists of either a pure bromegrass, brome grass-alfalfa mixture or a fallow. Nitrogen was 
applied at varying rates to the “hay” crop each year and the residual nitrogen was measured 
in the succeeding corn crop. From yield and nitrogen contents of the crops, it is possible to 
calculate the percent recovery of the added nitrogen in the crop. The data for the brome-grass 
are shown in Table 12.

TABLE 12

Yield and Nitrogen Utilization by a Pure Bromegrass Crop 
on Burford Loam (1961-63)

♦Nitrogen in crop at each rate minus that at O N as a % of applied nitrogen.

N Applied Each 
Hay Year

Yield of Dry Matter Applied N Recovered*
Hay

Corn
Hay

Corn Total1st Yr. 1st & 2nd Yr. 1st Yr. 1st & 2nd Yr.
(Ib./ac./yr.) 

0
(cwt./ac.)

15.6 29.1
(cwt./ac.)

72.8 — —
(%)

—
80 35.5 85.5 68.9 41 58 -2 56

160 72.5 153.4 74.4 84 92 3 95
320 92.5 172.2 86.4 77 70 7 77

Average 67 73 3 76

Note;

1. Average of 67% of applied N recovered in first-year hay crop.
2. Average of 73% of applied N recovered in the two hay crops.
3. Little nitrogen remained for the succeeding corn crop even with a total of 640 Ib.N/ac. 

applied to preceding grass crops.

These data illustrate the capacity of pure grass-stands to absorb and utilize large amounts 
of applied nitrogen.

The yield and nitrogen utilization by the bromegrass-alfalfa crop are shown in Table 13.

20

UTILIZATION OF APPLIED NITROGEN BY FORAGES



*Nitrogen in crop at each rate minus that at O N as % of applied nitrogen.

N Applied Each 
Hay Year

Yield of Dry Matter
Hay
1st Yr.

Yield of Dry 
Matter Hay

1st & 2nd Yr. Corn

Applied N Recovered
Hay

1st Yr.

Applied N 
RecoveredHay

1st & 2nd Yr. Corn Total
(Ib./ac./yr.) (cwt./ac.) (cwt./ac.) (%)

0 91.3 170.1 95.4 — — ——
40 96.9 166.8 107.1 15 -16 22 6
80 96.4 166.7 95.1 27 9 -1 8

160 88.0 157.8 98.4 12 7 1 8
Average 18 0 7 7

Note:

1. Yield of bromegrass-alfalfa without applied N was as high as that of bromegrass with 
320 lb. N/ac./yr..

2. Yield of corn following the bromegrass-alfalfa without applied N was as high as that 
following bromegrass with 320 lb. N/ac./yr..

3. The nitrogen applied to the grass-legume did not increase the nitrogen absorption by 
the three crops.

The nitrogen content of the three crops in the grass-legume sequence when no nitrogen 
was applied was over 400 lb. N/ac. more than that in the grass sequence without nitrogen. 
Thus the two years of legume increased the available nitrogen in the soil by at least this 
amount.

The low recovery of the nitrogen applied to the bromegrass-alfalfa may be due to one or 
a combination of two factors.

a. The legume supplied all the nitrogen the three crops were able to absorb.
b. The application of nitrogen to the legume suppressed the fixation by the legume so 

the total nitrogen supply remained constant.
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TABLE 13

Yield and Nitrogen Utilization by a Bromegrass- 
Alfalfa Mixture on Burford Loam (1961-63)



The recovery by corn of nitrogen applied to the fallow plots is shown in Table 14.

TABLE 14

Yield of Corn and Recovery of Nitrogen Applied 
to Fallow Plots in Previous Two Years

♦Nitrogen in crop at each rate minus that at O N as a % of applied nitrogen.

N Applied to Fallow
1961 and 1962

Dry Matter 
Yield of Corn (1963) N in Corn

Applied N*  
Recovered

(lb./ac./year) (cwt./acre) (Ib./ac.) (%)
0 78.9 84 —

40 84.8 94 12
80 98.8 121 23

160 95.2 111 8
Average 14

Note:

1. Although corn was deficient in N (yields increased with N) only an average of 14% of 
applied N recovered.

The low recovery of nitrogen applied to fallow must be due to one or a combination of the 
following three factors.

a. Applied N was leached from absorption zone.
b. Applied N was converted to a less readily available form by microorganisms.
c. Denitrification of the nitrate and loss to the air as ammonia.

The same factors could account for the low recovery by corn of nitrogen applied to the 
grass-legume crop.
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Pure grass stands require substantial amounts of fertilizer nitrogen for high yields (See 
Progress Report 1962 pp. 20 and 21). Excessive use of nitrogen may result in accumulation 
of nitrates in the plant tissue. Accumulation of nitrates is higher under conditions of restricted 
growth caused by cloudy weather or drought.

Feeding forages containing high concentrations of nitrates to cattle may lead to loss in 
milk production, abortion, or anoxia (physiological suffocation) because of a failure of the blood 
to transport oxygen. Cornell data indicate that a forage must contain over one per cent nitrate 
for a cow to consume sufficient nitrate over a 24-hour period to result in a loss in production 
of milk.

The data in Table 15 indicate the yield response of orchard grass to varying rates of 
nitrogen and the nitrate content of the forage on a Burford loam soil.

TABLE 15

Yield and Nitrate Content of Orchard Grass Fertilized with 
Ammonium Nitrate

N Applied 
to

Each Cut

1st Cut 2nd Cut
Yield of 

Dry Matter
N03 

Content
Yield of 

Dry Matter
no3

Content
(lb./ac.) (lb./ac.) (%) (lb./ac.) (%)

0 512 .02 222 .04
20 1138 .01 881 .03
40 1912 .01 1280 .06
60 2006 .03 1511 .23
80 2245 .10 1355 .39

100 2407 .23 1501 .70

Note:

1. Nitrogen gave profitable increases in yield up to 40 lb. N/ac.
2. Nitrate accumulation occurred when nitrogen was applied at rates higher than that 

required for optimum yield.
3. Nitrates were higher in the second cut than the first. During this period only 0.63 

in. of rain was received creating a severe moisture deficiency on the Burford loam.
4. Even under conditions of severe drought the nitrate content of orchard grass did not 

exceed the safe level for livestock feed.
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TRACE ELEMENT RESEARCH

Alfalfa response in 1962 to boron applied in the fall of 1961 was reported in the 1962 
Progress Report. Five of the eight 1962 trials were harvested in 1963 without further treat
ment being applied to measure the residual response to boron. The data are shown in Table 16.

TABLE 16

Increase in Alfalfa Yield in 1962 and 1963 Due to Boron (3.4 lb.
Boron/Acre) Applied as a Top-Dressing in the Fall of 1961

♦1st Cut only in 1963.

County
Yield Increase (lb. Dry Matter/Ac.)

1962 1963 Total

Ontario 150 690 840
Ontario 830 -200 630
Durham 500 100* 600
Northumberland 1210 1160 2370
Northumberland 310 290 600
Average 600 400 1000

Note;

1. On two of the locations there was a large response in 1963 to boron applied in 1961.
2. The average response in 1963 was only slightly less than in 1962.
3. At each of the five locations increases of 600 lb. of dry matter/ac. or more were 

obtained over two years as a result of one application of 3.4 lb. boron per acre. (30 lb. 
borax/ac.).

The boron content of the plant material obtained from the second cut in 1962 and 1963 is 
shown in Table 17.

TABLE 17

Boron Content of Alfalfa from Second Cut in 1962 and 1963

County
1962 1963

No Boron 
Applied

Boron
Applied (1961)

No Boron 
Applied

Boron
Applied (1961)

(ppm.) (ppm.) (ppm.) (ppm.)
Ontario 16.2 31.0 17.7 32.9
Ontario No Sample 25.5 44.2
Durham 26.0 58.6 No Sample
Northumberland 22.4 53.4 18.3 46.9
Northumberland 16.9 35.3 13.8 32.6
Average 20.4 44.6 18.8 39.2
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Note;

1. Application of boron doubled the boron content in almost all cases.
2. Increases in boron content in 1963 were just as great as in 1962.

The results in Table 16 and 17 indicate that boron applied to the soil as a top-dressing is 
effective in supplying boron to alfalfa for at least two years following application.

The trials represented in Table 16 were on sandy, or sandy loam soils high in lime. Such 
soils are most likely to be deficient in boron. Additional trials were conducted in 1963 on 14 
sites representing a wider range of soils to determine the extent of the need for boron on 
alfalfa. Five rates of boron were applied as a top-dressing on established stands along with 
varying rates of phosphorus and potassium. None of the 14 trials showed yield response to 
boron. The locations of the 1962 and 1963 trials and those planned for 1964 are shown on 
Figure 2.

It can be concluded that good response of alfalfa to boron can be obtained, particularly 
on the coarse-textured, high-lime soils. The chances of obtaining widespread responses are 
much less.

Figure 2. Location of Boron Trials on Alfalfa - 1962-64
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SOIL TESTING FOR TRACE ELEMENTS

The need for application of trace elements - managanese and boron in particular - to 
some crops in certain areas of the province has been recognized for several years. Observa
tions of deficiencies and response to applications of these and other trace elements have been 
increasing in number in Ontario and adjoining states in recent years. A reasonable question 
to ask then is, “Should soil be tested for trace elements on the same basis as for the major 
nutrients?”

The answer to this question is that routine testing of farmers’ samples for trace elements 
is not likely to be adopted in the foreseeable future. The reasons for this, aside from the 
high cost of such analyses, are:

1. Deficiencies of particular trace elements are usually restricted to relatively small 
areas and to specific crops.

2. Where deficiencies occur, it is not necessary to made a different recommendation for 
each field. The amounts required to correct deficiencies are small and thus inexpensive in 
relation to the value of the crop. Thus where deficiencies are known to occur a standard 
recommendation can be made.

However, soil tests that indicate a “critical” level in the soil (the level above which a 
response is not likely to occur) will assist in delineating those soils that require trace element 
applications.

A hot-water-soluble-boron determination is a reasonably good indicator of the available 
boron in the soil (Seepage42 ). Soil samples were collected from the 1962 and 1963 field trials 
with alfalfa and analyzed for boron. The soils from those trials that showed a response to 
boron had hot-water-soluble-boron contents of less than 0.4 p.p.m. On none of the soils with 
a boron content greater than 0.4 p.p.m. did alfalfa show a response to boron. If this relation
ship is again apparent in 1964 it may be possible to tentatively accept this as a “critical” 
level of boron in the soil for alfalfa and to analyze samples collected from a larger number of 
areas to determine the extent of the requirement for boron fertilizer.
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SOIL TESTING RESEARCH

With the co-operation of the Soils and Crops Branch and Extension Branch, Ontario 
Department of Agriculture, and the Soil and Crop Improvement Associations, fertilizer trials 
were again conducted in a number of Counties. The fertilizer was applied with the farmers’ 
drill in strips of one or more drill widths across the field. The data for wheat from the 
1962-63 trials and a summary of the data since 1959 are presented in Table 18. A summary 
of similar data for other crops was presented in the 1962 Progress Report.

TABLE 18

Yield of Wheat and Returns Due to Fertilizer Applied 
by Soil Test and General Recommendation.

Net Returns from Fertilizer* ($/Acre)

County Year
Fertilizer Applied

No
Fertilizer

Soil Test 
Recommendation

Double Soil Test 
Recommendation

General
Recommendation

Elgin 1962/63 34 51
Yield (bu./ac.)

53 51
Middlesex " 42 57 54 54
Ontario " 39 55 57 57
Durham " 33 50 56 50
Victoria " 26 39 43 41
Average (5 trials) 35 51 52 50

1962/63
Average (22 trials) 

1959/63
37 46 47 48

Average (5 trials) 1962/63 12.90 8.65 6.70
Average (22 Trials) 1959/63 5.10 2.65 2.85

Gross Returns per Dollar  Spent on Fertilizer
Average (22 Trials) 1959/63 $ 1.80 $ 1.25 $ 1.25

*Wheat priced at $1.25/bu., fertilizer at 1963 prices.

Note:

1. Response of wheat to fertilizer was large in 1962/63. This response was very evident 
in the cool moist fall of 1962 and appeared to be largely due to phosphorus fertilizer.

2. Fertilizing according to soil test has produced net returns twice as great as the returns 
obtained from fertilization according to the general recommendation or at double soil 
test recommendation.

3. The general recommendations of the Advisory Fertilizer Board for Ontario should be 
followed only if no soil test has been obtained.

27

FERTILIZATION OF WHEAT BY SOIL TEST MOST PROFITABLE



Although the tests currently in use in the Soil Testing Laboratory of the Department of 
Soil Science are those that have been found to date to be the most satisfactory, research is 
continuously being conducted to improve them or to discover more suitable tests. Particular 
emphasis is now being placed on improvement of the phosphorus and nitrogen tests.

One crop of wheat and three crops of red clover were grown in the greenhouse on soils 
collected from over 100 locations in Southern Ontario. The yield and phosphorus content of 
these crops were related by regression analyses to the phosphorus extracted from the soils 
by various extractants. An extraction with 0.5M sodium bicarbonate appeared to be a better 
measure of the available phosphorus content of the soil than the test currently in use. The 
correlation coefficient, which indicates the degree of relationship (r = 1.0 is a perfect relation
ship), for the sodium bicarbonate extraction was 0.94 whereas that for the current test 
(0.1N HC1 + 0.05N NH4F) was 0.80. A 0.3N sodium hydroxide was less effective (r= 0.68). 
Other tests are also being evaluated.

After selection of the most effective test, it is necessary to calibrate the test against 
response to fertilizer in the field before it can be use in making fertilizer recommendations. 
Yield data have been collected for seven crops on a total of 150 sites during the past ten years 
and have been used to prepare the present fertilizer requirement tables. These data are now 
being used to further evaluate the sodium bicarbonate test.

A similar project has been initiated to evaluate various tests for available nitrogen.
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NEW TESTS FOR PHOSPHORUS AND NITROGEN BEING EVALUATED

FERTILIZATION AND MANURE INCREASE PHOSPHORUS AND POTASSIUM 
LEVELS IN SOIL

Phosphate and potassium ions are held tightly on soil particles. Thus they are quite 
immobile in the soil, i.e. they move very slowly in relation to the rate of absorption by a plant 
root. A plant root, therefore, can absorb these ions from only the small volume of soil 
surrounding the root. Because roots contact only a small proportion of the soil in any one 
year, plants absorb only a portion of the available phosphorus and potassium. It is estimated 
that only 10 to 20% of the phosphorus and 30 to 40% of the potassium in fertilizers is used in 
the season of application. The remainder of these nutrients is retained in the soil in forms that 
are not readily leached but that are slowly available to subsequent crops.

When a fertilizer recommendation is made, it is recognized that plants cannot absorb all 
of the applied phosphorus and potassium. Thus the recommendation is for amounts greater 
than the crop needs. The soil level is therefore increased.

In an experiment on Haldimand clay at the Regional Research Station at Cayuga, fertilizer 
was applied at two rates to a corn, oats, wheat, red clover sequence for eight years. The soil 
test values for phosphorus and potassium at the end of the eight-year period are shown in 
Table 19.



TABLE 19

Phosphorus and Potassium Soil Tests on Haldimand 
Clay Following Eight Years of Fertilization

Total Phosphorus
Applied In 4 Years 

(lb. P2O5/ac.) 
0 100 300

Total Potassium
Applied In 4 Years 

(lb. K2O/ac.)
0 100 300

Soil Test Value 82 108 176
(After 8 years)

292 337 430

Note;

1. Soil phosphorus test was increased even at low average rate of 25 lb. P2O5/ac./yr., 
which is 50 Ib./ac./yr. less than the indicated requirement on the plot receiving no fertilizer.

2. Higher rates of phosphorus and potassium markedly increased the soil test levels.

The application of manure will also increase the soil test value. In other experiment at 
Cayuga, manure has been applied at the rate of 5 tons/ac./year for 10 years. Table 20 shows 
the soil test values at the end of this period.

TABLE 20

Phosphorus and Potassium Soil Tests on Haldimand 
Clay Following 10 Years of Manure Application

Phosphorus Test Value* Potassium Test Value*
No Manure 5 T. Manure/Ac./Yr. No Manure 5 T. Manure/Ac./Yr.

92 157 231 379

*Each value is the average for plots receiving two rates of fertilizer and in six different crop 
sequences.

Note;

1. 5 T. manure/ac./yr. increased soil tests for both phosphorus and potassium.
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SOIL TESTS FOR MAGNESIUM EVALUATED

The test for magnesium currently being used in the soil testing laboratory was compared 
with other tests for magnesium in 1963. Tomatoes were grown in the greenhouse on soils 
collected from 66 sites in areas where the supply of magnesium in the soil is relatively low. 
The yield and magnesium content of the tomatoes were related to the amount of magnesium 
extracted from the soils by different extractants. The data are presented in Table 21.

♦Indicates degree of relationship. A value of 1.0 indicates a perfect relationship.

Extractant Correlation Coefficient*

.05N H2SO4 in .1N NH4OAc (Current Test) 0.384
1N NH4OAc at pH 7.0 0.603
1N NH4C1 in Ethanol at pH 8.5 0.318

Note;

1. The normal ammonium acetate (IN NH4OAC) extractant was considerably better than 
the current test.

Detailed analysis of the data indicated that at a given magnesium content, greater absorp
tion occurred from a coarse-textured than from a fine-textured soil. Further studies are 
required to complete the evaluation of these tests.

Although the magnesium level in these soils was relatively low, there was no response to 
magnesium applications in the greenhouse.

30

TABLE 21

Relation Between Magnesium Tests and Magnesium Content of 
Tomato Plants on 66 Soils in the Greenhouse.



HANDLING MANURE IN LIQUID FORM

Large scale production of poultry and hogs has resulted in major problems in manure 
disposal on many Ontario farms. On a farm with 30,000 laying hens, five to six tons (1400 
gallons) of wet manure are produced daily. It is 75% moisture when voided and the addition 
of approximately 900 gallons of water will bring it to 85% moisture. At this moisture content 
it can be handled as a liquid, i.e. pumped. On a farm with 500 hogs, 600 to 700 gallons of 
liquid manure will be produced per day. This material is also sufficiently fluid to be pumped. 
The disposal- of manure in liquid form offers real possibilities for farmers to reduce labor 
costs.

The two systems for storage of liquid manure are (1) manure lagoons, and (2) manure pits.
(1) Manure lagoons are designed to decompose the manure through biological breakdown 

of the organic material. Lagoons are shallow ponds usually 3-5 feet deep with a relatively 
large surface area (Fig. 3a). As a result, sunlight can penetrate and air is present in the 
liquid, thus allowing bacteria and algae to break down waste material in much the same way 
as in streams and lakes.

(2) Manure pits are designed to conserve the fertility value of the manure. Manure pits 
are essentially deep storage tanks (Fig. 3b) in which partial breakdown of the manure occurs. 
Because the surface area is small relative to the total volume of the pit, air and sunlight are 
largely excluded. Therefore, decomposition is almost entirely anaerobic.

Two types of bacteria are active in decomposing the manure wastes. (1) Aerobic bacteria 
which require free oxygen in the water are active in lagoons that are shallow and not over
loaded with manure and where wind action can stir the water and keep it aerated. Aerobic 
decomposition is generally free of any objectionable odour. (2) Anaerobic bacteria do not 
require free oxygen and are active in lagoons that are heavily loaded with manure and in 
manure pits. Some objectionable odours are released during anaerobic decomposition.

The choice between manure lagoon and manure pit systems depends on the answer to the 
question “Does the value of liquid manure justify the expense of storage in a pit to conserve 
the fertility value or is it more economical to consider liquid manure as a waste, substituting 
fertilizers for the fertility value?”

Table 22 shows the average nutrient content of liquid hog manure collected from five 
manure lagoons and ten manure pits during the early fall of 1963.
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TABLE 22

Nutrient Content of Liquid Hog Manure (lb./1000 gal.)

Manure Pit Manure Lagoon
Mean Range Mean Range

pH 6.6 6.0 - 7.2 7.2 7.1 - 7.4
Nitrogen - N 37 23-77 8 2-18
Phosphate - P2O5 9 4-36 1 1-2
Potash - K2O 25 12-42 9 3-17
Calcium - Ca 7 1-14 3 2-5
Magnesium - Mg 2 0.3- 6 0.6 0.3 - 1
Sodium - Na 9.1 2-22 2.1 1.1 - 3.3
Iron - Fe 0.43 .09-1,5 0.11 ,03 - .27
Boron - B 0.18 .09-.29 0.09 .06 - .11
Zinc - Zn 0.15 .02-.29 0 0
Manganese - Mn 0.18 .01-.25 0.02 .01 - .02
Copper - Cu 0.014 .004-.05 0.003 .002 - .004
Value per 1000 gal. 

(N + P2O5 + K2O)
$6.00 $3.50 - $13.25 $1.25 $0.50 - $2.75

*Nitrogen at 10$/lb. N. Phosphorus at 10₵/lb. P2O5. Potassium at 5₵/lb. K2O.

Note;

1. Value of liquid manure from a manure pit is much greater than from a manure lagoon.

There is considerable variation in the amount of plant nutrients in the liquid manure from 
different manure pits and lagoons. This variation is due in part to differences in the stage of 
decomposition of the solid material. In all instances, only the liquid portion (free of suspended 
solids) was analyzed. In the manure pit system, however, a considerable amount of suspended 
solid is normally present. Thus the total fertility value would be greater than that indicated 
in Table 22.

It is likely that the cost of installing a manure pit rather than a manure lagoon is more than 
justified by the fertility value of the manure that is saved if the manure can be used in a crop
ping program.
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Suggested Application Rates

Plant nutrients in liquid manure will not volatilize easily when applied to the soil surface. 
Loss of nitrogen to the atmosphere should be minimized if the liquid readily seeps into the 
soil. Liquid manure should be considered as a part of the fertility program on a farm and be 
used to supply all or a portion of the fertilizer requirements indicated by soil test. The follow
ing rates are for liquid hog manure. If liquid poultry manure is used the rates should be 
reduced to one-half those listed.
Corn - up to 3000 gal./ac. can be used safely on corn and may be applied in the fall or 
preferably in the springprior to planting. Sidedressing of corn with liquid manure immediately 
following planting can also be done.
Grass Hay or Pasture - up to 2000 gal./ac. can be broadcast in early spring before growth 
commences. First cut hay may have a tendency to lodge. Either cut early and use for silage 
or pasture early.
Small Grains - up to 1000 gal./ac. may be applied before planting where lodging is not likely 
to be a problem.
Other Crops - Potatoes, cucumbers and other crops that respond well to nitrogen may give 
good responses to liquid manure.

a. - Manure Lagoon

Figure 3 - Systems for Storage of Liquid Manure.

b. - Manure Pit
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SOIL SURVEYS AND REPORTS

With the co-operation of the Canada Department of Agriculture, soil surveys were 
conducted in Northumberland, Wentworth and Halton Counties in 1963. The field mapping, 
in these counties, is now completed and a total of 579,300 acres were surveyed in 1963.

Soil survey reports for Lincoln, Wellington, and Lennox and Addington were published. 
The following is a list of the publications of the Ontario Soil Survey. These are available from 
the Department of Soil Science.

34

SOIL SURVEY REPORT AND MAP

Report No. Report No.
8 Northwestern Ontario including 22 Lambton (1957)

Rainy River Clay Plain, Dryden 23 Ontario (1957)
area and Thunder Bay area. (1945)* 24 Glengarry (1957)

9 Durham (1947) 25 Victoria (1958)
10 Prince Edward (1949) 26 Manitoulin (1960)
12 Grenville (1950) 27 Hastings (1962)
13 Huron (1952) 28 Oxford (1961)
14 Dundas (1952) 29 Simcoe (1962)
15 Perth (1953) 31 Parry Sound (1962)
16 Bruce (1954) 33 Prescott & Russell (1962)
17 Grey (1954) 34 Lincoln (1963)
18 Peel (1954) 35 Wellington (1963)
19 York (1955) 36 Lennox & Addington (1963)
20 Stormont (1955)
21 New Liskeard-Englehart Area (1956)

* Date of publication

SOIL MAPS FOR LIMITED DISTRIBUTION
Map No.

1 Norfolk
3 Kent
5 Welland

In addition to the above published maps and reports,photostat copies are available for a 
limited distribution at a cost of $1.00 per copy in black and white.

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



One of the major projects being undertaken by the Agricultural Rehabilitation and Develop
ment Administration (A.R.D.A.) is the making of a Canadian Land Inventory. Such an inventory 
includes the interpretation of present soil maps in terms of soil use capability classes and 
subclasses and the preparation of maps showing the soil use capability for agriculture. The 
preparation of a soil use capability inventory for Ontario is under the direction of the Ontario 
Soil Survey with financial assistance from A.R.D.A.

In 1963, soil use capability maps were prepared for Carleton, Dundas, Frontenac, Glen
garry, Grenville, Lanark, Leeds, Prescott, Renfrew, Russell and Stormont Counties. Each 
soil capability class is determined by the degree of total limitations to land use. The limita
tions of the soil for agricultural use become more severe as the class number increases from 
1 to 7.

Soil capability maps indicate the agricultural potential of a region. Of perhaps even 
greater value in assessing the agricultural potential are the actual acreages of the various 
classes. These have been calculated by Township, for the Counties of Eastern Ontario. The 
acreages of the different soil capability classes for Dundas County as an example are given 
in Table 23.

TABLE 23

Acreages of the Soil Capability Classes by Township in Dundas County

Township
Soil Capability Class

1 2 3 4 5 6 7 Organic

Mountain 8,020 14,920 11,200 5,010 12,570 — — 6,000
Matilda 12,020 24,790 15,190 5,980 3,980 70 ——— 2,100
Williamsburg 1,300 13,760 20,890 16,330 1,860 70 — 7,800
Winchester 11,590 19,460 17,160 5,840 4,200 60 —— 4,100
Total 32,930 72,930 64,440 33,160 22,520 200 — 20,000
% of Total Land Area 13.4 29.6 26.2 13.5 9.2 — — 8.1
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At the request of and with financial assistance from the Flue-Cured Tobacco Industry 
Inquiry Committee, a survey was conducted of tobacco soils in Ontario with the following 
objectives:

(a) to determine which soil types are currently being used for tobacco production
(b) to establish the relative capability of the different soil to produce tobacco
(c) to provide a reasonably precise estimate of the total acreage of potential tobacco 

soils in Ontario.

To determine the capability of different soils for tobacco production, 325 tobacco farms 
were visited in the summer of 1963. The soil on these farms was classified into one of five 
capability classes which had been established in consultation with tobacco specialists at the 
Canada Dept, of Agriculture, Tobacco Research Station at Delhi. The five classes are as 
follows:
Class I Soils capable of high production of quality tobacco. These soils are sand, sandy 

loam, gravelly sandy loam and loamy sand in texture, and occur on level topography 
and have good drainage.

Class II Soils with slight limitations for tobacco production. These limitations are moderately 
good drainage, sandy loam to loam texture surface soil over gravel or 6-12% slopes.

Class III Soils with moderate limitations for tobacco production due to moderate drainage, 
steep slopes or loam texture.

Class IV Soils with moderately severe limitations due to moderately poor drainage.
Class V Soils with severe limitations due to poor drainage.

In placing the soils in the capability classes, the climate of the area was not considered. 
Thus, any soil having the physical features of Class I land for tobacco was classified as such 
regardless of its location. It must be recognized, however, that Class I land in an area where 
climate is less favourable for tobacco production would not be as productive as Class I land 
in a more favourable climatic area.

Data on yields of tobacco, price per pound and gross returns per acre were made available 
through the Secretary of the Inquiry Committee and were related to the capability classes 
identified on each farm. The averages for 1960-61-62 are shown in Table 24.
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TABLE 24

Soil Capability Classes and Tobacco Production (1960-61-62)

Class No.
Number of 

Farms Yield Price Gross Return
(lb./ac.) ($/cwt.) ($/ac.)

I 93 1687 53.12 896.13
II 57 1576 52.27 823.78
III 50 1456 49.14 715.48
IV 22. 1294 49.45 639.88
V 3 1264 50.19 634.40

Note:

1. Gross returns were greatest from Class I soil and decreased as capability of soil 
indicated by the survey decreased from Class I to Class V.

2. The relatively large return from the Class V land may not be a true indication of 
capability due to the small number of farms.

These data indicate that a definite relationship exists between capability as indicated by 
soil characteristics and the gross returns.

Based on the information collected concerning the production on various soil types, the 
total acreage for Southern Ontario of those soil types currently used for tobacco production 
was classed as follows:

Class I - 893,000 acres
Class II - 562,100 acres
Class III - 416,100 acres
Class IV - 192,100 acres
Class V 8,200 acres
Total - 2,071,500 acres

These acreages were determined from existing soil survey maps. In addition to those types 
currently used for tobacco, other soil types considered to be suitable for tobacco production 
occupy at least 909,900 acres. In total therefore, there are nearly three million acres in 
Ontario that have soil characteristics suitable for tobacco production. The basic marketable 
tobacco acreage in 1962 was 152,186 acres or 5.1 per cent of the potential acreage.

Additional information is available in the Report of Ontario Flue-Cured Tobacco Industry 
Inquiry Committee, February 1964.
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FUNDAMENTAL RESEARCH

Fundamental research attempts to answer the question “Why?”. Although applied research 
provides solutions to the current problems in soil management, it will not create a better 
understanding of the chemical, physical and biological reactions in the soil and crop environ
ment. Creation of this understanding through fundamental research will permit us to improve 
management practices before problems develop as well as to find better solutions to existing 
problems.
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CHEMICAL AND PHYSICAL PROPERTIES OF SOME ONTARIO SOILS

An apparatus has been developed to determine the flow properties of water in soils. 
The main improvements of this apparatus are as follows: (1) a perforated cylinder has been 
used to permit the easy entry of air throughout the sample; (2) cellulose acetate filters of 
negligible impedance are used as the porous membranes, thus eliminating the need for 
tensiometers; (3) automatic air traps have been incorporated at each end so that accurate 
measurements of the flow can be made with horizontal burettes; (4) the apparatus is designed 
so that “undisturbed” soil cores may be used. Measurements can be taken in the 0-1 bar 
capillary pressure range.

Preliminary results obtained on three soils are shown in Figure 5. As expected, the fine 
sandy loam has a higher water conductivity at a lower moisture content than either the loam 
or clay loam soils. Core samples from the various horizons of representative or benchmark 
soils have been obtained and measurements are being taken in an attempt to characterize the 
flow properties of water in these soils.

Figure 4 - Capillary Conductivity of Three Soils at
Different Moisture Contents.
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Clay in soils is of great interest because of its important relationships to many chemical 
and physical properties. The exchange capacity of clay influences not only the fertility status 
of soils but may also affect the formation of a desirable soil tilth or structure.

In most soil-characterization studies, the amount of clay in soil horizons is determined 
and zones of relative concentrations noted. It is also of interest to examine the microscopic 
distribution of clay in soil relative to other recognizable soil features.

Undisturbed soil clods or cores are impregnated with plastic materials to form a rigid 
block. The block is then cut into thin slabs that are ground to thicknesses of about 30 microns. 
These thin sections arfe mounted on glass slides and observed under a microscope.

Clay minerals, like many other soil minerals, refract a polarized light beam. Thus their 
position in a soil thin section can be seen using a polarizing microscope. Individual clay 
particles are much too small to be seen with a light microscope. However, clusters of 
particle-aggregates are visible as brilliant yellowish-to-reddish brown spots under polarized 
light.

Two distinctly different distribution patterns of clay aggregates in soils are shown in 
the two photographs (Fig. 5). The magnification of these photographs is about 100 times.

In Figure 5a the clay aggregates are seen as small, slightly elongated flecks scattered at 
random throughout the soil matrix. Some of the aggregates are aligned along the left side of 
a void (black area) but most of them have no preferred orientation to other soil features. The 
larger white and grey areas are silt and sand sized mineral grains which also refract polarized 
light.

In Figure 5b the clay aggregates are seen as a multi-layered coating around a large pore 
or void (black area) in the soil material. These layers appear mottled because the small 
aggregates are not all aligned precisely with each other and so refract different amounts of 
the polarized light. In contrast to the clay aggregates in Figure 4a these show a high degree 
of preferred orientation along the surface of a void. It is believed that this alignment is due 
to translocation of the clay particles from one area to another within the soil profile.

The microscopic distribution of clay particles in addition to the macroscopic distribution 
will enhance our understanding of the developmental processes in soils and may also enable 
us to better comprehend soil behavior.
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Fig. 5a a ~ Zone of preferred orientation.
b - Matrix, lacking preferred orientation, clay 

particles show as white flecks.
c - Silt and sand size mineral grains.
d - Void within a ped.

Fig. 5b a - Coatings of oriented clays.
b - Matrix containing unoriented particles.’ 
c - Sand size mineral grains.
d - Voids between peds.
e - Concentration of iron oxides.

Figure 5 - Microscopic Distribution of Clay in Two Soils.
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, The total boron content of soils varies from 5 to 50 p.p.m. Most of the boron, which exists 
in the mineral tourmaline, is only slowly released for use by plants. Most of the boron that 
plants absorb comes from more readily soluble inorganic and organic compounds. The ease 
with which plants can obtain boron from these forms varies with chemical properties of the 
soils.

The available boron in profile samples from 8 soils was estimated using a hot water 
extraction and by measuring the boron absorption by sunflowers in the greenhouse. These 
measurements were related to other chemical properties of the soil in multiple regression 
equations.

Organic matter was the most significant factor in determining the amount of hot-water- 
soluble-boron (H.W.S.B.); the higher the O.M. the higher was the H.W.S.B. An increase in % 
Clay was accompanied by increased H.W.S.B. content but the H.W.S.B. content was lower at 
higher pH values. The pH x O.M. interaction was highly significant; the influence of O.M. on 
H.W.S.B. content being higher at higher pH values.

Percent CaCO 3 equivalent and 1/3 atmosphere moisture percentage of the soils did hot 
significantly affect the H.W.S.B.

A biological test for boron availability involves the absorption of boron by sunflowers 
grown under controlled environment in the greenhouse. The variability in this measure that 
was accounted for by soil characteristics is indicated in Table 26.

TABLE 26

Proportion of Total Variability in Boron Absorption by Sunflowers Accounted 
for by Four Soil Properties in 38 Profile Samples from 8 Ontario Soils.

♦Squared and cross-product terms included for all variables
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Proportion of Total
Variable* Variability Accounted for (R2)

H.W.S.B. 0.819
H.W.S.B. + O.M. 0.864
H.W.S.B. + O.M. + % Clay 0.931
H.W.S.B. + O.M. + % Clay + pH 0.957



The hot-water-soluble-boron accounted for a large proportion of the variability in, boron 
absorption. Addition of % clay improved the regression more than did addition of O.M. or pH. 
Although O.M. and pH had a greater influence on H.W.S.B. than % clay, the % clay appeared to 
exert an influence on absorption in addition to the influence it had on H.W.S.B. content. This 
fact was even more evident when regressions were developed using only the cultivated horizons 
from 17 soils as indicated in Table 27.

TABLE 27

Proportion of Variability in Boron Absorption by Sunflowers 
from Cultivated Horizons of 17 Soils Accounted for by Two 

Soil Properties.

♦Linear Component Only

V ariable R2

H.W.S.B.* .535
H.W.S.B. + % Clay .647
H.W.S.B. + % Clay + (% Clay) 2 .790

Addition of O.M., pH, % CaCO3 equivalent or 1/3 atmosphere moisture value did not 
significantly improve the regression.

The manner in which % Clay influenced absorption of boron cannot be determined from 
the data available. It could be speculated that plants can absorb a form of boron that is 
associated with the clay but which is not water-soluble. Alternately the % clay may exert an 
influence through its effect on moisture-holding properties of the soil.
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THE INFLUENCE OF SOIL POLYSACCHARIDES ON AGGREGATE STABILITY

A unique relationship exists between soil aggregation and soil organic matter, in that, 
stable aggregation depends on the decomposition products of the organic matter rather than 
on the total amount of organic matter. A product of the microbial decomposition of organic 
matter is a group of complex carbohydrates generally referred to as polysaccharides. Other 
workers have reported that soil aggregation increased as the amount of these compounds in 
the soil increased.

A crop sequence study on Haldimand clay provided a source of material for examination 
of the polysaccharide content of organic matter from various crop residues and from the 
application of manure. Soil aggregate stability was increased on plots receiving manure and 
where the crop sequence included two years of a grass-legume hay mixture (Table 25).

TABLE 25

Aggregate Stability and the Polysaccharide Content of Soil from Corn 
Plots in Three Cropping Sequences with Crop Residues Returned or With 

Manure Applied

*The soil aggregate stability index is the percentage of a sample >0.5 mm. that is water
stable.

**Poly saccharides are expressed as grams of polysaccharides in 100 grams of soil.

_______ Crop Residues_______  Manure___________  
Aggregation*  Polysac.** ________ Aggregation Polysac.

Continuous Corn 15 .42 18 .44
C-O-H-H 41 .50 43 .51
C-O-FW.-Rc. 37 .49 40 .48

Note;

1. Aggregate stability was greater on plots receiving manure than on plots receiving crop 
residues.

2. A slight increase in the polysaccharide content was found in soil from plots receiving 
the manure treatment or under the grass-legume mixture. The correlation between 
aggregate stability and polysaccharide content was significant, accounting for 24 per 
cent of the variation (r = 0.49).

Figure 6 illustrates the seasonal change in aggregate stability and the polysaccharide 
content. There is no marked parallelism between the two curves except under oats in the 
C-O-H-H sequence. On the fallow plot, aggregation declined steadily from the peak in early 
July while the polysacchardies remained nearly constant.

It was concluded that, while organic matter and crop sequence markedly influence aggrega
tion, the polysaccharide content of the organic matter was not wholly responsible for soil 
aggregate stability.
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Figure 6 - Seasonal Changes in Aggregate Stability and the Polysaccharide 
Content of Soil in Three Cropping Sequences.
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FACTORS AFFECTING PLANT GROWTH AND NUTRIENT ABSORPTION

An increase in soil moisture content had been found previously (1962 Progress Report, 
Page 42) to greatly increase the absorption of fertilizer phosphorus but to have little influence 
on the absorption of soil phosphorus. Soil moisture content influences nutrient absorption 
primarily in two ways; (a) the release of ions from solid forms to the solution and (b) the 
movement of the ions in solution to the root surface. Since the fertilizer phosphorus was 
mixed thoroughly with the soil, it was assumed that the influence of soil moisture on absorption 
of soil and fertilizer phosphorus should be similar. Investigations showed that soil moisture 
content at the time of mixing, during the reaction period or during the growing period did not 
influence the proportion of the fertilizer phosphorus that was extractable in successive 
extractions with ammonium chloride, ammonium fluoride, sodium hydroxide and sulfuric acid. 
Thus it was concluded that soil moisture content did not alter the fertilizer reaction products.

However, in the soil used in these experiments, the fertilizer phosphorus, after reaction 
with the soil, was in different forms than the soil phosphorus. Over 80% of the fertilizer 
phosphorus was extractable with ammonium fluoride followed by sodium hydroxide, whereas 
less than 25% of the extractable soil phosphorus was removed with these two extractants. 
This led to the hypothesis that soil moisture influenced the availability of the ammonium 
fluoride and sodium hydroxide soluble forms but not of the sulfuric acid soluble forms.

To test this hypothesis, growth chamber experiments were conducted using three soils 
which gave different fertilizer reaction products.

In the Burford and Vasey soils, over 75 per cent of the fertilizer phosphorus was soluble 
in ammonium fluoride and sodium hydroxide whereas in the Minnesing soil less than 2 per 
cent was soluble in these extractants. Almost 50 per cent was soluble in sulfuric acid.

The absorption of soil and fertilizer phosphorus from these soils by corn during a two- 
week period is shown in Table 28.
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TABLE 28

Absorption of Soil and Fertilizer Phosphorus by Corn Grown on 
Three Soils at Three Moisture Contents for a Two-Week Period

♦Moisture Equivalent - approximately equal to the moisture content at field holding capacity.

Soil
Form of 

Phosphorus
Phosphorus Absorbed (mgm./plant)

M.E.* 60% of M.E. 20% of M.E.

Burford Soil P 0.83 0.80 0.74
Fert P 4.25 3.38 2.00

Vasey Soil P 0.96 0.57 0.69
Fert P 3.11 1.78 1.14

Minnesing Soil P 0.26 0.34 0.44
Fert P 1.91 0.72 0.37

Average Soil P 0.72 0.62 0.65
Fert P 3.34 2.04 1.23

The data in Table 28 indicate that soil moisture had the same effect on soil and fertilizer 
phosphorus absorption from all soils. As in all previous experiments, the fertilizer phosphorus 
absorption was decreased with decreasing moisture content whereas the soil phosphorus 
absorption was not affected.

As the fertilizer reaction products were considerably different in the three soils, it was 
concluded that the differential influence of soil moisture on absorption of soil and fertilizer 
phosphorus was not due to differences in forms of phosphorus.
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The addition of nitrogen to a fertilizer phosphorus band had been shown previously to 
increase the absorption of the fertilizer phosphorus by corn, oats, and sugar beets. Three 
mechanisms had been proposed to explain this increase.

(a) Increased availability of the fertilizer phosphorus due to chemical reactions in the soil.
(b) Increased growth of roots in the band containing nitrogen and phosphorus.
(c) Increased physiological activity of the roots in the presence of nitrogen.

Data obtained in previous years indicated that the increased phosphorus availability 
due to chemical reactions would not account for the increase. Also, it was established that 
increased root growth was not a prerequisite for increased phosphorus absorption.

Experiments conducted in the growth chambers in 1963 have indicated that nitrogen 
increases the physiological activity of the root, thus increasing the phosphorus absorption. 
The increased absorption appeared to be due to an increased rate of translocation across the 
root cortex into the xylem. Autoradiographs of roots growing in a fertilizer band indicated an 
accumulation of phosphorus in the root when no nitrogen was added to the band or when nitrate 
nitrogen was added but no accumulationwhen ammonium nitrogen was added. The translocation 
to the tops, however, was greatest when ammonium nitrogen was applied.

When a short segment of a root was exposed to a solution containing P-32 labelled 
phosphorus, the absorption was four times greater in the presence than in the absence of 
nitrogen. Again, ammonium nitrogen rather than nitrate nitrogen was responsible for the 
increased absorption.
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THE INFLUENCE OF SOIL TEMPERATURE ON PLANT GROWTH 
AND NUTRIENT ABSORPTION

Germination and plant growth are dependant upon favourable temperature not only in the 
air above the crop, but also in the soil in which the crop grows. Temperature governs the 
release of nutrients from organic forms through microbial activity, and influences the extension 
of roots through the soil to obtain moisture as well as nutrients.

In 1963 a soil at Guelph was insulated on the surface and warmed artificially to 75°F 
throughout the growing season to study the effect on corn growth and determine the limitations 
which normal soil temperatures may be imposing. Normal mean weekly soil temperatures 
started at 50°F in May when the crop was planted, increased to 75° in early July and then 
decreased to 60° at harvest in September.

Corn yielded about 30 bu./ac. higher on the warmed soil than on the normal soil. Relative 
differences in growth were even more marked during June and July prior to pollination. Using 
insulation only, or raisingthesoiltemperature a constant 10°F above normal without insulation 
and allowing it to fluctuate to the same extent as normal, increased yields about one-half as 
much as maintaining a uniform 75°F. Without adequate fertilizer, however, the insulation 
alone did not increase yields.

Absorption of phosphorus from radioactive fertilizer placed at a 6 in. depth parallelled 
the growth on the above treatments, indicating that soil temperature was influencing root 
activity at this depth in the soil.



Greenhouse studies with lime, conducted on an acid Grimsby loam, suggested that one of 
the chief reasons for poor growth of alfalfa on this soil was manganese toxicity. Plants on 
the unlimed soil contained high concentrations (171 ppm) of manganese and showed chlorosis 
similar to that normally attributed to manganese toxicity. Application of manganese sulfate 
to the limed soils produced similar symptoms on alfalfa. (Fig. 7). Poor growth of alfalfa on 
an acid Alliston fine sandy loam and an acid Rubicon loamy sand was believed to be due in 
part to manganese toxicity although other factors were also involved.

When these three soils were heavily fertilized with phosphorus and potassium, liming 
reduced the percentage of both nutrients in the tissue. Alfalfa did not respond to molybdenum 
on any of the three soils. Nodulation did not occur in the unlimed soils.

Figure 7 - Manganese Toxicity Symptoms on Alfalfa Leaves Due to 
Acidity and Manganese Additions.
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ADVISORY SERVICES

The results of research are of value to the farmer only when they are applied to his 
farming program. The advisory services of the department are designed to assist in this 
application and to advise farmers on soil management problems.

The application of the research findings is accomplished through in-service training 
courses for extension fieldmen, through extension releases and through individual and group 
discussions with farmers.

Eleven in-service training courses in soils varying from one day to a week were conducted 
for advisory personnel of the Extension Branch, Soils and Crops Branch and the Fertilizer 
Industry,

In addition, faculty members addressed many farmer meetings and participated in several 
special programs such as Bankers’ Schools, Farmers’ Week - O.A.C., the 4-H Leadership 
Course, and the Junior Farmers .Land Use Tour.

The Soil Testing Laboratory in the department is an important part of this advisory 
service. A summary of the soil testing program of the department in 1963 is presented in 
this section.
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SOIL TESTING AND FERTILIZER RECOMMENDATIONS

An important aspect of good soil managment is the application of the proper amount and 
analysis of fertilizer for each crop. Although it is possible to establish a general recommenda
tion for each crop, greater returns can be obtained if fertilizer is applied according to a soil 
test (See page 27).

As of January 1, 1964, all of the fertilizer recommendations based on soil tests are being 
made by Agricultural Representatives, their associates and assistants, Fruit and Vegetable 
Extension Specialists, Tobacco Extension Specialists, and Soils and Crops Extension Specialists.

Awareness of the value of fertilization according to soil test has continued to increase as 
shown by the number of samples submitted to the Soil Testing Laboratory in the Department 
of Soil Science. Figure 8 shows the trend in the number of farmers who have made use of the 
soil test and the number of samples they have submitted each year since 1956. These numbers 
have steadily increased since 1958.

The number of farmers submitting samples and the total soil samples analyzed from each 
county or district in 1963 is shown in Table 29. In addition, 2,349 home garden samples were 
tested making a total of 51,075 samples for the year April 1, 1963 to March 31, 1964.

Figure 8 - Trends in Use of Soil Testing Service Since 1956.
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TABLE 29

TOTAL SOIL TEST REPORTS FOR THE YEAR 1963-64.

County
Number of 

Farmers Total Samples
Algoma 123 320
Brant 282 1150
Bruce 573 1960
Carleton 202 755
Cochrane N. 56 121
Cochrane S. 2 6
Cochrane W. 6 13
Dufferin 600 1130
Dundas 90 323
Durham 209 732
Elgin 316 1062
Essex 706 1874
Frontenac 89 244
Glengarry 135 409
Grenville 74 163
Grey 483 1748
Haldimand 266 786
Halton 205 744
Hastings 130 396
Huron 656 2669
Kenora 15 28
Kent 602 2808
Lambton 530 2202
Lanark 133 425
Leeds 87 219
Lennox and Addington 24 53
Lincoln 151 474
Manitoulin 95 270
Middlesex 479 1721
Muskoka 55 119
Nipissing 127 266
Norfolk 467 1841
Northumberland 147 459
Ontario 465 1602
Oxford 511 2071
Parry Sound 141 232
Peel 149 565
Perth 365 1460
Peterborough 180 622
Prescott 258 809
Prince Edward 130 374
Rainy River 57 113
Renfrew 267 687
Russell 182 563
Simcoe N. 248 948
Simcoe S. 466 1603
Stormont 106 366
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County
Number of 
Farmers Total Samples

Sudbury 59 140
Temiskaming 188 539
Thunder Bay 100 235
Victoria 298 828
Waterloo 208 793
Welland 127 407
Wellington 545 2103
Wentworth 218 751
York 632 2353
Miscellaneous 111 1052
TOTAL 13,926 48,726



GRADUATE STUDENT PROGRAM

54

During 1963 there were thirteen students enrolled in the Graduate School for work in Soil 
Science. In addition there were two special students who obtained training but were not 
proceeding towards an M.S.A. degree. Four students completed the requirements and were 
granted the M.S.A. degree in 1963.

1963 Graduates and Thesis Titles

Beeler, B.E. Methods of measuring the availability of magnesium in Ontario soils.
Gardiner, J.S. Response of legumes to lime application on selected Ontario soils in the green

house.
Hagarty, J.J. Utilization of phosphorus by different forage species.
Ley, A.N. Factors affecting mineralization of nitrogen by incubation.

Registered for 1963-64

For M.S.A. Degree Special Students

Baxter, R. MacLean, A.H. Dadhe, S.G.
Chan, W.T. Singh, D. Swanzy, E.B.
French, L.K. Varshney, V.C.
Humble, G.D. Wang, C.
Leonce, F.S.



PUBLICATIONS

April 1, 1963 to March 31, 1964

Extension Publications

1. Advisory Fertilizer Board for Ontario (B. C. Matthews, Chairman). Fertilizers for 
Intertilled Crops. Ont. Dept, of Agriculture Pub. No. 300 (revised): 1-11. October, 1963.

2. Advisory Fertilizer Board for Ontario (B. C. Matthews, Chairman). Fertilizer Recom
mendations for Potatoes on Mineral Soils. Ont. Dept, of Agriculture. Pub. No. 301 
(revised): 1-5. May, 1963.

3. Advisory Fertilizer Board for Ontario (B. C. Matthews, Chairman). Fertilizers for 
Cereal, Hay and Pasture Crops. Ont. Dept, of Agriculture Pub. No. 304 (revised): 1-7. 
October, 1963.

4. Advisory Fertilizer Board for Ontario (B. C. Matthews, Chairman). Fertilizer Recom
mendations for Tobacco. Ont. Dept, of Agriculture Pub. No. 305 (revised): 1-8. Sept. 1963.

5. Gillespie, J. E., Wicklund, R. E. and Matthews, B. C, Soil Survey of Lennox and Addington 
County. Ont. Soil Survey Report No. 36: 1-63. 1963.

6. Hoffman, D. W., Matthews, B. C. and Wicklund, R. E. Soil Survey of Wellington County. 
Ont. Soil Survey Report No. 35: 1-69. 1963.

7. Lane, T. H. Use of Fertilizer For Corn. Proceeding Annual Convention, Ont. Soil and 
Crop Improvement Assoc. January, 1964.

8. Miller, M. H. (Editor). 1962 Progress Report, Dept, of Soil Science. 1-63. April, 1963.

9. Wicklund, R. E. and Matthews, B. C. Soil Survey of Lincoln County. Ont. Soil Survey 
Report No. 34: 1-48. 1963.

Scientific Papers
1. Bhuiya, Z. H. and L. R. Webber. Use of soils for the disposal of sodium wastes from 

canneries. Can. J. Soil Sci. 43: 400-401. 1963.

2. Haagsma, T. and M. H. Miller. The release of non-exchangeable soil potassium to cation
exchange resins as influenced by temperature, moisture, and exchanging ion. Soil Science 
Soc. Amer. Proc. 27: 153-156. 1963.

3. King, K. M., R. W. Sheard and M. H. Miller. Note on providing a diurnal sinusoidal cycle 
in greenhouse temperature. Can. J. Plant Sci. 43: 428-432. 1963.

4. Levesque, M. and J. W. Ketcheson. The influence of variety, soil temperature and phos
phorus fertilizer on yield and phosphorus uptake by alfalfa. Can. J. Plant Sci. 43: 355-360. 
1963.

5. Reid, A. S. J. andM. H. Miller. The manganese cycle in soils. II. Forms of soil manganese 
in equilibrium with solution manganese. Can. J. Soil Sci. 43: 250-259. 1963.

6. Webber, L.R. Soil physical properties and erosion control. J. of Soil and Water Conserva
tion 19: 28-30. 1964.
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RESEARCH PROJECTS ACTIVE 1964-65

Department of Soil Science

Project No.
S. S. 1 Taxonomic Classification of Soils; Soil Surveys and their Interpretation. (Hoffman) 

(With Co-Operation of Soil Survey Staff of C. E. F., Canada Department of 
Agriculture).

S. S. 1.1. Detailed reconnaissance surveys of Ontario soils.

S. S. 3 Interpretive Classification of Soils (Hoffman) (With Co-Operation of A.R.D.A. 
Branch, Ontario Dept, of Agriculture and Research Branch, Canada Dept, of 
Agriculture).

S. S.4 Morphology and Genesis of Ontario Soils. (Arnold).

S. S. 5 Detailed Surveys of Ontario Soils. (Arnold) (With Co-Operation of A.R.D.A. 
Branch, Ontario Dept, of Agriculture and Research Branch, Canada Dept, of 
Agriculture).

S. S. 6 Characterization of Benchmark Soils. (Arnold, Webber, Willis).

S. F. 11 Calibration of Soil Tests Currently in Use and Evaluation of Fertilizer Recom
mendations on Ontario Farms. (Bates).

S. F. 11.6 Studies on the magnesium requirements of Ontario Soils for crop 
production.

S. F. 11. 7 A study of the response of perennial forage crops to P, K, and boron 
fertilizers on Ontario soils.

S. F. 11. 8 Evaluation of soil testing methods for magnesium.

S. F. 12 Evaluation of the Need for Trace Element Additions for Field Crops on Ontario 
Soils. (Miller and Lane).

S. F. 20 Soil Acidity and Lime in Relation to Establishment, Growth and Nutrient Uptake 
by Crops. (Bates).

S. F. 20.1 A comparison of banded lime and nitrogen applications with broadcast 
lime for the establishment of alfalfa in the greenhouse.

S. F. 20. 2 Greenhouse evaluation of the response of alfalfa to lime and molybdenum.

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

S. F. 23.10 Evaluation of phosphorus soil test methods for Ontario soils based 
on crop growth and nutrient uptake in the greenhouse.

S. F. 23.11 Evaluation of nitrogen soil test methods for Ontario soils based on 
crop growth and nutrient uptake in the greenhouse.
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Project No.
S. F. 24 Studies on the Fertilization of Unimproved Pasture Lands. (Sheard).

S. F. 24.1 Nitrogen fertilization of existing grass stands on poorly drained or 
rough land pasture for short term production.

S. F. 24.2 Fertilization for the establishment and maintenance of Birdsfoot 
Trefoil on rough land pastures following chemical and/or mechanical 
renovation.

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

S. F. 25.16 Influence of grasses and legumes on yield and nitrogen uptake by 
crops in rotation and on soil nutrient and organic matter properties 
of Burford loam.

S. F. 25.18 Evaluation of soil phosphorus and potassium levels in a crop sequence 
on Puslinch Field.

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

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

S. F. 25. 25 Influence of manure and corn stover on soil properties and on yield 
and nitrogen requirement of continuous corn.

S. F. 25. 26 Soil and stover management for corn.

S. F. 27 Effect of Soil Fertility, Moisture Supply and Management on Forage Crop Produc
tion. (Sheard).

S. F. 27.1 Effect of different rates of application of nitrogen, phosphorus and 
potassium on yield and nutritive value of a long-term stand of alfalfa- 
brome.

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

S. F. 27. 3 Effect of rates and times of application of nitrogen, phosphorus and 
potassium on yield and persistence of an alfalfa-orchard grass 
mixture.

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

S. F. 28.3 A quantitative study of the grass-legume nitrogen interaction of 
forage species.

S. F. 28.4 Grass-legume interactions - a greenhouse approach.
S. F. 28. 5 A study of the growth and reproductive morphology of alfalfa, brome 

grass, orchard grass and timothy.
S. F. 28. 6 A study of the criteria for the defoliation of grass species.
S. F. 28.7 An investigation of the effect of soil nutrient level, soil moisture, 

soil and aerial environment and their interactions on the changes in 
the growth curve, gross morphology and chemical composition with 
time for pure forage species. (Conjoint Project Ag. M. 64).
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Project No.
S. F. 28. 8 Response of legume and grass species to levels of soil potassium 

under greenhouse conditions.
S. F. 28. 9 Response of legume and grass species to levels of soil potassium at 

two levels of nitrogen on Brisbane loam.
S. F. 28.12 Influence of potassium salts on the yield, inorganic and organic 

composition and quality of forage species.

S. F. 29 Comparisons of Different Fertilizer Materials, Placements, and Times of 
Application for Cereals and Intertilled Crops. (Ketcheson and Bates).

S. F. 29.1 Germination of cereal grains as affected by different rates and 
sources of fertilizer materials.

S. F. 29. 2 Time and method of fertilizer application for corn.

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

S. F. 30.9 The influence of nitrogen on root proliferation and phosphorus 
absorption from a phosphate band.

S. F. E. 35 The Influence of Soil Moisture on Plant Growth and Nutrition. (Miller).

S. F. E. 35.1 The influence of soil moisture on the absorption of soil and fertilizer 
phosphorus.

S. F. E. 35.2 The relative importance of diffusion and mass flow mechanisms of 
movement of ions to plant roots.

S. F. E. 35. 3 The influence of soil moisture on movement and reaction of fertilizer 
phosphorus in soils.

S. F. E. 36 Effects of Temperature on Soil Processes, and on Growth and Nutrient Uptake 
by Crops. (Ketcheson).

S. F. E. 36.1 Evaluation of soil temperature effects on growth and nutrient uptake 
by crops in the field.

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

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

S. C. 42. 2 Extraction of different forms of phosphorus from soils.

S. C. 43 Trace Elements in Soils and Plants and Their Effect on Yield and Composition 
of Crops. (Willis).

S. C. 52 The Extraction, Characterization, and Identification of Soil Organic Phosphorus 
Compounds. (Thomas).
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Ag. M. 63 Study of the Energy and Water Balances of Agricultural Land Surfaces. (King).

Ag. M. 63.1 Measurement of potential evapotranspiration under grass cover at 
hydrologic station.

Ag. M. 63.2 Percolation losses through Guelph loam soil under grass at 
hydrologic station.

Ag. M. 63. 3 Effect of soil moisture content on evapotranspiration rate.

Ag. M. 64 Study of the Interactions of Field Crops with Their Physical Environment. (King).

Ag. M. 65 Compilation and Analysis of Current and Past Weather Data. (King).

Ag. M. 66 Development and Evaluation of Agrometeorological Instruments. (King).

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

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

S. P. 80 Physical Principles of Water Movement in Soils. (Elrick).

S. P. 80.1 The effect of sample size on the equilibrium moistrue content and 
on the outflow dynamics of soils.
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