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INTRODUCTION

This presentation will concern itself with the practical applica-
tion of soil and plant results obtained from the Forest Soils Lab-
oratory. Laboratory procedures have been explained to you by the
previous speaker, Prof. R.J. Fessenden of the Faculty of Forestry
and Landscape Architecture, University of Toronto, just a few
moments ago. To achieve this, the whole presentation is sub-
divided into twenty steps, each step will be illustrated with a
slide bearing the same number. Also, subtitles will be numbered
in the manner as Appendicies are numbered and attached to this
paper. It is further subdivided into five major steps. These are
as follows:

A. Input - Soil and Plant Data
B. Output - Soil Data
C. Nursery Reports
D. Output - Plant Data
E. Output - Plant Quality Data

A. INPUT

Appendix 1

The soil sample report includes information shown in Appendix 1.
Each sample is identified by a laboratory number, field number,
compartment number and plant sample which was produced on this
soil. The pH is analyzed in water, organic carbon (O.C.) by wet
combustion (Walkley-Black) method, Phosphorus (P) as "available",
phosphorus in mg/100g. Potassium (K), Calcium (Ca) and Magnesium
(Mg) are presented as "exchangeable" in meg/100g . Sometimes mic-
ronutrient analyses are done for problem samples. No analyses
are done for nitrogen (N). At the present time we are aiming for
the following concentrations in the soil:

1/ Nursery Soils Specialist, Ministry of Natural Resources,
Toronto, Ontario.
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TABLE 1

Optimum pH and Nutrient Concentrations

Analysis

Species

White
Pine

Red
Pine

Jack
Pine Spruce

Hard-
woods

pH 6.0-6.5 5.2-6.0 5.0-5.6 6.0-6.5 6.5 +

0.C.% 3.0 3.0 3.0 :3.0 3.0

P mg/100g 30.0 30.0 30.0 30.0 30.0

K meg/100g 0.30 0.30 0.30 0.30 0.30

Ca meg/100g 1.5 0.8 0.5 3.0 3.0

Mg meg/100g 0.5 0.2 0.15 0.7 0.5

Soil samples are collected each year between June 1 and June 10
from all compartments which are to be sown in the fall. Then
again, at the end of growing season, just before freeze-up, soil
samples are collected from all active compartments and analyzed
for nutrient concentrations and pH. In a fall no analyses are
done for organic carbon (0.C.), because organic amendments are
possible only when compartments are fallow between rotations.

Appendix 2

Soil and plant sampling procedures have been demonstrated in the
field, therefore, it will not be necessary to go into this at
this time. Seedling heights (cm), diameter (mm) and root area
indices (cm2 ) are recorded for each seedling within a sample.
Shoot and root dry weights (g) are obtained for each sample only.
In the past all foliage N, P and K concentrations were done for
every plant sample, but now we feel it is not necessary. Only
problem and control plant samples are analyzed for N, P, K, Ca
and Mg concentrations. Also, sometimes we check on micronutrients.

Appendix 3

When laboratory soil data is checked by comparison to previous
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analyses and soil amendments, it is coded on the automatic data
processing document (ADP) for key-punching on a tape. All soil
data, with the exception of problem samples, is coded on a form
as illustrated by Appendix 3. At the present time, our computer
is not programmed to process problem samples. It is done man-
ually. Coding of regular soil samples is done twice a year, the
first is in early summer for sowing in the fall and the second
time, early in winter for samples collected at the end of the
growing season. Both print-outs are identical.

Appendix 4

In similar manner, plant data is coded for key punching as shown
in Appendix 4. It is to be noted that in addition to the lab-
oratory data, there are columns to indicate the type of stock
grown. The codes are as follows:

1. - Stock ready to ship.
5. - Seedling stock being nursed for seedling ship.
7. - Transplant stock being nursed for transplant ship.
9. - Seedling stock being nursed for transplanting.

B. OUTPUT - SOIL DATA

Appendix 5

The first report that comes out of a computer is a "validate"
report showing rejections and warnings of possible errors in
input. This applies to all soil and plant inputs. These reports
are checked and corrections and re-codings are made if necessary
and the sheets are sent back to automatic data processing.

Appendix 6

The second print-out is shown in Appendix 6. It is a simple tab-
ular presentation of all physical and chemical analyses for each
nursery by compartments. These data are the basis for the pro-
posed soil amendment programme for land preparation before seed-
ing or transplanting in spring or fall.

Appendix 7

Appendix 7 illustrates a programme showing proposed additions to
a soil in elemental lb/ac, with the exception of peat, which is
in cubic yards per acre. Blank spaces indicate that no amend-
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ments are necessary for elements or organic carbon for the compart-
ments shown. Every nurseryman has to convert elemental units into
fertilizer units by referring to Table 8, page 77 of the "Forest
Tree Nursery Soil Management and Related Practices". Please note
that calcium (Ca) appears twice, the first one is to raise the pH
and the second one, is to increase Ca concentrations in the soil.
We do not analyze our soil samples for soil nitrogen (N). The
rates of applications by species and age classes are established
by conducting fertility trials at all major nurseries.

Soil adjustments as shown on a print-out (Appendix 7) are calcul-
ated as follows:

1. Calculation of pH Adjustment (assume optimum pH range is 5.0-
6.0).
a. Reduction of pH - addition of sulphur (S). Experience

has shown that at pH 7.0-7.5 the rate of application is
approximately linear with addition of sulphur (S) and 500
lb/ac of sulphur reduces the pH by 0.5 unit. Thus to
reduce pH from 7.0 to 5.5, about 1500 lb/ac of sulphur
should be applied. Nevertheless, sulphur applications in
excess of 1000 lb/ac are undesirable as they might cause
a reduction in seedling survival and growth. Therefore a
formula has been developed to keep sulphur applications
between 250 and 1000 lb/ac. It is based on assumption
that 100 lb/ac will reduce the pH by 0.1 unit. For red
and jack pine when the pH is 6.1 or higher, an attempt
would be made to reduce to 5.5 .

Example:
If pH of soil is greater than 6.0, subtract 6.0 from soil
pH. Multiply the difference by 500 and add 250. Result
is amount of sulphur in lb/ac.

(i) 7.2 - 6.0 = 1.2

(ii) (1.2 x 500) + 250 = 850 lb/ac

See Appendix 6 and 7, compartment 49.

b. Increase of pH - Addition of Calcium Dolomitic limestone
is one of the most common materials used in liming opera-
tions. Table 9 in the Soils Manual sets out a "rule of
thumb" guide based on Ontario experience.

Example:
If pH of soil is less than 5.0 subtract soil pH from 5.0 .
Multiply by 1000. Result is amount of calcium to be
added in lb/ac.
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(i) 5.0 - 4.3 = 0.7

(ii) 0.7 x 1000 = 700 lb/ac (elemental)

It is to be noted that if pH values are between 5.0-6.0,
no sulphur or calcium additions are made.

2. Increase of organic carbon - calculation of peat addition.
We assume that 3% organic carbon in the soil is optimum for
seedling growth. Historical records of additions of peat
and soil analyses for organic carbon levels have lead us to
the following rule. Each 50 cu. yd./ac addition of peat will
increase the organic carbon level by 0.4 percent (oven dry
weight basis). If it is desirable to raise an organic carbon
level in the soil by 1.0 percent, then the following calcula-
tion is made:

1.0/0.4 x 50 = 125 cu. yd./ac. is required. Estimated peat
requirements as shown on the print-out, are calculated as
follows:

Subtract soil analysis organic carbon percent from 3.00 .
Multiply the difference by 125. Result is amount of peat
needed in cubic yards per acre to be added.

Example:
(i) 3.00 - 1.87 = 1.13

(ii) 1.13 x 125 = 141 cu. yd./ac.

Please note that if difference in calculation is negative,
computer does not proceed. The multiplication factor from
organic carbon into organic matter is 1.724.

3. Increase of Phosphorus (P) - Calculation of P addition
(assume 30 mg/100g optimum). Theoretical increase per 20 lb
of elemental P per acre is 0.53 mg/100g (approximately 0.5
mg/100g). But since the majority of our soils are much below
optimum, and, because we feel that P applications exceeding
200 lb/ac are undesirable, expensive and probably harmful to
the trees, we decided to build up P concentrations at a much
slower pace. We established a formula for the calculation
for P application as follows:

Subtract soil analysis P from 30. Multiply difference by 20.
Result is amount of P in lb/ac to be added.

Example:
(i) 30.00 - 14.60 = 15.40

(ii) 15.40 x 20 = 308 lb/ac.

- 31 -



Additional applications of up to 100 lb/ac would be applied
during the rotation period of two to three years.

4. Increase of Potassium (K) - Calculation of K addition.
(Assume 0.30 meq/100g is optimum).

An addition of 7.8 lb/ac of elemental K, will increase soil K
concentration by 0.01 meg/100g. Therefore, to increase soil
K concentration by 1 meq/100g it will be necessary to apply:

7.8 0.01 = 780 lb/ac

It is calculated as follows:

Subtract soil analysis exchange K from 0.30 . Multiply
the difference by 780. Result is amount of K in lb/ac
to be added.

Example:
(i) 0.30 - 0.23 = 0.07

(ii) 0.07 x 780 = 55 lb/ac.

If difference of K is negative, the computer does not
proceed.

5. Increase of calcium (Ca) - Calculation of calcium addition.

It has been established that an addition of 400 lb/ac of
elemental Ca will raise Ca concentration in the soil by 1.00
meg/100g. We are aiming for 1.50 meq/100g regardless of spe-
cies. Therefore, the calculation of application rates is
made as follows:

Subtract soil analysis exchange Ca from 1.50 . Multiply
difference by 400. Result is amount of Ca in lb/ac to be
added.

Example:
(i) 1.50 - 0.77 = 0.73

(ii) 0.73 x 400 = 292 lb/ac.

If difference in calculation is negative, computer does not
proceed.

It is to be noted that there is a weakness in the above
calculation, because it disregards different species require-
ments. Therefore, the print-out is adjusted for different
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species requirements for Ca as follows:

Pw - 1.50 meq/100g

Pr - 0.80 meq/100g

Pj - 0.50 meq/100g

Sw - 3.00 meq/100g

6. Increase of Magnesium (Mg) - Calculation of Mg Additions.
(Assume optimum exchange Mg is 0.50 meg/100g).

An addition of 2.43 lb/ac of elemental Mg per acre will raise
Mg soil concentration by 0.01 meg/100g. To raise Mg concentra-
tion by 1.00 meq/100g it will be necessary to apply 243 lb/ac
of Mg. An estimate of applications is made as follows:

Subtract soil Mg analysis from 0.50 . Multiply difference by
243. Result is amount of Mg in lb/ac to be added.

Example:
(i) 0.50 - 0.30 = 0.20

(ii) 0.20 x 243 = 49 lb/ac.

If difference is negative, computer does not proceed.

The print-out is adjusted for magnesium as for calcium, to
compensate for different species, requirements as follows:

Pw - 0.50 meq/100g

Pr - 0.20 meq/100g

Pj - 0.15 meq/100g

Sw - 0.70 meq/100g

Appendix 8

Appendix 8 is similar to Appendix 6, except that it is for fall
soil samples collected at the end of growing season. In the fall
all fields are resampled after land preparation for fall seeding.
We do this in order to check and evaluate the effects of soil
amendments. "A" in column 2 indicates that samples were collect-
ed after land preparation, "F" indicates fall sample, collected
at the end of growing season.
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Appendix 9

From soil data, illustrated in Appendix 8, a Proposed Soil Amend-
ment Programme for top dressing is prepared. Rates for nitrogen
(N) applications are established from fertility trial plots for
each major nursery. A Proposed Soil Amendment Programme is ill-
ustrated by Appendix 9, which is similar to Appendix 7, but based
on spring soil data. It should be noted that Ca, S and peat (O.C.)
are not applied as top-dressing. The computer in preparing Appen-
dix 9 goes through the same calculations as for Appendix 7.

C. NURSERY REPORTS

Appendix 10

This is a page of a report from Kemptville Nursery on land prepara-
tion for seeding or transplanting. It indicates the application
rates of fertilizer, herbicide, fungicide and peat by compartments
in lb/ac (peat in cu. yd./ac).

Appendix 11

Appendix 11 is an illustration of a report on top-dressing with
chemicals by compartment in lb/ac. The time of application is
shown by cumulative growing degree days, 0C or 0F, in lb/ac of
active ingredient.

Appendix 12

This is another illustration of a herbicide, fungicide and insec-
ticide report by compartments and species for Orono Nursery.
Application rates shown are in lb/ac of material applied.

D. OUTPUT-PLANT DATA

Appendix 13

This is an example which shows plant data as obtained from the
computer. It provides us with mean, standard deviation, standard
error and five size classes with percent of trees in each size
class for height (cm), diameter (mm), height over diameter ratio,
root area index (cm 2 ), seedling index, oven dry shoot weight (g),
oven dry root weight (g), total oven dry weight (g) and shoot
over root ratio (based on oven dry weight). The ranges for each
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size class are based on one half of the standard deviation.

Appendix 14

For a comparison of the quality between nurseries averaged for
all compartments within a particular nursery, a report illustrat-
ed by Appendix 14 is obtained. This report is used to check on
quality of stock by species and age class and disregards diff-
erences between compartments.

Appendix 15

Since we have differences in growing conditions between southern
and northern Ontario, summaries have been prepared for the above
mentioned main parts of the province. Appendix 15 shows nursery
plant analyses for southern Ontario. Similar print-outs are
available for northern Ontario and the whole of Ontario.

Appendix 16

Soil data as illustrated in Appendicies 8, 9, 10 and 11 and plant
data Appendicies 13, 14 and 15 are the basis for the preparation
of a top-dressing programme. The rates of application are in
elemental lb/ac and kg/ha by cumulative growing degree days in
°C and °F. This is necessary because we are in a transition
period from English into Metric system.

E. OUTPUT-PLANT QUALITY DATA

Appendix 17

Table 1A, Appendix 17, shows primary size standards by age class-
es for white pine. Similar tables are available for the other
major species. The ranges of acceptable total oven dry weight,
diameter, root area index and cull limits are listed by age
classes. This is our guideline for an estimate of a percentage
cull a year or two before shipping age.

Appendix 18

This illustration is very similar to the previous one, except
that it deals with heights and shoot over root ratios. We call
these the secondary standards, because they are not as dependable
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as primary size standards. The application of these data is the
same as for the oven dry weight, diameter and root area index
data.

Appendix 19

All information as shown in Appendix 17, is plotted on a graph as
illustrated by Appendix 19. The main purpose of a graph is to
find out what kind of stock a nurseryman is producing a year or
two before shipping.

Appendix 20

This is the final illustration in the use of plant analysis data
to forecast quality of shipping nursery stock. Anticipated cull
percentages for total oven dry weight, diameter, root area index,
height and shoot over root ratio are estimated. An average cull
in percent is also shown for each batch of trees by compartment,
species and age class. The "average" percent of cull is to be
applied against annual inventory in order to estimate a cull in
percent at nursing age of stock. This is a new development. How
it will work, we don't know yet. At this time we hope to merge
successfully plant analysis data with inventory data.

The third last line is H/D ratio. The second last line provides
us with seedling index (SI) and the last line with quality index
(QI). Formulas can be found on page 37 of the "Forest Tree Nurs-
ery Soil Management and Related Practices", by K.A. Armson. We
hope to work on this in the near future, therefore, at this time
there is no point in going into details.

This presentation was a detailed one, but an attempt has been made
to cover all the steps that one should go through from the time
when laboratory data is received until implemented at a nursery.
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