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FOREWORD

The 1965 Progress Report (12th annual) for the Department of Soil Science, compiled 
and edited by Dr. J. W. Ketcheson, reviews the research and advisory program of the Depart
ment for the period April 1, 1965 to March 31, 1966.

The research program of the Department of Soil Science involves basic and applied 
studies inmany aspects e.g. soil genesis and surveys, soil physics and chemistry, soil fertility, 
and agricultural meteorology. In the past year, as more funds and personnel have become 
available, increased emphasis has been placed on research on (1) land capability for agricul
ture and other purposes, (2) micronutrient requirements of general farm crops, and (3) pollu
tion of the soil and waste disposal from industrial and agricultural sources. It is the continuing 
aim, in our total research program, to provide answers to the problems of today and to those 
that may arise in the future as Ontario farmers move toward more intensive use of land and 
ever increasing levels of production per acre.

Dr. R.W. Arnold resigned on December 31,1965 to accept a position in the Department 
of Agronomy of Cornell University.

We welcomed to the faculty Dr. D.M. Brown (January 1, 1966), a graduate of the O.A.C. 
and Iowa State University, and Dr. R. Protz (January 1, 1966), a native of Saskatchewan and a 
graduate of Saskatchewan and Iowa State Universities.

At the invitationof the University of California, Dr. D.E. Elrick was visiting professor 
in soil physics on the campus at Davis during the fall semester, 1965.

During the year, we assisted or were assisted by several departments and branches of 
the Canada and Ontario Departments of Agriculture, Department of Municipal Affairs, Depart
ment 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 cooperation of the 
many farmers on whose farms we conducted field experiments in 1965.

We gratefully acknowledge the financial assistance for research from the National 
Research Council, Canada Department of Agriculture, the Foundation for International Potash 
Research, Cyanamid of Canada Ltd., International Minerals and Chemical Corporation, Hart 
Chemicals Ltd., the Meteorological Branch, Canada Department of Transport and the A.R.D.A. 
Branch of the Ontario Department of Agriculture.

B.C. Matthews,
Professor and Head,

April 15, 1966 Department of Soil Science.
Guelph, Ontario
Canada.
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RESEARCH PROGRAM

WEATHER SUMMARY

The Weather at Guelph in 1965

Temperatures were below normal for much of the year, especially in March, April, 
June, July and October. May and December temperatures were above normal and mild periods 
occurred in January, February and early March (Fig.l). Frost-free period was May 30 to 
August 30th.

Total precipitation at Guelph in 1965 was 2.5 inches above the 30-year average. This 
helped to recharge the ground water supply which has been decreasing since the late 1950’s. 
Above normal precipitation was received in January, February, October and December, with 
October over 2.5 inches above normal. Below normal rainfall was received in May and June.

The 1965 Growing Season in Ontario

The 1965 growing season was one of the coolest in recent years. It had a very short 
frost-free period (May 30th to August 30th at Guelph and in the surrounding counties of Welling
ton, Brant, Waterloo, Grey, Dufferin and parts of Simcoe). Every month but May and September 
was nearly 5°F. below normal. May was around 2-3°F. above the average for this month and 
September slightly above.

In spite of late seeding in Western Ontario, the season was very good for growth and 
grain production, as May was warm and got most crops off to a fast start. June was cool and 
dry with precipitation arriving in late June and early July to provide adequate soil moisture 
when spring grain started filling. Cool weather in July and August prolonged the filling period 
and increased yields considerably, in fact barley yields were the highest on record in Ontario. 
Experimental plot barley yields were up about 10 bushels per acre above the average and oat 
yields up about 15 bushels per acre. During August through November, however, above normal 
precipitation occurred in most areas of the province. Consequently in all areas except the 
southwestern portion of the province there was difficulty in harvesting the bountiful spring 
grain crops, especially in the Dundalk Upland and in Northern Ontario.

Hay and early season pasture growth was considerably below normal in Eastern 
Ontario due to the long dry period extendingfrom mid-April to early July. Other areas of the 
province received more adequate precipitation in the early part of the growing season and first 
cut hay was about 65 to 90% normal.

Grain corn production set another record in 1965 and the yield per acre estimate was 
only one bushel below the 1964 average yield in the province. This occurred in spite of the 
short cool season for this crop in the fringe areas of production. The abnormally warm 
temperatures in May enabled this crop to get a faster start than usual, especially when planted 
early (25 to 50 per cent of the corn was planted in the first 10 days of May). June, July, 
August and early September were very cool for corn development, consequently the crop was 
about ten days to two weeks delayed in maturity at mid-September. The accumulation of corn 
heat units was 200 to 250 below average at this time. This caused considerable delay in 
harvesting corn for grain as early harvesting was undesirable due to high moisture content 
in the corn grain. Wet weather and muddy fields in October and November made it impossible 
to harvest some fields when the kernel moisture finally reached a satisfactory level for 
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harvesting and storage, and a number of corn fields were still unharvested in late February. 
Snow covered or muddy, unfrozen ground held up harvest operations in January and February, 
although some fields were harvested at night when the ground was frozen.

In summary, the 1965 growing season was excellent for growth and production of 
cereals and corn, fair to poor for hay and pasture growth and generally poor for harvesting 
the grain crops - barley, oats, corn and corn silage - in most areas of the province.

Figure 1. Comparison of Temperature, Precipitation, andDegree Days in 1965 with Long-term 
Average at Guelph.
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SOIL MANAGEMENT FOR CORN

Source and Time of Application of Nitrogen Fertilizer

Fall applications of nitrogen could offer advantages in the scheduling of farm opera
tions but from a response standpoint, fall application of nitrogen cannot be recommended for 
Ontario.

Out of 10 trials carried out by the Department of Soil Science and the W.O.A.S., 
Ridgetown since 1962, six showed the response from fall applied nitrogen to be markedly less 
effective than that obtained from spring application of equivalent amounts of nitrogen. One 
trial showed fall applied nitrogen to be better than spring applied.

Four sources, anhydrous ammonia, urea, and ammonium nitrate were used and were 
found to give similar behavior. Other sources could be expected to behave similarly.

Furthermore, Ontario data gives no indication that fall application is more effective 
on fine-textured than on coarse-textured soils.

Recommended Methods of Application: -

1. Broadcast or plow down in spring before planting.

2. Knife in before or after planting but not when corn is more than one foot high.

3. On low nitrogen soils, band a small amount (10 pounds) of the total application near 
the seed at planting.

Select nitrogen fertilizer on the basis of cost per pound of nitrogen including the cost 
of application. Availability of equipment for application and of the material in the area must 
also be considered.

Time and Method of Applying Potassium Fertilizer

Time and method of application of potassium fertilizer for corn is under study at 
Guelph and on private farms in several counties. Data from experiments in 1963 for spring 
applications showed banding or broadcasting and plowing down equally effective, and both 
superior to broadcasting and discing into the surface (Table 1). In 1965, on one location under 
unusually favourable moisture conditions, discing was as effective as all banded or all plowed 
down.

On a low potassium soil on Puslinch Field, Guelph, the recommended potassium 
application produced the best response in corn when broadcast and plowed in the spring (Table 
2). Plowing down half in either the spring or preceding fall and banding the second half at 
planting time also gave good responses. Even the half rate banded outyielded the full rate 
banded at planting or broadcast in the fall, or the half rate broadcast in the spring.
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Table 1

Effect of Potassium Fertilizer Placement on Yield of Grain Corn

Location Banded
1/2 Plowed 
1/2 Banded Plowed Disced None

(bu./ac. - 15% moisture)

1963 Wellington Co. 64 65 63 57 41

1963 Brant Co. 82 79 78 67 70

1965 Waterloo Co. 93 99 95 94 83

Average 80 81 79 73 65

Note: 1. Disced fertilizer inferior to banding or plowing in two locations in 1963.

Table 2

Effect of Time and Rate of Potassium
Application on Yield of Grain Corn on a Soil Low in Potassium 

Puslinch Field - Guelph - 1965

Method of Application
Rate of 

40 lb. K2O/ac.
Application

80 lb. K2O/ac.
(bu./ac. -15% moisture)

Banded near seed 60 55

Broadcast and plowed in fall 53 50

Broadcast and plowed in spring 49 63

1/2 broadcast and plowed in fall - 1/2 banded 63

1/2 broadcast and plowed in spring - 1/2 banded 62

No potassium applied 39
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On soil which had been built up through previous applications of potassium (120 pounds 
K2O per acre per year), plots receiving no potassium in 1964 and 1965 yielded the same as 
potassium treated plots.

These results indicate the following recommendations in applying potassium fertilizer 
to corn:

1. Band or plow down potassium rather than disc it in.
2. Where a large application is used, part but not all of the potassium should be 

banded. Sixty pounds per acre is probably an upper limit for banded potash in 
36-inch rows. This limit should be adjusted downward for wider rows and upward 
for narrower rows.

Fertilizer With Corn Seed

The use of relatively small amounts of complete fertilizer with the seed of corn 
continued to give significant yield increases in 1965. Trials on 5 sites gave an average 
increase of 6 bushels per acre for an application of 50 pounds of 6-24-6 low salt fertilizer with 
the seed (Table 3). The average increase for 1964 was 7 bushels.

The yield increase appears to result mainly from an advance in early growth, silking 
and maturity. Along with the advance in growth, the final height of the plant was reduced and 
the ear height lowered (Table 4).

Less lodging was found in plants where a small application of fertilizer was applied 
with the seed (Table 5). The more compact nature of the plant may have contributed to this - 
particularly in the experimental plots where several rows of shorter corn may have been 
protected by the taller untreated plants.

Moisture content at maturity was lower in the treated plots (Table 6). This corres
ponds to the more advanced stage of maturity.
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Table 3

Yield of Grain Corn Using Fertilizer With Seed

Location
Fertilizer With Seed

None 50 lb. 6-24-6/ac.

1964
(bu./ac. -15% moisture)

Waterloo Co. 75 83

Guelph 90 99

Wellington Co. 103 107

Halton Co. 92 94

Middlesex Co. 77 84

Average 86 93

1965

Haldimand Co. 110 108

Brant Co. 78 81

Peel Co. 116 125

Waterloo Co. 96 105

Guelph* 67 77

Average 93 99

*100 lb. 6-24-6 was applied with corn in rows spaced at 20 inches, resulting in a similar 
concentration per foot of row as that in other trials.
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Table 4

Characteristics of Corn Plants Using Fertilizer With the Seed 
Waterloo County - 1965

Note: Fertilizer with the seed reduced plant height and ear height.

Fertilizer With Seed Height Ear Height Leaves Per Plant
(in.) (in.) (Ave.)

Phosphorus Plowed Down:

None 94.5 37.4 10.8

50 lb. 6-24-6/ac. 90.9 31.1 10.3

Phosphorus Banded:

None 97.6 37.8 11.0

50 lb. 6-24-6/ac. 95.7 33.9 10.7

Note: Fertilizer with the seed reduced lodging in all trials in 1965.
In 1964 little lodging occurred, consequently no differences in lodging were noted where 
the above treatments were used.
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Table 5

Lodging of Grain Corn Using Fertilizer With Seed - 1965

County
Fertilizer With Seed

None 50 lb. 6-24-6/ac.

(% of plants lodged)

Haldimand 40 34

Brant 26 20

Peel 47 32

Waterloo 16 10

Average 32 24



Table 6

Moisture Content of Grain Corn Using Fertilizer With Seed

Location
Fertilizer With Seed

None 50 lb. 6-24-6/ac.

1964
(% of moisture in grain)

Waterloo Co. 37.9 37.0

Wellington Co. 30.1 30.1

Halton Co. 40.5 39.4

Middlesex Co. 36.6 35.7

1965

Haldimand Co. 25.6 25.0

Brant Co. 31.0 29.3

Peel Co. 38.7 37.2

Waterloo Co. 49.7 47.2

Guelph* 38.7 34.4

Average 1964 and 1965 36.5 35.0

*100 lb. 6-24-6 was applied with corn in rows spaced at 20 inches, resulting in a similar 
concentration per foot of row as that in the other trials.
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Influence of Soil Moisture on Rate of Fertilizer With Seed

Soil moisture influences the safe rate of fertilizer which can be used with corn seed.

Three levels of 6-24-6 low salt fertilizer were applied to corn planted in sandy loam 
soil in the greenhouse. Soil moisture was controlled at a high level - (approximately 0.33-bar 
percentage) and at an intermediate level (half-way between upper level and the wilting point, or 
15-bar percentage.

Figure 2. Emergence of Corn Under Two Moisture Tensions and Three 
Levels of Fertilizer. Sandy Loam Soil - Greenhouse.

Note: 1. Low salt fertilizer at 100 lbs. per acre (applied on 36" row spacing basis) delayed 
and reduced germination even when soil moisture was high.

2. At 50 lb. per acre, fertilizer caused only slight delay and no significant reduction in 
germination even at the lower moisture level. (Fig. 2).
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3, Placement of small amount of fertilizer with the seed of corn can give important 
increases in yield and advances in maturity.

4. This practice should work well where the remainder of the fertilizer can be plowed 
down or applied banded beside and below the seed. This latter combination is probably 
not practical, however.

5. Rates higher than 6 lb. of nitrogen and potash per acre (50 lb. of 6-24-6) in a low salt 
fertilizer can be expected to harm germination under unfavorable conditions. These 
recommendations are for 36-inch rows. “Safe” rates in pounds per acre should be 
adjusted downwards for wider rows and upwards for narrower rows.

Further testing is in progress to determine whether lower rates of application will 
achieve similar results and to determine whether conventional high salt fertilizers are safe for 
use in this way.

Corn Production Without Tillage

The growth of corn without tillage has been studied for two years on Burford loam 
soil in Puslinch Field. In this system the current corn crop is planted in the residue of the 
previous crop without plowing or other tillage. This eliminates plow-down of heavy applications 
of fertilizer. Weeds must be controlled by herbicide sprays. Possible advantages are earlier 
planting, and reduced erosion and moisture losses. Problems are ineffective fertilizer incor
poration, cold soil, and stover interference with planting.

The effects of several treatments in a no-tillage system on soil temperature and yield 
are given in Table 7.

Table 7

Effect of Tillage on Soil Temperature and on Yield of Corn

Treatment
Temperature °F. *

Yield
(bu./ac.)

Stover Left Stover Removed

No Tillage
Corn planted in previous corn row 68 77 43
Corn planted between previous rows 45

Plowed 72 56

♦Representative temperature on July 10 at a depth of 4 inches.

Note: 1. Soil temperature lower where stover is not removed.
2. Yield 10 bu./ac. less on plots that were not plowed.
3. Growers should not change to no-tillage corn systems until more information is 

available on methods of fertilizing and planting, and stover management.
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SOIL MANAGEMENT FOR FORAGES

Timing of Potassium Applications for Alfalfa-Brome

Alfalfa responds more than brome grass to potassium when grown in pure stands 
(1964 Progress Reportp. 17). When the two species are grown as mixtures the grass competes 
with the legume for the supply of potassium. Application of potassium when the grass is 
dormant in August or early September greatly reduces uptake by the grass and permits uptake 
by the legume to promote winter survival. The amount of potassium removed by the mixture 
in a fall cutting is small and does not seriously reduce the potassium available for increasing 
production the following year (Table 8).

Table 8

Influence of Potassium Applied the Previous September on Yield and 
Removal of Potassium by the Components of an Alfalfa-Brome Mixture

* The second annual application of K was applied Sept. 5 following the 3rd cut.

Cut 1 
A If.

(June) 
Bro.

Cut 2 
Alf.

GW), 
Bro.

Cut 3 
Alf.

(Aug.) 
Bro.

3 Cut 
Total

Cut 4 
Alf.

(Oct.) * 
Bro.

No Potassium

Yield 
(Ib.DM/ac.)

1237 1443 1340 415 1031 230 5696 557 118

%K 0.72 1.55 0.84 2.74 0.93 2.53 0.81 2.37

K Removed 
(lb./ac.)

8.9 22.2 11.3 11.4 9.6 5.9 69.3 4.5 2.8

150 lb. Potassium per acre-previous Sept.

Yield 
(Ib.DM/ac.)

2053 1362 1985 343 1641 84 7468 802 26

%K 1.81 2.37 1.49 3.60 1.37 3.43 1.98 3.18

K Removed 
(lb./ac.)

36.9 32.4 29.7 11.8 22.5 2.8 136.1 15.8 0.8

Note: 1. The yield of the grass component was not increased by potassium. The alfalfa yield 
was increased by approximately 60%.

2. The grass contribution to the yield decreased with each succeeding cut. Less than 
ten percent of the fourth cut yield was grass.

3. The potassium concentration in the brome always exceeded that of alfalfa. Potassium 
fertilization increased the potassium content of the brome without increasing the yield.
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4. Without potassium fertilization proportionately more potassium was removed by the 
grass than by the legume, thus decreasing the supply for the legume. With added 
potassium similar amounts were removed by both species at the first cut, however, 
by the third and fourth cut insignificant amounts of potassium were removed by the 
grass, because it was dormant.

Splitting the annual application of potassium into several portions instead of using a 
single application did not significantly increase the yield or composition of the hay or prevent 
“luxury consumption” (Table 9).

Table 9

Influence of a Split Application of Potassium (Sept., April and 
after the 1st Cut) on the Yield and Removal of Potassium by 

the Components of an Alfalfa-Brome Mixture.

Potassium 
150 lb/ac.

Cut 1 
Alf.

(June) 
Bro.

Cut 2 
Alf.

(July) 
Bro.

Cut 3 
Alf.

(Aug-) 
Bro.

3 Cut 
Total

Cut 4 
Alf.

(Oct.) * 
Bro.

Yield 
(Ib.DM/ac.)

2047 1389 2201 258 1731 56 7683 968 28

%K 1.47 2.38 1.71 3.90 1.55 3.64 1.89 3.36

K Removed 
(lb./ac.)

30.5 33.3 37.6 10.7 26.9 2.0 141.0 15.8 0.9

* 1/3 of yearly application applied Sept. 5 after 3rd cut.

Note: 1. The potassium concentration in the alfalfa at the first cut was reduced, but increased 
to higher level at later cuts when compared with single annual applications (Table 8).

2. Approximately 48% of the applied potassium was recovered by three cuts, and was not 
significantly different from single annual applications (Table 8).
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The Effect of Nitrogen Fertilizer on Alfalfa-Brome

The grass in a mixture is primarily dependent on the associated legume for its supply 
of nitrogen. If the legume does not release sufficient nitrogen the grass component will be 
nitrogen deficient and yields will be reduced. Additions of nitrogen fertilizer, however, 
stimulate the grass to compete with the legume (Table 10).

Table 10

Influence of a Split Application of Nitrogen and Potassium (Sept., 
April and after the 1st cut) on the Yield, Removal of Potassium and

Nitrogen by the Components of an Alfalfa-Brome Mixture

180 lb. Nitrogen
150 lb. Potassium 

per acre
Cut 1 
Alf.

(June) 
Bro.

Cut 2 
Alf.

(July) 
Bro.

Cut 3 
Alf.

(Aug-) 
Bro.

3 Cut 
Total

Cut 4 
Alf.

(Oct.) * 
Bro.

Yield 
(Ib.DM/ac.)

1325 2791 1761 1120 1451 142 8590 834 49

K Removed 
(Ib./ac.)

22.6 62.8 24.3 35.2 22.4 4.0 171.3 13.3 1.6

%N 3.2 1.9 3.3 2.9 3.9 3.3 4.3 4.7

N Removed 
(Ib./ac.)

42.6 53.7 58.4 32.5 56.5 7.8 251.5 35.7 2.3

* 1/3 of yearly application applied after 3rd cut.

Note: 1. Nitrogen increased the yield of D.M. in three cuts by 908 Ib/ac.
2. Nitrogen increased the yield of grass in the first and second cut by 2264 Ib/ac. 

(compare with Table 9), however there was a counteracting decrease in the yield of 
legume. By the third cut the contribution of each of the two species to the total yield 
was similar to that when no nitrogen was applied, i.e. over 80 percent by the legume.

3. Because of the greater yield of grass with nitrogen, more potassium was removed 
than where nitrogen was not used. Recovery of applied potassium by the three cuts 
was increased to 68%.

4. The use of nitrogen fertilizer did not increase the nitrogen concentration (x 6.25 - 
crude protein) in the grass to equal that of the legume except in the fourth cut when 
there was little growth.

5. The recovery of applied nitrogen in 3 cuts was less than 12%.

Yield without Nitrogen Fertilizer 7682
(Ib.DM/ac.)

N Removed without Nitrogen Fertilizer 230.3
(Ib./ac.)
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The Effect of Cutting Management and Fertility Level on Yield and Forage Quality 
(Co-operative Study with Department of Crop Science, O.A.C.)

The production of high yields of high quality forage, measured in terms of concentra
tion of energy and protein, is the primary objective of forage fertilization. An increase in 
yield of pure alfalfa during the year of establishment from 2910 lb. D.M./ac. to 3890 lb. D.M./ 
ac. was obtained from high fertility. More marked increases were recorded during the first 
year of production (Table 11). The benefits of bud stage cutting management are shown in 
Table 12.

Table 11

Effect of Cutting Management and Fertility Level 
on Dry Matter Production by Alfalfa

Date of Cut
Cutting at Full-Flower Cutting at Bud-Stage 

High Fertility **Low Fertility * High Fertility **
(lb. D.M./ac.) (lb. D.M./ac.) (lb. D.M./ac.)

June 10 - - 6023

July 1 4405 7735 -

July 15 - - 3011

Aug. 26 2513 3650 2234

Oct. 14 1233 1981 1669

Total 8151 13366 12937

* Low Fertility - 40 lb. P2O5/ac. + 40 lb. K2O/ac. at establishment.
* * High Fertility- 240 lb. P2O5/ac. +320 lb. K2O/ac. at establishment.

601b. P2O5ac. + 80 lb. K2O/ac. in April and after first two harvests in 
production year.

Note: 1. A 5215 lb. D.M./ac. increase in yield due to high fertility.
2. A slight reduction in yield of 429 lb. D.M./ac. when the bud-stage management was 

used.
3. Thirteen to fifteen percent of the yearly production occurred after September 1.
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Table 12

Effect of Cutting Management and Fertility Level on Alfalfa Quality

* See Table 11 for rates.
** D.D.M. - In vitro digestible dry matter.

Date of Cut Low Fertility*
D.D.M. ** 
%

Low Fertility*
Crude Protein

%

_ High Fertility
D.D.M..

%

High Fertility 
Crude Protein

%

. _____ High Fertility
D.D.M. 

%

High Fertility 
Crude Protein

%

June 10 - - - - 70.7 17.4

July 1 62.2 16.0 63.4 14.1 - -

July 15 - - - - 69.1 21.1

Aug. 26 69.1 19.3 65.3 17.0 70.7 24.5

Oct. 14 80.8 25.1 78.1 22.7 79.3 22.6

Note: 1. High fertility produced no change in the digestible dry matter and a slight decrease 
in crude protein in the first harvest, and a decrease in both D.D.M. and crude protein 
in the second harvest.

2. Consistently higher and more uniform concentration of D.D.M. and crude protein in 
the first three harvests of the bud-stage management than in the corresponding 
harvest period of the full-flower management.

The purpose of adequate fertility in the forage production program is to insure high 
levels of dry matter production at the stage of development of the plant when the quality is high.

Fertility and Management Increase the Winter Survival of Alfalfa

Failure of alfalfa stands on well-drained, neutral or alkaline soils of sandy loam to silt 
loam texture is often ascribed to lack of potassium (1962 Progress Report). The use of the 
bud-stage system of harvest management increases the stress on the plant and may reduce the 
winter survival.

The weight of tap root and the ability of the root tissue to retain soluble amino acids 
after a freezing treatment are two measurements which can be used to assess the winter 
survival ability of alfalfa. These measurements (Table 13) were conducted on root samples 
from the alfalfa harvest management study previously reported in Table 11. The alfalfa was 
not harvested between Aug. 26 and Oct. 14.
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Table 13

Relationship Between Potassium Content and Indicators of 
the Winter Survival Ability of Alfalfa

Fertility
Level ♦

Cutting 
Management

Root Potassium
Content Oct. 14

Root Dry 
Weight

Amino Acid Released 
by Root Tissue

% (gm/root) mole glycine) ♦♦
Low Full-Flower Stage 0.91 1.11 17.7

Low Bud Stage - 0.90 20.5

High Full-Flower Stage 2.17 1.78 12.2

High Bud Stage 2.30 1.60 11.7

* See Table 11, for fertility rates.
* * * The greater the amino acid release, the lower the winter hardiness.

Note: 1. An increase in the root weight and ability to retain amino acids was obtained with 
increased potassium content.

2. At a low level of fertility there was a 19% decrease in root weight due to more 
frequent harvesting required by the bud-stage management as compared to a 10.1% 
decrease at the high level of fertility.

3. At a low level of fertility there was a 15.8% increase in the amount of amino acids 
released when the more frequent harvesting schedule was used as compared to a 4.1% 
decrease at the high level of fertility.

For longevity of the stand it is suggested that the bud-stage system of management is 
used only in conjunction with a high level of fertility.
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Soil Sampling for Forage Fertilizer Recommendations

After a forage crop is established further applications of fertilizer are made on the 
soil surface. For the most part the surface applied fertilizer does not penetrate beyond the 
upper one or two inches of soil (Fig. 3). As a result soil samples taken to a shallow depth will 
give higher values than those taken to a depth of six inches (Table 14). The calibration of soil 
tests is based on soil samples taken to a six-inch depth.

Figure 3. Depth of penetration of phosphorus and potassium one year after 
disc-in plus surface applications. (See Table 14 for rates)
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Table 14

Depth of Sampling Following Surface Application of Fertilizer 
Influences Phosphorus and Potassium Soil Test

Depth 
(in.)

Phosphorus Soil Test Potassium Soil Test
Low Fertility * High Fertility ** Low Fertility * High Fertility **

0-1 131 553 159 267

0-3 132 394 140 191

0-7 122 273 134 165

Low Fertility - 40 lb. P2Os/ac. + 40 lb. K^O/ac. disc in at establishment.
** High Fertility - 240 lb. P2O5/ac. + 320 lb. K2O/ac. disc in at establishment.

- 60 lb. P2Os/ac. + 80 lb. K2O/ac. broadcast in April and after 1st two 
harvests in production year.

Note: 1. High fertility treatment increased soil test values.
2. The greatest increase was in the 0-1 in. depth.
3. Sampling to seven inches gave the lowest test. Since this depth corresponded closely 

to the depth used in calibration it gives the most accurate value for estimating 
fertilizer requirement.

4. Soils receiving broadcast applications of fertilizer without plowing or working must 
be sampled to the full six-inch depth to obtain a proper indication of nutrient level and 
fertilizer requirement.
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ORGANIC SOIL MANAGEMENT

Fertilizer Requirements for Onions and Carrots

Fertilizer studies with crops on organic soils on the Bradford Marsh are conducted 
to obtain better predictions of fertilizer requirements for the crops grown on these soils.

In 1965, onions and carrots were grown on plots with different soil nutrient levels 
(by test) and with increments of applied fertilizer. Yields are given in Tables 15 and 16.

Table 15

Yield of Onions on Organic Soil With Different Nutrient Levels - 1965

Fertilizer Requirement 
By Test - (lb./ac.)

Fertilizer Application * 
(lb./ac.)

Yield 
(bu./ac.)

p2°5 K2O P2O5 k2o

130 130 0 120 623

100 120 973

200 120 1137

80 150 120 0 641

120 150 1110

120 300 1100

* Sixty pounds of nitrogen applied to all plots.

Note: 1. Phosphorus at rates up to 200 pounds P9O5 per acre continued to increase yields 
although the indicated requirement was 130 lbs. Further testing is necessary before 
conclusions can be reached.

2. Potassium at 150 lbs. K2O per acre appears to have given maximum yield and this 
corresponds to the requirement by test.

22.



Table 16

Yield of Carrots on Organic Soils With Different Nutrient Levels - 1965

Fertilizer Requirement 
By Test - (lb./ac.)

Fertilizer Application * 
(lb./ac.)

Yield 
(bu./ac.)

P2O5 k2o P2O5 k2o

130 150 0 120 1374

100 120 1718

200 120 1758

100 190 120 0 947

120 150 1393

120 300 1327

* Sixty pounds N applied to all plots.

Note: 1. Maximum response to phosphorus appears to have been reached between 100 and 200 
lb. of applied P2O5 and this corresponds to the requirement by soil test.

2. Potassium at 150 pounds K2O per acre appears to have satisfied the requirement and 
corresponds to the requirement by soil test.

3. Phosphorus fertilizer requirements for onions on organic soils may require upward 
revision.

4. Heavy applications of potassium immediately prior to planting carrots may depress 
yields.
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MICRONUTRIENT STUDIES

Micronutrient Needs for Field Crops on Ontario Soils

The expanded micronutrient research program by the Department of Soil Science 
initiated in 1964 was continued in 1965 on farms under good management. The growing season 
was average for corn and better than average for the oat and sugarbeet locations used in the 
study.

This program in 1965 included eleven locations of corn, three each of white beans, 
soybeans, potatoes, sugarbeets, and seven locations of oats. Replicated plots were treated with 
five different micronutrient solutions sprayed on the foliage at two or three growth stages, 
using specially designed equipment (1964 Progress Report). The solutions supplied manganese 
(Mn) at 5200 p.p.m., zinc (Zn) at 600 p.p.m., boron (B) at 450 p.p.m. (except for sugarbeets 
where the concentration was 1800 p.p.m.), magnesium (Mg) at 3700 p.p.m., or a combination of 
copper (Cu) at 150 p.p.m., iron (Fe) at 1000 p.p.m., and molybdenum (Mo) at 150 p.p.m. The 
volume and number of sprays is given in the tables for the respective crops.

Approximately 450 plant samples were collected from the trial locations and from 
other farm locations to cover the field crop growing areas in Ontario during the 1964 and 1965 
seasons. These samples were analyzed for micronutrients and the results will be used to 
establish critical levels of the different micronutrients for the various crops and soils.

Table 17

Yield of Oats with Foliar Application of Micronutrients

Foliar Treatments * Diff.
County Check Cu, Fe, Mo Mn Zn B Mg Nec.**

(bu. per acre)

Halton 99 89 84 110 92 101 20

Peel 15 20 104*** 14 14 13 19

Wentworth 84 85 85 98 91 82 20

Waterloo 118 110 116 123 108 106 10

Durham 104 98 95 102 106 99 10

Ontario 108 99 102 100 106 102 12

Grey 95 91 88 88 82 91 10

♦Foliar applications at two growth stages.
- first application (20 gallons per acre) 4 to 5 leaf stage (4"-6" height).
- second application (40 gallons per acre) shot blade to early boot (6 to 7 leaf stage).

♦♦Difference necessary for statistical significance at a probability level of 5 per cent (applies 
to Tables 17, 18, 19, 20, 21, and 22).

♦♦♦Underlined yields are significantly different from the check, (applies to Tables 17, 18, 19, 
20, 21, and 22).
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Table 18

Yield of Potatoes with Foliar Application of Micronutrients

Foliar Treatments *

County Check Cu, Fe, Mo Mn Zn B Mg
Diff 
Nec,

(bu. per acre)
S. Simcoe 287 184 282 284 306 300 54

S. Simcoe 231 196 261 244 228 243 42

Dufferin 503 524 519 522 571 536 50

* Foliar applications at two growth stages.

- First application (20 gallons per acre) - pre-bud at 5 to 6 branched petioles (6 " - 8 " 
vegetative.

- Second application (40 gallons per acre) - just prior to bloom (14”- 16" vegetative).

County Check Cu, Fe, Mo Mn Zn B Mg
Diff.
Nec.

Essex 31 32

(bu. per acre)

30 27 32 31 6

Kent 34 41 39 36 37 36 7

Lambton 29 30 30 32 32 29 5

♦ Foliar applications at two growth stages.
- First application (20 gal/ac.) 4 to 5 trifoliate leaves (6" height).
- Second application (40 gal/ac.) 8 to 9 trifoliate leaves (bottom pods developed with top pods 

forming).
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Yield of Soybeans With Foliar Application of Micronutrients

Foliar Treatments *



County Check Cu, Fe, Mo Mn Zn B Mg
Diff.
Nec.

Kent 37 30

(bu. per acre)

34 37 34 36 4

Kent 36 34 35 35 35 38 4

Huron 40 36 38 38 38 35 7

* Foliar applications at two growth stages
- First application (20 gal/ac.) 3 to 4 trifoliate leaves (5" - 6"height).
- Second application (40 gal/ac.) 6 to 8 trifoliate leaves (pre-blossom to very early bloom).

Table 21

Yield of Sugarbeets With Foliar Applications of Micronutrients

Foliar Treatments *

County Check Cu, Fe, Mo Mn Zn B Mg Diff.
Nec.

(bu. per acre)

Kent
- Beets (tons) 26.2 23.2 26.3 25.6 27.7 25.7 3.8
- Sugar (lbs.) 8249 7271 8037 8120 8697 8179 988

Kent
- Beets (tons) 18.6 15.9 21.2 20.0 19.5 22.1 3.2
- Sugar (lbs.) 6064 5252 6761 6497 6344 7059 1085

Kent
- Beets (tons) 17.7 15.3 19.3 20.1 18.6 17.6 1.5
- Sugar (lbs.) 5760 4838 6205 6440 6094 5612 598

* Foliar applications at three times
- First application (20 gal/ac.) June 16.
- Second application (40 gal/ac.) July 15.
- Third application (40 gal/ac.) August 16-17.
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Yield of White Beans With Foliar Application of Micronutrients

Foliar Treatments*



Table 22

Yield of Corn With Foliar Application of Micronutrients

Foliar Treatments *

County Check Cu, Fe, Mo Mn Zn B Mg
Diff.
Nec.

(bu. per acre - 15 percent moisture)

Essex 106 101 99 105 99 100 13
Kent 132 114 119 125 119 130 12
Elgin 130 125 137 139 142 136 11
Middlesex 76 71 77 79 71 77 18
Brant 128 123 121 131 130 124 16
Brant 100 95 101 102 97 106 15
Ontario 83 78 78 78 82 83 12
Durham 89 89 80 94 83 90 12
Northumberland 106 104 112 104 108 104 12
Huron 103 103 94 102 99 100 13
Perth 102 99 101 97 95 99 12

♦ Foliar applications at two growth stages with exception of the Elgin location for zinc where 
three applications were made up to the pre-tassel stage.
- First application (20 gal/ac.) 4 to 6 leaf stage (4" - 6" height).
- Second application (40 gal/ac.) pre-tassel stage (10 to 12 leaf stage at 2' to 3' height).

Summary of Effects of Foliar Applications of Micronutrients

BORON
Oats: A yield decrease at two locations (Waterloo - 10 bu. and Grey - 13 bu).
Corn: A yield decrease at one location (Kent - 13 bu.).

A yield increase at one location (Elgin - 12 bu.).
Potatoes: A yield increase at one location (Dufferin - 68 bu.).

MANGANESE
Oats: A yield increase at one location (Peel - 89 bu.). on tile drained soil, high in 

organic matter.
Sugar Beets: A yield increase at one location (Kent - 1.6 tons).
Corn: A yield decrease at one location (Kent - 13 bu.).
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ZINC
Sugar Beets: A yield increase at one location (Kent - 2.4 tons beets, 680 pounds sugar).
Corn: No significant increase in yield following three successive foliar applications

even though the treatments prevented visual deficiency symptoms from being 
evident at any stage of growth. Typical deficiency symptoms were evident on 
areas not receiving foliar fertilization on this high yielding location (Elgin).

COPPER, IRON, AND MOLYBDENUM
Corn: A yield reduction at one location (Kent - 18 bu.).
Early Potatoes: A yield reduction at one location (S. Simcoe - 103 bu.).
White Beans: A yield reduction at one location (Kent - 7 bu.).
Sugar Beets: A yield reduction at one location (Kent - 2.4 tons beets, 922 pounds sugar).
Soybeans: A yield increase at one location (Kent - 7 bu.).

MAGNESIUM
Sugar Beets: A yield increase at one location (Kent - 3.5 tons)
Oats: A yield decrease at one location (Waterloo - 12 bu.).

Note: Although magnesium is not a micronutrient, its importance to plants cannot be over
looked. Generally Ontario soils supply adequate amounts of magnesium for most field 
crops.

Alfalfa Response to Boron

A total of 38 boron trials on alfalfa have been conducted since 1962. To date 12 of 
these sites have given significant responses to applications of boron (Fig. 4). The responding 
soils are loam or coarser in texture, alkaline in reaction, and occur east of the Niagara 
escarpment. Boron deficiency is likely to be more pronounced after phosphorus and potassium 
requirements have been met.

Boron should be included in the fertilizer program for alfalfa on alkaline soils in 
Ontario, Durham, Northumberland and adjacent counties. It can be applied as a top-dressing 
either alone, or mixed with phosphorus and potassium fertilizer. It should be applied in the 
fall of the year of establishment, and every third year thereafter, at a rate supplying 2 to 2.5 
pounds of actual boron (B) per acre. If more frequent applications are made the rate should 
be reduced accordingly.
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Figure 4. Map Giving Location and Response of Boron Trials on Alfalfa in Ontario.



SOIL TEST STUDIES

Improvements in the Determination of Water-Soluble Boron in Soil

The determination of boron in water extracts of soils produced some values which did 
not correlate with the boron content of plants growing in these soils. Investigation has shown 
that soluble silicate interfered seriously with boron determinations, especially at low con
centrations of silica.

The use of compensating solution such as sodium silicate in both standards and 
unknowns, and the measurement of color absorbance within a certain plateau range of values 
has obviated this interference.

Clarification of soil extracts has been improved by the use of two polyacrylamide 
flocculating agents.

Importance of Nitrate-Nitrogen Content of Soil

Further work was done on the 60 soils used in the study of laboratory methods for 
measuring the nitrogen-supplying capacities of Ontario soils (1964 Progress Report p. 26). 
The effect of longer periods of air-drying of soil samples at 90°F prior to incubation was 
measured. When soil samples were taken out of cool (35°F), moist storage and dried at 90°F 
for 14 days, nitrates released during subsequent incubation averaged 5% less than when drying 
was limited to the normal one-day period for soils from corn fields, 17% less for soils from 
legume sod fields, and 31% less for soils from grass sod fields. The effect was not the same 
for all soils, however, as the 14-day drying period increased the nitrates released during 
incubation for some soils in each of the three groups. The over-all effect of longer drying on 
the correlation between nitrates released during incubation and N-uptake by the second crop 
of orchard grass in the greenhouse was a 14% increase (from 28% to 42%) in the variance 
explained for all soils combined. Further study is needed on the problem of soil conditioning 
prior to incubation.

Continued investigation of methods of relating soil N-test values to N-uptake by 
orchard grass in the greenhouse indicated that initial nitrate content of the soil was the best 
single test (r2 = .74). Nitrates released during incubation of the soil significantly increased 
the variability in N-uptake accounted for, when included with initial nitrates in a multiple 
regression which allowed for separate weighting of the two nitrate measurements (R2 = .77). 
However, when initial nitrates + nitrates released upon incubation were combined into a single 
value, the variability accounted for was considerably decreased (r$ = .60).

Initial nitrate nitrogen contents of greenhouse pot soils is less subject to variables 
caused by leaching and temperature than is the nitrate content of field soils. Further inves
tigations are underway to determine the extent to which these variables influence the nitrate 
content of field soils.

Seasonal Fluctuation in Nitrate-Nitrogen Content of Soil

While initial nitrate correlates well with nitrogen uptake by plants in the greenhouse 
the unpredictable behavior of nitrates under field conditions creates problems in their use for 
predicting nitrogen fertilizer requirements. To obtain some quantitative measurement of the 
fluctuation pattern of soil nitrates as related to weather and crop growth, the nitrate nitrogen 
content of soil at two depths (0"- 6" and 6" - 12") was followed at weekly intervals from May 31 
to Nov. 17, 1965. On three of the 24 sampling dates two additional depths were included 
(12 " - 18" and 18 " - 24"). Four corn plots receiving no N fertilizer and four other plots
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receiving 200 lb. of N per acre as urea before planting were used. The nitrate content in the 
top 6" of the no-N plots held at 60 lb. of N per acre for the first four weeks, rose to 100 lb. for 
the next three weeks, then gradually declined to 40 lb. by Sept. 1 as the corn roots depleted the 
sampling area between the rows. At the 6" - 12" depth, nitrates held at 40 lb. of N per acre 
for the first seven weeks, the declined to 20 lb. as above. Heavy fall rains caused the nitrates 
to move downward and by Oct. 19 the nitrate content of the 0"- 6" layer had fallen to 10 lb. of 
N per acre and that of the 6"-12" depth had risen to 50 lb. The nitrate level of the plots 
receiving 200 well over 100 lb. per acre until mid-September after which the nitrate content 
rapidly decreased as fall rains caused a downward movement. By Oct. 19 the nitrate level of 
the N-fertilized plots had fallen to the same level as the no N plots (10 lb./ac.) in the top 6 
inches. The Nov. 5 sampling at four depths showed that most of the nitrate had moved down to 
the 18"-24" level in both the fertilized and unfertilized plots (Fig. 5). Sampling will begin 
again as early as possible in spring, 1966, and continue through the growing season to see if 
some fluctuation patterns can be established which will aid in interpreting nitrate soil tests 
made at different times of the year.

Figure 5. Seasonal Fluctuation of Nitrate Content of Soil under Corn with and without 
Nitrogen added as Urea.
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Evaluation of Phosphorus Soil Tests

Studies are continuing on correlating phosphorus soil test methods with crop response 
in greenhouse and field (1963 Progress Report p. 28). Two more phosphorus soil test methods 
for mineral soils were evaluated using as criteria P-uptake by one wheat crop + two red clover 
crops grown on 100 different soils in the greenhouse. These methods involve a cation exchange 
resin (Na saturated) procedure of Moller and Mogensen of Denmark, and a 0.02N calcium 
lactate extraction as proposed by Egner of Sweden. The degree of relationship between the 
phosphorus soil test values obtained by these two methods, as well as the methods previously 
evaluated, and total P-uptake by all crops combined are given in Table 23.

Table 23

“r” Values for Several Soil Phosphorus Extraction Methods

Note: 1. All of the above correlation coefficients are significant at the 0.1% level. Although 
the NaHCO3 extraction showed a higher correlation with P-uptake in the greenhouse 
than the NH4F-HCI extraction currently used in the O.A.C. soil testing laboratory, 
it has not been possible as yet to demonstrate a similar advantage with several years 
of field response data.

2. While the present soil test for phosphorus leaves room for improvement, no method 
tried sofar is sufficiently better to warrant a change in soil test laboratory procedure 
at present.

Available Soil Water Designations for Ontario Soils

The water that a soil retains in a form available to plants is the quantity between the 
limits 0.33-bar and 15-bar percentages. These bar percentage terms replace the older terms 
field capacity and permanent wilting percentage. Field capacity as originally defined was the 
content of water than an initially saturated soil would retain after 2 to 4 days of free drainage. 
The definition implied that the soil was well-drained and uniform in texture, structure, and 
porosity for a depth of 3 to 4 feet. Permanent wilting percentage was defined as the moisture 
content of a soil when sunflower plants could no longer be revived by placing them in water- 
saturated atmospheres. The older values were not only difficult to establish, but the methods 
were time-consuming. The bar percentages can be determined in the laboratory with greater 
speed and precision.
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Extraction Method “r” Values

0.5M NaHCO3 (Olsen), 1:20 dil., 30 min. shake. 0.94

0.5M NaHCO3 (Colwell), 1:100 dil., 16 hr. shake. 0.94

0.02N Ca-lactate, 1:50 dil., 2 hr. shake. 0.89

Cation exchange resin, 1:20 dil., 6 hr. shake. 0.88

0.05N NH4F in 0.1N HC1, 1:10 dil., 1 min. shake. 0.86

0.255N NaOH 0.075N Na-oxalate, 1:20, 10 min. 0.70



The 0.33-bar and 15-bar percentages were determined in the laboratory on 102 surface 
soils from Ontario (Table 24). The soil characteristics that were believed to affect the 
moisture content were: organic matter, silt, and clay contents. The following correlations 
were obtained by combining these characteristics in different ways.

A. Coefficients of Determination (r2) between 0.33-bar percentages (Y3) and three soil 
constituents

Soil Constituent r2 -value

organic matter (X1) 0.53 **

clay (X2) 0.38 **

silt (X3) 0.61 **

Regression Equations:

1. Relating Y3 to organic matter x silt (X1 X3):

Y3 = 10.63 + 0.061X1X3; (r2 = 0.74**)

2. Including X2, the clay term, in a multiple regression:

Y3 = 9.43 +0.15X2 + 0.05X1X3; (R2 ±0.77 **) )

B. Coefficients of Determination (r2) between 15-bar percentages (Y2) and three soil constit
uents

Soil Constituent r2 value

organic matter (X1) 0.34 **

clay (X2) 0.42 **

silt (X3) 0.44 **

Regression Equations:

1. Relating Y2 to clay x silt (X2X3):

Y2 = 4.86 +0.008X2X3; (r2 = 0.55**)

2. Including organic matter x silt (Xi X3) in a multiple regression:

Y2 = 3.62+ 0.023X1X3 + 0.005X2X3; (R2 =0.62**)
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C. Coefficients of Determination (r2) between available water (Y1) and three soil constituents

Soil Constituent r2 value

organic matter (X1) 0.18 **

clay (X2) 0.02

silt (X3) 0.14 **

Regression Equations:

1. Relating Y1 to organic matter x silt (X1 X3):

Y1 = 6.62 + 0.019X1X3; (r2 = 0.19**)

2. Including X22, the clay term squared, in a multiple regression:

Y1= 6.76 - 0.0018X22 + O.O22X1X3; (R2 = 0.21**)

** R2 or r2 significant at P = .01
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Table 24

Summary of Soil Characteristics and Water Properties

Textural Class O.M. Clay Silt 0.33-bar 15-bar % Available

Sand (3)* 1.3 3.7 7.7 6.5 2.7 3.8
Loamy Sand (8) 2.1 5.5 13.3 9.6 4.0 5.6

V.F. Sandy Loam (9) 2.8 9.3 28.5 15.1 5.9 9.2
F. Sandy Loam (17) 3.3 10.3 25.7 15.7 7.0 8.7
Sandy Loam (4) 4.5 10.2 27.1 21.5 8.7 12.8
Loam (21) 3.9 17.2 43.0 21.1 10.1 11.0

Silt Loam (13) 4.4 20.1 56.6 26.6 13.7 12.9

Silty Clay Loam (3) 3.9 33.3 53.7 24.5 14.8 9.7

Clay Loam (5) 4.7 34.0 37.7 23.6 15.0 8.6

Clay * **

* The number of soils tested
** Only two soils having greater than 40.0 percent two micron clay were used; available water 

similar to the silty clay loams.

These Data Indicate:

- The dependence of 0.33-bar and 15-bar percentages on the organic matter times silt 
term.

- That clay content per se is not particularly important in accounting for available water. 
Published data on the available water in various soil profiles showed negative correla
tions with clay and sand contents.

- That the best prediction value of available water would be obtained by subtracting the 
15-bar percentage estimating equation from the 0.33-bar estimating equation.
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SOIL SURVEYS AND REPORTS

The 1965 Survey Program

Soil surveys were conducted in Peterborough County, Waterloo County, and parts of 
the settled portions of Northern Ontario in 1965 in cooperation with the Canada Department of 
Agriculture and the ARDA Branch. The survey of Peterborough County was started in 1964 and 
550,000 acres have been mapped to date. About 320,000 acres in the southern part of the county 
remain to be done. The detailed soil survey of Waterloo County was continued and approx
imately 60,000 acres remain to be surveyed before the project is completed.

Over 3,000,000 acres were mapped in Northern Ontario. Areas in which surveys 
were conducted are:

1. The north shore of Lake Huron between Espanola and Sault Ste. Marie.
2. The Lakehead region.
3. The Fort Frances region between Rainy Lake and Lake-of-the-Woods.
4. Part of the region around Dryden.

Preliminary soil maps have been prepared for these regions wherever topographic base maps 
are available.

A list of the publications of the Ontario Soil Survey follows:

Soil Survey Reports and Maps Available for Ontario

Map Only: 1. Norfolk
2. Elgin
3. Kent
4. Haldimand
5. Welland
6. Middlesex

Soil Survey Report and Map:
8. Northwestern Ontario including Rainy River Clay Plain, Dryden Area 

and Thunder Bay Area.
9. Durham

10. Prince Edward
12. Grenville
13. Huron
14. Dundas
15. Perth
16. Bruce
18. Peel
19. York
20. Stormont
21. New Liskeard-Englehart Area
22. Lambton
23. Ontario
24. Glengarry
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25. Victoria
26. Manitoulin
27. Hastings
28. Oxford
29. Simcoe
30. Soil Associations of S. Ontario
31. Parry Sound
33. Prescott and Russell
34. Lincoln
35. Wellington
36. Lennox and Addington
37. Renfrew
38. Dufferin

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

Brant
Peterborough (South)
Waterloo
Halton
Northumberland
Wentworth

Maps Out of Print:

7. Carleton
11. Essex
17. Grey

Soil Capability Inventory

The soil capability inventory has been completed for all of Ontario south of Lake 
Nipissing except for areas lacking either basic soil survey information or inadequate topo
graphic maps. Areas awaiting the completion of the soil survey are Halton and Waterloo 
Counties. Areas without topographic maps are Manitoulin and other parts of Northern Ontario.

Soil capability maps have been prepared on maps of 1:50,000 scale for the following 
areas in Northern Ontario:

1. The settled region around the west end of Lake Nipissing.
2. The region northwest of Sudbury.
3. The north shore of Lake Huron between Espanola and Sault Ste. Marie.
4. St. Joseph’s Island.

The acreages of the classes and subclasses of soil in the above regions have not been calculated.

Results to date show that parts of these regions have a potential for agriculture that 
has not yet been fully utilized. In others, land is being used for agriculture that would be better 
put to some other use.
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PLANT GROWTH AND NUTRIENT ABSORPTION STUDIES

Mineral Nutrients and Nitrogen Metabolism in Plants

Although the plant requirement for the mineral nutrients has been known for several 
decades, little is known about the influence of the mineral nutrients on the metabolism of 
nitrogen within the plant. Nitrogen occurs in plant tissue as protein and non-protein nitrogen; 
the non-protein nitrogen consists of a diversity of compounds, ammonia, nitrates, amides, 
free amino acids, to name a few.

Studies on potassium and sulphur deficient alfalfa and orchardgrass (Table 25) have 
shown marked increases in the proportion of the total nitrogen that is not metabolized to 
protein. Sulphur deficiency resulted in a three-fold increased in concentration of non-protein 
nitrogen; 65% of the total nitrogen in orchardgrass was in the non-protein form.

Table 25

Influence of Potassium and Sulphur Nutrition on the Concentration 
of Potassium, Sulphur, Total Nitrogen and Non-Protein Nitrogen of 

Alfalfa and Orchardgrass.

Non-Deficient Potassium Deficient Sulphur Deficient
Alfalfa Orchard Alfalfa Orchard Alfalfa Orchard

Potassium (% K) 3.55 2.96 0.42 0.42 2.67 2.70

Sulphur (% S) 0.27 0.26 0.39 0.33 0.16 0.14

Total Nitrogen (%) 4.29 4.46 7.22 4.96 5.89 5.77

Non-Protein Nitrogen (%) 1.09 1.13 2.88 1.43 3.45 3.76
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It was found that three-quarters of the non-protein nitrogen was in the free amino acid 
form with the unreduced form, nitrate nitrogen, the second largest proportion (Table 26). 
Potassium deficiency resulted in an accumulation of inorganic nitrogen in orchardgrass and 
amide nitrogen in alfalfa. Sulphur deficiency caused an accumulation of nitrate nitrogen in 
orchardgrass and amide nitrogen in both species.

Table 26

Influence of Potassium and Sulphur Nutrition on the Percentage 
of the Non-Protein Nitrogen as Ammonia, Nitrate, Amide and Amino

Nitrogen of Alfalfa and Orchardgrass

Nitrogen 
Fraction

Non-Deficient Potassium Deficient Sulphur Deficient
Alfalfa Orchard Alfalfa Orchard Alfalfa Orchard

Ammonia 2.7 2.7 2.1 11.8 1.2 1.6

Nitrate 12.8 23.9 7.6 13.2 9.9 34.8

Amide 8.3 3.5 29.2 11.1 34.2 32.4

Amino 76.1 69.9 61.6 63.9 54.8 31.1
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The free amino acids were separated by column chromatography. Arginine, glutamic 
and aspartic acids were increased by sulphur deficiency. Leucine and lysine were increased 
by potassium deficiency. Alanine was decreased by potassium deficiency. Glycine, valine, 
isoleucine, tyrosine, phenylalanine, tryptophan, histidine and ornithine increased with potas
sium or sulphur deficiency (Table 27).

Table 27

The Influence of Potassium and Sulphur Nutrition on the Free 
Amino Acids of Alfalfa and Orchardgrass (micromole/g.dry wt.)

Amino 
Acid

Non-Deficient Potassium Deficient Sulphur Deficient
Alfalfa Orchard Alfalfa Orchard Alfalfa Orchard

Aspartic 8.99 4.55 15.25 10.18 24.06 29.52

Glutamic 4.88 10.72 6.72 9.76 9.29 19.73

Gamma-Aminobutyric 14.26 10.60 16.40 5.53 20.29 5.64

Glycine 3.08 1.98 7.30 3.78 3.34 24.82
Alanine 9.95 11.08 8.94 4.65 9.51 12.65
Valine 2.63 0.96 8.73 6.99 3.04 1.09
Isoleucine 1.65 0.39 4.80 2.70 1.99 0.37
Leucine 4.44 0.80 8.33 2.15 5.19 0.73
Tyrosine 1.57 0.35 2.80 1.47 1.58 0.55
Phenylalanine 2.48 0.48 5.06 2.08 2.77 0.62
Tryptophan 0.00 0.28 1.94 2.72 0.38 0.14
Lysine 3.42 1.41 6.47 3.88 4.06 1.35
Histidine 0.71 0.06 4.12 2.12 4.08 0.19
Arginine 2.84 0.68 6.91 2.32 46.80 0.94
Ornithine 0.89 0.21 4.78 1.13 1.38 0.76
Cysteic Acid 2.44 2.59 4.51 4.08 3.00 3.87

Methionine Sulphoxide 9.53 2.33 20.73 5.07 10.14 5.72

Methionine 6.99 3.84 4.76 2.10 2.43 0.09
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Influence of Soil Temperature on Corn Growth in the Field

An average increase of 30 bushels per acre resulted in 1963 where soil temperature 
throughout the growth period was maintained at 23°C (1963 Progress Report, p. 48). Insulating 
mulch on unheated soil also increased yield where adequate fertilizer was used.

In 1965 corn was grown on plots with and without heating, and with and without an 
insulating mulch. A complete fertilizer was applied with the seed on one-half of each plot. 
The yields are given in Table 28.

Table 28

Influence of Soil Temperature and Fertilizer on Yield of Grain 
Corn at Guelph

Fertility Treatment
Heat and Insulation Treatment Complete Fert. With Seed No Fert. With Seed

Soil Temperature 23°C (73°F)
(bu./ac.) (bu./ac.)

- with insulating mulch* 105 83
- without insulating mulch

Normal Soil Temperature**

87 83

- with insulating mulch 61 45

- without insulating mulch 89 62

* Styrofoam used for insulating mulch.
** Normal weekly mean soil temperature at 6-inch depth was 10°C (50°F) in early May and 

reached a maximum mean of 19°C (66°F) in late June. Insulating mulch lowered maximum 
temperatures by as much as 2°C (4°F).

Note: 1. Fertilizer increased yield approximately 20 bushels per acre in all treatments except 
with no insulating mulch on heated soil.

2. Where fertilizer was used with the seed, insulating mulch without soil heating lowered 
yield but with soil heating it increased yield.

3. Corn yields can be significantly increased by changing soil temperature. The larger 
yields obtained by using an insulating mulch with heating may be due to improved 
moisture retention near the surface of the soil.

4. Increased yield from the use of insulating mulch in 1963, a year with normal June, 
July air temperature, but below normal precipitation indicates the interacting effects 
between air temperature, soil temperature, and soil moisture.
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The Influence of Soil and Air Temperature on Corn Growth in the Greenhouse

During the period November, 1965 to March, 1966, field corn was grown to maturity 
in each of two greenhouse chambers. The air temperature in one was controlled at a diurnal 
range of 12°-22°C (54°-72°F) - typical of outdoor temperatures in May - and in the other at 
16°-26°C (61°-79°F) - typical of outdoor temperatures in July (Fig. 1). In each chamber, the 
corn was grown in soil in each of two bins - one controlled at 21°C (70°F) - the mean of the 
higher air temperature regime, the other at 17°C (72°F) - the mean of the lower air temper
ature regime. The soil in all bins received fertilizer according to requirements by soil test. 
In addition one-half of each bin received special starter fertilizer. Fluorescent lights for 18 
hours each day augmented daylight.

The curve for growth and the figures for final yield (Fig. 6) indicate that both air and 
soil temperature influence development.

Figure 6. Growth characteristics of Corn at two air and two soil Temperatures, and 
with two levels of Fertility.

Note: 1. In the lower air temperature regime (12°-22°C) starter fertilizer produced less 
effect up to the silking stage at the higher soil temperature (21°C) than at the lower 
soil temperature (17°C). In the higher air temperature regime (16°-26°C) the effect 
of soil temperature was the reverse - starter fertilizer produced its greatest effect 
at the higher soil temperature.

2. Only one environment - fertility combination produced plants which were markedly 
taller than those on any other treatment at maturity - the higher soil temperature 
in the lower air temperature, with starter fertilizer.

3. The results of this study indicate an interaction between the effects of air and soil 
temperature on fertilizer response. Research programs in the Department are 
underway to elaborate further on these effects. Collection of weather data from 
different soil and climatic regions will help in establishing patterns of occurrence, 
and permit growth behavior patterns to be related to regions.
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GENESIS AND MORPHOLOGY

Micromorphological Studies on Profile Samples of Gananoque and Oneida Series

During 1965, the micromorphology of the soil fabric of two soil series was investigated .
(a) Gananoque Series:

Physical, chemical and thin section analyses of this clay-derived soil provide data 
which indicate that a post emergence slide occurred at this site which has produced a dis
continuity in the soil materials.

It was evident also that a Bt horizon may develop in a soil at low pH above a non
conforming layer of finer textured material (Fig. 7).

(b) Oneida Series:

The data obtained from physical, chemical and soil fabric analyses support the 
following conclusions:

1. Extremely high ice pressure has compacted this glacial till soil resulting in low 
porosity in all horizons (Fig. 8) except the organic enriched Ah horizon.

2. Internal drainage depends greatly on vertical cracks which develop under shrinkage 
stresses.

3. Maximum accumulation of fine clay (<0.5 u) occurs in the Bt1 horizon (Table 29).
4. Oxalate extractable Fe is highest in the Ae and AB horizons while dithionite 

extractable Fe increased by small increments to a maximum in the Bt2 horizon. The thin 
sections revealed dense accumulations of amorphous iron in the Bt2 horizon but the data in 
the accompanying table would indicate that it is not oxalate extractable. This indicates that 
the oxalate extraction does not remove some forms of amorphous iron.

Figure 7. Thin Section Showing Clay and Iron Accumulation Along Channel Walls 
Occurring in a Zone Above a Layer of Finer Textured Materials.

Plane light 300 x.
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Figure 8. Thin Section Showing Compacted Till of the Oneida Series.

X Nichols 300 x.

Table 29

Physical and Chemical Data of an Oneida Profile

Horizon
Clay Percent Iron Percent Cation Exch. Capacity 

M.E./100 gms. soil.5-1/1 l-2/{ Dithionite Oxalate

Ah 14.2 2.9 5.5 .72 .20 12.4

Ae 12.3 3.9 3.1 1.28 .42 10.2

AB 27.1 7.2 1.3 1.58 .44 14.8

Bt-L 32.7 1.0 7.1 1.62 .30 16.0

Bt2 22.4 5.2 4.5 1.64 .32 9.4

Ck 17.3 5.3 6.4 .98 .20 8.0
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PESTICIDE BEHAVIOR IN SOILS

Studies are continuing on the movement of pesticidal chemicals in soils. Further 
work has been conducted on the behavior of 2,4-D in Honeywood silt loam (1964 Prgress 
Report, p. 40). Theoretical curves (solid lines in Fig. 9) were calculated for Cl“ and 2,4-D 
using a mathematical model similar to that developed for column chromatography.

The ratio of the concentration of the solution coming out of the soil column, C, to 
the concentration entering the column Co, is plotted against the amount of solution that has 
passed through the column, (Fig. 9). Time, in weeks, is also shown on the abscissa scale. 
One pore volume is the volume of soil solution contained by the soil column under the conditions 
of the experiment. The volume moisture content of the soil was 0.407 (the saturation fraction 
was 0.84 indicating that 84% of the pore space was filled with solution). A small amount of air 
was interchanged continuously within the apparatus, and evidently the aeration of the soil 
sample was sufficient to allow a complete breakdown of the 2,4-D being pushed through the soil.

In the degradation process, one of the breakdown products, Cl", was found and 
appeared in a manner complementing the 2,4-D breakdown. Note that the Cl“ breakthrough 
curve on the right hand side of Figure 9 is not in any way related to the earlier Cl- curve on 
the left hand side. Perfusion experiments with 2,4-D through soils indicate a variable lag 
phase of microbial development from 1 to 3 weeks, which is in keeping with the data presented.

Figure 9. Breakthrough curves for Cl“ and for 2,4-D from Honeywood silt loam. The Cl“ 
curve on the right hand side is that produced from the breakdown of 2,4-D. Solid 
lines are theoretical curves of best fit and the dashed lines are drawn through the 
data points.

45



CHARACTERIZATION OF SOIL ORGANIC PHOSPHORUS

Extraction of High Molecular Weighi Organic Phosphorus Compounds

Further work was carried out on the development of the Dowex A-l resin extraction 
procedure for organic phosphorus compounds in soil. The most effective method consists of a 
2-hour pretreatment with 0.05 N HF and 0.05N HC1 followed by a 4-hour extraction with the 
Dowex A-l resin. This procedure is as effective as much longer and more drastic extraction 
procedures. Dialysis experiment showed the resin extraction to yield much more of the high 
molecular weight fraction than any of the more drastic extraction procedures that are com
monly used.

The greater degradation of the high molecular weight fraction by more drastic proce
dures was also illustrated by gel filtration on Sephadex G-75. The resin extracts had over 
90 per cent of the organic phosphorus extracted in a form with a molecular weight of 50,000 
or higher. The extracts obtained by other procedures had very little of the organic phosphorus 
in the high molecular weight form. This illustrates that much of the past research on soil 
organic phosphorus may be invalid since the material obtained by drastic extractions such as 
0.5N NaOH at 90°C may have been considerably altered during the extraction process.

Movement of Organic Phosphorus Compounds in Soil

Organic phosphorus compounds are not evenly distributed within a soil profile. The 
greatest concentration occurs in the surface horizon where most organic material is deposited. 
The occurrence of organic phosphorus in lower horizons must be the result of downward move
ment of these compounds, or to their synthesis in situ. The major identified fraction of organic 
phosphorus in the soil is phytic acid and its deriatives. The movement of phytic acid-phos- 
phorus in a vertical soil core was studied under controlled conditions using a miscible dis
placement technique. Experiments were conducted on soil with gamma irradiation at 20°C 
and without irradiation at 5°C and 20°C. The movement of the phytic acid-phosphorus was 
measured by the concentrations of organic and inorganic phosphorus in the effluent and their 
distributions within the soil core. Phytic acid appeared to be quickly bound by the soil, 
accumulating near the top of the soil core. Phytic acid apparently displaced native inorganic 
phosphorus. The movement of phytic acid increased and its rate of mineralization decreased 
at 5°C compared to 20°C. At 20°C the mineralization of phytic acid-phosphorus was related to 
the presence of an Aspergillus. Gamma irradiation reduced, but did not completely eliminate, 
mineralization of phytic acid at 20°C. Changes in the clay and silt distribution and free iron 
concentration within the core were noted and related to the movement of phytic acid-phosphorus.
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UNDERSTANDING THE WEATHER

Potential Evapotranspiration

The potential evapotranspiration values estimated by the methods of Penman and 
Thornthwaite were 81% and 80% respectively of the measured values for the June to September 
months over a five-year period. The Thornthwaite estimate was less than the Penman estimate 
up to mid-July and greater for the rest of the season due to the seasonal lag of air temperature 
behind net radiation. Measured values in June, July, August and September averaged respec
tively 4.58, 5.06, 4.29 and 3.27 mm/day.

Micrometeorological Methods

The aerodynamic technique was used for hourly and daily determinations of evapo
transpiration from a corn field and was found to be much inferior to the energy-balance 
technique. The ratio of evapotranspiration calculated by the aerodynamic method to that 
observed by means of a floating lysimeter decreased from 0.95 in mid-July to 0.4 at the end 
of August when the corn was fully grown. On the other hand, the energy-balance, Bowen-ratio 
method provided results within+11% of the observed values throughout the season. Probably an 
inadequate field size was the cause of the increasing error in the aerodynamic method as the 
crop height increased. The energy-balance method is recommended for short-term evapo
transpiration determinations.

New Eddy-Correlation Device

A considerable effort during the past year was put into the development and testing 
of a new instrument in co-operation with Dr. Dyer and Mr. Hicks of CSIRO, Australia. The 
ultimate objective of the research is to provide a reliable, portable device, simpler than the 
Evapotron, to measure the sensible heat flux between a surface and the atmosphere. Thus, 
with this device, and the relatively easily made measurements of net radiation and the soil 
heat flux, one may obtain the latent heat flux by difference. The tests in Australia and in 
Ontario are very encouraging and minor modifications are being completed.

Determination of Evapotranspiration Using the Neutron Scattering Method

A study was completed on the accuracy obtained. For a gravelly soil (quite hetero
geneous) the probable error in evapotranspiration was less than 0.15 in./week and less than 
0.62 in. for a 3-month period when only one sampling site was used. Increasing the number of 
sampling sites decreased the error, but not in direct proportion.

Lysimeters

The errors involved in using a zinc-chloride solution in floating lysimeters were 
analyzed. A six-chamber stilling-well was constructed to provide temperature compensation. 
The result was a device suitable to measure hourly or daily evapotranspiration to within a 3% 
error. Modifications have subsequently been made to provide a greater sensitivity. It is 
hoped that direct measurements of evaporation from and condensation on snow surfaces can 
be obtained this winter concurrently with energy-balance measurements.

Laboratory testing of a low-cost lysimeter system suitable for daily measurements 
of evapotranspiration to an accuracy of 0.01 inches depth of water is underway at the present 
time.
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ADVISORY SERVICES

CO-OPERATION WITH OTHER SERVICES

Research to be of value to farmers must be interpreted so that it can be applied in 
their farming programs. The Department of Soil Science assists in this application at the 
farm level through in-service training courses for Agricultural Representatives, Soils and 
Crops Specialists and Fruit and Vegetable Specialists, through news media releases and through 
personal discussion with farmers.

As in 1964, all of the fertilizer recommendations based on soil test were made by 
Agricultural Representatives, Fruit and Vegetable Specialists, Tobacco Specialists and Soil 
and Crop Specialists at the county level. These specialists through in-service training are 
in close contact with the soil research program and are well qualified to advise farmers on 
soil management problems. The soil testing laboratory located in the Department of Soil 
Science is an integral part of this advisory service.

A Fertilizer Dealers’ Short Course on the technology of fertilizer usage was attended 
by more than 300 fertilizer dealers. This course was sponsored by the Ontario Department of 
Agriculture (Extension Branch, Soils and Crops Branch), by the Plant Food Council of Ontario 
Inc. and by the Department of Soil Science, O.A.C., University of Guelph.

Faculty members addressed many farmers’ meetings, several programs such as 
Bankers’ Schools, Advisory Fertilizer Board, Farmers’Week-O.A.C., Soil and Crop Improve
ment Association meetings, and actively participated in the 4-H Leadership Course and the 
Junior Farmers’ Land Use Tour as in previous years.

SOIL TESTING AND FERTILIZER RECOMMENDATIONS

More than 57,000 soil samples from farmers were analyzed in the soil testing 
laboratory during the period July 1,1964 to June 30, 1965. In addition, more than 6,000 garden 
samples and miscellaneous samples were analyzed.

With computer processing of the data (1964 Progress Report, p. 43), it is possible to 
more quickly supply those making recommendations with data from requirement tables on the 
crop specified, and to compile summaries indicating patterns of soil test levels and fertilizer 
requirements in different parts of the Province.

The number of samples tested for each of the important farm crops is given in Table 
30. The greatest demand for fertilizer recommendations was for the corn, hay and pasture 
crops. Oats which represent a large acreage in the province, show only half the number of 
samples shown for corn, hay and pasture.
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Crop No. of Tests % of All Farm Samples (57118)

Corn 12,981 22.7
Hay Pasture - All Mixtures 11,171 19.4

3/4 grass - 1803
1/3 legume - 3920
1/2 or more legume - 5448

Oats 6,194 10.8
Mixed Grain 5,215 9.1
Oats Seeded Down 4,840 8.4
Wheat 2,883 5.0
Mixed Grain Seeded Down 2,608 4.7
Tobacco Flue Cured 2,222 3.9
Barley 1,067 1.9
Potatoes 1,026 1.8
White Beans 899 1.6
Tomatoes 859 1.5
Soybeans 737 1.3
Wheat Seeded Down 372 0.65
Peas 207 0.36
Barley Seeded Down 181 0.31
Flax 174 0.30
Sugar Beets 164 0.29
Turnips 126 0.21
Rye 83 0.14
Other Crops 373 -
Total Farm Samples 57,118
Special-Gardens 2,256

Research Plots 4,251

Total Number of Samples 63,625

Average soil test values for pH, nitrogen,phosphorus,potassium, and magnesium are 
plotted according to county in Figures 10, 11, 12, 13, and 14. It must be stressed that these 
are average figures for the county and are only useful as a general area guide in extension 
programs, production estimations, lime and fertilizer sales promotion, local manufacture, 
and supply. These ratings must not betaken as the ones on which fertilizer recommendations 
could be made for a crop on any individual farm field within a county.
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Table 30

Number of Soil Tests by Crops 
July 1, 1964 - June 30, 1965

Total samples being seeded down to hay pasture - 8005 or 14%
Total samples involving hay pasture, including grains being seeded down - 19176 or 33%
Total samples involving small grains not being seeded down to hay pasture - 15533 or 27%
Total samples involving small grains including those being seeded down - 23538 or 41%
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MODERN FERTILIZERS

To supply the indicated needs of a soil, a variety of fertilizers are available and more 
new ones will likely appear. The Advisory Fertilizer Board has attempted to keep the number 
of ratios, and hence the number of grades, to a minimum. Because there is a certain leaway 
in the amount of each nutrient, which may be used for a given soil test level, a suitable grade 
can be selected from a relatively small group of ratios. The present approved list of ratios 
considered adequate by the Board is as follows:-

For Tobacco
Ratio Grade Example Ratio Grade Example
0-1-1 0-20-20 1-1-1 10-10-10, 12-12-12,
0-2-1 0-20-10 7-7-7

0-1-2 0-12-24 2-1-1 16-8-8, 14-7-7

1-2-2 8-16-16, 6-12-12 1-3-4 4-12-16

1-4-0 5-20-0 1-6-6 3-18-18, 2-12-12

1-4-2 5-20-10 1-6-8 2-12-16

1-4-4 5-20-20, 4-16-16 1-9-9 2-18-18

1-2-3 5-10-15

These mixed fertilizers may be either compounded by wet-mixing, or bulk blended 
by using dry ingredients. In addition to the mixtures, single or dual nutrient materials may be 
used without mixing. These include:-

Ammonium nitrate - 33% N.
Urea - 45% N.
Superphosphate - 20% to 46% P2O5
Ammo-phos. - 11% N, 48% P2Oe

- 16% N, 20% P2O5
- 18% N, 46% P2O5

Muriate of Potash - 60% K2O
Potassium Nitrate - 13% N, 44% K2O.

Modern trends are tending to provide better physical forms of fertilizer material 
at more competitive price, rather than producing a greater variety of analyses. Some new 
developments on the horizon are -

Slurry fertilizers which may supply nutrients in less expensive forms and at 
concentrations up to 45 units per ton. Suitability to Ontario conditions has not been studied 
yet, nor has suitable application equipment been developed.

Nitric phosphates, and other phosphate materials may reduce the price of these 
nutrients.

Of particular interest is the immediate prospect of lower cost nitrogen due to 
increased facilities for ammonia production in connection with non-agricultural industries.
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GRADUATE STUDY PROGRAM

56

During 1965-66 there were 20 graduate students and two special students registered 
in the Department of Soil Science. Ten of these students completed the requirements for the 
M.Sc. degree during the year.

1965-66 M.Sc. CANDIDATES AND THESIS TITLES

Soil Science:

Adams, C. Alterations in the nitrogen metabolism of alfalfa (Medicago sativa L.) and 
orchardgrass (Dactylis glomerata L.) by potassium and sulphur.

Bowman, B.T. Movement of phytic acid in soils.

Chan, W.T. The relationship between soil-fertilizer reaction products and the relative 
availability of mixed and band applications of fertilizer phosphorus.

Singh, D. Differential response of corn to potassium placement.

Stevenson, C.K. Effect of the N:P atom ratio of ammonium phosphates on emergence of wheat.

Varshney, V.C. The effect of soil temperature on root development and on phosphorus uptake 
by corn seedlings.

Wang, C. Occurrence of lithologic discontinuities in two Guelph soils.

Agrometeorology:

Pech, G. Characteristics of visible radiation in plant communities.

Stewart, D.W. Water relationships in the soil-plant-atmosphere system.

Resources Development:

Russell, W.E. Soil capability as a basis for resource planning.

REGISTERED IN 1965-66

M.Sc. - Soil Science:

Cheng, S. Soil Chemistry.

Baweja, A.S. Soil Fertility.

Erh, K.T. Soil Physics.

Hunsigi, G. Soil Fertility.

Kay, B.D. Soil Physics.

Krupp, H.K. Soil Physics.
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Lea, J.W. Soil Genesis.

Smid, A. Soil Fertility

Ph.D. - Soil Science:

Acton, C.

Agrometeorology:

Gillespie, T.J.

Special Students:

Bassingthwaite, W.H.F.

Fish, J.P.



PUBLICATIONS
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April 1, 1965 to March 31, 1966

EXTENSION PUBLICATIONS

Bates, T.E. Fertilizer Programs for Corn. Proceedings of the Fertilizer Dealers’ Short 
Course, O.A.C., Guelph, December, 1965.

Bates, T.E. Precision Placement of Fertilizer. Proceedings of the Annual Convention, 
Ontario Soil and Crop Improvement Association. January, 1966.

Ewen, W.T. Corn Fertilization. April 1965 - Farm Press.

Ewen, W.T. Improved Pasture Management. January 1966 - Farm Press.

Ewen, W.T. Soil Testing in Relation to Crop Production. January 1966 - Farm Press.

Heeg, T.J. Help Yourself to a Soil Test. Publication 181, Ontario Department of Agricul
ture. February, 1966.

Lane, T.H. Micronutrients for Field Crops in Ontario. Proceedings of Fertilizer Dealers’ 
Short Course, O.A.C., Guelph. December, 1965.

Lane, T.H. Foliar Fertilizers and Trace Elements. Proceedings of the Annual Convention, 
Ontario Soil and Crop Improvement Association. January, 1966.

Lane, T.H. When and Where are Trace Elements Required? Proceedings of Soils and Crops 
Day, Farmers’ Week ’66, O.A.C., Guelph. February, 1966.

Webber, L.R. (Editor). Ontario Soils - Physical, Chemical and Biological Properties and 
Principles of Management. Bulletin 492 (1965).

Webber, L.R. You Can’t Bury a Waste and Forget It. Water and Pollution Control, 104:35-37, 
1966.

Matthews, B.C. Fertility and the Soil Test Interpretation. Proceedings of the Annual Conven
tion, Ontario Soil and Crop Improvement Association, January, 1966.

Sheard, R.W. Fertilizer Program for Forage Production. Proceedings of Ferilizer Dealers’ 
Short Course, O.A.C., Guelph. December, 1965.

AGDEX PUBLICATIONS

The Extension Branch of the Ontario Department of Agriculture provides an Agdex 
information service to Agricultural Representatives. The Department of Soil Science 
contributes material which is an interpretation of research data suitable for use by extension 
personnel in conducting extension programs with farmers. The Agdex releases prepared by 
the Department of Soil Science for 1965-66 are as follows:-
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Matthews, B.C. Soil Surveys in Progress for 1965.
Bates, T.E. Applied Research in Progress for 1965.
Lane, T.H. Results of Micronutrient Research, 1965.
Bates, T.E. Response of Alfalfa to Boron Applications to the Soil.
Heeg, T.J. Soil Testing.
Sheard, R.W. Nitrogen Requirements of Different Grass Species.
Smith, J.A. Soil Test Levels and Potash Requirements for Corn.
Ewen, W.T. Slurry Fertilizers.
Hoffman, D.W. Land Use in Northern Ontario.
Ketcheson, J.W. No tillage for Corn - What is the Future?
Heeg, T.J. Magnesium - A Plant Nutrient.
Bates, T.E. Fertilizer with Corn Seed.
Lane, T.H. Micronutrients.
Bates, T.E. Nitrogen, Phosphorus, Potassium Fertilizers for Corn.

SCIENTIFIC PAPERS

Arnold, R.W. 1965. Multiple working hypothesis in soil genesis. Soil Sci. Soc. Amer. Proc. 
29: 717-724.

Arnold, R.W. 1965. Differentiation of soils having cyclic or recurring horizons. Can. J. Soil 
Sci. 46: 69-74.

Bates, T.E., and A.D. Scott. 1965. Soil moisture effects in potassium release observed on 
drying soils with organic additives. Soil Sci. Soc. Amer. Proc. 29: 673-676.

Bowman, D.H. and K.M. King. 1965. Determination of evapotranspiration using the neutron 
scattering method. Can. J. Soil Sci. 45: 117-126.

Bowman, D.H. and K.M. King. 1965. Convenient cadmium-metal standard for checking neutron, 
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RESEARCH PROJECTS ACTIVE 1966-67

Department of Soil Science

Project No.

Soil Survey and Classification:

S.S. 1 Taxonomic Classification of Soils; Soil Surveys and Their Interpretation. (Hoff
man) (With Co-operation of Research Branch, 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 (Protz) (With Co-Operation of Research 
Branch, Canada Dept, of Agriculture).
S.S. 4.1 Relationship between Geomorphic, Morphological and Chemical Variables 

Within Small Landscape Units.
S.S. 4.2 Mineralogical Characterization of Soils from Active Soil Surveys in 

Ontario.
S.S. 4.3 Quantitative Micromorphology and Soil Fabric Studies.

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

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

Soil Fertility:

S.F. 11 Calibration of Soil Tests Currently in Use and Evaluation of Fertilizer Recom
mendations on Ontario Farms. (Bates).
S.F. 11.7 A study of the response of perennial forage crops to P, K and boron 

fertilizers in Ontario Soils.
S.F. 11.8 Response of barley and oats to fertilizer nitrogen as affected by time 

of seeding.

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

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.

S.F. 24 Studies on the Fertilization of Unimproved Pasture Lands. (Sheard).
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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. 25.25 Influence of manure and corn stover on soil properties and yield and 
nitrogen requirement of continuous corn.

S.F. 25.26 Soil and stover management for corn.

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

S.F. 29 Comparisons of Different Fertilizer Materials, Placements, and Times of 
Application for Cereals and Intertilled Crops. (Ketcheson, 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. 29.3 Time and form of nitrogen application - Puslinch Field.
S.F. 29.4 Time and method of potassium application - Puslinch Field.

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 andphosphorus absorp

tion from a phosphate band.

Soil Fertility and Environment:

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. 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.

Soil Chemistry:

S.C. 41 Chemical Behavior 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. 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).

S.C. 53 Study of Nitrogen Components of Soil Organic Matter. (Thomas).
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Agrometeorology:

Ag.M. 63 Study of the Energy and Water Balances of Agricultural Land Surfaces. (King).

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

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

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

Soil Physics:

S.P. 74 Characterization of Physical Properties of Soils. (Webber).
S.P. 74.1 Moisture properties of soils.
S.P. 74.2 Particle-size distribution in soils.

S.P. 80 Physical Principles of Water Movement in Soils. (Elrick).
S.P. 80.1 The effect of sample size on the equilibrium moisture content and on 

the outflow dynamics of soils.

S.P. 81 Dynamics of the Movement of Chemicals in Soils. (Elrick).
S.P. 81.1 Use of the miscible displacement technique to study the nitrifying 

capacity of undisturbed soil cores.
S.P. 81.2 Movement of pesticides in soils.
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