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FOREWORD
It is a pleasure to present the 1964 Progress Report 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 the period April 1, 1964 - March 31, 1965.

Very soon after the invention of agriculture 7000 years ago, Man took an interest in 
soil and its characteristics that affect crop production. Of necessity, however, his notions of 
soil management were based on trial and error, tradition and superstition. It is now slightly 
more than 100 years since Liebig introduced the scientific age insofar as soil is concerned. 
Much has been learned since Liebig’s time; yet even more remains unknown.

Soil is the basic resource in agriculture. Ontario covers a land area of 232 million 
acres but only about 21 million acres are occupied as farmland. Of the occupied farmland only 
12 million acres are improved for agriculture. During the past twenty years, there has been 
a 17% decrease in acreage of occupied farmland. Only about one-fifth of this decrease can 
be related to urbanization and industrial development. The major portion of the decrease is 
due to mechanization and technological advances that have made certain low quality lands 
(especially stony and hilly areas) uneconomic for arable agriculture.

Through its teaching, research, and advisory program, the Department of Soil Science 
has as its overall objective the effective use of land for the efficient production of food and 
fibre on a sustained basis. It is involved in determining the quality and extent of the resource, 
in measuring its productivity and in establishing new techniques in management to maintain its 
productive capacity.

The Regional Research Station at Cayuga in Haldimand County was established in 
1952 on leased land. The results of the various research projects carried out at the Station 
have been reported in each of the previous progress reports. At the end of the year 1964 the 
Regional Research Station was closed and the land returned to the lessor. Many of the original 
objectives for the Station were achieved. It is not suggested that all the problems of managing 
the fine textured soils of the area are solved. However, at this point in time we believe that 
it was wise to terminate the work at the Research Station in favour of more extensive field 
experiments on private farms widely distributed across the Province.

Although this report is intended to review the research and advisory phases of our 
work, the Department also has a considerable responsibility in providing courses in various 
aspects of Soil Science. Formal courses are given to Diploma and Degree students in Agricul
ture as well as to post-graduate students. As an initial step to meet the wider demands, a 
correspondence course in “Introductory Soil Science” was prepared and offered for the first 
time in January 1965. Already more than thirty students have enrolled for this course offered 
by correspondence.

Dr. K. M. King spent six months (Dec. 1964 - June 1965) in Australia during which 
time he carried on special phases of his research in agricultural meteorology. Dr. King was 
awarded a travel grant by the Nuffield Foundation, London, England.

Dr. M.H. Miller, who has received a post-doctoral research award from the National 
Research Council, will be spending one year in Britain beginning in June 1965. Dr. Miller will 
spend most of his leave carrying on his research at the Agricultural Research Council, 
Radiobiological Laboratory, Wantage, England.
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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 Departments of the Ontario Agricultural 
College, the Soil and Crop Improvement Associations, Advisory Fertilizer Board and many 
other organizations and individuals. We are also grateful for the co-operation of the more than 
fifty farmers on whose farms we conducted field experiments in 1964.

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

April 12, 1965 B. C. Matthews
Guelph, Ontario. Professor and Head

Department of Soil Science.
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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 in 1964 was 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 over 50 farms throughout South-Central and Southwestern Ontario.
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THE WEATHER AT GUELPH IN 1964

The total precipitation at Guelph in 1964 was 0.5 inches above the 56-year average. 
This was the first year since 1959 that above-normal precipitation has been recorded. March 
and April rainfall was slightly above normal followed by below normal rainfall in May. June 
and July were about normal but August was 2.8 inches above normal. The fall months were 
relatively dry (Figure 1).

The temperatures for the year averaged very close to the normal although there were 
several periods of much below normal. Cold spells occurred at the end of March and early 
April and again in August. May and November temperatures were considerably above normal.

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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SOIL MANAGEMENT FOR CORN

TABLE 1

Yield of Corn (bu./ac.) with Various Methods of Phosphorus 
Application

♦Fertilizer placed in band 11/2 in. to side and 11/2 in. below seed.

All 
Banded*

Half Banded*  
Half Plowed

All 
Plowed

All 
Disced

No 
Phosphorus

1963 (2 trials) 69 71 73 59 54

1964 (2 trials) 94 92 94 88 84

Ave. (4 trials) 81 81 83 73 69

Note:

1. Disced-in application was only 1/3 as effective in both 1963 and 1964 as a band or 
plowed-down application.

2. Fertilizer plowed down gave the same yield increase as fertilizer in a band.

TABLE 2

Yield of Corn (bu./ac.) with Various Methods of Potassium 
Application

♦Fertilizer placed in band 11/2 in. to side and 11/2 in. below seed.

Note:

1. There was no response to potassium on either location in 1964. Thus no evaluation 
of the relative effectiveness of various methods of application could be obtained.

2. Disced-in application of potassium was less than 1/2 as effective as a banded or 
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All 
Banded*

Half Banded* 
Half Plowed

All 
Plowed

All
Disced

No 
Potassium

1963 (2 trials) 73 72 71 62 55

1964 (2 trials) 93 93 92 90 91

FERTILIZER PLACEMENT

In the 1963 Progress Report, data were presented to show that a disced-in application 
of phosphorus and potassium was not as effective as a band application. Similar data were 
obtained in 1964. The results for 1963 and 1964 are shown in Table 1 and Table 2.



plowed-down application in 1963.
3. Fertilizer plowed down gave essentially the same yield as the fertilizer in the band.
Based on the results of trials to date the recommended method of application of 

fertilizer for corn is as follows:
1. Phosphorus and potassium may be applied in a band 11/2 in. to the side and 11/2 

in. below the seed at planting or plowed-down before planting.
2. A portion of the nitrogen (up to 30 Ib./ac.) may be banded, and the remainder 

applied before planting or placed at least 3 in. below the soil surface after planting.
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STARTER FERTILIZER FOR CORN

The importance of a readily-available supply of nutrients, particularly phosphorus, 
close to the seed of corn has been recognized for many years. The plant has a large nutrient 
requirement during early growth and in addition is not efficient in absorbing phosphorus at the 
relatively low temperatures common in Ontario soils during May and early June. However, 
the data obtained from the placement trials in 1963 and again in 1964 (see above) indicated that 
a band application 11/2 "to the side and 11/2" below the seed was not any more effective than 
a plowed-down application. This indicated either that the starter effect was not as important 
as previously believed, or that the conventional band was not supplying nutrients sufficiently 
early in the crops growth to be effective as a starter. Previous research with oats had shown 
that a placement of the fertilizer with the seed resulted in a greater uptake of phosphorus early 
in growth than did placement to the side and below (See 1961 Progress Report p. 17).

Greenhouse Trials

Greenhouse trials were conducted in the winter of 1963-64 to measure the effective
ness of a small amount of fertilizer placed directly with the seed of corn.

In the first experiment, different fertilizers with the same analysis were applied with 
the seed of corn:

(a) a 10-20-10 fertilizer prepared from ammoidum nitrate, triple superphosphate 
and potassium chloride - a high salt fertilizer;

(b) a 10-20-10 fertilizer prepared from monoammonium phosphate, urea and potas
sium hydroxide - a low salt fertilizer.

These fertilizers were applied directly with the seed at a rate equivalent to 60 Ib./ac. In 
another treatment, a 10-10-10 fertilizer was banded 11/2 in. to the side and 11/2 in. below 
the seed at a rate equivalent to 500 Ib./ac.

Emergence. The high-salt fertilizer reduced emergence to about 25% of the untreated pots. 
Neither the low-salt fertilizer nor the conventional band delayed or reduced emergence. No 
further data were obtained from the high-salt fertilizer with the seed.

Plant Growth. The dry weight of corn plants at three stages of growth is shown in Table 3.



TABLE 3

Dry Weight of Corn Plants at Three Times After Planting

Note:

1. The 10-20-10 fertilizer at 60 Ib./ac. with the seed increased growth at 4 weeks 
but the 10-10-10 at 500 lb./ac. banded 11/2 in. to side and 11/2 in. below the seed did not.

2. At 7 weeks after planting, the fertilizer placed with the seed was still better than 
conventional band to the side and below.

3. At 11 weeks after planting, the higher rate banded to the side and below resulted 
in greater growth.

Phosphorus Absorption. The amount of phosphorus absorbed from the fertilizer was determined 
using radioactive phosphorus and is shown in Table 4.

TABLE 4

Phosphorus Absorbed from Fertilizer at Three Times After 
Planting

Note:

1. Absorption of phosphorus from fertilizer with the seed was much greater at early 
growth stages than from the fertilizer to the side and below the seed.

2. At the 11-week stage, the higher rate banded to the side and below resulted in a 
greater absorption.
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Treatment
_________ Weeks After Planting  
4__________ 7 11

(g./pot) (g./pot) (g./pot)
No Fertilizer 0.82 2.37 8.0

10-10-10 (500 Ib./ac.)
11/2 in. to side and below seed

0.85 3.18 21.4

10-20-10 (60 Ib./ac.)
Low-salt fertilizer with seed

1.11 3.72 15.0

Treatment ____________Weeks After Planting  
4______ 7 11

(mg.P/pot) (mg.P/pot) (mg.P/pot)
10-10-10 (500 Ib./ac.)
11/2 in. to side and below seed

.034 .89 11.98

10-20-10 (60 Ib./ac.)
Low-salt fertilizer with seed

2.24 2.72 6.60



Additional greenhouse experiments have shown:
1. That nitrogen and potassium absorption from the fertilizer with the seed is also 

much greater than from the fertilizer in the conventional band in the early stages of growth 
of corn.

2. That response in early growth can be obtained from either nitrogen, phosphorus 
or potassium placed directly with the seed of corn.

3. That some delay in emergence may occur even with the low-salt fertilizer placed 
directly with the seed at a rate equivalent to 50 Ib./ac.

Field Trials

In 1964, trials were conducted to evaluate the conclusions from the greenhouse trials 
under field conditions. Starter fertilizer was placed with the seed of corn on one-half of each 
plot in five field experiments comparing various rates and methods of fertilizer application. 
Thus the effect of the starter in conjunction with various fertilizer treatments was obtained.

The results are shown in Table 5.

TABLE 5

Yield of Corn (bu./ac.) With and Without Starter Fertilizer 
With the Seed in 1964

*A low-salt starter solution.

Fertilizer Location of Trials
With Seed 1 

Wellington Co.
2 

Wellington Co.
3 

Waterloo Co.
4 

Halton Co.
5 

Middlesex Co. Ave.

None 103 90 75 92 77 86

50 lb. 6-24-6* 107 99 83 94 84 93

Note:

1. A significant response to the starter was obtained on four of the five locations.
2. The response ranged from 2 bu./ac. to 9 bu./ac. with an average for the five 

locations of 7 bu./ac.

On location 2 the response to the starter was somewhat reduced when applied in 
conjunction with banded phosphorus. At location 5, there was no response to fertilizer other 
than to the starter. Thus it appears that the starter fertilizer directly with the seed gave a 
yield response in addition to that obtained from a conventional fertilizer application.

Two points must be kept in mind when considering these data:
1. The results are for one year only. More data are required before this practice 

can be suggested.
2. Some delay in emergence may occur even with the low-salt starter solutions, 

particularly on coarse textured soils when soil moisture content is low. With normal high- 
salt fertilizers at the rates used in these studies, germination is likely to be seriously affected. 
Further studies are underway to establish safe rates of fertilizer application directly with the 
seed of corn.
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An experiment has been in progress at the Regional Research Station at Cayuga since 
1961 to determine the nitrogen requirements of continuous corn on the Haldimand clay. The 
area used had been in corn continuously since 1952 with an average of 80 lb. N/ac./yr. applied 
and the stover returned.

The yield since 1961 is shown in Table 6.

Nitrogen Applied**
Yield of Corn (bu./ac.)

1961 1962 1963 1964

(lb./ac./yr.)

0 91 49 29 26

30 103 63 46 55

90 105 70 88*** 76

270 107 68 95*** 73

*100 lb. P2O5 and 50 lb. K2O/ac. applied each year.
** First 30 lb. banded, 1/2 remainder plowed-down in fall, 1/2 disced-in in spring.

***No fall application, 60 lb. N/ac. in 1963.
****No fall application, 150 lb. N/ac. in 1963.

Note:

1. Yield decreased rapidly when nitrogen was not applied.
2. Nitrogen required for the most profitable response increased from 30 Ib./ac. in 

1961 to 90 Ib./ac. in 1962 and remained at about 90 Ib./ac. in 1963 and 1964.
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TABLE 6

Yield of Continuous Corn on Haldimand Clay with Different Rates 
of Nitrogen* with Stover Removed

NITROGEN REQUIREMENT FOR CONTINUOUS CORN ON A HALDIMAND CLAY

RESPONSE OF CORN TO POTASSIUM APPLICATION AT HIGH SOIL LEVELS 
OF POTASSIUM

There has been considerable discussion concerningthe response of corn to potassium 
application when the soil test indicates no potassium requirement. No response was obtained 
over a 12-year period to applications of potassium to a Haldimand clay which required no 
potassium by soil test (See 1963 Progress Report, p.15).

In addition to the trial on Haldimand clay, 41 other trials were conducted mainly in 
Southwestern Ontario between 1955 and 1961 to measure the response of corn to differRnt 
rates of nitrogen, phosphorus and potassium. Fifteen of these trials were on soils having a 
potassium test value of 200 or higher. The yield of corn at three rates of potassium on each 
of these sites is shown in Table 7.



TABLE 7

Response of Corn to Potassium Applications on High-Testing Soils 
(1955-61)

*120 lb. N/ac. and 80 lb. P2C>5/ac. added to all plots.
** Potassium applied in a band.

County Soil Type
Potassium 
Soil Test

Yield (bu./ac.)*
0 40 80 lb.K2O/ac.**

Norfolk Fox sandy loam 200 97 99 101
Waterloo Burford loam 215 67 64 67
Perth Brookston silt loam 218 57 64 69
Huron Berrien sandy loam 220 54 48 43
Middlesex London loam 226 75 72 72
Perth Perth silt loam 227 68 76 72
Welland Welland clay 228 80 90 88
Peel Malton clay 230 46 50 53
Brant Brantford silt loam 230 95 101 102
Kent Brookston clay 296 108 108 103
Welland Welland clay 314 60 59 66
Lambton Brookston clay loam 315 84 77 82
Elgin Beverly loam 340 89 87 86
Kent Brookston clay 400 102 110 97
Lambton Brookston silt loam 444 63 59 54
Average 76 78 77

Note:

1. There was no profitable response on the average to potassium application on soils 
with a test value of more than 200 for potassium.

2. Some response on individual locations where soil potassium test ranged from 200 
to 230. Recommendation at this soil test level is 20 lb. K^O/ac.

3. There was no response on any location where soil test exceeded 230. No potassium 
is recommended at this soil test level.

From these experiments, it is apparent that application of potassium fertilizer on 
soils having a potassium soil test value greater than 230 is not profitable. If however, corn 
is grown without potassium application on soils with a loam texture or coarser, the soil test 
may be reduced rapidly particularly if the stover is removed. When the test drops below 230, 
potassium fertilizer must be applied to maintain production.
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TIME OF NITROGEN APPLICATION

The necessity of using relatively large amounts of nitrogen for corn production may 
create some problems if the material must be applied in the spring. For example, (1) the 
time available for application is short; thus more or larger equipment is required. (2) Seeding 
may be delayed, resulting in a possible yield reduction. (3) Large amounts of nitrogen fertilizer 
must be stored by the manufacturers or the farmers for extended periods of time to assure an 
adequate supply when needed.

On many farms therefore it might be advantageous in many instances if the nitrogen 
could be applied in the fall rather than in the spring or at planting time. However, for winter 
wheat, fall applied nitrogen has been shown to be less effective than spring applied nitrogen 
(see 1962 Progress Report). There is some evidence that the same is true for corn. Two 
trials were conducted in 1964 to determine the response of corn to three sources of nitrogen- 
anhydrous ammonia, urea, and ammonium nitrate - applied in the fall and in the spring. On 
one trial the spring application was better than the fall, on the second there was no difference. 
This effect of the time of application of nitrogen was the same for all three sources. Further 
work is underway in the hope of obtaining a definite answer on the effectiveness of fall applica
tion of nitrogen fertilizers for corn and other spring sown crops.
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SOIL MANAGEMENT FOR FORAGES

Several species of grass are grown in Ontario having been planted as pure stands or 
remaining as pure stands after an associated legume has died out. The most common grasses 
in order of decreasing frequency of occurrence are bluegrass, timothy, bromegrass, orchard
grass and reed canary grass.

The data in Table 8 indicate the range of response to nitrogen which may be obtained 
from timothy, bromegrass and orchardgrass.

TABLE 8

Nitrogen Efficiency in Production and Distribution of Production of 
First Year Stands of Timothy, Bromegrass and Orchardgrass*

* Adequately fertilized with P and K.
** Applied as a split; 1/3 in September, 1/3 in April and 1/3 after 1st cut.

Species
Yield of Hay (15% Moisture) % of Increase Occurring

0 Ib.N/ac. 225 lb.N/ac.** Increase Efficiency
1st

in
Cut2nd 3rd

(T./ac.) (T./ac.) (T./ac.) (lb. Hay/lb.N) (%) (%) (%)

Timothy 1.32 3.91 2.58 22.9 74.9 24.4 0.7

Brome 1.18 4.37 3.18 28.4 71.5 25.7 2.8

Orchard 1.41 4.93 3.52 31.2 60.6 34.8 4.6

Note:

1. Yields without nitrogen were similar for all species.
2. Orchard and brome gave a greater response to nitrogen than did timothy resulting 

in a greater production per pound of nitrogen.
3. In comparison to timothy andbrome, moreofthe increase in production of orchard 

grass occurred in the second and third cut, hence more use was made of the third application 
of nitrogen by orchard grass than by the other two grasses.
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Many factors influence the level of production obtained from grass fertilized with 
nitrogen. One of these is the time at which the nitrogen is applied.

Table 9 summarizes data obtained from two locations in 1964 on stands of timothy 
containing less than 25 per cent legume.

Time of
Application

Yield of Hay (15% Moisture) with Nitrogen Applied at Rates of
0 30 45 60 90 135 Ib./ac.

(T./ac.) (T./ac.) (T./ac.) (T./ac.) (T./ac.) (T./ac.)

September 0.72 — 1.46 — 1.82 1.90

April 0.72 — 1.64 — 1.88 1.98

1/2 in Sept., 1/2 in April 0.72 1.54 — 1.90 2.04 —

Note:

1. Identical yields of about 1.90 T./ac. were obtained from 135 lb. N per acre applied 
in Sept., 90 lb. in April, or 30 lb. in September and 30 lb. in April. Using a value of $20.00/ton 
for forage and 10 cents/lb. for nitrogen the resulting profit per acre was $6.78, $10.78 and 
$13.78 respectively.

Application of a portion of the annual nitrogen requirement in September increases 
the tillering of a stand and builds up the nitrogenous food reserves of the plants.
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TABLE 9

Response of Timothy to Nitrogen Fertilization 
as Affected by the Time of Application

PROPER TIMING OF NITROGEN APPLICATIONS ON GRASS CAN 
REDUCE THE AMOUNT REQUIRED



THE EFFECTS OF NITROGEN AND POTASSIUM ON PURE STANDS 
OF ALFALFA AND GRASS

A high yield of a legume can be produced without the addition of nitrogen fertilizer. 
A high yield of grass, however, is entirely dependent on nitrogen from fertilizer, manure and 
the mineralization of soil organic matter. Both species require adequate potassium for high 
yields.

Pure stands of alfalfa were fertilized with potassium and pure stands of bromegrass 
were fertilized with nitrogen and potassium (Table 10). The experiment was located on a tile- 
drained Brisbane loam containing an adequate level of phosphorus.

TABLE 10

Influence of Potassium on the Yield of Alfalfa and of 
Bromegrass Without and With Nitrogen.

Potassium Yield of Hay (15% Moisture) From:
Alfalfa Brome + 0 Ib.N/ac. Brome + 225 Ib.N/ac.

(lb. K2O/ac.) (T./ac.) (T./ac.) (T./ac.)

0 3.63 1.56 3.57

100 4.31 1.47 4.08

200 4.83 1.57 4.39

300 4.57 1.18 4.37

Note:

1. Alfalfa without nitrogen fertilizer produced more hay than bromegrass with 
nitrogen fertilizer at all levels of potassium application.

2. Bromegrass without nitrogen did not respond to potassium. When nitrogen was 
applied an increase due to potassium of 0.82 T./ac. was obtained.

3. An application of 100 lb.K2O/ac. to alfalfa produced a yield equivalent to that 
obtained from bromegrass using 200 lb.K2O/ac. and 225 lb. N/ac. The difference in cost of 
fertilizer was $28.50/ac.
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Where forage is used for pasture, a uniform distribution of production over the summer 
period is desirable. The per cent of the total production of alfalfa obtained before Sept. 1 was 
compared with that obtained from orchardgrass fertilized with nitrogen.

TABLE 11

The Yield Per Cut and Per Cent of the Total Production 
of Alfalfa and of Orchardgrass Fertilized with Nitrogen

* 15% moisture.

Cut Date Yield of 
Alfalfa*

Distribution Yield of 
Orchardgrass * 
with 225 lb.
N/ac.

Distribution

(%) (T./ac.) (%)

1 June 11 2.14 44.4 2.67 59.7

2 July 17 1.50 31.1 1.37 30.6

3 Aug. 27 1.19 24.5 0.43 9.7

Total 4.83 4.46

Note:

1. The distribution of production of the legume was more favorable for pasture use 
than that of the grass.

2. The production from grass pasture during late July and August even when fertilized 
with nitrogen is only about 1/3 of that from a legume pasture.
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THE RESPONSE OF A GRASS-LEGUME TO PHOSPHORUS AND POTASSIUM

Previous Progress Reports (1962, 1963) have indicated the response of alfalfa-brome 
mixtures to phosphorus and potassium on a Burford loam and an Otonabee loam. The increases 
in yield due to fertilizer applications during the four years of the stand are recorded in Tables 
12, 13 and 14.

TABLE 12

Yield Increase From Potassium for Each of the Four 
Years of Production on a Burford Loam

Potassium 
Applied

Yield Increase* Net Return from 
Fertilizer ***1960 1961 1962 1963 Total

(lb.K2O/ac./yr.) (T./ac. -15% Moisture) ($/ac.)

30 0.12 0.52 0.58 0.53 1.75 22.52

60 0.19 0.90 1.24 1.04 3.37 42.68

180** 0.82 1.51 2.26 1.43 6.02 66.43

*Ave. yield without fertilizer was 2.39 T./ac.
** Increased from 120 lb. K2O/ac./yr. in Sept. 1961.

***Hay valued at $20.00/ton, potassium at 6£/lb. of K2O.

TABLE 13

Yield Increase from Potassium for Each of the Four
Years of Production on an Otonabee Loam

Potassium 
Applied

Yield Increase * Net Return from 
Fertilizer **1961 1962 1963 1964 Total

(lb.K2O/ac./yr.) (T./ac. -15% Moisture) ($/ac.)

30 0.07 0.13 0.22 0.35 0.77 5.88

60 0.21 0.32 0.46 0.61 1.60 12.76

120 0.69 0.81 1.44 1.73 4.67 50.64

♦Ave. yield without fertilizer was 2.73 T./ac.
♦♦Hay valued at $20.00/ton, potassium at 6$/lb. of K2O.
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TABLE 14

Yield Increase from Phosphorus for Each of the Four 
Years of Production on an Otonabee Loam

♦Ave. yield without fertilizer was 2.73 T./ac.
** Hay valued at $20.00/ton, phosphorus at 10^/lb. of P2O5.

Phosphorus 
Applied

Yield Increase * Net Return From 
Fertilizer ($Zac.)1961 1962 1963 1964 Total

(lb.P2O5Zac.Zyr.) (T.Zac,. -15% Moisture) ($Zac.)

30 0.25 0.32 0.78 0.77 2.12 24.10

60 0.25 0.44 1.03 0.94 2.66 21.23

120 0.79 0.63 1.50 1.46 4.38 26.59

Note:

1. The response to potassium at both sites and phosphorus on the Otonabee loam 
increased up to the highest rate of application used on the experiment.

2. The response to both phosphorus and potassium became greater with each year of 
continued production.

3. A greater response to potassium was obtained on the Burford loam where the 
legume died out due to a lack of potassium (See 1962 Progress Report, pp. 19) than on the 
Otonabee loam where, in the third crop year, the stand was still 47% legume even without 
potassium fertilization.

4. Where adequate phosphorus and/or potassium was applied, a yield increase equal 
to one extra year’s production in four was obtained in these two trials.
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MICRONUTRIENT RESEARCH

MICRONUTRIENT NEEDS FOR FIELD CROPS ON ONTARIO SOILS

The likelihood of micronutrient (trace element) deficiencies in Ontario is increasing 
due to continued depletion of their natural level in the soil by crop removal and to increasingly 
high levels of crop production.

Boron is known to be deficient for alfalfa (1963 Progress Report) and for turnips and 
sugar beets in some areas of Ontario. Manganese deficiency occurs fairly frequently on 
soybeans and white beans, and to a lesser extent on oats mainly on poorly drained, high 
organic matter soils. Although reports of suspected deficiencies are frequently received, 
there are no documented reports of responses of field crops to any of the other micronutrients - 
zinc, iron, copper, sulfur, or molybdenum.

In 1964 field trials were established to determine the extent and severity of micro
nutrient deficiencies for field crop production. The locations selected were those considered 
most likely to give a response to one or more of the micronutrients. Some of these were on 
high-producing fields, while others were on fields that, although well managed and fertilized 
with the major nutrients, were not producing satisfactory yields. Replicated plots were 
established for each of several crops on which solutions containing the desired combinations 
of micronutrients were applied to the foliage at two or three stages of growth, using the 
specially designed equipment shown in Figure 2.

Figure 2. Sprayer Designed for Foliar Application of Micronutrients.
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The yield data are reported in Tables 15 to 20.

TABLE 15

Yield of White Beans With Foliar Applications of Micronutrients.

Location (County)
Foliar Treatments ♦

None Complete** Complete Less Mn Complete Less Zn
(bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.)

Kent 34 35 34 33

Huron 28 26 26 27

Huron 29 30 31 29

Average 30 30 30 30

♦White beans received foliar applications at two growth stages. 
First foliar - 5 to 6 trifoliate leaves developed (6”- 8" in height). 
Second »• - bottom pods developed with top pods forming.

Foliar Treatments *
Location (County) None Complete** Complete Less Mn Complete Less Zn

(bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.)

Essex 32 33 32 33

Lambton 28 27 27 25

Average 30 30 30 29

♦Soybeans received foliar applications at two growth stages.
First foliar - 3 to 4 trifoliate leaves developed (6” height).
Second " - bottom pods forming.

Note:

1. There was no significant yield increase due to any of the micronutrients applied.

♦♦ Complete foliar treatment contained manganese (Mn), zinc (Zn), boron (B), magnesium (Mg), 
copper (Cu), molybdenum (Mo), and sulfur (S).
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Note:

1. There was no significant yield increase due to any of the micronutrients applied.

TABLE 16

Yield of Soybeans With Foliar Application of Micronutrients



TABLE 17

Yield of Potatoes With Foliar Applications of Micronutrients

Location (County)
Foliar Treatments *

None Complete**
Complete 
Less Mn

Complete 
Less Zn

Complete 
Less Mg

Complete 
Less B

(bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.)

Dufferin 575 620 602 595 600 584

South Simcoe 596 583 592 601 575 564

South Simcoe 545 507 488 536 489 504

Average 572 570 561 577 555 551

** Complete foliar treatment contained manganese (Mn).zinc (Zn),boron (B), magnesium (Mg), 
copper (Cu), molybdenum (Mo), and sulfur (S).

* Potatoes received foliar applications at two growth stages.
First foliar - pre-bud (6" -8" vegetative).
Second " - post-first bloom.

Note:
1. There was no significant yield increase due to any of the micronutrients applied.

Foliar Treatments *
Location (County) None Complete** Complete

Less Mn
Complete 
Less B

Kent Sugar beets (tons/ac.) 23.0 21.9 21.4 21.1
Sugar (Ib./ac.) 5630 5345 5128 5157

Kent Sugar beets (tons/ac.) 24.0 23.6 23.9 21.9
Sugar (Ib./ac.) 6502 6395 6565 6015

Kent Sugar beets (tons/ac.) 21.8 20.5 23.1 22.4
Sugar (Ib./ac.) 6489 5968 6747 6415

Average Sugar beets (tons/ac.) 22.9 22.0 22.8 21.8
Sugar (Ib./ac.) 6207 5903 6147 5862

♦Sugar beets received foliar applications at three times.
First foliar - mid-June
Second h - mid-July
Third " - mid-August.

Note:
1. There was no significant yield increase due to any of the micronutrients applied.
2. There was an indication of a yield reduction from foliar application at one location 

(significant at 10% level or probability).
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TABLE 18

Yield of Sugar Beets With Foliar Applications of Micronutrients



YIELD 19

Yield of Corn With Foliar Applications of Micronutrients

Foliar Treatments*
Location (County)

None
Complete

Complete**  Less Mn
Complete 
Less Zn

Complete 
Less Mg

Complete 
Less B

(bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.)

Northumberland 91 96 89 94 92 86
Durham 111 103 95 98 105 100
Durham 106 99 109 105 116 105
Elgin 139 131 136 127 134 —
Kent 75 74 72 66 76 -
Kent 134 130 131 135 132 —
Kent 74 67 72 68 64 -
Huron 102 98 100 101 — -
Huron 121 119 118 116 - —
Average (9) 106 102 102 101 103 (7) -

** Complete foliar treatment contained manganese (Mn), zinc (Zn), boron (B), magnesium (Mg), 
copper (Cu), molybdenum (Mo), and sulfur (S).

* Corn received foliar applications at two growth stages. 
First foliar - six inch plant height.
Second " - three to four feet plant height.

Note:
1. There was no significant increase due to any of the micronutrients applied.
2. There was an indication of a yield reduction from foliar application on some 

locations.
TABLE 20

Yield of Oats With Foliar Applications of Micronutrients

Location (County)
Foliar Treatments*

None Complete**
Complete
Less Mn

Complete 
Less Zn

Complete 
Less Mg

(bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.) (bu./ac.)

Peel 78 77 77 76 -
Dufferin 63 69 62 63 —
Perth 89 88 89 90 —
Perth 95 90 75 87 —
Grey 72 73 74 69 -
Durham 47 44 48 48 46
Wentworth 83 73 71 74 —
Wellington 18 24 15 31 -
Average (8) 68 67 64 67 -

* Oats received foliar applications at two growth stages.
First foliar - 4 to 6 inch plant height.
Second " - shot blade to early boot.

Note:
1. There was a yield reduction from a foliar application on the location in Wentworth 

County.
2. There was a yield increase to manganese from a foliar application on the location 

(peat surface soil) in Wellington County.
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Soil and tissue samples were collected from the experimental areas as well as from 
approximately 125 additional locations. The micronutrient content of these samples will assist 
in the determination of a “critical” level i.e. the content of a micronutrient in the tissue or 
a soil extract above which a response to that micronutrient in a fertilizer is not likely to occur.

Further trials of a similar nature will be conducted in 1965.

The response of alfalfa to boron applied to the soil the previous fall has been measured 
on 36 locations in south-central and south-western Ontario since 1962 (see 1963 Progress 
Report, p. 24-25). In 1964 there was a response at two out of 14 locations - one in Durham and 
one in Grey County. In total a response has been obtained on 9 of the 36 locations; 8 of the 
responding sites being in the three-county area of Ontario, Durham and Northumberland. The 
response in these counties has been obtained primarily on the sand, sandy loam and loam soils 
with a high pH. On these soils in Ontario, Durham, Northumberland and perhaps adjacent 
counties, alfalfa when adequately fertilized with phosphorus and potassium is likely to become 
deficient in boron. Therefore, boron applications should be included in the fertilization program 
for alfalfa on the medium and coarse textured soils in this area.

Boron fertilizer can be appliedas a topdressing 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 to supply 2 to 2.5 pounds of actual boron (B) per acre. If more 
frequent applications are made, the rate must be reduced proportionately.
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SO IL TEST I NG RESEARCH

The accurate estimation by a soil test of the relative amount of nitrogen that will be 
available to crops in different soils is difficult. The release of nitrogen from the organic 
matter during the growing season is dependent on the action of micro-organisms in the soil. 
This action is affected extensively by the fluctuations of soil temperature and moisture, and 
the amount and type or organic materials present as well as other factors. The test currently 
in use attempts to measurethe capacity of the soil to supply nitrogen by measuring the nitrogen 
released by microbial action during a one-week incubation at constant temperature and 
moisture.

In an attempt to find a better test, 60 soils were collected from various parts of 
Ontario. Two crops of orchardgrass were grown on the soils in the greenhouse to measure 
their capacity to release nitrogen to the crop. The nitrogen measured by several different 
soil tests was then related to the nitrogen absorbed by the orchardgrass.

The nitrate nitrogen content of most of the soils was relatively high when the soils 
were collected. Thus the fir st crop of orchardgrass had a readily available supply of nitrogen. 
The second crop, however, was much more dependent on the capacity of the soil to release 
nitrogen. This was indicated by the fact that nitrogen-fertilized pots yielded, on the average, 
9 times the unfertilized pots. The relationship between the nitrogen absorbed by the second 
crop of orchardgrass and the amount released by various tests is shown in Table 21.

References for Methods in Table 21.

1. Measurement of nitrate-supplying power of soils by an incubation method and correlation 
with crop yield response. D.J. Eagle and B.C. Matthews. Can. J. Soil Sci. 38: 161-170 
(1958).

2. Nitrogen availability indexes (Section prepared for A.S.A. Monograph on Methods of Soil 
Analysis) by J.M. Bremner, Iowa State University (1964).

3. Ammonia production in soil under waterlogged conditions as an index of nitrogen availability. 
Waring, S.A. and J.M. Bremner, Nature 201: 951 (1964) and Nature 203: 819.

4. Determination of nitrogen by sodium bicarbonate extraction. A. J. MacLean, C.D.A. 
Research Station, Fredericton, N.B. (Personal communication).

5. Rapid procedure for estimating potentially available soil nitrogen under greenhouse 
conditions. Purvis, E.R. and Micah W.M. Leo, J. Agr. and Food Chern. 9: 15-17 (1961).
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TABLE 21

Correlation of Nitrogen Absorbed by the Second Crop of Orchardgrass 
in the Greenhouse with that Measured by Several Soil Tests

♦Test currently in use in Soil Testing Laboratory, Dept, of Soil Science, O.A.C.

Note:

Soil Test Correlation Coefficient 
“r»>

1. O.A.C. Aerobic Incubation Test (soil only)
Initial + Incubatable Nitrogen* 0.76
Initial Nitrate 0.69
Incubatable Nitrogen 0.53

2. Aerobic Incubation of Soil + Sahd Mixture
Initial + Incubatable Nitrate and Ammonia 0.63
Initial Nitrate and Ammonia 0.60
Incubatable Nitrate and Ammonia 0.22

3. Anaerobic Incubation (ammonia only)
Initial + Incubatable Ammonia 0.27
Initial Ammonia 0.34
Incubatable Ammonia 0.13

4. Sodium Bicarbonate-Soluble Ammonia 0.38

5. Dilute Sulphuric Acid-Soluble Ammonia -0.04

6. Soil Organic Matter Content (%) 0.34

7. Total Soil Nitrogen (%) 0.39

Necessary r (.05) - 0.26
(.01) = 0.33

1. The test currently in use gave the best measure of the capacity of the soils to 
supply nitrogen.

2. The initial nitrate appeared to be of more significance than that produced during 
incubation although a combination of the two was better than either one alone.

Although the present soil nitrogen test is not as effective as desired, a more effective 
test was not found in this study.
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SOIL SURVEYS AND REPORTS

Soil surveys were conducted in Peterborough County, Waterloo County and parts of 
Northern Ontario in 1964 in co-operation with the Canada Department of Agriculture and the 
A.R.D.A. Branch. The detailed-reconnaissance survey of Peterborough covered 400,000 acres 
in the northern part of the county. A detailed soil survey was started in Waterloo County. 
This survey is discussed in the next section. The soil survey of the settled portions of Northern 
Ontario was begun in the Sturgeon Falls - Warren - Noelville region, the area around Chelms
ford and a section around North Bay. About 500,000 acres were mapped in these areas in 1964. 
The soil survey of Peterborough and Waterloo Counties and Northern Ontario will continue in 
1965. Areas to be completed in Northern Ontario include the north shore of Lake Huron, the 
Fort William - Port Arthur area and the region between Fort Frances and Lake-of-the-Woods.

Three soil survey reports were published in 1964. These are:

Soil Survey of Renfrew County, Report No. 37

Soil Survey of Dufferin County, Report No. 38

Soil Associations of Southern Ontario, Report No. 30

A list of other publications of the Ontario Soil Survey appears in the 1963 Progress Report of 
the Department of Soil Science.

A detailed soil survey of Waterloo County was initiated in 1964 and is the first survey 
in Ontario involving large scale detailed mapping of the soils on a county basis.

In 1938 a reconnaissance survey of Waterloo County was made at a scale of 1 inch 
equal to 1 mile. In the detailed survey, soil boundaries are plotted on recent aerial photographs 
at a scale of 4 inches equal to 1 mile. Mapping at this scale involves traversing all farms and 
carefully observing all soils.

The soils pattern ofthe same area as mapped in each type of survey may be compared 
in Figure 3. The increased complexity of the detailed map reflects not only the change of the 
scale of mapping but also the continued refinement of the definition and description of soils in 
the landscape.
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Figure 3. A Section from 1938 Reconnaissance Soil Map and 1964 Detailed Soil Map of Waterloo 
Coupty Showing Difference in Detail of Mapping.

Approximately 40 per cent of the county was completed during 1964. When completed 
in 1965 the soil map of Waterloo County will be published on a photo-mosaic background which 
facilitates the location of many landscape features. In addition the report will contain descrip
tions of the soils, suggestions for their use and management, and some applications for 
engineering, forestry and other purposes.
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The soil capability inventory for agriculture has been completed for all the counties 
of Southern Ontario. Soil capability maps have been prepared at the scale of 1:63,360 (1 inch = 
1 mile) and these are being used to make maps of a more generalized nature at the 1:250,000 
scale.

The soils have been classified in terms of their capability for agriculture as follows:

Class 1 - Soils in this class have no important limitations in use for crops.

Class 2 - Soils in this class have moderate limitations that reduce the choice of crops or 
required special conservation practices.

Class 3 - Soils in this class have moderately severe limitations that reduce the choice of 
crops or require special conservation practices.

Class 4 - Soils in this class have severe limitations that restrict the choice of crops or 
require special conservation practices or both.

Class 5 - Soils in this class are capable only of producing perennial forage crops and improve
ment practices are feasible.

Class 6 - Soils in this class are capable only of producing perennial forage crops and improve
ment practices are not feasible.

Class 7 - Soils and lands in this class have no capability for arable agriculture or permanent 
pasture.

Organic - The muck and peat lands have not been differentiated in terms of their agricultural 
potential.

Soils in Classes 1, 2, and 3 (althoughthey may have some limitations) are all capable 
of producing arable (cultivated) crops and pasture. Soils in Class 4 are marginal for arable 
crops. Soils in Classes 5 and 6 are generally limited to production of pasture. Class 5 soils 
generally give economic response to pasture renovation and improvement but Class 6 soils do 
not. Class 7 soils have such severe limitations that they are unsuitable even for pasture.

The acreages of the various classes and subclasses of soil have been estimiated for 
most of the townships in Southern Ontario. These acreages have been summarized for the 
counties of Southern Ontario in Tables 22 and 23.
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TABLE 22

Soil Capability for Agriculture in Southern Ontario

Soil Class Million Acres % of Total

1
2
3
4
5
6
7 
0

4.9 20.3
4.7 19.8
3.1 12.9
1.7 7.1
1.4 5.8
1.8 7.5
5.2 21.6
1.2 5.0

Total 24.0 100.0

Note:

1. About 12.7 million acres or 53 per cent of the land in the counties of Southern 
Ontario is arable (Classes 1, 2 and 3).

2. About 5.2 million acres or 21.6 per cent is non-agricultural (Class 7).

TABLE 23

Soil Limitations in Southern Ontario

Limitation Million Acres % of Total

Organic
Wetness
Slope
Shallow over bedrock
Stoniness
Soil condition (droughtiness, 
low fertility, etc.)

1.20 5.0
3.58 14.9
2.02 8.4
4.06 16.9
2.73 11.4
4.92 20.5

Note:

1. Poor soil conditions (i.e. droughtiness, low fertility etc.), shallowness and wetness 
are the main limitations to crop production in Southern Ontario.
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FUNDAMENTAL RESEARCH

Fundamental research is designed to create a better understanding of the chemical, 
physical and biological reactions in the soil and in the crop environment. Although the results 
of fundamental research can seldom be applied directly to a current problem, the increased 
understanding provides a basis for much of the applied research.

The research described in this section gives an indication of the scope of the 
fundamental research program of the department.

32



Nutrient ions come in contact with plant roots in one of three ways:

(a) Mass flow of the ion to the root surface along with the water that is being absorbed 
the plant;

(b) Diffusion of the ion in the soil solution along a concentration gradient established 
tty absorption of the ion at the root surface;

(c) Extension of the root into new soil.

A growth chamber experiment was conducted to study the relative importance of these 
three methods at varying soil moisture levels.

Corn plants were grown in a specially designed box and single roots were forced to 
grow through a thin layer of soil adjacent to a removable front. Radioactive rubidium (Rb-86) 
was used as a tracer for potassium in this soil. Thus the growth of the root could be observed 
visually and the depletion of potassium around the root could be estimated by taking an auto
radiograph of the area. By growing the plants at high relative humidity, the mass flow was 
reduced to essentially zero and any depletion would be by diffusion.

Little movement of Rb-86 to the root could be detected from soil outside the volume 
occupied by the root hairs. A zone of depletion developed in the volume occupied by root hairs 
within one day, but did not develop beyond that distance in seven days even in a sandy soil. In 
pure silica depletion zones developed to a greater extent. Relative humidity did not influence 
the development of depletion zones in the soil.

It was concluded that, in this experiment, root extension was the most important 
mechanism for bringing about contact between the root and potassium ions.
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FACTORS AFFECTING PLANT GROWTH AND NUTRIENT ABSORPTION
THE MOVEMENT OF IONS TO PLANT ROOTS

OPTIMUM PLACEMENT DEPENDS ON REACTION OF FERTILIZER PHOSPHORUS 
WITH THE SOIL

The relative effectiveness of banded and mixed applications of fertilizer may be 
different for different soils (See 1961 Progress Report, p. 43). The primary factor responsible 
for such differences is the reaction of the fertilizer with the soil. When fertilizer is mixed with 
the soil, the contact with the soil is great and the concentration of phosphorus per unit of soil 
contacted is relatively small when, compared to a band application. If there was no reaction 
with the soil, the mixed application would provide greater root-fertilizer contact and thus 
greater absorption.

However, when fertilizer is added to the soil, reactions do occur. Most of the 
phosphorus is quite rapidly converted to less soluble forms. The extent of this conversion 
depends on the method of application and the properties of the soil.

An experiment was conducted to measure the reaction of fertilizer phosphorus applied 
to 10 soils as a mixed and as a band application. The relative amount of the fertilizer 
phosphorus extracted from the mixed and band applications by successive extractions with



water, 1.0 N ammonium chloride, 0.5 N ammonium fluoride, 0.1 N sodium hydroxide, and 0.5 N 
sulfuric acid was related to the relative absorption by wheat from the two methods of applica
tion in the greenhouse.

The water and the ammonium chloride extractable P both appeared to be related to 
absorption. The combination of the two was better than either one alone. None of the other 
extractants gave any apparent relationship.

Some of the data are shown in Table 24.

TABLE 24

The Relationship Between Fertilizer Phosphorus Absorbed by Wheat in the Greenhouse 
from Mixed and Band Applications and the Fertilizer Reaction Products

Soil pH
% 

CaCOg 
Equivalent

Relative 
Absorption 
Mixed/Band

Relative HgO + 
NH4CI Soluble 
Fertilizer P 
Mixed/Band

Vasey sandy loam 4.9 1.06 0.34 0.11
Haldimand clay 5.7 1.13 0.61 0.16
Saugeen silty clay loam 7.0 2.17 0.69 0.19
Guelph loam 7.0 1.04 0.78 0.16
Newcastle loam 6.8 1.04 0.79 0.11
Schomberg clay loam 7.1 2.44 0.81 0.17
Bondhead loam (2) 7.3 2.60 0.83 0.16
Bondhead loam (1) 7.3 2.70 0.84 0.22
Otonabee loam 7.4 4.83 1.05 0.26
Minesing silty clay 7.4 60.09 1.83 0.57

The relative absorption from mixed and band applications was quite closely related to 
the relative amount of fertilizer phosphorus soluble in water and 1.0 N ammonium chloride 
solution (r$ = 0.89). The relative amount of the fertilizer phosphorus soluble in these two 
fractions was linearly related to the CaC03 content of the soil (r2 = 0.93). Therefore, these 
factors appear to have a major influence on the effectiveness of a mixed application in relation 
to that of a band application of fertilizer phosphorus.
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THE INFLUENCE OF SOIL TEMPERATURE ON ROOT GROWTH AND PHOSPHORUS 
ABSORPTION

An increase in soil temperature has been shown to increase the absorption of fertilizer 
phosphorus (see 1962 Progress Report, p. 42). This increased absorption may be due to (1) 
increased growth of roots, (2) increased physiological activity of the root or (3) increased 
availability of the fertilizer phosphorus.

Growth chamber studies have indicated that when a small segment of a corn root was 
exposed to soil temperatures ranging froml6°C.to32°C. the fertilizer phosphorus absorption 
was increased by similar relative amounts at both high and low levels of application. Whereas 
root surface area and total absorption increased more as temperature was increased from 
24°C. to 32°C., the absorption per unit root surface area increased more as temperature was 
increased from 16°C. to 24PC. The level of phosphorus application did not influence root area.

TABLE 25

The Influence of Soil Temperature on Root Growth and Fertilizer 
Phosphorus Absorption

Soil Temperature Root Area
High P Application Low P Application

Total P
Absorbed

P Absorbed
Unit Area

Total P
Absorbed

P Absorbed
Unit Area

(sq.cm.) (ug.) (ug./sq.cm.) (ug.) (ug./sq.cm.)

16°C. 4.9 36.3 7.4 2 x IO"4 3.9 x 10-5

24°C. 6.1 76.8 12.6 4 x 10-4 6.6 x 10“5

32°C. 20.3 220.0 10.9 12 x 10“4 5.9 x 10"5

It was demonstrated autoradiographically that, at the high phosphorus level, the 
influence on absorption of replenishment processes at the root surface was minimized whereas 
at low phosphorus this influence was maximized. The active absorption processes associated 
with the metabolic activity of the root were assumed to apply equally at each phosphorus level. 
The fact that the influence of temperature on absorption per unit root surface area was similar 
at each phosphorus level, is evidence that temperature affects absorption primarily through 
its influence on the active absorption mechanisms within the root.

The relative effect of temperature on the amount of acid-fluoride and water extractable 
phosphorus in the soil and on the diffusion of these chemical forms through the soil moisture 
films was also determined. It was demonstrated that increasing temperature hastened the 
conversion of recently applied fertilizer phosphorus to forms not extractable with acid fluoride. 
The percentage decreases were similar for the two levels of phosphorus application. Water
soluble phosphorus, however, showed a measurable decrease only at the high phosphorus level.

Adsorption of fertilizer phosphorus from soil on anion exchange resin surfaces on 
the other hand, was increased with increasing temperature at the low level of phosphorus 
application. The greatest increase occurred as the temperature was increased from 16 to 
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24°C. At the high level of application, adsorption by resin was reduced by increasing tempera
ture. This appeared to be related to processes of conversion.

The influence of temperature on the transfer to the non-living anion exchange surface 
at the low phosphorus level was quite similar to the influence on absorption per unit root 
surface area. Therefore the influence of temperature on the replenishment at the root surface 
cannot be eliminated as a possible contributing factor.

INFLUENCE OF AMMONIUM IONS ON ABSORPTION OF PHOSPHORUS FROM A BAND

The addition of a small amount of nitrogen to a fertilizer phosphorus band has been 
shown to increase the absorption of the fertilizer phosphorus by many crops. Studies have 
been conducted in the Dept, of Soil Science for several years to determine the mechanism 
whereby this increase is brought about.

In recent growth chamber experiments, corn seedlings were transplanted into soil in 
a growth box and a single corn root was forced to grow through soil adjacent to a removable 
front. This allowed placement of a pellet of fertilizer at an exact position relative to the 
growing root. By using radioactive phosphorus in the fertilizer the absorption of phosphorus 
from the fertilizer was readily determined. Radioactivity also causes a darkening on an X-ray 
film, Thus by placing a film between the soil and the removable front, estimations of the 
amount of the fertilizer phosphorus at various places in the soil and in the roots were obtained. 
This exposed film is called an autoradiograph.

Photographs and autoriadiographs of four treatments are shown in Figure 6. The 
photograph and autoradiograph are at the same scale. The darkened circular area in the 
autoradiograph indicates the extent to which phosphorus has moved from the pellet into the 
soil. The pellets in the photographs were 0.25 in. in diameter.



Where the fertilizer pellet contained only phosphorus (P-only) or potassium nitrate 
plus phosphorus (KNO3+P), the fertilizer phosphorus accumulated in the roots. This is 
indicated by the dark lines on the autoradiographs which correspond to the position of the roots 
in the photographs. Where the fertilizer contained a source of ammonium ions (NH )2S04 + P 
and NH4CI + P, no such accumulation occurred. However, the amount of phosphorus trans
ferred to the tops was more than doubled when ammonium ions were present. This indicates 
that the amonium ion increases the rate at which phosphorus is transferred across the root 
into the xylem.

The ammonium ion must be applied with the phosphorus to cause an increased absorp
tion. When ammonium sulfate was applied to the same root at a point 2.0 in. below a phosphorus 
pellet, no increase in absorption occurred and phosphorus accumulated in the root.

It appears that the ammonium ionincreases the rate of the reaction whereby phosphorus 
is actively released into the xylem of the root.

Figure 6. Photographs and Autoradiographs of Area Surrounding Pellets of P-32 
Labelled Concentrated Superphosphate and Three Nitrogen Salts.
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Interpretations of many morphological failures in soils are generally better understood 
if they can be related to the organization of the soil components at microscopic levels.

Soil fabric analysis is concerned with the recognition and interpretation of the physical 
constitution of a soil material as expressed by the arrangement of the solid particles and 
associated voids visible under the polarizing microscope. The constitution includes not only 
the large grains (such as sand) but also the soil plasma which is that part of the soil capable 
of moving in suspension or solution (such as clay or carbonates). The plasma may be re
organized or concentrated by the processes of soil formation.

The soil fabric of the surface horizon of a coarse textured soil, Figure 4A, illustrates 
isolation of the skeleton grains (large white areas) by isotropic material (black) which has a 
high organic matter content. This plasma composition is Isotropic and indeterminate, shows 
little aggregation or separation and is classified as an Isotic plasmic fabric (“isotic” is 
derived from isotropic).

The soil fabric of a silty clay loam till, Figure 4B, illustrates the embedment of 
skeleton grains (large white areas) in a densely packed matrix of silt and clay. This plasma 
shows very little separation or orientation, is relatively silty as revealed by the flecked 
extinction pattern and is classified as Silasepic plasmic fabric (“Sil” is derived from silt). 
The black channel is an interpedal void.

The soil fabric of a calcareous clayey soil material, Figure 4C, illustrates a dense 
packing of clay aggregates as well as the lack of visible pores. The lack of orientation and 
separations of the plasma indicates an Asepic fabric and the high clay content identifies this 
as an Argillasepic plasmic fabric. (“Argill” is derived from argilla, meaning clay).

Soil fabrics may be inherited from parent materials or modified by various soil 
forming processes and in most instances probably contain features related to inheritance and 
pedogenesis.

Modifications of the soil materials may result from translocation of plasma in 
suspension or from reorganization by forces associated with freezing, thawing, wetting and 
drying. The recognition and identification of fabric modifications aid in evaluating observable 
soil horizonation and response to management.
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A. Isotic plxsmic fabric. (Creased Nichols, 300X). B. Silasepic plasmic fabric. (Crossed Nichols, 300X).

C. Argillasepic plasmic fabric. (Crossed Nichols, 300X).

Figure 4. Three Kinds of Soil Fabrics.

Soil phosphorus can occur in both organic and inorganic forms. Various estimates 
have indicated that 20-80% of the total phosphorus can occur in the organic form. The major 
component that has been identified is inositol hexaphosphate, which may account for up to 
about 1/3 of the organic phosphorus. Other identified compounds occur in lesser amounts. In 
total, less than 50% of the total organic phosphorus can be accounted for in known compounds.

A better understanding of the role of organic phosphorus in the phosphorus status 
of a soil is dependent on a more complete knowledge of the compounds involved. A serious
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Canadian farmers used about $30,000,000 worth of pesticides in 1964, treating about 
half of the cereal crops, three-quarters of the corn crop, the entire tobacco crop and many 
other agricultural crops. Depending upon the properties of the pesticide and the soil, 
residues may accumulate in or move through the soil.

Movement of chemicals in a porous medium such as soils results from the combined 
action of diffusion and mass flow. A knowledge of the laws of motion for two miscible fluids in 
a porous medium is basic to this study.

An apparatus developed for the microhydrologic characterization of soils has been 
modified so that miscible displacement experiments can be carried out on both saturated and 
unsaturated soils. “Undisturbed” soil cores can be used so that the field condition is 
approximated as closely as possible. The moisture content of and the flow rate through the 
soil sample can be controlled within limits.

Preliminary data on the movement of 2,4-D through Honeywood silt loam is shown 
in Figure 5. The ratio of the concentration (C) in the solution coming out of the soil column 
to the concentration (Co) entering the column is plotted against the amount of solution that has 
passed through (Pore Volume of Effluent). This is called a “breakthrough curve”. The 
experiments were performed by flushing the soil with non-tracer solution to remove Cl“ and 
then, when the Cl- was completely removed, the system was changed over to 150 ppm. of Ca 
(2,4-D) solution and the “breakthrough curve” for Ca (2,4-D) was obtained. This procedure 
was used because previous experiments had shown that the adsorption of Ca (2,4-D) was 
influenced by the presence of CaC12. A constant driving head was maintained during the 
experiments and, as expected, a slow decrease in the flow rate was observed. The average 
flow rates (V) are as shown in Figure 5.

The Cl" ion moves through the soil column with little reaction. The 2,4-D however 
is slower in moving through, indicating an adsorption on the soil.

At the slower flow rate, the earlier “breakthrough” of the Cl “occurs as expected. 
However, there is a greater adsorption of the 2,4-D at the slower rate as indicated by the 
translation of the “breakthrough curve” to the right. This indicates that the adsorption process 
is perhaps time-dependent, although much more information is needed before the mechanism 
of this process can be explained. The dynamics of microbial breakdown of pesticides within 
the soil under various environmental conditions is also being studied usingthe same procedures.
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problem in the study of these compounds is the method of extraction from the soil. Alteration 
of the organic material can occur if drastic extraction methods are employed.

Preliminary results indicate that extractions with the common extractant, 0.5N NaOH 
at 90°C, may be causing a degradation of the organic material. NaOH extractions contained 
about 65% of the extracted organic phosphorus in a low molecular weight form. In comparison, 
extractions with the chelating resin Dowex A-l, contained only 35% of the extracted organic 
phosphorus in a low molecular weight form. It seems likely that the more drastic NaOH 
extraction is causing a breakdown of the larger molecules. If the degradation of the organic 
phosphorus compounds can be minimized during the extraction process, characterization of 
the compounds will be more valid.

PESTICIDE MOVEMENT IN SOILS



Figure 5. Movement of Chloride Ions and 2,4-D Through Honeywood 
Silt Loam for Two Average Velocities of Solution Flow.
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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.

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.

A one-day course on the technology of fertilizer use was attended by over 200 fertilizer 
dealers. This course was sponsored by the Extension Branch and the Soils and Crops Branch 
of the Ont. Dept, of Agriculture, by the Plant Food Council of Ontario, Inc. and by the Dept, 
of Soil Science, O.A.C.

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 Leader
ship 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 testingprogram of the department in 1964 is presented in this 
section.
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The use of the soil testing service has continued to increase. Nearly 64,000 samples 
were submitted in 1964. The number of farmers submitting samples, and the total soil samples 
analyzed from each county or district in 1964 is shown in Table 27.

Since July 1, 1964, soil test data processing has been done on an IBM 1620 computer. 
The soil test values, the crop to be grown, manure or residues to be plowed down and the 
farmer’s name and address are punched onto cards, which are then fed into the computer. 
The computer processes the data using fertilizer requirement tables previously placed in the 
machine, and prints out a report with the farmer’s name and address, soil test ratings and 
the amount of N, P2O5, K2O and lime required. These reports then go to the Agricultural 
Representatives who suggest the best method of supplying the requirements.

In addition to processing the results, the computer can summarize the soil test 
information to give many desirable comparisons. One such summary is shown in Table 26.

TABLE 26

Lime Requirements by County Groups

County Grouping
Average 

pH of 
All Samples

% of Total 
Samples With 
Requirement

Tons/Acre 
Required

Northern Districts 6.06 44.4 3.7
Eastern Ontario
(Hastings Co. east and north)

6.50 18.0 3.5

Essex, Kent, Lambton 6.59 16.2 2.6

Wentworth, Lincoln, Welland, 
Halton, Peel, Haldimand

6.55 14.8 4.3

Simcoe (North & South), York 7.27 2.1 1.5
Elgin, Norfolk, Brant 6.59 1.8 2.9
Ontario, Durham, Victoria, 
Peterboro, Northumberland

7.42 1.0 2.0

Wellington, Waterloo 7.33 0.9 2.6
Middlesex, Huron, Perth, Oxford 7.18 0.3 2.8
Bruce, Grey, Dufferin 7.25 0.2 1.8

Note:

1. The low percentage of samples with lime requirement in Elgin, Norfolk and Brant 
in spite of the low pH is due to the large proportion of tobacco and corn and small number of 
legume crops in relation to other areas.
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TABLE 27

Total Number of Soil Reports and Samples
April 1, 1964 to March 31, 1965

County or District Number of Farmers Total Samples

Algoma 85 208
Brant 304 1254
Bruce 647 2269
Carleton 272 1145
Cochrane 61 146
Dufferin 498 1424
Dundas 136 455
Durham 240 863
Elgin 374 1593
Essex 869 2223
Frontenac 158 438
Glengarry 135 445
Grenville 132 395
Grey 681 2370
Haldimand 320 1080
Halton 215 737
Hastings 166 570
Huron 626 3139
Kenora 17 37
Kent 577 2437
Lambton 382 1706
Lanark 115 380
Leeds 166 468
Lennox & Addington 57 134
Lincoln 150 565
Manitoulin 138 334
Middlesex 564 2194
Muskoka 59 133
Nipissing 226 763
Norfolk 615 2317
Northumberland 195 646
Ontario 410 1594
Oxford 511 2090
Parry Sound 133 209
Peel 188 913
Perth 441 2103
Peterborough 129 464
Prescott 474 1429
Prince Edward 148 531
Rainy River 49 163
Renfrew 422 1163
Russell 296 981
Simcoe North 319 1208
Simcoe South 730 2465
Stormont 151 536
Sudbury 131 359
Temiskaming 254 689
Thunder Bay 105 315
Victoria 250 739
Waterloo 254 978
Welland 195 703
Wellington 662 2666
Wentworth 224 906
York 645 2498
Miscellaneous 84 643
Total of Farm Samples 16,396 59,213
Research 2,383
Gardens 1,795 2,303
GRAND TOTAL 18,191 63,899
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Low fertility is one of the main limitations to crop production in Ontario (See page 31.) 
Of the limitations to crop production, this is the most easily overcome. The use of fertilizers 
in Ontario has increased steadily since 1935 as shown in Table 28.

TABLE 28

Fertilizer Use in Ontario 1930-1963*

Year Materials Mixed Fertilizer Total
(Tons) (Tons) (Tons)

1930 41,205 83,622 124,827
1935 24,533 47,686 72,219
1940 28,886 119,084 147,970
1945 21,247 190,279 211,526
1950 29,534 317,034 346,568
1955 48,517 380,235 428,752
1960 73,798 363,334 437,132
1962 94,888 435,160 530,048
1963 119,387 452,284 571,671

* From Dominion Bureau of Statistics.
In addition to the increase in total fertilizer use, several other important trends are 

occurring in fertilizer use.

Trend to High-Analysis Fertilizers

In 1930, the three best sellers were 2-8-4, 3-8-4 and 2-12-6. In fact as late as 
1950, 2-12-6 accounted for 30% of all fertilizer sales in Ontario and 4-8-10 was third in line.

The picture is quite different in 1963, when the three best sellers were 5-20-10, 
5-20-20 and 10-10-10; and now grades such as 14-14-14, 7-28-28, etc. are realities. Grade 
changes over the years have been made possible by the development of triple superphosphate, 
urea, and anhydrous ammonia. The change to these higher grades has been the result of 
education. Use of high analysis fertilizer is good business for the farmer as well as for the 
manufacturer and the fertilizer dealer. Although the cost per ton is higher, the cost per pound 
of plant food is lower and costs of handling and storage are lower.

Use of Materials

Prior to 1955, the increase in fertilizer use was almost entirely in mixed fertilizers. 
Since 1955, however, the use of materials has increased by 150 per cent or almost 20 per 
cent per year whereas the use of mixed fertilizers has increased by only 19 per cent or 2 per 
cent per year. Overhalf of the increase in materials has been in the use of nitrogen materials.
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Use of Fertilizers in Bulk

There has been a significant trend in the past few years toward bulk handling of 
fertilizer, i.e, fertilizer not in bags. The need for the farmer to mechanize and the actual 
shortage of labour, and/or the need to save time during the planting operations all tend to 
make bulk handling attractive to the farmer. In many situations bulk handling and broadcast 
application of fertilizer is quite satisfactory; for example, on hay and pasture fields or as a 
plow-down application for corn. There are other situations where the fertilizer should be 
placed near the seed.

Bulk dry blended fertilizers too are now widely available in Ontario and will un
doubtedly account for a significant portion of the total fertilizer sold in the future. The future 
of bulk dry blended fertilizers depends only on their price in comparison to wet-mixed granular 
fertilizers. The growing crop certainly can make no distinction between them.
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GRADUATE STUDENT PROGRAM

During 1964 there were seventeen students enrolled in the Graduate School and 
registered in the Dept, of Soil Science. Four students completed the requirements and were 
granted the M.S.A. degree in 1964.

1964 M.S.A. GRADUATES AND THESIS TITLES

Baxter, R. The effect of potassium salts and nitrogen upon the yield and nitrogen components 
of alfalfa and orchard grass.

Humble, G.D. The movement of ions to plant roots as influenced by soil moisture tension.

Leonce, F.S. Some morphological and physiological effects of nitrogen addition to a fertilizer 
phosphorus band.

MacLean, A.H. Distribution of phosphorus fractions in some Ontario profiles.

REGISTERED FOR M.Sc. IN 1964-65

Soil Science Agrometeorology

Adams, C. - Soil Fertility Peche, G.

Baweja, A.S. - Soil Fertility Stewart, D.W.

Bowman, B.T. - Soil Chemistry

Chan, W.T. Soil Fertility Resources Development

Erh, K.T. - Soil Physics Russell, W.E.

French, L.K. - Soil Physics

Hunsingi, G. - Soil Fertility

Singh, D. - Soil Fertility

Varshney, V.C. - Soil Fertility

Wang, C. - Soil Genesis
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APRIL 1, 1964 to MARCH 31, 1965

EXTENSION PUBLICATIONS

1. Bates, T.E. Nitrogen Fertilizers - Their Characteristics and Uses. Proceedings of 
Fertilizer Dealers Short Course, O.A.C., Guelph, December 1964.

2. Gillespie, J.E., R.E. Wicklund and B.C. Matthews. Soil Survey of Renfrew Co. Ontario Soil 
Survey Report No. 37.

3. Heeg, T.J. Soil Tests - Their Use and Interpretation. Proceedings of Fertilizer Dealers 
Short Course, O.A.C., Guelph, December 1964.

4. Hoffman, D.W., B.C. Matthews and R.E. Wicklund. Soil Associations of Ontario. Ontario 
Soil Survey Report No. 30.

5. Hoffman, D.W., B.C. Matthews and R.E. Wicklund. Soil Survey of Dufferin Co. Ontario 
Soil Survey Report No. 38.

6. Hoffman, D.W. Using Soil Survey for Assessment Purposes. Proceedings of the Twenty- 
Third Annual Meeting of the Association of Assessing Officers of Ontario. June 1964.

7. Lane, T.H. Programming Fertilizer Use on the Farm. Proceedings of Fertilizer Dealers 
Short Course, O.A.C., Guelph, December 1964.

8. Lane, T.H. Micronutrients for Maximum Crop Yields. Proceedings of Soils Day, Farmer’s 
Week ’65, O.A.C.

9. Matthews, B.C. Fertilizersfor Today’s Farm Program. Proceedings of the Annual Conven
tion, Ontario Soil and Crop Improvement Association, January 1965.

10. Matthews, B.C. Fertilizers in Ontario. Proceedings of Fertilizer Dealers Short Course, 
O.A.C., Guelph, December 1964.

11. Miller, M.H. Phosphate and Potassium Fertilizers - Their Characteristics and Uses. 
Proceedings of Fertilizer Dealers Short Course, O.A.C., Guelph, December 1964.

12. Foliar Fertilization for Field Crops in Ontario. Publication 325, Ontario Dept, of Agricul
ture. Revised 1965.

13. Ontario Soils - Physical, Chemical and Biological Properties. Principles of Soil Manage
ment, L.R. Webber, Ed. Publication 492, Ontario Dept, of Agriculture, 1964.

14. 1963 Progress Report, Department of Soil Science, O.A.C. M.H. Miller, Ed. April, 1964.

SCIENTIFIC PAPERS

1. Arnold, R.W, Cyclic variations and the pedon. Soil Sci. Soc. Amer. Proc. 28: 801-804, 
1964.

2. Bates, T.E. and A.D. Scott. Changes in exhangeable potassium observed on drying soils 
after treatment with organic compounds. 1. Release. Soil Sci. Soc. Amer. Proc. 28: 
769-772. 1964.

3. Elrick, D.E. and D.H. Bowman. Improved apparatus for soil moisture flow measurements. 
Soil Sci. Soc. Amer. Proc. 28: 450-453, 1964.

4. Percy, M.J., L.R. Webber and H.D. Ayers. Infiltration characteristics of a Guelph loam 
soil from analysis of hydrologic data. Can. J. Soil Sci. 45: 1-6, 1965.

5. Sherrell, C.G., J.W. KetchesonandM.H. Miller. The effect of placement of banded fertilizer 
on fertilizer phosphorus absorption and yield of oats in greenhouse and field ex
periments. Can. J. Soil Sci. 44: 329-336, 1964.

6. Webber, L.R. Soil polysaccharides and aggregation in crop sequences. Soil Sci. Amer. 
Proc. 29: 39-42, 1965.
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Department of Soil Science

Project No.

S.S. 1 Taxonomic Classification of Soils; Soil Surveys and Their Interpretation. (Hoff
man) (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. 11.7 A study of the response of perennial forage crops to P, K and boron 
fertilizers on Ontario soils.

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

S.F. 13 Fertilizer Response Studies with Soybeans.

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).

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.
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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 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. 27.3 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).

S.F. 28.8 Response of legume and grass species to levels of soil potassium under 
greenhouse conditions.

S.F. 29.9 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.
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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 absorp
tion 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.

Project No.

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 
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).

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 gras sat hydrologic 
station.

Ag.M. 63.3 Effect of soil moisture content on evapotranspiration rate.

Ag.M. 64 Study of the Interacttions 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).
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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.

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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