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ABSTRACT
’ 4
This study dealt with the effects of soil moistufe, soil

texture, and vegetative éompetition on survival and gfowth of ten
coniferous species. Tree séed]ings were planted in soil monoliths on a
mo%sture gradient ranging from poorly to rapidly drained. Two sandy
loam and two silty clay soil monoliths were used. Each monolith was
split into five zones running perpendicﬁ]ar to the moisture gradient.
Effects of vegetative competitipn were assessed on one séndy loam and

one silty clay soil monolith.

The species studied were western redcedar (Thuja plicata Donn.),

Douglas fir (Pseudotsuga menziesii (Mirb.) Franco var. menziesii),

western hemlock (Tsuga heterophylla (Raf.) Sarg.), white spruce (Picea

glauca (Moench) Voss), lodgepole pine (Pinus pondérosa,»Doub]. var

’

latifolia Engelm.), ponderosa pine (Pinus ponderosa Laws. ), black spruce

(Picea'mariana (MiT1.) B.S.P.), tamarack (Larix laricina (Du Roi) K. Koch),

Siberian 1arch (Larix sibirica Ledeb.), and western larch (Larix

occ1denta11s Nutt ) (Fowe]]s, 1965) ‘ .

Data were analyzed by analysis of var1ance augmented w1th
muItip1e comparisons of interaction means. Survival, height growth, and
‘>diaﬁgter growth of each seedling were assessed. Total root 1ength‘of
seed]ings growing withbut cbmpetition was also assessed. Results frﬁm
-,the exper1ment indicate: |

‘1.. . Non-vegetated silty c1ay 5011 y1e1ded the best surv1va1
| height, and diameter growth when a]] spec1es are cons1dered
'togeyhéé.

- iy -



Overall site preferences for eagh specieé tested are:
a) tamarack and western redcedar; survival and heighg‘growth -
. an imperfectly drained, non-vegetated silty clay soil.

b) western and Siberian larch, white spruce, and Douglas.fir;
SQrviva1 and height growth - an imperfectly or modefate]y—
well-drained, non-vegetated silty clay soil.

c) Tlodgepole pine; survival and height growth'- a non-vegetated
sandy loam with no apparent soil moisture prefeéence.

d) ponderosa pine; surviQa]_—'a vegetated sandy 1oam; with n
apparent soil moisture preference.
height growth - a qpn-vegetated silty clay soil with no .
apparent moisture bfeference.

e) black spruce; survival and height growth —Aa pdor]y or
imperfectly drained, non-vegefated silty clay soil.

f) western hemlock; survival - an 1mperfect1y or moderate]&-
well drained, non-vegetated sandy loam soil.
height growth - an imperfectly or modératg]y-we]] drained,

_ non-vegetated silty clay soil. | , o

Establishment of Siberian and western lerch was poor. Once

established, however, growtﬁ‘was superior to all other,species:

tested. - - ‘

Reiafive flooding toiérance for f]ushed}sé§d1fngs showed that

tamargzk;‘Siberian 1érch and b1ack spruce. are ver& into]erpnt'

to complete submersion for periods up to 10 days: ﬁouglas—f{r

. Was 1ntermediaté in tolerance and white spruce and;io&gepole -

ping were very tolerant. a B

-V -
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Chapter 1

INTRODUCTION

To date western Canada's forest managers have, mainly for
economic reasons, maintained the practice of re-establishing the same
tree épecies on harvested areas as that removed without considering the
ecological niche requirements of the species used. Another reason for
thié approach is that managers know native cover is adapted to the site.
Whether a foreign or unknown species is adapted to the same site is not
always certain.

Uniform reforegtration treatments are norma]]y'applied to
entire cut blocks for economic reasons. This minimizes initial costs
of regeneration operations but may lead to later re-treatment costs for
fail areas because even small cut blocks may vary in site potential..

The situation where the entire area of a clearcut can be considered to
have no ;ariation in ph}sica] properties is rare. Pbor1y regenerated
parts of cut b]o&ks must then be replanted to obtain the proper'stocking, '
thus connpn]y doubling the cost for reforestration.

As a result, not only should each site be treated specifically
to create a suitable environment- for seedlings, but the choice of species
should also be varied by site in order to maximize fore%} yield. s

Wester . da has five major Forest Regions; BoreaT, Subalpine,
Montane, Coast, ind Co umbia.(Rowe; 1972) within which sc eral
1ﬁportant conife ~ gro. . These species might be used mui_ widely for
reforestra;ibn than :L present. The term Forest Regions denotes a major
geographic belt or zone, characterizgg.by broad uniformity both in

5 'physiognomy aﬁd in composition of dominant tree species.
- Within these Forésf Regions the given tree species exhibit

-1 -



remarkable flexibility in site preferences. A given site type might
be repeated in each of the Regions, but for reasons of species migration
and isolation no one tree specigs occupies all sites optimally su%ted
for it.

The purpose of this study was to examine preferences of tree
species on two different soil types, on a moisture catena, and under .
competitive pressure to determine if generalized statements can be made
about specific species/site preferences. If sites can be categorized
within Forest Regions (Lacate, 1969), they may be able to be extrapolated
from one Region to the next, thus lending great flexibility to the choice
of species used in reforesting the five western Foresf.Regions.

Anotﬁer purpose of this study was to evaluate relative species
tolerance to flooding when seedlings are actively growing.

The species used in this experiment were selected becausé’of
their economié importance to westernMCanadd (Rowe, 1972).

Three species were chosen to represent the Coast and Columbia

Forést Regions: western redgedar (Thdja plicata Donn.), Douglas fir

(Pseudotsuga menziesii (Mirb.) Franco var. menziesii) and western

NS

hemlock (Tsuga heterophylla (Raf.) Safg.).

Four species were chosen to represent the Boreal Forest Region:

white spruce (Picea glauca (Moench) Voss), lodgepole pine (Pinus contorta,

Dougl. var latifolia Engelm.), black spruce (Picea mariana (Mi11.) B.S.P.),

and tamarack (Larix laricina (Du Roi) K. Koch).

" The Montane and Subalpine Forest Regiohs were represented in

the experiment by:wesfern larch (Larix occidentalis Nutt.), and .

ponderosa pine (Pinus ponderosa Laws.). Siberian larch (Larix sibirica

Ledeb.), is not native to North America but was included as an exotic.



Chapter 2

LITERATURE REVIEW

2.1 Silvics of species being tested.

Table 1 contains a compilation, in point form, of known
information about the responc - of the species being considered to the
;arious parameters indicated. Empty spaces within thiis matrix imply
lacking information.

2.1.1 White spruce.

Root growth begins earlier and ends later than terminal or
radial growth. In Manitoba root arowth usually begins around April 27
and cbntinues until October (Wheatcn, 1958). ,

Competition is severe on mesic sites. Due to tree seedlings
being adversely affécted by & petition, true site potential for tree
growth may be signifipaﬁ??;/;:freased on high competition sites compared
to some sites without competition.. Thus the possibility exists that less
productive sites could produce greater indices due to the greater volume
of root-accessible so0il (Sims and Mueller-Dombois, 1968);

White spruce may produce elongated or monolayered root forms
depending on the soil proberties, and water table fluctuations and annual
siltation characteristics of tﬁe particular alluvial site (Wagg, 1973).

The elongated taproot;form usually occurs on well-drained
Luvisolic soils where growth of the taproot is not restricted by soil
texture, structure and drainage (Wagg, 1973). The composition of the
elongated taproot consists of primary roots. This is due.Fo the'bccurrence 7
of a thin L-F-H 1a§er in which secondary roots do not develop readily.

Monolayered root-formé, with or withoﬁt vestjga] taproots, are

found in imperfectly drained to poorly drained Luvisolic and Greysolic
-3 - N
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5
soils (Wagg, 1973). This form may develop from an aborted or degenerate
taproot in the seedling, possibly because of a rock or gley layer, or .
from degeneration of the lower part of the root system in the presence of
a fluctuating water table. The root system, depending on the mode of
development, consists of either primary and secondary or all secondary
roots (Wagg, 1973). |

2.1.2 *Black spru@e.

One of the most important phenological characteristics of
black spruce, enabling it to successfully occupy the cold wet environments
of muskegs, is the relative lateness of inception of growth (Le Barron,
1948). In 1961 black spruce started to grow about June 1st in Alberta

which was about two weeks later than other species (Horton and Lees, 1961).

Studies in muskegs in northern Ontario showed ba]sam fir (Abjes balsemea
(L.) Mi11.) was damaged by late frosts while black spruce was not.

On drained sites, increased growth occurred over Tonger periods
of time. This suggests that these trees occupied the increased 5011
depth (Groenewoud, 1975). i

Most black spruce stands origjnéte after fire and most stands
are therefore even-aged (Vincent, 19743.

Black spruce root growth increases with increasing soil aeration
up to mesic conditions and as nutrient availability increases. As
’Eeed]ings grow larger, more rooting depth is'required’to sustain good
growfh. Increaéing depth to water is therefore required és seedlings
grow larger. dqwnwérd penetration of foots is 1imited by Tow oxygen
levels. One stuhy showed that black spruce in muskegs merely tolerates |

excess moisture bdt does not prefer such wet habitats (Mueller-Dombois,

1963)."



2.1.3 Lodgepole pine and ponderosa pine.

Lodgepole pine is able to grow better at lower night
temperatures and is less nutrient demanding than ponderosa pine (Cochrah,
1972). Lodgepole pine had a lower night time transpiration rate than
ponderosa pine. This was due to complete stomatal closure at night.
Higher water potent%a]s of lodgepole and ponderosa pine, when compared

to Sitka spruce (Picea sitchensis (Bong.) Can.) and Douglas-fir, were due

to greater sensitivity of the stomata of the pines to leaf moisture
stress (Lopushinsky, 1969).

Ponderosa pine is quite adaptive to a large range of,
environmental conditions. Root growth of ponderosa pine is uninhibited
by grasses providing there is abundant moisture (Schubert, 1974).

The rooting habit of lodgepole pine shows considerable
variation. The taproot is dominant during seedling and sapling
development but gradually becomes less significant as trees mature and
develop lateral roots. Maximum lateral deve]opmeﬁt occurs before the
tree reaches polewood size. Windthrow becomes a serious problem if root
deQe]opnent is restricted by layers of coarse soil, impermeable layers, ]

high water tables, or dense stand conditions (Pfister, 1975).

2.1.4 Western larch.

Western larch outgrows most of its associated tree‘speciés.
wes;érnblarch 1s‘into1eraﬁt to éhade and therefore grows poor1y 1n mixed
staLds. Studies have shown that on mineral éoi] seedbeds , laréh grows
twice as rapidly without vegetative competition as it does under heavily
vegetative competf¢ion duriné thg first 15 yéars of life (Fowe]kf, 1965).
2.1.5 Tamarack. ‘h' - \;\ SRR

Tamarack seedlings need full sunlight and ample water for



optjmum growth. When vegetative competit?on is absent, seéd]ings can
grow 6 to 8 inches in height per year in early life. However, a study
in Alberta showed that height growth could be reauced to two inche§
per year in cold muskegs (Beeftink, 1951). |

Tamarack usually exhibits a shallow, compact root system on
'soils with a high w;tertable. Taproots are rarely formed even on well
drained soils. Instead, platelike root%ng oécurs wifh,few roots reaching
below one or two feet (Bannan, 1940). In bogs, tamarack roots are usually
stringy with no branches on the terminal six inches. As the moss laver
deepens, new roots develop on the stem above the original root collar and
growth of old roots nearly ceases (Beeftink, 1951).

. 2.1.6 Siberian larch.

The author haé been unable to find relevant literature for
Siberian larch in North America. Siberian larch is only native to Russia.
Any stands presently growing on this continent have been planted by man.

2.1.7 Wesfern hemlock, western redcedar, and Douglas-fir.

Douglas-fir seed]ing§ need 1ight shade for best establishment
bht full sunlight for best growth. More than 25 percent shade may be
harmful for growth. Shoot and diameter growth in Douglas-fir seedlings
usually continue for 3 to 4 months after bud-burst. Doﬁg]as-fir reguires
mor=2 'ight than western hemlock or western redcedar (Fohelfs, 1965).

Western hemlock, western redcedar, and DoUg]as—fir all form
taproots dur .o tn: seedling stage. A rapid]yvdéve1opﬁng taproot enables
the.seedlings ¢ . species to penetrate into deeb; moist horizons

thereby assi. :ir. cedlings to survive dry conditions (Eis, 1974).

'Y



Chapter 3
METHODS AND PROCEDURES

3.1 Seed source. :>‘

The seeds used were obtained from various sources. The one-
year-old western redcedar, Douglas-fir, and western hemlock wefe grown
as bare rootﬂstock at the British Columbia Forest Service provincial tree
nursery at Duncan, British Columbia. The rearing regime under which these
species were grown necessitated chilling the seed]ihgs to encourage
dormancy because some of the seedlings upon arrival in Edmonton were still
partly active. The seedlings, shipped by air, arrived in Edmonton onA
November 26, 1975. These seedlings were kept in a told storage chamber
at the Northern Forest Research Centre in Edmonton. The‘temperatureewas
maintained at a constant 4.4°C and only 50 ft-c of light were supplied.
"The seedlings were kept in cold storage until January 15, 1976 at which
tiﬁe they were removed and placed in a greenhouse soO that flushing would
occur. Flushing was, uniform and occurred within two weeks after fhe |
seedlings were placed in the greenhouse ' o .

The two-year -old wh1te spruce and 10dgepo]e pine.were qrown in
Spencef—Lequre Rootrainers at the prov1nc1a1 tree nursery at‘011ver
near Edmonten, Alberta. These seed1ings were placed in a greenhouse on
January 14, 1976 and kept moist.. Flushing was uniform and occurred within
two weeks after they were p]aeed in the greenhouse. lTab]e 7, Appendix T

conta.ns the location and other pertinent stand information for each

' species.

3.2 Rearing schedu1e
A rearing schedule was devised for western 1arch Siberian

larch, tamarack, b1ack spruce, and ponderosa pine. Temperature was
-8 -
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maintained at 21.5°C (+ 3.5°C), light intensities exceeded iOOO ft-c over
an 18 hour photoperiod, and the seedlings were irrigéted with a nutrient
solution every week for the duration of the schedule.

The seeds of each species were treated with hydroqen peroxide
to destroy any seed-borne fungi and then planted in Spencer-Lemaire

Rootrainers. In addition, black spruce and tamarack seeds were soaked in

"~ water overnight prior to being sown. Similarly, the ponderosa pine seeds

were kept moist before planting to encourage max imum germination.

The rearing schedule was implemented on October 20, 1975 and
continued for four months unti1‘the.seed1ings weré planted in the soil
monoliths. fhe fertilizer (N-20, P-5, K-30) was applied at a rate of one

tablespoon in five‘ga11ons of tap water, one gallon per four Spencer- .

Lemaire trays. The rearing schedule is outlined in full -below (Lees, 1975).

ng' Week
0 0 Sow seeds of all species, water and cover; check
periodically and water when needed.
14 2 Emergence almost complete. -Thin or fill-in as
needed. . ' '
21 '3' Irrigate with nutrient solution.
© 28 4 ~ Water.
35 5 Apply nutrient irrigation, water as needed between\\
applications ! g
42-63 €-9 Irrigate with nutrient solution.
- 67 9.5 Irrigate with nutrient solution. (Seedlings larger
' and entering phase of rapid growth, so require more
frequent irrigation).
70-81 10-11.5 Irrigate with nutrient solution.
84 12 Irrigate with nutrieht solution. (Remove seedlings

to cold frames or reduce temperatures to 10°C if
they are intended for field planting.) In the case
of the experiment the temperature was reduced.
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88-109 12.5-15.5 Irrigate with nutrient solution.

112 16 Irrigate with nutrient solution.
(Seedlings ready for field plantina.)

Western larch and ponderosa pine achieved ];ss than 60 percent
germihation. A1l other species achieved in excess of 85 percent
germination. A1l spécies responded well tc the rearing schedule. Only
"the vigorous seedlings were planted on the soil monoliths. Extra seedlings
were available to replace seedlings that died on the slopes, tﬁus éach soil
monolith had edua1 numbers of actively growing, established seed]ﬁngs

before the formal experiment was commenced.

3.3 "~ Soil description.

Two types of soil were used, whiéh allowed a ceréain degree of
genera]izatioh about the effect of soil textu}e on growth of coni ferous
seedlings. The two fextura] classes yeré sandy loam, and silty clay.

The Athabasca River Valley near Blue Ridg;, Alberta was_chosen
as the location of'the representative trapséct referred to in the
introduction. Both texturé] classes of soil occurred along ;he transect.
The sandy Toam soil was»]ocated on the 1owef river terracé while the sil -
‘ciay soil was located on the Lroad upper terrace. The sandy loam soil
was co]]ecfed in section 32, township 60, range 10, west of the 5th \
meridian and the silty clay soil in section 29, township 60, range 10;
west of the 5th meridian. Figure 1 éhows the transect of the Afhabasca

'Va11ey. ' | |

The transect line across thé‘Athabastalfiver valley cutting
through the Boreal ~ 3st Region (Figure 1) i11ustrates'a repetitive
1andf§rm pattern which contains infinite examples of variable moisture

levels. This transect line represents what might be found in any of the

five western Forest Regions and is used to illustrate the potential
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Figure 1. Transect across the, Athabasca Valley.

' —> - drainage pattern

|

Kathleen
Soil
Location
D .
Culp Soil FH
. : . Location
\ X
| \ £ /
C rr 2 -
P
P B A s
»\\?\ ) = %8
Code use for parent material and associéfed Vegetation:’
A. Athabasca river.
B;“ alluvial f]ood.p1ain (black spruce, white spruce, tamarack) -
C. “colluvium (birch, aTder) 
D. . glacial till (aspen, white spruce, Todgepole pine)
E. - dune sand (pine dominates)
F. bedrock outcropping (1ichens and grasses)
G. bedrock |
H. - lacustrine material
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applicability of the study results to this large western region of |
Canada. |

The sandy loam soil belonged to the Culp soil geries. Culp
soils are well drained Orthic Gray Luvisols developed on moderately
coarse textured alluvial-aeolion material. 'The topography associated with
this soil serie; is qndu]ating.to gent{y sloping. Native vegetatién is

dominated by aspen (Populus tremuloides Michx.), balsam poplar (Populus

balsamifera L.), shrubs, and grasses. Lodgepole pine and white spruce
occasionai]y occur with the aspen and’pop1ar. Culp soils are usually
stone-free (Wynnyk, Lindéay,iand Odynsky, 1969).

The silty clay soil used in the experiment was part oflthe
Kathleen soil series. Kathleen soils are moderately well-drained, stone
free, Orthic Gray Luvisols developed on moderately calcareous fine-
textured lacustrine material. Topography is gently undulating to gently
rolling. The native tree cover is mixed aspen, poplar énd white spruce.

| Figures 2 gnd 3 shpw natural vegetation on the Culp and ﬁath]een
soil series respectively.

The A and B horizoﬁs Were~miked in this experiment. A and B
horizons are commonly mixed in the field after scarification. Native
roots, contained within each soil sample, were not removed. The soi]s.
wére‘transpor%ed separate]y by truck to Edmonton;

Chemical analysis of typical Culp and Kathleen soil series are
shown in Table 2 (Wynnyk, Lindsay, and Odynsky, 1969). The Ae and Bt]
horizon, which represent the mixed soil horizons used in the experiment,
show that the si]ty'clay has over twice the cation exchange Labacity of
'thé’sandy loam. The silty clay soil can fherefore_be considered more

fertile and potentially more productive than the sandy loam soil for tree
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v

Figure 2. Native vegetatiom growing on Kathleen soils.

Figure 3. Native vegetation growing cu: Cuip‘soi1s.
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TABLE 2: CHEMICAL ANALYSIS OF CULP AND KATHLEEN SOIL PROFILES

Y

Culp sandy loam (alluvial)

CEC
Hor- “voorg. (/N me/ Ca/Na
izon (in.) (cm.) pH Ni C. ratio H» -Na. K: Ca+ Mg’ 100g ratio

L-H 2 5 -~ - - - - - - - - -
Ae 7 17.5 6.5 .03 .28 9 13 Tr. 4 70 13 4.7 70
Btl 6 15 6.2 .04 .39 10 8 Tr. 3 70 19 10.0 70
Ae-Btl - - - - - - - - - - - 70 -
Bt2 6 15 6.7 02 .41 20 Tr. 4 & 14 8.4 8
Ckl 10 25 8.1 - - - - - - - - 49 -
Cca 5 12.5 8.1 - - - - - . -
Ckc 36 at90 8.2 - - - - - - .,-' - - -
Kathleen silt loam (lacustrine)
L-H 1 2.5 6.4 - - - - - - - -
Ae 6 15 6.3 - .68 - 17 2 4 65 12 8.9 34
AB 2 5 59 - .8 - 1 ] 2 38 48 19.6 36
Ae-AB - | - - - - - - - - - - 1.0 -
Bt 0. 25 56 - .53 - 9 2 68 20 30.2 68
BC g8 - 20 6.1 - .62 - 6 1 2 75 16 28.2 /5

Ck at 27 ateé67.57.5 - .39 - - Tr. 1 90 9 16.5 90
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growth. A detailed description of the soil profile f both the Culp and
Kath]een soils is/shown in Appendix 2. , .

3.4 Experimental hardware.

(a) Function:

THe analysis of the effects of soil texture;'soi1 moisture, and
vegetative competition on seedlina survival and qrowth was based on a  «
controlled experiment where the effects of other environmgnth factors
could be minimized. ‘

The soil moisture catenas developed in the soil monoliths of
this experiment are identical to thoée used by other authors for similar .
Studies (Hewlett, 19671; Muller-Dombois, 1963; Cook, 1972).

(b) Description:

Four soil monoliths were constructed using rectangular boxes
with level bottoms and sloping surfaces with a grade of 1:3 as shown in
Figure 4. Inside each box a pipe 2 m long was attached to feed tapwater
to the bottom tc simulate ground water flow. The wéter table was
controlled at the low end through a tap 15 cm above the bottom of the box.
[Tlustrations of the rectangu]ar boxes are shown in Figures 4 and 5.

 The sides of the boxes we}e constructed of angle iron welded
together into a skeleton upon which 3/4 in. plywood was bolted.
Galvanized steel was installed for the flooring; this wés then tarred to
make it watertight. The tar did not dissolve into the water thus there
‘was no adverse effect on seedling growth from the tar.

The boxes were first fi]ied with roofing gravel to a depth of
10 cm. Then a 3 cm layer of cearse sand was added, and the boxes were

topped up with either the Culp or Kathleen soils. Two of the four’boxes

were filled with Culp and two with Kathleen soil. The layers of coarse



17

“§ 9anbi4

¥ILIWOWYIHL - D
¥3ILIWOISNIL - g
431IW0Z3Id - V

ey



A - ROOFING GRAVEL (approx. 10 c¢m thick )

B - COARSE SAND ( approx. 3 cm thick )

C - SOIL WEDGE

487 M

Figure 5.
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sand and roofing gravel were installed so that the drainage of water

through the box would not be impeded.

Soils were air dried before being placed in the boxes. While
filling the boxes, care was taken to compact the soil as un1form1y as
possible. A bulk density of 1.1 gm/cm was obtained o; both so11s The
in-situ soil bulk density was 1.4 gm/cm for both soils.

The surface of each box was divided into five equa] sections
running perpendicular to the slope. The depth to waterxtab1e ranged from
48 cm at’the midpoint of zone 5 (top of the box) to 0 cm at the midpoint
of zone 1 (bottom of the box)

Nests of p1ezometers, 172 in. dianetér StEé] pipes used to
measure the water tab]e, were installed at one-third increments along the
slope of each box. There were three piezometers per nest; one pieéometer
of each nest was set at the 15.24 cm base line from the bottom of .the box,
the second piezometer in each nest was set at the 30.48 cm base 11;e from
the bottom of the box, and the third piezomefer iﬁ each nest was set at

the 45.72 cm base line from the bottom of the box.

Sets of ‘tensiometers, instruments that measure the moisture _

_ tension in the soil, were also inéta]]ed; one in the middle of zone 2

and one set.in the middle of zone 4 for each box. Three tensiometers were
used pér set; one.was placed at a depth of 15.24 cm,one at 30.48 cm, and
one at the 45.72 ém level from the soil surface. ) v
The water tab]e 1eve1 was kept constant but water was allowed
to f]ow”thrbugh the box and-out through the tap placed in the 1owér wall
of eaqh box. Figure 6 shows the drainage appafatus for the experiment.
The building was equipped with environmentafbcontro]s which

enabled a constant 25.5°C temperature to be maintained both day and night.
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A 1ight§ng rack was constructed that would hold fluorescent and
incandescent bulbs to provide the visible light spectrum at an 1ntens1ty
of 2000 ft-c of light at the soil surface. An automatic timer was
installed to help maintain an 18 hour photoperiod There was 0.61 m
clearance between the soi] surface and the llght racks. Figure 7 shows
the lighting system

Figure 8 shows a representative sample of a nest'of piezometers,
a set of tensiometers, and a soi1l thermometer positioned on the bare
slope of the silty clay soil bok.- Figure 9 shows tensiometers positioned
on the vegetated, sandy loam soil box.

Artificial watering of the slope to simulate natural rainfall
was carried out by means of an irrigation pipe which enabled a controlled
flow of water to be app]ied’a]ohg the‘s]ope. There was a ﬁeed to
determine & rainfall frequency that would represent the average conditionr
in the Boreal Forest Region. The rainfall distribution from May 1 to
September 1, 1972 for Hintoﬁ, Alberta area was arbitrarily chosen as
the average for the Boreal Forest (Canada Atmbspheric Environment Service,
1972). | | ]
| Periodic fluctuations in the water table of about 2 cm were
caused by diurnal fluctuations in line water pressure. The effects of
th1s variability on exper1menta] results were 1gnored DiffiéuTtiés were
also encountered w1th runoff and eros10n The water added to siEU]ate
natd}a1 rainfall could not be added manually without causing erosion. A
.misting system might have worked but this problem was not envisaged
before the.experiment was we]ﬁ underway at which time,itbwas too late to
alter the method of application.

Two thermometers, which comprises a set, were placed at the
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Figure 6. Drainage apparatus for each box.

Figure 7. Example of a 1ightfng rack used in the experiment.
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3

Figure 8. Example of tensiometers, piezométers and thermometers

- positioned on the slopes.

Figure 9. Tensiometer positioned on a vegetated slope.
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15.24 cm depth from the soil surface; one in zone 2 and one in zone 4.
' One set of two thermometers waS placéd in the non-v§getated sandy loam
soil box and the other set was placed in the non-vegetated silt clay soil
box. | |
7 Average moisture level distribution, and water level f?uctuations
wjthin the soils are shown in Appendix 6. Table 2 shows that the average
depth to water table was greater in the sandy loam soil tHankin the silty
clay soil. There was no apparént difference in the aver;ge wetted perimeter
in the two 50115. |

Zone 5 was rapidly drained. Soi1ymoisture content seldomly
exceeded field capacity at any level within the rooting zone'except
immediately following simulated rainfall. This was true for both soil
‘textures.

Zone 4 was well drained. Soil moisture was rarely greater than
field capacity in the rooting zone (Figure .10),even after watering.'

Zone 3 was moderately well-drained. Soil moisture exceeded
 field capacity following the addition of surface moisture for longer
periods of time than in zones 4 or 5.

Zone 2 was imperfectly drained. Soil moisture in excess of -
field capacity remained in the lower part of the rooting depth where
grounanter started to have an effect. Figure 11 shows that the soil
moisture content Was at field capacity af the 15.24 and 30.48 cm soil
depths for both soils used. Only the upper 15.24 cm of SOiluhad a water
content below field capacity. - ' | | ”

Zone 1 can be considéfed poorly drained. Soil moisture was
in excess of field capacity throughout the rooting zone.

Stir pits under the floor enabled runof f and waste water from

5
%
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the boxés to be accumulated and then pumped outside.

Ten specimens of each species were p]antéd in each of the five
moisture zones. The slopes were kept well watered during the period of
seedling éStab]%ghment and dead seedlings weré replaced with healthy ones.
The seedTings were planted on the slope on February 1, 1976. By
Februarj 15, 1976 each zone had 10 individuals of each species

1 established. The formal experiment was started on February 26, 1976 and
-Tasted until June 1, 1976.

fn one sandy loam and one silty clay box, the native vegetation
was alliowed to coﬁpete-with the seedlings. Figures 12 and- 13 show the
non-vegetated and vegetated sandy Toam boxes resgective1y. Figures 14
and 15 show the non-vegetated and vegetated silty clay boxes respectively.
Figure 16 $hows seedlings growing on the bare slope condition of the

fsi1ty‘c1ay soil. “

The piezometers and tensiometers were read both before and

g LS B

~ .
after watertsg. From these readings the wetted perimeter and the capillary

‘fringe could be p}otted. .The ﬁéight and diameter of each surviving

" seedling was measured on three occasions dur%ng the experiment, March 1,
Abr%] ] andvdune 1, 1976, The-data co]]ected during these three measurement

Oberiods provided the information used in determining the effects of soil,

4

competition, and moisture regime on the gfowth of each specieg.
" On June 2, 1976 the seedlings growing on the bare slope boxes
wereiiifFéd and‘tﬁeir root lengths measured and recorded. | -
” A flooding experiment was_also conducted using a box. 1.2 x 1.2
x 1.2 mwith an angle iron frame lined with 3/4 in. p]ywébd'(Figufe 17).
The bottom of the 505 was. made_ of ga]vanized\spee1_}‘Thé box was tarred
to méie it Qatertight. An'incandescent<1ighting rack sugpended abbve

the box yielded 2000 ft-c at the top of the box. Lodgepole pine: tamarack,



Figure 12. Bare slope condition of the sandy loam boxes.

Figure 13. Vegetated condition of the {ir







Figure 14,

Figure 15.

Bare slope condition of the silty clay soil boxes.

Vegetated slope condition of the silty clay soil boxes.
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Figure 16. Seedlings growing on the bare slope condition of

the silty clay boxes.

Figure 17. Flooding box.
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y

white spruce, black spruce, Siberian larch and Douglas-fir were tested.

There were fourteen trays of seed]ings.uséd per run of the
experiment. Evefy tray contained twelve individuals of each species
tested. These twelve trays were placed on the bottom of the container,
then water was allowed to fill the box until the seéd]*ngs werevcomp1ete1y
submerged. Each day, for ten days, a tray was removed and placed in the
University of Alberta's éreenhouse where for the next month they were
watered and fertilized. One month after each run was éomp]eted the
percent survival for each species per flooding day was recorded. The
" temperature of the water was 23°C. At this tempefature b]ﬁe green algae
grew on the surface of the water but no other effect due to the water
. temperature was identified.

- 3.5 Experimenta] design. _ ’

3.5.1 Survival, diameter growth, and height growth.

The experiment waé conducted using a double split plot design
with four factors: A - two levels of soil, B - two levels of vegetation,
| C - five soil moisture levelsy and D - ten species (Ander;on and Mclean,
1974).
- Four combinationsvof A and B acted as whole plot treatments, the
%ive levels of C acted as Qho]e subplot treatments and the ten levels of
D Qere randomized within each of the th]ve combinations of A,B, and C
(Anderson and McLean, 1974).

3.5.2 Total root length. . S -~

A split plot design was used in the analysis for total root
length. There were three factors involved: A - two levels of soil,
B - five levels of soil moisture 1eve15, and C - ten species.

The combination of levels of A and the five levels of B acted
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as whole plot treatments and the ten levels of C were'randomized'withini

each of the ten combinations of A and B (Anderson and MclLean, 1974).

’

Due to time\§estrictfons and the expense involved in duplicating .
the experimenta] hardware, reﬂ]ication of this experiment was not |
feasible. .Therefore there are no degrees of freedom for-the first
restriction. Thus the error 1 term was used as the ‘error term for the
| effgct of soil and thé effect of'vegetation (Anderson and McLean, 1974).
3,6 Trkey test.

Means within interaction tables (Appendix 5) were compared
using Tukey's significance test (7.S.D.) (Winer, 1962). The decision to
‘use the Tukey procedure was based on conclusions drawn from recent research

‘on the differences among multiple comparison techniques (Petrinovich and

Hardyck, 1969).

3.7 Additional analysis.

. Appendix 4, figures 18 through 34 1nc1usivé show the interactions
between‘speciés énd various treatments. fhese three dimenéiqnéﬁ gfaphs~'
reflect the complex relationships that soil¥textures, soil moisture and
" competition have on seedlings' §urviva1, diameter gfowth, height growth,
and root length based on experimental results. ' :

The'pefcent survival in the experiment was transformed using
the arcsine squ&re root percentage transforﬁation, analyzed, .then
transformed back to normal pertentages (Sm1111e, 1969), (Anderson and

McLean, 1974).
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Chapter 4
RESULTS AND DISCUSSION

The results of the analysis of variance are given (Table 3)
-~ for survival, diameter growth, height grqwth, and root length When atl
species arerconsidered together.
| Soil texture had a highly significant effect on survival,
uiameter and height growth but had no significant effect on root length.
The table of overall means (Table 4) shows that higher survival
percentages, height and diamétér growth occurred consistently on the non-
vegetated silty clay 5011. Though the effect of soil téxture on root
length was statiéticallyjnon—s%gnificant the trend was for seedlings
grown on silty clay soil to have longer roots than seedlings grown on
sandy loam.
The reason growth and'surviva1 was best on silty clay soil may
‘be explained by considering‘thevb101ogica1 and physical parameterc ~f the
soil. The Culp soil series (sandy loam) was low in nitrogen, st d.
phosphorus compared to the Kathleen soil (Table 2). The sangy loam soil
had a cation exchange capacity (C.E.C.) one half that'of the silty clay soil.
Vegetative competition had a significant effect on survival
but no significant effect én height or diameter growth. Root lengths
were heasured only for bare slope conditions, therefore no information
is available on the effect of competition on oot growth. Survival with
competition was best on the sandy loam soil (Table 4). Growth of
seedlings was best on the silty clay soil because of’probab]e‘greater
fertility. Herbaceous growth was also greéter on the éi]ty clay soil.
The result was denser vegetatidn on“the silty clay soil (Figures 13 and

15). Vegetative competition (Table.1) reduced light, moisture, and
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nutrients available for seedlings.

Moisture zones had a highly significant effect on a11
meaéurements except rootllength. Survival, height and diameter growth
were best overall on zone 2. Zone 2 apparently had an optimaf
combination of moisture and oxygen. Roots grew best in zone 3.

Table 5 shows how each épecies responded to the combinations
of factors ﬁmposed in the study. The table condenses multiple comparison
information given in Appendix 5. The species- are ‘arranged in order of
tolerance to shade (Fowells, 1965). No root. Tengths were (length of the
Tongest root) measﬁred on the vegefated soils.

] Optimum soil moisture levels were determined from the multiple
comparisons for survival and height growth in Appendix 5. The effect of
competition on seedling survival and growth can be determibéd by comparing
the results for the bare slope to:the results for the yegeyated's1ope. ‘

In Table 5, the overall site preference of each §pec1es-is

_shown, Lsing survival as an indicator of preference. The habitat
prefererice determined forceach species can be related to situatipns that

\\3 forester can recognize in the field.
! Ir ‘geﬁerating a cutover the most important objective should
be to obtain the stocking density required by the local authority. If
the area is not stocked to the required density then‘usUél1y no matter how
rapid the growth of survivors are, the ability of the site fo yieid fiber
may fall below the fu]J potent1a1 possiS]e. )

When a manager is faced with survival and height growth pe{ng
best on different sites then the need to carefully weigh thé economi cs

involved in-increasing reforestration costs at present to obtain an

acceptable profit from increased future earning is very important.
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Onnthe basis uf theAeconomic analysis then the decision on which site to
plant the‘partichar species in question can be /made.

For all species excepting lodgepole pine, height growth was
best on the non-vegetated silty clay soil possibly because it was more
fertile than the sandy loam (Wynnyk, Lindsay, and Odynsky, 1969).

Survival and height growth of western larch were best on a
non-vegetated silty clay soil with an imperfectly or moderately weli-
drained moisture regime, This type of site shoﬁld reduce the difficulties
experienced in establishing planted western larch and thus reduce the cost
of reforestation. : \

Past research indicates (Fowells, 1965) that western larci arows
best on deep, porous soils that may bge sandy, or loamy in texture.
However, extensive soil §urveys within the type have not been made
(que11s, 1965). This experiment suggests that the species may prefer
a more fertile soil such as the silty clay soil. Compared to tamarack,
western larch canotolerate and grow well on a drier moisture regime. The
two species reSpond similarly to soil texture and competition.

' Supvival and height growth of Siberian larch were best on an
imperfectly or moderately-well drained, nbn-vegetated silty clay soil.
This would indicate that Siberian and wégtern larch may have similar site
preferences in the fie]d;

Lodgepole pine grew best on a non—vegefated sandy loam soil,
having no apparent moisture preference. Fowells (1965) has asserted.

“that lodgepole pine survives and’grows best on well-drained sites. The
means by which lodgepole pine adapts to these very different moisture
regimes is not known. | |

The best survival of ponderosa pine was on vegetated sandy loam

‘
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soil with.no recognizable soil moisture preference. Height gréwth for.
this species was best on a non-vegetated silty g]ay soil with no apparent
soi1l mositure preference.‘ Fowells (1965) indicated that this species

can survive and grow well on either non-vegetated sandy loam or silty
clay soils with a well drained soil moisture regimé. Better growth on
“he non-vegetated silty clay soil can be explained on the basis of 5011
fertility. The reasons ponderosa pine can survive on any moisture regime
and under competition are notiknown. (

Survival and height growth of black spruce “'as best on a poorly
to imperfectly drained, non-vegetated silty clay soil. This is in
agreement with the results of Fowells (1965).

“n- best survival and height growth of white sprucefdccurred on
an 1mperfect1y to hoderate]y—we]] drafned, non-vegetaFed silty clay soil.
This is in agreement with the results of other studies (Fowells, 1965).

Survival and héight growth of DougTaé?fir was best on an
imperfectly to moderate]y—We]J drained, non-vegetated silty c]ay.soi1a :
No information was found<in the 11teratgre concerning optimum soil ;exture~”
for Douglas-fir.

. Survival and height growth of western redcedar was best on an
{ﬁpérfectly draineg, npn-vegetated silty clay soil. These results agree
with the literature (Fowells, 1¢65).

Western.hem16ck survived best on anAimperfect]y to moderately-
well drained,'noﬁ-vegetated sandy loam. Height growth was best on a non-
vegetated, imperfectly to moderaté]y—wel] drgined soi].. The =~ ~rature
c+ates that western hemlock does best on well drained organic .is with

“thout vegetation‘competition (Fowells, i965).

Fc 71s {1965) indicated that western hemlock prefers a well’
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drained organic soil. This does not agree with the finding ofAthis

study which indicates western hemlock prefers imperfectly to moderately
well drained mineral soils. Organic soils were not tested in this study.
However, organic soil could perﬁaps allow better growth of western
hemlock as the following discussion indicates.

Organic soils have high water-holding capacities (Buckman and
Brady, 1969). While a dry mineral soil will adsorb and hold from one-
fifth to two-fifths its we1ght in water, an organic soil will remain
three or four times its’ dry weight as mo1sture, depend1ng on surrounding
environmental conditions such as air temperature, 1nsolat1on, and
vegetation growing on these soils (Buckman and Brady, 1969).

Two conditions mitigate agaﬁnét the organic soils. F¥irstly
tHe amounts of unavailable water are much»higher proportionatqiy than.
those of mineral soils and secondly organic soils have low bqu3densities
(Buckman and Brady, 1969). However, when. considered on a vdiume basis
a given layer of organic soil at optimum moisture will supply somewhat
. more water to plants than a representative mineral soil, also at optimum
moisture (Buckm- . and Brady, 1969).

Usually within the wet %o dry western hemlock b1ogeoc11mat1c
zones, rainfall is p]ent1fu1 and evaporation due to high soil temperature
is not a serious problem thus organ1c soils do provide better s1tes for
western hemlock when moisture availability is considered (Packee 1974)

The pre&iouﬁldiscussion supports the comment made in the
introduction on page 2 that within FbrestfRegionS the given tree species
eihibit remarkable flexibility in site preférences. A given site type
might be repeated inveach of the Regions, but for reasons of species

migration-and isolation, no one tree species occupies all sites optimally
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suited for thém. Keeping the_fwo previous statements in Mind, a
grouping of species by site preferences may reflect the flexibility that
séems to be inherent in them. .

Table 5 shows that western larch, Siberian larch, black spruce,
white spruce, Doug]asifir and western redcedar had nearly identical site
preferences. Also in Table 5, ponderosa pine and Todgepole pine could -
-be grouped together, as could tamarack and western hem]ock, as these
assoc{ations reflect similar site pre?erences of the species embodied
within each group.l Extension of a species from one region to the next
may therefore, be quite feasible and would allow greater flexibility in
choosing species to plant within each Forest Region.

The grouping of species according to similar site preferences
allows a general discussion of how a species succeeds in establishing
individuals within these optimum niches and how environmental and soil
parameters influence the migrétion of these species into new Regions.

. -Invwestérn Canada, boundaries of each Forest Region are directly
influenced by geographic barriers (Rowe, 1972). The boundaries 6f the
Columbia, Montane, Subalpine, and Boreal Forest Regions are either
‘completely or partially Timited by mountain ranges. Where a mountain
range yields to relatively flat uniform topography, as in thelBoreal
Forest, a large geographic area can be coveréd by the same species. When
mountain ranges are close td each other the ccrresoo Ying geographic
distribution of a Forest Region is considerqt'y reducsd. )

The reasons for this relationship can Le explained by
considering the genetics of forest ecosystems. Trendsvin the mean values
of climatic factdrs are distinct for mountafn siopés, particularly fbr

large geographic areas. Characters that are SubJECt to direct or
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correlated selection often reflect the trends in environmental factors,
as they vary clinally. In most cases, long-term averages of climate
constitute inadequate measures of environmental influences along such
gradients. Substantial year-to-year deviations from the mean are often
of considerable significance'for the success of the individual during a
shoft deve]ophenta] phase, which may determine its potential to survive
and reproduce. For this reason climatic influences on a species would
be better understood by considering the niche frequency along the
gradient (Stern and Roche, 1974).  For example, the length of the growing
season, which is taken to begin wﬁen the temperature sum reaches é certain
Tevel iﬁ the spring and to finish when a critical day length is reached
1n.the autumn, reflects the influence of environmental féctors on a species
population. In many cases adaptation to the length of the growing season
also depends upon early-and lTate frosts. Thus at least four niche factors
instead of one should be considered: date and distribution of the
temperature sum needed to initiate growth, frequency and distribution in
time of spr1ng frosts, date of the critical day length in the fall, and
frequency and distribution in time of early frost in the fall (Stern and
Roche, 1974). Only one of these factors is constant; the remaining three
~ vary from year to year. The effects of the first two ére not independent
of each other, becauée the damage resulting from a spfing frost at-a
certain date is also determined by the date when the necessary temperature
sum was reacﬁed Therefore, to describe this part of the env1ronment
adequately, in addition to mean values of climatic factors, attent1on
should be given to their local heterogeneity, and better still, to the
geograehfc trends of this heterogeneity (Stern and Roche, 1974).

‘The importance of soil properties as niche factors 1is much . less
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well known than that of climatic factors, if one .disregards obvious cases
such as niche limitation through extremes of moisture and jon concentra-
tion. Corre1atioﬁs between soil properties and adaptive characters or
characters associated wtih adaptation have been much less frequently
described than correlations between climatic factors and adaptive
characters (Stern and Roche, 1974). ; ,

Presumably soil influences should be .reflected in characterigtics
of the rooting system. Thus one would expect adaptations te'become_
‘evident as differences in gross morphology such as sha11ow root, heart
root, and tap root to denote major distinctions. The Europeens have d
claimed that a mixture of shallow- and deep-rooted species offers optimal
utilization of soil capacity through reduced eompetition in the rooting
, sphere in the same way\es the cembination of fast-growing intolerant
species w1th slower tolkrant spec1es is beneficial in crown space (Stern
and Roche, ]974) There are, in fact indications that similar
'd1fferences in root structure exist among genotypes of the same popu]at1on
and that these differences contribute to competitive ability and
competitire influence (Stern and Roche,‘1974). |

The limits .of the area occupied’by a species are often
- boundaries determined by compet1t10n The species might be very well
capable of living and reproduc1ng outs1de\0f these. boundaries but is
prevented from doing so by more competitive populations of other species
- (Stern and Roche, 1974). | |

In the Boreal Forest, a]ong the foothills of Alberta,
popu]at1ons of Doug]as -fir, western redcedar and western larch have
invaded from the Montane and Co]umb1a Forest Reg1ons and white spruce,

black spruce, tamarack, and lodgepole pine have invaded the Montane and
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Co]dmbia Forest Regions from the Boreal Forest Region. Similarly
western hemlock haé invaded parts of the Columbia Forest Region. These
examples of migration of various species into fringes of different Forest
Regions lends support to the previous discussion. However, the genetic
potentjal of individuals from these‘fringe populations is not well
understood (Stern and Roche; 1974). |

Populations at the edge of the range of a species are exposedb
to d1fferent env1r0nmenta1 cond1t1ons than those in the centre "Edge”
in.this sense means a boundary area where a tree species 1S 11m1ted by
some extreme factors such as are found near the tree 11m1t of the far
north, in the high mounta1ns} or in arid zones (Stern and Roche, 1974).
Thevrange may further be limited by geog;aphic barriers or by cohpetitive
superiority of other species where the species could normally thrive
w{thout such competition. |

High se]ect%oﬁ»intensities characterize the conditions under
which such marginal populations exist. Selection in the far north or
high elevations is mainly for adaptation to extremé]y'short growing
seasons and low winter temperatures, including all ac. ‘1anying'factors
such as winter drought. Immfgrants from the center of the range will
~ therefore é]ways possess lower fitness, and if they establish themselves
in the marginal populatizn,'reduce rather than increase 1tsladapt1ve
value. Directional selection thus prevails in marginal populations
whereas stab111z1ng and/or diversifying selection detefmine evolution in
' the centra] popu]at1ons. The role of competition with other species
often diminishes becausé only a few species are capable of surviving in
extreme conditions near the 1imits of forests and tree growth.

Intraspecific corpetition occurs here at a comparatively low level since

>
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one or more environmental factors such -as temperature and humidity are

at a minimum. Stands in such marginal forest areas are therefore often
characterized by low density (Stern and Roche, 1974).

Causes of rapid evolution of the marginal population means are

wee to the invasion of new niches, isolation, founder effects, and
- possibilities of developing new forms of'coadaptation (Stern and Roche,

1974). |

Thus a good possibility exists for extending the range of

species used in the experiment into adjacent Forest Regions. The site
preferences determined in Table 5 and the grouping of species on the basis
of similar niche requirements show that there is great flexibility in site
preference of all species tested. This translates into the reai‘possib—
i]ity tha; the ranges of species could be extended. Establishing plant-
ations of various genotypes of marginal populations in adjacent Regions

on preferred sites and acce]erating tree genetic research is urgently
needed .in order to provide forest managers with better forests, hence
higher fiber yields. |

| Site variability within cutblocks, which causes high

reforestation costs due to monocul ture techniques currently being used,
could be alleviated by p]anting particular sites with suitable species,
“For’ a manager: to try to plant - cutover with several species in order to
obtain good stocking, he would need to carefully assess the inereased
costs invo]ved\ij planting. The increased cost should be offset by
increased profit earned by better growth of timber on the cutover. If
costs proved prohibitive then the current systems in use should be
continued until research discovers a method to make this proposal
profitabl

-
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| Possibly an alteration of cutblock shape to reflect closer
uniformity in site preferences throughout the cutover would Tower
. reforestat1on costs. The problem exists that p]antfng several species
"on a cutover could possibly influence rotation age and method of logging.
Only econbmic analysis could show whether or not the above changes in
current reforestation and 1ogging practices would be profitable.

Table 13 shows the results of the flooding experiment.

Siberian larch only survived three days of flood, tamarack survived

five days, black spruce SiX days,<Doug1aS-fir seven days, and 10dgepb]e>
‘pine and white spruce more than ten days of flooding. This experiment
was conducted in order to assess the relative flooding tolerance of each
species tested. This 1nfonnat1on could help influence modification of
scarification techniques to reduce the possibility of flooding in the
field situation over the grow1ng season. The spec1es ‘tested are ‘often
planted or occur natura]]y on s1tes that may be subject to periodic
flooding.

One possible reaeon why tamarack and black spruce are intolerant,
and Douglas-fir is ‘intermediate to flooding, is probably due'part1y to
the phys1o1ogy of these species plus the inability of black spruce and
ltamarack root systems to function wel] under flooded conditions.
Tamarack and black spruce tolerate h1gh water tables by developing
shallow root systems to take advantage of the thin we11—aerated layer
above the permanent water table. These spec1es are forced onto these
sites because of their inability to compete supcessful]y with other
species, like white spruce, but these two species do not necessarily

pfefer high water table sites.
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Ch;;}g
SUMMARY ANDO CONCLUSIONS

Considerable new knowledge has been gained through this study.

Thé void areas in Table 1 represented possible areas for future research.
Table 6 is the same as Table 1 with the results from this study added
to it. Not enough is known to fill {n Table 6 completely, but we know
much more &bout the general site requirements of the tén coniferé under
‘study than previously.
General conclusions are:
1. Non-vegetated silty clay soil yielded the best survival, height
and diameter growth when all species are considered together.
2. Overall site preferences for each species tested are: |
a) tamarack and western redcedar; survival and height growth -
an fmperfecf]y drained, non-vegetated silty clay ;011.
'b) western and Siberian larch, white spruce, and Douglas=fir;
survival and height growth - én imperfect]yvor moderately
well-drained, non-vegetated silty clay soil.
By c) 1od§epo1e pine; survival and height growth - a non-vegetated
sandy loam with no apparent soil moisture preferencé.
d) ponderosa pine; survival - a vegetated sandy loam with no
appafent soil moisture preference. Height growth - a
- non-vegetated silty clay soil with no apparent moisture
preference. E -
e) black spruce; survivaTVShd_height growth - a poorly or

imperfectly drained, non-vegetated silty clay soil.
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Establishment of Siberian and western Jarch was poor. Once
established, however, growth was superior to all other species
tested. |

Relative flooding tolerance for flushed seedlings showed that
tamarack, Siberian larch and black sprcue was very intolerant
to flooding for periods up'to 10 days. Douglas-fir was inter-

mediate in tolerance and white spruce and lodgepole pine were

e
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Profile descriptions of the Kathleen

and Culp soil
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" Soil profile descriptions for soils used in the experiment.

A) Kathleen Series - Orthic Gray Luvisol:,

»

Kathleen soils typically have a thin leaf mat ovefﬁaying a

thick grayish leached horizon. The subsurface horizon iélfine—texturéd

with a blocky structure and a characterisitcally brown color. Depfh

of development is between 20 and 30 inches. A description of a

representativé Kathleen soil profile is (Wynnyk, Lindsay, and

Odynsky, 1969).

Horizon Thickness
in. cm.
L - H 2 5.0 -
Ae 3 7.5
AB 3 7,844
Bt ' 8 20.0
BC 5 12.5
Ck  at 21, at 52.5

below surface -

Description

very dark grayish brown (IDYR 3/2), leaf
litter.. pH 6.6.

pale brown (10 YR 613) silt loam fine
platy, firm. pH 6.3. ‘

brown (10 YR 5/3) silty clay loam,
subangular blocky, firm. pH 5.2.

brown (10 YR 4/3) clay, blocky, Very firm.
pH 5.0. '

dark brown (10 YR 3/3) silty clay,
subangular block, firm. pH 6.6.

dark brown'(10 YR 3/3) silty t]ay that may
have yellowish brown (10 YR 5/6) silt
laminae. Moderately calcareous, pH 7.8.

Kathleen soils are quite uniform in depth of profile develop-

ment but they show variatibns in the structural development of their

Bt horizons. The consistency and structure of these horizons ranges

from firm blocky to very firm-subanQu]ar b1ocky. The parent materials

of these soils rangf in texture from silty clay Toam to silty cldy, in

color from dark brown to very dark grayish brown, and in degree of

stratification from numerous 1aminae to none.
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Particle size analysis ;onducted on the Kathleen soil (mixed
A and B horizons) used in the experiment showed 27 percent sand, 25
'percent silt and 48 percent clay. This agrees with particle size
analysis carried out for Kathleen B horizon when the soil surveys. of

this area were conducted. (Wynnyk, Lindsay, Odynsky, 1969).

V ;
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B) Culp soils - Orthic Gray Luvisols.

CQ]p soils have a thin layer of leaf litter resting on a
relatively thick, grayish, leached horiéon, The subsurface horizon
is yellowish brown in color, has a sandy texture and may be characterized
by clay bands of variable thickness. The depth of profile development
is from 20 to 30 inches. A description of a representative Culp soil

profile is (Wynnyk, Lindsay, Odynsky, 1969).

Horizon Thickness Description
- in. cm.
L -H 2 5.0 dark brown {10 YR 3/3), leaf Titter.
pH 6.2.
Ae 5 12.5 “light 'yellowish brown (10 YR 6/4)
: loamy sand, weak platy, friable.
_ pH 6.0. _
AB 4 10.0 - yellowish brown (10 YR 5/4) sandy
' loam, weak subangular blaecky, firm.
pH 6.0.
Bt 8  20.0 yellowish brown (10 YR 5/4) < ly
clay loam, subangular blocky, firm.
pH 5.8.

BC . 8 20.0 brown (10 YR 5/3) sandy loam often
- with sandy clay loam laminae, weak
grarmular, firm. pH 6.5.

Ck at 27, at 67.5 grayish brown (10 YR 5/2) sandy loam

below surface with strata of loamy sandy and often
: laminae of sandy clay loam, weakly
calcareous. pH 7.6. gy

Culp soils have relatively thick Ae horizons that often
show additional development within thémse]ves.» This development has
presently not advanced to the stage wherelthe soils could be classified
in thé Bisequa subgroub. The Bt-horizohs of these soils may show
varying degrees of banding. This banding is bdth pedogenic and

depositional.

t



Culp soils are rapidly drained, need N,S,P fertilizer to
increase productivity, water storage is 1c.. and there is no sa]infty
problem. Culp soils also exhibit high permeability.

~Particle size analysis conducted on the Culp soil (mixed A
and B horizons) used in the experiment sﬁowed 70 percent sand, 12
percent silt, and 18 percent clay. The soil survey report states that

a B horizon for Culp contains 66 percent sand, 17 percent silt, and

20 percent clay (Wynnyk, Lindsay, Odynsky, 1969).
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TABLE 8. AVERAGED MEANS OF THE RAW PERCENT SURVIVAI DATA FOR
] EACH SPECIES PER TREATMENT PER SOIL MOISIURE ZONE.

Species No. 1.2 37 4 5 6 7 8 9 10

Box 1 Sandy loam soil, vegetated:

Zone 1 80 50 100 100 30 60 30 0 60 90

* Zone 2 100 100 100 100 100 100 100 80 90 100 -

"'Zone 3 80 100 100" 100 100 100 8 50 80 80
Zone 4 40 80 100 100 8 90 20 60 20
Zone 5 0 8 100 100 30 80 0 60 0
Box 2 Sandy loam soil, non-vegetated:

Zone 1 80 .0 70 50 10 0 20 0 0 8o
Zone 2 1000 100 50 70 100 100 v . 50 100

. Zone 3 60 100 100 90 70 1° 60 30 60 100

Zone 4 0 9 90 70 0 0 10 30 0
Zone 5 0 70 70 70 0 U 0 0 0 - 0
Box 3 .Si1ty clay soil, noH—Vegetated:
Zone 100 50 50 60 70 50 - 10 30 30 60
Zone 2 100 100 50 8 100 100 50 80 100 80
Zone 3 70 100 70 100 900 100 50 70 100 10
Zone 4 40 100 70 100 8 100 30, 40 70 10
Zone 5 40 100 90 8 30 80 0 30 5 20
Box 4 Silty clay loam, vegetated:' ‘

" Zone 1 100 40 70 80 60 70 60 8 8 70
Zone 2 100 700 100 100 100 100 60 100 100° 100
Zone 3 100 100 100 100 100 100 8 100 100 60
Zone 4 40 100 100 100 70 100 20 40 70 30
Zone 5 40 100 100 100 30 100 0 30 70 70

Species code:

1. black spruce
2. white spruce
3. Todgepole pine
4. ponderosa pine

. western redcedar
. Douglas-fir

. western hemliock
. western larch

RO~JOY O

9. Siberian larch
10. tamarack
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TABLE 9. AVERAGED MEANS OF THE RAW HEIGHT GROWTH DATA FOR EACH

SPECIES PER TREATMENT PER SOIL MOISTURE /ONE (CM).
Species No.* 1 2 3 5 8 10
Box 1 Sandy loam soil, vegetated:
Moisture zones:
Zone 1 0.03 1.5 0.7 0.7 -0.1 2 ot o 2.7 0.4
Zone 2 3.2 2 W11 20036 3.3 . C5.9 42.7 13.95
Zone 3 2.3 2.79 1.1 0.5 16.4 19.05 ' 36 35.75 6.6
Zone 4 1.1° 165 0.75 2.2 10.95 2 0.85 0  34.95 0.05
Zone 5 0 0.75 0.75 2.6 9.2 18.3 0 0 26.7 0
Box 2 Sandy loam soil, non—vegetated: .
Zone 1 2.3 °0 1.2 2.2 O 0 2.65 0 0 2.17
Zone 2 13.1 6.4 5.2 3.0426.3 6.7 1.4 43.0557.3 18.5
Zone 3 4.65 7.8 3.2. 3.5 16.3 26.4 5.6 44.3 45.67 12.85
Zone 4 0 7.6 2.7 4.33 0 31.25 0 23.16 40.7 0.
Zone 5 0 4.6 1.4 506 0 0 0 0 0 0
Box 3 Si]ty’é]ay soil, non-vegetated: ,
Zone 1 10.9 4.6 6.85 4.2 2.7 7.6 1.9 28.3 9.5 11.6
Zone 2 13.6 11.1 11.4 5.4521.7 33.3 6.1 60.2° 70.85 24.2
Zone 3 8.04,6.3 8.5 2.5 12.5 27.4 9.6542.7 64.3 6.5
Zone 4 ©3.65 2.8 7.2 4.7 4.9 38. 9.6 32.7561.4 22.1
Zone 5 0.15, 5.6 7.6 2.5 4 39,8 0 21.8 45 17.9
Box 4 Silty clay loam, vegetated: , v
Zone 1 S 11,55 1,95 2.1 3.1 7.1 7.75 4.5 19 15.8 4.35
Zone 2 9.9 8.1 6.5 2.3 28.1 38.5 5.2 39.6 45.5 17.2
Zone 3 3.3 7.5 3.75 1.9 11.7 41.7 8.75 34.2 55.6 6.1
Zone 4 0.13 6.2 8.9 3.3 5.1 34.45 7.6 14.75 42.5 5.6
Zone 5 0.3 6.3 7.5 1.8 4.1 54.2 0 11.95 36.8 0

* See fab]e 8 for explanation.

e



Table 10. AVERAGED MEANS

©

OF THE RAW DIAMETL:
SPECIES PER TREATMENT PER SOIL MOISTURE ZONE (CM.)

. ’ :
GROWTH DATA FOR EACH

70

Species No.* 1 2 3 4 5 6 7 8 9 10
Box 1 Sandy loam soii, vegetated:
Moisture zones:
Zone 1 0 0.03 0.01 0.4 -0.01 0.01 0 0 0.01 u
Zone 2 0.06 0.06 0.08 0.03 0.11 0.02 0.01 0.17 0.37 0.13
Zone 3 0.03 0.12 0.13 0.01 0 '7 '0.04 0.04 0.24 0.32 0.05
Zone 4 0.04 0.01 0.06 0.08 0.07 0.1 0.014 0 0.25 0.06
Zone 5 0  0.0660.03 0.06 0 0 0 0.22 0
Box 2 Sandy loam soil, non-vegetated:
Zone 1 0.05 0O 0.09 0.1 0.06 0 0.105 0 0 0
Zone 2 0.146 0.1 0.22 0.14 0.24 0.12 0.05 0.231 0.38 0.168
Zone 3 0.05 0.17 0.18. 0.13 0.24 0.18 0.13 0.255 0.46 0.09
Zone 4 0 9.08 0.07 0.22 0 0.22 0 0.256 0.46 0
Zone 5 0 0.06 0.13 0.14 0 0 0 0 0 0
Box 3 Silty clay sbi], non-vegetated: S
Zone 1 0.1 0.11 0.24 0.2 0.08 0.17 0.13 0.35 0.11 0.17
Zone 2 0.13 0.15 0.22 0.21 0.22 0.39 '0.11 0.39 0.69 0.22
Zone 3 4 0.12 0.74 $.23 0.09 0.1 0.3 0.11 0.26 0.39 0.06
Zone 4 0.07 0.07 0.33 0.21 0.09 0.3 0.03 0.22 0.45 0.17
Zone 5 0.01 0.07 0.13 0.2 0.04 0.26 O 0.17 0.38 0.115
‘Box 4 Silty clay loam, vegetated: ,
Zone 1 0.07 0.06 0.22 0.17 0.21 0.7 .06 0.23 0.15 0.07
Zone 2 0.1 0.11 0.13 0.11 0.34 0.39- 0.09 8.39 0.38 0.18
Zone 3 0.116 0.07 0.07 0.06 0.19 -0.28 0.1 0.23 0.38 0.13
Zone 4 0.06 0.01 0.23 0.13 0.05 0.3 0.75 J.12 0.33 0.1
Zone 5 0 0.07 0.1 0.15 0 9.26 0 0.13 0.3 - 1

* See table 8 for explanation.
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TABLE 11. -AVERAGE MEANS OF THE ‘RAW TOTAL ROOT:- LENGTH DATA FOR
: EACH SPECIES PER TREATMENT PER SOIL MOISTURE ZONE (CM).
Speces No.* 12 3 4 5 7 2 10
BoX 2 éandy 1fam soil, vegetated:
Moisture zones: , |
Zone 1 {4 5 840 13 0 65 0 0 5.5
Zone 2 1.9 7 19.2 23.1415.2 9.9 7.7517 .29 14.6 &
Zone 3 [ 9.3 13.5 21.3 33 14 17.9 145 36 3.7 19.4
zoned 4 0 14 255 29.4 0 23.75 0 26 21.5
Zone 5 9 8 .25.4325.3 O 0 o 0 0
- ,

Box 3 Silty clay loam, non-vegetated:

/ ’ .
Zone 1/ 56.66 52.48 57.8 56.48 55. 98 45.8 48.16 57.75 55.24 59.15
Zone 2 57,48 55.43 58.76 "57.54 60.13 57.48 56.98 59.67 62.65 60.13
Zone 3 ' 58.24 54.82 58.05 58.18 58.5 58.24 &7 "4 60.4 56.6 . 42.53
Zoné 4 64.01 54.94 57.1 58.24 58.5 .58.69 5 '”.]3 57.99 61.89
Zone 5 42 .36 J.8 56.54 60.8

L

~ 53.79 54.88 58.24%8.89 41.78

L
’

* . v I
Seg; table 8 for explanation.



spec1es, boxes, and growth 1ncrements per: zoné“w;inu

3
.
-
v,’ .
F .
N
&

&
i}
“F

’ ¥

[

4 APPENDIX OB ey i
N . “ (; 4 »" ] S

Three d1nens1ona1 f1gures show1ng§&he reﬂaﬁ1onsh1p between

3 -
mr ‘
- g B . S BRI
a7 . - ~ N e
-t
« By J
.
4 At -
9 N
R o
<
* ]
- "
=1 N
. 9 f
A - Ld
v " o o /
. s
.
s S
L
L
R A Y
- »
& N
N
a . . Y
Th ?
.
.
~ ’ 4 %



73

1§%0%]

S

z "
40
a g
- ,
%)
. ¥ Species
.. Figure 18. Percent surv1va1 for zone 1.
- gg; L
oz -
4 gy
~ ' ) * "(9'
L 8@ e |
L ' ' S U :
. '*“',J y, '.,..
. B9 - (/) BOX 4

% survival
Vs
N |
;: tQ_<?§
CD
@
><
N

h g o 1’:‘_;:[
G = - BOX -1
B2 PR
».g,‘ "‘(“, o - " . T .
.‘ﬁl L ' - Species
2. 7= Figure 19.  Percent surv1va1 for zone 2.
: .
Code used for Species: v ’ N
1.. black spruce ) 5. western redcedar - 9. Siberian Tarch
2. white spruce 6.  Douglas-fir =~ 10. tamaralky--
3. lodgepole pine 7. western hemlock . .
4. 8. , :

ponderosa pine western larch
S -



100 .

(%,
Si%)
4

% su

Y% v /) ABoX 3

74

BOX 4

- »

o BOX 2

51
o 2

- BOX 1 |
4+ 6 810 o

Species

Figure 20. Percent survival for zone 3.. *
10D S 8 o
. NY v ’ ‘ ,_"_“";’f?,
B4 : BOX 4
3. 4 7 BOX 3
z PR R/ , .
> . .
3 20 7.7 BOX 2
@ S o
AL LI AN Rox 10 |
3 2 4.6 810 S
. \\\2 _ Speéﬁes- " :
Figure'21._ Percent survival for zone 4. :
. . . . ‘ .
Code used for Species: \
1. blaek_spruce 5.¢western redcedar 9. Siberian larch
2. ite \spruce 6. Douglas-fir " 10. tamarack - 7 .
3. lossepole pine 7. western hemlock
4. ponderosa pine 8. western larch
¥ -, ‘ 4 o
- o S o X



75

% survival
o
Q

N
N

g Species ,
Figure 22. Pércent survival for zone 5.

Diameter incremeht (cm)

: - Species -
Figurg 23. Dianeter increment for zone 1. -

Code used for Species:

o

~ N v ‘ .
1. black spruce : 5. westenp redcedar 9. Siberian larch"
2. white spruce 6. Douglas~fir - 10." tamarack "
3. \dgepole pine 7. western hemlock : S ~}ﬂé
4. poMerasa pine 8. westefrn larch ‘
¥ e Vg vy Bs \ > ‘l“’y"“ ¥



. Diameter increment (cm)

- Diameter increment (ch)

5 F
.

5 810

Speties

‘Diamete¥ increment for zone 2.

&y

Figure 25.

Code used for Species:

) N =
.

black spruce
white spruce
lodgepole pine
ponderosa pine

Species

Diameter increment for zone 3,
. {
Said g\\

/

western redcedar
Douglas-fir
western hemlock
westetn larch

N,
e v e

. ~
. Ky v o
‘N o n RN
- - T
&k . \v v
s e, .

ha

76

9. Siberjan Yarch
" 10. . tamarack



b4

3

. ‘_‘@)\,\: ‘ S

Code used for Species:

Diameter increment (cm)

77

o e ,JSpecie'S . ‘
. "Figure 26. Diameter_%ncpement for zonegd.
FI - - ' '
k3 [ ’ .

Diameter increment (cm) .

T ‘ Species
Figure 27. Dialeter -increment for zone.5.

. -~ !

. 1. black spruce 5. western redcedar 5 9. Sjbferi_an Jarc
2. white spruce - 6. Douglas-fir ©10. tamarack
3.  lodgepole pine - 7. western hemlock :

4. pC 8. western larch

ponderosa pine -



Height increment (cm)

Height increment (cm)

- Species

Figure 28. Height increment for zone 1.

—Sfecies .
‘Height increment for zone 2.

Figurg“29.

Qggﬁggggg_fgr Species:

black gpruce
white spruce
lodgepole pine =~
ponderosa pine

i
WO~y
. * e .

A

,t: 74
. western redcedar 9.
Douglas-fir 10.

westari hemlock
western larch

S%berian larch



79

B
42
[
S
b
(@)
£
Fu)
£
o
@
o
Species L ‘ég&
Figure 30. Height increment for zone 3.
485 1
3
~ 385t
5
2 295
g X
&
¢ 195
- A
= 95

o Specfes
Figure 31. Height increment for zc 4.?

Code used for Species: S

kY § . N .
black spruce "~ 5. western redcedar - 9. Siberian larch
.+ white spruce 6. Douglas-fir - 10, tamarack, "+
lodgepole- pine 7. western hemlock / oox
8. western larch .

W N
. » .

ponderosa pine C
- o] )



Height increment {cm)

Code used For Species:

W N -
. L] . .

black spruce
wikite spruce
lodgepoT&3pine
ponderos® pine

O ~NGO O
[ ] ) .

Species .
Figure 32. Height increment for zone 5. -

gl

western redcedar
Douglas-fir -

.* western hemlock

western larch

o
¢ .

0

80

ROX 4

o>< 3

OX 2

BOX 1.

g. Siberijan larch .
10. tamarack
- S



LA
N
Y
Rt
N
L.t LY
T
—
=
(8]
£Z
3
o
[ oy
Q
—
Fe)
Q
[}
[0 4

. Species )
Figure 33. .Box 2, Root-length.

Root length (cm)
}—l
un

Qa 1 13— /
g 2 4 B 8 10°%-

- e . Species
Figqure 34, Box €, Root 1@&1. -

Code*used for Species:

' [
western redcedar 9. Siberian larch -

1. black spruce, - 5.

2. white spruce’ ~ 6. Douglas-fir . 0. tamarack .
3. 1lodgepole pine . 7. western hemlock v
4. ponderosa pine . 8. western-larch



APPENDIX 5

.

Zzone for various measurements.

o

i

e

(ﬂ,‘ -’
Tables showing multiple comparisons b

etween species per

I7e

\

7

o

e



83

(%3

sagqunu 33elJadoadde sy3 sueaw saaqunu JO

J43Y30. yoea Eot‘pc?—wt% Alauesyiubys jou ade
dnouab e uy pajedsi|dnp 43133( Aue fsuosiuedwod a[di3inu uoy pasn apo)

o

UB3W 3YJ 4O JOJUD PABPURLS - ‘W 3'S  NOO|WIY UJIJSOM - UM  UPpPadpad ULIISIM = JM
J41y-se|bnog ~ 4p aonads a3tym - Ms  donuads yoe|q - gS  auld esodapuod - dd L @ :
autd 3|odabpo| - dy yode| ueidaqLs - S| - YOLRT U49ISIM - M| yoedewey - oSy ”mm*uwa%uow pasn apo)
p0- 08 508 €2 5lL o067 526 T €2 58 0 S
5§ 5€2 q¢8 q0s . Sl elh .nmmm q08§ \ qte 5,8 v
old q¢b 2001 068 68 plb s #2001 T },ot mmm € -
olL Q0L 00l oS8 Q00L 526 588 58 68 2001 2 fepo aits
q6¢ 5CE p€l 582 q56 q%9 5¢8 5Le q8¢ q5L L pa3e3abap
50 50¢ 056 2001 40P .pS%6 T pl6 ,noo nomu pS S
q0¢ g5t moo,r " p00L 50b moo_m. qech q0L . pa0F .um_ ) 1
299 2001 2001 200t q¢6 2001 qett - moe 2?6 . - 5CE € : L10s
25§ 2001 2001 200t 2001 256 7 qe58- .moS . p56 eS9 A Keo> K3|1s
q<€ q59 q09 q5v 2001 mi q¢L 2q99 2q%8 nmm : L paje3abaa-uoy
a0 pbl 589 qst . p0 .mmm ‘g6 _uw_..m.. a.uo p0 S )
pé ) 558 q06 @m‘,.- 5t - 5¢6 qel® qs? “ .um. 38 b o .
qtt q¢b »00L 200t qlt - ‘wE 2001 ell 0% q5% £ . 1105
256 2001 2001 qe00L 2001 b .qS8 pll ell p001 I weo[ Apues
53¢ po8 581 551 now. 2598 q2h | 581 50 * qs8 i paje3aban-uoy
50 pOE 08 89 sl qeS6 el6 85 8 pS’ 5 :
50€ q08 ‘286 wmmm pQ¥ 2001 006 q59, . 5t pSt ¥ .
q99 2001 mooﬁ. 2001 58L - 001 pcb mmm . q09 HE¥ . £ L10s
258 2001 2001 2001 .%.MOE qeS6. 258 | el6 Q 208 pG6 - _N weoy Apues
461 506 qS5 q0% qs6 q68 : \nm«\ ‘58 mt L umpﬁmm.m»
yM AM ip Ms nm. dd ‘S| M| 23 . .3:3 Sjusujeau ]

.

~

-

”m.Ame.\.ﬁ.\ "W 3"S) SINOZ NIIMLI8 NOILOVYIINI TYAIAYNS IN3ID¥Id "2i 374vi
A,uf - N . . .



84

iy

*3p0d 10 cowumngaxu 404 2t m_now 39S

ue3aw |y3 jJO 40442 pdepuels -

41} seibnog - 4p
auld agodabpo| - d|

"W'3'S
3oNnuds a3Lym - Mms

Yaue| UBLJBGLS. - S|

A20 | WY UJIISIM - UM

aon4ds ¥oe(q - gs

Yode| UJIISIMTT

UBPIIPIL ULBISIM - UM

aurd esouapuod - dd
Ml

¥oedewey, ».237 :58103dS 404 pasn apo)

© 52 42 15 50 of of BL 9 e 40 5 q !
va Um mmm mm UO ’ mv mw QN@ nm_. um ¢ 4 .

mm. n_w; ob€ YA unv of ef m_.m mmm , Qm P € LL0s
amm ell 3E¢ el .mmr\v et ) e9 elS elb mm—..» : 2 %mFUu&u_m,_.m
qeb ob p¥ ql qt et - el _um 501 5€ L paje3abap

50 af oLy qe9 20 el e . olb pLL 26 s

eb 25 q5¢ qe$s 3q¢ mv. ob m;nmm “a¥e abl 14 )

26 @l el qel @ et oS 5 209 o8¢ 59 € :

. : : LLos
Qmm mmm nwm mm.o—r , mw_, 6¢ mo ) mmm mom m~N I >.m_.u >.u:.m
unm 5§ 53 Dm ell eV mv, * wm_, a¥e- Uw L Usmuwmm>lcoz

20 o o6 o2 0 of o8 SEL L g0 50 5

20 _ 56 ol2 05 q0 ¢t ~ o8 g€ ° ol 50 ¥

pd o0l o2 - E Y 29 ql¥ O ¢ ol £

, - : - 5 : LtOs

) € S o e8 el eb ,mom gt edl ¢ weo| Apues

MN Umo.l UF m~ D~ m_. MMQ s UF UO U_. L Usmwwmm>lcoz

q0 5L 062 o€ ST 9 o 59€ 5lL qb S

e8 Qv_. DMN el Qm,m @ . mm DOm mmm n_m . m : Li0s
nmv mﬁm Um_. el mmJ mo mNm Umvv, mvm_. Z Emo_.. %?.&mw

gl pl pS et qes Y4 )J_uo UDS. q? L vmumuwmw>,

UM | JM ip MS gs dd X d| S| ML e} S3U07 ma:mbumwgh

(WD) (2571 "W'3°S) SINOZ NI3MLIE NOILOWMIINI IHIIIH €L 318Vl

W




*3p0d 40 :owumco_axw 40} 7| 2[Qe3 235

UEaWU eyl ,0 Jd0J4da parpuUP]S

dig-seifnog - 4p

- 'H'31'S
aonads I3Lym - MS

Y0 [WAY UJIISIM - UM JBPIIPAL ULIISIM ~ UM

aocnuads %oeiq - gs  autd esouspuod - dd

aLLc 3i-cadpo - dy ydoJse| uetJagis - s| YoJR| UJIISIM - M| yoedewel - e3  :591 1s 404 pash 8po)
L 00 Gl sgell 50 qeSt’ oll’ SU pel’ 50 °S
280" ptl’ 052’ 5q50° 56ECT 8L oSl oY L6L° 550 b
AN Qe €2 o2l qe80° qt’ pf L 0l nTA gt £
L0 062 e92” el gt qef 8L o8E” L€ ol1 2 fe|o >w"ww
220" S9L° 50 S€0° 5390 qe?l’ ool 580 plO’ S¥0° o paze1abap
0 220" Q92" ceid’ Dao. o2l gt Qe 55U 590" S ,
cl0” 510" e 70 pl0’ oLl 82 i SLU QL v
g2l ‘. qsl” qell’ pll’ 480’ St N S aql” £ L 1os
T el GG el L2l L9l 8L o¥5” L6€" o 2 felo A3its
ol Gl S6E" gz 50’ 00" ebl” o2 S Qe 510 L pa3ijeaabaa-uoN
0 Gto’ 0 Lt q0 462" qel’ qlo’ 50 50 S
L0 V0 pSL” S0’ qe0’ SU A ot gfl’ 2gE0° b
e€0° o9l gell’ oSl qve’ 510" gelt’ ot A ql0 £ -
cetl’ eB Ll 4SS 80 ol 560" pSL ob pl’ oSl Z weo| Apues
gesd’ qto 5187 20" qcd’ T qt0” N 50 50 L paje313baAa-uoN
0 G50° SuEL Wvo Jlo J2U e o 480" 590" S
el 420" el 70 290’ gl 0l QSET ™ 80 €Ll 14
80 80" qell” gl 080 560 o€l g9 oL 590" €
qe 90 Ll el? oL el el qeSL° £’ 082" 8L 2 weo| »wwww
qel0’ qv0’ J60° qel0’ qe %0’ ol el 290" gl 5P0° L - paje3abap
M am 3P MS qs dd di St Ml e} S9uU07 sjuawlead ]
v
. (W2)(20" "W"3°S) SINOZ N3IIML3E NOILIWYILN Y3L3WvIG ‘vl 378Vl



86

“3p07 j0 uojjeue|dxa 403 Z| 3[9e3 335 «

asnads xoeyq - gs

ueaw Y3 40 J0UUI pdepuelS - "W IS suid esodapuod - dd
$I0{W3Y UJIISIM - UM aurd ajodabpo| - d}|

JRPPIdpad UJIYSIM - UM : yode| uerdaqis. - Si

Jij-setbnog - Ip Yode| UAIISIM - M|

9INJdsS 3FLYM - MS yoedewey

1

e}
:satoads 404 pasn 3po)

p0 qedl N o8¢ n_.om q8 '8¢ qtl 2q8 S 51105 Ae(>
S£°9 29l 5L oV '8¢ e L¢ ot? 58P v £3(1s pue
vl L nm@.m oV 62 25 e pd 7 LC ,om.q_ £ Emqu»ﬂ%MM

qe ¢l qef 1L A eb'EC o6 ¢ ol G L2 ged Ul 2 40 SUOLLPUOD
5ql L QN.m aql’Y nN.o_ 25 2L -2 55°Y 59°F L p31e3abar-uoN
MS qs dd dy S| il e} Sauo07 sjuawjead]

(W3)(sLt H3'S) SINOZ N3IIMLIS NOILOWWIINI HIONIT 1003 “SL 378VL



APPENDIX 6

Water table and averaged wetted perimeter depths.
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TABLE 16. WATER TABLE AND AVERAGED WETTED PEQIMETER DEPTHS:

Average depth to water:

sandy loam silty clay
upper set of piezometers: ' 85 cm 76 cm:
middle set of piezometers: 55 ¢m 50 cm
lTower set of piezometers: 10 cr 10 ¢cm
Average wetted perimeter: .
upper set of tensiometers: 15 cm 15 ¢cm
2 cm 2 cm

lower set of tensiometers:

~l



APPENDIX 7

Percent survival per flooded day per species tested.
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TABLE 17. REACTION OF SEVERAL SPECIES OF ACTIVELY GROWING “EEDLINGS
: TO FLOODING OF VARIOQUS DURATIONS.
Day flooded
Species 1 2 3 4 5 6 7 8 9 10
Percent survival
lodgepole »
pine 100 100 100 100 -100 .-100 100 100 40 40
tamarack 100 _IOO 75 60 60- 0 0 0 0 0
white spruce 100 100 100 100 100 100 100 100 100 70
black spruce 100 100 100 75 75 50 0 0 0 0
Siberian -
larch 100 100 75 0 0 0 .0 0 0 0
Douglas-fir 100 100 100 65 65 40 - 15 0 0 0

N



