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CHARACTERISTICS OF SOIL TEMPERATURE AND MOISTURE,
GERMINATION OF JACK PINE SEED, AND SEEDLING ESTABLISHMENT

ON SEEDBEDS CREATED BY A MIDDLEBUSTER PLOW IN SOUTHEASTERN MANITOBA
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by

N. Bruce

INTRODUCTION

The successful regeneration of jack pine in southeastern
Manitoba is greatly dependent upon seedbed preparation. One method
currently being used creates a furrow two to three inches deep and
three to four feet wide with an overturned-sod ridge on each side.
In 1962 a study was begun to assess the capacities of the seedbeds

1
created for germination, survival, and growth. Preliminary studies
on three sites - oligotrophic dry, mesotrophic fresh-minus, and
oligotrophic fresh (Mueller-Dombois 1964) - indicated that the dry
site was the most critical, and in 1964 the study was intensified on
such a site. However, studies on the original three sites have been
continued in less detail and will be terminated by growth and mortality
measurements in 1966. In this report the original study on these sites
will be referred to as study A, while the more intensive study on the
dry site will be referred to as study B.

WORK COMPLETED IN 1966

Methods 

Establishment of sample plots -- study B. A new east-west strip was
located and plowed in 1965. Cutting was carried out during the winter
of 1965-66. Nine plots were subjectively located so that the north,
south and middle one-third of the strip contained three plots each,
(Figure 1).

1. For further details the reader is referred to earlier reports
prepared for this project (Sims, H.P. 1963, 1964, 1965, 1966).

4
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Each plot contained the following treatments:

Three seedspots per seedbed condition (ridge, trough, un-
disturbed, base of north-facing slope and base of south-
facing slope) seeded with 50 treated seeds each. Sub-plot
size one milacre,

Five two-year-old seedlings planted on each seedbed con-
dition. Sub-plot size one milacre.

Seeding and planting were done in early May. The area was
fenced to prevent breakage of instruments by mammals.

Seedspot and planting stock tally and measurement - study A. Mortality
of seedlings established in 1964 was tallied in May and again in late
August of 1966. Total height, 1966 growth and root collar diameters
were measured in late August. The seedlings were harvested and oven-
dry weights obtained.

Seedspot tally and measurement - study B. Germination occurring on the
1966 seedspots was studied. Seedlings were marked with colored plastic
toothpicks and different colors were used to identify each week of
germination. As mortality occurred, the location of dead seedlings was
marked with a red toothpick, and the seedling was collected for exam-
ination by a pathologist. During peak periods of germination and mor-
tality, tallies were taken daily; at other times weekly records were
maintained.

Seedspots established in 1964 and 1965 were checked for mortality
in early May and late August. In August, total heights of 1966, 1965
and 1964 seedlings were obtained as well as 1966 growth of 1965 and
1964 seedlings. Root collar diameters of the 1964 seedlings were
measured, the seedlings harvested and oven-dry weights obtained.

Planting tally and measurement - study B. Mortality of 1966 planting
stock was recorded at weekly intervals from the time of planting.
Mortality of 1964 and 1965 stock was recorded in May and late August
of 1966. Total heights and 1966 growth of 1966, 1965 and 1964 plant-
ing stock were recorded in late August of 1966; at this time the 1964
stock was measured for root-collar diameter, harvested and oven-dry
weights obtained.

2
Throughout the remainder of the report, seedbeds will be defined as
follows: Ridge = R; Undisturbed = U; Trough T; Base of south-
facing slope = BSF; Base of north-facing slope = BNF.
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Temperature measurement - study B.	 Soil surface temperatures were
measured by means of 45 twenty-four-gauge copper-constantan thermo-
couples using two Electronik 15, Universal 24-point strip-chart record-
ers. One thermocouple was anchored on each of the five seedbeds on
each plot and covered with a layer of soil one particle in thickness.
Leads from each plot to the recorder were encased in a flexible spiral
sheath. For illustrations of the equipment, the reader is referred to
an earlier report of this project (Sims, 1966).

The recorders were set for a 10-second print cycle so that each
individual seedbed temperature was recorded every four minutes. Each
recorder was equipped with a timer and recorded temperature only from
1000 to 1800 hours. The chart drive speed was set at 30 inches per
hour; a chart lasted six days. Records were obtained for the period
May 23 to October 1. During this time, a total of eight recorder days
were lost due to equipment or power failure.

Air temperature was measured by two thermocouples, one from each
recorder, mounted in a sandwich screen and by a thermograph located
in a bird cage shelter.

Soil moisture measurement - study B. 	 Soil samples from the surface
77.inch, from l4 to 2 inches and from 3 to 4 inches, were taken for
gravimetric determination of moisture contents at intervals of 1, 3
and 5 days after rain, and every 5 days thereafter. One sample from
each depth was taken on an R, U and T seedbed on each exposure.

Samples were collected in tins, sealed immediately with masking
tape, and weighed as soon as possible after collection. All samples
were oven-dried, at the field station, for 36 hours at 105°C and
moisture content was calculated.

Precipitation measurement -  studies A and B. 	 Rainfall was collected
at weekly intervals beginning May 11 and ending August 29 on study A
areas, and at weekly intervals beginning May 24 and ending October 3
on the 1966 area of study B. Three Beal-type rain gauges were used
in each case. In addition, a Cassela siphon recording rain gauge was
located on the 1966 study B area.

Solar radiation - study B. 	 Solar radiation measurements were obtained
by means of a Robitzch - Fuess bimetallic actinograph.

Results

Germination and survival on 1966 seedspots - study B. Germination began
during the week of June 6 to 12 and extended into late September.
However, most germination occurred on all exposures during the period
June 6 to July 17; it dropped off abruptly after July 17 in all cases.
The northern exposure supported the greatest number of germinants, with
73.0 per cent of the total germination for the area. Middle and south3
exposures supported 13.2 and 13.8 per cent respectively.

3Hereafter the southern exposure will be referred to asS, Middle exposure
as M, and northern exposure as N.
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Germination on the N exposure reached a peak during the period
June 20 to July 3, when 66.5 per cent of the total germination on
the exposure occurred. Peak germination on the M and S exposures
occurred during July 4 to 17; percentages of total germination on
each exposure were 59.8 and 54.3 respectively.

Table 1 gives germination percentages for each exposure and seed-
bed. Germination on the N exposure is lowest on the U and highest on
the BNF seedbeds. The R seedbed of the M and S exposures produced the
lowest germination; the BNF on the M exposure and the T on the S
exposure produced the highest. Considering the area as a whole, the
lowest germination occurred on the R seedbed, the highest on the BNF
seedbed. Average germination for all seedbeds was greatest on the N
exposure.

Mortality percentages for each exposure and seedbed are shown in
Table 2. The highest mortality occurred on the M exposure followed by
S and N. Seedbeds showing the highest mortality on each exposure were
as follows: BNF (23.8 per cent) on N; T (51.4 per cent) on M; and
BSF (62.5 per cent) on S. Seedbeds with lowest mortality on each
exposure were as follows: R (11.6 per cent) on N; U (33.3 per cent) on
M; and R (no mortality) on S. Considering all exposures, the lowest
mortality occurred on the R seedbed, the highest on the BNF seedbed.

Cause of mortality occurring on each exposure is shown in Table 3.
Damping-off was the most prevalent cause on all exposures. Chewing,
except on the N exposure, was the second most prevalent cause. Heat
was the second most prevalent cause on the N exposure but caused least
mortality on the M and S exposures.

Periodic mortality occurring to October 3 on each exposure is
shown in Table 4. Mortality began during the week of June 20 to 26 and
continued throughout the field season. Most of the mortality on the
area, however, occurred during the period of June 27 to July 31, with a
peak being reached during the week of July 11 to 17. The chief cause
of mortality during these periods was damping-off. Mortality occurring
after July 31 was attributed mostly to heat, and occurred primarily on
the N exposure.

Mortality for each weekly germination period is shown in Table 5.
Considering the area as a whole, mortality percentages ranged from zero
for seedlings germinating during June 6 to 12, to 50 per cent for
seedlings germinating during July 18 to 31. On each exposure the
highest mortality was suffered by seedlings germinating between June 27
and July 31.

Mortality on 1964 seedspots - study A. A comparison of mortality on
the 1964 seedspots for the periods September 1965 to September 1966 is
shown in Table 6. The data express third-year mortality on moisture
regimes 1, 2 and 3. Winter mortality was higher than summer mortality
on MRS 2 & 3. Moisture regime 1 suffered the highest mortality for
the year (17.6 per cent) followed by MR2 at 10.8 per cent and MR3 at
6.2 per cent; the U seedbed showed the highest mortality on all moist-
ure regimes excepting MR2.
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Mortality. on 1965 seedspots - study P. Mortality occurring on 1965
seedspots for the periods September 1965 to September 1966 is shown
in Table 7. The data shown is for second-year survival. Winter
mortality was higher than summer mortality on the N and S exposures,
and equal to summer mortality on the M exposure. The BNF seedbed on
the N exposure and the U seedbed on the M and S exposure showed the
highest mortality for the year lowest mortality occurred on the T
seedbed of N and S exposures and R and T seedbeds of the M exposure.
Appendix VI shows per cent mortality occurring on the 1965 seedspots
from September 1965 to September 1966.

Survival of planted stock - study A. A comparison of first, second-
and third-year survival of planted stock is shown in Table 8. Per
cent survival from the time of planting to September 1966 is poorest
for tbe 1963 planting and best for 1962 planting on all moisture
regimes. Seedlings were harvested three years after planting.

Survival of •lanted stock - stud B. Survival of 1964, 1965 and 1966
planted dock is given in Table 9. Survival has been good to excel-
lent on all seedbeds and exposures since time of planting.

Growth on seedspots study A. A graphic illustration of height
growth on 1962, 1963 and-1964 seedspots is presented in Figures 2 and
3. Basis for these data may be found in Appendix I of this report.
After three years growth the average height, for all moisture regimes,
of seedlings established in 1962, 1963 and 1964 was 7.0, 8.8, 5.5
inches respectively. Height of 1964 seedspot seedlings was greatest
on MR1, while height of 1962 and 1963 seedspot seedlings was greatest
on MR3. Lowest heights occurred on MR2 in each case.

Growth on seedspots - study, Average heights for seedlings estab
lished in 1964, 1965 and 1966 on each exposure are shown in Table 10.
Considering the area as a whole, at the end of the 1966 growing season
the greatest seedling heights for seedlings established in 1964 occur-
red on the BNF seedbed; for seedlings established in 1965 and 1966
heights were greatest on the R and U seedbeds respectively. To date,
growth has been considerably better on the M and S exposures than on
the N exposure.

Height growth  of_planted_ftock - study A. Growth of planted stock is
illustrated graphically in Figures 4,	 and 6, Basis for the graphs
may be found in Appendix II of this report. The best third-year growth
on seedlings planted in 1962, 1963 and 1964 occurred on MR3, the poor-
est on MR2. Seedbeds on MR3 showing the best6rowth were T for seed-
lings established in 1962 and BSF for seedlings established in 1963 and
1964; the poorest growth for seedlings established in 1962 occurred on
U, for 1963 on R, and for 1964 on BNF.	 The bestgrolOth on MR2 for the
1962 and 1963 seedlings occurred on T seedbedei,for 1964 on BNF seedbeds.
The poorest growth for 1962, 1963 and 1964 seedlings occurred on the
U seedbed.
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Figure 20 Average height of 1962,1963 and 1964 seedspot seedlings for each moisture

regime - study A.



Figure 3a Average height of 1962 1963 and 1964 seedspot seedlings for eaeh moisture regime and seedbed Study A
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Figure 5.
Averare height growth seedbeds of

, p62, 1963 and 1964 planting stock for
,411ach moisture regime - Study A
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Height growth of planted stock - study Be Height of 1964, 1965 and
1966 stock is illustrated in Figure ''(% Basic data for the figure may
be:found in Appendix III.

After three growing seasons the 1964 planting exhibited best
growth on the N exposure and poorest growth on the S exposure; seedlings
growing on the U seedbed of N exposure and on the BNF of M and S
exposures showed the greatest growth. Considering the area as a whole,
the greatest average height was found on the U seedbeds.

The 1965 planting showed the best growth on the S exposure and
poorest on the N exposure after two growing seasons. Seedlings showing
the greatest average height on each exposure were found on the follow-
ing seedbeds - R of the N exposure, BNF of the M,aand U of the S
exposures.

The 1966 planting, after one growing season, showed the best
growth on the N exposure however, growth on all expgsures was similar.

Root-collar diameter and oven-dry seedling wei ghts of 1964 seedlings
study A. Seedling weights and root-collar diameters are given in
Tables 11A, 11B, 14A and 14B. Oven dry seedling weights for the planted
and seeded stock were greatest on MR1 and lowest on MR2. The T seedbed
on MR1, the BNF on MR2 and BSF on MR3 produced the greatest seedling
weights for the seeded stock. The BSF seedbed on MR1, the R on MR2 and
the BNF on MR3 produced the greatest oven dry weights for the planted
stock.

The largest.root-collar diameters (average of all seedbeds) for the
seeded and planted stock occurred in MRI and the smallest on MR2.
Planted seedlings with the largest root-collar diameters were found on
the U seedbed of MR1, R seedbed of 10'2 and BNF seedbed of MR3. Planted
seedlings with the smallest diameters were found on the R seedbeds of
MR1,T7reedbedS of MR2 and BSF seedbeds of MR3. Seeded stock having the
largeSt diameters were found on the T of MR1, BNF of MR2 and BSF seed-
beds of MR3; smallest diameters were found on the U seedbeds of Mill,
BSF of 11112 and BNF of MR3.

Root-collar diameters and oven-dry weights of 1264 seedlings - study B.
Average root collar diameters and oven-dg-seedling weights may be
found in Tables 12A, 12B, 13A and 13B. Greatest oven-dry seedling
weights were found on the S, M and N exposures respectively for the
seed stock. and on the M, N and S exposures respectively for the
planted stock. Considering all exposures the BNF seedbed produced, the
largest seedlings and the BSF the smallest for the seeded stock and
the R the largest and T the smallest for the planted stock.

The largest root-collar diameters on the planted stock (average
of all seedbeds) were found on seedlings in the M exposure followed by
the N and S exposures. ''onsidering the area as a whole, the largest
diameters were found on the R seedbeds, the smallest on the T seedbeds.
Seeded stock exhibited largest root-collar diameters (average of all
seedbeds) on the S exposure followed by the M and N exposures.
Largest seedling diameters on the area were found in the T and BNF
seedbeds, the smallest on the U seedbeda.
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Soil temperature, 1966 - study B. Seasonal extreme soil surface
temperatures and total time (in minutes) seedbed temperatures remained
over 120°F are shown in Table 15. Soil surface temperatures did not
exceed 120°F on the T seedbeds of the N exposure nor the BNF seedbeds of
N and M exposures. Total time of temperatures 2120°F on the M and S
exposures far exceeded that of N exposure. Overall exposures, seedbeds
in order of decreasing total critical temperature minutes were U, BSP,
R, T and BNF,

Average maximum air temperature for the period May 23 to October 2
was 74.7°F; maximum air temperature reached 94.0°F, however, temper-
atures above 90°F were recorded for three days only.

Eregipttgtion,1266A. Rainfall for each moisture regime is
shown in Table 16. Total rainfall for MRs 1, 2 and 3 was above the
30-year average for the area.

Precipitation, 1966 - study B. Rainfall for the period May 24 to
October 3 is given in Table 17. Rainfall is only slightly above the
30-year average for the area.

Solar radiation - study B. Difficulties were experienced with the
actinograph and incomplete records were obtained. They are not pre-
sented in this report.

Forest insect survey. The following species were collected on the
study areas.

Study A - MR3 - Archips cerasivoranus - ugly nest
tortrix

Choristoneura pinus  - jack pine
budworm

Study B - 1964 area - 22=2111 numismaticum - pine tortoise
scale

Choristoneura 	 - jack pine
budworm

Phenacaspis pinifollae 	 - pine needle
scale

Study B 1965 area - Choristoneura pinus 	 - jack pine
budworm

Study B 1966 area - Phenacasplapinifoliae	 pine needle
scale

Choristoneura pinus	 - jack pine
budworm
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Mortality - Microclimate Relationships - study B. 	 Damping-off
appeared to be the most prevalent cause of mortality on each exposure.
No mortality from damping-off occurred after July 31, with the excep-
tion of S exposure where damping-off occurred during the week of
August 29 to September 4. Mortality after july ,31 was mostly confined
to the north exposure and attributed to heat. t he K exposure.  suffered
the highest mortality loss; S exposure was second highest and N was
least. Peaks of mortality on the S and M exposures were preceded by
rainfall of over an inch and accompanied by high temperatures.

WORK PROPOSED, 1,26 1...„glIal
Measurements 

(a). Seedin• and planting. Mortality of the 1965 and 1966 stock
be recorded in May and September of 1967.

At the end of the 1967 growing season, height growth and total
height of all 1965 and 1966 stock will be measured. The 1965
stock will be harvested in September of 1.967 and root-oollar
diameters and oven-dry weights obtained.

(b) Precipitation. Precipitation on one of the three areas will to
collected by means of three Beal-type rain gauges.

Co-operation 1With the Forest Insect and Disease Survez

The Forest Insect and Disease Survey will 	 2.ontacted for
assistance in the assessment of insect problems.

ANALYSIS OF RESULTS

Analysis of results will be carried out as described in the 1964
progress report at the end of the 3-year duration of Study D.
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APPENDIX I

AVERAGE SEEDLING HEIGHTS

1962 9 1963 and 1964 SEEDSPOTS

STUDY A.
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APPENDIX 11

HEIGHT GROWTH OF 1962 9 1963 and 1964

PLANTED STOCK

STUDY A.
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APPEND:X III

SEEDLING HEIGHTS

1964 AND 1965 PLANTING

STUDY B.
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APPENDIX IV

MORTALITY ON 1964 , SEEDSPOTS,

SEPTEMBER 190 TO SEPTEMBER 1945

STUDY A.
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APPENDIX V

MORTALITY ON 1964 SEEDSPOTS
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APPENDIX VI

MORTALITY ON 1965 SEEDSPCTS

SEPTEMBER 1965 TO SEPTEMBER1966

STUDY B.
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