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A Preliminary Exa.m.ination of Soil Depth and Topography in Relation to 
Basal Area in Lodgepole Pine 

by 

J .R.B. HolmeJi 

INTRODUCTION 

L 

The classification of land in terms of capacity to grow trees is 
essential to forest managemento Such a classification enables yield predictions 
in young stands, dictates the type and intensity of silviculture practicable, 
and aids in the choice of species for restocking areas denuded by logging and 
fire. To create this classification the association between land type and 
tree growth must be discovered. 

Land classification on either a pedological or geomorphological basis 
serves limited purpose in forestry unless the taxonomic criteria are interpreted 
in terms of tree growth. Land units can be delineated by easily recognized physi
cal characteristics such as landform, soil texture, drainage, or exposure. 
However, the successful interpretation of these land variations, in terms -of 
their influence on tree growth, is. contingent on the discovery of a reliable 
expression of site quality by a given tree species. For practical purposes 
success is further dependent on the ranking of site taxonomic criteria (site quality 
variants) with the subsequent selection of those that are consistently corre-
lated with the growth of the species, and can be readily measured. 

Stand characteristics recognized as reflections of site quality in 
ma� species are not reliable in lodgepole pine (PinRs contorta Dougl. var. 
latifolia Engelm.). Because of its intolerant nature and its tendency to regen
erate in dense stands the growth pattern is governed more often by stand density 
than by site quality. 

Smithers (1956), found that the basal area of lodgepole pine stands 
90 years old is closely related to site characteristics based on Hills' (1952) 
classification� and further that basal area in these stands is largely free from 
the influence of stand density in terms of number of stems per unit area. In 
Montana, Holmes and Tackle (1961), found that dominant tree height and diameter 
are closely correlated with stand density, but basal area» although well correlated 
with soil depth» soil moisturej rooting depthf and stand ageJ is relatively 
independent of stand density, 

The current report outHnes the relationships encountered in testing 
the findings from the Nontana study, The purpose was to find expressions of 
effective soil depth and moisture condition in depositional soils, which were 
most closely related to the basal area of lodgepole pine stands. 

The study has the disadvantages of any limited investigation. However j 

the direction and continuity of the trends observed have led to the formulation 
of four hypotheses which form the basis for further detailed stUdyD 

!!Research Officerj Forest Research Br�nchj Department of Forestry, Calgary, Alberta. 



2. 

METHODS 

The study area lies at the base of the west slope of MOl.Ult Barrier 
on the Kananaskis Forest Experiment Station in the Subalpine Region (Rowe 1959), 
of Alberta. The mean elevation is 4700 feet, with a maximum variation between 
individual plots of approximately 100 feet. 

The stands are even-aged, having originated from a fire in 1865; 
ages of dominant trees are between 87 and 90 years at stump height. Stoc.king 
is relatively uniform over most of the area» and little difficulty was 
experienced in avoiding the few extremes. 

The soils largely belong to the Brown Wooded Group, with some 
exhibiting characteristics of the Grey Wooded Group. All profiles e�ined 
we�e depositional, with most of the soil made up of alluvium, colluvium, or 
tUl, with that contributed by residual weathering of minor importance. In 
several instances material resembling aeolian silts was found overlying a 
glacial till. Although same of the alluvium encountered is non-calcareous, all 
profiles reacted strongly to applications of dilute acid due to the influences 
of the highly calcareous colluvium mantle Which covers most of the sample area. 

Twenty-four one-tenth acre plots were established subjectively in 
groups to sample series of soil depths and moisture conditions along transects 
perpendicular to the base of the mountain. Th� number of plots per transect 
varied according to the uniformity of the stand and micro-topographyo 

Each plot was established by cl),s.in and staff compass survey. All 
live trees exceeding 0.6 inches at breast height were tallied by'ofie-�ch dia
meter classes. Per acre basal area values were computed for each plot. 

A single soil pit was excavated to maximUII. root dept)l near thel>ase 
of a dominant tree on each plot at a site which represented a�rage plot 
conditions. A complete soil description was made for each pit according to the 
Soil Survey Manual (195l)� textural analyses were made of samples taken from 
each horizon. An ocular estimate of the percentage of stone (material over 
2 mDl. in size) present in each horizon was made at pitsideo Maximum depth of 
rooting was measured to the nearest inch by steel tape. 

A ten-part scale expressing moisture-retaining ability as influenced 
by micro-topography was set up to evaluate moisture position of the plots. 
This required rating the plots 1 through 10 and was facilitated by observing 
soil profile conditions, (e. g., organic accumulation, depth of leached horizon, 
ete. ), type and abundance of minor vegetation, and the nature of the micro
topography. Class 5 represented average conditions -- those areas that retain 
as much moisture as falls as precipitation, such as flats Where little or no 
runOtt occurs, and long uniform slopes where as much surface runoff enters the 
upper end as goes out at the lower end. Poorer than average conditions were 
classified 4 through 1, with 1 representing the most adverse. These are areas 
where moisture loss is excessive through runoff and internal drainage, such as 
are tound at the crests of steep slopes and ridge tops, and on loose gravels 
covered by a thin soil mantle; the steeper the slope and the thinner the soil 
mantle, the lower the class number. 



Better than average sites are classified 6 through 10. For class 10 
moisture supply is abundant and continuous throughout the growing season. 
Included are swales, stream courses, and areas supplied with telluric water. 
Changes in the soil profile and minor vegetation were consistently associated 
with changes in the micro-topography and it was found that the ''moisture position" 
could be accurately rated by micro-topography alone. 

Although there are sites where excessive moisture limits growth, 
these areas were not considererl important in describing lodgepole pine sites 
as merchantable stands seldom f'orm on them. 

The success of this system lies in the e3tablishment of model 
descriptions for the classification of moisture position similar to the runoff 
classes described in the Soil Survey Manual (1951), thereby limiting the variation 
in judgement between individuals with consequent standardization� 

The data collected on soil features, moisture position, and basal 
area were analyzed graphically and statistically. Throughout the analyses basal 
area was the dependent variable, with various expressions of soil depth and 
moisture potential used as independent variables. The results are presented in 
graphical form for the sake of s�plicity. 

RESULTS AND DISCUSSION 

Analysis of the data revealed that topographic moisture position and 
maximum depth of rooting were significantly related to stand basal area. 

The curve of Figure 1, although based on a small sample, shows a close 
relationship between basal area of the stand and soil depth in terms of maximum 
root penetration. There is every reason to believe that a detailed study will 
yield a similar relationship. Although a larger sample may change the shape 
of the curve somewhat, the basic relationship should remain essentially the same. 

Root penetration seems to be an excellent expression of soil depth 
in that it indicates the degree to which the stand has been able to utilize the 
soil space allotted to it. 

Fi�lre 2 shows the relationship between basal area and relative 
moisture position by soil depth classes. Each curve indicates a significant 
increase in basal area as moisture position improves. It should also be noted 
that the influence of moisture position increases as the depth of root occupancy 
decreases, i.e. as root depth decreases the gradient of the corresponding curve 
of basal area over moisture position becomes greater. 

The relationship between basal area and soil depth, in terms of 
maximum root penetration, by moisture position classes is shown in Figure 3. 
This scattergraph supplements Figure 2 and shows that for any soil depth topo
graphic moisture position exerts a direct influence on the basal area of the 
stand. The dashed lines do not necessarily balance the plotted points, but 
indicate on� the approximate trends within each moisture position class. 
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CONCLUSIONS 

Major conclusions are not attempted from the information provided 
by this prel�inary investigation. However, certain trends are revealed and 
can be summarized as followsg 

7. 

The close relationship between basal area of a 90-year-old lodgepole 
pine stand and the depth to which the tree roots occupy the soil indicates that 
in depositional soils rooting depth adequately expresses effective depth. The 
behaviour of the curves in Figure 2 ) where basal area is plotted against 
relative moisture position by soil depth class� is an ideal expression of the 
relationship. The rise in basal area values with �proved moisture conditions, 
within a soil depth class» as well as the increasing importance of moisture 
position with decrease in soil depth» demonstrates the importance of topographic 
moisture position as a site factor. 

The results obtained in this preliminary investigation have formed 
the basis for the following hypothesesg= 

1. Basal area adequately expresses the growth potential of lodgepole 
pine sites� and is largely free from the influence of stand density. 
Recent publications (Smithers 1956» Holmes and Tackle 1961) support 
this hypothesis. 

2. The effective soil is that portion occupied by the root system 
of the vegetation it supports» regardless of the depth to which profile 
development has proceeded. In most depositional soils of the Boreal 
and Subalpine Regions of Alberta little of the colloidal complex is 
a dirp-ct result of residual weatheringo Much of the clay fraction has 
been formed elsewhere» transported by water or glaciers$ or both, and 
redeposited. The -effective" soil, therefore» frequently extends far 
below profile development and is governed chiefly by the depth to 
which the roots have penetratedj) and not by the depth to which current 
weathering has proceeded. 

3.  A study of the soils and surface geology of an area will reveal 
that soil types are consistently associated with certain topographic 
features and that rooting conditions will vary sufficiently between 
soil types that "rooting chance" can be mapped almost as readily as 
topographic features. 

4. Soil moisture is a limiting growth f actor throughout the range 
of lodgepole pine in Alberta. It is not intended to suggest that 
the annual precipitation is inadequate, but that the growth rate which 
is genetically possible by this species is not attained under average 
or poorer than average moisture conditions throughout its natural 
range. Superior growth can be expected where topography provides 
better than average moisture conditions. The luxuriant vegetation in 
valley bottoms and along stream courses is evidence enough that superior 
growth of any mesophyte can be expected where moisture supply is 
abundant and continuous" providing aeration is not limited or compet
ition unusually severe. 



8. 

These hypotheses will be tested in a de�ailed site study in the 
Boreal Forest in 1961. Should the study yield the expected results, a site 
classitication suitable tor use with aerial photog�phs will be set up tor 
lodgepole pine similar to the one established tor ponderosa pine in the Black 
Hills (Meyers and Van Deusen, 1960). This system employs slope position and 
depth ot soil to parent material. 

HILLS, G.A. 
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