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Abstract 

Eight harvest cutting methods, ranging from clear-cut to 
individual tree selection plus an uncut control were applied in 1 950 
and 1 95 1  to a 1 50-acre experimental block of white spruce-trembling 
aspen stands in the B- 1 8a Mixed wood Section of Alberta. Limited 
trials of hand scarification were carried out in each cutting area. 

This report deals with the regeneration and stand growth 
results following a lO-year remeasurement in 1 96 1 .  The selection 
cutting method, in effect a two-cut shelterwood system, resulted in 
highest stand growth rate, low mortality and best regeneration 
status. 
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A TEST OF HARVEST CUTTING METHODS 

IN ALBERTA'S SPRUCE-ASPEN FORESTl 

by 
.T. C. Lces� 

INTRODUCT I ON 
Diameter limit cutt inlo!; of \I'hite spruce t o  L-1 inches diameter at breast 

height in the B-18a Mixedl \'ood Section of Alberta has left patchy stands with 
groups of the unmerchant'able hardll'oods and lIndersize \I'hite spruce. Hegenera
tion of spruce under these residual stand conditions is unsatisfactory. 

Management practice in thc region tended to\I'ards the introduction of 
partial cutting, and in 1950, a research project Il'as initiated by .T. Quaite3 to 
develop suitable harvest rut ting methods designed to promote maximum yield 
and sat,isfactory regeneration in spruce-aspen stands, and prcferably based on 
ind ividual trec marking. 

It I\'as decidcd to il1l'estigatc eight han'cst cutting treat ments including 
clear-cutting and single tree sclcction to coycr as \I'ide a range of conditions as 
possible. On this basis the projcct I\"aS establishcd in co-operation \I'ith the Alberta 
Department of Lands and Forcsts, and S\I'ansoll Lumber Company, Edmonton. 
The Forest Hesearch Branch was responsible for experimental design, tree 
marking, supervision of cutti ng and assessmen t of results. A 150-acre Special 
Timber Permit area \I'as approved and cut ting was rompleted ill t he fall of 1951. 

Experimental Area 

The study area lies in the B-18a MixedwooJ Section of the Boreal Forest 
Hegion (Howe 1959) and is a few miles south of Fawcett Lake on the Smith
Fa wcett Lake West End road (Frontispiece). Altitude is 2,100 feet I\'ith drainage 
to the north and west. The terrain is gently rol lin g with a series of distinct ridges. 
Nowhere does the slope exceed 5 per cent. The soils are grey wooded \I'ith a 
characteristic leached Ae horizon and a dark brO\l'n grey crumhly Bt horizon over 
a calcareous parent material. Textures rangc from sands and silts to heavy clays 
in depressions. A layer of humus varying from 2 to 3 inches on ridges to more than 
one foot in \\'et bottomland overlies the soil profile. For m uch of the year the 
\\"ater table is abo\'e mineral soil in depressions . 

The forest is white spruce (Picea glauca (Moench), Voss) and aspen (Populu.s 
tremuloides Michx.) , of fire origin. On the wetter sites black poplar (Populus 
balsamifera L.) replaces the aspen. Occasional white birch (Belvia papyr�fera 
Marsh . ), black spruce (Picea mariana (Mill.) B.S.P.), jack pine (Pinus banksiana 
Lamb.) and larch (Larix laricina (Dulloi) K Koch) are found throughout the 
stands. Very moist to wet sites tend to support pure spruce stands. A forest 
profile" is shown in Figure 1. The soils on the well drained tills resemble the 
Braeburn soi ls, the depressional podzols resemble the Snipe soils and the ponded 
stratified material resembles the Kathleen series as described by Odynsky , 
Wynnyk and Ne \l 'ton (1956). The spruce on the study area averages 105 years 

IDepartment of Forestry, Canad:l, Forest Research Branch, Contribution No. 569. 
'Research Officer Department of Forestry, Calgary, Alberta. 
'Formerly, Research Officer Department of Forestry, Calgary, Alberta, 
'Information for physiographic sites follows Duffy (1959) "An evaluation of forest site in the Mixedwood 

Section of Alberta" Forest Research Branch. Unpub. Ms. 
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PONDED MATER IAL 
"KATHLEEN" SOIL 
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FOREST PROFILE 
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GLAC IAL TILLS 
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Figure 1. Forest profile 
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and is vigorous and sound. Diameter at breast height currently ranges from G Lo 
20 illches and dominant hcight from 80 to 100 feet. The aspen is slightly older and 
is rathcr dccadent. Before cutLing, stand volumcs wcre 25,000 Lb.m. per acre 
romprising approximately ]8,000 f.b.m. of spruce and 7,000 f.b.m. of hardwood. 
An undcrstorey of aspcn Slickers of 1 t o 2 inches diametcr breast height developed 
after cutting. 

Ground covel'; heneath the patches of residual spruce consists mainly of 
feather mosses, Hylocomium, Pleurozium, and J/ypnum spp., and scattcred herbs 
such as bunchberry, Corn us canadensis L., tll'in-floll'cr, Linnaca borealis var. 
americana, (Forbes.) Hehd., and stinging nettlc, Urtica gracilis Ait. Where aspen 
is the chief stand componcnt, ground yegctation is abundant and includcs tall 
shrubs such as rose, Rosa acicalaris Lind!., high-bush craniJerry, Viburnum 
trilobu'/n Marsh, curran t, Ribes lacasire (Pel's.) Poi r., and sarsapari 11a, Aralia 
rludicalllis L. Blue-joint grass, Cala'l71agrostis canadensis (NIichx.) Beauv., 
dominates the moist sites. 

METHODS 

Felling Trea tmen ts 

All spruce to be cut II'as marked. The eight fclling trcatmcllts II'crc: 

.\. Control-no disturbance. 
B. J-Iea I"y residual-lea I·i ng 8,;">00 Lb. m. sprucc per anc. l\Iarki ng remOl"ed 

.,17 per ccnt of spruce by I·olumc. 
C. Mcdium residual-leaving 5,500 Lb.m. spruce per acre. l\[arking 

removed 69 per ccnt of spruce h�T volume. 
D. Light residual-Ieal"ing -+,500 f.h.m. spruce pel' acrc. Marking removed 

G3 per ccnt of spruce by volume. 
E. Sclcction-lea"ing only sprure ,\"hich sholl'ed good grol\·th potentiali

ties-The trcatment rcsulted in fi7 per cent removal by volume. It was, 
in cffect, a sheltcl"\"ood cut bascd on individual tree marking. 

F. Diameter limit-remol'ing all spruce 14 inches in diameter and over at. 
a 12-inch stump height. This treatment resulted in 61 per cent removal 
of spruce by volume. 

C:. Seed tree-Six seed trees per acre II'ere selccted and left. All other spruce 
over 6 inches in diameter at breast height I\"ere removed-96 pel' cent 
of spruce by volume I\"as removed. 

I-I. Cleat'cut-removing all spruce over 6 inches diameter at breast height. 
Since there was a diameter limit, the treatment resulted in 96 per cent 
removal by volume. 

r\ summary of the board foot ,"olumes remOI'ed by cutt ing6 is presented in 
Table 1. 

The aspen was unmerchantable because of local market conditions and a 
high incidence of decay in hardll"oods and was left standing. Logging was carried 
out in the summer and fall of 1951 using crawler tractors hauling short log lengths. 
Hoad location was carried out by the research officer-in-charge. 

Treatment Layout 

Within the 150-acre study area, twenty-four 4/10-acre patches were selected 
and the eight felling treatments were randomly assigned giving three replications. 
A surround, approximately It chains wide, was treated in the same manner as 

'Nomenclature for shrubs, herbs, and g,.as�es follow" Moss (1 (59), "Flora of Alberta". Univ. of Toronto 
Press. 
Nomenclature for mosses follows Conrad (1944). "How to know the mosses" Brown Co. Iowa. 
'Board feet, Scribner's rule, trees 7 inches d.b.h. and over. 
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TABLE I. SU:'DIA llY OF DOA1W FOOT \'OLU.\IES PEn AcnE, 

Yolume Cut Before 
\'olume Volume After Cutting Volume 1961 

Treatment 
Cutting 

White White White 
Hardwoods White 

Hardwoods spruce spruce spruce spruce 

Control ............. 1G,410 - 16,410 5,710 19,860 6,320 

Heavy Residual. 14,540 0,860 7,680 4,020 10,880 4,980 

�Jedium Residual ....... 15,040 10,340 5,500 '1,200 6,320 4,690 

Light Residual .......... 10,780 6,770 4,010 6,240 5,220 5,890 

Selection" ' 11,740 7,910 3,830 6,240 5,040 6,390 

Diameter Limit" .... .... 10,150 6,220 3,930 5,150 6,420 6,140 

Seed Tree" " 12,610 12,050 580 3,710 840 3,400 

Clear Cut ............... .. 9,430 9,060 370 3,490 460 3,820 

the patch, On those portions of the area outside the p l ot s and surrounds, a diam
eter limit of lei incheD at 12-inch Dtump hei�ht I\'aS imposed, Each 4/10-
acre patch I\'as sub-dil'ided into four l-chain-sCluare sample plots for measurement. 
The layout of the cutting areas and sample plots is shol\'n in Figure 2. 

Seedbed Treatment 
Since spruce advance groll·th7 was not adeCluate before logging, a limited 

test of hand scarification to expose a mineral Doil seedbed for regeneration was 
includcd in the treatmcnt, It \I'as intended also to s tudy differences in seedling 
survival on scarified seedbeds under the yarious residual stands , 

Eight scarification plots approximately 5 by 5 feet, together \I'ith one control, 
"'ere placed just outside the boundary of each -l/IO-acre patch, The distribution 
of the scarif ied spots about the plots 53 to 56 is shO\l'n in Figure 2, Scarification 
consisted of remoying the humus \\'ith a shOl'el or hoe to expose mineral soil . 

Assessment 
l?cgenerai'ion 

H egen eration ",as tallied in 1952 and 195-! and the results published, (Quaite , 
1(56), In 1960 the regeneration on the hand scarified and control plots was 
remeasured and in 1961 a olle-chain grid of 16 milliacre quadrats was used to 
determine the regeneration status on the IdlOle of each treatment area. Quality, 
vigour, and height of the tallest seedling of each species \I'ere assessed on each 
Cluadrat. 

Stand growth and development 
All stems on the 06 plots \I'ere tallied in] 951 and 1952 before and after 

logging, Approximately six dominant and co-dominant trees per plot were selected 
and tagged for height/diameter studies at that time, Standing and down-dead 
trees \I'ere axe-blazed and tallied in 1952, ] 953 and 1954 to establish periodic 
mortality , In 10GJ, ten years follo\l'ing logging, a diameter tally of all trees was 
made ; height, diameter and diameter increment at breast height for the ten years 
before and after logging, were remeasured on the tagged trees, Mortality and 
\I'indfall \I'ere tallied on all plots, 

'Advance growth-seedlings established before cutting, 
Regeneration-seedlings establisher! after cutting, 
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RESULTS 

Regeneration 

The stocking to \\"hite spruce regeneration in 1960 for the hand-scarified and 
control plots is given in Tabl e 2. Anal ysis of variance (Table 3) shows that there 
was no significan L difference bet\reell cutting treatments; only the effect of 
seedbed treatment \\'as significant. Seedling establi:::hment \I' as consistently better 
on scarified spots than on controls. High \-alues for per cent stocking in both 195-1 
and 1960 arise from the fact that scarified spots were completely exposed to 
mineral soil. The figures are, hO\l'ever, not representative of the stocking which 
m ight result from extensivc scarification of a largc area where the mineral soil 
exposure is intermittent and amounts to 20 to 30 per cent. Spruce seedlings 
on the area originated mainly from a 1951 seed crop. There \I'as further seeding-in 
following a light seed crop in ] 955 (Lees, 1963). Good survival may be attributed 
to wet summers in 1952, 1953 and 195-1 (Quaitc, 1956). 

Scarified spots \I'hich \I'cre not stocked to sprucc generally sho\l'ed signs of 
flooding. Twenty per cent of scarified spots wcre so affected. To a great extent 
this is because the mcthod of sc arifying left d istinct fiye-foot-square basins of 
various depths up to one foot. Some flooding might be attributed to a rise in the 
\I'ater table after heavy cutting, but flooding occurs on wet sites ullder all treat
ments. 

TAI3LE 2. WHIT I ·; SPRUCE rU-:GENEHATION STOC K U \ G ON llAND-SCAltIFIED 
AND U.\fSCAIUFIED t MILLTACRE QUADRATS, 1054 and 1960. 

(Basis-24 permanent j- milliacre quadrats per treatment.) 

Control ... 
Heavy llesidual 
Medium Residual 

Treatment 

Light Residual . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Selection. 
Diameter Limit 
Seed Tree. 
Clear cut .. 

Scarified 

1954 1960 
per cent per cent 

88 01 
G7 50 
(i6 .52 
75 70 
75 54 
83 82 
79 71 
75 59 

Unscarified 

1954 1960 
per cent per cent 

.'i 
17 13 
25 23 
I� 6 
17 30 
17 12 
17 7 

TABLE 3. ANALYSIS OF VARIANCE FOR I'I':RCENTAGE· OF QUA.DllATS 
STOCKED WITH WHITE SPRUCE SEEDLINGS, 1960. 

Source of Variation 
Degrees of Sum of Mean F 
Freedom Squares Square 

Main Plots 
Blocks. 2 1,883.4 941. 7 7.23 .. 
Cutting Method. . . . . .  . .  . . . . .  7 1,570.!i 224.3 1.72 N.S. 
Error .. . 14 1,824.0 130.3 

Subplots 
Seed bed (T). . . . . . . . . . . I 18,443.6 18,443.6 127.7 .. 
T X Cutting Method . . . . . . . . . . . . . . . . 7 2,165. 8 309.4 2.14 N.S. 
Subplot Error . . . . . . . . . . 16 2,309.6 144.4 

Total . . . . . . . . . . . . .  . . . . .. . . . . . 47 28,196.9 

·Percentages were transformed into angles 

10 



Table 4 gives the per cent stocking of tree speeies for each treatment as 
assessed in the 1961 survey. The survey did not include allY of the small scarified 
spots. Although regeneration stocking is everywhere below a satisfactory level, 
it is interesting to note the levels with undisturbed ground conditions. Stocking 
to spruce under the selection cutting treatment is highest at 30 per cent by 
milliacre quadrats. Figures for the other treatments range from 10 to 23 per cent. 
It was observed that seedlings occurred mainly on rotten wood, old logging trails 
and areas disturbed by logging, as is the case throughout this region. 

TABLE 4. REGENERATION STATUS BY FELLING THEATMENT. 1961 SURVEY. 

(Basis-48 temporary milliacre quadrats per treatment.) 

Whi te Spruce Trembling aspen Balsam poplar White birch 

Treatment Stocking No. per Stocking No. per Stocking No. per Stocking No. per 
per cent acre per cent acre per cent acre per cent acre 

---
Control. . . . . . . . . . . ..... 12 300 22 550 12 300 - -
Heavy Hesidual.. . . . .. . . .  10 260 35 990 16 410 6 350 
Medium Residual. . ... . . .  17 420 38 1.190 19 590 8 410 
Light Residual. .. . . .. . .. 21 720 35 890 6 160 6 160 
Selection. . . . . . . . . . . . . . . . . 30 930 38 1.190 25 750 21 850 
Diameter Limit. ... . . . . .. 19 1.040 63 1.560 21 650 15 810 
Seed Tree .. . . . . . . . 23 570 40 990 13 310 23 700 
Clearcut ..... . . . . . . . . 15 490 46 1.650 21 520 29 1. 100 

A summary of the vigour and quality of the tallest seedlings on each quadrat 
is given in Table 5. The spruce seedlings are well established and fall mainly 
within classes I and II in both vigour and quality under all treatments. Height 
growth is best on the selection treatment areas. The tallest spruce on the stocked 
quadrats average 8 inches. Aspen and black poplar reach their best development 
under diameter limit cutting while white birch is most vigorous on the seed-tree 
and clear-cut areas and is almost absent on control areas. Average height of 
tallest hardwood regeneration ranges from 6.5 to 8.5 feet throughout the area. 

Residual Stand Growth and Development 

Table 6 shows the volume growth, mortality, and recruitment to the mer
chantable 7-inch diameter class in the residual stands for each treatment. Per 
cent volume growth and net volume increment were best under the selection 
cutting treatment. Gross increment was slightly higher in the heavy residual 
stands, 575 cubic feet per acre, than under selection treatment, 558 cubic feet 
per acre, but stand volume in 1951 after cutting was 3,200 cubic feet per acre in 
heavy residual stands and only 1,484 cubic feet per acre under selection treatment. 
Thus total volume production under the selection treatment was considerably 
higher. The light residual stands had lowest gross increment with 276 cubic feet 
per acre although number of stems and stand volume in 1951 were almost identical 
to that of the selection stands. This is the result of the marking under these 
treatments producing different diameter distributions, as strict diameter limit 
cutting removed those large residual stems which are preserved in the selection 
treatment. The selection treatment too, showed the greatest recruitment to the 
merchantable size classes. 

Diameter increment values in Table 7 show that there has been only a slight 
increase in growth rate during the past ten years compared to the ten-year period 
before cutting. Individual stem increment was highest on the clear-cut and seed
tree areas and lowest on control and heavy residual areas. 
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TABLE 5. SUM�rAR Y OF VIGOUR' AND QUALITY" OF TALLEST SEEDLINGS BY TREATMENT 1961 SURVEY 

(Total Number of Seedlings) 

Treatment 

--

Control . . . . .  . . . . . .  

Heavy Hesidual. . . . . . . . . . . . . . .  

Medium R esidual . . . . . .  

Light Residual. . . . . . . .  

Selection. . . . . . . . . . . . . . 

Diameter Limit. . . . . .  

Seed Tree . 

. . .  

. . .  

. . . . . .  

. . . . . .  . .  

. . . . . . . . 

Clearcut . . . . . . . . . . . . . . . . . . . . . . . . .  

A yerage 
height 

inches 

3.0 

1.8 
5.5 

6.2 

8 . 2 

4.5 

2.2 

5.5 

\\"hite spruce 

Yigour Quality 

I II III I II III 

I 4 I 3 3 -

3 2 - 4 I -

3 5 - G 2 -

4 6 - 7 3 -

7 G I S 4 2 

3 G - 7 2 -

6 5 - 9 2 -

4 3 - 5 I I 

'Vigour: I Dense foliage, good ('olour-dominant crown 
II Foliage not very dense-crown slightl y overtopped 

:\ \'erage 
height 

feet 

8 
7 

7 

7 

7 
7 

7 
8 

III Scanty foliage, poor colour- crown completely overtopped 

Trembling aspen Balsam poplar White birch 

Yigour Quality \'igour Quality Yigour Quality 

I II 

2 5 

4 l\ 

9 9 

8 4 

9 7 

8 15 

10 6 

II 9 

III I II III I II III I II III I II III I II 

4 2 3 6 1 4 I 2 3 1 - - - - -

2 1 II 5 1 3 4 1 4 3 2 1 - 2 I 

- 7 9 2 3 5 1 5 3 1 3 1 - 2 2 

5 3 11 3 1 2 - 2 1 - 3 - - I 2 

2 4 9 5 2 7 3 1 6 5 7 2 1 3 4 
7 5 17 8 4 2 4 3 5 2 5 2 - 4 3 

3 10 6 3 3 2 1 4 1 1 9 2 - 5 6 

2 5 13 4 3 7 - 6 3 1 II 3 - II 2 

"Quality: I Good form, well formed crown-straight stem 
II Fair form, poorly formed crown-crooked stem 

III 

-

-

-

-

3 
-

-

I 

III Poor form, no definite main stem, course branching 



T A f l L E  6. EST I M A T E  OF STA N D  V O L U M E  I N C ll EM E N T  A N D  M O RTALI T Y  P E R  AC R E BY F E L L I N G  T R EATMENT 

(Total Volume in Cubic Feet) 

Volume Volume Basal 
Net Volume Gross Net Recruitment 

Removed After Volume 
N u mber Volume of Volume Volume to 7 "  d . b . h .  

Treatment Species 
area 

of stems Incre- Incre- Incre-B y  Cutting 1961 1961 
1961 ment 

Mortality 
ment ment No. of Cubic 

Cutting 1951 sq. feet 1951-61 
1951-61 

1951-61 ac/year Stems Feet 

Control wS - 4 , 883 163 5 , 650 455 767 144 9 1 1  77 28 202 
Hwd . 1 , 424 49 1 , 432 68 8 26 34 
Total 6 , 307 212 7 , 082 523 775 170 945 

Heavy wS 1, 619 3 , 201 108 3, 513 327 312 262 574 31 20 146 
Residual Hwd . 1 , 020 41 1 , 184 99 164 15 179 

Total 4 , 221 149 4 , 697 426 476 277 753 

Medium wS 2 , 432 1 , 849 67 1 , 908 176 59 247 306 6 13 81 
Residual Hwd. 1 , 142 37 1 , 107 63 -35 121 86 

Total 2 , 991 104 3 , 015 239 24 368 392 

Light wS 1 , 759 1 , 543 65 1 , 764 247 221 55 276 22 13 82 
Residual Hwd. 1 , 700 53 1 , 508 110 - 192 311 119 

Total 3, 243 118 3, 272 357 29 366 395 

Selection wS 1 , 843 1 , 484 66 1 , 963 207 479 79 558 48 27 168 
Hwd. 1 , 661 56 1 , 636 130 -25 428 403 
Total 3 , 145 122 3, 599 337 454 507 961 

Diameter Limit wS 1 , 565 1 , 658 70 1 , 841 328 183 304 487 18 18 113 
Hwd. 1 , 618 62 1 , 776 586 158 246 404 
Total 3 , 276 132 3, 617 914 341 550 891 

Seed Tree wS 3, 373 453 19 439 93 -14 130 116 - 15 89 
Hwd . 1 , 018 35 885 796 - 133 371 238 
Total 1 , 471 54 1 , 324 889 -147 501 354 

Clear Cut wS 2 , 751 368 13 283 67 -85 108 23 - 8 49 
Hwd. 967 34 997 210 30 105 135 
Total 1 , 335 47 1 , 280 277 -55 213 158 

Per 
Cent 

Volume 
Incre-
ment 

1.7 

1.6 

1. 5 

1.6 

3. 1 

2.6 

2. 3 

0.6 



TAI3LE 7. W H I T E  S P R UCE D IAlI[ETER I :>J C R E , [ [ <; N T  1 94 1  TO 1 951 A 0! D  1 95 1  TO 1 9 6 1  

Control . 
I·Ieavy Resid ual . 
Med ium Hesidual . .  
Light Hesidual . 
Selection . 
DiaJneter Lilnit . 
Seed Tree. 
Clear-cut . .  

Treatment 

'Pressler's form ula 
200 ( D - d )  

p = -
n ( D + d )  

Average 
Diameter 

i n ehes 
1961 

9 . 9  

9 . 2 

10 . 1  
9 . 0  

9 . 4  

8 . 3 

7 . 0  

5 . 9  

Diameter Increment Per Cent' 

1 941-51 

0 . 62 

0 . 82 

0 . 92 

0 . 99 

1 .  06 

1 .  24 

I . C4 

1 .  24 

1 951-61 

0 . 62 

0. 93 

1 .  1 2  

1 .  2 1  

1 .  1 3 

1. 34 

J .  77 

2 . 78 

where p = increment per cent 
D = present di ameter 
d = diarneter "Il" �y'ears ago 
n = n u mber of years in one period 

Mortality 

Mort ality and IYJI1dfali  \\ e re not iceably light throughout the study area. 
Mortality figures are presen ted in Table 8 for the periods 1951  to 1 956 and 1956 
to 1961 . H igher mortal ity of spruce i n  the earlier period may be attributed to 
logging damage and the shock of  release. Many small stems succumbed i n  the 
first five years. Control area figures show a trend of increasing mortality. 

TA BLE 8.  P E H I O D I C  M O RTALIT Y B Y  T REAT M E N T  

I Mortality per Acre 

Treatment Species 
1951-1956 1956--1 961 

Number of Total Volume Number of Total Volume 
Stems Cubic Feet Stems Cubic Feet 

Control wS 13 56 2 1  89 

H wd .  4 1 4  1 1 1  

Total 17 70 22 100 

Heavy Hesidual wS 35 158 13 104 

Hwd. 1 1 5  - -
Total 36 173 13 104 

I 
Medium Hesidual wS 21 140 14 107 

Hwd. 7 38 6 82 

Total 28 178 20 179 

Light Residual wS 1 6  33 4 2 2  

H w d .  1 3  1 30 12 182 

Total 29 163 1 6  204 

Selection wS 13 67 3 1 2  

Hwd . 7 101 11  326 

Total 20 168 14 338 

Diameter Limit wS 41 245 8 60 

Hwd. 14 116 1 5  1 30 

Total 55 361 23 1 90 

Seed Tree wS 24 87 4 42 

Hwd. 1 9  22:; 1 5  149 

Total 43 3 10 1 9  191  

Clearcut wS 23 83 6 25 
Hwd. 3 6 1 0  99 

Total 26 89 1 6  124 

1 4  



Height/diameter relationships were affected by top break and whipping 
damage. I- T eight decrement was com mon under all treatments. As a result, height/ 
diameter curves for  196 1 were often lower than for previous measurement. 
Top b reak may be attributed to snow and ice damage. Occasional unseasonal 
heavy sn owfalls have been reported in the area in May and June. May, 1 962, is 
a recen t example where t op damage in spruce was widespread. Many spruce stems 
in those patches to the west of the area also appeared to have been affected by 
insect attack about seven years ago. This confirms the suspected spread of infesta
tion by spruce bark beetles (Ips perturbatus) from sawmill waste to living stems 
in 1 952, reported by Quaite8 The sawmill waste was subsequently burned and no 
further damage was noted .  

DISCUSSION 

The most valuable stand t reat ment is that which produces the largest volume 
of merchantable t imber at the earliest age. Thus a stand producing 7 ,000 f . b . m .  
p e r  acre at age 7 0  may be a s  valuable a s  one producing 1 0,000 f .b .m.  p e r  acre a t  
age 1 1 0. This i s  particularly true where there are stand establishment costs which 
must be compounded t o  the end of the rotation. 

Provided t hat stem spacing is not limiting, no improvement fellings will 
alter appreciably the total volume production of the stand in a given rotatio n .  
Nevert heless, t reat ments s u c h  a s  t h e  partial cutting methods used in this experi
m ent, especially when applied at an earlier age while the stand is growing 
vigorously, should improve the quality of  the timber and make a large part of 
the volume production available at an earlier date. Merchantable volume produc
tion may thus be increased. 

If the advantages of increased yield of high quality stems can be coupled 
with adequate regeneration of the commercially important species, then a treat
ment is worthy of application .  

The t reatments in this study have met with some measure of success. Lack 
of uniformity in the stands before and after treatment and site variation precluded 
clear comparisons, but certain effects should be noted. Strict diameter limit cut
ting, for example, produced average regeneration stocking compared to other 
treatments and despite its inherent weakness of poor residual stem distribution, 
there was good recruitment of small stems to the 7-inch diameter breast height 
merchantable size class . Little difference in growth and regeneration was recorded 
between the heavy, medium, and light residual stand densities. The few stems 
remaining on the seed tree and clear-cut areas, together with marginal stands, 
supplied sufficient seed to stock the scarified spots. Survival of spruce regenera
tion on seed tree and clear-cut areas is, however, problematical. Vegetation, 
especially grasses, is rank, and there is a dense young stand of aspen and poplar 
suckers of 1 t o  2 inches in diameter and 6 to 15 feet in height. The various partial 
cutting treatments have only occasional groups of aspen suckers and vegetation 
is less dense. 

The selection treatment is more outstanding and is worthy of further exami
nation. Average diameter of spruce following cutting was 8 . 6  inches at breast 
height compared with only 6 inches under diameter limit cutting. Despite this 
somewhat restrictive marking, the cut produced about 8,000 f .b .m.  per acre, as 
much as the volumes removed from other treatments, and total volume pro
duction is among the highest when current stand volume is added to this figure. 
The high volume increment, 3 . 1 6  per cent, shows that the residual stand is 
growing most vigorously of all treatment plots. This is in part because the marking 

'Establishment Report: Experimental Cutting of white spruce in a mixedwood stand in Northern 
Alberta. Canada Department of Northern A ffairs and National Resources, Forestry Branch, Forest 
Research Division. 
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left a preponderance of vigorous stems (Quaite 1953)9 and is not the result of 
release alone. R ecruitment to the 7-inch diameter b reast height class is the highest 
of all cut stands and spruce regeneration stocking is also highest. Spruce seed
lings are t allest. Mortality is next to lowest of all stands. In contrast ,  the uncut 
control stands are decreasing in growth an d would be better removed and replaced . 

The selection treat ment as applied in this study is not the t rue selection 
system of classical silvicultural working. It  is  in  fact a 2-cut uniform shelterwood 
system, with the introduction of more intensive marking than had previously 
been envisaged in the region . The first cut involves removal of at least 65 p e r  
cent spruce board foot volume a n d  44 p e r  cent by basal area leaving 6 2  square 
feet basal area per acre. Marking ensures that only th ose stems are left which 
show good growth potentialities. Scarification t o  provide a receptive seedbed 
should follow the first cut. Timing of the removal cutting wil l  depend on residual 
stand growth and regenerat ion status. The method embodies t he following advan
tages : 

( 1 )  Site protection. 
(2) Seed supply from selected vigorous parent trees. 
(3) Shelter for establishing seedlings. 
(4) It  inhibits colonization by intolerant species. 
(5) It permits valuable recruitment to merchantable size within the residual 

stand. 
(6) There is accelerated growth on crop trees. 
(7) It increases the value of the stand. 
(8) Seeding may be induced by in creased insolation following the first Gut. 

Although the other partial fellings provided these advantages to varying 
degrees, the more intensive marking system leaving a preponderance of vigorous 
stems provided benefits which justify the extra care necessary. The results cor
roborate those of another study in the same area where four residual stand densities 
were examined following partial cutting of marked stems and seedbed scarifica
tion (Lees, 1 963) .  The system is being adopted in the region by the Alberta 
Department of Lands and Forests and the first fellings using tree marking were 
made in conjunction with this study. Further investigation is  now required of 
removal cutting. 

FUTURE WORK 

Remeasurement IS scheduled for 1 9 7 1  at which t ime the residual stems will  
be removed. R esults \yil l  be available at  that t ime of total volume production for 
each treatmen t .  

Because the initial scarification o f  the various treatment areas was l imited to 
particular spots, regeneration stocking to white spruce nowhere exceeds 30 per 
cent. Since it  is planned t o  remove the overstorey within the next ten years, 
treatment to rest ock the areas to spruce is now due. It is planned to scarify the 
whole experimental area with a medium size t ractor and a toothed blade. The 
work will coincide \\'i th a good seed year. Following scarification, a tally will be 
made of all trees uprooted or damaged by the equipment. 

One hundred per cent enumeration will precede cutting. Fol lowing final 
clear cutting in 1 97 1 ,  regeneration "'ill  be assessed for each treatment area. 

'Experimental cutting of white spruce in a mixed wood stand in Northern Alberta. Canada Dept. of 
Northern Affairs and National Resources, Forestry Branch, Forest Research Division. Progress Reports. 
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SUMMARY 

A research proj ect \\"as ill itiated in 1 95 1  in 95-year-old spruce-aspen stands, 
in the Mixedwood Section of Alberta's boreal forest, to develop suitable harvest 
cutting methods designed to promote maximum yield and satisfactory regenera
tion of spruce. It \\"as plan ned to develop a tree marking system for partial cutting 
in the region, but t reatment also included clear-cut and seed tree areas. There 
was an uncut control. 

Seedlings were tallied in 1 9 52, 1 954 and 1 960 on specific scarified spots. I n  
1 96 1  the regeneration status on the whole 1 50-acre study area was assessed . 
Growth was measured in the residual stands in 1 96 1  and windfall and mortality 
were assessed in 1 952, 1 953, 1 954 and 1 96 1 .  

I t  was found that :-

(a) A bare mineral soil seedbed prepared by sC{trification provided a recep
tive medium for spruce seedling establishment under all harvest cuttings. 

(b) Seedling survival did not vary between t reatments. 

(c) Overall regeneration establishment including unscarified conditions was 
unsatisfactory and an extensive scarification of the area is planned before 
final felling in 1 97 1 .  

(d) Mortality and windfall i n  the residual stands was slight, occurring 
mainly in stems damaged by logging. 

(e) Individual t ree growth rates improved following cutting with the best 
in the lightest residual stands. 

(0 "Selection" cutting which was in fact  a two-cut shelterwood system 
provided highest stand growth rat es, low mortality and the best regen
eration. 

(g) The spruce responded to release under all  partial cutting treatments and 
provided a valuable recruitment to the seven-inch diameter breast 
height merchantable size class. 

(h) The more intensive marking carried out under the "selection" treatment 
resulted in improved quality growing stock which will provide high 
yield at  the final felling. 

A two-cut uniform shelterwood system with the first cut removing 65 per 
cent spruce board foot volume is recommended for t rial in the region followed by 
scarification to determine on which sites it is best adapted. Marking will ensure 
that only those stems are left which have good growth potentialities. 

Further research is planned in assessment of regeneration status and total 
volume production under each trea t ment. Final removal fellings will  be made in 
1971 at which time total volume production and regeneration will  be assessed 
for each treatment. 

SOMMAIRE 

Un proje t  de recherche a ete entrepris en 1 95 1  dans des peuplements d 'epinet
te et de peuplier ages de 95 ans dans la  section des bois meles de la  foret boreale 
de l ' Alberta, afin de mettre au point des methodes de coupe destinees a favoriser 
Ie rendement maximum et une repi oduction satisfaisante de 1 '6pinette. On a 
voulu elaborer une methode de marquage en vue d'effectuer u ne coupe partielle 
dans la region, mais Ie traitement comprenait egalement des etendues coupees 
a blanc et des etendues pourvues de porte-graines. On a egalement etabli une 
place temoin. 
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Les semis ont ete denombres en 1 952, 1 954 et 1 960 a des endroits precis qui 
avaient ete scarifies. En 1 9 6 1 ,  o n  a fait une estimation de la reproduction dans 
l 'ensemble de l 'aire d 'etude de 1 50 acres. La croissance a ete determinee dans les 
peuplements residuels e n  1 96 1 ,  tandis que les chablis et les sujets morts etaient 
denombres en 1 952, 1 953, 1 954 et 1 9 6 1 .  

O n  a constate les faits suivants : 
a) Un terrain de germinat ion a sol mineral denude et scarifie constitue u n  

milieu propice a l a  reproduction des semis d 'epinette dans toutes les 
etendues exploitees. 

b) La survivance des semis n 'a pas varie d'un traitement a l 'autre . 
c) La reproduction etait en general peu satisfaisante, y compris aux en

droits non scarifies, et on proj ette de recourir a u ne scarification poussee 
de la place avant la derniere coupe en 1 97 1 .  

d) Les suj ets morts et  les chablis etaient peu nombreux dans les peuplements 
residuels et i l  s 'agissait principalement de tiges endommagees lors de la 
coupe. 

e) Les taux de croissance des arbres se sont ameliores par suite de la coupe 
et  les taux les plus eleves ont ete rei eves dans les peuplements n§siduels 
les plus clairs. 

f) La coupe de j ardinage qui, de fait,  est u ne methode qui comporte deux 
coupes de l 'essence d 'abri, a donne les tau x de croissance d u  peuplement 
les plus eleves, la plus fai ble mortalite et la meilleure reproduction. 

g) L 'epinette a reagi a t outes les coupes partielles de degagement, lesquelles 
ont permis d 'augmenter Ie nombre de sujets de la classe de bois mar
chand mesurant sept pouces de diametre a hauteur de poitrine. 

h) Le marquage plus i ntensif execute en vertu du traitement de j ardinage 
a ameli ore la qualite du volume sur pied, ce qui don nera un rendement 
eleve lors de la derniere coupe. 

O n  recommande de met tre a l 'essai dans la region une methode uniforme de 
deux coupes de l 'essence d 'abri , dont la premiere fournirait 65 p. 100 du volume 
en pieds mesure de planche d 'epinette  et serait sui vie de scarification, afin de 
determiner dans que lies places elle convient Ie mieux. Le marquage permettrait 
de conserver uniquement les suj ets affichant les meilleures tendances de crois
sance . 

D'autres recherches proj etees permettront de determiner I 'etat de la repro
duction et  Ie volume global de la coupe a la suite de chaque traitement. Les 
dernieres l:oupes seront effect uees en 1 9 7 1  et it ce moment-la, on pourra deter
miner Ie volume global, Ie volume de la coupe et celui de la reproduction a la 
suite de c haque traitement. 
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