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Regeneration Following Strip Clear Cutting,
Scarification and Slash Disposal in a
Lodgepole Pine Stand

by
R. F. Ackerman!

SUMMARY

A study was initiated in 1954 to determine whether scarification and slash
removal after clear cutting in 5-chain strips are effective regeneration methods
for mature even-aged lodgepole pine stands in the Foothills Section of Alberta.

| The following three treatments were randomly assigned to 12, one-acre
plots:
1. Control; seedbed undisturbed; slash lopped and scattered.
2. Seedbed undisturbed; slash removed.
3. Seedbed scarified; slash windrowed.

Seedfall from the adjacent stands was measured by seed traps set out on
each plot. The regeneration was sampled on each plot by two transects of 25
contiguous milliacre quadrats.

The results six years after treatment were as follows:

1. Scarification after clear cutting resulted in satisfactory stocking to
lodgepole pine and white spruce.

2. Without seedbed treatment neither lopping and scattering nor removal
of the slash was of any value except possibly to reduce the fire, insect and
disease hazards.

3. Ninety per cent of the pine regeneration came in during the first two
years after treatment.

4. Seedfall from the adjacent stands averaged only 1,200 sound seed per
acre per year. Slash-borne and free cones apparently provided most of
the pine seed available to the clear cut strips.

5. Further investigation of methods and timing of post-logging scarifica-
tion is necessary to define means of taking full advantage of the slash-
borne seed supply.

INTRODUCTION

Lodgepole pine (Pinus contorta Dougl. var. latifolia Engelm.) is an
intolerant species that reproduces abundantly after fire. Reproduction after
logging, however, has not generally been adequate in Alberta (Blyth 1957,
Candy 1951) and corrective measures are being sought. In 1953 the Forest
Research Branch initiated a study in the Edson district to test scarification and
slash removal as regeneration methods after clear cutting in strips.

Known examples of satisfactory regeneration of lodgepole pine without
seedbed treatment have in common a comparatively dry site with a minimum of
unincorporated organic material and a paucity of competing vegetation (Anon.
1952, Crossley 1952a). On the better Subalpine sites and in the Boreal Forest

1 Research Officer, Forest Research Branch, Dept. of Forestry, Calgary, Alberta.
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Region of Alberta, where the organic layer is deeper and the vegetation more
luxuriant, the evidence indicates that seedbed treatment is required for regen-
eration. Crossley (1956¢) obtained excellent regeneration of lodgepole pine in the
Boreal Region by scarification before logging and concluded that scedbed treat-
ment was a prerequisite to regeneration success.

Scarification before logging should be particularly effective for lodgepole
pine since the supply of slash-borne seed can be utilized to best advantage. The
cost of such treatment in normally dense lodgepole pine stands is high, perhaps
prohibitive, with the type of equipment available. If adequate regeneration can
be obtained by scarification after logging with large efficient equipment,
considerable saving might be realized.

Mechanical scarification has been used suecesstully in Alberta to obtain
spruce regeneration (Crossley 1949, 14952, 1955h: Quaite 1956). Also, studies by
Evre and Le Barron (1944) in the Lakes States and by Noakes (1946) in Ontario
indicate that jack pine may be regenerated by this treatment.

The method of slash disposal in lodgepole pine stands influences both the
seed supply from slash-borne serotinous cones and the survival of seedlings.
Crossley (1956a) reported that the rate of resin bond rupturing and scale flexing
of slash-borne cones inereases with proximity to the ground. Consequently,
lopping and scattering should inerease the rate of seed-relecase on to the seedbed.
Tests of slash disposal methods in Montana showed that concentrated slash
inhibited reproduction (Boe 1951, Anon. 1950). There is reason to believe,
however, that in Alberta the shelter provided by slash will increase seedling
survival, particularly on burned secdbeds and perhaps on scarified seedbeds
(Ackerman 1957, Crossley 1956¢).

Although post-logging scarification with heavy machinery has economic
advantages, the treatment reduces the total effective seed supply by concentrating
the cone-bearing slash in fewer places and by burial. Similarly, removal of the
slash by piling and burning reduces seed supply. Under these circumstances the
amount of sced from the adjacent stands may become a significant factor.
Investigating lodgepole pineclear cut areasin Wyoming, C'olorado and Montana,
Bates et al. (1929), Boe (1951) and Anon. (1950) concluded that adequate
regeneration can be obtained on clear cut areas if slash-borne cones are not
destroved by burning. On the other hand, satisfactory regeneration has been
observed on undisturbed and burned seedbeds in the apparent absence of seed
sources other than the adjacent stands (Crossley 1952a, 1956¢). It must be
concluded that the adequacy of the adjacent stands as a seed source is in doubt,
particularly on large clear cut areas.

METHODS AND MATERIALS

Description of the Area and Stand

The experimental area is located near Edson, Alberta (53° 28N, 115° 44
W.) in the Lower Foothills Seetion of the Boreal Forest Region (Rowe 193Y).
It is rolling country, more typical of the Mixed-wood Section than of the sharply
cut foothills area further west. Species association suggests an ecotone between
the IFoothills and Mixed-wood Sections. Stands of lodgepole pine with some black
and white spruce are present but mixed-woods and pure stands of aspen are also
common,

The soil varies from sandy beach deposits to lacustrine and shoved lacustrine
materials high in clay content. Soil moisture is also variable, but most of the
experimental area is fresh to moist. Depth of unincorporated organie material
raries with moisture condition from 13 to 3% inches. The site index, based on
rate of height growth, is considered average for the region.
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Primarily, the stand was even-aged 110-year-old lodgepole pine of fire
origin. Scattered black and white spruce, fir, aspen and birch were present,
mostly as an understorey. Representative stand statistics obtained in the uncut
strips are presented in Table 1.

TABLE 1. REPRESENTATIVE STAND STATISTICS

Species
Item — —_———— e ——
1P J b J wS Po bl
No. stems per acre......... SiE SeY RS E 166 121 17 406 2
Basal area sq. ft. per acre.. ... ... ... ... ... .. . 7217 8.2 3.0 1.1 0.1
Average diameter....... A T 9.0 3.5 5.7 2.1 3.0
Wieh d” o [POF GPC 5 s s & s  Sosiis B 5 FoWes 5 4 ¢ : 2318 189 44 — —
oY A T 0T L V] - 9512 593 80 — -
Average dom. ht......... ... ... .. .. ... 74 — — - .-
;i; imle):&(;yrs.) B 7 : 7 777 777 : [ 7(5;(relgionuli;ex"n;v 62) -

1P lodgepole pine; bS black spruce; wS white spruce; Po poplar; bF balsam fir

The experimental area was partially cut about 1933. A tally of stumps
revealed, that on the average, 100-110 stems per acre were removed at that time.

Experimental Treatment and Design

All merchantable trees, seven inches d.b.h. and larger, were harvested in
5-chain strips by conventional horse logging during the winter of 1953-54.
[ntervening strips were left intact. The living stems remaining on the cut strips
were felled in July 1954 and the following three treatments applied:

1. Control; seedbed undisturbed: slash lopped and scattered
This treatment was completed in August, 1954. The seed sources were
the adjacent stands, slash-borne and free cones.

2. Seedbed undisturbed; slash removed
After final cutting, all slash was removed by hand. Treatment was
completed in August. The seed sources were the adjacent stand and
free cones.

3. Seedbed scarified; slash windrowed
Scarification and windrowing of slash was done in November 1954 with
a D7 tractor equipped with a standard 12-foot scraper blade. Seed
source for this treatment was limited to the adjacent stands and the
free cones that were not pushed into the slash windrows.

The above treatments were randomly assigned to twelve, 1 acre plots
(5 by 2 chains) to provide four replications of each. To assess the regeneration,
two transects each containing 25 contiguous, rectangular, milliacre quadrats were
established across each plot (a 5 per cent sample). The layout of the experiment
is shown in Figure 1.

To determine seedfall from the adjacent stands, three % milliacre seed
traps were set out at regular intervals across each of the 12 plots. Provision was
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made for assessing the significance of this seed source by hand picking the free
cones from two additional transects of milliacre quadrats established on each plot
of treatment 2 (slash removed). This attempt to limit the seed supply to that
received from the adjacent stands was not completely successful because the
free cones were not removed until August, by which time some cone opening had

occurred.

v

ki

=
P8!141400S

4 i01d

o o

821)103S

Strip

Al

N

N

o’y / o o o
s 3
w3 / P3.8ii0d5 puo paddoq |
FIR:
/5/; TIoTg
&
/ 3 4 o o o :
[
. I |
s { LT PR
Q = s
Q Zi0id
o o o

N

i

[T P949}iD2S puo paddon

I +o1d

o

o o

A

P9.94405S puo paddon)

Figure |

CARROT CREEK EXPERIMENTAL

2
o
=
3
©
=z e
— >
[ °
= &
gom
zZl <
< w o
Ww o = 24
—JNED
|
<
& g‘D
o @
s ¢ o
5 x o
HD

EOIEES

21 401d

o o o

P9J3}i02S puo paddon




The regeneration was tallied in August of 1955, 1956 and 1960 and the seed
traps were emptied each year from 1955 to 1960. All seedlings were marked with
wire pins to aid in determining survival.

The degree of scarification was assessed on all milliacre quadrats by estimating
the extent of the following three seedbed types:

1. Mineral soil
2. Disturbed; mineral soil not exposed
3. Undisturbed.

Estimates of the proportion of these seedbeds on the four scarified plots are
given in Table 2. Average conditions on the undisturbed plots are included for
comparison.

TABLIL 2. SEEDBED CONDITIONS FOLLOWING TREATMENT

Seedbed: Percentage of Total Surface Percentage of
Seedbed Plot Quadrats with
i : 3
Treatment Number Mlsr;ei{al Disturbed | Undisturbed somes.\olillneml
Scarified...................... 5 41 47 12 93
7 20 34 46 58
8 10 43 17 78
11 70 29 1 92
Mean 43 38 19 80
Not Scarified................. Mean 1 3 96 2
RESULTS

The results six years after treatment are presented in Table 3. Statistical
analyses of percentage stocking to pine and spruce seedlings and the number of
pine and spruce seedlings per acre are presented in the Appendix.

Scarification resulted in a significantly greater number of pine seedlings and
a significantly higher level of stocking to pine than all other treatments
(Plate 1). Tt is the only treatment to meet the minimum stocking standards set
by the Alberta Department of Lands and Forests (40 per cent stocking, by
milliacre quadrats to softwoods or 30 per cent to softwoods plus 10 per cent to
hardwoods). Scarification also resulted in a significant increase in the stocking
and density of spruce seedlings.

There were no significant differences in stocking or in numbers of seedlings
attributable to either slash or free cone removal. Apparently the effects of slash
and cone removal on seed supply and environment were masked by the over-
riding influence of an unfavourable seedbed.

Aspen root suckers are abundant on many plots and there is little doubt
that, in the absence of pine regeneration, aspen will predominate in the new
stand (Plate 2). The presence and abundance of the aspen suckers reflects the
chance occurrence of this species in the stand before logging and is apparently
not related to either seedbed treatment or slash removal.

9
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TABLE 3. 1960 REPRODUCTION SUMMARY

legeneration Advance Growth Regeneration + Advance Growth
| V - | - -
. [ 1P ‘ ws Po 1P4ws All 1’ wS ! 14w L ‘ wS 1P4ws 2o All
Treatment | | | | ‘

e B . . S S S R B —_— S -

‘ Percentage Stocking
Scarified. ... .. .. P LT ‘ 45 32 39 60 ‘ i 4 1 ‘ 4 46 33 ‘ 62 39 7
Lopped and Scattered .. ... .. ‘ 12 5 58 14 ‘ 62 2 4 4 12 s 18 58 64
Slash Removed. . . ... ... . ‘ 9 4 28 12 37 t o) 6 12 6 ‘ 15 28 30
Slash and Cones Removed. . 4 2 35 H 38 2 1 2 6 2 | 74 | 35 40

Number of Seedlings per Acre

|—— o - — - . B e . .
Scarified . ... N Y e e e ‘ 1,595 740 1,505 2,385 3,840 40 10 a0 1,635 750 ‘ 2,385 1,505 3,890
Lopped and Scattered .o 22() 90 2,440 310 2,750 15 45 60 235 135 “ 370 2,440 2,810

Slashed Removed o000 . 180 45 1,085 225 1,310 35 b 90 215 100 ‘ 315 1,085 1,400

Slash and Cones Removed. . 90 20 1,180 110 1,290 20 10 30 110 30 140 1,180 1,320




Prate 2. Sucker growth of aspen following clear cutting.
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The height of the tallest seedling of each species present on each quadrat
was recorded in 1960. These results are summarized by species and scedbed
treatment in Table 4.

TABLE 4. AVERAGE HEIGHT OF THE TALLEST SEEDLING OF EACH SPECILES
ON EACH QUADRAT SIN YEARS AFTER TREATMIENT

Species
Seedbed Treatment s
P w ‘ Po
Inches
Scarified............................. R — 14.4 4.1 ' 18.3
INOE [Se A i fle Qi umme 1mum monmmme oo masssie waese s 6.6 4.1 ) 3.7

A marked increase in the initial height growth of lodgepole pine and a
marked decrease in the height growth of aspen suckers occurred on the scarified
plots. The growth of spruce was not affected. The difference in height growth of
pine and spruce seedlings of the same age, side by side on apparently identical
seedbeds, is illustrated in Plate 3.

The percentage survival of lodgepole pine and white spruce seedlings during
the first five year period is given in Table 5 for scarified and undisturbed areas.
The differences between treatments are not statistically significant.




TABLE 5. PERCENTAGE SURVIVAL OF 1955 AND 1956 SEEDLINGS IN 1960.

1955 Seed lings in 1960 ‘ 1956 Seedlings in 1960

Seedbed Treatment
1P

wS IR ‘ wS

Per cent survival

Secarified............ ...l 49 47 74 7
Not Searified................... ... . ....... 42 67 61 75

The nature of the seedbed occupied by each new seedling was determined in
1955 and 1956. These results are given in Table 6.

TABLE 6. PERCENTAGE OF PINE AND SPRUCE SEEDLINGS
OCCUPYING VARIOUS SEEDBEDS

Seedbed
Mineral Soil Disturbed Undisturbed
Seedbed Treatment
1P wS 1P wS P wS
Scarified................. ... ... 63 88 36 12 1 e
Not Scarified............cooviviiia... 4 32 37 21 59 47

On the scarified plots, nearly all pine and spruce seedlings occurred either
on a mineral soil or on disturbed seedbed. The preference of seedlings for a
treated seedbed was also evident on the control plots. Here, 41 per cent of the
pine seedlings and 53 per cent of the spruce seedlings occurred on mineral soil
and disturbed seedbeds (roads and skid trails) which occupy only 4 per cent of
the area.

During the period 1954 to 1960, the annual pine seedfall into the clear
cut strips from the adjacent stands averaged only 1,200 sound seed per acre
(Table 7). Thisis similar to an estimate of 1,500 sound seed per acre obtained by
Crossley (1955a) at the IKananaskis Forest Experiment Station.

TABLE 7. LODGEPOLE PINE AND WIHITE SPRUCE SEEDFALL—195¢4 to 1960

Species
Year
1P wS
Number of Sound Seed Per Acre

JOSA=O0R ..o+« cporre + aroiine » Bl 5 o B ¥ SIS 5 BRI 5 TS § R sl § WEleE 8 1,000 10,000
1055706, i . . 0 . & e o s ¢ 5 it w8 sore ¥ s BNRS B SRS B RIS ¢ Al 8 — —
TOG6-57. 5. . . . . .. 1 thorors = Bars 2 b Fimie = sesusin  riwsctin 3 reksis B AT § TN T At 4 5 1,200 1,200
NOST=885 sy - « 11~ - - i o dIEeTe ¥ W R SIS R Y S 5 Al e G Sl B8 3,800 2,000
TO58500. v 1 5 105 1 5 eusitnryis somvespns & iwewarn § svaveits « ceamovs & umai ¥ SaTEn & b iwlbe e b X 1,500 9,100
MeanAnnual. ... ... 1,200 3,700




The occurrence of pine scedlings by vears following treatment is given in
Table 8.

TABLE R, LODGEPOLL PINE GERMINATION BY YEAR AND SEEDBED TREATMENT

Year of Germination
Seedbed Treatment Ist Year 2nd Year 3rd Year 4th-6th Year
1955 1956 | 1957 1958-60

Percentage of Total Germination

~nN

Scarified 37 52 9

Not Scarified . 59 34 6 1

Approximately 90 per cent of the pine seedlings came in during the first two
years after treatment. Giermination was much reduced in the third vear and it
was negligible by the fourth vear.

The pattern of germination observed in this experiment agrees quite well
with the schedule of slash-borne cone opening described by Crossley (1956a).
Considering this, and the meagre seedfall indicated by the seed traps, it is probable
that the major source of seed in this experiment was the slash-borne and free
cones.

The recovery of the seedbed on the scarified areas has been remarkably
slow, so that some incerease in stocking can be expected on these areas, particular-
lv of spruce, as a result of seedfall from the adjacent stands.

DISCUSSION

This experiment confirms the hypothesis that seedbed treatment is necessary
to obtain adequate regeneration of lodgepole pine after cutting. Further, inas-
much as the regeneration obtained meets the minimum standards set by the
Alberta Department of Lands and Forests, scarification with heavy equipment
after logging can be considered a promising technique. However, the stocking
level attained is not high and does not compare favourably with the regeneration
results obtained by Crossley with prescarification. This difference is apparent
in spite of the fact that post-searification resulted i exposure of twice as much
mineral soil.

The poorer regeneration obtained hy post-scarification is believed to be the
direct result of less efficient utilization of the slash-borne seed supply. A full
summer elapsed before scarification, which allowed ample time for the serotinous
cones to open and release their seed on an unreceptive secdbed. Also, the
scarification and windrowing removed most of the cone-bearing slash and many
free cones from the treated seedbed. Provided treatment is given soon after
logging and an effort is made to scatter rather than windrow the cone-bearing
slash, 1t 1s believed that post-scarification will result in good regeneration.

Post-scearification is now being tested in this region employving DY tractors
and custom bhlades. The objective is to provide a minimum of well-distributed
mineral soil and effective distribution of the cone-bearing slash over the scarified
scedbed. Additional information is required concerning seed release from slash-
borne cones so that the significance of delay hetween logging and seedbed
treatment can he assessed.,

The requirement. of seedbed preparation immediately suggests the method
of preseribed burning, particularly as lodgepole pine is known to reproduce
abundantly after wild fire. With hurning, however, there is a risk of destroying
the slash-borne sced (Bates et al. 1929, Boe 1951). Also, there is some evidence

14



that a burned seedbed without shelter is less favourable for survival of seedlings
than a scarified seedbed (Ackerman 1957, Crossley 1956¢). Implementation of
prescribed burning as a regeneration method in Alberta must be preceded by
further investigations.

Neither lopping and scattering nor removal of the slash were effective as
regeneration methods in this experiment. Any effect of these treatments either
on seed supply or on environment was obscured by the influence of an unfavour-
able seedbed. If seedbed treatment is not employed, then slash disposal is mainly
a question of reducing the fire hazard; the method of disposal is a matter of cost.

This experiment did not determine, by regeneration response, the relative
contributions of the slash-borne cones and the adjacent stands to the total seed
supply. Nevertheless the very light seedfall measured by the seedtraps and the
pattern of germination after treatment strongly suggest that the major fsource
of seed was the slash-borne cones. If this observation is substantiated by uture
trials, the size and shape of clear cut areas can be dictated by considerations other
than seed supply from the adjacent stands.
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APPENDIX
Analysis of Variance: Per Cent Stocking to Spruce and Pine in 1960.
Source D.F. S.S. M.S. F.
Total...... ... ... ... ...... ... 115 4704.0
Treatments................. 3 3631.8 1210.6 131155
ErfoE. : o0 - moems-mams -aams 12 1072 .2 89.4
T-Tests
Scarified vs. lopped and scattered......... ... ... ... ... ... 31.4%*
Scarified vs. slash removed. .. .. ... .. ... ... ... 32 .2
Scarified vs. slash and conesremoved. .......... ... .. ... .. ... . .... 38.8**
Lopped and scattered vs. slash removed............................ 0.7
Lopped and scattered vs. slash and cones removed.................. 7.5
Slash removed vs. slash and free cones removed................ .. ... 6.6

Analysis of Variance: Number per Acre of Spruce and Pine in 1960.

Source D.F. S.S. M.S. F.

Total...oooe e 15 216,106
Treatments................. 3 135,893 45,298  6.78**
Emmor. e .o, .. . .5 .m0 12 80,213 6,684

T-Tests

Scarified vs. lopped and scattered............ .. ... ... ... L. 2,025**

Scarified vs. slash removed........ ... .. .. ... . L 2,110%**

Scarified vs. slash and cones removed............ ... ... .. .. .. ..., 2,230**

Lopped and scattered vs. slash removed............................ 85

Lopped and scattered vs. slash and cones removed.................. 205

Slash removed vs. slash and free cones removed..................... 120

** Significant at 19, level.
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