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Prescribed burning has been used for a number of
/e ars in the management of jack pine (Pinus Banksiana
Lamb.) lands in the United States and Canada. Tt ofien
is used to reduce fire hazard by eliminating slash. Pre-
scribed burning can be adapted to seedbed or planting
site preparation by reducing the humus layer and tempo-
rarily reducing ecompeiitive vegetation, Under proper
conditions, burning with seed irees can be used to
fulfill these goals and reforest an area as well. However,
the. literature on prescribed buwming research reporis
many inconsistencies in results and conclusions.
HReported amounts of seed used in direct seeding of
burned areas vary from % to over 3 pounds per acre.
Eyre and LeBarron (22) reported seeding a 300-acve
tract with 2.5 pounds of seed per acre. Over 15,000 seed-
lings per acre developed, requiring heavy thinning at
5 years. Roe (34) reported seeding of burned areas with
Y2 to 3.1 pounds of seed per acre with varying results.
In one case where 3 pounds of seed per acre were used,
9,000-13,000 seedlings per acre developed, while another
area seeded with 3. IL pounds per acre resulted in 1,750
seedlings per acre. In Ontario, Cayford (16) reported
poor stockmd using both spring and fall seeding with
12 ounces of soﬂd per acre. Seeding on snow was ]uwed
a failure. Other poor resulis were aitributed to poor

destruction of du»? and insufficient @wed Because of past
resulis in northeastern Minnesota, jack pine seeding of
prescribe-burned lands has been ﬂnSﬂoura,gec until re-

cently. Results of recent seedings of prescribed burns
vary from heavy overstocking to madequame stocking
where subsequent planting was required (11, 28).

Seed iree burning resulis have been reported less
frequently. As few as 10 trees per acve have been recom-
mended most often (16, 18, 45). Twelve minimum or
20-30 optimum (9), 60 (27), and 75 (43) also have heen
recommended. Resultant reproduction frequently was
not given, or poor resulis were achieved.

f‘mocr (24) veported that bz@s coused only
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seed losses on burned hardwood scrub in Maine and that
the fungicide arasan also was an effective bird repellent.
Significant desiruction of seed in seed trees by birds fol-
lowmg fire has been reporied in Minnesota by Eyre and
LeBarron (22), who indicated that although therve is less
danger of seed consumption by rodents on fresh burns,
rodents can consume seed on burned areas within 2 hours
following seeding. Heavy seed loss to rodenis following
burning was reported in Maine (24), where the use of
endrin did not significantly reduce the loss. Fire destruc-
tion of seed eating rodents has been reported (34, 43).
Good seedbed preparation requires that burning be
done during periods of high fire danger and drought
index (1, 10, 19, 41). These conditions can exist in spring,
summer, or gutumn. Burning is done after midday, when
winds tend io be more stable. A combination of high
fire danger and a drought index of 10 will give 0006
humus neduLhoM (1, 19 40, 48). Sando (35) 1eported
that in Minnesota between 25-40 good burning days may
be expected per vear, but special requirements of a par-
ticular area may reduce this number. Cooper (17) also
omphagv()d that very few good bmmﬂg days occur each
year and that they must be utilized for good resulis.
Humus reduction is essential for the preparation of a
good seedbed. Williams (46) reported that using head-
fres aﬂd burning with a high fire hazard and a drought
index of 3 1esuited in inadequate reduction of the humus
layer. Adams (1), using strip headlfires, achieved good
humus reduction when burning with a drought index
under 10 and a fire hazard index of not less than 8.
Because of slow rate of spread and longer duration of
high temperatures, backfires have been recommended for
gccd humus reduction and slash consumption (17, 31).
Seﬁ sm*face temperatures during prescribed burning
on jack pine lands have not been reported extensively.
Neal, V/Jght and Bollen (33), working in Douglas-fir
slash in Oregon, reported temperatures up to 193" .
at 3 inches, up to 633° F. at 1.2 inches, and 1,000° F. and
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Tabel 1. Prescribe-burned tracts, related information

Daie of Time Air Relative Burning Method of
Area burning started temperature humidity  duration seeding
Bearskin Lake ... ... ... .. lune 6, 1961 5:00 p.m. 71°F. 21 percent 5 hours Seed tree
Grass Lake ... ... ... ... July 8, 1963 12:30 p.m. 72° F. 40 percent 5 hours Clear cut, seeded
Dragon Lake .. ... .. .. . .. May 29, 1967  1:45 p.m. 74° F. 33 percent 5 hours Clear cut, seeded

end of the tract, a head fire was ignited at this point and
burned with the wind to meet the main line.

Seed Dispersal

On the seed tree tract, actual seed dispersal from seed
trees was determined by using 90 1-foot square seed traps
placed 30 meters apart throughout the tract the year
prior to cutting and the first 3 postfire years. Contents
of the traps were collected at the end of each growing
$eas01.

Rainfall and Temperature

On four study tracts, continuous recording 7-day in-
struments were used to measure raindfall (figure 3). Air
and s0il temperature and humidity also were recorded
and will be reported in more detail in a separate paper.

Results and Discussion

Determ

Cone and seed production of 11-13 inch d.bh. trees
was much higher than that of smaﬂer irees (table 2).
Where available, trees with the larger diameter would
be more productive as seed trees. Although there was
no relationship between seed viability and tree diameter,
there was a relationship betwen age of cone and seed
viability (table 2). More reproduction came from 2-4-
year-old cones, since they produced seed of higher vi-
ability and made up a greater portion of cones on a iree,
These vesulis are similar to those reported by Beaufait
in Michigan (9), who also reported a decrease in wabﬂ—
ity with increased age of cones. LeBarron (99) and Eyre
and LeBarron (22) reported higher germination pemem’&-

iination of Necessary Sead Trees

Figure 3. Weather recording instruments included: (1) top and bottom hoxes,
thermohygrographs recording temperaiure and humidity simultaneously, (2)
center box, three-point ihermograph recording temperature at ground sur-
face, hetween humus and mineral soil, and 2 inches into mineral soil, and

(3) ai lefi, Hellmann rainfall recorder. All are 7-day recording instrumenis
purchased from Wilh. Lambrecht’s, Gétiingen, Germany.

of those studies, 1- and 2-year-old seed was combined,
so slightly higher germination values for younger seed
were obtained than in this study, in which cones were
gathered in mid-August, when many 1st year cones still
were immature.

Average number of seed per tree was determined from
the seed yields given in table 2. Seven-nine seed trees
per acre were caleulated to be required (table 3). These
trees were selected and left standing on the Bearskin
Lake t

Suthcient seed o s
3 years after bummg ( ‘tab]e 4). The number of seed

ages, but they worked with mass exiracted seed. In both per seed irap was consistent throughout the iract, indi-
Table 2. Cone and seed yield by ree diameter at hreast height (d.h.h.) and cone age®
Cones per tree by iree size (d.b.h., inches)
Germination
7 8 9 16 11 12 13 by cone age
Age, years
Voo 1 21 19 29 64 42 91 9
28 174 396 615 545 1,023 784 1,295 68
5+ 86 166 289 242 728 643 703 43
Total cones per tree ... .. .. 261 583 923 216 1,815 1,469 2,089
Total seed per iree ....... 3,500 4,512 17,850 18,850 38,450 35,150 34,800 ..
Total germination, percent .. 53 ai 56 54 57 57 51 54 (average)

* Cones were obtained from irees felled within the Bearskin Lake iract prior io burning,

b



Table 3. Determination of number of seed frees necessary for Bearskin
Lake tract seed free burn

Average sead perfree . ... ... ... ... ... 21,873
Viability, peresnt ... .. ... L. 54
Viable seed per free ... . ... .. 11,811
Predicted pregermination loss, percent ... ... ... ........ 95
Germinants per tree ... ... ... ... . ... ..., 590
Predicted postgermination loss, percemi™ ... ... .. ... ... 57
Number of established seedlings per tree ... ... . ... 254
Mumber of established seedlings desired per acre ... .. ... 2,000-3,000
Number of seed trees required per acre .. .. .. .. .. .. .. 7-9

* Figure oblained from seedling survival data on Keeley Creek wildfire tract,

cating a uniform seed distribution. Immediately after
fire, 33 percent of the seed tree crowns were completely
scorched, 52 percent were partially scorched, and 15
porcent remained green. In the scorched crowns, the
majority of the 1-4-year-cld cones and some older cones
had opened.

Martin and Davis (31) have indicated that head-
fires are necessary to obtain sufficient heat to open cones
in seed trees, although such headfires seldom prepare an
adequate seedbed. In this study, however, backfire tech-
nique was used and satisfactory cone opening and seed
shed, as well as good seedbed preparation, were achieved.

Differences in reports of number of seed trees required
per acre undoubtedly are related to differences in size
of seed trees and number of cones present, which vary
considerably among stands. If cone availability is low,
the number of seed trees required represents consider-
able economic loss. Clear cutting and some other seed
source must be considered in such cases.

Determination of Seed Required for Broadeast Seeding

A pregermination loss of 85 percent was anticipated
in the direct seeding operation. With 8188 seeds per
ounce (39), the calculated requirement for direct seed-
ing was 5% ounces of viable seed per acre. On the Grass
Lake tract, seeding done immediately after fire coincided
with high population and activity of deer mice (Pero-
myscus maniculatus gracilis). Much seed was destroyed
(6) and very little germination was found. The area
was reseeded in autumn just prior to snowfall, when
mouse activity was lower. From this fall seeding, cal-
culated amount of seed resulted in a well distributed
stand.

in determining the amount of seed necessary for direct
seeding, high viability seed must be used. For the Grass
Lake tract, samples of seed tested after sowing had high
viability, confirming the U.S. Forest Service viability
figure on the seed lot. On the Dragon Lake tract, a sam-
ple of the seed lot tested at seeding time had less than
20 percent viability. Resultant germination was very poor
and resceding was necessary.

These examples of seed loss to small mammals and
use of low viability seed may indicate why some direct
seeding fails and why large amounts of seed sometimes
are needed.

Sources of Seed Loss

Much seed is lost prior to germination with either seed
tree or direct seeding techniques. In determining seed
required, a loss of 95 percent was estimated for seed
trees (table 3) and 85 percent for direct seeding. The
difference was due primarily to large losses of seed in
seed trees to birds. The U.S. Forest Service estimates
90 percent loss of seed in aerial seeding of rock-raked
jack pine areas (28).

As previously indicated, trapping studies on the Bear-
skin Lake seed tree burned tract and on the Grass Lake
seeded tract indicated that immediately after fire during
the summer months the population of seed eating deer
mice was noticeably higher than on the unburned tracts
(6). Birds also were a factor in seed loss on the seed tree
burned tract (4). For several days after burning, flocks
of 40-50 pine siskins (Spinus pinus pinus) were observed
feeding in the crowns of seed trees. Other birds obseryved
in the area at the same time included robin (Turdus
migratorius migratorius ), blue jay (Cyanocitta cristata
cristata ), flicker (Colaptes auratus luteus), wood pewee
( Myiochanes virens), rose-breased grosbeak ( Hedymeles
ludovicianus), and blue-headed vireo (Vireo solitarius).
Bird activity on the burned tracts appeared to be greater
than on the cut and uncut tracts throughout the first post-
fire summer. In late July, birds seen regularly in some
numbers included hairy woodpecker (Dryobates villosus
villosus), downy woodpecker (D. wvarius varius), red-
breasted nuthatch (Sitta canadenis), robin, and slate-
colored junco (Junco hyemalis hyemalis ). These observa-
tions indicate the continued presence of seed eating
species and the invasion of species that feed largely on
insects on burned tree trunks.

Table 4. Seed shed by sead frees and seedlings produced on Bearskin Lake seed free burn fract™

1961 62 1963 1964 1965 1969
Cumulative seed frap yield
of whole seed per acre ... .. .... 26,824 38,799 79,035
Viability, percent ... .. .. ... ... 17 17 17
Predicted number of
seedlings per acre ... ... ...... 4,560 6,596 13,436 . o o
Actual seedling count per acre . ... 608 1,580 1,377 1,134 1,985 1,580
Percentage foss ......... ... ... .. 86.7 76 90

* Counts of seed and seedlings are cumulative. Germination potential was based on yearly tests of 100 seeds.
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Yine-year-sld jack pine reproduction on Bearskin Lake seed iree  Figure 5. Bearskin Lake iract 7 weelks afier {ire, showing slash and shrub
competition.
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Table 8. Meisture content of soil on Bearskin Lake prescribe-burned tra

Burned Cut, unburned Uncut, unburned
] Leve1 P Level 1 Level 2 Level 1 Level 2
Preburn ... 39 25 41 21 43 23
Postfire, 1961
e 35 26 a1 22 44 26
July oo 26 28 33 23 28 20
fugust L. 32 33 40 30 3 24
Average .. ... ... 31 24 38 25 37 3
Postfire, 1962
June Lo 45 26 43 27 46 26
Juﬂy ........... 27 22 37 20 49 22
Bugust ... 3 25 40 19 15 75
fverage ... ... 34 24 40 22 47 24
Pastfire, 1963
hime oo 26 26 40 25
by oo 53 26 44 28
Rugust ... 33 22 48 21
Average .. ... 3 25 a4 25

: first 3 centimeiers deep.

2: transition betwszen mineral soil and humus, 3-5

pcu July (table 9). During the second
w

and il e growing seasons, when normal rainfall
occurred, moisture content of the surface on the burned
tract Jl was lower than on the unburned tracts, but

lower levels were quite

Ter statistically significant at
eve? as de m'fmun d by a i
on: the
Jc% on
| iract (table 3). Second
Tm, dmuﬁht condi-
rred on

rmina-

wWas

[E8CYl

gerfmm tion occurr
ract, a fully stocke rest

.e-

all B fmeles, seribe-

Year bume July August Total
1960 ... 3.53 1.13 6.20
1861 ... 4.63 .75 599
/a2 6.34 318 14.48
1963 . 501 316 10.84
1964 o 2.78 2.04 9.76
1865 ... 3.55 2.77 10.22
1956 298 3.49 .38
1967 . 5.60 2.86 13.24
fverage ... 436 242 16.01

J—
<

centimerers deep.

compared with 65-82 percent for the prescribe-burned
tracts. This difference indicates the importance of seed-
bed preparation in the establishment of seedlings follow-
ing germination.

Lowest survival of germinants an the presc
tracts was 1ecmded N)”O‘VEH” %e 196 dr¢
sufficie: i

scribe-burned
ought. When
fall ocourred years, there was
good seedling survival on Lh@ burned acts, even though
surface moisture was lower than on the unburned tracts.
Therefore, surface soil moisture rednction on the burned
tracts, while qmmur“f‘iy significant, apj :uuendy was not
rmination and gr rowth of - jack pine excent
e umwm ycm In Olufon burning re educed abi htv
1e surface soil to absorb moisture and reduced mois-
ture content from 25 percent on unburned lands to 10-18
percent on burned land (33). Oregon soils, both burned
and unburned, were much drier than those reported
here, where moisture content of the unburned layer
ranged from 28 to 49 percent and on the burned lands
from 12 to 33 percent.

er
tra

Soil Fertility. Ash contributed to the fertility of the
seedbed on she oggmd areas, as shown in the soil analy-
e] 1, ash d pH and con-

%'z mn of this in-

1! :te had been
)ir ﬂ prbbwn stand.
y level 2, the transition

TEO G
trease

inc
and
After 6 yeam anly p
1 arnount below that

h”ﬁ%s were more gradual i
between organic and mineral soil. This sudden release
of soluble mineral salts to the soil via ash and subsequent
infall frequently has been reported to improve soil
:Ohowmg burning (7). The addition of nitrogen
soil has been reported (20) to improve drought
resistance in phm" and therefore may have contributed
to the survival of jack pine and other plants on the driex
soil surface.

Posthire Soil Surface Temp

perature on the burned tract d 140° F. for 2
hours for up tw 3 comsecufive days and 122° I, for 2
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Sources of Seedling Damage. Deer browsing can be &
factor in jack pine swdhn(f suw;wai The most seve
browsing occurred on the Bearskin Lake tract betwee
the 4th and 5th years after five when there were no
logged areas mnearby. Extensive nearby logging op
tions were begun during the 5th year and browse day
decreased. Deer browsing was less noticeable on s¢
tracts where extensive logging occurred in the immedia
vicinity, Brown (13) found that deer mice fed on nes
merging seedlings as well as on seed.

Heavy infection of needle rust (Coleosporium
daginis (Schw.) Thum.) was observed j
seedlings during the early years of growth, Ff
rust was temporary and dfd not cause permanent 4
on the Bearskin Lake tract, where it is 1
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Table 10. De

Species

Aster macraplivilus
Pleridium aguilinum
Oryzopsis a 6
Corylus cornuta
Yaceinfum fwu
Compionia

Aster macrap
Fieridium
Oryzopsis ¢
Corylus cornuta
Yaccinium angush
Amelanchier sp.

Asier macropl
idium quhmam .......
Larex sep, ...............
(‘orvﬂua cornuta
Vaceinium angusti
Alnus erispa

Aster maerophyllus ... ...
Piaridium aguilinum ...
Oryzopsis asperifolia .. .. ...
Corylus cormuta ... ... ..
Yaceinium angustifoli
Diervilla Lonicera

phyllus

Yaccinium aﬂgul 1
Diervilla Lomicera .. ....... i
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