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Controlled Burning Experiments on Jack Pine Sites

(Project H-108)
by
7. Chrosciewicz!

INTRODUCTION

Between 1949 and 1956, several trials of controlled burning were carried out
on the KVP Company Limits west and northwest of Sudbury, Ontario. The
purpose of these trials was to develop methods of regenerating jack pine (Pinus
banksiana Lamb.) by the use of fire. The experiments included: burning slash;
burning an open stand; burning slash and subsequent seeding; burning individual
seed trees; and burning slash with seed trees.

REVIEW OF LITERATURE

Silvicultural Characteristics of Jack Pine

In many areas throughout Northern Ontario, jack pine is considered to be
one of the most important commercial tree species. It is m#inly used for the
production of sulphate pulp, poles, posts, railway ties, mining timber and lumber.

In Ontario, jack pine grows either in pure stands, or in various associations
with trembling aspen (Populus tremuloides Michx.), white birch (Betula papyrifera
Marsh.), black spruce (Picea mariana (Mill.) BSP.), white spruce (Pzcea glauca
(Moench.) Voss), balsam fir (Abzes balsamea (1.) Mill.), red pine (Pinus resinosa
Ait.), and white pine (Pinus strobus L.). It is usually found on dry outwash
sands, on rocky hills and ledges, on eskers and kames, on river flats, and on moist
sands near swamps (16). According to Bedell and MacLean (2), the natural
distribution of species is often altered by forest fires and, therefore, jack pine
may occur on a wide range of sites from dry sand dunes to moist upland tills.

From a silvicultural point of view, jack pine has many good qualities. It is
most abundant on dry sandy soils, grows to a large extent in pure stands with a
fairly high volume per acre, produces merchantable material at an early age,
and in dense stands develops long clean boles with little taper. Eyre and
LeBarron (9) expressed their opinion that jack pine is more important on the
poorer soils than elsewhere, because it utilizes sites that otherwise might not
yield valuable products.

Jack pine maintains itself and spreads mainly through the occurrence of
forest fires. Watson (21) points out that a moderately intense fire has the
following beneficial effects: it removes the duff from the soil surface; kills back
competing vegetation; helps to open cones on standing trees; and drives away
or kills seed-eating rodents and insects.

Jack pine does not reproduce itself readily after cutting. According to
Cameron (3), the cones open only under the stimulus of high temperature,
because of a gummy resin that seals the scales. Cones may be opened by a forest
fire if they are still on the trees, or by heat from the sun if on slash scattered
over the ground following logging operations. Eyre and LeBarron (9) state that,
under normal field conditions, jack pine germination varies with the character

! Forestry Officer, Forestry Branch, Ontario District Office, Ottawa.
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of the forest floor. Mineral soil is a good medium for germination; burned humus
is often suitable, but undisturbed humus is poor. From the foregoing it is
evident that an adequate seed supply on a favourable seedbed is the main
requirement in regenerating jack pine after cutting.

Sexsmith (15) reported that several areas in Northern Ontario have been
successfully regenerated by lopping and scattering cone-bearing branches on
exposed mineral soil. Satisfactory regeneration has also been obtained in some
areas by broadcast seeding following ground scarification. However, the most
important factor limiting the application of these treatments on a large scale is
their relatively high cost. For this reason, controlled burning techniques should
be thoroughly tried, first to determine if they have practical application, and
then to discern their limitations. Like all silvicultural treatments, controlled
burning will be applicable only on certain sites and under certain conditions, and
will of necessity be combined with a variety of other techniques in fulfilling the
requirements for securing regeneration on any given area.

Controlled Burning in North America

In 1926, Chapman (4) recommended periodic use of controlled burning in
managing long-leaf pine (Pinus palustris Mill.) throughout its natural range in
the Southeastern United States. From that time until 1939, controlled burning
was advocated in at least 26 publications. In 1939 an article by Wahlenberg,
Greene and Reed (20) marked the first official recognition by the United States
Forest Service that fire had a place in forest management.

Burning is n®w being used in the management of long-leaf pine (6); loblolly
pine (Pinus taeda L.), (5, 8); short-leaf pine (Pinus echinata Mill.), (12, 13);
pitch pine (Pinus rigida Mill.), (12, 13); sand pine (Pinus clausa Engelm. Vasey),
(7); ponderosa pine (Pinus ponderosa Laws.), (19, 22); and a few other species.
The main purposes of burning in the United States are to reduce fire hazard, to
establish reproduction, to encourage seedling survival, and to prevent changes
in species composition.

Burning has long been used in various parts of Canada but only to reduce
fire hazard. In some provinces it has been compulsory under certain circumstances
to burn slash after logging. Regulations to this effect have been modified in most
cases to allow discretion on the part of the government officers charged with
managing Crown timber.

Williams (23), in a study of fire hazard resulting from jack pine slash in the
Sandilands Forest Reserve in Manitoba, found that “if logging slash is piled
and burned, the fire hazard will be approximately one-third of that in slash left
unburned and will be comparable to the hazard in the uncut forest’”. On the
other hand, “‘if slash is left unburned, the fire hazard can be expected to remain
relatively high, regardless of treatment, for at least ten years after the cut’.
These statements stress the importance of slash disposal as a measure in forest
protection. In addition to the reduction of fire hazard, slash disposal by burning
is the best known method of cleaning up an area prior to planting.

Effects of Burning on Soil Fertility

Although there have been many studies of effects of burning on forest soils,
no conclusive evidence has been presented to show that burning is deleterious.
Vlamis, Biswell and Schultz (19) bring this point out in their description of
work done on the effect of burning on soil fertility in second-growth ponderosa
pine. They cite 28 authors, and find no complete agreement on any aspect of
the effects of fire on soil nutrients with the exception of increased nitrification.
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They state that, ‘“‘differences in type and amount of vegetation, intensity of burn,
intensity and frequency of rainfall, other climatic factors, and the nature of the
soil, may add up to give results which may vary with the circumstances”’.

According to Lutz and Chandler (14), in localities where almost pure
organic soil is accumulated either on rocks or on a very thin layer of loose mineral
material, the effects of fire may be extremely disastrous. The organic soil may
be completely burned and any mineral soil washed away by rains. Devastation
of this kind is most likely to occur on rocky hilltops, or on relatively steep slopes
with sandy and gravelly material.

Since jack pine maintains itself mostly through the occurrence of forest
fires, it appears that infrequent burning does not cause serious degradation of
good and average jack pine sites in so far as this species is concerned. Lutz and
Chandler (14) report that some foresters even favour burning of certain mor
types of humus where nitrification will not occur from exposure to direct solar
radiation.

Siichting (17) states that burning not only eliminates the unwanted ‘“humus”’
but also fertilizes the soil with large quantities of potash, phosphorus and
calcium, the most valuable constituents of ash. Sushkina (18) goes one step
further. Dealing with nitrifying processes which take place in forest soils after
various disturbances, he gives the following conclusions with regard to burning:

1. “Fire always has a stimulating effect upon nitrifying processes in forest
soils. After burning, nitrification begins in soils where it has not been observed
heretofore, and greatly increases where it has been going on before the burning.

2. “A moderate burning of the soil has a more favourable effect on its
nitrifying capacity than an intense burning.

3. “The experiments undertaken prove that the effect of the burning upon
the soils lasts during a period of five years.

4. “The capacity to nitrification reaches its maximum in the autumn.

5. “A running fire evidently will have a more favourable effect upon nitri-
fication than the burning of forest debris gathered in piles”.

Hesselman (11) explains still further the process of nitrification following
burning. In his work published in 1937, he points out that fire releases volatile
nitrogen from that portion of the humus which is burned, and consequently this
nitrogen is lost to the soil. The effect of fire on raw humus in stands of the
Vaccinium-Type, he concludes, is characterized by the reduction in acidity and
by a change in the process of nitrogen mobilization. After burning, the remaining
humus becomes loose, and then as a rule more or less intense nitrification sets in.
Lutz and Chandler (14) further point out that ‘“in northern forests having mor
types of humus layer the total amount of nitrogen may be reduced as a result of
fires, but the available amount appears to be increased”.

From the foregoing it is evident that infrequent burning on better quality
sites does not have detrimental effects on soil fertility. On the contrary, some
fires may even temporarily stimulate nitrification and thus benefit the soil

THE EXPERIMENTS

The first experiment with controlled burning by the KVP Company was
undertaken in 1949 near Ramsay, Ontario, in co-operation with the Federal
Forestry Branch and the Pulp and Paper Research Institute of Canada (10).
Other experiments followed. These were carried out in co-operation with the
Forestry Branch in the West Branch Spanish River Management Unit of the
KVP Company north of Espanola, Ontario.
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In general, the Company took full responsibility for providing men and
equipment, and for supervision and direction of fire protection measures, while
the Forestry Branch was responsible for the design of the experiments, collection
of data, and interpretation of results. However, some of these latter functions
were shared, and ideas and techniques worked out together to a point of mutual
satisfaction.

Iiaison with the Ontario Department of Lands and Forests was maintained
by the Company, who obtained burning permits and kept the Department
informed about the date and place of ecach fire.

Burning Slash

Location: North of Ramsay, Ontario, at mileage 7 on the Jerome Road.
Size of Treated Area: 5 acres.

Original Stand: 58-year-old jack pine with a small admixture of trembling
aspen; volume 30 cords per acre.

Site: Gently rolling, dry sandy terrace; almost normal ecoclimate.

Logging: Clear cut in autumn 1948; 8-foot logs piled along 12-foot-wide
strip roads spaced 1 chain from centre to centre; slash windrowed between strip
roads; wood hauled on snow.

Ezxperimental Design: After cutting, the area was divided into four sections,
and each section was assigned a different treatment. The treatments were:

Section Treatment
1A Burning slash in windrows
1B Burning slash in windrows followed by
broadcast seeding
2A Burning scattered slash
2B Burning scattered slash followed by broad-

cast seeding

Where required, slash scattering was carried out shortly before burning.

Date of Burn and Weather: May 10, 1949. Clear; temperature 60°F.; north
wind at 12 m.p.h.; slash fire hazard 92.

Conditions of Fuels: The duff layer was 1.5 inches thick. Only the slash and
the surface litter were dry before burning.

Fire Protection: Suitable precautions were taken to ensure that the fire did not
spread to adjacent areas. A clean 6-foot-wide fire line was bulldozed around the
area. The protection crew consisted of 12 men and one supervisor. Equipment
included two motor pumps, enough hose to surround the area, pack pumps, hand
tools, and two fire torches. A bulldozer was kept ready for use if needed in
emergency.

Procedure of Burning: Back-firing commenced at 3 p.m., the windward side
was ignited one hour later, and by 6 p.m. all intense burning had ceased. There
was no difficulty in controlling the fire. The burn was patrolled during the night,
and by noon on the next day the fire was completely extinguished.

Observations after Fire: The burn failed to create a favourable seedbed.
More than 90 per cent of the surface litter and most of the slash were consumed,
but the lower inch of duff remained intact owing to its high moisture content.
It was estimated that over 90 per cent of the seed in the slash was destroyed.

2 All fire indices presented in this report were determined from the ‘“‘Forest Fire Danger Tables' (1).
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The only cones remaining were on branches that projected some distance from
substantial amounts of fuel. Seed extracted from these cones was tested for
germination. Iven in the best sample, germination was reduced to 30 per cent
from the normal value of 80 per cent. Other samples showed a viability of
around 5 per cent.

Seeding: Following the burn, sections 1B and 2B were broadcast seeded at
the rate of about 5 ozs. of seed per acre. The seed was 80 per cent viable.

Regeneration: A regeneration survey was carried out in the autumn of 1952
with the following results.

By treatments, the stocking?® of jack pine seedlings was as follows:

Stocking

Treatment (%)

Burning slash in windrows.................... 7
Burning slash in windrows followed by broadcast

SCOUIZ .. ¥ a0 P il oo g T s s - ™ 6 oo 5 G 16

Burning scattered slash....................... 6
Burning scattered slash followed by broadcast

scedinZRNyte = ol 0 AT, g W e 23

From comparison of stocking figures it is evident that burned slash was a
poor source of seed supply. Broadcast seeding following the fire produced
somewhat better results.

Practically all seedlings were found on patches of mineral soil exposed
during the logging operations, and the fire brought about little improvement in
seedbed conditions. It is doubtful if distribution of slash prior to burning had
any influence on experimental results. Although some increase in regeneration
was associated with broadcast seeding following burning, the treatment was not
particularly effective because the seedbed was still generally unfavourable.

Burning an Open Stand

Location: North of Espanola, Ontario, at mileage 28 on the West Branch
Road.

Size of Treated Area: 4 acres.

Original Stand: 27-year-old jack pine of an orchard-like type; trees about
25 feet tall with limby crowns bearing a good crop of cones.

Site: Very dry, sandy and cobbly terrace; warm and dry ecoclimate.

Treatment: Burning only.

Date of Burn and Weather: May 30, 1949. Clear; temperature 75°F.; west
wind at 5 m.p.h.; no fire indices have been recorded.

Condition of Fuels: The forest floor was characterized by an abundance of
surface cobbles and by less than one inch of duff which barely filled the gaps
between them. This relatively thin layer of duff and the ground vegetation,
consisting mainly of blueberry (Vaccinium sp.), were the only fuels covering the
mineral soil. Owing to its loose structure, and to favourable weather, the duff
was dry before burning.

Fire Protection: A 10-foot-wide fire line was bulldozed around the area.
The protection crew consisted of 12 men and 2 supervisors. Two motor pumps
were set up on the river bank, and the area surrounded by hoses. Other equip-
ment included pack pumps, hand tools, two fire torches, and a bulldozer.

3 All stocking figures used in this report refer to milacre quadrats which werestocked by one ormore jack pine seedlings.
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Procedure of Burning: The whole area was burned between 3 p.m. and 6 p.m.
by both back- and head-fires. Burning was under control at all time. The area
was watched during the night and the following day.

Observaiions after Fire: Since the duff was dry before burning, the fire con-
sumed all surface litter except a very thin layer of humus thus creating a favour-
able seedbed. The effects of the fire were not restricted to the forest floor and
standing trees were severely damaged. Most needles were either scorched or
burned, and the cones opened shortly after, resulting in a good seedfall.

Regeneration: Sampling for regeneration two years after the fire showed that
the area was more than 60 per cent stocked. The seedlings were healthy and
just pushing their tops through the blueberry ground cover. The area was
inspected again in the spring of 1954, and was still about 60 per cent stocked.

The relatively good regeneration in this area may be attributed first, to the
improved seedbed, and second, to the adequate seed supply.

Burning Slash and Broadcast Seeding

Location: North of Espanola, Ontario, 0.5 mile northeast of Camp 3 across
the West Branch Spanish River.

Size of Treated Area: 17 acres.
Original Stand: 50-year-old jack pine with a volume of 30 cords per acre.
Site: Gently rolling dry, sandy and cobbly terrace; almost normal ecoclimate.

Logging: Clear cut in autumn 1946; 8-foot logs piled along 12-foot-wide
strip roads spaced one chain from centre to centre; slash windrowed between
strip roads; wood hauled on snow.

Experimental Design: The cut-over area was divided into four blocks, each
to be seeded with a different amount of seed per acre after the windrowed slash
had been burned.

Date of Burn and Weather: October 15, 1953. Clear; temperature 70°F.;
west-northwest wind at 5 m.p.h.; slash fire hazard 15.

Conditions of Fuels: The duff layer was 1.5 inches thick. Approximately
one inch of duff and the slash were dry before burning.

Fire Protection: A 10-foot-wide fire line was bulldozed around the area, and
another through its middle dividing it into two almost equal sections. The
protection crew consisted of 9 men and 3 supervisors. One motor pump was
set up on the river bank, and hoses laid along the fire lines. Other equipment
included pack pumps, hand tools, two fire torches, and a bulldozer.

Procedure of Burning: The fire was started at 2:45 p.m., and each section
was burned in a separate operation. Iach was back-fired until one-third had
been burned, and then a head-fire was started, so that both fires met in the
middle. By 6:50 p.m., the whole area was burned over without any complications.
On the next day, all spot fires in the burned area were completely extinguished.

Observations after Fire: On the average about 0.5 inch of duff remained
unburned because of higher moisture content close to the mineral soil, and the
resultant seedbed was of medium quality. The fire consumed all but the largest
pieces of slash.
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Seeding: On May 17, 1954, the area was broadcast seeded, and the intensity
of seeding by blocks was as follows:

Block Seed per Acre (Ozs.) Seed Viability (%)
A 6 87
B 10 87
C 12 87
D 32 50

Regeneration: A regeneration survey was carried out in the autumn of 1956,
with the following results:

Block Stocking (%)
A 25
B 50
C 55
D 20

These results are indicative of poor to moderate success. In general, stocking
improves as intensity of seeding increases, and the best stocking resulted from
using 12 ozs. of highly viable seed per acre. An anomalous situation occurs
where 32 ozs. of seed were sown as only 20 per cent stocking is associated with
this treatment. Although the seed was only 50 per cent viable, this does not
account for the situation and no explanation for it is offered.

Seedlings were mostly located where patches of mineral soil were exposed
during logging operations and where logs in an advanced state of decay were
completely consumed by the fire. Although 12 ozs. of highly viable seed were
required to secure an acceptable amount of regeneration, it is evident that if the
fire had been more successful in preparing a suitable seedbed, satisfactory
results might have been achieved with less seed per acre.

Burning Individual Seed Trees

Location: North of Espanola, Ontario, 4 miles north of Camp 9 along the
West Branch Road.

Ezxperimental Design: According to the original design, individual seed trees
were to be burned following ground scarification. It was believed that this
method would involve very little risk from fire, and could be used safely in
regenerating some cut-over areas to jack pine. However, work to date has been
mainly concerned with development of a suitable burning technique, and there-
fore, no ground scarification accompanied the various trials.

Initial Trials: In October 1954, three trees were burned. To get fuel to the
crowns a man climbed each tree with climbing irons, taking with him a rope
and pulley. After securing himself, he pulled up a pressure flame thrower and
sprayed kerosene over the branches and down the trunk. He also laid paper
along the branches and soaked it with fuel. The fuel on the trunk of each tree
was ignited and the flame spread up the crowns. Although some difficulty was
encountered in igniting the crowns because the needles had a high moisture
content, enough heat was generated to dry out the tops and they eventually
burned like torches.

Following burning, the trees were felled and examined. Most cones had
opened within 24 hours, and the greatest degree of success was obtained in the
upper quarter of the crowns where about 80 per cent of the cones were open.
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Further Trials with Special Equipment: During the winter of 1954-55, special
equipment was designed for individual tree burning. It consisted of a scctional
aluminum-magnesium pole to which a flame thrower nozzle was attached.
Kerosene was forced to the top of the pole through a rubber hose by pressure in
the flame thrower tank, and ignited by means of an electric element on the
nozzle. This element was connected by wires to a car battery on the ground
with a switch to allow ignition while the pole was vertical. The equipment was
hoisted with a long forked stick until it stood vertical beside the tree. The tree
was then sprayed with kerosene and ignited.

Trials of this equipment were undertaken in 1955, and they did not prove
successful. It was found that the pole was not sufficiently rigid if it were extended
more than 40 feet and it was impossible to apply enough kerosene to the upper
portion of the crowns to obtain a satisfactory burn.

Burning Slash with Seed Trees

Location: North of Espanola, Ontario, 4 miles north of Camp 9 along the
West Branch Road.

Size of Treated Area: 49 acres.

Original Stand: 85-year-old jack pine with a' volume of 37 cords per acre;
trees about 60 feet tall.

Site: Dry to fresh sandy terrace with a shallow cap of sandy loam mainly
in the B horizons; warm and dry ecoclimate.

Logging: Sced trees marked along the edges of one-chain-wide cutting strips
at right angles to haul roads; other timber cut in summer 1954; 8-foot logs
piled down the centre lines of cutting strips; slash windrowed on their edges;
wood bundle-yarded to haul roads in early autumn.

Experimental Design: An area of about 107 acres, divided into 12 treatment
sections, was set aside for this experiment. On nine sections, reserved seed trees
numbered 6, 8, 10 or 12 per acre and the windrows of slash were to be burned.
Two of the remaining three sections were laid aside as controls, and one was
intended for planting. Because of unsuitable weather, burning to date has been
restricted to four sections, listed as follows:

Approximate Area Seed Trees
Section in Acres per Acre
B1 13 6
D1 bl 10
Al 25 6
A2 10 12

Date of Burn and Weather: (All weather readings were taken at 12:30 p.m.
ES.T.)

Sections
Bl B1 D1 Al, A2
(first (second
attempt) attempt)

Dateofburn.................... June 2/55 June 7/56 June 3/55 June 11/56
Sky condition................... Clear Clear Cloudy Clear
Temperature.................... 77°F. 80°F. 69°F. 81°F.
Relative humidity............... 30% 299, 55% 36%
Wind direction.................. SE SW SE SW
Wind velocity................... 3 m.p.h. 10 m.p.h. 5 m.p.h. 3 m.p.h.
Slash fire hazard................. 16 15 16 11
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It will be noted from the foregoing table that two fires were required to
burn section B1. The 1955 fire covered only 0.5 acre and the remaining 12.5
acres were burned in 1956.

Condition of Fuels: The duff layer was about 2 inches thick on all sections.
Slash and the surface litter were dry before burning, but even at the extreme
fire hazard of 16, the lower portion of duff remained moist.

Fire Protection: Each section chosen for broadcast burning was separated
from other sections by fireguards such as roads, creeks, lakes, or 24-foot-wide
bulldozed lines. The number of men employed in controlling fires on the
individual sections varied as follows:

Number of Number of

Section Men Supervisors
B1 (first attempt)........... 25 6
B1 (second attempt) 27 3
D L I e P . o 10 3
AN e e 12 3

Similar equipment was used on all fires. It consisted of two motor pumps,
water hoses, pack pumps, hand tools, two fire torches, and a bulldozer. As a
rule, the motor pumps were set up and the hoses laid out in advance of burning.
However, when sections A1 and A2 were burned, the fire hazard was not extreme
and the pumps and hoses were merely kept in a truck parked nearby.

Procedure of Burning: Since different techniques were used for both starting
and controlling the various fires, each burn is described separately.

Section Bl (first attempt): By 2:25 p.m., all men and equipment were in
assigned positions and a back-fire was started in the northwest corner of the
section. The flames built up very quickly in dry slash. As the wind shifted its
direction, the fire was extinguished because there was a danger that sparks would
ignite either slash or timber beyond the section. The whole operation took
approximately 30 minutes, and only 0.5 acre was burned.

Section B1 (second attempt): At 2 p.m. the fire was started in the northwest
corner of the section along the edge of the 1955 burn. Two men equipped with
torches proceeded to ignite the slash around the perimeter of the section. When
they reached about 6 chains south of the starting point, a head-fire was ignited
at right angles, cutting off about one-third of the section. The head- and back-
fires met and burned out in 35 minutes. At 2:48 p.m. the torch men started to
ignite the edges of the remaining portion of the section, but after about 15
minutes this procedure was discontinued, because several spot fires were dis-
covered in another section, apparently resulting from a change in wind direction.
These were quickly extinguished with hand tools and a bulldozer, and by 4:30
p.m., the remaining portion of section Bl was burned by a gradual spread of
edge fires.

Section D1: Burning commenced at 2:25 p.m. with a back-fire in the north
corner of the section. From this point the ignition of slash was carried out
progressively along the northwest and northeast sides to almost halfway down
the section, and then a head-fire was set in the centre. At 4:05 p.m., the southeast
side of the section was ignited. Soon the two head-fires gained momentum and
in about 15 minutes the fire had completely burned out.

Sections A1 and A2: Two men operating torches began ignition at the
northeast corner of the area at 5:35 p.m. They proceeded around the perimeter
in opposite directions at a speed of 25 chains per hour and completed the operation
in 1% hours. The fire burned towards the centre of the area at a moderate and
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steady rate of about 4 chains per hour. On the average, flames were 5 feet high.
With practically no effort on the part of the protection crew the whole area
(sections A1 and A2) was burned over by 8:30 p.m. Since 0.46 inch of rain fell
shortly after the fire, very little mop-up action was required.

All sections, except A1 and A2, were patrolled during the night following
burning to make sure that no danger existed from smouldering stumps and logs.
Most of these were completely extinguished, or put under proper control, by
noon of the following day.

Observations after Fire: Both in 1955 and in 1956, burning failed to create
favourable seedbeds, regardless of the type of fire. As the duff was too moist
to burn completely, the lower 1.0 inch to 1.5 inches remained intact. The flames
consumed all slash up to one inch in diameter, and the stems of seed trees were
charred to a height of 20 to 40 feet from the ground. Some cones on the seed
trees opened immediately, and others opened during the following days. The
number of opened cones varied with the intensity of fire. Within four months
almost all cones had opened on the seed trees in areas burned by a head-fire,
whereas perimeter- and back-fires caused only 40 to 50 per cent of the cones
to open.

Regeneration: All burned sections were sampled for regeneration in the
autumn of 1957. By sections, the following stocking figures were obtained:

Section Stocking (%)
B1 17
D1 10
Al 13
A2 10

This table shows that burning slash in the presence of seed trees did not
produce satisfactory jack pine regeneration. Although the total stocking was
generally low on all sections, only part of it could be attributed to the burn
alone, because many seedlings were found growing on small patches of mineral
soil exposed during logging operations rather than by the fire. If these seedlings
were eliminated from the tally, the total stocking for the area would only be
two per cent.

In general, burning failed to improve the seedbed conditions. Regeneration
occurred mostly on mineral soil which had been exposed by logging, and stocking
could not be correlated with the number of seed trees per acre. However, since
many cones on the seed trees had opened after burning, it was believed that
enough seed had been released to produce both better stocking and more uniform
distribution of seedlings if the seedbed conditions had been favourable.

DISCUSSION AND CONCLUSIONS

It is too early yet to form any definite opinion as to whether or not controlled
burning will be successful in regenerating jack pine after cutting. Conclusive
evidence on this point will not be available until all possibilities of burning are
thoroughly explored by actual trials, and the results tested with multiple
replications of treatments. Although the experiments to date proved to be
deficient in providing such evidence, they yielded a considerable amount of
basic information on many aspects of controlled burning.
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Seedbed Preparation

The quality of seedbed is one of the key factors in regenerating jack pine
by the use of fire. This was clearly demonstrated by the experiments. On a
good seedbed such as mineral soil, or soil covered only by ash mixed with traces
of humus, good regeneration will usually occur providing that the area is ade-
quately seeded. On medium quality seedbeds, with approximately 0.5 inch of
partially burned duff, considerably more seed per acre will be required than on
mineral soil if an adequate amount of reproduction is to be obtained. Poor
seedbeds, on the other hand, with more than 0.5 inch of undisturbed duff, will
always produce insufficient regeneration regardless of the intensity of seeding.

If fires are to be used in the preparation of jack pine seedbeds, the duff
must be very dry. When duff is an inch or more in depth, prolonged periods of
drought must occur before this condition is brought about. These are usually
restricted to the summer months, but if the duff is shallow, relatively short dry
periods, which sometimes occur in spring and in autumn, may be sufficient to
create moisture relationships that will allow adequate burning. The experiments
described in this report have been confined to spring and autumn, and as they
have not met with success when thick duff was encountered it is suggested that
additional experiments should be undertaken in midsummer to determine
whether satisfactory seedbeds can be prepared by burning at that time.

Seed Supply

In areas treated by controlled burning, jack pine seed may be furnished by
seed trees, or it may be introduced by direct seeding. Formerly it was believed
that sufficient seed would be released from slash by burning, but these experi-
ments have shown otherwise. If seeds in slash are not burned, their viability is
so reduced by the heat in the burning slash that they are of little use.

Although most of these experiments have not been particularly successful
because of difficulty in preparing satisfactory seedbeds, they do indicate that
slash fires provide sufficient heat to open cones on seed trees. The experiments
have shown that the proportion of opened cones on seed trees varies with the
intensity of the slash fire. A good head-fire may result in the opening of almost
all cones, whereas back-fires are usually about half as successful. There is still
some doubt as to the number of seed trees per acre required to furnish adequate
seed if good seedbeds are present. These experiments, although inconclusive in
this respect, indicate that ten large and mature trees may be sufficient.

Good seedbeds have been successfully regenerated by means of broadcast
seeding, and it may be that spot seeding is a suitable alternative. When seeding
is to be undertaken, it should be carried out in early spring so as to give the
young seedlings a better chance of establishment and survival. Desirable
intensity of seeding is still open to question but it seems that from 4 to 8 ozs.
per acre of seed may be sufficient if the seedbed is good but about 16 ozs. per
acre are most likely to be required when the seedbed is of medium quality.

Indirect seeding by means of scattering cone-bearing slash has been successful
in parts of Ontario when seedbeds were prepared by mechanical scarification.
This procedure would be impractical with controlled burning as the cone-laden
slash in the treated area is destroyed.

Weather

Wind speed and direction are two of the most important factors affecting
the safety of burning. Wind speed at approximately six feet above ground level
should be less than 5 m.p.h. Its direction should be constant and away from
any uncut timber which may be adjacent to the area to be burned. Suitable
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wind speeds are usually encountered if winds of less than 15 m.p.h. are predicted,
as such predictions refer to an elevation 33 feet above the ground where wind
speeds are much higher than those near the surface. Since fire may be extremely
hazardous if strong winds or unsuitable wind directions develop during burning
operations, special weather forecasts should be obtained for the specific locality
in which burning is contemplated. Such forecasts are particularly useful in
planning of fire protection measures with regard to expected weather at the time
of burning.

Likelihood of encountering hazardous winds is less if fires are begun after
3 p.m. Daily wind speeds are usually near their maximums about 2 p.m. and
they decrease towards evening. As a consequence, evening fires burn more
slowly than afternoon fires and they are normally less difficult and less costly to
control.

Local weather data should always be obtained as they are required to
ascertain fire indices from ‘“Forest Fire Danger Tables” (1), which enable the
selection of a day for burning when fires of sufficient intensities are likely to be
obtained. In the experiments described in this report, days for burning were
selected on the basis of slash fire hazard. It is suggested that in any future
experiment of this kind the day of burning should be determined with respect
to indices based on the moisture content of duff, as duff will have to be destroyed
if the purpose of the experiment is to be achieved.

Fire Protection Measures

One of the principal requirements for effective control of fires is a bulldozed
fire line surrounding a treatment area on all sides. The line should have straight
edges, completely exposed mineral soil, and no accumulation of heavy slash
close to it. Moreover, experience indicates that it is easier to control a fire on a
square area than on a strip. This provision should be kept in mind, especially
when a large area is subdivided into sections to be burned separately.

The use of a well-trained crew greatly increases the safety of burning
operations, and at the same time costs are reduced because fewer men are needed.

The fire-fighting equipment should be carefully checked in advance of
burning. This practice has already proved to be a worthwhile precaution
supplementing the normal annual check.

Placement of equipment before burning reduces hazards and speeds up the
work. The decision of where to place the pumps and how to lay out the hose
lines will depend upon accessibility to the nearest source of water. In any case,
the laying out of hose should be such as to ensure an adequate supply of water
to any part of the area.

Before burning, the slash on the outside of the fire line should be thoroughly
sprayed with water, and men posted along the line to deal with any emergency
which may arise. Normally, the main fire burns out by itself, and the only
action required from the protection crew during the first day is extinguishing
isolated stump and log fires along the edges of the burned area.

Suppression of fire does not usually end on the day of burning, however.
Stumps, roots, and partially decomposed logs may smoulder for several days.
As potential sources of fire, they should be extinguished as soon as possible.
The best time for this work is the first morning after the main fire. Every
smouldering spot should be uncovered and then soaked with water. Although
hand tools are best for uncovering spot fires, a bulldozer may be of considerable
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help in places where burning stumps are covered by mounds of earth. As a rule,
this operation should be finished by noon on the first day following the fire. If
this is not done by noon, high winds can carry sparks to some of the neighbouring
areas, thus starting new fires. After the fire is extinguished, the area should be
patrolled for a few days to make sure that the fire is fully out.

Efficient communication with the nearest camp or head office is essential
in any burning operation. This may be maintained either by radio or telephone.
The latter method was used by the IKVP Company.

The experiments to date indicate that burning may be carried out efficiently
and without any complications. To make burning relatively safe, the whole
operation must be properly planned with respect to weather, method of ignition,
and required protection. Favourable weather appears to be more important
than any other factor.

Burning Techniques

The method of controlled burning will vary with any change in the purpose
of burning, time of burning, fire hazard, weather, or size of the area. If fire is
merely intended to dispose of slash after clear cutting, perhaps the safest time
for burning would be in early spring, a few days after the snow has melted. When
the slash is sufficiently dry, and there is no high wind, each pile or windrow
should be ignited separately as the burning progresses. This type of fire may be
easily controlled, and it can be carried out at a low cost. If fire is to be used in
seedbed preparation, an entirely different approach is required. It should be
kept in mind that duff must be dry if mineral soil is to be exposed. The technique
of setting and then controlling a fire, especially when hazard is high, may vary
with local conditions. Two of them are described in the following paragraphs.

When the operation takes place in the afternoon, the safest way to start
burning is against the wind with a back-fire. This may be accomplished by
igniting slash along the edges on the lee side of the area. After the fire has burned
about 3 chains in the windward direction, a head-fire may be started across the
area a few chains ahead of the back-fire. Later when the two fires have merged,
burning may be completed by one more head-fire, or by several successive head-
fires depending on the size of the area.

During calm weather, or when wind velocity is very low, which usually
occurs in the evening, an entirely different method of burning can be used. This
method consists of a progressive ignition of slash along the edge of the area.
The procedure is very simple. First, the ignition is carried out on the lee side of
the area, then on the two adjoining sides proceeding always against the wind,
and finally on the windward side. Apart from this procedure, no other steps are
required as the edge fires will burn by themselves toward the centre of the area.

Costs

The costs of experimental burning on the KVP Company Limits were
inconsistent, ranging from $4 to $20 per acre. In general, afternoon fires are
more costly than evening fires. Because conditions are usually much more
hazardous in the afternoon, burning must be restricted to small areas and larger
fire protection crews are required to deal with any emergency. Although it is
impossible to draw any firm conclusions about costs of silvicultural treatments
from experimental work alone, particularly when development of techniques is
given primary emphasis, there is some indication that controlled burning may
be less expensive than other treatments designed to secure jack pine regeneration.
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SUMMARY

To develop methods of regenerating jack pine by the use of fire, several
trials of controlled burning were carried out on the KVP Company Limits
between 1949 and 1956. Experiments included burning slash, burning an open
stand, burning slash and subsequent seeding, burning individual seed trees, and
burning slash with seed trees.

Briefly, results revealed that:

1. On mineral soil, or where the soil is covered by ash mixed with traces
of humus, good regeneration will usually occur even if the area is
seeded with a relatively small amount of seed per acre. A medium
quality seedbed, on the other hand, with 0.5 inch of partially burned
duff, will require considerably more seed per acre if acceptable regenera-
tion is to be secured. Since poor results may always be expected on a
poor seedbed, no seeding should be carried out in areas where the
layer of undisturbed duff is thicker than 0.5 inch.

2. In general, the quality of burns improves with increasing dryness of
duff. If prolonged droughty weather precedes a burn, a fire may destroy
the duff thus creating a favourable seedbed for germination. Since the
occurrence of such conditions is likely to be infrequent in both spring
and autumn, the chances of successful burning in either one of these
seasons are relatively small.

3. Burning could not be regarded as a dependable means of releasing seed
from cones in slash because the fire either destroys the seed, or drastically
reduces its viability.

4. The success of opening cones on seed trees by means of slash fires
depends largely upon the intensity of the fire. A good head-fire may
open all the cones on seed trees or twice as many cones as an average
back-fire.

5. When properly planned, controlled burning may be carried out efhi-
ciently and without complications. Suitable weather and adequate
fire protection are the main requirements for safe burning.

When making decisions on burning, special consideration must be
given to wind speed. No fire should be started either in the early part
of the day, or when wind speed exceeds 5 m.p.h. Since wind speed
usually reaches a maximum at about 2 p.m. and then decreases toward
evening, the best time to start a fire is in late afternoon, or early evening.
Because of the importance of favourable winds, weather forecasts and
observations of local weather are essential in controlled burning.

As for fire protection, the requirements may be listed as follows:
bulldozed fire lines, nearby source of water, efficient communication
with head office, adequate number of trained men, proper distribution
of pretested equipment, suitable method of burning, and complete
suppression of fire by noon of the following day.

6. The cost of burning tends to vary with both the size of burned area and
the type of fire. In general, the lowest costs per acre are obtained
when fairly large areas are burned in the evening.

7. It is still too early to form definite conclusions as to whether or not
controlled burning will be a suitable means of regenerating jack pine
after cutting. Sufficient evidence on this point will not be available until
further study is made of the use of fire under various conditions,
particularly when the duff is dry.
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