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Sustainable Envir-onment F~rr~d 
Forest Kerlewal Initiative Program 
Narclwood Management Research 

Proposal B12 

Pure and mixetl paper birch stand management studies in the ICH zone of the Southern Interior of 
British Columbia. 

1)) Airency Contact: 

BCPS: Alan Vyse, ICarnloops Forest Region 

c) Clients 

BCFS Silviculture Section, J. Boalcng 
Silviculture Section, I<amloops Forest Region 
Silvicul~ure Section, Vernon, Sallnorl Arm and Clearwater Districts 

d Objectives: 

1) To establish thinning trials in four existing 5-15 year-old paper birch-dominated stands in 
the Clearwater, Salmoll Arrn and Vernon Districts. 

2) To initiate regeneration trials which investigate inleractions between paper birch and 
conifers when grown in pure stands and mixtures of varying tlcnsities antl proportions. 

3) To iliitia~c a biomass study to determine (a) the distribution of biomass and nutrients (N, P, 
1<, S, Mg, ant1 Ca) in paper birch trees antl (b) the nutrient capital of mineral soil and 
organic ~natler. 

4) To  initiate a root rot stucly to determine the effects of paper birch on the persistence and 
sprcacl of Amlillnria when grown in pure stands and in mixture with Dotrglas-fir. 

3) Four stands that range in age fro~n 5 to 15 years will be selected for the stand density 
manipulations. Methodology will be adapted from red alclcr stand ma~iagement stuclies 
tlevelopetl by the Martlwood Silvict~lt~~re Cooperative at Oregon State University. The factor 
to be manipulated is residual density. 

Work to be completed in 1990 will include: working plan, reviews and revisions; site 
selection, treatment plot layout ant1 collectioli of baseline data. Work to be completecl in 
3990 will include tree marking in early spring and thinning in June. Assess~ne~~ls  will be 
done every three years through year 9 and every five years thereafter. 

2) The atldition series design will be replicated o n  two (mesic ant1 subhygric) sites it1 [he ICH 
zone. Species to be planted in pure stands and mixtures will inclucle paper birch and either 
a shade intolerant (Fd or PI) or shatle tolerant (Sx or Cw) conifer. The effects of plant size, 



growth rates and physiological processes on interactions among neighboring plants will be 
examined using growth analysis. In addition, limiting resources (water, light and nutrients) 
and e~~vironniental conditions (temperature, pH) that influence the interactions will be 
measured. 

The working plan will be written and reviewed and the sites selected during the summer of 
1990. Seeds will be sown for birch and conifers in tlie spring of 1991. Layout of the trials, 
installation of microclimate stations and assess~nents of site nutrient capital will be done 
during tlte summer of 1991. Seedlings will be planted in the spring of 3992. 

3) Two paper birch stantls will be selectccl for the 1)iomass study; onc o n  a mesic and one on  a 
subhygric site. Precluding treatment complications, the same sites will be used for the 
addition series trials (objective 2). The stands will be harvested and tlie biomass and 
nutrient concentration of stems, leaves, branches and foliage measured. Regression 
equations for estimating paper birch biomass from easily measured tree size parameters will 
be developed ancl used to measure the variation in above-ground production in anothes 20 
birch stands. 

The worlting plan will be prepared and sites selected cluring the summer of 1990. The stand 
will be harvested and biomass and nutrient capital measured in 1991 (consistent with 
approaclt 2). 

4. Design ancl methociology will be developed in conjunction with Hadrian Merler, Forest 
Pathologist, I<amloops Forest Region. 

The working plan will be written ant1 reviewed and sites selected during the summer of 
1990. 

f> End Protlucts: 

1) The density trials will provide guidelines for thinning dense paper birch stancls in the 
ICHIIIW st~bzolie. 

2) The mixture trials will generate several benefits: 
-effects on long term ecosyste~n productivity 
-optimal stand density and composition for maximum growth ancl yield 
-environmental and physiological processes underlying species interactions 

3 )  The biomass study will provide: 
-an eslilnation of the contribt~tion of paper birch tree components to site nutricnt 
capital and an evaluation of the effects of whole-tree skidding on long-term 
productivity. 

-data for calibration of the growth and yield component of FORCYTE-11. Full 
calibration of the inodel will recjuire additional informa~ion on nutrient cycling (e.g. 
log and litter decomposition rates). 

4) The root rot study will provide guidelines for species management on AwtiNaria-infected 
sites. 



g) Duration: 

1) The thinning  rials will be established and thinnings completed by the spring of 1991. The 
trials should be assessed for at least 20 years following establishment. 

2) The n~ jdu re  trials will be established by the sunlnler of 1992. The trials should be assessed 
at regular intervals for at least 20 years following establishtnent. 

3) Field work for the biomass study will be initiated and completed in 1991. Laboratory 
analysis will be completed during the winter of 1991/1992. 

4) Duration of this phase depends on design. 

h) Approximaie cost: 

Transportation and travel 
Materials, supplies and equipment 
Professional fees 
Technical assistance 

(assuming thinning expenses will be 
covered by the I<amloops Region) 

Computing expenses 
Total (1990/9 1) 

1991/92 
1992/93 
1 993/93 
1994/95 
1995/96 
1996/2000 
Total (1 990/2000) 

Project Leaders: 

S. Simard, Research Silviculturist, ICamloops Forest Region, MOF 
A. Vyse, Forest Scicnces Officer, I<amloops Forest Region, MOF 
13. Merler, Pathologist, TCamloops Forest Region, MOF 

j) Extension and Demonstration: 

1) Field tours at district level. 
2) Poster at SISCO winter workshop (1991). 
3) Eventual journal publications and worksllop presentations (within 5 years). 



The proposal entitled "Pure and mixed paper birch stand management in the ICH zone of the 

Southern Interior of British Columbia" is comprised of four separate studies, each with its own objective. 

The objectives are: 

1) To establish a four thinning trials in existing stands donlinated by paper birch in the Clearwater, 
Salmon Arm and Vernon Districts. 

2) To initiate regeneration trials which investigate interactions between paper birch and conifers 
when grown in pure stands and mixtures of varying densities and proportions. 

3) To initiate a biomass study to determine (a) the distribution of biomass and nutrients (N, P, IC, 
S, Mg, and Ca) in paper birch trees ancl (11) the nutrient capital of mineral soil and organic. 
matter. 

4) To initiate a roo1 rot study to determine the effects of paper birch on the persistence and spread 
of Ar/nillarirr when grown in pure stands and in mixture with Douglas-fir. 

The s t~~dies  associateti with each ol~jcctive are hereafter referred to as the (1) thinning trials, (2) 

regeneration study, (3) biomass study, anct (4) root rot study, respectively. 

The altachetl working plan applics only to the regcncration study. The worlting plan for the thinning 

trials has already been complctecl and is available from Suzannc Simard. Thc worlting plan for the biomass 

study will be developed in conjunction with I-Iamish ICimmins, University of Britisli Columbia. Similarly, the 

worlting plan for t l~e  root rot study will be completed in conjunction with Hadrian Merler, ICamloops Forest 

Region. All working plans will be complctecl by March 31, 1991. 



1.0 Introduction 

1.3 Relevancy of the study 

The Interior Cedar Hemlock (ICH) zone supports the greatest tree species diversity of all 

biogeocliniatic zones in the southern interior of British Columbia. On circu~n-mesic sites, the most 

impollaiil cotiimercial conifers are Douglas-fir, western redcedar, lodgepole pine and, soul11 of Shus\vap 

Lake, western larch. Paper birch, tlie do~ninant hardwood, is prevalent in seral communities. Reforestation 

efforts 011 these sites have traditionally focussed on planting moiiocultures of con~mercially valuable conifers, 

especially Douglas-fir. Paper birch has been removed from plantations because it has been shown to 

cornpete with conifers for resources. Unfortunately these praclices have coincided with a gradual declinu in 

forest ecosystem health. Mo~tality due to root rot disease (e.g. An7zilluiia or Plzelli~zc~s), for example, is 

unacceptably high in young plantations and may actually increase when roots connect between individuals of 

the same species. By establishing mixed plantations oC conifers and paper birch, disease resistance, long-tern1 

productivity and biodiversity will likely be enhanced. 

In mixed stands, the importance of interactions between tree species has been well-recognized (Walstad 

ancl I<uch 3987, British Ecological Society 1990). Many stuclies have tlocumented the detrimental effects (i.e. 

competition or allelopathy) of non-coni~erous vegetation (i.e. weeds) on tlie growth of young conifers 

(Stewait ef al. 3983). Competition for resources (e.g. water, light ant1 nutrients), modification of 

envil onmental conditions (e.g. temperature) and direct physical iiitei Cerence have been implicated as the 

most ficquent causes of observed growth reductions (Grace ancl Tihiian 1990). Othel plant-plant 

interactions which positively influence procluctivity include commensalism and mutualism, whereby one o~ 

both species benefit from the interaction. These interactions usually arise when one plant alneliorates the 

physical or biological conditions of its neighbors, excretes nutrients, or is directly connected by root grafts or 

niycorrhi~ae (Binkley ef al. 1984, Borchers atid Perry 1990, Heinonen 1990). 

Although many studies have denlonstrated negative and/or positive interactions in forested ecosystems, 

few have quantified tlie behavior of individuals ant1 the niechanisms underlying tlie inte~actions. Conceptual 

and mathematic models can provide a framework in which mechanisms underlying species interactions and 

changes in protluctivity can be identified. These models also can be used to identify knowleclge gaps that 

may be filled tlirougli fi~tther research and to predict the consequences of ~nai~agernent practices on tree 

perforniance, biodiversity, long-term productivity, and damage froiii animals, pathogens and insects. 

In this study, conifers (Douglas-fir, western redcedar and western larch) will be grown in mixture with 

paper birch. The mixed stands will be evaluated in ternis of their effects on long-term stand and soil 

productivity. The optimal density and species composition of each rnixl~ire may be identified. 



The remainder of this introduction provides background on interactions which occur between paper 

birch and conifer species when they are grown in mix%ure and on tlie influence of paper birch on ecosystem 

productivity. In addition, the theory underlying methods to study interactions are reviewed with the intent of 

justifying the chosen approach. 

1.2 Interactions between paper birch and conifers 

Paper birch rapidly seecls-in to burned or mechanically prepared soil and sprouts froill cut or datnaged 

stumps. The species is characterized by rapid juvenile height growth, which surpasses that of all associated 

conifers with the possible exceptioli of western larch. On subhygric sites in the Interior Cedar Heinlock 

zone, for example, first year height growllz of birch seedlings can reach 40 cm and sprouts 200 cm. First .year 

height growth of Douglas-fir seedlings, in contrast, rarely exceeds 25 cm. Birch has been clenionstratcd to 

have a suppressing effect on growth of young planted Douglas-fir (Simard 1990) and pine (Mielikainen 1985) 

and on survival of white spruce (Gregory 1966, Arliclge 3967). The early height advantage of birch over 

conifers appears to preclude the possibility of growing mixed s~ands without intermediate cuttings. The 

conifers need a few years of advance growth or a lot of growing space to survive. In Scandinavia, 

Mielikainen (1985) recommends that conifers have an initial height advantage over birch of 1 meter on 

medium sites and 1.5 meters on good sites (7-8 years growth). 

Relatively shade tolerant species such as spruce, cedar and hemlock are believed to surfer lower 

photosytitlietic losses uncier the shade of birch than more shade intolerant species sucll as Douglas-fir, 

loclgepole pine and western larch. In the ICH zone in B.C., for exatilple, abundant western redceclal is often 

observed growing under the canopy of paper birch (Siniard 1990). In Scandinavia, sliacle tolerant spruce 

regenerates easily and is actually planted under birch for frost protection. In addition to offering frost 

protection, birch nurse stands also inhibit the growth of birch sprouts from cut stumps and improve conifer 

quality by having a pruning effect on branches. Anderson (1985) found that a minin~um of 1,500, 5 m tall 

silver birch per hectare were required to sufficiently (a) provide frost protection to 500 spruce/lia and (b) 

inhibit birch sprouting. He suggestecl that birch density can be managed so that conifers maintain a similar 

height increinent as the birch, although diameter increment will be depressed and conifer leaders damaged 

through whipping. 

Cleally, the density of birch and conifers must be carelully ~iianaged when they are grown together in 

1nix3ure. Pure birch stands lnust be less dense than pure conifer stancls because bircli individuals require 

more growing space. Mixecl stanils can be grown more densely than pure birch stands because individual 

birch inciividuals perceive surrounding conifers as less competitive than surrounding birch. This may be 

attributed to the two species ability to occupy separate root ancl crown growing spaces (Mielikainen 1985, 

Frivold 1985). In addition, birch indivitltials perceive pines to be more competitive than spruce, probably ciue 



to pine's rapid juvenile growth rate (Agestam 1985). The effect of tlie m h u r e  on individual conifers is 

always negative, however, because conifers perceive surrounding birch as more competitive than surrou~~cli~~g 

conifers. 

Jenseri (1983) recognized an "effect of species ~nixture"; tliat is, the niixture itself appears to influence 

the growth of individual trees (Frivold 1985). 011 tllediilm to good sites in Scandinavia, for example, the 

rapid early growth of silver birch increased the total volume growth of young mixed stands of silver birch and 

conifers (Scots pine or Norway spruce) compared to tliat of pure stands (Mielikainen 1985, Andersson 1985). 

Mielikainen (1985) founcl that the greatest growth occurred when silver birch comprised 30-50% of the stand. 

Increasing the density of birch beyond the critical density resulted in a decrease in total volume growth. At 

the optimal birch density, the production of sawtiml~er increased by 9% on good sites and decreased by 6% 

on poor sites. 

In older (50+ years) stands, Mielikainen (1985) founcl that tlie presence of birch resulted in a loss of 

volume growth, particularly in stands of intolerant conifers such as pine. Consequently, intermediate cuttings 

of birch were necessary in pine stands to ensure the production of large-si~ed trees. In spruce stands, on the 

other hand, a silver birch niixture could be maintained througlioul t11e rotation without tlie loss of large-sized 

trees. 

1.3 lnfli~ence of birch on ecosystem procluclivity 

Many studies indicate that (a) conifer  non no cultures lead to aciclification, podzolization and degradation 

of forest soils and that (b) deciduous trees have a favorable effect on soil developn~ent and productivity 

(Frivold 1985, Richardson el 01. 1985). Birch may affect site productivity through the relatively high 

concentralion of nutrients in Llle leaves, wood antl barit (He~idricltson 1987, Hendrickson el 01. 1987, 

Torzewslti anci Lipinslta 1985), rapid litter turnover and deep rooting habit (Fostcr and Icing 1986). Bircli 

leaves, branches and stems also have a slrong modifying effect on the chemistry or water moving through the 

overstory (Price and Watters 1988). Shade tolerant understory species, such as cedar, hemlock and spruce, 

may act~ially be dependent to a limited extent on nutrient enrichment from tliis canopy tl~roughfall. 

Decomposition of silver birch leaves is considerably faster than that or Scots pine and Norway spruce 

needles in Swetlen and Finlaritl (Johansson 1985, Heinonen 1990). Compared with conifer stands, organic 

layers in many birch stands were thinner, more mull-like, had a higher pH and greater exchangeable calcium 

and magnesium contents. 111 addition, the organic layers hacl a lower organic matter content, higher nitrogen 

content antl lower C /N  ratio (Trocdsson 1985, Liljeluntl 1988, Heinonen 1990). Similar trends were 

observed when paper birch ant1 white spruce stands were compared in Interior Alaslta. Extractable N was 15 

times greater and seedling yield and N uptake 5-6 times greater in the forest floor talten froin papm birch 



compared with that taken from spruce stands (Phillips and Abercrombie 1987, Van Cleve et al. 1986). 

The greater biodiversity characteristics of mixed conifer/tleciduous versus pure conifer stand confers 

greater ecosystenl stability. Mixed stands are suggested to be more resistant to insect attacks, pathogen 

infections, blowdown and the acidifying effects of pollution. In addition, tnixed stands enhance wildlife use 

and aesthetic qualities (Frivold 1985). 

1.4 Interactions - theory and methods of study 

Plants interact by clla~lging the environment of their neighbors (Harper 1977). Interference, the changes 

brought about by the proxiinity of an individual, /nay be positive or ~zeptive and includes competition for 

resources, production of cl~emicals, or changes in conditions (e.g. temperature, attractiveness to predators). 

Cornpelition is a form of ncgative interference and is "the tenclency of neighboring plants to ~tlilize the same 

quantum of light, ion of a mineral nutrient, molecule of water, or volu~ne of space" (Grime 1979). 

The essential factors which deter~niilc the outcome of interactions among neighboring plants include 

biological, environmental and proximity factors (Harper 1977, Radosevich 1987). Biological factors include 

emergence cl~aracteristics, growth rates, and other colnponents of plant size and function. Environmental 

factors include the changes in resources ant1 conditions, namely soil moisture, available nutrients, radiation, 

temperature regime and wind speed. The proximity factors include plant tlensity, spatial arrangement and 

proportions of species ant1 are most easily manipulated by the experimental approach. 

Experimental approaches to study plant interference in mixed stands have been developed with the 

intention of quantifying intra- and interspecific competition. The primary goal of each approach is to 

determine the relationships between some measures of neighbor abundance (proximity), plant performance 

and environlncntal resources and conditions. Co~nmon manipulative approaches include additive (Zirndahl 

1980, Stewart 1981), neighborhood (Goldberg and Werner 1983), replaceluent series (De Wit 1960) and 

addition series (Spitters 1983) designs. 

111 additive studies, the density of the target plant is held constant while the density of neighbors is 

varied. This approach is relevant in forestry situations in which weeds invade an area occupied by a fixed 

density of trees or in wllich various weed densities are createcl by from different control methods. The 

outcome usually is that crop yield in~proves markedly as weed densities decrease until weed levels are 

reached at which crop yield is n o  longer affected. The ability to differentiate between and determine the 

causes of intra- and inter-specific compctitiorl is impossible, however, since total plant density and proportion 

change simultaneously. 

Neigllborhood designs also are additive experiments, except iildividual responses are determined without 

strict control of density, proportion and spatial arrangement. Using this approach, the performance of a 



9 

target crop tree is related to the amount, aggregation or distance of its neighbors. A limitation to this 

approach is that crop tree responses apply to individuals only and hence stand yields must be extrapolated 

from individual tree measurements. 

The replacement series cicsign overcomes much of the limitations of the additive approach. In the 

replacernellt series, total plant density is constant while the proportions of the two species in mixture vary. 

Spatial arrangement is fixed and non-randotn. The yields of the lnixt~~res are then conlpared with yields in 

monoculture. Using this approach, i t  is possible to determine the effects of intra- and inter-specific 

interference. A limitation Lo this approach, however, is that the outcome of the experiment may depend 

upon the total plant density selected for study. The replacement series is inappropriate for this project 

because both the optimal density ancl proportion of paper birch and conifer species in a mixture are 

unknown. 

The addition series design overcomes many of the lilnitations of the replacement series design. 

Densities of paper birch and the conifer species are varied sin~ultaneously to create a wide array of mixed 

ancl monoculture competitive regimes. Plant responses to intra- and interspecific competition are then 

quantifietl using multiple regression techniques. The reciprocal yield law, wl1ich describes the inverse 

relationship between individual plant yield and density, is the basis for quantitatively describing species 

interactions. Spitters (1983) expanded the reciprocal yield equation to include a mixture of plant species: 

l /Wl = Al + B,,N, + B,,N, 

where W, is the yield of individual plants of Species 1 (e.g. Douglas-fir); N, and N, are the densities of 

species 3 and 2 (e.g. Douglas-fir and paper birch); and A is the intercept representing the reciprocal of 

n~axiniu~n plant weight for Species 1. The regression coefficients represent the effects of intra- (B,,) and 

interspecific (B,,) densities on individual plant weight. The coefficients incticate that the density of each 

species relative to that of the other influences the yield of both (Radosevich 1987). 

1.5 Mechanisms of species interactions 

The hypothesis that growth, physiology and resource availability can be niodifietl by the identity and 

abundance of neighbors will be tested in this study. Three addition series experi~nenis will be estabIished in 

which paper birch is grown in a variety of densities and proportions in combination with one of Douglas-fir, 

western larch or western redcedar. The mechanisms unclerlying species interactions will be determined by 

measuring tree performance and environmental resource and condition states in the variety of species 

combinations. The balance between positive (c.g. through addition of soil organic matter) and negative (e.g. 

tl~rough competition for resources) environmental effects will be compared among the combinations. To that 

end, a species combination may be identified, in which fibre yield, soil productivity and biodiversity values are 

optimized. 



2.0 Objectives and Hypotheses 

The objectives of this study are: 

1. To determine the effects of species interactions between paper birch and conifer seedlings on 

performance (growth, plant water status, foliar ndrients) of each species. 

2. To determine the effects of species interactions on levels of environmental resources (soil moisture, soil 

nutrients, available light) and conditions (soil and air temperature, soil pH and CEC). 

3. To develop nlodels which describe the relationships between the performance of each species and the 

levels of environmental resources and conditions. 

The worlting hypotheses are: 

1. Plant performance is affected by ~nanipulatioils of species density and proportion. 

2. Enviro~~~nental resource and condition states are affected by ~nanipulations of species density and 

proporlion. 

3. Plant performance responds to environ~nental resource and co~lditio~l states, which are influencetl by 

nianipulations of species density and proportion. 

4. There is critical combination of species density and proportion at which yield is maximized. 



3.0 Methods of Investigation 

3.1 Study site 

The study sites will be located in Shuswap Moist Warm ICH variant (TCHmw2) within the Vernon 

Forest District. The three experiments will likely be located in three separate clearcuts, although every 

allempt will be made to find one site that meets the size and uniformity criteria. New clearcds will be 

preferred but existing plantations may be used if necessary. 

Suitable sites must be uniform with respect to slope, aspect, soil texture and hygrotope over a 4 hectare 

area. The slope will be shallow (<lo%) and the soil deep and medium textured. The hygrotope will be 

mesic to subhygric. 

The sites will be prepared by removing all slash and, if Annillaria inocululll is present, stumps. If 

possible, the organic layer will be left intact. 

3.2 Experimental design and treatlnents 

Three addition series experiments will be established to investigate pair-wise interactions between (1) 

paper birch ant1 Douglas-fir (EP/DF), (2) paper birch ancl western redceclar (EP/CW) and (3)  paper birch 

and western larch (EP/LW). Each experiment will likely be located on separate sites. 

In each experiment, a series of plots will be established wllerein the density and proportion of paper 

birch and the conifer species (Douglas-Sir, western redcedar or western larch) will be systemalically varied. 

Monocultures of both species will be planted at 0, 711, 1422 and 2844 ant1 5688 trees ha-'. MixTures will be 

composed of all possible pair-wise conlbinations of the lnonoculture densities, except the highest tlensity. 

Each plot will be 30 nl x 30 m (900 m2), with a 2 m buffer betiween adjacent plots. 

The eighteen treatments in each experinlent will be regularly arranged, creating a two-way density 

matrix. Based on a 900 m2 plot size, the tlensity matrix is: 

The small buffer size and plot arrangement will allow some interaction of border trees but restrict 



potential edge effects because adjacent plots are similar in density and con~position. It will decrease the 

amount of buffer area required lor the experiment but also allow movement between plots. 

Each experiment will be replicatect three times, with each replicate randomly rotated with respect to its 

north-south orientation. 

The calculated seedling requirement is large enough to account for 15% mortality. The conifer 

seedlings will be operationally grown 1 +0 415 plugs of the appropriate seed lot. The paper birch seedlings 

will be grown at Pacific Regeneration Technology's Vernon Nursery. The seedling reqilirements are: 

Species Stock type Number 

paper birch 

Douglas-fir 

western redcedar 

western larch 

45 cavity 615 plugs 

1 + 0 415 plugs 

1 + 0 415 plugs 

1 +0 415 plugs 

The seedlings will be checked for quality (root growth capacity) and uniformity of height and caliper 

prior to planting. 

3.3 Seedling measuremei~ts 

Survival and condition will be assessed monthly during the first growing season. Condition codes 

are: 1 =good, 2 = lair, 3 = poor, 4 =moribund, 5 = dead, 6 =missing. In subsequent years, survival and condition 

will be assessed at the beginning and end of the growing season. 

3.3.2 Growth 

During the first two growng seasons, the central fifty trees in each plot will be selected for n~onthly 

measurements of total height, stem diameter (at 1 cm), average canopy diameter (averaged of two 

perpendicular measurements at the crown base), and height from the ground to the base of live crown. 

Based on these measurements, height:diameter ratio (tI:D), diameter squared " height (D2H) and canopy 

volume (based on equation for a right cone) will be calculated. The monthly measurements will be used in 

functional growth analysis to determine relative growth rates for both species. During the third and 



subsequent growing seasons, seedlings will be measureti only once (fall). 

Spare or border trees (i.e. outside the central fifty trees used for growth measurements) will be 

destructively sampled in mid-August for leaf area determinations ant1 biomass estimations. The seedlings 

will be oven-clried to obtain leaf, stem and root biomass estimates. 

3.3.4 Tree water stress 

&!!em Water Potential 

During the first, second and fifth growing seasons, total leaf/twig xylem water potential will be measured 

using a pressure chamber (Scholander el al. 1965). Current year's growth of conifer and paper birch seedling 

twigs will be straight-cut using surgical scissors, placed in plastic bags containing damp tissue, transported lo 

the pressure chamber, and measured within 2 or 3 minutes following excision. One day during each nionth 

from May ~hrough September, three seedlings per species will be ra~ldomly selected from each trealnient for 

pre-ciawn anii midday measurements. This will be repeated for each experiment and hence will take three 

days, i.e. one day for each experiment. 

Stomata1 conductance will be measured in the first, second and rifth growing season using a Steady Slate 

Porometer (LI-1600C, Licor Inc.). 111 each experitnent, three seedlings per species over a range of 

treatments will be measured in mid-morning during one day in mid-August. The leaves will be harvested 

and returned to the lab for leaf area measurements (LI-3100 Area Meter, Licor Inc.). This will be repeated 

for each experiment ancl hence will take three days, i.e. one clay for each experiment. 

3.3.5 Foliar nutrients 

Conifer and paper birch foliage will be analyzeci for nutrient concentrations five years following 

plantation establishment, that is in 1997. Douglas-fir ancl western redcedar foliage will be sampled during 

the dormant season, between mid-September and mitl-December. Paper birch and western larch foliage will 

be sampled just prior to color change. 

Saniples of current year's foliage will be collected 1/4 lo 1/2 ciistance from the top of the live crown. 

Approximately 2.0 grams of current year's foliage will be collected from two bl-anch-ends per tree. Fifteen 

trees of each species will be sampled in each treatment unit and the 4.0 grams collected per tree will be 



composited to make one 60.0 gram sample per treatment unit per species. 

The sa~nples will be put into lal>elled paper bags and transported the same day to the ICamloops Forest 

Region lab. The foliage will be oven-dried in the fully-opened bags at 70°C for 6h. The dry foliage will be 

ground to an approximate n~aximum particle size of 1 mm. The ground samples will be re-dried at 70°C for 

12h and [hen stored in screw-cap plastic bottles. 

The ground samples will then be shipped to the Forest Research Laboratory in Victoria for analysis. 

They will be analyzed for total N, P, K, S, Ca, Mg, Fe, Mn, Cu, Zn, Bo and Mo (Ballard and Carter 1983). 

3.4 Environment measurements 

3.4.1 Micro-n~eteorological measurements 

Micro-meteorological measurements will be continuously monitored using a CR10 data logger 

(Campbell Scientific), which will be centrally located in the Douglas-fir addition series experiment. At that 

location, solar irracliance, rainfall, air temperature, anct relative humidity will be continuously monitored. 

Solar irradiance will be measured at 2 m height on top of a Stevenson Screen with a horizontally positioned 

pyranometer (Model LI-200SA, 1,icor inc.). Rainfall will be collectccl in a tipping bucltel rain-gauge (Model 

TE525 Texas, Campbell Scientific). Air temperature and relative humidity will be monitored at 2 n~ height 

in the Stevenson Screen with a Model 207 Temperature and RW Probe (Campbell Scientific). 

3.4.2 Air and soil temperature 

Air and soil tenlperature will be continuously recorded using thermistors (Model 107, Soilcon 

Laboratories Ltd.) attachetl to the data-logger. Ther~nistors will be installed in one location only at 0.05, 0.25 

m and 0.50 m depths in the soil and 0.20 m height above the ground surface. The 0.5 and 0.25 cm depths 

will be replicated twice and the 0.05 depth and 0.20 height only once. Data collected by the single 

thermistor installed at 0.5 n~ depth will be used for soil climate classification (Slathers and Spittlehouse 

1990). 

3.4.3 Soil moisture 

Soil n~oisture will be continuously recortled using gypsum soil moisture blocks (Soilcon Laboratories 

Ltd.). The soil moisture bloclcs will be buried at 0.25 m depth in the mineral soil and connected to the data 

logger. 

In adtlition to the continuous measurements, ten point measurements will be talten from four treatments 



(010, 64/64, 1281128 and 256/256) in each experiment. In each treatment, ten moisture bloclts (Type GB-1 

Gypsum Soil Bloclts, Hoskin Scientific Ltd.) will be buried at 0.25 m depth. Soil water potential will be read 

every two weelts using a hand-held Digital Soil Moisture Tester (ICS-Dl, I-loskin Scientific Ltd.). 

The total number of soil moisture bloclts required for the point lneasuremenls is 160. 

3.4.4 Light 

Solar irradiance will be measured using a Decagon Snnflecl< Ceptometer (Model SF-80). It will be 

measured over three days (one day for each experiment) in mid-August (period of maxilnutn vegetation 

development) between 12:00 and 14:OO hr. 

During the year following establishment (1993), solar irradiance will be measured at three points in.the 

vegetation profile: (1) ground level, (2) 50 cnl and (3) 100 c ~ n  (full sunlight). In subsequent years, as the 

vegetation grows taller, additional measurements at greater canopy heights will be made. Each measurement 

will be an average of four measurements, directed in each of the cardinal directions and centered on the tree 

stem. The fraction of full sunlight will be calculated by dividing (1) or (2) by (3). 

3.4.5 Soil nutrient capital 

A baseline analysis of nutrient capital in the organic matter ancl mineral soil will be done during the fall 

of 1991. A second analysis will be done after five years, in the fall of 1996, to determine the effects of 

species con~position on nutricnt capital. 

Organic matter ancl mineral soil will be sampled in five treatments (64/128, 128164, 128/128, 256/0, and 

01256) in the EP/DF, EP/CW and EP/LW experiments. Five soil pits will be dug from whicll one sample 

(a composite of three) will be collected from each of the organic layer and three mineral soil depths (0-10 

cm, 10-30 cm and 30-50 cm). The organic matter sample will be a composite of the L, F and H layers. An 

additional fifteen samples of the organic and 0-10 cm mineral soil layers will collected and cornposited to 

form three samples each per treatment plot. The sample size in each treatment plot will be 8 for the organic 

and top mineral soil layers and 5 for the two underlying mineral soil layers. The sample size for all threc 

experiments, including organic and mineral soil, will be 1170. 

The salnples will be put into labelled plastic bags and transported to the ICamloops Forest Region lab. 

At the lab, the rnineral soil samples will be cleaned of large stones and organic debris. Percent moisture 

content will be cietermineti for 10 grams of each sample. The mineral soil samplcs (500 mls) will then be air 

drietl, ground and sieved through a 40-mesh sieve. Organic matter sanlples (500 mls) will be air dried, 

ground and passed through a 20-mesh sieve. Both the mineral soil and organic matter samples will be stored 

in labelled cardboard soil boxes (providetl by Forest Research Laboratory). 



The cooled samples will be transported to the Forest Research Laboratory in Victoria for analysis. 

They will be analyzed for pH, total N, mineralizable N (as NH,-N and NO,-N), total C, total S, and available 

P ,I<, Ca and Mg, (Ballard and Carter 1983). 

4.0 Measures and Records 

During 1991, the site will be selected, the three experin~ents laid out in the field, the microelivironment 

station installed and baseline mineral soil/organic nutrient capital analyzed. Traverse notes of treatment plot 

l~oundaries will be recorded on Ducksback forestry field note paper according to accepted surveying 

standards. Microenvironment data will be stored on cassette tapes and transmitted to a PC computer using a 

1600-05A Cassette Tape Reader (Model C20, Ca~npbell Scientific). Mineral soil and organic nutrient . 
concentrations will be analyzed on an autoanalyzer and the data transmitted to a Lotus 123 spreadsheet. 

During 1992, seedlings will be plantecl and growth and physiological measurelnents initiated. Field data 

sheets for those measurements will be cleveloped cluring the winter of 1991/92. 

5.0 Proposed Analyses 

Relalionships will be devcloped between independent (e.g. yield) and dependent (e.g. density) variables 

using multiple linear regression analysis (SAS Institute Inc. 1985). The stepwise regression procedure will be 

used with a significance level of entry value of 0.05. The systenlatic experimental design prccludes the use of 

analysis of variance because it violates the assumption of random assignment of treatments. 

Relationships between density and yield 

The relationships between density (N), proportion (P) and yield (W) for both species (paper birch and 

conifer) will be tested using the model: 

l/Wc = boc t bcc N, t b, N, 

where Nc is conifer density, N,, is paper birch density, and Wc is conifer yield. The intercept of the equation, 

(b,,), describes the potential performance of the conifer species under competition-free conditions. The 

regression coefficients (b,, and b,) provide a means for determining the absolute and relative response of 

each species to the identity and abundance of its neighbors. For example, the coefficient bcc describes the 

effects of conifer density on conifer yield (i.e. intraspccific competition) and the coefficient b, describes the 

effects of paper birch density on conifer yield (i.e. interspecific competition). Sinlilarly, the equation can be 

re-written for paper birch yicld (l/W,,): 
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1/W, = b,, t b,, N, -1- b,, N, 

The equations may also include an interaction term, where it is significant. The coefficient would describe 

the effects of the product of the two species density terms (N, N,). 

The relative magnitudes of the regression coefficients estimated for individual tree yield will be 

compared in two different ways (Shainsl<y 1988). First, the ratio of coefficients ~~itlzirz a species' equation will 

give an estimate of the relative re.yonse of that species to the density of each species. For example, the ratio 

of bcc/bc, provides an eskiznate of the response of the conifer species to conifer density relative to its response 

to birch density. Comparisons made within a species' equation hold the responding species constant and 

hence are designated as relative responses. Second, the ratio of coefficients for a given species' density made 

from calculations betweeti equations will give an estimate of the relative eSJects of that species on the yield of 

each species. For example, the ratio of bCc/b,, provides an estimate of the effects of conifer density on . 
conifer yield relative to the effects of conifer density on paper birch yield. Comparisons made between 

equations hold the effecting species constant, and hence are designated relative effects. 

Various transformations of the independent and dependent variables will be tested, including reciprocal, 

log and log-log. The distribution of residuals will be examined for each model. The best models will I>e 

chosen based 011 the attainment of randoin residual distribution, minimum root mean square error and high 

coefficient of determination. The coefficient of deter~nination will provide estimates of the importance of 

compelition relative to other factors influencing tree performance. The partial coefficients of determination 

will provide estimates of the importance of each species effect on tree performance. 

Relationships among density. resource availability, anci physiological response 

Multiple regression analysis will be used to provide estiinates of the effects of cach species density on 

resource availability and physiology of its neighbors. The importance of those effects will be inferred by the 

models' coefficients of determination. In addition, simple correlation analysis will be used to identify 

colinearity between variables, and also to provide separate correlations between each variable. The 

relationships that will bc examinecl are: 

1.  resource availability (c.g. photosyntl~etically active radiation (PAR), soil water potential, soil 

nutrients) and density 

2. yield and resource availability 

3. physiological performance (xylem water potential, stomata1 conductance, foliar nutrients) and 

density 

4. yield and physiological performance 

5. physiological performance and resource availability 



6.0 Maintenance 

Deer/moose-proof fences will be constructed where deemed necessary. Invasion of the experiments by 

unwanted vegetation will be controlled annually through manual cutting and the application of glyphosate. 

Trees with missing tags will be re-tagged with their original number. Re-bar lnarking the treatment plot 

corners will be re-painted, re-tagged and re-flagged where neccssary. 

7.0 Communication of Results 

The type, timing and audiences of reports that will be written are: 

Type of Report Timing Audience 

Eslablishment December, 1991 & 1992 Region and Branch 

Progress (1 and 2-year results) December, 1993 Sr 1994 Region and Branch 

Technical (3 and 7-year results) Winter, 1995 & 1999 Region, Branch, Districts 

Journal ( 5  and 10-year results) Winter, 1997 & 2002 Scientific colnmunity 

8.0 Roles and Responsibilities 

Role 
1991 

Worlting plan 
Seedling production 
Site selection 
Sile preparation 
Fence construction 
Experiment layout 
Soil nutrient capital 

- sampling 
- analysis 

Microclimate station installation 
Fence installation 

1992 
Planting 
Measurements 

Responsibility 

Suzanne Simard 
Pacific Regeneration Technologies 
Suzanne Silnard 
Vernon Forest District 
I<amIoops Forest Region 
Suzanne Siinard and Contraclor 

Suzanne Simard and Contractor 
Forest Research Laboratory 
Contractor (Bob Stathers) 
I<arnloops Forest Region 

Contractor 
Suzanne Simard and Contractor 



9.0 Costs for 1991/92 

Transportation and travel 
Materials and supplies 

- 600 pieces of 1 m tall rebar (K-Rod Steel) 
- paint 
- flagging 
- metal tags 
- plastic bags (soil sampling) 

Equipment 
- 1 AgVision conveyor, Model AC (Decagon Devices, Inc.) 
- 120 Type GB-1 Gypsum Soil Blocks (Hoskin Sci.) 
- 1 Model KS-Dl Digital Soil Moisture Tester (Hosltin Sci.) 
- 1 Model LI-200SA Pyranometer (Li-Cor, Inc.) 
- 1 Model 2220 Millivolt Adaptor (Li-Cor, Inc.) 
- 1 Model 2003s Leveling Fixture (Li-Cor Inc.) 

Labour 
-2 contract technicians 

- fees (80 days * $150.00 pd) 
- meals (80 days '931.00 pd) 
- accommodation (40 nights :'' $50.00/night) 
- vehicle 
- niiscellaneous expenses 

TOTAL 

10.0 Timetable 

Worlting plan 
Sowing request 
Equipnient purchase 
Equipment purchase 
Site selection 
Site preparation 
Experiment layout 
bficroclimate station installation 
Soil sampling 
Establishnient report 
Soil analyses 

February, 1991 
February, 1991 
February, 1991 
April, 1991 
May/June, 1991 
July, 1991 
July/August, 1991 
August, 1991 
September, 1991 
Deccmber, 1991 
March, 1992 

This clocunicnt plans thc establishment and early maintenance of the experiments. Tlic study, however, 

is designed to continue for a minimum of twenty years. 
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