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FOREWORD

The second Soil and Tissue Testing Conference, spon

sored by the Department of Soils, Ontario Agricultural Col

lege, Guelph, was held on March 12, 1956. It was called to 

review the research work that had been carried on in soil 

and tissue testing during the four years that had elapsed 

since the first such conference was held in 1952. The 

delegates met in the lounge of Memorial Hall, O.A.C., 

Guelph, and were welcomed to the Campus by Dr. J. D. 

MacLachlan, President of the College. Dr. Mac Lachlan re

ferred to the interest evidenced by the large number attend

ing the Conference as a fine example of the type of co

operation between industry and government services so 

necessary to continued progress and achievement.
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INTRODUCTORY REMARKS

N. R. Richards, Department of Soils, O. A. C.

Four years have passed since those vitally interested in soil and leaf analyses have met to
gether in a formal way. During the intervening period a growing interest has been exhibited in 
this important subject. Research programs have been continued and expanded by both the 
Canada and Ontario Departments of Agriculture. Growers have become more conscious of the 
importance of sound advisory service in the soil management and crop production program. 
Plant Food Producers and the Canning Crop Industry have continued to encourage the use of 
soil testing and in many instances offer a testing service to Ontario farmers.

We are very pleased with the representation we have here to-day from the Canada and 
Ontario Departments of Agriculture, and from the fertilizer and processing crops industry. We 
are particularly pleased to have Dr. Hill, Chief of the Division of Horticulture and Dr. P. O. 
Ripley, Chief of the Division of Field Husbandry and their associates attend this conference. We 
recognize the fine contribution made and interest shown by the Canada Department of Agriculture 
in soil and leaf analyses over the years. Indeed, I would be hopeful that we may continue to meet 
at conferences such as this where those working in this particular field will have an opportunity 
to collaborate in providing the best service possible to our farmers.

I will take but a few minutes to discuss with you the organization of the work in the 
Department of Soils. It is scarcely necessary for me to say that be it teaching,research or 
advisory services our principle objective is to reach a fuller and better understanding of the 
soil resources of Ontario.
1. Regional Research Station

In our soils program we recognize soil-climatic differences that occur in the Province 
and are carrying on investigational work at the following locations:

(a) The research program concerning soil fertility and soil management is centred at 
the Soils and Agricultural Engineering Farm at Guelph.

(b) A large scale investigational program is being conducted on a twenty-five^acre area in 
Haldimand County. Particular emphasis is being placed on the effect of cropping, management, 
tillage and fertility practices on improving physical condition of the acid fine-textured soils. 
The Regional Research Station at Cayuga represents a somewhat new departure in the depart
mental research program in that the land is leased and the projects established are designed 
especially to investigate problems associated with the soils that occur in this region.

(c) Experimental work is also being carried on at the Brampton farm in Peel County. 
Another research area will be established at New Liskeard in the district of Temiskaming.

(d) The Ontario Department of Agriculture acquired an area of muck soil at Bradford, 
which is now known as the Muck Research Station. Investigations concerning muck soils are 
centred on this station and several college departments have active projects established. 
Actually there has been but a very small fraction of the total of our organic soils in the Province 
developed for agricultural use. With increasing population and demand for land we may expect 
much greater development of the muck soils than we have witnessed in the past.

2. Regional Fertility Trials

The question of the kind and amount of fertilizer is always a very real one as far as the 
farmer is concerned. We must not be misled by thinking that the fertilizer that gives the 
maximum yield is the one that gives the maximum profit. Although the outlay for fertilizer 
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represents one of the largest expenditures in the crop production program it should be the most 
profitable investment made in the crop year. This of course is dependent upon the right kind and 
amount of fertilizer being used. The fertility investigational work carried on at experimental 
stations is designed to establish the levels where fertilizer can be used to the greatest profitable 
advantage. It is almost impossible to establish a large enough number of regional research 
stations to take care of all the soil differences that exist in an area as large as the Province of 
Ontario. To overcome this difficulty the Department of Soils has laid down experiments on 
farmers' fields in a number of counties. The farmer does the basic tillage while the actual 
planting and placement of fertilizer is carried on by staff members from the department. This 
permits the assembling of fertilizer requirements and response from several geographic regions 
in which a large number of different soils occur.

3. Group Research Projects

The approach to research at the Ontario Agricultural College is co-operative in nature. 
Personnel and facilities of various departments are co-ordinated for the solution of an 
agricultural problem. Examples of such group research in which the Department of Soils is 
participating are (1) Legume Research Committee, (2) Hay Research Committee, (3) Trace 
Element Research, and (4) Irrigation Investigations.

The approach extends into the activities of other research centres both federal and pro
vincial. The soil survey work in Ontario is a co-operative project between the Ontario and 
Canada Departments of Agriculture. Through the co-operative efforts of the two departments 
an inventory of the soil resources of Ontario is nearing completion. The Department of Soils 
has been accepted as a collaborator in the North Central Research Committee of the United 
States Department of Agriculture. Research projects dealing with phosphorus and potassium 
have been established in Ontario as well as several states of the United States. The advantage 
of such an approach is obvious in that data from similar projects can be assembled for an ex
tensive geographic region.

Facilities

Physical facilities, have not permitted the best utilization of personnel or equipment. It 
would appear that new and improved facilities will be a reality in the not too distant future. 
With the acquisition of the new building the department will be able to effectively broaden its 
program.

And now, before I call on our first speaker may I express the sincere hope that our de
liberations of the day will be profitable.
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PROGRESS IN SOIL TESTING RESEARCH

B. C. Matthews, Department of Soils, O. A. C.

One of the resolutions of the Soil and Tissue Testing conference held in 1952 reads as 
follows:

"That this meeting strongly recommends accelerating research aimed at providing further 
correlations of soil tests with plant performance in the field. "

My purpose at this time is (1) to describe the approach to soil test correlation that we have 
developed since 1952, (2) to present some of the results to date and, in so doing, point out some 
of the difficulties, and (3) to suggest future developments in this field.

There are no standard techniques for soil test correlations. A great deal of thought has 
gone into the development of our present field and laboratory techniques. Mr. Smith is in 
charge of our research laboratory on soil testing and Mr. Sheard is in charge of our regional 
fertility trials. The information that I will present here is the combined result of their efforts. 
This is in fact a progress report.

It is not necessary for me to re-emphasize to this group, the wide variability in fertility 
of our soils; nor to illustrate the influence of management on soil fertility. We are all aware 
that the actual productivity of soils is influenced by many factors other than level of plant 
nutrients, e.g. drainage, air and water permeability, climate. In our soil testing work, there
fore, we must recognize at all times that we are evaluating only one factor, available plant 
nutrient level, from among the many factors that affect total crop production. The crop is the 
final indicator of soil productivity but correlation of crop yield and/or quality with soil test 
values depends on the degree to which fertility is controlling crop production on the soil in 
question.

Research in soil testing in fact consists of two phases:

(1) evaluation of soil test methods to select the one method that correlates best with field 
results.

(2) calibration of the selected testing method so that the laboratory results have meaning 
in terms of fertilizer required for a given yield of crop.

FIELD PLOT TECHNIQUES

For both evaluation and calibration of soil test methods, field response data is required 
from a variety of soils and crops over several seasons. The locations of our field plots, there
fore, are selected to represent the major soil areas and climatic regions in central, western, 
and southern Ontario. The soil survey is used as the basis for selection of plot locations.

In small plot studies, errors due to technique of seeding and fertilization may be large. 
The development of the precision fertilizer drill for cereal grains and corn has greatly in
creased the value of our field results. Time does not permit detailed discussion of field 
techniques here.

EVALUATION OF SOIL TESTING METHODS

The so-called "paired plot design" described by Bray is used to evaluate soil testing 
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methods of phosphorus and potassium. The actual size of plots, etc., used in our work is 
shown in Figure 1. The NPK plot was treated with adequate amounts of the three nutrients to 
give maximum yields within the limits of the other crop production factors such as drainage, 
soil physical condition, and climate.

The yields on adjacent plots treated with NK or NP compared to the NPK yield gives a 
measure of the response to P or K. To eliminate the effect of factors other than the nutrient 
level, the NP and NK yields are expressed as a percentage of the NPK yield.

The Mitscherlich equation relating yield to amount of nutrient in the soil was used in its 
integrated form as modified by Bray

Log (A-y) = Log A - c1b1 (1)
where A = yield with adequate amounts of N, P, and K = 100% 

y = yield when nutrient in question is not added expressed as % of NPK plot 
b1= amount of nutrient in soil as measured by soil test 
c1= an index of the efficiency of utilization of the soil 

nutrient measured by soil test.

From field plots we measure a, y and b1; hence, c1 can be calculated. According to 
Mitscherlich's theory c1 value is constant for all soils and crops. We now know, however, that 
the c1 value does vary with crops due undoubtedly to differences in rooting habits of the crops 
(Table 1). Indeed even with the same crop, we have noted some variation in c1 value from soil 
to soil and season to season as shown in Table 2.

Table 1

Variation in c1 Value with Different Crops 1955

Table 2

Phosphorus Potassium

Average c1 Value for oats 0. 0804 0.0048
Average c1 Value for corn 0. 060 0.0060
Average c1 Value for wheat 0. 150 0.0076
Average c1 Value for potatoes 0. 036 0.0035

Examples of Variation in c1 Values and Average c1 Value with Potatoes on Different Soils 
and In Different Seasons

Soil Type c1 Values for Phosphorus c1 Values for Potassium

1954 1955 1954 1955

Tioga sand 0. 021 - 0.0017 0.0045
Fox loamy sand 0. 024 0. 08 0.004 -
Guelph silt loam - 0. 055 - 0. 009
Honeywood silt loam 0. 022 0. 040 - 0. 008

Average c1 value 0. 022 0. 036 0.0027 0.0035

For the present, however, we can use the average c1 value (but remembering that variation
within it) to draw a theoretical curve as a measure of the suitability of the soil test used (b1 value).

A number of soil test methods were evaluated in this way. The best soil tests are those 
with the lowest Sy (standard error of estimate) values shown in Table 3 and 4.
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Table 3

Evaluation of Soil Testing Methods for Phosphorus

Method 
No. Extractant

Error of Method (Sy)
Potatoes Oats Corn Wheat

1 0. 05N H2S04 + 0. 1NNH4Ac; 1:10 9. 1 11.2 12.8 18.4
2 0. 005N HC1 + 0. 05N NH4F; 1:50 8.7 9. 5 7.7 9.9
3 0.05N HCl;l:4 14.9 18. 7 18.9 *
4
5 
6
7
8
9

10
11
12
13
14

0. 025N HC1 + 0. 03N NH4F; 1:10
0.025N HC1 + 0. 03N NH4F; 1:50
0.025N HC1 + 0. 024N NH4Ac; 1:10
0.025N HC1 + 0. 024N NH4Ac; 1:50
0.5M Na HCO3; 1:20
0 . IN HC1 + 0. 03 NH4F; 1:10
0 . IN HC1 + 0. 03N NH4F; 1:50
0.05N H2S04; 1:4
0.05N H2SO4; 1:8
0.05N H2SO4; 1:10
0. 05N HC1 + 0. 5N Na2SO4; 1:50

14. 1
22.2
10. 0
11.3
12. 3
11.8
14. 1
11.4
6.0
9.0

10. 5

10. 4 *

’ * No correlation between soil test and yield.

* No correlation between soil test and yield

In Table 4 the evaluation of two potash methods shows that Method 1 is much superior. 
This extractant is now being used for potash testing in our soil testing laboratory instead of the 
modified Thornton Test. The flame photometer is used to measure the potassium in the soil 
extract.

Methods 1 and 2 (Table 3) were developed in our laboratory specifically for Ontario soils 
and it is evident that they are giving best correlation of phosphorus test with yields on the 
potatoes, corn, oats and wheat. We have not as yet introduced either of these methods for 
phosphorus into the routine testing laboratory. It is hoped that Method 1 will prove most suitable 
for phosphorus because the same extractant is very good for potash testing.

Table 4

Evaluation of Soil Testing Methods for Potassium

Method Error of Method (Sy)
No. Extractant Potatoes Oats Corn Wheat

1 0. 05N H2S04 + 0. IN NH4Ac; 1:10 9.9 8.2 6.8 3.6
2 Modified Thornton 19.9 * * *

CALIBRATION OF SOIL TEST METHODS

The selection of a soil test that correlates with actual response of crops in the field is 
only part of the problem. Within the limits of our field data Method 1 is our best' method to 
date. Next year we may have found a better method. Having chosen Method 1, we must also 
know what the soil test values mean in terms of fertilizer required to give any required per
centage of maximum yield.
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For this calibration phase of our research we use increment plots on which we have ap
plied the given fertilizer nutrients at zero rate, high rate and two intermediate rates. The 
yields of intermediate and zero plots are expressed as a percentage of the maximum yield plot. 
Then we have a second modification of Mitscherlich equation to include the fertilizer applied:

Log (A-y) - Log A - (c1b1 + cx) (2)

where A, y, c1 and b1 are as defined in equation (1)
x = amount of nutrient added as fertilizer 
c = index of efficiency of utilization of fertilizer 

nutrient applied

From the increment plots we know values of A, y and b1; the c1 value was determined 
from the paired plots; x is known, therefore, c value can be calculated.

The c value also varies with crop just as the c value does. Moreover the c value 
varies with placement of fertilizer. There is also the possibility that the c value will vary 
with soil characteristics and season as indicated in Table 5.

Table 5
Examples of Variation in c Values and Average c Values 

on Different Soils and Crops -- 1955

Soil Type Potatoes* Oats*  *
P K

Corn***
P KP K

Fox loamy sand 0. 0076 0.0085 0.0096
Honeywood silt loam 0. 0043 0.0028
Guelph silt loam 0.0032 0.0070 0.0168
Brighton sandy loam 0. 0077 0.0083
Oneida clay loam 0.0044 0. 0171

Average c value 0.0071 0.0046 0.0131 0.0189 0. 010 0.0067

* fertilizer placed 2" to side and slightly below seed-piece.
* * fertilizer drilled with seed.

* ** fertilizer placed 2" to side and 1" below seed.

However, for a given crop and a specified placement of fertilizer, we have an overall 
average c value also shown in Table 5. As we accumulate more field results it may be possible 
to specify a different c value for different soil conditions. If so our fertilizer requirement 
tables can be refined. At the present time however we have no choice but to use the average c 
value.

Now if we accept the average c^ and c values for potatoes, for example, it is possible to 
calculate from equation (2) values of x relative to b^ for any given value of y. This leads to the 
fertilizer requirement tables as shown in Table 6 and 7.



Table 6

Phosphorus Requirement Table for Potatoes 
(Revised March, 1956)

Soil Test * P2O5 Fertilizer Requirement Soil Test * P2O5 Fertilizer Requirement
lb/ac P2O5 (Ib/ac) (lb/ac)

90% 95% 98% 90% 95% 98%
Yield Yield Yield Yield Yield Yield

0 111 145 189 3 0 13 47 91
3 101 135 179 33 3 37 81
6 92 125 169 36 27 71
9 82 115 159 39 • 17 61

12 72 105 150 42 7 52
15 62 96 140 45 42
18 52 86 130 50 32

21 43 76 120 55 22
24 33 66 110 60 12
27 22 56 101 65 2

* 0. 05N H2SO4 + 0. IN NH4Ac; 1:10; 15 min.
c1 0.0294; c = 0.0090

Tables such as these will require regular revision because the average c1 and c values 
will be changed as more years of data are included in the average.

It is our hope that three years hence, fertilizer requirement tables for phosphorus and 
potassium on potatoes, oats, wheat, and corn will be available.

Table 7

Potash Requirement Table for Potatoes 
(Revised March, 1956)

Soil Test * K20 Fertilizer Requirement Soil Test * K20 Fertilizer Requirement
lb/ac K20 (lb/ac) (lb/ac)

90% 95% 98% 90% 95% 98%
Yield Yield Yield Yield Yield Yield

50 153 207 279 300 13 68 139
75 139 193 265 325 54 125

100 125 179 251 350 40 111
125 111 165 237 375 26 98
150 97 1 51 223 400 12 84
175 83 137 209 425 70
200 69 123 195 450 56
225 55 109 181 475 42
250 41 95 167 500 28
275 27 81 153 525 14

* 0. 05N H2S04 + 0. IN NH4Ac; 1:10; 15 min.  
c1 = 0.00309; c = 0. 00554
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As soon as we have sufficient data behind these tables so that we have some measure of 
confidence in them, they will be ready for use by anyone making fertilizer recommendation. 
This will be a major step toward standardization of recommendations. Real progress is being 
made in setting the soil testing program on a sound basis. We feel that our approach to the 
problem is basically correct but we need field results for two or three more years before we 
can stand behind our soil test methods and fertilizer requirement tables with confidence.

WHAT OF THE FUTURE

First of all, as I have suggested above we need to continue our current programme to in
clude more soils, crops and seasons. It may be possible to determine c and c values 
more precisely for different soil conditions and hence the fertilizer requirement tables will be 
more precise.

Subsoil may be important.

Soil tests to date have been made for the most part on the surface soils only. We are well 
aware, however, that feeding roots of many crops are well below the plow layer. The nutrient 
levels in the sub-surface layers of soils may vary appreciably as shown in Table 8. The quan
titative effect of these subsoil variations on fertilizer requirement is unknown. Here is an en
tire field as yet unexplored in our research work.

Variation in Soil Test with Depth

Table 8

Depth (inches) Fox loamy sand Waterloo loam

P2O5 
(lbs/ac)

K2O 
(lbs/ac)

P2O5 
(lbs/ac)

K2O 
(lbs/ac

0-6 5 102 25 114
6-12 1 38 4 88

12-18 2 30 0. 5 110
18-24 1 25 0. 5 95
24-30 1 28 0. 5 72
30-36 1 23 0. 5 58

Nitrogen Test is needed

A soil test for nitrogen is urgently needed. Here the problems are great because nitrogen 
availability involves biological processes that are more complex than the purely chemical pro
cesses of phosphorus and potassium. The development of a satisfactory test for nitrogen for 
general use in soil testing is receiving close attention in our laboratory.

Sampling and Conditioning of Samples

Field sampling is an important step in soil testing. Some soil testing laboratories report 
variations due to differences in storage of samples before testing. We have no experimental 
evidence on either of these problems.

SUMMARY

Progress is being made in evaulation and calibration of phosphorus and potassium soil 
test methods for Ontario conditions. Accurate fertilizer recommendations based on actual field 
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experiments are becoming a reality. But much remains to be done, (1) in refining the fertilizer 
requirement tables particularly for different soil conditions (2) in evaluating the effect of sub
soil fertility on crop yields and (3) in development of a nitrogen test satisfactory for Ontario 
soils.

Discussion--

H. B. Heeny referred to their work with tomatoes in Prince Edward County. They found 
that Bray's P-2 method for phosphorus gave very good correlation in that area. They had put 
it to the test and had found no difference in yield between the recommended rate of phosphorus 
fertilizer application according to their requirement table and the maximum rate of application. 
He stated that they had not had too much- success yet with exchangeable potash correlations but 
the work was continuing. They also were looking into methods for nitrogen.

D.D. Dolson asked if any attempt had been made to correlate the H2SO4 (0.05N) + NH4Ac 
(0. 1N) phosphorus method with soil pH. He wondered if the c1. - values differed due to soil 
pH differences. J. A. Smith replied that there did not seem to be any correlation with soil pH 
but that not too much work had been done yet on this question.

J. M. Elliot was concerned about high-priced crops and the possibility of going over in 
fertilizer recommendations. Dr. Matthews and Mr. Smith agreed that this might result in 
depression in both yield and quality of the crop.

R. J. Hall pointed out that the Standard Error of Estimate was lower for the PK1 method 
than the PSO and asked why he seemed to want to choose the PSO. Dr. Matthews replied that it 
was only because the PSO will work for potash too.

Mr. Hall asked if juggling the concentrations of HC1 and NH4F had been tried. Would not 
some combination work for all soil types? Dr. Matthews hoped that a P-test would be found 
which would work for all soil types, but if this was not possible, then different tests might have 
to be used for different soils.

To a question about magnesium Dr. Matthews replied that no work had been done on this 
nutrient, but agreed that there was a need for such work in certain areas. He didn’t know how 
accurate the present water-soluble Mg test was.

R. P. Pennington referred to a recent talk he had with Dr. Bray in which the latter had 
pointed out that applying enough P to make the soil 90% sufficient in regard to P and enough K 
to make it 90% sufficient in regard to K would not result in a 90% yield but rather .9 x .9 = .81 
or only 81% of the maximum yield. Dr.. Matthews agreed that this was true according to the 
Baule theory. Dr. Pennington thought we should shoot for 100% sufficiency with either P or K.

A. J. McLean asked about the correlation between exch. K values by the PSO and 1N NH4Ac 
methods. Mr. Smith said it was good with the PSO values running a little lower. R. W. Sheard 
said the correlation coefficient was about 0.8. Dr. McLean_ remarked that they had fared 
better with P correlations than with K. He felt that K values were more inherent with the soil-- 
high in clays, low in sands, etc.

In reply to a question on A-values, Dr. Matthews said that some work had been done on 
them at O. A. C.
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LEAF ANALYSIS SERVICE - WHAT?, HOW?, WHEN?.

J. A. Archibald, Hort. Expt. Station, Vineland, Ont,

There is no need here to have a lengthy discussion on the value of soil tests for determin
ing the nutrient needs of tree fruits. It has been generally agreed by those people working with 
such crops, that soil tests have little value for tree fruit and grape work. The difficulty of ob
taining representative samples from the root area, the use of band application of fertilizer, and 
varietal differences in leaf composition all have lessened the value of soil tests for these crops.

It is now generally agreed that leaf analysis for tree-fruit crops appears to be the most 
promising diagnostic tool yet available for determing the nutrient needs of these crops. The 
value of this tool has been well illustrated by the work of Dr. Hill and his associates at Ottawa, 
in determining the optimum nutrient concentration in the leaves for best production and quality 
of the McIntosh and Spy varieties of apple. A large number of workers in the United States have 
been using leaf analyses for some years to determine the nutrient needs of other fruit crops, 
particularly grapes and peaches. In citrus and tung nutrition work also, leaf analysis has been 
found to be of considerable value.

The Ontario Fruit and Vegetable Growers Association requested, in 1954, that a leaf 
analysis service for fruit samples be provided by the Ontario Department of Agriculture. We at 
Vineland are anxious to implement this request as soon as possible. Having operated a soil 
testing service for these crops for the past six years, we are well aware of the lack of correla
tion of results with tree response, and will be very happy when we can substitute a leaf analysis 
service for it. This service, we expect, will be initially only for the tree fruits and grapes, since 
the time lapse from time of sampling until results are available, would render it of little value 
for vegetable crops.

Because of the shallow rooting nature of our small fruit crops, soil test should be of con
siderable value for these crops, and we do not anticipate including them in the leaf analysis 
service initially at least.

We would expect that a leaf analysis service would be of value under two different types of 
conditions. The first would be where an orchard is acutally deficient in one or more nutrients, 
and leaf-analysis results would indicate this deficiency. In this case, the purpose would be some
what comparable to soil test results. The more important use would be by the good grower who 
has his general fertility levels under control, but is interested in maximum production without 
loss of quality. With increasing competition, this becomes more and more important.

Before a leaf analysis service can be begun, basic information on the nutrient levels re
quired by the various fruit crops must be obtained. It has been suggested that we should im
mediately be prepared to launch a leaf analysis service using critical values established by 
other workers. The difficulty with this is that independent workers are not all agreed on the 
optium nutrient levels for a particular fruit species. Some of the reasons are variation in 
nutrient content from season to season, variable sampling dates within the season, varietal 
differences in leaf composition, and soil and climatic variation.

In addition, while the analytical methods being used should not require calibration as do 
rapid soil test methods, since the methods are standard quantitative methods, there are un
doubtedly variations in laboratory procedure that could result in variable results from the 
analysis of the same sample. For these reasons we feel that it is essential that we obtain our 
own basic information for most of our fruit crops at least, under own own conditions. Whether 
or not this leaf analysis service will operate as a government service with no direct charge, or 
whether a charge will be levied, has not as yet been made known to us. Possibly a nominal 
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charge should be made. In Michigan, a charge of $5. 00 per sample is made. While this de
frays only a part of the cost, it helps to prevent the lab from being swamped by an excessive 
number of samples, and tends to limit the service largely to commercial growers.

How do we intend to obtain the necessary information, so that once our service is begun, 
we can make intelligent fertilizer recommendations? The rapid establishment of a large number 
of soil testing laboratories some twenty years ago in Canada and the U.S. without a sufficient 
volume of information on crop behaviour in relation to soil test results and fertilizer applications 
resulted in a widespread distrust of soil testing that was not due to inadequacies of the tests 
themselves, but rather to the lack of data on which to base recommendations. We do not wish 
to have leaf analysis similarly condemned because of precipitous action in establishing a leaf 
analysis service.

Our programme for gathering the information we require is a two-step programme. The 
first step consists of sampling a large number of representative orchards and vineyards in our 
fruit-growing areas on a survey basis, to establish the present,actual nutrient levels of the 
various fruit species and varieties, in the areas in which they are grown. To make these surveys 
of maximum value, yield data is obtained wherever it is available. Past fertilizer and spray 
treatment is also obtained from the grower.

The second step of the programme consists of the establishment of experimental plots in 
grower orchards and vineyards for the study and correction of specific fertilizer problems in 
areas or orchards where the results of the surveys indicate that a nutritional problem exists.

Because of the nature of the crops being dealt with, and the time required in many cases to 
show a response, it is not suggested here that the results of such experimental work should be 
available before a service is established, but rather that the service be set up using nutrient 
levels determined from our survey information, and that the initial levels and recommendations 
be modified as the results of the experimental work indicate, when they become available.

The first nutrient survey was carried out in 1954. Sixty-five Concord vineyards were 
sampled. Yield data was available on these vineyards from the Farm Economics Branch of 
the Ontario Department of Agriculture. Petiole analysis results indicated a direct relationship 
between potassium content of the petiole, and yield.

The highest-yield group of vineyards, those averaging over four tons of grapes per acre, 
had an average petiole potassium content of 0. 88 per cent in early September. The lowest yield 
group, under two tons per acre, showed an average petiole potassium content of 0.24-per cent 
in early September. There also appeared to be a positive correlation between soil type, yield, 
and potassium content. The finer the texture and the poorer the drainage, the lower the average 
yield and potassium content.

Soil tests have probably been of even less value with grapes than with tree fruits. Many of 
our grape soils have relatively high levies of exchangeable potassium, and yet many of the vines 
on these soils have a low potassium content, and in 1954, many of them showed severe deficiency 
symptoms. The grape, in general, has been grown on soils unfit for any other fruit crop. This 
means that in many cases, the root system has been severely limited by poor drainage and aera
tion, and by cultivation and grape hoeing. This means, in many cases, that the root system is 
limited perhaps to a 6 or 8-inch soil layer. As a result, applications of potassium fertilizers 
have been rather ineffective in correcting the low potassium levels, because of the restricted 
rooting area, and the high exchange capacity of the soils.

It has been observed in long-term fertility experiments with the grape, that organic matter 



12

additions have been the only cultural treatment that resulted in significantly increased yield. 
This again may be tied up with potassium uptake. In an attempt to solve this problem, we have 
underway fertilizer and cover crop experiments in five different grower vineyards. In addition, 
we have a rather detailed project underway, studying the effect of a variety of organic amend
ments both on physical properties of the soil and on yield.

Because of the abnormal season in 1955, the vineyards were not sampled again that year. 
We do intend to sample the same vineyards however, in 1956 and 1957. We did sample, in 
1955, in our own Station vineyard, foliage from 13 different varieties at monthly intervals, to 
determine varietal and seasonal variation in nutrient content.

In July of 1955, we surveyed 104 peach orchids in the Niagara area, and collected 312 
samples of the Elberta, Jubilee, Redhaven and Veteran varieties. Yield data is available on 
many of these peach orchards from the Farm Economics Branch. The analyses of these samples 
is now complete, and rather striking varietal differences in composition are evident, expecially 
in nitrogen and potassium content. The Elberta and Jubilee varieties have shown considerably 
higher potassium and lower nitrogen contents than have the Veteran and Redhaven varieties.

This data complements results obtained from a peach fertilizer experiment conducted on 
the Station, where, in 1954, regardless of fertilizer treatment, the potassium content of 
Veteran leaves was significantly lower than the potassium content of Elberta leaves. Since 
potassium deficiency symptoms have been observed to appear more frequently and more 
severely on Veteran foliage than on foliage of other varieties adjacent to the Veteran trees, 
this data may indicate that the lower potash levels of the Veteran variety are due not to a lesser 
potash requirement, but to a less efficient utilization of soil potash. This would necessitate a 
different recommendation as to fertilizer use for varieties such as Veteran, as compared to 
Jubilee and Elberta. These same peach orchards will be sampled in 1956 and 1957.

With regard to experimental work in peach nutrition, the problem is not as difficult as in 
the case of grapes, since peaches do appear to respond readily to fertilizer applications of 
nitrogen and potassium, the two most limiting nutrients in the Niagara area. We hope to in
itiate some storage studies in connection with our peach nutrition work. There has been an in
dication that some of the physiological breakdown at harvest time occurring in the Jubilee peach 
around the pit is associated with low potash levels. A number of orchards are rather high in 
nitrogen, which undoubtedly has an adverse effect or keeping quality.

In 1955 also, some 300 apple leaf samples of McIntosh, Spy, Delicious and Greening 
varieties were taken from approximately 100 orchards in the various apple growing areas of the 
prvince, with the exception of Eastern Ontario. Eastern Ontario was omitted because of the 
considerable amount of work which the Ottawa people have done in that area. Also, we had 
difficulty collecting and analyzing the samples we did take, due to lack of time, help, and 
laboratory facilities. To date, this apple data has not been completely assembled, so that we do 
not know the variation, if any, between areas and varieties in 1955.

In Norfolk county, where some orchards were sampled in both July and September, there 
was a marked and unusual increase in leaf nitrogen from July to September, due to the dry 
weather in the early part of the season, followed by heavy rains in August. This high level of 
nitrogen late in the season was reflected in rather poor storage quality of some apples from that 
area, as compared with other years. As with peaches, these same apple orchards will be sampl
ed again for the next two years.

The need for plot work is not as pressing with apples as with peaches and grapes, because 
of the great amount of work that has been done by Dr. Hill and Mr. Heeny in eastern Ontario 
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and Quebec. We do anticipate, as help and facilities become available however, setting out 
some cooperative-grower experimental plots with apples in some areas. At least one such ex
periment is planned for this year in Norfolk county, where, in a number of orchads, some of 
the mineral levels are quite low.

A limited number of Bartlett pear orchards were sampled in the peninsula in 1954 and 
1955. Considerable experimental work is under way with this crop both in the peninsula and in 
the Georgian Bay area, under the direction of the Tree Fruit Research Committee of the Ontario 
Department of Agriculture. To date, no work has been done at Vineland on sweet and sour 
cherries, plums and prunes, except for a few grower samples analysed as a service to the 
grower in problems areas. More information must be obtained for these crops before they can 
be added to the list for a leaf analysis service.

I do not intend here to go into a lengthy discussion of methodology. At the present time 
we are using essentially the same methods of analysis as are the Ottawa worker s, asoutlined in 
Contribution No. 238, Chemical Methods of Plant Analysis, Chemistry Division, Science Service, 
Canada Department of Agriculture.

The sampling dates we have used for the tree fruits are as close to mid-July as possible. 
On the suggestion of Dr. Shaulis, of the New York State Agricultural Experiment Station at Geneva 
who has done considerable work in grape nutrition; we have sampled the vineyards in late 
August and early September for mineral analysis. Suggested grape sampling dates vary from 
mid-June to September, in areas with similar climatic conditions, so some standardization of 
sampling date, similar to that with tree fruits, must be decided on for grapes.

We have analysed the samples taken to date for nitrogen, phosphorus, potassium, calcium 
and magnesium. We believe that in the operation of a grower service, only these elements be 
determined routinely on all samples. It should not be necessary to determine all the minor 
elements on all samples. Minor element deficiencies can be pretty well delineated by area. 
Specific minor-element determinations would be made on samples from areas known to be de
ficient in the particular minor element.

The grower is very interested in when he can expect a leaf analysis service. The most 
serious limitation at present is the lack of adequate physical facilities and technical help at the 
Horticultural Experiment Station. The lack of space is being remedied as rapidly as possible, 
in that a new building, with satisfactory laboratory accommodation is expected to be begun this 
spring, and should be completed in two years. There is also a lack of competent technical help. 
Since we are not in or adjacent to a large urban centre, relatively few high school graduates are 
interested in the work, because of the travel involved.

We would expect that once the new building is completed at Vineland, we would be able to 
initiate a leaf analysis service for the major tree fruit crops and grapes. While a longer period 
of time would be desirable to gather more information, we realize that a compromise must be 
made. By that time, we will have another two years' results from our survey and plot work, 
and as mentioned previously, could alter our initial standard values and recommendations as 
experimental results dictate. In this way, we feel that the grower will have a valuable service 
available to him at the earliest possible date.
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Discussion;

N. R. Richards asked how many trees were sampled to get a representative sample from an 
orchard. Dr. Archibald explained that a sample consisted of 100 leaves made up of 10 leaves 
from each of 10 trees of the same variety in the orchard. Where any obvious variation in soil 
type, past fertilization, etc. was encountered, separate samples were taken from the different 
areas.

R. J. Hall asked what par t of the leaf was used in the analysis. Dr. Archibald said they 
used the whole leaf.

A question was asked concerning the effect of fungicide and insecticide residues on the 
leaves. Dr. Archibald stated that washing leaves got one into more trouble so they were not 
washing them before analysis.

In reply to a question who will take the samples when the grower service is commenced, 
Dr. Archibald felt that the grower would have to be schooled on when and how to take the samples, 
how to handle them, etc. The grower would have to realize the necessity for proper sampling.

A question was asked about how an evident deficiency was remedied--by foliar sprays or 
by soil application. Dr. Archibald replied that if it was a K deficiency soil application was the 
only feasible method. This was particularly true of peaches whose leaves would not even ab
sorb significant quantities of N from urea foliar sprays.

G. B. Hostetter referred to experience they have had with deficiencies showing up on grapes 
on heavy soils with an accompanying insect problem, which is being disregarded by the entomol
ogists, but which he felt might account for 50% of the trouble. He asked to what extent the soils 
work had been correlated with the entomologist's work or had any thought been given to it.

Dr. Archibald stated that as far as their surveys go there was no connection with the 
entomologists. He said that they have been in contact with plant pathologists and intend to do 
some work on the effect of fungicides on leaf composition. He felt they probably should do the 
same with insecticides.

Prof. Richards pointed out that advisory service in entomology is available when a problem 
exists, but he was not familiar with any projects designed to integrate the soils and entomological 
aspects of a problem.

The Chairman called upon Dr. Hill of Ottawa to give the meeting the benefit of some of his 
extensive experience with leaf analysis.

Dr. Hill stated that they had been sold on using leaf analysis of tree fruits, and possibly 
bush fruits for some time. In tree fruits their efforts had been confined to a precise study in 
apples and to only two varieties. He explained that the idea of leaf analysis is predicated on the 
assumption that the plant is going to depend on the same level of nutrient in the leaf for top pro
duction no matter where it is growing. For instance, the magnesium level in the leaf which has 
been established as a standard is the same here in Canada as in Massachusetts and in England. 
The nitrogen standard level is the same here as has been established in the United States. How
ever, the potassium level established here is 1. 7% which is higher than in the United States be
cause the standard here was established on a quality basis. He said they are now in a position 
to give a grower some advice when some specific problem has appeared.
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Dr. Hill went on to describe how 1955 had produced abnormal results in their leaf analysis 
work. For the first time nitrogen levies hadn't corresponded with quality behaviour. Nitrogen 
levels had run much higher in 1955 than normal while potassium levels had dropped. He men
tioned one thing that had been giving them a little trouble, in the province of Quebec particularly, 
where growers had been using urea spray or Nu-Green. Nutrient levels in the leaves don't mean 
anything right after a foliar application, he warned. He stated that growers in Quebec had de
manded a leaf analysis service and the Province was now in the process of setting up such a 
service.
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OPERATION OF A COMMERCIAL SOIL ADVISORY LABORATORY

Donald MacKenzie, Wm, Stone Sons, Ltd. , Ingersoll, Ont.

I am very pleased to have received this invitation to speak to you about the status of soil 
testing in the fertilizer industry of Ontario and to discuss some of the problems which are in
volved when a fertilizer manufacturer offers such a service to his customers.

A few weeks ago, whilst looking through some files, I came across a folder dated January, 
1931, which contained a large number of yellowed sheets describing a most profound treatise of 
an intricate study of various methods for determining available phosphorus in soils. Three of 
these methods were based on the molybdate method of Deniges, a French scientist, which had 
been modified and improved upon in various ways by the American scientists, Truog, Bray, 
and Spurway. In brief, the treatise showed that the methods of Bray and Spurway of that time 
were unsuitable for the particular soils used in this comparison but Truog's test gave satisfact
ory and constant results.

Now I. said that this was a profound study, but I doubt if it contribued any degree of sound 
knowledge to the development of soil testing in Ontario. If it did, then it was not because it 
happened to be my 4th year thesis but because I had the good fortune to conduct this study under 
the kindly guidance of Professor Gerry Ruhnke. However, it serves to remind us that quick 
soil tests were already in the news 26 years ago.

Some three years later, I found myself an employee of the fertilizer industry, and in that 
same year I acquired a Soil Testing kit. This was a source o f wonderment for a few months, 
but very soon I found myself in the grip of the Sales Department who had arrived at the realiza
tion that if I demonstrated this kit on the customer’s farm and on the lecture platform, it served 
as a good theme for sales promotion.

At the first convenient opportunity I kicked that set as far away as I could and from that day 
on all soil testing performed under my jurisdiction has been done in the laboratory.

Now I have mentioned these two incidents merely to illustrate that quick soil tests have 
been available to us for more than twenty years and I have reluctantly come to the conclusion 
that we should not be complacent or happy about our progress in this phase of soil management.

We find that the attitude of the average farmer towards soil testing is quite lukewarm, al
though the programs of soil testing which are being sponsored now by certain Junior Farmer 
groups are most definitely creating interest in their respective communities. The quality of our 
work and the quality of our reports will determine whether or not this interest will be maintained. 
On the other hand we do find a rapidly growing demand for soil tests from certain specialized 
groups such as market gardens and tobacco growers and I will refer to this anon.

I would now like to discuss some of the phases of soil testing and advisory work which 
might be weak points in our program, and so let us consider first the methods of analyses.

There are five fertilizer companies which operate a soil testing service for Ontario 
farmers. Three of us follow in principle the methods of the Department of Soils at this College, 
one has adopted a combination of several methods including the O. A. C. method, and one does 
not use the O. A. C. method at all. So it is apparent that there is not a close agreement on methods 
of analyses even in the industry itself.
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It is assumed that all the provincial laboratories follow the methods of the O. A. C. but 
when we look elsewhere we again find a wide variation in methods.

For instance, several canning companies operate a soil testing laboratory and most of them 
have adopted their own individual methods. Now so far as the canning companies are concerned I 
must admit that I cannot criticize them for adopting their own methods. They are performing an 
excellent service for their customers and they restrict their services to the acreage and crop for 
which they contract. Because they are working with a narrower range of soils and crops than we 
in the industry they should have a better opportunity to correlate their methods to soil and crop 
response. Nevertheless, I am not too 'conversant with their respective methods, so while I 
accept their recommendations and consider them to be good, I do so because I have a high res
pect for the men who are supervising their work and not because I consider their methods of 
analyses to be superior.

Of course, the individual farmer is not aware of these differences of opinion about methods 
of analyses but it will definitely affect him indirectly.

These different methods have not been accurately correlated one with the other or with our 
various soil types, and so their use by different laboratories is bound to be a major cause for 
differences in recommendations.

Wide variations in recommendations have been an important factor in hindering the growtli 
of public confidence in soil testing, and if you question my statement that a variety of different 
methods of analyses can help to cause this, then let me give an example of what does happen in 
another field of fertilizer control.

The fertilizer industry would be chaotic if it did not operate with standard official methods 
for the valuation of Nitrogen, Phosphorus, Potash and other plant foods. When buying and sell
ing, we evaluate our materials and products by methods which have been carefully investigated 
and accepted by an official organization, the Association of Official Agricultural Chemicals. 
There may be more than one method authorized by the A.O. A. C. for a particular determination 
and new ones will be added from time to time but only after they have been carefully investigated 
and proven. Yet, in spite of this, any one who has ever operated an industrial control laboratory 
will know that it is still possible for two technicians, presumably using identical methods, to ob
tain different results. Consequently, it is advisable to check one's laboratory technique at 
frequent intervals.

Most of us who are operating fertilizer control laboratories belong to the McGruder 
check program, which is sponsored by Dr. Sam Thornton, who developed the Thornton soil tests 
many years ago. We receive each month, a portion of a standard sample of fertilizer. The 
results of some 123 member laboratories are published monthly and thus each laboratory can 
check the accuracy of its work.

I would like to see a similar program made available for our soil testing laboratories, 
and the Department of Soils at this College would be the logical agency to sponsor it.

If we cannot all agree on the analytical methods which should be used, then, at least, we 
should make certain that we do not weaken our service in the eyes of the public by indiscrimin
ate variations in analytical results and recommendations.

Sampling is also a weak link in our soil testing service. The average farmer does not 
realize the importance of obtaining a representative sample even though it is emphasized in all 
printed directions for taking samples.
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Possibly, we, in the industry, are inclined to condone this to some extent. In the industry 
there is always the customer relationship and the potential order to consider and so, whereas 
idealistically we should refuse to analyze samples which are obviously not properly taken, we 
will too often proceed with the analysis and the report.

In industry we also have to face the pressure which is exerted by dealers and customers on 
our sales staff to actually take the samples. If a salesman does not quickly learn how to dodge 
such requests he may soon find himself involved in an impossible situation. If he does it for one 
man, then invariably his neighbours hear about it and likewise make a request.

I estimate that the overhead and time of personnel required to process a sample from the 
time it arrives at the laboratory until the report is in the mail, is almost $1.00 per sample. If 
on top of this a salesman must spend half a day taking the samples, then the order which might 
be obtained must be very substantial to warrant this additional cost which cannot be added to the 
price of the fertilizer, and, therefore, must be classified as a sales cost.

There is no doubt also that our fertilizer laboratories do receive a very large number of 
samples, particularly during the shipping season, because the provincial government laboratories 
are unable to process samples fast enough. The provincial laboratories do not have the facilities 
or personnel to take care of peak seasons.

Personally, I do not see any reason why the provincial laboratories should be expected to 
process samples in a period of three or four days but I do believe that these laboratories should 
be equipped in such a manner that they can complete reports in, at least, two or three weeks.

On the other hand, we in the industry have probably brought on some of the peak season 
problems ourselves. Because of the customer relationship mentioned above, we make undue 
efforts to process samples as fast as possible. But then, of course, the curse of our business 
has always been its peak seasonal nature and one which we have had to learn to live with for 
many years.

Interpretation of a soil condition and the resulting recommendation will be influenced by 
many factors, including the method of analysis, the information supplied with the sample and the 
attitude and opinions of the advisor. There are wide variations in interpretations and recommend
ations by different soil testing advisors which definitely do confuse the public to the detriment 
of the service.

Variations must be expected to some extent with a science which is still comparatively new 
and changing, and I do not advocate strict conformity. After all, improvements usually occur 
through originality but I do believe that soil advisory personnel do harm to themselves and the 
firm or organization they represent when they go out on the limb with unproven ideas or pet 
theories.

The wide range of grades which are offered for sale add to the confusion. There are far 
too many grades which are closely similar in analysis and the choice of one may be as good as 
another. Some 49 grades are listed for Ontario for the Fertilizer Season 1954-55, although 
practically 80% of the tonnage used in that period was derived from 8 grades. The Advisory 
Board itself, recommends over 20 different grades for general purposes, and another 6 for to
bacco. The Board is now seriously studying the feasibility of recommending by ratios instead 
of grades, limiting the number of ratios to a minimum of 8 or 10 or even less.

I suppose the industry must accept a very large portion of the blame for the many grades 
which are made but I do know that the industry itself does not like it and would welcome a work
able solution to the problem which would reduce the number of grades.
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One of the main problems encountered in a soil testing advisory service is the interpreta
tion of results because it can be both difficult and hazardous if little information is received with 
the sample. What should one do in a case like this? If the sample arrives in the Fall or Winter, 
there is usually time to write and ask for additional information, but this is not so easy in April 
when the dealer or customer is probably hounding one because he wants to pick up the fertilizer 
the next morning.

Yet a knowledge of the crop response and soil management conditions of an area represent
ed by a sample is extremely important to the advisor. In our laboratory we consider it so im
portant with the sensitive crop, tobacco; that we rarely send out reports unless we are actually 
acquainted with the farm. Consequently 95% of our tobacco soil samples are taken by or under 
the supervision of our tobacco specialist, Mr. Howard Horton. This extra service is probably 
a reason why we find keen interest on the part of the tobacco grower but it also means that, at 
times, we find ourselves in that "impossible situation" which I referred to earlier and have 
difficulty in meeting the requests for this service.

Now a commercial fertilizer laboratory is not in existence for purely altruistic reasons. 
We exist only by the products which we sell and we operate an advisory laboratory with the hope 
that by offering this service, we will enable our customers to receive larger returns from the 
money which they invest in fertilizer and thus ultimately we hope we will sell more fertilizer. 
I think all of us realize that in order to accomplish this we should be advocating all phases of 
good soil management and crop production. Therefore, how far should we go with our reports? 
Should we just make a brief statement showing analysis and pounds per acre recommended or 
should we also take the opportunity to offer suggestions about other phases of soil management 
which might be applicable to the particular report, such as improving low organic matter level 
or a poor crop rotation, with some explanation of the reasons for these suggestions.

My experience leads me to believe that the average farmer welcomes a report which goes 
farther than a mere statement of grade and rates, but this takes extra time to prepare and time 
is valuable when offering a free service.

We, in the industry, frequently find ourselves on the "suspect" list. We are selling 
fertilizers and many of our customers are mindful of this; therefore, while they accept our 
services, and in all probability will use the grade we recommend, they may not accept our rates 
of application. Some of us are sensitive to this attitude which may cause us to suggest rates 
lower than is desirable for best returns.

If one is following in principle the recommendations of the Advisory Fertilizer Board, then 
one can counteract this attitude of the customer by sending along with the report some current 
literature of the Board which will show the customer that one’s recommendations are not out of 
line with the authoritative ones.

When I was invited to present this discussion, I sent questionnaires out to all members of 
the Plant Food Producers Association to find out exactly who were offering this service and also 
their general attitude towards soil testing. The replies indicated, as I have previously stated, 
that five companies are actually offering the service, but that all other companies look with 
favour on soil testing and many were encouraging it by supplying soil boxes and forwarding the 
samples to the O. A. C.

So what does the industry think about the Department of Agriculture Advisory services? 
I asked for comments in the questionnaire. All are in favour of the Department of Agriculture 
enlarging its soil testing service. And how?
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The greater number of those questioned showed preference for a system in which the 
facilities at the College would be enlarged to take care of all the actual testing for Ontario but 
the reports would be interpreted and distributed by a soils field man stationed in each County 
who would be attached to the Agricultural Representative’s Office. A few preferrred regional 
laboratories which would be supervised by the O. A. C. One, who expressed preference for this 
felt the service would be more rapid because it would eliminate loss of time in mailing and also 
felt that a local unit would encourage more farmers to take soil samples.

Only one expressed favour for the retention of all analyses and reporting at the College, 
itself.

And should a nominal fee be charged for soil samples? The answers were definitely in the 
affirmative for those samples which are sent in by the town and city gardener. So far as the 
general farmer is concerned, some thought there should be charge because a fee would increase 
the value of soil testing in the eyes of the farmer and the funds which would be derived would en
able the service to expand more quickly and as necessary. Some felt that no charge should be 
made until soil sampling becomes an accepted practice, but only a few were actually against a 
charge.

Personally, I am in favour of a fee but I doubt if the fertilizer laboratories could extract 
one. It would not likely be desirable for the Department of Agriculture to set a fee if the fertiliz
er laboratories did not because such a move would only accelerate the flow of samples to the com
mercial laboratories. Therefore, a fee on the part of the government laboratories would only 
be feasible if the industry was willing to discontinue their services. And so this brings us to the 
question, would those fertilizer firms who are now operating soil testing laboratories be pre
pared to relinquish this form of public relations if the Department of Agriculture supplied the 
necessary facilities and personnel to adequately take care of all present and future demands of 
the farmer for this service. I do not feel that I am in a position to answer this question for the 
industry but I will give you my own personal opinion.

I believe it is unfortunate that the fertilizer industry has found it necessary to become so 
involved in the actual testing of soils and this would probably not have occurred if the Department 
of Agriculture had in past years supplied adequate facilities and personnel to properly develop 
and promote this service.

I believe the present fertilizer soil testing laboratories are doing good and worthwhile work 
but I also believe this work would be more beneficial to both agriculture and the fertilizer in
dustry if the actual soil testing was performed by a neutral organization such as the Department 
of Agriculture.

Now, before one of my industrial friends throws a rotten egg at me, please let me qualify 
this statement. Such a move would in no way detract from the importance of the agronomists 
now employed in soil testing in the industry. The fertilizer industry needs more men who are 
specialists in soils and agronomy, but I consider that they would be of far more value to their 
firms if they were employed in a more personal advisory capacity, acting as liaison officers 
between the experimental stations and their salesmen, their dealers and their customers, part
icularly the more progressive customers who serve as examples to their neighbours. They can 
fulfill a most important function in fostering good soil management and in developing better 
methods of fertilizer usage. Unfortunately some of us may have to sell this point to our 
employers; in the meantime those laboratories which are now in existence will presumably con
tinue to offer their services. Therefore, for the good of all concerned we must work together' to 
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develop improved and standard methods of analyses and to secure better uniformity of interpre
tations and recommendations.

The competent use of soil tests can make a valuable contribution to the intelligent manage
ment of the soil and while the use of soil testing as an approach to fertilizer recommendations and 
the solution to soil problems is increasing, it is being hindered by the wide divergency of methods. 
The fertilizer industry has mainly supported the methods of the Department of Soils at this 
College. It has had excellent co-operation from the personnel of this department and in view of 
these circumstances, the industry should, and I believe will, support in all possible ways the 
efforts of this Department to enlarge their facilities so that they may not only take care of the in
creasing demand for this soil testing service but will be able to further their studies of methods 
of analysis and the correlation of these methods to'varying soil conditions and crop response.

Our attendance here shows that we welcome this conference and, speaking for the fertilizer 
industry, we hope that there will be more frequent opportunities in the future for us to gather to
gether and discuss the varying aspects of this most important tool for better soil management.

Discussion

Prof. Richards remarked that it was very true that there is a lag from the time the sample 
arrives until the report goes out. He said that the O. A. C. laboratory can only run 500 samples 
a week now, but the soil testing laboratory in the new soils building has been designed to handle 
100, 000 a year. He pointed out, however, that there would always be a waiting period regard
less of facilities--at least two weeks--and he thought the farmer should be schooled to send in 
his samples in plenty of time. In the future he foresaw better facilities for soil testing.

W. A. MacKenzie asserted that he was not concerned about our being able to get together 
on obtaining the same test-tube results. He could see no reasons why we should all be willing 
to conform to a system which would enable us to all obtain the same results in the lab. He was 
concerned about recommendations and about attempts to make us all conform to a standard 
system of recommendations. He held that this was stepping onto private ground and into freedom 
of thought. He felt we shouldn’t go too far with regimentation of soil testing and recommendations. 
He explained two different ideas often encountered--one recommender wanted to build up the soil 
while another recommender wanted just to see the present crop through. These represented two 
entirely different concepts.
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SOILS SERVICE FOR PROCESSING CROPS

R.J. Hall, Libby, McNeill and Libby, Chatham, Ont.

We, as a processor, maintain a soils service laboratory for our growers for the following 
reasons:

1. To promote high yields.
This helps to insure good quality produce and gives stability to volume.

2. Improve grower relations.
Higher yields mean higher profits to growers hence growers are more satisfied.

3. Enables better selection of good growers.

4. Reduce our risk in pack budgeting by an increased assurance that crops will go on good 
soils properly fertilized. (

SAMPLING

Fields are selected and sampled by our fieldmen. Fieldmen are trained to judge fields 
and make divisions of the fields for sampling. A sample is taken from every 2-3 acres.

Each sample is a composite of 20-25 borings as taken by a tubular type sampler.

Samples are dried and ground in the laboratory preparatory to analysis.

At the time of sampling fieldmen obtain field cropping history and a diagram showing field 
location. Samples are analysed for pH, lime requirement, available phosphate, available 

’ potassium and available nitrogen.

Instruments employed are as follows:

Glass electrode pH meter
Photoelectric*  Colorimeters
Flame photometer

METHOD OF ANALYSIS:

Nitrogen--incubation method as proposed by Iowa State College.

Phosphorus--). 1 N. HC1 and 0. 05N NH4F at 1:4 ratio.

Potassium--1 N. Ammonium Acetate at 1:2 ratio.

pH-------1:1 Soil: water ratio, glass electrode.

Lime requirement--Woodruff's Buffer method.

For seven years we have conducted field plot calibration experiments, patterned after the 
Bray system, on tomatoes, cabbages and red beets.

From the results of these, constants for the Mitscherlich - Baule equation were derived.
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By using these constants and the equation, specific fertilizer requirement tables were set up. 
These tables are used for making recommendations from soil test results.

Discussion;

Dr. Pennington asked about the cost of this soil testing service. Mr. Hall estimated that 
the laboratory part alone cost about $1.50 per sample with the total cost running 2 or 3 times 
that amount. In reply to another question by Dr. Pennington he said that close to 100% of their 
growers were following their recommendations.

Dr. Heeney wondered if he found it easier after 2 or 3 years to suggest heavy fertilizer 
applications than in the beginning. Mr. Hall agreed that this was so and stated that some of the 
farmers were now getting their fertility built up and it was hard to hold them down--some wanted 
to apply too much.

Dr. Matthews wanted to know how they had calibrated the nitrogen test over the different 
seasons and how precise the nitrogen requirement table was. Mr. Hall stated that since it re
presented only two years work it was not too close yet, not as precise as the P and K requirement 
tables, but better than their former methods. He explained how they had correlated the nitrogen 
tests with tissue tests made on the tomato vines and observation of the vines during the growing 
season.

In reply to another question, Mr. Hall said that there was no correlation at all between the 
nitrogen incubation test and organic matter.

Prof. Thomas inquired about any change in the average yield of tomatoes obtained by their 
growers over the past few years. Mr. Hall said that the average yield of tomatoes had risen 
from about 6 tons to about 11 tons per acre since they began their soil advisory service 7 or 8 
years ago.



24

THE APPLICATION OF FLAME PHOTOMETERY TO SOIL ANALYSIS

A. L. Willis, Dept, of Soils, O. A. C. , Guelph

At the time of the last soil testing conference held here in Jan. 1952, a great deal of em
phasis was placed on correlation. Very little, if anything, was said about instrumentation other 
than for pH determinations. Since that time instrumentation has made tremendous advances in 
all fields, and the realm of soil analysis is no exception. Of the instruments which have become 
available for various determinations, none has caught the fancy of the analyst more than the 
flame photometer.

In the first place what is a flame photometer? Actually, a flame photometer is an in
strument for measuring the intensity of the energy emitted by elements when excited in a flame. 
The principle of flame photometry has been known for many years and most of us have had the 
opportunity of observing the colours produced by such elements as Na and K when they are burn
ed in a flame. These were only qualitative tests and it was not until 1928 that Lundegardh of 
Sweden conducted the first extended quantitative tests.

The first flame photometer in North America was not produced until 1945. Since that time 
flame photometers have become commercially available and rapid progress has been made in the 
development and improvement of all types.

One might ask what brought.about this development? I think the answer lies in the fact 
that the analytical chemist has always been faced with a long, tedious method of analysis for 
many of the elements. No two elements have caused him more grief in this respect that Na and 
K. During and since the war years, the need for quick, accurate analysis of small amounts of 
Na and K in blood, urine, and biological tissue probably accelerated the work of developing a 
flame photometer. The first flame photometers, and indeed many today, were designed for 
clinical laboratories where only Na and K are determined. Today 75 per cent of all flame photo
metry work is on biological fluids. Where then does this instrument fit in to soil analysis? Why 
should one want to install a flame photometer in a soils laboratory? Any instrument costs money 
and unless it will do three things for you better than your present method there is not much point 
in putting it in. These three things are accuracy, reproducibility, and a saving in time. Our 
experience indicates that the flame photometer will do all three. What elements will it determine? 
As mentioned previously some instruments will determine only Na and K, others will determine 
as many as 30 or 35 elements. However, since we are here concerned with soil analysis only, 
let us confine ourselves to the elements of interest which are K, Ca, Mg, Mn, and Cu, usually 
in the order named. How then does one go about determining these elements by means of a flame 
photometer? First let us take a closer look at the photometer itself. A flame photometer has 3 
principle functions. (1) to atomize the sample solution into a flame, (2) to isolate the character
istic spectral emission of an element, (3) and to detect and measure this emission. Now just 
what does all this mean?

First of all it means a solution of the elements to be determined must be obtained by ex
traction and filtration, the same as for any chemical method. I should like to stress at this time 
that is is very important to have all inert material separated by filtration. If filtered solutions 
come through cloudy they should be re-filtered. The first function of the flame photometer is, 
as I mentioned, to atomize the sample solution into the flame. Just how is this done? It may be 
done in two ways. First the solution may be atomized or sprayed in the form of a fine mist into 
a chamber where the larger spray droplets fall out and are drained away. The finer portion of 
the mist is drawn into the base of the burner by compressed air and then passes into the flame. 
The second manner in which atomization may be achieved is by spraying directly into a flame 
without using a separate apray chamber. In the latter case a combination atomizer-burnei' unit 
is used instead of a separate atomizer and burner as in the first case.
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The fuel that is used in these burners varies from "city gas" to propane, acetylene and 
even hydrogen depending upon the design of the burner and flame temperature desired.

The second function of a flame photometer is to isolate the characteristic spectral emission. 
Just what does this mean? Any soil extract is likely to contain more than one element which is 
capable of being excited in the flame. Each element which is excited usually produces a definite 
colour in a flame and most important, this coloured light has a rather definite wavelength. Thus 
when two or more elements are excited and emit light at the same time, it is necessary to is
olate or separate, the light produced by the desired element from that produced by the undesired 
elements (e. g. separate the light of K from that of Ca in a solution). Now, how does this isolation 
take place? It may be accomplished by glass filters or by prisms (monochromators). Those 
instruments employing filters rely on the. principle that various coloured glasses will only permit 
light of a certain wavelength region to pass and all other light is cut out. For example, in the 
case of K, a coloured glass is placed in the path of the light produced by the flame. This part
icular glass filters out all of the light except that in the region of the K wavelength, which is per
mitted to pass. Those instruments employing prisms for isolating the light, depend on the well 
known principle that any light can be broken up into its component colours by a prism (called a 
monochromator). Because of this phenomenon, the prism may be rotated so that any desired 
wavelength of light can be selected to fall on the measuring device.

The third function of a flame photometer is to detect and measure the light emission. Here 
again this particular function may be accomplished in two ways. The first way is by means of a 
barrier layer cell. This type of photodetector is commonly used in colourimeters and is very 
sensitive to small quantities of light. When light strikes such a cell a small current is set up. 
To measure this current output the barrier layer cell is connected to a galvanometer, the in
dicator of which will be deflected by small amounts of current,.

The other way of detecting and measuring light emission is by means of phototubes and 
electronic amplifiers. When light strikes a phototube, the current produced is passed to an am
plifying tube which increases the strength of the signal before passing it on to the galvanometer 
or in one case to a microammeter.

All instruments employing phototubes have electronic amplification systems, while those 
using barrier layer cells have a simple D. C. circuit with no amplification.

In operation then, flame photometry involves the atomization of a filtered soil solution in 
a flame, and the isolation and measurement of the light emitted by the unknown element.

(Figure 1 shown at top of page 26. )

Fig. 1 shows a simplified drawing of the Baird flame photometer. This instrument employs 
the internal standard technique with glass filters for isolating the desired light and a barrier 
layer cell as the photodetector. In operation, an atomized mist is drawn into the base of the 
burner by compressed air and then passes into the flame of a Meeker type burner. Propane is 
the fuel which is usually used. Isolation of the desired light is accomplished by means of a 
glass filter. The light which passes the filter falls upon a barrier layer cell and a small current, 
proportional to the amount of light striking the cell, is set up. The cell is connected to a galvan
ometer, the indicator of which will be deflected, the amount of deflection being dependent upon 
current input. The concentration of the element being determined is measured by zeroing the gal
vanometer indicator.
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FIG. 1. SIMPLIFIED DRAWING OF INTERNAL STANDARD FLAME PHOTOMETER



FIG.3 P.P.M. OF ANION

EFFECT GF VARIOUS ANIONS ON CALCIUM FLAKE EMISSION
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Fig. 2 shows a simplified drawing of the Beckman flame photometer (model Du). This 
instrument utilizes a combination atomizer-burner unit, a quartz prism for isolating light of 
the desired wavelength, and phototubes and electronic amplifiers for detecting and amplifying 
the electrical signal. In operation, the liquid is drawn up a small capillary and atomized dir
ectly into the hot flame (either oxy-acetylene or oxyhydrogen. ) By means of mirrors the light 
produced is directed to the prism where it is broken up. The prism is revolved to the desired 
wavelength so that only light of that wavelength is permitted to fall on the phototube. The cur
rent set up is then amplified before passing to the galvonometer. Deflection of the indicator 
is proportional to the current input. Zeroing the indicator permits concentration of the unknown 
to be measured.

The flame photometer is not a push button machine, delivering data as it consumes the 
sample. Nor can it yield absolute results as gravimetric analysis does. All samples must be in 
liquid form, and their flame emission compared with that of a standard solution. Results are 
therefore no better than the accuracy expended on preparation of the solutions; but with care in 
preparation, the instrument can yield analytical results precise to 0. 1 per cent.

If there were no other difficulties, the life of the flame photometrist would be easy in
deed. The instruments themselves seldom cause operating trouble but various interferences 
and particularly radiation interference are a never ending source of trouble. Almost every 
constituent of a solution affects a given emission to some extent, and I can think of no solution 
of constituents which is more complex than a soil solution, unless it is a solution of plant 
material. Often the effect is too small to take into account, but the larger effects must be cir
cumvented. I have mentioned radiation interference and an example of this is the enhancement 
or depression of light produced on one element by the presence of another element. For example, 
in the Beckman flame photometer using H as a fuel, a solution of 50 ppm. of Ca was atomized in 
the flame and the reading taken. The several other solutions, each containing 50 ppm. of Ca 
plus varying amounts of one or more of the other elements likely to be present in soil extracts, 
were similarly atomized in the flame and the readings taken for Ca. The elemental composition 
of the solutions and the emission readings obtained for Ca are given in Table 1.

TABLE 1

Elemental Composition of Solutions Emission Reading for Ca

50 p. p. m. Ca 53.2
50 p. p. m. Ca + 100 p. p. m. K 55. 5
50 p. p. m. Ca + 300 p. p. m. Mg 49.7
50 p. p. m. Ca + 300 p. p. m. P 15. 8
50 Ca + 100K + 300 Mg 52. 3
50 Ca + 100K + 300 P 17.2
50 Ca + 300 Mg + 300P 6 .7
50 Ca + 300 Mg + 300 P + 100K 7 . 1

It is readily seen that the Ca emission is interfered with and that some of these interferen
ces are of such magnitude that they cannot be neglected. All combinations containing phorphorus 
show a great depression of the Ca emission. Although the sulfate ion is not likely to be present, 
it to will bring about a similar depression where alkaline earth ions are being determined.

Since all of the elements mentioned in Table 1 are contained to some extent in soil solutions 
how is this interference to be overcome? There are several ways. One of the simplest is dilutioi 
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wherein the interfering element is reduced in concentration to a level below possible detection or 
interference. However, if the interfering elements are at such a high level of concentration that 
dilution sufficient to remove them would place the element desired at such a low level as to be 
difficult to measure, then such a means must be abandoned.

Another way of getting around the interference problem la to prepare a series of standard 
solutions sp that they contain elements other than the one sought in about the same proportions 
as they appeal’ in the unknown sample. In cases where unknowns contain approximately the same 
amount of interfering ion all the time this is expedient, but in soil solutions the amount inter
fering ions is always changing so this method is not of much use.

Because of the fact that radiation interference frequently reaches a plateau above a certain 
concentration of the interfering element, the interference can be cancelled out. For example, 
Mg interference with Ca, levels off about 300 ppm. when Ca is in the 0-100 ppm range. Further 
addition of Mg causes no further interference. In this case the interference is overcome by 
adding enough of the interfering element to both sample and standard to ensure that the interfer
ence is on the plateau.

Fig. 3 shows the effect on Ca emission of various anions and how the plateau effect is ac
hieved.

(Fig. 3 is shown on page 30)

Another approach to interference of course is to remove the interfering ion. In this lab
oratory interference by the phosphate ion is circumvented by removing it chemically. This can 
be readily accomplished by precipitating the phosphorus as ferric phosphate and filtering it off. 
However, for some elements this involves so much time that one of the purposes of flame photo
metry is defeated.

One of the most utilized methods of avoiding interference is by what is known as an internal 
standard. This method consists of adding to each sample to be analysed, and to the standards, a 
fixed quantity of some element not normally occuring in the sample before bringing it to excitat
ion. This added element acts as an internal standard. Upon excitation, light is emitted, by 
both the element being determined and the element added as internal standard. A dual optical 
system is employed (see Fig. 1) to measure the light from both elements simultaneously and 
the ratio of the two light intensities is determined. The principle of the method is simply that 
any change in the source or any other factor influencing the light intensity emitted by the sought 
element similarly affects the internal standard element so that the ratio of the intensities obtained 
is constant regardless of the experimental conditions. Ideally, the element chosen to act as an 
internal standard should produce light of about equal intensity to that of the element sought, have 
a transmission line close to those of the other elements to be determined and respond alike to 
excitation and the effect of other variables. For the alkali metals i. e. (Na & K) this method 
works very well when Li is used as an internal standard. The internal standard technique is 
now being used successfully in our department for the determination of K on the Baird and Bar
clay instruments.

The interferences encountered in flame photometry vary in their severity depending upon 
the type of instrument, the type of fuel, and the element being determined. Instruments utiliz
ing the internal standard technique and a relatively cool flame encounter a minimum of inter
ference when only Na or K are to be determined. In addition, the relatively cool flame does 
not excite many other elements present and thus reduces the source of interference. Elements 
like Ca and Mg are much more subject to interference because they require a hotter flame to ex-
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FIG. 2 SIMPLIFIED DIAGRAM OF BECKMAN FLAME PHOTOMETER
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cite them and are more sensitive to the presence of anions like SO4 and PO4 than are Na and K. 
With the exception of the Perkin-Elmer machine which will determine Ca, very few of the 
internal standard instruments are used for elements other than Na and K.

The question I am often asked is what type of flame photometer should I buy? I usually 
answer by asking what elements do you wish to determine? If the 'only element you wish to 
determine is K then by all means buy an instrument utilizing an internal standard. It is simple 
of operation, requires a minimum of maintenance, and is cheap to operate. The initial cost is 
relatively high but the saving in time is sufficient to soon pay for the machine which can be .oper
ated by any laboratory technician. There are also direct reading machines on the market which 
will determine only Na and K but it is my opinion that they are more useful where the type of 
interference encountered is constant and interfering elements are few. Such would be the case 
in clinical laboratories and perhaps in fertilizer control work.

If you wish to determine Ca as well as K and nothing else (I am omitting Na as being of any 
great importance in soil analysis) then the Perkin-Elmer machine is to be recommended. Its 
cost is certainly in line with most of the other internal standard machines and it has found great 
acceptance in soils as well as other laboratories.

If one wishes to determine elements other than Na, K, and Ca, then you are forced to go 
to an instrument of the Beckman type such as the model DU or B. These instruments cost 
considerably more money but it must be borne in mind that they are not only flame photometers. 
Basically they are spectrophotometers capable of accomodating several attachments, one of 
which is the flame attachment. In other words, all the other types of instruments are built 
specifically for flame photometer work, whereas the two Beckman instruments are not. The 
Beckman instruments employ the hottest flame of all and thus excite many more elements. In 
addition to the ordinary amplification system it is possible to install photomultipliers which will 
multiply the signal for most elements many hundreds of times. These instruments require dry 
batteries as well as A.C. current for their operation. Tubes, batteries, and resistors must 
be replaced from time to time and oxygen as well as II or C2H2 are necessary for their opera
tion. In spite of these things this instrument is the most versatile on the market and is capable 
of resolving wavelengths of some elements that other instruments cannot. Instruments employ
ing filters'can only measure the element in question at the wavelength for which the filter is 
intended. In most cases there is more than one wavelength at which an element can be measured 
and sometimes an interference present at one wavelength is not present at another.

Regardless of the type of instrument used, the person using a flame photometer, like any 
analyst, must choose the conditions which fit the sample. The type and strength of extracting 
solution used must be such as to bring into solution a sufficient amount of the element to be 
determined within the limits of preset standards. This can usually be determined by a few test 
runs. For example, with the Baird machine now in use in our soil test laboratory the strength . 
of the extracting solution and the soil-solution ratio is so adjusted that the filtered extract can 
be poured directly into the instrument and measured against standards whose concentration is 
known. In other words it is not necessary to concentrate the unknown in order to make it strong 
enough or dilute it to make it weak enough so that it falls within the range, of the standards against 
which it is measured.

Although the flame photometer is used for direct determination of the element concerned 
there seems reason to believe that it can also be used for indirect determinations, particularly 
on instruments of the Beckman type and for elements which do not emit a flame spectrum. One 
such method has been published for the determination of phosphorus (1). Here use is made of 
the fact that at lower phosphate concentrations the emission intensity of Ca varies linearly 
and inversely with the phosphate concentration. The phosphate concentrations ranged between 

(1) Dippel, W. A. et. al. Anal. Chern. 26:553-556. 1954.
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150-370 p. p. m. of P. In this procedure a cation exchange column was used to remove all cations 
from the unknown solution. A known amount .of Ca is then added and the intensity of the Ca flame 
is measured on the flame photometer, the intensity of the Ca flame being proportional to the 
amount of P present. This is admittedly an indirect determination but so also are many of our 
classic chemical methods. There are other indirect methods which would be tried by utilizing 
cations which are excitable in the flame.

Very little has been said as to how the concentration of the unknown is determined. It may 
be done in one of two ways. First a curve may be drawn in which the concentration of known 
standards is plotted against the amount of light transmitted. For certain elements and up to 
certain concentrations this curve is a straight line. If the curve is linear then the readings on 
the instrument can be directly calibrated in terms of p. p. m. of lbs. /acre. If the curve is not 
linear then the reading on the instrument must be referred to the curve in order to obtain the 
correct value.

The second way of determining the value of an unknown is by bracketing the unknown be
tween two known standards whose concentration differs only slightly. This is probably the most 
accurate method of all since sometimes the characteristics of the flame change from day to day. 
If such is the case and a curve is being used, it may be necessary to construct a new curve. 
However, when the bracketing procedure is used, any change in the flame will be reflected on 
known and unknown alike so that a valid determination can always be made. For purposes of 
routine analysis the precalculated curve is accurate enough provided several points on the 
curve are checked from time to time.

Regardless of how accurate or reproducible your results may be, they are no better than 
.the accuracy or reproducibility of the sample. The most accurate method obtainable will not 
give the desired results if the sample is not representative. For this reason and for reasons 
which have been previously stated with chemical tests the number of categories used to report 
soil test results have not been changed. That- is to say results obtained by flame photometry 
will still be reported as very low, low, medium, and high or whatever they happen to be.

To-day we are living in an age when man is striving for refinements and improvements - to 
do something better than it has been done in the past. Perhaps in no other field have these ad
vances been so rapid as in the field of instrumentation. Four or five years ago the flame photo
meter may have been looked upon as a gimmick as far as its application to soil analysis was 
concerned. Today it is an accepted fact in laboratories all over the country and we feel that we 
are only keeping up with soil methodology in using such an instrument and urging others to install 
them if they have not already done so.
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