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ABSTRACT 

Morris, D-M- 1986- Competition trials o-f Pinas bsnksisna 
and Papal as tramaloides under a range of proportions 
and densities. 126pp. Advisor: Dr- R-E. Farmer. 

Key Words: Competition trials. Replacement series, Pinas 
banksian a. Pa pal as tremaloidas. 

This study was the -first study designed speci-f i cal 1 y to 
analyse the competitive ef-fects o-f density and species mixture 
for both Pinas hanksiana and Pop alas tramaloidas 
seedlings during the initial stages of growth and development. 
To this end, replacement series experiments with jack pine and 
trembling aspen seedlings were used in both a greenhouse and 
field study. In a 12~week greenhouse pot study species ratios 
of 10O/0, 75/25, 5O/50, 25/75, and O/ 100 were p]. anted at 
densities of 729, 2,344, and 10,000 pi ants/m In a. field 
study, similar mixes were planted at densities of 17, 83, 204, 
494, and 2,500 plants/m^„ This field test will be continued 
for a period of thrs?e to four growing seasons. 

In the greenhouse study, jack pine assumed a dominant 
role at the highest density (10,000 plants/m^). As the 
density was lowered, trembling aispen gained dominance over the 
pine in the mixtures. This relationship was reflected in 
relative crowding coefficients, as well as in replacement 
se?ries diaigrams for r6?la.tive yield. Also, it was determined 
that an adjustment in allocation of biomass with respE?ct to 
the dominant competitor occurred. Trembling aspen incre?ased 
its percentage biomass allocated to leaf weight, when jack 
pine was the dominant competitor. Hov'jever, the aspG?n 
seedlings allocated a greater percentage to stG?m weight in 
response to aspen assuming the dominant role, A final 
obsG?rvation included the lowering of aspe?n survival as the 
p ere cent age of aspen in mixture increased. Increased density 
further accentuated this rel at i onsh i p , Jack pine surv'ival was 
consistently high across the? range of treatments.. 

F”rom the preliminary measurements carried out on the 
field trial, it was found that both aspen height growth and 
crown development were affecte?d by species composition. In 
general, as the percentage of axspen decreased at a given 
density, bo'th height and crown volume increased. Furthermore, 
both height growth and crown volume for jack pine decreased, 
as density de??creased. The cause for this response to density 
was related to the i nf 1 Licence of environmental factors. 
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COMPETITION TRIALS OF 
P2NUS BPNKSIANA AND POPULUS TREMULOIDES 

UNDER A RAN6E OF 
PROPORTIONS AND DENSITIES 

By 

David M» MDrri5 

INTRODUCTION 

In northweBtern Ontario, the relationship between jack 

pine iPinas Lamb,) and trembling aspen 

iPopalas trsmal o i das Michx,) in early stand d£?vel opmen t is 

of special importance, E-ioth species are common and they 

occupy an overlapping niche. Therefore, this mixture 

frequently occurs in both natural stands and plantations, 

Turkington, at al <1977) identified that strong 

competitive interactions occur betvsieen plants with similar 

site r equi rementshindering or preventing their COE?X i stence, 

Insight into the mode of competition between these two tree 

species will permit forest managers to prescribe timely, 

efficient silvicultural treatments to ensure the desired 

management objectives. 

The essential qualities that determine the ecology of a 

species can only be detected by studying the reaction of 

individuals of that species to their neighbours (Harper 1964), 

Since plants are^ immobile, they are forced to live in the 

same lateral rel at i onshi fD with their neighbours throughout 

A plant may respond to this close proximity of t heir life, 



neighbours b'/ failure of seeds to germinate, death, or 

survival vvtith a plastic deevelopment <Harpe?r 1964b) « 

Competitive pressur6?5 from riG?ighbours are continuous, and 

where environmental conditions are relatively homogeneous, are 

the pr i, nc.i pa 1 f actor s d i r ecting commun i ty change wi t.hi n a 

forest stand. The hardships imposed by neighbouring plants 

include shortage of such environmental resources as light, 

water, and nutrients (Donald 1963). When the neighbouring 

p 1 ant s are of t he same spec i es, t he p)r ob 1 ems of aut ot oi c i t y 

( T r e n b a t h and i t at r p e r 1973) , a n d g i'" e a t e r s u seep t i b i 1 i t y t o 

epidemic disease (Sibson 1956) must also be considere?d„ 

Essential1y si mi 1ar ef f ects are f ound in miM ed p1 ant 

commun i t i G?s. F(educ0?d plant yield, as compare^d to yic?lds from 

monocLil t ures, may be caused by competition for envi r onmental 

resources. However, it could axlso be due to an al 1 el ap»ath i c 

f f ec t (Massey 1925) or t o t he pr esenc:e af nei ghbtoi..,ir s 

p r o HI O t ;i. n g i s e a s e i n c i d e n c e (C h a cn b 1 e? e 19 5 B) o r 1 o d g i n g (F* r o b s t 

1957) .. 

A common objective of forest ma.nageme?nt is to produce 

large qu.ain t i t i e?s of quatlity timber in the shortest time 

possible. This practice, in part, includes being able to 

control and manipulate the effects of intra— and interspec i f i c 

comp cat i t i on . A11 h oug h m an y effects of c omp e t i t i on can b e 

identified, we do not fully understand its mechanism. 

Moreover, the compleMity of interacting factors make it 

difficult to sG?parat.G? the? cornp)onents of compietition effects. 

T'he ma j or measui'"ab 1 e ef f ec t s of compet i t i on on f c:)r est tr ee?s 



1 nc 1 Lid© 'J < ;L ) increase in mortatJ. ity j, (2) redu.ction of total 

b i o m s sa n d < 3) iv. a d i f i c a t i o n o f t r G? e for m.. 

In the boreal forestp jack pine is consider€?d an 

important tree species by forGJst managers (Kabzems and Kirby 

1956).. Trembling aspe^n, however, is classed as a ma j or 

c omp et i t or of j ac k pine in this f or est r eg i on (Sh i r 1 e v' 1941) » 

Therefore., the incltisian of tre^mbling aspen on managed jack 

pine^ sites poses a serious threat to an increaised 'yield of 

desired jack pine products^ F"ur t her morethe effects of 

compertition ma'/ be most se'/ere on ju'v'enile plants, since it is> 

during this early stage of rapid de'/elopment that the greatest 

demands are being made u.pon the esse?ntial faictors in the 

envi ronmeent, 

Thee purpose of the present study was to inve?stigate the 

ef f e?c t s of c: omp e t ;i. t ion on j ac k pin <0 an d t r enib 1 i. n g asp en 

s e e d 1 i n g s d u r i n g t h e i. n i t i a 1 s t a g e s o f• p 1 a n t. d e v 0 ]. o p m 0 n t.. 

M a r e s p e c i f i c a ]. ]. y,, t h i s r e? s e a r c a 'l.:. t e m p t e d t. a i 11 u. t r a t e 

c h a n g e i n p 1 a n t v ;i. g o u r a ?=• r e 1 a t e ci t. o c h a n g e s i n ci 0 n s i. t y a n d 

species composition™ Therefore., this stud'/ concentrad:ed 

mainly on mortality and biomass changes™ These measu.rable 

effects of competition are good indicators of plant '-/igour 

(SilvG?rtown 1982). To this end, the present study used both a 

randomized complete block design (greenhouse trial) and a 

sp 1 i t "p 1 o t design (field t r i a 1 ) i n or der t a ex aim i n e the 

effleets of both densit'/ and species compositon in B. mixture of 
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LITERATURE REVIEW 

Attempts to study the phenomena of coexistence on a local 

scale have resulted in extensive theoretical and empirical 

studiE'JS relating to competition and niche (Werner 1979), This 

chapter examines the existing literature on plant competition- 

Most studies have concentrated on the following important 

attr i butes of agronomi c p 1 ant devel opme^nt S 

( ;!.) pr odnotion p ot en t i a 1 , 

(2) emerge?nce date (or timing of rapid growth), 

(3) r esoLir ce all ocat i on , 

(4) plastic growth response^ and 

(5) mortality, 

Other contributions have come from the areas of 

computer-model 1 i ng 3 especiall'/ with regards to forest, trees, 

ai n d r e 1 a t ;i. c.-) n s h i p s :i. n n a t u r a 1 p 1 a n t a s s o c i a t i o n s. 

Experimental Design 

Two contrasting expjceri mental designs have? bec?n ust?d to 

investigate the effects of neighbouring plants (Trembath and 

Harper 1973), In one design an "indicator species" is sown at 

the same density, whether in monoculture or in mixture. 

Mixtures are produced ex perimental1y by the addition of plants 

of other species to stands of the "indicator species". The 

m a j o r p r a!: j J. e m assoc i a t e d VM i t h t h i s a d d i 11 v e d e s i g n i s t h a t t i "i e 



genotype are ef-f6)ct_e due to a change of the neighboLire" 

confounded v\?ith effects due to a difference in density» 

In the second design^ monocultures and mixtures are sown 

at the same overal1 density. The mixtures are produced by 

substituting plants of a monoculture with plants of another 

genotype.. Varying degrees of substitution produce a range of 

mixtures with varied proportions^ Such an experiment is 

called "a replacement series” <deWit 1960). McGilchrist and 

Trenbath (197'1)., in their paper which reviewed techniques used 

to anailyze competition experiments., supported the use of this 

type of ex pe^r i men tal design. Harper <1977) claims that this 

is the most informative design on i nterspeec i f i c competition 

since the density effects which confound the interpretation of 

additive experiments are ruled out, leaving only the effects 

of species'* proportions (Harper 197'7). 

Density Experiments with Single Species 

P r a d u c t i o n P o t e n t i a 1 

Two major agronomic studies concentrated on this area of 

competition research, Hodgson and EUackman <1956) studied the 

competitive effects of varying deensity on the development of 

Vicia faba in a series of multifactorial experiments where 

the spacing both between and within rows was simultaneously 

a 11 er ed.. 

T'lie other stu.dy was ca.rr i ed aut by Li dd 1 e, at a 1 



o 

(19£?2)« The authors attempted to determine the e-f-fecte of 

size and shape o-f available growing space, and the size and 

proximity of neighbouring plants, upon the growth of 

individual plants in populations of F^staca rabra over a 

t en mont h p eriod- 

The matjor results from the above two studies were: 

(1) as density increases, the number of fruits per plant 
and the eMtent of branching falls progress!vely 
(Hodgson and Blackman 1956), 

<2) production performance of individual plants becomes 
increasingly positively correlated with available 
growing space as grovjth proceeds (Liddle, &t al 
1982),"and 

<3) a significant positive correlation also emerges 
between the mea^n distance of a plant to its immediate 
neighbour and its performance (Liddle, at al 
1982). 

Taking a more progressive approach, Weiner (1982) built a 

simple model to estimate reproductive F)otential based upon the 

n u m b e r , c j i s t a n c e, a i-i d s p e c: i e s o f n e i g h b o u r s „ T i”( e i n o d e 1 , f o r 

t wo sp ec i eB, i : 

Rrnct>j 

Rt^ = X    L 1 3 

1 - Cl X <Ni - 1) 4- Cg X M2 

where: F^ti -- total se?ed production of sp^ecies # 1, 

Fornax ““ is the reproducti ve? output in the 
absence of competition for species # 1, 

N-| — number of individuals of species # 1 
per unit arc-a, 



N2 - number o-f individuals cD-f species # 2 
per unit area, 

- a constant expressing the e-f-fect o-f an 
individual o-f species # 1., and 

□2 ” a constant expressing the e-f-f-ect o-f an 
individual o-f species # 2« 

The e-ffect o-f increasing cofmpet i t i on, in the modEel , is to 

reduce seed production in a "hyperbolic -fashion'% and the 

contribution o-f each individual, to this e-f-fect is in inverse 

proportion to the square o-f its dista^nce -from the? test 

individual.. This distance -factor was incorporated in the 

constants within the above (aquation. 

The m<Ddel was te?sted on populations o-f two annual 

knot weeds, A least squares -fit o-f the model accounted -for 

over 80 o-f the variance in seed production. 

Emergence Date 

In attempts t(D ve?ri-fy the existence of a "--3/2 power law 

o-f e;f. -f -1 h i nn i ng " , Wh i te aind f-larpe?r < 197O) conc 1 ued that the 

cause of the thinning phenomenon in plant populations is that 

di f f ser ent i ai growth rates (Dccur among its mcembers. This 

relationship leads to a developme?nt of a pattern of dominance 

and s u p p r e s s i o r i „ The s a 1 ;i (s s t p 1 a n t s €? v e n t u a 1 1 y d i e, t h e i'" e b y 

leavincg additional space and nutrients for the lairger;, 

vi gorousl y growl ncg p 1 ants. 

In a later study, Ross and Harper (1972!) observed that 

'd u. ring t h e e m e r (g e n c; B a f a s e e dling p op u1 a tio n a fnonospec i f i c 
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dominance hie^rarchy was established. This hierarchy se?verely 

i n1 uencecj t he t LIt ur e deve 1 opment o + eac.h i nd i vi dua 1 » 1“h i s 

conclLision wa\s determined from a series of experiments, with 

Dactyl2s glome rat a at high densities» 

In a more recent experiment, Fowler (1984) found that 

individuals which gerrni netted early were on average larger than 

those that germinated late, and had more flowers. 

Resour ce H11ocation 

In a study by Snell and Burch (1975)., two major questions 

were addressE^d 

<1) does a planfs pattern of resource allocation 
respond to varying levels of intraspecific 
competition and nutrient availability, and 

(2) how does increased intraspecific competition and 
cj e c r e a s e d n u t r i e n t 1 e v e 3. s a f f e c t net r e? p i'- o d u c t i. v e 
ef f or t'? 

I h e a u t h o r s f o u n d t h a t t hi e p a 11 e r n o f r e =5 o LA r c e a 1 1 CD c a t i o n 

i n Chamaesy<ze hi rta was s;i. gni f i can11 '/ af f ectd by both 

density and nutrient availability. FiArthermor, increstsed 

intraspecific competition and decreased niAtrient levels 

prodLAced decreases in the proportion of total plant energy 

a:L 1 ocated to r"eproduct i ve t i ssue:i. n a 11 uni ts tested . The 

following generalizations were made- As competition 

i ncr Erased « 

(1 ) repr oduct i ve b i omEiss i ncreased , 

< 2) 1 Ei a f w e i g hi t dec r e a s E? d „ 

(3) t. e m weight i n c r e a s e d , and 
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< 4) root wei ght i ncr eaeE?d „ 

Species Mixture Experiments 

Another group of researchers has designed experiments 

that attempt to identify specific growth responsces to changes 

in species composition of closei'/ related herbaceous species„ 

Pr od u.c t i on Pot en t i a 1 

A c:omrnon resuI t f auci in exper i ments ciea 1 i ng wi th the 

rel a\t i onshi p between species mixture? and production potential 

wa^s thait one species aittained a dominant position in the 

stand, and therefore severely haimper6?d the production of the 

s u [.;) pressed s p e c i e s» H o w e v e i'', d i f f e r e n t d e v e 1 o p m e n t 1 

strategies were discovered™ 

Lee (I960)., using two barley varieties (Atlas 46 - a 

s t r a n g c a mp I" i t ar |! Vaug h n — a we a k c o mpet i t or) , d e t e?r m i n ed 

that superior root development in Atlas 46 allowed this 

variety to efficiently gathe?r nutrients from a fairly limited 

area of the soil mass™ As a result, the Vaughn variety wais 

p 1 aced L.indG? 1'“ str-ess when bo th spec i es were de?pendent upon the 

same soil area for water and nutrients™ 

In studies dealing with mixed rice populations, it was 

observ^ed that light was ai major factor for which competition 

o c c u. r s (J e n n 1 n g s a n d A q u. i n t o 19 6 S > ™ F u. r t i •i e r m o r' et hi e w e a k e r 

competitors (veget at i vel y small, erect,, sturdy rice varieties 



cansiBtently have higher yields than their highly competitive 

counterparts when in pure stands (Jennings- and deJesus 196S) » 

r i'T is r" e 1 a t i o n s h i p is d u e t. o t he in t e n s e com p e t i t ion o c c u r r i n g 

between neighbouring plants of the strong competitor variety^ 

Scarisbrick and Ivrins (1970) found that light intensity 

was also t h e ma j or 1 i m i t i n g f ac t or f or I5r i t i sh p as t ur e 

grasses5„ From the results of greenhouse experiments, the 

authors theorized that increased daylength would have enhanced 

the c omp c^t i t i ve ability of r i bg r ass in m i x t ur e« Ri b g r ass was 

d r a m t i c a 1 J.u P P r e s s e d b y i n t e n s e c o m p e t i t i. o n e x e r t e d b y 

r y e g r- a s s a n d do v e r „ 

In a siightl'/ different approa^ch, Rabinowitz- et ai 

(1984) determined that sparse species of prairie graisses were 

generally strong competitors. Therefore, these grass species 

were rare due to another undetermined factor. Their study was 

a g r e e n h o u ss e d e W i 1: r e? p 1 a c: e m e n t s e r i e s e x peri fn e n t s p a n n i n g 5 ~ 

15 months. 

R e s Q u r c e A J. 1 o a t i o n 

A significant study on this topic w-as carried out by 

Turkington (198-3b). He attempted to illustrate how plant 

allocates its available resource's on a seasonal basis a.nd how 

this pattern can be altered in the presence of diffs?rent 

neighbouring species. 

OVer a range of differ- en t n e i q bour s, Tr i f o I i a.m 

r€-p€ms responded quite differfently in terms of leaf and 



1 owe?r fluxesi, stolon ex tension rates, -final population sizes, 

au'id -final dry weight, Tur k i ngton (1983b) stressed, however, 

that, ciny particular response is neither "better" nor "worse" 

than any other. In cil 1 treatments, the clover was able to 

persist and displayeMi! an arrav" of responses to different 

e n V i r a n m e n t s, 

F’ !L a s t i c 6 r o w t h espouse a n d li o r t a 1 i t v 

Cook (1965) grew populations of E schsc ho J. i za 

caJ. X forr> .7. c.a (California poppy) on soils which they do and do 

not occur natturally, E.californica and fivana fataa 

were grown singly and together, in different proportions, on 

an artifical slope with a constant water table. When grown 

alone, poppies survived in greater numbers and flowered closer 

t o t h e b o 11 o(Ti of t h e s 1 op e t hi an wh en g r own c omp e t i n g w i 1:!'i 9... 

f a t a. a, T h e y r e s p ci n d e d m c j r B last i c 1 y t o i n t r a s p e c i f i c t h a n 

t o i n t e r s p e c; i f i c c o ni p e t i t i o n » How e v e r , {TI O i-1 a 1 11 y w a s i'i i. g h e r 

i n r esponse to i nt er spec if! c cornpet i t i on . Cook (1965) 

concluded that there^ also seemed to be a certain degree of 

"genetic specialization" in relation to edaphic conditions, 

F‘ 1 a n t A s s o c: i a t i o n s 

T u r k i n g t o n and o t hi e r s e a mined some o f t h e c o rn p 1 e >; i 1: i e s 

of species relationships in communities where several legu.m6}s 

and s e v e r a 1 g r a s s e s a r e c: om m o n , I n t hi e it" f i r- s t r e p o r t, 
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(Turkington^ &-t al 1977) demonstrated that different 

1egumes f armed consistent rel ationships wi th dif f erent grass 

species- Each legume was strongly associated with a 

particular combination of grass sfDecies- The authors 

suggested that each 1 egu.me-gr ass combi natt ion is selected 

through the ability of the combination to utilize the soil 

environment more efficiently than random combinations of 

species« 

The most striking result from the second study by 

T u r h; i n g t o n (1979) w a s t h a t t h e n li rri b e r o f s u i- v i v o r s ( 7 - 

re-pens and setive) and the dry V’jeight (7^ repens) 

was greatest when the species were transp 1 avnted back into 

swards of the grass species from which they had been sampled. 

The above relationship was further strengthened b'v an 

i n d e p t h study b y T u r h: i n g t o n a d H ai r p e r (1979) » I' hi e m o s t 

remarkable feaxture to emerge from this eKperiment w<as the 

s t r e i"! g t h a f t h e i n t e r ax c t i cj n b e t w e n s i t e a n d c 1 o v e r ' ’ t y p e " in 

t h e fie 1 cia n d bet w e e n g r a s Ei a s s o c i a t e ax n d c ]. o v e r " t. y p e ’' i n 

the sown plots- Each clover "type" performed best wh>en grown 

in the site from which it had originally been samp 1 fad H or in 

assac i att i an with the gi'"ass spec i es tha.t dami nated that si te. 

This feature is known as the "Principal Diaigonad. Effect". 

T u r" k i n g t o n a n d H a r p e r ( 19 7 9) f e 11 t h a t t hn. s r e 1 a t i a n s h i p 

pointEi to a finer and more subtle E>peci ail i zati on of orgaiinisms 

to the environment than had previously been recognized within 

p1 ant communities- 

I n t h e f i n a ]. s t u d y o f t h e s e r* i e s, T i..i r k i I'l g t □ n ( 19 S 2'.) 
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cittempted to influence the patterns o-f dry matter 

d i st r i but i on t or t wo gen ot yp es ot 7 ^ r epen*b y a 1 ter i n g 

their competitorsn 

Both genotypes responded to increasing percentages of 

unfamiliar neighbours by producing more inflorescences and by 

distributing proportionately more dry matter to inflorescence 

production„ 

S h r u. fa E-I s t a b 1 i s h m e n t 

Serious atte^mpts havee been made to restore pere?nnial 

grasises to rangelands, as well as shrubs to winter game 

ranges- The purpose of several studies have been, therefore, 

to gain an underst,andi ng of the basic factors controlling 

competition betwe?en the desired amd undesired plant species- 

Schultz, et a.I (1955) found thait there wars a direct 

cCDr re 1 at i CDn between the aimount of hierbaceous vegetat i c.in , 

espec i a 11 y gr asses, an{J the ni...imber aind vi gour of br ushi 

seedlings when the two kinds of plaints were growing together. 

Brush seedling mortal it’/ was correlated with grass densit'/., 

11 was felt t h at ai 11 h CDug h c omp et i t i on for n u t r i en t s, light, 

and space occurs? the a.'v'ai 1 abi 1 i ty of soil moisture is the 

most striking factor influencing seedling survival, 

HcDlmgren (1956) dealt with the influence of annual weeds 

cDn estab 1 i shment, gr owth r a*.t e, and sur vi va 1 of ar t i f i cal 1 y 

B e e d e d b i t ter b r u s(P a r s h i a t r i a e ~J t a t a) - H V a r i e t y o f 

" k e y ‘' Si s p e c t s o f t h e c o m p e t i t i v e e f f e c: t o f a n n u. a 1 s w e r e 



revealed T h 63 B c B a B- pacts w e r B ;; 

<1) In cheatgrass ^standSn fPBw bit.t&3rbrush seeedlings were 
able to survive the -first summer. The competitive 
e-f-fect o-f cheatgrass generailly become^s manifest early 
in the growing season, coinciding with its period of 
rapid growth. 

(2) Bitterbrush seedlings are better able to compete with 
br oad--l eaivejdsummer-annual weeds than with 
cheatgrass. The competitive effe?ct of broad-1 eaved 
annucils becomes manifest 1 alter in the first growing 
season, coinciding again with their p^eriod of rapid 
growth. Therefore, die-off of bitterbrush SE36?dlings 
takes two to threea ye airs. 

(3) Bi t tear brush seaedlings that grow their first season in 
freedom from compDeting weeds are vigorous. 
Subseqi.i(Bnt invasion of wetads resu 11s i n on J. y neg 1 i b 1 e 
or no mortality, but it causes a slowing up in the 
g r o wt h r a t e of b i 11 er b r ush - 

Litav, at ai (1963) identified similar relationships, 

as above, in their work in the Mediterranean hill region of 

G r e e c: e?. 1" h >e y w ere loo k i n g is p e c i f ;i. c at 1 1 y a t P o t e r i a m 

p i n o s a v>, t h e fii o s t c a m m o n h r u b in the M e d i t. e r r a n e a n r e g i o n , 

a n d P t ' e n a s 11? r 11 i s, t. li e 1 e- a d i n g a n ri u a 1 - 

11 h a b e e n d 631 e r m i n e d t h a t at n n u at 1 g r a s s e s o u t c o m pete 

s hi Y~ u b e 66 cd I i n g s b y e x tending their* roots more r a p i d 1 y d u r i n g 

the winter, thus gaining control of the site befortB the shrub 

s66ed 1 i ngs beeome estab 1 i shed . "I”he ear* 1 y imatur at i on of atnnua 1 s 

dtBp 16?t(Bs t.h(B stored moisture supply prior to the needs of 

shr 1 .AbB:> ( Har r i s 1967) , Th& a*bove r e 1 at i. onh i p was .1 ar ge 1 y 

d 01 e r m i n a? d f r o ffi a s t LA d y b e t w e e? n B r o m a. s t e c to (E. u. r o p e a n 

c h e a t g r a s ) at n d P g r o p y roo s p i c. a t a JD » 



Experiments Combining Density and Species Mixture 

H -few researchers have noted that interactions betweeen 

d e n s i t y a n d s p e c ;i. (•? s m i t u r e c a n h a v e a p r o n o u need e -f t e c t o n 

product i vi ty« The important -findings -from this group o-f 

ex p er i men t s ar e summar i z ed in the f o 1 I oi^n. n g sect i on » 

F r Q d u, c t i o n F-‘ o tent i B. I 

PreI i mi nary resuIts 1 n this area are as -f o 11 ows« 

(1) a dominant sp6?cies can be expected to suppress a weak 
competitor in all. mixtures at all but the lowest 
densities (E<lack 1960 — working with Trifoliam 
prat€-r>s& and Madicago sati^r'a) ^ and 

< 2) m i >i t u res e? n d e d to y i e 1 d m o re than t h e me a n y i e 1 d s o -f 
t h e i r t w o c o m pone n t s and t e n d e d t o h <a v e a g r e a t €-:? r 
c. a n s i s t e n c y o f p e r -f o r m a n c e ( EL n g 1 a n d 19 6 & — w o v-1-:; i n g 
w i t h t w o c o c k s f o o t a n d t w o r y e g r a s s v a r i e t i e s) . 

I " i m i n q o i- G v a w t h 

Buttery and Lambert <1965) examined the growth and 

product i Vi ty of <9i ycarz a maxi ma and Phragmi t&s 

CO mm cm IS in a primary -fen in which "A" was known to have 

succeeded “B".. 

W here G. maxima sh o we d maximum g r owt h, P- 

comman i s was completely suppre2ssed„ The success o-f 

maX1 ma over P. c oiswan i s under -suc h cond i t i ons appear ed 

to be due to its rapid production o-f a.n extremel'y dense sward 
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in spring^ be>-fore the P. commanis shoots could develop. 

Where some reduction in growth occurred^ 

P - c o m m a n i s <=;■ i“i o o t s p e n e t r a t e? d t h e s w a r d a n d i n c r e a s i n g 1 y 

i n •(:. e r- c:; e p t e cJ t h e aval 1 able light. T‘ h e r e -f CD r e, Pc o JJ> m a. n i s 

was a serious competitor to maxima only after a marked 

r educt i on i n B maxi ma product i vi ty. 

e s o u r ■::: e A11 a c. a t i o n 

F'^obson (1968) studied the life histories of all S.170 

tall -fescuG-i tillers grown in large pots from April 19^62 to 

July 1964- Competition for light and nutrients in May3 caused 

many t i 11 ers to die- F-kDwever , the survi vi ng plants did not 

vary greatly in size. Robson theorized that a tiller in a 

favoured position 3 producing G^xcess subst raters, utilized these 

s u b s t r a t e s t. o e p a n d d a ix g h t. e r t i 1 1 e r s - T’ h u s, w h i 1 e a s i n g 1 e 

favourably placed tiller might not dominate a pjlant in the 

sense that it would grow much larger than all othe^r tillers, 

it might dominate in thee sense that its offspring would become 

more nume?rous than thosie of less favourably place tillers- 

P1 <5 s 13. c G r o w t h R: e s p o n s e a n d M o r t a 1 11 v 

Marshal 1 and Jain (1969) found that de?nsi ty induced 

greater morta^lity and a striking plastic reduction in the size 

and r G? C) r o d u c t i v e p o t e n t i a 1 of b o t hi H e v a fat a a a n (j 

H e D a b a r b a t a. F u r t h e r m o r 0, (P i- t h e w e a {•:; 0 r c o m p 01 i t o r 
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u a r b a t a) h a d r e !L a t i v e 1 y g r e t e r- m CD r t -a 1 i t y n d p 1 a a tic 

growth reaponae-jaa It waa postulated thait although 

c o—e 'A i B t e n c; e b e t w e e n t h e B e t w o B p e c i e s c o u 1 d o c c u r t: h e 

percentage of fK barbata expected at equilibrium varied 

from approximately 30X at the lowest density to less than 10’7 

at the highest deensity.. This si gni f i cantl y lower percent 

composition of the weaker competitor illustrvat.es a strong 

i n t er ac t i on bet ween i n c r e?as i n g den s i t y and spec 1 es mi x t ur e 

with the intensit'/ of compe-tition from the dominant species.. 

In a different approach, Matck and Harper <1977) determined the 

ef f e?ct s of nei gl"ibour s are not d i f f LIed t hr oLIgh a popu 1 at i on , 

but involve rather precise, quantifiable local interactions» 

They also noted that 697„ of the variation in individual p)lant 

weight can be accounted for by the size and distance, as well 

a s t e p a 11 a? r n o f d i. s t r i b u t i o n o f n e i g h b o u r s „ 

F-1 ant A s o c i a t i o n s 

I n a g ca n e r a 1 survey p a p e r , T' L.I r !•:; i n g t o n and C a v e r s ( 19 '7 9) 

showed that the presence of grasses slowed dov'jn the rate of 

clump formation in legumes and hinderced the rate of 

d e V e? 1 o p m e n t o i- a s s o c i a t i o n s« 

In a more in-depth study, Turkington and HarpDer ''1979b) 

found that 7'.. rapans avoids the i nter spec i f i c i nter f e?r ence 

of clumped species vsnd has a low frequency of i ntr aspec i f i c 

c on t ac t s „ T ur k i n g t on and Harp er (19'79b ) g en er vS 1 ;i. zed t hat f or 
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any spe3cies whe?re i nt r aspec i f i c competition is weaker than 

i n t er sp ec i f i c e-f -f ec t s ^ sur v i vor sh i p wou Id be g r eat t er i n 

cI umps, I f i ntraspec i t i c compet i t i on i s greater i t waul d 

"pay“ to wander a\nd eKp 1 ore, 

Competition Experiments Incorporating Environmental or Genetic 
Variables 

Although these types o-f -factors a\re not being considered 

in the present study;, 1 -felt it was important to reailize that 

si gn 1-f i ca.nt competition Sstudies i ncorpor at i ng these factors 

h a V e been c a r i- i e d o u t... T h e e -f- -f e c: t s o f t h e e n iron m e n t m u s t b e 

considered lAjhen i nter pr cat i ng results of any -fielcj study and 

allowances -fcsr genetic var i atbi 1 i ty must take place to avoid 

ccDn-founding the?ir effects with the measurecj -factors« 

E n V i r o n m e n t a 1 1 n -f 1 I..A e n c e s 

An early experiment was designed by SnaydcDii ';1962) which 

1 oot-:;ed at t|-ie? i n-f 1 uence ai comp)et i t i on between contr ast i nq 

populations of Jrifoliam re-p&ns- cDn contr ast i ncj soils- A 

greenhouse pot stu.dy was estab 1 i shed where p)or.)IA 1 at i ons -f ro 

each soil type were grown seperate or mixedp on each o-f the 

two soil s ( a c: i d a n d c a\ 1 c a r e o u s) « 

11 was de t ei" m x n ed t hi a* t t h e ab i 1 i t y o-f the ” c a. I c ar' eoiAs " 

popu 1 at i ons to ut i 1 i. z e i r on , nAagnesi uITi, and pot assi uiii at 1 ow 

c o n c; e n t r a t i. o n s g a v e t h e m a s 1 i g h t c o m p:« e t i t i v e a d v a n t a g e c> v e r 

the ”ac:id" popuiationsn 



(1931) examined A more recent study by Lee and Carvers 

t he ef -f ec:t s ot shade on gr“owt h, deve 1 opmen tand r*esoLAr ce 

a 1 1 DC at i on p t er n s of t h r ee spec i es of foxtails 

iSetar2.^) n It was illustrated that the three species 

demonstrated morphological adaptations to the shading 

treatments imposed (7'1/C., 4IX, and 19X of fiAll sunlight),, as 

foil ows 

(1) stem elongation occurred with increased shades., 

(2) leaf area became relatively greater with reduced 
light intensity because the biomass allocated to 
leaves was used to produce large, thin leaves? rather 
than smaller, he^avier ones, 

C3) reduction in reproductive effort occiArred in response 
to rediAced light, and 

(4) an increased percentage of biomass was allocated to 
leaves with a cor r espond i ng drop in stem biomass — 
as shade was increased™ 

G e ri e t i c 1 n f ]. u e n c e s 

Hn eX tensi ve study of the i nteract i C3ns bet.we€-3n var 3. ous 

genotypes in foiAr varieties of barley, four varieties of 

wheat, and eight barley genotypes which had survived up to 18 

generations of mutual selection in a heterogeneous population 

was ca\rried out by Allard and Adams (1969).. The authors 

concluded that natural selection appeared to preserve 

genotypes which interact synergistically» 

T u r k i n g t o n (1983c) s u. m m e d u p hie w o r }•:; w i t h genotypes o f 

Tr2 foI 2 a.yi> r-epens’ by stating that the measured characters 

( i e" ]. eaf pr oduct i on , final dr y weight, f 1 ower- produc:t i on ) 



werE^ subject to some degree o-f goBnetic control and modi tied to 

varying extents by the environment. 

Competition Experiments Dealing with Forest Trees 

Studies on the effects of density on forest tree?s have a 

long history. EvE-?rt"s (1973) annotated b i b 1 i ogr <B.phy lists 3EJ8 

citations covering the period from about 1950 to 1971. The 

following section rcBviev^Js 15' important studies which help to 

t r ace t h & h i st or i c a 1 d e ve? 1 op men t of f or es t comp et i t i on 

e ; c p) e r i m e n t s „ 

F^^esource A1 1 ocat i on 

Most studies on resource atl location have dealt with 

mature forest stands. Borman (19^65), working with suppressed 

white piine U^inas strobas) treesidentified an important 

e c o 1 o g i c a 1 p hi n o m e n a „ H e f o u. n d t hi a. t. j, a 11 h o u. g l i f o o d a n d g r o w t hi 

r €? g Li 1 a t o r s m o v i n g t o t h e r o o t s f ai i 1 e d t o s t i ITI U late t h e c a m b i u m 

to produce secondary xylem^ they were sufficient to produce 

primary root growth and possibly secondary phloem. Therefore. 

in suppressed trees the investment of a higher amd higher 

proportion of the decreasing energy suppily is directed into 

tissues that require annual renewal. The net effect is to 

pr o 1 on g t h e sur v i va 1 of t h €-:■ i n d i v i d uax 1 „ 

EJaskervi 11 e (1965) studie^d resource allocadr.ion in 3B to 

4 5 y e a r — c j i ci balsa m f i i-- s t a n d s. FH e 1 o i--: e d a t t hi e d i s 11-~ i b u t i o n 



o-f dry matter in the above-ground tree componentsS -foliage, 

cones, stem wood, stem bark, branch wood, branch bark, and 

dead branches. As with Borman (1965), Baskerville identi-fied 

an unique adaptation of suppressed trees to prolong their lif 

through greater efficiency in energy production. In general, 

trees with small crowns produced more tissue per pound of 

foliage than trees with large crowns. Baskerville (1965) 

hypothesized three explanations for this phenomenon" 

(1) small crowned trees have? a low light saturation 
point of photosynthesis, 

(2) small crowned trees have a high proportion of shade 
need 1 e?s i n suppr esse?d cr owns, and 

(3) the favourable distribution of dry matter among 
tree components in small trees. 

Morris (1983), dealing with juvenile seedlings, 

illustrated the competition effects of density and spe?cies 

mixture on a suppress6?d tree species. As overal 1 density 

i n c r e a s e <:i and s p e c i e? s c o (n p o s i t i o n <D f t h e s u |D pres s e d t r e e 

s p e c i e s d e c r e a s e d , t h e f o 11 o w i n g e f f e c t s o c c u r r e ci« 

(1) reduced growth rates, 

(2) incre?ased mortality, and 

(3) an adjustment to a lower leaf weight/total weight 
r atia„ 

T h e s p e c i e s u s e d i n i: his g r e e n hi o u s e e x p e r i rn e n t w ere 

Popa.lcis> tre-mal o 2 d€s (dominant species) and Populas 

bal sam 2 fi-^ra (suppressed species). 



S t a n d D 0 V e J. D P rn e n t 

The trees in juvenilen natural stands are distributed 

more? or less at random, as a result o-f the random dispersal of 

seeds- However, this relationship is species depende?nt.n As 

the stand matures, there is a slight, tendency toward a more 

uniform spacing as competition inc:reas6?s and unsuccesstul 

competitors are removed -from the stand (Cooper 1961). 

Laessle (1965), working in natural stands o-f samd, pine, 

subtantiated Cooper "s (1961) -findingsia Laessle showed that 

stands under 23 years old were either clumped or essentially 

randomly distributed. Stands older than 23 years of age 

showed si gni-f leant to highly significant movement towatrd 

r eg u1ar sp acin g- 

I' h e a b o v e r e 1 a t i o n s h i p w a s t e s t e d in p 1 a n t a t i o n s a t 

A-icee by Ford (1975)- Three maj or cone 1 u.si ons 

w e r e d e t e r m i n e d -f r o m t h i s s t i.i. d y 

(1) t h e e s t a b 1 ;i. s h m e n t o f 1 a c a 1 h i e r a i" c hs i e s o c c u r i" e d 
dL.ir ;i. ng t he seed 1 ;i. ng ph.ase, when r e 1 at i ve gr owt.h 
r ate (RG F\) w a s 1 i n e a r 1 y r e 1 at e d t o ci 1 an t w e i g I'l t, 

(2) the developmesnt o-f a distinct upper canopy of large 
plauits occurred which wc-?t"e evenly distributed in 
s j;:> a c e a n d h a d s i m i 1 a r m a )•{ i m a 1 R G R" s, a n d 

(3) there? was stability in the upper canopy, but 
m o r" t a 1 i t y a f s m a 1 ]. plants did o c c: u r - 

Th e r e 1 a t i on sh ip o-f 1 oc a 1 h i er ar c h i es, d i sc ussed b y For d 

(1975), wa.s studied in more detail by Holler, at a I 

(197£.<)n They -found that soon after a stand of woody plants 

b e c o m e s e s t a b ]. i s h e d t |-i e s :i. z e - -j- r e q u e n c y d i. s t r i b u t i o n i s a 



n eg ative1y e k ewed , b e11—shaped c ur ve. This dist rib ution 

s u b s e q u e n t ii. y becomes pas i t i v e 1 y s k e w e d a n cj i s m a H i m u m j LI S t 

before s u. p p i^ ‘ e s s e d t r e e s hi e g i n t. o die. E v e n t. u. a 11 y 11 ■•| e 

distribution approaches normality after substantial thinning 

occurs„ 

Er- f feet of rh i n n i n a 

Staeb 1 er < 1956) stud i ed thc? e-f f ect o-f a controiled 

r e 1 ease on t ft e g r owt h o-f i n d i vi dua 1 Douglasf• i r t r ees, He 

•found that a thinning program which removed the chi e-f 

competitor of- a selected crop tree msirkedly increased the 

growth ot that tree. Additional;, but much smaller increases 

in growth 3 were obtained by the remove-».l OT two to three 

c o m p e t i t o r- s. 

b-ffect on Diameter bv Competitors 

Steneker <1963) carried out a study to assess competition 

in a white spruce-tremb1 i ng aspen stand. The purpose of the 

i nve-st i gat i on was to deteermine how the diameter increment o-f 

individual white spruce trees was in-fluenced by the proximity 

of- sur r oi.ind i ng t r ees. 

Basal area summ^ition gave the best correlation with 

diameter increment., as 55X of the variance in diameter 

increment was accounted for by the basal area of -surrounding 

trees within a ten foot radius. An additional 21A of the 
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var i at i ort was accounted -for by including trees within a 15 

•f’cot radius. 

G E? n e t i c e 1 a t i o n s h i p s 

An interesting relationship was illustrated by Sakai and 

Muk a i d€-5 (1967) with their wor k i n st an d i ng forests of 

C ry ptomeri a japonica. It wats found;, by partitioning the 

phenotypic variance or covair i ance into genetic , en vi r onmen t al ^ 

and compet i t i anal components;, that in the clonal forests both 

the genetic and competi ti onatL vatriances were stat.ti sti ca\l 1 y 

zero (ieS trees in a clonca are isogenic and they do not 

compete with each other). In seed—propiagated forests, 

hov'^ever;, compet i ti onal variance proved to be consi deraibl y 

1 arge?. 

This r e 1 at i onsh i p was also i dent i f i ed b y Tauer (;1.975) , 

who in V e s t i g a t e d t h e i n t e r g e n o t v' p i c: c o ffs p e t i t ion in b 1 ai c I < 

c o 11 o n w a o ci g r o w n u n d e r g r e e n h o u s e c o n c:l i t i a n s. H o w e v e r , t h e 

aa.ithor did warn that, unlike annual crops, trees rnav' require 

several years of growth before their final competitive 

relationships are concretely established. 



Competition Mode1B 

One area of competition research with -forest trees which 

has had e>^tensive development, is with the building o-f 

competition modelSn In general, these models attempt to 

predict the growth o-f a subje^ct tree in response to 

competition -from neighbouring treeSn 

□pie (1968) presented one o-f the first models to predict 

individual tree growth based upon the concept of "zones of 

influence"- The zone of influence of a tree was defined as 

the total area over which the? tree may at present obtain or 

compejte for site factors. Therefore a max i mad. zone would be 

the area that could be occupied by a tree when unrestricted b 

compelition„ 

The model is as follows^ 

S == (BAF/ A. ) 
I 

k H i > L2Ji 

whe?rec S - basal areai density (square feet pE^r 
a\cre) , 

BAF “ basal area factor, 

Aj “ the areat covered by parts of "i" 
circles- 

This model places at wciighting on competitorai ~ the 

smatlle^st competitor contributE?s less to the? estimate than doe? 

the large competitor, rega^rdless of the distance to the 

subject tree- 

Bella ( 19 '71 ) a d v a n c e d a i" i e w h y p o t h e s i s r e g a r d i n g 



inter-tree cornpetition^ and the hypothesis was defined as a 

mathematical modeln The model represented competitive 

interaction between individual trees. It consisted of two 

basic componentsS 

(1) the influence? zone of each tree (which is a function 

of its size), and 

(2) the amount and nature of interaction (which depends 

on the distance between and relative size of the 

competing tree and its competitors and also on a 

power of relative tree sizes). 

Be 1 la (1971) felt t hat the mod e 1 s sen s i t i v i t'/ t o 

paraxme^ter changes indica.ted that both components were equally 

important in describing the competition effect. (Competition 

indicies,, of this model, accounted for approx i matel y 577. of 

the variance in diatmeter increment. 

In 1976, Daniels prese?nted a model modified from Hegyi s 

index (197'4). The model wasS 

Cl. 
I 

(U./D.) 
J 1 

DIST.. 
U 

c 3 :i 

where. CIj 

D; 

— competition index, of subject tree ”i", 

- dbh of tree? " i, amd 

DIS3T; — distance between tree "i" a.n 

competitor "J". 

Daniels (1976) deaf in ed "n" to include all trees within a 

3.05m (10 ft) radius of the subject tree. However,, "n” was 

c:hange?d so that competitors were chooser based on their size 

and distamce from the subject, tree — neighbours having 

influence circles intersecting the sutaj€?ct tree were included 



as c; Dfrip e111or‘s 

.In a recent stud'y, Weiner (.1.984) added an additional 

variable of neighbour size (Si)„ This new model measures 

i nter-f er ence on a subject tree, as -follows^ 

W == I-:; / (d. 1:43 

wheres W “• i nter ter ence.. 

k “• thee eettect ot a neighbour (as expressed 
as a constant). 

Sj - si zee ot the ith neighbour, and 

d j -- di Btance to the ith neighbour » 

The model was tested vgith data trom a 20-year old, 

even —aged stand ot Pinas rigid-Sn The total size ot the 

neighbours within two metres ot a subje?ct tree was shown to 

c 1 e a r 1 y b e 11"^ e m o s t i m p) o r t a n t. t a c t o r in d e t. e r m i n i n g t h e 

d i 11 e r e n c e s i n i n d i v i d u a ]. g r a w t h v~ a t e s.. 



Jack Pine Ontogeny 

P 2 n as b^7-> ks i an a (j ac k jD i n e) is a sh or t — 1 i ved , 

smaJ. 1 ••"to~medi urn coniferous forest tree„ In general , jack pine 

is found on burned areas where there is little severe plant 

competition and where soil is acid and has very good drainage 

and at€0ration (Kaufman 1945). 

Natural stands of jack pine are confined largely to soils 

of the podzol regions melanized sands, podzolic sands, sandy 

podzolS;, and the g 1 ey—podz ol i c sands (Wilde, et al 1949),. 

J a c k p) i n e g r o w s rn o s t c o m m o n 1'/ o n 1 e v e I to g e n 11 y i" i. 1 i n g s vS n (d 

p 1 ai ns 3 usual 1 y of g 1 ac i al outwatsh , f 1 uvi al , or 1 <?ACustr i ne 

origin (Eyre and LeBairron 1944) „ It also occurs on eskers, 

sand dunes, rock outcrops., and bald rock ridges (Raup 1946) „ 

In the boreal forest region the most common associates of 

j a c k pine are Papal a s r. r e w a I a i a' e, B a tal a p a p y r i f e r a, 

P i c a a 7J) a r :i ana ^ and a o m e t i ITI e s i c a a g I a a c a a n d 

P a p a I a s b a I s a m 2 f a r a (R a u p 1946) „ J a c I-;: pine i s o n e of t hi e 

most intolerant trees in the region (Graham 1954)» In 

Ontario, 16 species have been arranged in descending order of 

tolerance from Pbias balsamaay the most tolerant, to 

Pranas pan s yl aan 2 c a ^ the least tolerant» -Jack pine is 

ranked 13 — 1G?SS tolerant than Pinas rasinosa but more 

tolerant than Papal as tra77>al a z das (Horton and E'edel 1 

1960)= Furthermore, it has been found that jack pine is more 

t Q1 e r ant i n t h e s- e e d 1 i n g s t a g e ( E* a t e s and R o e s e r 19 2 S ) = Y o LI n g 

jack pine seedlings can e;-oi st in light as low as 2=4 percent 



D-f -full sunlight.. However ^ more light is required for 

establishment. (Shirley 1945) n 

In general 3 jack pine-? is classed as a pioneeeer spe?cie-?s on 

burns or other exposed sandy' sites™ However 3 in the absence 

o-f fire? or other catastrophes3 jack pine teends to give way to 

other more tolerant or faster-growing species, except on the 

poorest 3 driest sites where it may long persist and form an 

edatphic climax (Moss 1953!i Kabzems a\nd Kirby 1956) » 

Trembling Aspen Ontogeny 

Populas aides (trembling aspen) is a 

smal 1 “to—medi umj f ast—grcDwi ng , and generally short — liv^ed 
r 

deciduous tree.. Trembling aspen grows on a great variety of 

soils ranging from shallow rocky soils and loamy sands to 

h e a V y c 1 a y s » Howe v e r , b e 11 e i" grow t h and d e v G? 1. o p m e n t. o c: c u r o n 

s o i ;i. s t h a t h a v e c J e v eloped f r o m a g r a y g 1 a c i a 1 d r i f t r i c hi i n 

.1. i m e (S t o e c !•:; 1 e r" :l. 9' 4 S) » I n a d d i i o n t o h a v i n g a n a b u n d a n c e o f 

lime, the best aspen soils are usually porou'S, loamy 3 and 

humic (Zehngraff 1947).. 

Trembling aspen grows with a large number of trE^es and 

shrubs ovE?r its extensive range™ In the boreal forest., 

tremtaling aspen is found most common1y with Pinas 

b a n k s i an a ^ P i c e a m a r i a n a 3 B e t a I a p a p y r i f e r a 3 a rui 

Pice a glaaca. 

Ripe trembling aspen seed are not dormant, and natural 

germinat.ion occurs within a day or two afta-r dispersal if a 



B LI i t. a b ]. y rrt a i 51. 5 e e cl b (a cJ is r- e a c h e d (Faust 1936) « T h e p r i m a r y 

root o-f seedlings has very SIQV-J growth -for several dav's? and 

during this critical period the young germinate depends upon a 

brush of long delicate hairs to perform the absorptive 

functions (Moss 1938) » These hairs aire effe?ctive only if the 

surface soil is moist™ 

Trembling aspen more commonly reproduces by me^^.ns of root 

suckers., much less commonly b'/ root collar s>prouts, and 

occasionally by stump sprouts (Sandberg and Schneider 1953)™ 

In general the number of stickers produced is pr opor t i onal to 

t h e d e g r" e e o f a c u. 11 i n g ™ w i t h t h €? g r e a t e s t n u m b e r" a i'" i s i n g 

after a complete clear cut (Zehngraff 1949)™ 

Trembling aspen is rated as very intolerant™ a 

character i st i c it retains throtighout its life (Baker 1949)™ 

11 h a s been c 1 a s ss e d a s a n a g g r" e s ?> i v e p i o n e e r spec: i e s and 

r e a d i 1. y c o 1 o n i z e s b L.I r n s (S In i r 1 e y 19 4 1 ) ™ 

Present State of Knowledge 

Practically all of the work on the compcrt i t i c^n effects of 

density c^n forest trees has dealt with the problems of 

plantation spac:ing and modeling growth under various levels of 

densi ty.. F'urthermor"ethCDse stucji es whi ch have ]. oo!•;:ed at 

natursil stands dealt mainly with mature stands™ Therefore™ 

most densities studied to date are much lower th.an those of 

j u V e n i 1 e s e e d ]. i n g p o p u 1 a t i o n s , a n d p i.i b 1 i s h e d res u. 11 s (r e v ;i. e w e d 

b y E V e r t 19 71 ) h a v e 1 i m i t e ci a p p 1 i c a t i o n t o t h e d e ?=• i g n a f a. 



study such as the present one» 

Forma;!, studies of species mixes are even more rare than 

ecol. og i ca!L ;i'/ or i ented seed 1 i ng densi ty stud i es i n f orest 

trees. Most of the information on species interactions has 

stemmed from observation in natural systems, 

J^ack pine and trembling aspen are both classed as 

intolerant, pioneer species which readily colonize similar 

d i stur bainces <iej; burns, clear cuts). Due to this close 

association, it would be expe?cte?d that these two specie?s often 

compete with each other in narfcure^. The present study is the 

fir s t s u c h w a r k t o 1 o o k specif i c a 1 1 y at t t h e c o m p e t i t i v e 

relationships betv'jeen jack pine amd trembling aspen. The 

experiment is an extension of work initiated by Morris (1983), 

as preVious1y cited, 



METHODS AND MATERIALS 

Greenhouse Study 

E p e r i. m 0 n t a 1 D e s i a n 

A randomized complete block design was used for a 

g r een h ouse t rial involving t. h r ee d en s i t y 1 eve Is and t i ve 

species mixtures in a ”rep 1 aceement SE?ries"» A total ot 15 

t r eat men t comb i n at i on s we?r e i nc 1 uded i n each of f i ve? b 1 oc k^ 

These combinations are outlined in Table 1„ 

Table 1. Treatment combinations for the greenhouse study« 

r eat me?nt 
Comb« 

tip.. Curnp u 

At->i- E j 
D e n s i t. y D e n s i t y 

(c m ^ / p 1 a n t) (p 1 a n t / m ^ ) 
Border 
r ows 

4 
5 

100 
“7 ur 

. uJ 
O 

50 
75 
100 

1 „ 00 o. ouu 

o 
7 
8 
9 
10 

100 

50 
25 
O 

U 
25 
50 
75 
100 

\,J 844 

1 1 
12 
13 
14 
15 

100 

50 
crj 

•;") 

o 

50 
75 
100 

13„ 71 'vQ 

At and F'j are adjbr evi at i ons for tr E^mb i ng aspen and J ac 
p i. n e, r e spec t i. v e 1 y« 



The principal reason -for the use? o-f such high densities 

in the greenhouse study was to ensure that adequate? 

competit i on between ne:i. ghbour i ng p I ant s i n a 11 treatmen ts 

occurred during the 12 wc?eek growing period. This intense 

competition accentuated the effects on plant development of 

the? significant factors. 

The plants IcDcated within the border rows were not 

i n c 1 ud ed i n an y an a 1 y s i s. 

There are several possible 'ways that the plants could b 

arrange?d to produce the? desired miKtures.. A systematic 

layout, as illustrated in F-igure 1 and 2, was selecteci in 

order to maintain a high level of interspecific competition 

within the various mixtures. 

o 

o 

o 
X 

o 

X 

o 
o X -- species A 

o — sDE?cies E< 

o 
o o 

Figure 1. F-‘l anting design for the? 75/25 '^25/75) mixture. 
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X “ species A 

o ~ speecies B 

F- i g Li v~ e 2.. Plant i n g design -for the 5 O / 5 O m i t u. r e 

The linear model and analysis of variance table 

eMperimental design are outlined in Appendix The 

allows for the testing of both main effects (density 

specie^s mixture) and their interaction^ 

for this 

design 

and 

Est ab 1 3. sh men t of Ex peri rnen t 

I the s p r i n q o f 19 S3, s e e d from 10 t r e m ta 1 i n g a's- p e n 

tree s w e r e? c; o 1 1 e c t. e d n e a r T h u. n d e r B a y 0 n t a r i o n A 1 o c a 1. j a c i-:; 

pine s e e d s o u r c e (n o r t h e r n □ n t a r i o) w hit: h i n c 1 ix d e n i.i m e r o u. s 

open-pollinated families, was obtained in the spring of 19S4» 

All the seed of e;ich species wa.s mixed prior to sowing- 

A total of 75 containers (50 — 20cm diameter plastic 

pots? 25 - 34cm diameter pots) were filled with a sphagnum 

peat moss — vermiculite soil mixture (60/« peat / 40X 

Verrni cLI 1 i l.:e by wei. ght) in ear 1 y June =, 19S4- Th1 arger pots 

were needed to adequ.atelv' accomodate the lowest density level 

('7 29 |:5 ]. a n t s / m ^ 



On June .1.9, 1.9S4p several seeds were sown^ at each 

pre—deter mi ned location., in the prepared containers as 

dictated by tro^atments. These containers were then placed in 

mist chambers -for six days. An additional period of three 

weeks was needed to thin seeded locations and transplant 

healthy plants into locations where? all ger min ants had died.. 

There was 100*/- occupancy at the initiation of periodic 

measurements on July 21, 19£i4. Containers were watered as 

requi red and g i ven wee?k 1 y f ert i 1 i er app 1 i cat i ons of 

20N—20P—20K;, at 100 patrts per million. 

A serious 1 e?af and shoot blight < F us i c I ad i am spp-) 

wais detected on the trembling aspDen in mid—July. Bi-weekly 

spraying of Benlate and ManzatS;, alternately, <at a 

concentration of 1.0 g/1) controlled the bacterial disease. 

This situation was further complicated by the presence of 

red —spider mites on the aspen. Weekl'/ spray treatments of 

Kel thane (at a concentr at i on of .2,5 ml/gal ) controlled the 

effect of the mites. Although the majority of the plants 

survived the onsl.aught of the bacterial infection and the 

parasitic activity., reductions in growth rate were noted 

during we?eks six through eight of the study, 

i'ieasur emen t of Ex peri men t a 1 Resu 11 s 

Turkington (1983) illustrated that periodic growth 

measurements could provide additional information concerning 

the se?quence of events in time, 9<arious tre?atment.s may be t 



same si::e at harvest., but they may have achieved this by quite 

different means- Therefore, three plants per species per 

treatment combination per block were randomly selected for the 

following periodic growth measurementsS 

<a) total height (cm)., 

<b) two measurements of crown diameter (cm) ~ at the 
widest diameter and at a right angle to the first 
measurement, and 

(c) crown height — from the uppermost tip of new 
growth to lowest living leaf (cm)« 

By combining the crown me^asurements, a value? for crown 

volume (cm^) was obtained using the following formulae” 

V = n r ^ h C53 

whereS V ~ volume (cm ) ., 

r^ ~ the square of crown radius (cm), 

h “ crown height (cm), 

n -■ constant (3» 1415926) „ 

It. should be noted that variations from the cylindrical 

crown volume calculated may differ from actual crown forms for 

both species- Therefore, the values used in any ana\lysis must 

be considered as relative values rather than absolute values- 

Plants we?re allowed to grow for a period of 12 weeks and 

were harveested on Sept-10., 1984- At this time, six randomly 

selected plants per species were harvested from each 

container- Above-ground parts of the plants were placed, 



individually, in paper bags and dried at 100 degrees celcius 

•for 2-4 hourSa The survival percentage was determined for each 

pot at harve?st„ Dry weights for shoot and leaves of 

individual plants were determined in milligrams» 

Plot meams were then computedp by speciesp for the 

•f o 11 o w i n g " 

(a) mean oven dry weight/p1 ant <mq) p 

(b) leaf weight/total weight ratio <%) ., 

(c) survival ("/»), and 

(d ) bi omass producti on per uni t area (g/m^) .. 

Ana 1 V s i s o f E p e r i m e n t a ]. R e s u 11 s 

Relative yield (deWit 1960) components were computed from 

biomass per unit areax and Relaxtive Crowding Coefficients 

(dei/-Jit and van den Bergh 19v65) from da\ta on meatn biomass per 

p 1 n t» F’’ e 1 a t. i v e y i e 1 d v a 1 u e s w e r e ‘t hi e n p r e s e n t e (j i n 

r e p 1 a c e m e n t s & v- i e s d i a g r a m s, a s d i s c LA S S e CJ b >' i-l a r p e r (1977) „ 

The analysis of variance? was used to evaluate the effects 

of density and species mixtura? on jack pine and trembling 

aspen p independently. The following growth parameters v-^^ere 

tested - 

(a) SLAr V i va I (7,) p 

(b) oven dry weight (mg), 

(c) final height (c m) p 

(d ) c r own vo 1 ufne (cm ^ ) , and 

(e) leaf w eig h t/tot a1 weig h t r atio (%) , 
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Simple? correl ati ans betwe?en the growth parameters anal yzed are 

p r e B e n ted i n A p p j e n d i j c 2.. 

Tukey's proceedure was used to determine whethe?r 

statistical differences between treatment meams occurred„ 

Graphica1 comparisons were made to visua11y identify the 

significant variations in growth patterns effe?cted by density 

and species mixture„ 

Field Study 

Exp erimen t a1 Desiq n 

A sp 1 i t ”-p 1 ot desi gn wh i ch i nc: 1 uded si x r ep 1 i cat i on s of 

five densi ty 1 eve 1 s (mai n p 1 o155) and f i ve species mi tur es 

(sub-plots) was u«Eed in the field trial „ The> 25 treattrnent 

c o n i b i n a t i Q n s a r e o u 11 i n E? d i n T a\ b 1 e 2 

As in the greenhou'se test^ the species in the mixtures 

were? systemat i cal 1 v-' located within Eiub—plots. A layout for 

one? rEjplication (block) is illustrated in Appendix 3, All 

specie?s mixes within each density level were located together» 

This de?sign not onlv' aid?5 in planting and mesisuring? but also 

minimizes the border effects from the surrounding plots. 

The linear model and analysis of variance table for this 

experimental design are outlined in Appendix 4. The design 

a 1.1 o w s for t e s t i n g o -t- b a t hi m a i n e f f e c t s (d e n s i t y a n d s p e c i. e s and 



mi j-rture) and t.hei r i nteract i on 

Tab 1 e 2« Tr eatme^nt comb i nat i ons -f or the -f i e 1 d study 

Treat. Sp- Mix ture # of p1 ants 
Comb „ At* Pj* per plot 

Density 
(c m ^ / 
plant) 

Density # of 
(plants/ border 

) rows 

4 

b 

100 
75 
50 

O 

u 
'7<Kr 

50 
"TCT / U 

100 

144 4« 00 500 

6 100 c) 144 20 494 

8 
O 
/ 

10 

50 
25 

O 

50 
75 

100 

1 1 
12 
13 
14 
15 

100 
75 
50 

O 

O 
'“*11ST aCxJ 
50 
75 

100 

121 49« 00 204 

16 
17 
18 

20 

100 

50 
1:^5 

O 

O 
25 
50 
75 

100 

100 121„00 

21 

24 
25 

1 OCJ 

50 
25 

O 

>;_) 

25 
50 
75 

100 

100 576-00 17 

* At and Fj are abbreviations for trembling aspen and jack 
pine^ respectively- 



Lst ab 1 i shment a-f the EM peri men t 

The seed source tor this portion of the project was the 

same as that for the greenhouse study„ On April .t6p 1984, 125 

trays of the small Spencer-Lemaire containers ("Ferdinand") 

were seeded to jack pine and placed in mist chambers for five 

daySn Qn April 25, 1984, another 125 trays were seeded to^ 

trembling aspen and placed in mist chambers for five days- 

The later seeding of aspen was necessary in order to ensure 

that the height of 1 seedlings was relatively similar at 

time o f o u t — p1 antin g. 

All trays were thinned to one plant per compartment 

during the first week of May, 1984.. Trays were movE?d into a 

shade—house on June 4, 1984 (/’ weeks after sowing).. Two weeks 

1 ater they were p 1 <aced in f ul 1 sun 1 i ght. - 

T‘ h e s e 1 e c t e d test area (a p p r o M i m at t e 1 y 10 0 O m ) i s 1 o c a t. B d 

i n T' h lA n d e r .B a y., □ n t a r i (7; o n L at I-:; 6? h e a d U n i v e r s i t y prop E? r t y n e a r 

the School of Forestry-'s nursery and ad j accent to a larger test 

sits? prepare?d for provenance tests- A preliminary soil 

analysis was carried out in the fall of 1983, in order to 

determine the sui t aT.b i 1 i ty of the sita^- The soil description 

is given in Appendix 5- There was no apparent moisture 

gradient, hard pan, or other featurE?s which might detract from 

the area as a test site- 

The area was spratyed with Glyphos^ate (Roundup) on Maty 28, 

1984 aind subsequent deatd vegetation w-as removed from the site- 

A p i'- i v ate c o n t r .3. c t o r p 1 o w B d and d i s !■;; e d the a r e <7^ i. n m i d - J u n e, 
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as for an agricultural crop» The area was further worked with 

a r a10--1 i 11 er and r ake bef or e plant! ng commenced on June 22, 

1984„ 

Planting o-f the sij-^ replications took a total o-f two and 

one—hal-f weeks„ Additional trees were used as rep 1 acements 

•for those seedlings that were unsuccess-full"/ transp 1 anted» 

Complete weed control was accomplished, manually, during the 

entire growing season - a total o-f three sets of weedings were 

required „ 

The occurence of a leaf aind shoot blight on the aspen 

{F asr i cl ad i am spp«) near the end of July' made it necessary 

to spray ben late and manzate <at a concentration of 1.0 g/1) n 

alternately, until the end of August. Weekly sanitation 

(removal of seve^rely infected leaves) was carried out to 

reduce the spread rate of the bacterial infection. 

F’opulations of woolly aphids on the aspen were 

er radicated by spra'/ing malathion (at. a concentr at i on of 5 

ml/gal) on July 30, 1984. 

Kelthsane (at a conccentrati on of 2.5 ml/gal ) was sprayed 

in mid—August to combat the presence of red—spider mites on 

the aspen. 

The plots were watered when required (during a dry period 

in July and early August), using a Wajax fire pump and a 

sprinkler system. The secedlings were given an initial 

fertilizer treatment, after planting], at 200 parts per million 

of 20N—20F‘—201--!. □ n Ju 1 y 30, 1984, the plots we?r e f er t i 1 i z ed 

w i t h a fTi rn o n i u m n i t. r a t e (a t a r a t e (D f 2 Qt 0 k g / h a) and s u p e r 
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phosphate (at. a rate of 100 kg/ha) „ 

Measurement, of Eitperimental Results 

F‘our plants per species per treatment combinat.ion per 

block were randomly selected^ e>< eluding border pi ants ^ for 

periodic growth measurements^ The first measurement was taken 

five weeks after planting and continued for eight and one-half 

weeks (Sept„19, 19S4)„ Measurments recorded included: 

(a) total height (cm)^ 

(b) two mea^surements of crown diameter — at the widest 
diameter and at a right angle to the first 
measurement (cm)^ and 

(c) crown height - from the uppermost tip of new growth 
to the lowest living leaf (cm)» 

Crown volume data were then calculated, as in the 

greenhouse study (see function IlSIi), 

Hn a 1 Vs i s of Ep er i n^en t a 1. Resu Its 

An analysis of variance was used to evaluate effects of 

density and species miKture on jack pine and trembling aspen, 

independently. The following first season growth parameters 

were tested: 

(a) total height, (cm) j and 

(b) crown vo1ume (cm ^) , 

Since the field trial will be continued for three to four- 

growing seasons before harvesting., no biomass data were 
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a va liable -for anal y B i s „ 

1" 1..A!•:;0y" B pjrQcedur e V'^as LASed to determi ne whether 

BJt.a!:.i st i cal di f -f erenc.es be tween treatment iXieans occurred., 

Graphical compariBons were made to visually identity the 

si gnit leant variations in growth pat.t.e?rns effected by density 

a n d B p e c i oa m i t u r e» 



RESULTS 

Greenhouse study 

Height a\nd crown volume data were taken periodically 

during the 12 week experimentn These data have been 

summarized in Appendices 6 and 7^ respectively- The standard 

deviations of the means for each treatment have been tabulated 

and are presented i ?~i these atppendices- 

At the time? of harvest, survival percentage was 

determined and is presented in Table 3- 

Table 3- Arithmetic mean of survival percentage by density and 
species mixture for greenhouse study. 

Density 
( p1 ants 100/0 

p e r A s p e n J a c k 
m ^) Pin e 

B13 e c i e s C o m p o s i t i o n 
75/25 50/50 25/75 0/100 

Aspen Jack Aspen Jack Aspen Jack Aspen Jack 
P i n e F' i n e P i n e Pine 

10,000 72 

2,844 73 

•7'3<9 96 

81 93 

85 100 

97 100 

89 100 

90 98 

98 100 

89 

100 

100 

98 

98 

00 

98 

1 *00 

100 

11 catn be seen that j ac I-:; pine sLIr* vi va 1 was on 1 y mi. ni ma 1 1 y 

affected b y i n c r e ased d en s i t y (TTab 1 e 4) - On 1 y at t h a? h i g h est 

density -and in the lowest jack pine percent (75At/25Pj) was 



there any drop in survival- 

The survival of trembling aspen, however, was found to be 

greatly affected by density and species mixture (Table 4) „ The 

lowest survival occurred in the lOOAt/OPj mixture„ The 

survival percentage increased as the aspen percentage 

decreased, peaking at the 25At/75Pj mixture. Furthermore, a 

pronounced increase in survival occurred at the lowest density 

(729 plants/m^). f-iguree 3 gives additional information on the 

interaxcting effect density and species mixture had on 

trembling aspen survivai. 
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Table 4.. Analysis Q-f variance -for survival percent after an 
arc si nee transf ormat i on- 

t r e mb 1 in g at sp en Z 

Source o-f 
Variation 

Degrees o-f 
Freedom 

Sum OT'^ 

Squares 
Mean 

Square 

Block 
8 

Den si t.y 
B1oc k —Den sit y 
Sp B Comp B 

B1oc k“Sp- Comp « 
Density~Sp- Comp 
Bloc k-Den sit y~ 

Sp n Comp B 
Exp. Error 

O 

Q 

12 
6 

24 
f) 

449„34 

1372-79 
4271 - 32 
964-13 

2SS3-13 

3904B15 

4618-55 
171» 60 

1423-77 
80.34 
480„52 

162-67 

26-91** 

17-72** 

2- 95* 

TOTAL. 

jack pine 

59 23081 - 96 

Source ot 
Var i a\t i on 

Degrees o-f 
Freedom 

Sum of 
Squ.ar es 

Mean 
Square 

B1 oc k 

8 

Den si t\/ 
B1oc k-Den sit y 
Sp B Comp - 

E< 1 oc k —Sp „ Comp - 
Densi ty-Sp - Comp 
B1Qck“Density“ 

Sp- Comp - 
Exp, Error 

4 
i") 

8 

12 
6 

O 

640-68 

706„73 
624„38 
99 - 77 

277-97 
546 - 80 

1235-87 

353.. 37 
78,05 
33- 26 
23-16 
91-1 3 

51 .. 49 

1 - 43 

1 - 77 

4132-20 TOTAL 59 



Table 5.. Results of a comparison of density treatments for 
average survival percent using Tukey-s procedure„ 

bpecies 

Density 
(pi ants 
per 
m 2) 

Average 
Survival 
Percent 

^^-Means contrasted at 

p = .05 p = «01 

Aspen 10 H 000 
2,844 

729 

81.69 

90.96 

99.58 

a 
a 
b 

a 
b 

J ac k p i n e 1 O 000 

2,844 

98. 97 

99 - 89 

1OC)« 00 
3. 
b 

Means spanned by the same letter (a,b) are not 
different at the specified confidence level. 

■ i gni f i cant 1 y 

Table 6. Results of a comparison of species mixture treatments for 
a v e r a g e s u. r v i v a 1 p e r' c e n t u i n g T u i-;: e >'' s p r o c e d u r e. 

S p; e c i e s Spec i S- A V e r a g e 
Composition Survival 

PercE^n t 

M e a ns c o n t r E\ S ted a t H 

P “ - 05 P •” n 01 

V. 

Aspen 100 82.33 

92. 08 

95.31 

97» 93 

a a 
b a , b 
b c b 

c b 

* — Means spanned by the'? same letter (a,b,c) are not si gn i f i cant 1 y 
different at the specified confidence? level. 
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500 

450 

400 

350 

300 

250 

200 

C25/75) 
C50/50) 

C75/25> 
<100/0) 

150 - 

100 

50 

0 

1 2 3 

FACTOR A CDENSITY) 

10.000 2 2,844 729 
PLANT S/M ^ PLANTS/M ^ PLANTS/M 

A graphical r©presenta^ti on o-f the interaction between 
d en si t >' and sp ec i fjs mi t u.r e on t r- emb 1 i ng asp en su.r v i va. 1 
i n g r e e n h o u. s e s t u d y» 

Figure 
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Figure 4 includes three graphs which illustrate variation 

in height growth due to density changes and species miMtures» 

The data used -for the construction o-f these graphs are -found 

in Appendix 

The most app)arent e-ffect illustrated in Figure 4 is the 

height suppression caused by increasing density. This e-f-fect 

occurred in both trembling aspen and jack pine^ and was found 

to be h i g hi'/ significant (T ab 1 e 7) . 

Figure 5 inc1udes three graphs which illustrate variation 

in crown volume accumul at i on ^ as rel sited to changes in density 

and species mixtures. The data used for the? construction of 

these graphs; are found in Appendix 7. 

As with final height n final crown volume was also high1y 

significantly affected by density changes (Table 9., 10). 

F i g Lir e 6 p r o v ides an ad d i t i on a 1 1 oo k at the i n t er act i n g ef f ec t 

of densi ty and species; mi j-i ture on f i na 1 crown vo 1 u.me, 
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i. gure 4a „ Height growth comparisons over time at a density o-f 
10,000 plants/m^ for greenhouse study. 

h i g u r e 4 b . i -i eight g r- o w t h c o m p a i" i s o n s c> v e r t i m e a t a d e n sit y o -f 
;2, Ei 4 p 1 a n t => / m ^ t o r g r e e n h o use s t. LI d y. 
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28 
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4c. 

51 

LEGEND 

At: 100/0   

75/25 —^ 
50/50 -4— 
25/75 •“*— 

Pj: 75/25 --0-- 
50/50 
25/75 -- 
0/100   

H e i (3 h t q r" o w t h c C3 m p a r i s a n o v e r ti i ff10 a t a d e rs s i t y o -f 
729 plants/m^ -for gr0enhonc0 Btudy. 



Table 7- AnalysiB of variance Tor total height at harvest 
in greenhouse study^ 

Tremb1ing aspen S 

Source o-f 
Va.r i at i on 

Degreejs o-f 
Freedom 

Sum o-f 
Squar e?s 

Mean 
S quaere 

F 

E-fl ock 

5 
4 539 „ 7: 

Density 2 
Ell oc k-Densi ty 8 
Sp.Comp u 3 

B1 oc k“Sp .. Comp „ 12 
Density—Bp«Comp» 6 
E<1 ock — Densi ty— 

SpMComp» 24 
EKP» EIrror O 

8657„24 
845-89 
115.18 
760.45 
288.31 

14 

4328.62 
105.74 
38 „ 39 
63 o 3 7 
48.05 

59.81 

4o n 94-J^--^ 

1 

•=:; 1 

TOTAL- 59 12642-14 

jack pine. 

‘Source of 
v-ar i c\t i on 

Degrees o-f 
F-r eedom 

Sum o-f 
Squares 

Me am 
Square 

Bloc k 

8 
4 
(j 

O. 95 

Density 2 
Bloc k -“ D e n s i t y 8 
Bp . Comp .. 3 

B1oc k-Sp- Comp - 12 
D e n s i t y --- B p - C: o m p - 
Bloc k —Den s i -t y - - 

Sp- Comp. 24 
Exp. Error O 

23» 40 
7, 89 
4.88 

25. 58 
15. 70 

11 „ 70 
O. 99 
1.63 
2. 13 
r:* jL'r* 
Xm It W -IIM 

1.40 

11 „ 

< 1 

1.87 

TOTAL 112,04 

Table 8 summarize-a Tukey's procedursp which was u.-=sed t 

determine whether the mean heights were stati st i cal 1 y et-fec 

by the density treatments. 



Table 8» Results of a comparison of density treatments for 

average final height using Tukey's procedure» 

iSpec i es 

Den si t>/ 

(pi ants 

per 

m^) 

Ave?rage 

F i n cs 1 

Height 

•slieans Contraisted ats 

p3 = -05 p = -01 

cm 

Aspen IO3 000 
2,844 

6. 84 

14-84 

35- 36 

a 

a 

b 

Jack Pine 10- 000 
2, 844 

729 

7.81 

7'. 90 
9- 18 

a 

b 

a 

a 

b 

Means spanned by the same letter (a,b) are not significantly 

different at the specified confidence level- 
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2 9 S44 p1 ants/m^ f or greenhouse study. 
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TIME (WEEKS) 

LEGEND 

100/0   75/25 

50/50 25/75 

Pj^ 
0/100   75/25 

50/50 -+- 25/75 

5c „ Crown volume accumulation over time a density of 
729 plants/m^ for greenhouse study» 

1~ i gure 



Tattle 9.. Analysis of variance for -final crown volume 

in greenhouse study- 

trembling aspen- 

Source of Degrees of Sum of 

Variation Freedom Squares 

Mean 

Square 

B1 ock 

8 
10 7 O C) O O O C) 

Density 2 

B1 oc k --De'n s i t y S 

v!} p w S o m p « sir* 
B1 oc k —Sp .. Comp . 12 

Density—Sp- Comp - 6 

Bloc k —Den s i t •/ ~ 

Sp- Comp - 24 

Exp- Error O 

1010000000 
22.1.000000 
107000000 

223000000 

136000000 

535000000 

5 O 7 O O O 0 C> O 

27600000 

35500000 

18700000 

22700000 

22300000 

IS. 35-^->^ 

1 - 91 

1.02 

TOTAL 59 2339O C) 0 O O O 

jack pines 

Source of 

Variation 

Degrees of 

Freedom 

E)um of 

S>quares 

Mean 

Square 

Block 
8 

Density 

B1oc k—Density 

Sp . Comp.. 

E<1 oc k -Sp , Comp - 

Density—Sp- Comp 

Block—Density- 

Sp» Comp u 

Exp- Error 

i) 

(3 

12 

24 

O 

55200 

454000 
148000 
150000 
175000 
142000 

87300 

:27000 

1 £3500 
49900 

1 4600 
23700 

3640 

3-43 

6- 53-^^--^ 

TOTAL 1211500 



Table 10» Results of a comparison of density treatments for 
a Ve r a g e final crow n v o 1 u rne us i n g Tu I-:; e y •" s p r o c e d i.t r e u 

bpec1es 

Density 
(p1 ants 

per 
m2) 

Avc^raqe 
Final 
Crown 

Vo 1 Lime 

★Means contrasted at 

p = „05 p = »01 

cm 

Aspen 10 p 000 

2, 844 
/ •.■'P 

130„73 
1243.84 
9351.18 

a 
a 
b 

a 
a 
b 

Jack pine 1O,000 
2,844 

’ 729 

130.84 
185.19 
366.49 b 

Means spanned by the same letter (a,b) are not significantly 
different at the specified confidence level. 
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(75/25) 

(50/50) 

10^000 
PLANTS/M 

2,844 

PLANTS/M ^ 

729 
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Figure 6.. A graphical r epr esen t at i on of the interaction between 
densi ty and spec i es mi K tu.r e on j ac k pine f i na 1 
volume in greenhouse study„ 

crown 



Average? plant weights for the corresponding treatments 

have been summarize^d in Table 11 » These values were obtained 

-f-rom destruct i vel y sampling Bi:^^ plants -for each species -for 

all treatment combinations and all rep1ications- 

Table 12 presents the analysis o-f variance -for individual 

plant biomass and Table 13 summarizes Tukey’s procedure which 

was used to contrast the e-f-fects o-f the various treatments» 

Figure 7 gives an illustrated look at the interacting ef-fect. 

o-f density and species mixture on jack pine biomass. 



Table 1 :l» Ar i thmet i c mean and coe-f -f i ci ents o-f var i at.i on t or 
total b-iomass by species mixture and density -for 
g r e e n h o u s e s t u d y.. 

Den si t''/ 
(pi ants 
per 
m2) 

100/0 
Aspen Jack 

Pine 

Species Composition 
75/25 50/50 

Aspen Jatck Aspen Jack 
Pine Pine 

.tC ^ J / / V J 

Aspen Jack 
Pine 

O /100 
Aspen Jack 

Pine 

10,000 47 

< 136) 

mg 

45 50 15 

(151) (36) (120) 

40 16 

(53) (119) (67) (60) 

844 301 

(145) 

/:0, 61 Z71 61 

127) (36) (146) (48) (75) (43) 

91 

(56) 

729 726 

(91) 

927 86 lies 

(95) (29) (82) 

92 1450 130 

(39) (115) (35) (32) 

* ~ values in pairantheses are coe-f-f i ci ents of variation expressed 
as percentaaes.. 



Table 12.. Analysis o-f variance -for individual plant biomas 
at harvests 

t r emb1in g asp en“ 

Source of 
Variation 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Squares 

F 

Block 
S 

Density 
E< 1 oc k—Den s i t y 
Sp - Comp.. 

B1oc k—Sp n Comp « 
Den si ty--Sp « Comp 
B1oc k—Densit y~ 

Sp„Comp„ 
Exp. Error 

4 
O 

B 

12 
6> 

24 
o 

450000 

11400000 
519000 
517000 
1290000 
1160000 

2060000 

5710000 
649li''_) 
172000 
107000 
194000 

857000 

SS n UO** 

1 . & 1 

.ti. ■ 

TOTAL 

jack pines 

59 17396000 

Source of 
Variation 

Degrees of 
Freedom 

Sum of 
Squaxr es 

Mean 
Square 

Block 4 
5 0 

Density 2 
B1 o c. !•:; - D e n s i t y 8 
Sp.. Comp. 3 
B1ock—Sp.Comp. 12 
Density—Bp - Comp - 6 
Efl. ock—Densi ty~ 

Sp.Comp » 24 
Exp, Error O 

690 

89500 
4860 

27300 
5200 
38100 

8910 

447’ 00 
607 

9090 
433 

6340 

/ 3.. 66‘^'^ 
« 

20.. 9E3-W-* 

17.0S-M-# 

TOTAL 59 174560 
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Table 13.. Results o-f a comparison o-f density treatments Tor 
average plant biomass using Tukey’s procedur€?n 

bpecies 

Densai ty 
(pi ants 
per 
m ^) 

f"i V e r age 
PI ant 

Biomass 
•s-Means contrasted at: 

p = »05 p = »0i 

Aspen 10 j, 0C)0 
2, 844 

729 

«. mg u, 

30. S3 
259„78 
1049» 30 

a 
a 
b 

a 
a 
b 

Jack pint? 10,000 
2, B44 

40, 23 
69. 86 
132.84 

a 
b 
c 

a 
b 

* — Means spanned by the same letter (a^byC) are not 
di-fTerent at the specified confidence level. 

i gni -f i cant 1 y 

Table 14. Results o-f a comparison o-f species composition treatment 
for average plant biomass using Tukey's procedure. 

Spec 1es 
bpec1es 

Cornposi t i on 
A V e r a g e 
Plant 

Biomass 

-«-Means contrasted at: 

P , UP p = . 01 

Jack pine bo 
25 
75 

100 

, . mg 

64,21 
67 i. 33 
75,11 
117,25 

d*. 
cl 

cl 

b 

-«• -- Means spanned by the same letter (a^b) are not significantly 
different at the specified confidence level. 



B
I
O
M
A
S
S
 
C
M
G
>
 

63 

1 2 3 

FACTOR A CDE>JSITY:> 

C0/i00:> 

C25/75) 

C50/50> 

C75/25> 

10^ 000 2^ 844 729 

PLANT S/M ^ PLANTS/M ^ PLANTS/M ^ 

A graphical representat. i an of the interact! an between 
density and species mixture on jack pine biomass for 
gre^enhouse study- 

Figure 7- 



Table 15 summarizes the calculated leaf weight/total 

weight ratios;, as percentages» 

Table 15.. Arithmetic mean <and coefficients of variation for 
leaf weight/total weight ratios by density and 
species mi?<ture for greenhouse study. 

Densi ty Speci es Compsosi t i on 
(plants 100/0 75/25 50/50 25/75 0/100 

per Aspen Jack Aspen Jack Aspen Jack Aspen Jack Asps?n Jack 
m 2) Pine Pine Pine Pine Pine 

7. 

10., 000 75 

(12) * 

73 

(8) 

78 

(6) 

74 

(9) 

78 

<4) 

/O 

(9) 

78 

<5) (5) 

2844 70 

( :l. O) 

72 78 

(13) (4) 

70 

(11) 

77 

(4) 

71 

(9) 

78 

(5) 

78 

(4) 

729 69 

(6) 

69 

(8) (4) 

68 

/ 

82 

(5) 

71 

(7) (4) 

81 

(4) 

* - values in parantheses are coefficients of variation expressed 
as percentages- 



T ab 1 e 16 „ Analysis of variance for leaf weight/total weight 
ratios after an arc sine transformation» 

trembling aspen" 

Source of 
Variation 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

E-!l ock 

5 

4 

il) 

Densit';/ 2 
B1oc k”Den sit y 8 
Bp„Comp n 3 

E< 1 oc k“Sp .. Comp » 12 
Den si ty~Sp .. Comp „ 6 
B1 oc k-~Densi ty~ 

Sp„Comp » 24 
ElKp, Error 0 

1 o3 •• U3 

94. 20 
83.79 
1.59 

67.46 
79. 74 

■06.30 

47. 10 
10.47 
0« 53 
-uj. O.,:. 

13. 2! 9 

8. 60 

4» 50-?i- 

< 1 

1-55 

TOTAL 

jack pine?; 

696.11 

Source of 
Oariation 

Degrees of 
Fr e?edom 

S>um of 

Squares 

Mean 
‘Square; 

B1 oc k 

5 

Density 
Ev! ;i. o c !<—D c? n s i t y 
Sp» Comp 

B1CDC k — Sp . Comp » 
D e n i t y—S p - C; o m p 
B 3. o c —Den s i t y - 

Sp.Comp - 
E.;-:;p. Error 

4 

8 

i 

6 

24 

25.14 

1S4.03 
42.02 

5. 1 
32. 49 
10.78 

1 08 u ‘72 

"i r * n -**1**^ 
5- 25 
1.73 
2 - 7 1 
1 . S C) 

4 „ 54 

< 1 

<: 1 

TOTAL 408.57 



Table 17 ts 

average 

Tukey •’ s 

of a comparison of density treatments 

1 e a f i/'j e i g h t /1 o t a ]. w e i g h t ratios u sing 

procedure.. 

•for 

bpec1es 

Density 

<plants 
per 

m 2) 

Average 
L e a -f w t.. / T o t at 1 w t 

Rat i o 

•s'Means contrasted at 

p = .. 05 p = =01 

Hspen 1O,000 

2,844 

729 

73 - 09 

70= 62 

69.. 40 

■S 

a , b 

b 

«=i 

a 

a 

Jaick pine C), C)0C) 

2,844 
77= SO 

78= 1 1 

81-85 

cA 

a 

b 

<:A 

a 

b 

Means spanned by the same letter <a,b) are not si qn i-f i cant 1 y 

di-f-ferent at the speci-fied con-fidence level- 

The values from Ta\tale 3 and Table 11 were i ncorpor aited in 

the following equation to calculate mean biomass yield for 

eac h t r eat men t combin ation: 

Y = X Dj M Sy ;< C , 1161 

where= Y — yield (g/m ) , 

-- average individual plant weight for 

a particular treatment Cg), 

Dj — initicil density (plants/m^), 

S^j -- survival (X) - 

C — composition percentage in mixture- 

T' h e s e d a t a h at v e been ummariced in Table 13 Using the 



values in Table 18^ relative yield components (Table 19) were 

determined 3 as -followsS 

Y r 

Y m 
C73 

Yt 

where" Y^ — re1 ative yield 

Y^ - yield in mixture <q/m^) 

of one species 

YI - yield i. n pur e stan d (g / m ^ ) 

o-f same species 

Table 13- Arithmetic mean biomass yield and total yield (in 

paranthes0>s) -for greenhouse study- 

Density Species Composition 

(plants 100/0 75/25 50/50 25/75 0/100 

per Aspe?n Jack Aspen Jack Aspen Jack Aspen Jack Aspen Jack 
m^) Pine Pine Pine Pine Pine 

g/m 

;l. 0, 000 

(337) 

74 117 

(391) 

67 199 

(266) 

36 287 

(323) 

364 

(364 > 

2,844 628 

(628) 

368 48 339 85 193 128 

(416) (424) (321) 

259 

(259) 

729 508 

(508) 

494 16 425 34 

(510) (459) 

264 71 

(335) 

164 

(164) 

* — total yield obtained by combining both species.. 



Table 19» Relative yield for greenhouee study,. 

Den Si i ty 
(plants 100/0 

Species Comp osition 
75/25 50/50 ; iMt / / \..J 0/ 100 

per Aspen Jack Aspen Jack Asipen Jack Aspen Jack Aspen Jack 
m^) Pi ne Pine Pine Pine Pi ni 

10,000 1,00 

2,844 1,00 

729 1,00 

0,81 0,32 0,20 0,55 0,11 0,79 

O - 59 0,19 0 „ 54 0,33 C). 31 0,49 

0,43 

1 „ 00 

1.0<‘.) 

1,00 

FMgure 8 is a serie?s of three rep 1 acement series diagrams 

which eijpresisi relative v'ield. The significance of relative 

yield components in a competition experiment haxve already' been 

discussed. Data for the construction of the relative yield 

diagrams V’^ere obtained from Table 19, 
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18UI/TJ 7S1U2SPJ SBU^J 2ai/7S>} Ml/lOPJ 

12 3 4 5 

SPECIES KZXTUE 

tOAl/ffj 7SII/2SPJ SBtbSVj 2511/77J 3U/188PJ 

i gur e R G p 1 a c s m e n t s e r i e s d i a g r a m s e >i p r e SE- EE i n g r e 1 a t i v e y i e 1 d 

f C5 r t h r e e d e n s i t i e s i n g r e E- i "! !" i o u s & E. t. u d y „ 
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A species that, is productive in a pure stand may be an 

inef-f ecti ve competitor^ A formal measure of the 

aggressiveness of one species towards another^ the "Relative 

Crowding Coef f i c i ent" 3 can be derived from the reesults of 

replacement series experiment (deWit and van den Bergh 1965) 

RCC 

YM j / Yli j 
LBl 

V'P • / 
I 

where:: RCC relative crowding coefficient 

of t r emb ling aispen with j ac k p i n e 

YMj — mean yield per plant of trembling 

aspen in mixture 

YMj mean yield pc?r plant of jack pine 

in mixture 

YPj — mean yield per plant of tre^mbling 

aspen in pure stand 

YPj mean yield per plant of jack pine 

in pure stand 

Relative Crowding Coefficients of trembling aspen with 

e 20» j ac k pine can be found in T ab1« 



71 

Table 20„ Relative Crcwding Coefficients of trembling aspen 
with jack pine for greenhouse studv''. 

Density 
(pi ants 
per 
m^) 

/b / 2b 

Aspen Jack 
Pine 

Species Composition 
50 / 50 

Aspen J ack 
Pi ne 

Aspen 
/ b 

Jack 
Pi ne 

10, O'OO 

2,044 

729 

0- 71 

S, 34 

O. ;30 

1.31 

4. CiO 

O „ 32 

1.34 

3 - 46 
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Field Study 

Height and crown volume data were taken three weeks after 

all blocks haid been planted and continued until all shoot 

elongation had ce^ased < approx i rnaitel y nine additional weeks) » 

These data have been summarized in Appjendices 8 and 9, 

respectively- The standard deviations of the means for each 

treatment, have been tabulated and are also presented in these 

appendices » 

Figure 9 includes five qrapjhs which illustrate variation 

in height growth due to density changes and species mixtures- 

The data used for the construction of these graphs are found 

in Appendix £i» 
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9a, Height growth compari sons over time at a densi ty o-f 
2^500 plants/m^ for field study, 

55 

50 _ 

45 - 

40 - 

35 . 

30 - 

25 . 

20 . 

15 _ 

10 . 

5 _ 

0 _ 

0 I 2 3 4 5 6 7 8 9 10 11 12 13 

TIME CWEEKS5 

DENSITY - 494 PLANTS/M^ 

_ ^fe = s = ^ = =: = = = :« 

» 1-! e i g h t g r o w t h c o m p a r i s o n ?=■ o v e r 
494 p1 ants/m ^ f or field study. 

a density of igure 9b time at 
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TIME CWEEKS:) 

l-igure 9c - Height growth cornparieone over time at a density o-f 
204 p 1 ants/m2 -for field study, 

55 

50 

45 

DENSITY - 83 PLANTS/M^ 

r\ 
2: 
o 

X o 
H 
111 
X 

40 _ 

35 - 

30 - 

25 - 

20 - 

15 - 

10 _ 

5 _ 

0 » t I—  I I 1—... 1 —t——  ( i. 1 1 1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

TIME CWEEKS:) 

1-igure 9d» Height growth comparisons over time at density of 
& Z- p 1 a n t s / m ^ for f i e 1 d s t LI d y, 
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TIME CWEEKSD 

LEGEND 

At: 100/0   
75/25 
50/50 — 
25/75 —^ 

PJ : 75/25 - - 
50/50 
25/75 
0/100   

igure 9e» Height growth comparisone over time at a density 
1 7 p 1 ants/m^ -for -field study. 

of 



Table 2:1. Analysis of variance of final height at the end 
of the first growing season for field study. 

t r e m b 1 i n g a si p e n 

Source of 
Variati on 

Degrees^ of 
Freedom 

Sum of 
Squares 

Mean 
Square 

B1 ock 

8 0 
790 u 53 

Deensity 4 
B1oc k—Density 20 

^ O 

Sp.Comp 3 
B1oc k“Sp„Comp. 15 
Density—Sp- Comp. 12 
E< 1 oc k “Dens i t y“ 

Sp„Comp„ 60 
Exp. EError 0 

775.16 
2038.19 

1459.76 
961.74 
571.56 

4314.21 

193-79 
101.91 

4B5-59 
64. 12 
47. 63 

71.90 

1.90 

7, b'7-Jf* 

■=:; 1 

TOTAL 

jack pine" 

119 10911.15 

Source of 
Variation 

Degrees of 
Freedom 

Sum of 
Squares 

Mean 
Square 

F' 

1 oc k 

5 

Densi tv-' 
Bloc k“Den sit v 

o 

10 
O 

Sp - Comp.. 
B1oc k-Sp.Comp « 
Density“Sp«Comp. 12 
B1 oc k“Densi t.y~ 

Sp.Comp, 
Exp. EError 

15 

60 
C) 

215.01 

214.82 
105.03 

3S. /6 
91.77 
173.09 

121.41 

53.71 

12.92 
6. 1 2 
14.42 

10. 

2.11 

■/ . 14 'fr* 

TOTAL 119 959.89 

Table 21 presents the analysis of variance associated 

with the height growth for both species. It can be seen th 
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density has littlE^ effect on the height growth of trembling 

aspen „ However., jack pine height growth was highly 

significantly affected by density« Figore 10 illustrates the 

interacting effect density and species mixture had on jack 

pine height- 

<25/75) 

<75/25) 
<50/50) 
<0/100) 

20 . 

10 - 

0 - 

1 

2,500 
PLANTS/M 

2 3 4 

FACTOR A (DENSITY) 

494 204 83 
PLANTS/M PLANTS/M^ PLANTS/M^ 

5 

PLANTS/M^ 

u r e 10 A c;| r a p h i c a. 1 

density and 

fie’ld study 

r e p .*•“ e B e n t a 1: i a n o f t h e i 

species mix ture on j ac k 
nteraction between 

p :i n e h e i g h t for 
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Table 22 Results o-f a comparison o-f density treatments tor 
average -final height using Tukey’s procedure. 

bpeci ei 

Density 
(plants 
per 
m2) 

Average 
Final 

Height 
-M-Means contrasted ats 

p = .05 p = .01 

cm 

Jack Pine 17 
83 

203 
500 
494 

7.87 
9-28 
10.47 
1 1.26 
1 1 - 50 

cl 
a ^ b 

b 
b 

a 
a 

— Means spanned by the satme letter (a^b^c) a\re not si gn i-i-i cant 1 y 
dif-ferent at the speci-fied con-fidence level. 

Table 23. Results of a comparison of species mixture treatme^nts for 
average final height using Tukey'’s procedure. 

Spec i e?s bpecies 
Composition 

average 
F i n a !L 

Height 

•^Meams contrasted at 

U5 

cm 

Aspen / 5 
100 
50 

36. 43 
37. 59 
43.62 
44.23 

a 
a 
b 
b 

0. 
a 3 b 
a 3 b 

b 

* ~ Means spanned by the same letter (a^b) are no't 
different at the specif ie?d confidence level. 

=.i gni f i c:anti y 

Figure 11 includes five graphs which illustrate variation 

in crown volume accumulation due to density change-s and 

species mixtures. The data used for the construction of these 
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grajDh5 are f ound in Appendi K S- 

4950 

4580 

4050 

3600 

3150 

2700 

2250 

1800 

1350 

900 

458 

0 _I I I I I I 

DENSITY - 2,500 PLANTS/M^ 

0 I 2 3 4 5*6 7 8 9 10 *» 

TIME CWEEKSJ 

*July 27/84 *» Aug, 21/84 

1 a n Crown volume accumul at i on over time at a density u-f 
25 O O p 1 a n t B / m ^ -f o r -f i e 1 d s t u d y.. 

9900 

9000 

8100 

7200 

6300 

5400 

4500 

3600 

2700 

1800 

900 

0 

0 12 3 4 5 6 7 

TIME CWEEKSD 

9 10 

F i q u r ;I. 1 b . Cr o w n vo 1 ume a c c: u mu 1 i-i t i. o n a ver t i /ne a t 

494 pi antB/m^ for t i e 1 (d study „ 
density of 

8 
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r\ 
CO 
2: 
O 

Ui 
X 
3 
-1 
O 
> 

o 
oc 
o 

TIME CWEEKS) 

Figure lie. Crown volume accumulation over time at a density 0+ 
204 pi ants/m^ tor field study. 

8800 

8000 . 

7200 . 

^ 6400 , 

§ 5600 . 

^ 4800 . 
D 
O 4000 
> 
2 3200 . 

§ 2400 . 
o 

1600 . 

800 . 

0 _ 

0 

. ^ . .. = =.= = =# 

123456789 10 

TIME eWEEKS:) 

gure lid. Crown volume accumulation over time at a den-;::>ity of 

S3 p) 1 ants/m^ for field study. 
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0123456789 10 

TIME (WEEKS) 

LEGEND 

At: 100/0   
75/25 --e— 

50/50 —^ 

25/75 —^ 

P j: 75/25 - - 

50/50 
25/75 - H - 

0/100   

11 €?B Crown voluiTiO accufriul ati on ovor time at c.i 
17 ji) ]. a n t s / m ^ for f i e J. d s t u d y» 

r e 
density ot 
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Table 24„ Analysis o-f variance o-f -final crown volume at the 
end o-f the first growing season for fic-^ld study„ 

trembling aspen:: 

Source of 
Variation 

Degree?s of 
Freedom 

xSum of 
Squares 

Mean 
Squatre 

Bloc k 

5 o 

Densitv' 4 
B1ock—Density 20 

O 

Sp.Comp. 3 
B1oc k-Sp » Comp u 15 
Deansi t y-~Sp . Comp .. 12' 
B1oc k—Density— 

Sp.Comp « 60 
Exp- Error O 

16 7 C)00000 

538000000 
347000000 

I 65000000 
L 62000000 
124000O C> Cj 

6 3 O 0 O O C.) O O 

135000'C)00 
17400000 

54^00000 
10800000 
10300000 

10 5 C' O O O O 

/ u /£:)*-«- 

5.07-i*s- 

•=;; 1 

TOTAL 1 19 2133000000 

jack pine- 

Source of 

Variation 
Degrec-js of 
Freeedom 

Sum of 
Squares 

Mean 
Square 

B1 oc k 

5 o 

Density 4 
B1oc k—Density 20 

O 

Sp . Comp - :3 
B1ock—Sp- Comp - 15 
Densi tv^--Sp - Comp » 12 
B1oc k—Density— 

Sp,Comp, 60 
Exp. Error O 

794000 

520000 
602000 

50200 
166C)00 
3<I}0000 

654000 

130000 
30100 

16700 
1 1100 
25000 

10900 

■*T n C* .li. 

1 - 51 

C’ '7' <9 

50862 00 TOTAL 119 
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Re«->u.l t.5 of a comparison of donsity treatments for 
average final crown vo 1 urne usi ng Tukey s procedur e. 

Sped es 

Density 
(plants 
per 
m^) 

Average 
Final 
Crown 

Volurne 

•X’Means contrasted at: 

p = » Ci5 p = « 01 

cm 

Aspen 500 

494 
203 
S3 
17 

2939 
6698 
6919 
7432 
9475 

b 
b 
b 
b 

a 

a 
a 

Jack pine 2 3 500 
17 

S3 
494 
203 

.aU* w J/U, 

338 
384 
395 

a 
a 
a 
a 

<A 

a 
a 
a 
a 

Means spanned by the same letter (a^ta) are not 
different at the specified confidence level. 

ii gn i f i cant 1 y 

Tab 1 e 26 „ Resu Its of a c omp ar i son of sp e?c i es m i K t u.r e t r eat men t s 
f o r cl v e r a g €9 final crow n v o 1 u m e u. s i n g T u. !< e y s p r o c e d LI r e 

Sped es 
Sped es 

Compos!tion 

Average 
Fi nal 
Crown 

Vol L.ime 

•J«-Means contrasted at 

p = „05 p = .01 

_ 3 cm ■ 

Aspen 
100 
50 

Xm S.J 

5294 

5832 
7473 
8171 

a 
a , b 
a 3 b 

b 

a 
a 
cl 

a 

Means spanned by the same le-^tter (a,b) are not 
different at the specified confidence 1 eve1. 

■ i gni f i caintl y 



DISCUSSION 

To date, only a limited number of studies have addressed 

the competitive ruature of jack pine or trembling aspen« The 

maxjority o-f studies on jack pine competition deal with 

plantation spacings and the etfscts o-f various thinning 

regimes CBehante-Hanscan 1931, Eyre and LeBarron 1944, Gui 1 key 

and Westing 1956, and Horton and Bedell 1960) „ The bulk o-f 

wor k don e on t r emb 1 i n g aspeen hi as c ome -f r orn t h ea La k e S t a t. es „ 

These studies, again, have concentrated on si 1vicultural 

techniques used to increase production o-f natural stands 

(Kittredge and Gervorkiantz 1929, SJhirley 1941, Zehngra-f-f 

1947, and Ger vor k i antz 1956) „ Ther e-fore, it is significant to 

note at this time that the present study is the first such 

s t u (j y t o ]. o o !■:; s e c i -f i c a 11 y a t t i"i e c o m p e t i t i v e n a t u r e o f b o t h 

j a c !•:; f.) i n e a n d t r e m b 1 i n g a s p e n s e e d 1 i ri g s d i...i ring t h e i n i t i a 1 

Eit ag es of q r owt h and de ve 1 op men t „ 

The gre^enhouse portion of the prE-?sent study' serves as the 

major basis for this discussionu The reason for this is that 

it has been completed. The use of biomass data is essential 

in identifying "key" compeetitive effects <and rel at i onsh i ps.. 

Furthermore, the relative growth rates of the seedlings in the 

greenhouse study' were substantially higher than those of the 

f i e 1 d s t u d V', t h e r e b y ai m p 1 i f'/ i n g t h e e f f e c t s o f c o m p e t i t i o n i n 

a i'~e 1 at. i ve.1 >•' shor* t per i od of t i me-?. 

T hi e 's 1 o w e r g r o w t h r a t e Ei c o u p 1 © d w i t h nrx u c !i 1 o w e r 



densi t. :i. es., in the field study, resulted in minimal significant 

e f f e c t s a f t e r t h e f i r s t y e a r o f g i" o w t hi.. Best r u c t i v e s ai m p ]. i n g 

will not be done until the third or fourth growing season- 

Although concrete conclusions concerning competitive effects 

between trembling aspen and jack pine, in the field, cannot be 

made at this time, various tre^nds will be? discusseed. 

It has been noted (Appendix 2) that relativelv^ high 

correlations between the fol levying measured growth paratmeters 

in the greenhouse study existed^ 

(.1. > t o t a 1 height v e r s u s c r o V'J n v o 1 u m e (t r e? m b I i n g a s p e n ) , 

(2) total height versus crown volume (jack pine), and 

(3) o V e n d r y w eight v e r s u s 1 e a f w t - /1 o t -a 1 w t - r a t i o 
(jack pine). 

The assumption of i ndepende?nce between these variables in 

the univariate approach to the amalysis used in this stud'/ can 

be argued as incorrect- Therefore, somE? reade?rs may wish to 

a n a 3. /' z e t h e d a t a using m u 11 i v a r i a t e t. e c h n i q u e s. 

Greenhouse Study 

Hi erarchv of FCesource Exp 1 oi t.at.i on 

White amd Harper (1970) stated that within any community 

a "hierarch’/ of resource exploitation" is established, which 

results in differential growth rates among its members- 

Plants at the bottom of this hierarchy are referred to as 

"suppressed", and those at the top are classed as dominant"- 



In mixtures of species^ resources are usually unequally- 

divided b0-tween species so hha.t one of them is 

0 V e r—r e p r e s e n t. e d a m o n g t h e d o m i n a n t. s (Ban n a n a n d H at r p e r 1976) . 

In the present study, the e>ji stance of such a hierarchy 

was established betwG:?en trembling aspen atnd jack pine. 

However the species which took on the dominant role wais 

dependent on density- At the highest density level (10., 000 

p 1 an t s /m ^ ) 3 j ac k p i ne atssumed t h e dominant role. On c e the 

density was lowered, trembling aspen gained dominance over the 

pine seedlings in the mivitures, 

Tata 1 e 10 i 11 ust r axt es t his chang i ng r o 1 e of domi n ance . 

With density at the highest level, the jack pine seedlings 

w(sre able to produce slightly larger crowns than those for 

tremb ling aspen (appr oji i matel y 130 cm^ /p 1 ant) .. Once the 

de?nsity was lowered, aspen crowns increased ex ponen t i ai 1 y :i 

whereas on 1 y mi n i tma 1 i ncr eases occur r ed f or the j ac k p J. ne 

cf"ownrf., mai n 1 y i n the pure stanchs of j ac k p i ne« In the 1 ower 

densities, the aspen competed mainly with other aspen 

seed lings for g r ow i n g sp ac e - Th eer ef ore on 1 y aspen x n t h e 

25At/75F-‘j mixture were able to aquire a large crown volume at 

this density 1evel (729 p1 ants/m^) . 

A11houghi the ef -f ect of EI-peci eaxi ture did na t =>how u.p as 

significant in the analysis of variance (Table 7), some 

important trends can be identified from Figure 4„ In the 

highest density, the jack pine actually took a dominant role 

1 n m i t LI r e a n d p r o ta a b 1 y c a u. s e d t h e red u c e d aspen h e i g h t q r o w t h 

in all the mixes. However, at the 1 ovsiest density, the 
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availability a-f initial growing space allowed the aspen to 

overtop the jack pine- This aspen dominance reduced the 

growth of the pine, relative to the height of the pine 

seedlings in a pure stand of equal density- 

The effect of developing dominance in growth was 

cumulative., since once an advantage was gained it 

progressively increased- This progressive increase was 

illustrated in Figure 4 and 5, which show increased separation 

between the two specie?s as time progressed- 

It must be notE^d that density had a pronounced effect on 

i nd i vi dua 1 p 1 ant I::) i omass, for both spec: i ees At 111e h i ghecst 

density., individual jack pine seedlings had greater drv' 

weights than did the trembling aspen (Table 13)« Once the 

density was lowered, the aspen seedlings were able to suppre?ss 

t he j ac k p i n e an d p r oci uced i ncr eaisi ng 1 y g r* eat er i nd i v i d Li.a J. 

ta i oass - On 1. y i n pure stand => di d t.he j ac k pine seed 1 i ngs 

a 11 a i n a p p r e c i a b ]. e b i o m a s s (Table 14) ., F- u. r t hi e r m o r" e, 

i n d i v i d u a 1 a s p e n s e e? d 1 i n g s p r o d u c e d 1 e s s- b i o fn s s a s t: h e? 

percentage? of aspe?n decreased at the highe?st density (Table 

11)- The reverse was true at. the lowest density- At this 

density, aspen seedlings produced greater biomassE. as the 

percentage of aspen decreased (Table 11)» This relationship 

demonstrates a shift in the main competitor- At the highest 

density, aspen is main1y competing with j ac k pine seed1ings. 

Howeve-?r, at the lower denEEity aspen is primarily competing 

with other aspen seedlings- 

Add i t i ona 1 evi. dence i n this EEh i f t i n domi nanc:e i s she?wn 



in Table 19 (Relative Yield). At the highest density ^ aspen-’s 

rel ative yield dropped of f significant!y f rom 1„00 at 

10O7„At /0y,P j to 0. 1 1 at 257„At / T"57„P j as the j ac k pine p ercen t age 

increased- Jack pine yield dropped off more slowly, ranging 

from 1,00 at 0°-At/1007Pj to 0,32 at 75%At/25/-Pj , as its 

percentage declined toward zero. Once the density was 

lowered, the aspen took on a more dominant role. This feature 

is apparent as relative yield curves for aspen become convex 

(Figure 8),. The reason for this change in relative yield 

trend is that a shift in dominance occurred. At the highest 

density, jack pine was the dominant species? at the lower- 

densities aspen assumed this dominant role- 

Explanation for Shifting Dominance Pattern 

The above mentioned shift, in aggr-essi ven£^?ss of the two 

species can be be-:tter illustrated using relative crowding 

c oe f ficien t s. 

Table 20 illustrates the dramatic change in relative 

crowding coe^f f i ci ents for aspen as density was chang6?d. The 

value below 1-00 demonstrates that jack pine was dominant at 

1 Cj, OOO p :i ant'.s./rn 3 whE?r eas at. 729 p 1 an t s/m ^ the? va 1 ue was- 

greater than 3-00, demonstrating a reversal of dominance- A 

value of 1-00 is considered to be a neutral position- Harper 

(1961) a 1 so deter-mined that ther &? was a sh i f t of compet i t i ve 

a bill t y w i t h c j- i a n g i n g d e n s i t. y - 

I n gener a 1. , tr emb 1 i ng aspen has t he ab i 1 i t y to accumu 1 ate 
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biomasB at a far superior rate than jack pine.. Therefore, the 

following question must be raiseds Why does jack pine remain 

dominant at the highest density? 

The above question can be answe?red by looking at the 

germination phase of the experi ment» Under greenhouse 

conditions, trembling aspen germinates one to two days after 

dissemination (Faust 1936)» Jack pine, given the same 

greenhouse, conditions, takes up to two weeks to germinate 

(Fraser 1959)„ However the young germinants quickly stand 

erect and are appr o;< i matel y 30mrn tail* Initial growth of the 

a p e n g e r rn i n a n t s is re 1 a t i v e 1 y s 1 o w, and t h e y are o n 1 y 5 — 

10mm tall after the jack pine have germinated„ In the highest 

density, the jack pine formed a closed canopy immediately 

after ger mi nat i on.. This crown closure severely hampered the 

d e V e 1 a p m e n t o f t hi e o v e r t o p p e d at s p e n s e e d 1 i n g s, H c> w e v e r , i t 

m u s t. b e n o ted t h a t. s u f f i >::: i e n t d e n s i t i e s t o form this c 1 o s e d 

c a n o p y a J. rn o s t n e v e r o c c u r i n n a t ix r e.. 

At the 1 ower densi ti es, comp 1 et.g? ca.nopv' c; 1 osure by the 

jack pine did not occur, allowing the aspen to develop at a 

much faster rate- The aspe?n quickly overtopped the slower 

developing pine seedlings and became the dominant species- 

A11 oc at i on of F%'esour c es 

The way an organism allocates the quantity of limited 

amounts of resources to growth, maintenance, and reproduction, 

as well as the timing of th6?se allocations will affect its 



■fitneBs (Snell and Burch 1975). Harper (1977) points out that 

a density-stressed individual is not. simply a miniature 

version o-f its vigorous low-density counterpart. During the 

growth o-f plants un doBr den sit'/ stress the allocation of 

assimilates between different structures becomes 

pr oporti onatel y altered.. Ogden (1970) described suppressed 

plants as long, slender and etiolated with a relatively 

increased proportion of non-photosynthetic to photosynthetic 

tissue (ie» stem to leaf).. Harper (1977) explained that many 

of the weakE^r individuals in a population extend their foliage-? 

to the top of the canopy but do this by means of long, spindly 

stems and a proporti ontel y greater respiratory burde?n. Their 

net assimilation rate may therefore be expected to be lower 

than that of the dominant plants in the canopy (White and 

Harper 1970) .. 

Thie above—ment i oned i'“e 1 at i onsh i ps have come f i'"om stud i es 

dea 1 i ng wi th pi.i.re stands of a gi ven speci es. In {TIi )•(ed stands, 

the growth patterns of the speci.es in questi. on may vary 

greatly from each other. This variation in grov'^th mary cause a 

shift, in the dominant competitor and thereby alter the 

expected allocaxtion of resources for a given species. This 

feeature was illustrated in the present study as trembling 

aspen seedlings adjusted their biomass allocation with respect 

to the dominant competitor.. At the highest density (10,000 

plants./m^), jack pine seedlings dominated the various 

treatments. As a result, trembling aspen seedlings expanded 

their crowns 1 at.era 1 1'/ rather than vert i ca 1 1 y, This growth 



pcxttern resulted in an increase in their percentage biomass 

a 11 Qc at ed t o 1 eaf wei gh t» At the 1 owest den s i t'/ \ 729 p i an t s / m 

) n asp)en wsis mainly competing with other aspen seedlings„ 

Therefore., in order to overtop neei ghbour i ng aspen p individual 

aspen seedlings allocated a larger percentage of biomass into 

stem we i g h t ( i e S 1 ower LW / T W r a t. i o) » This ad j ust men t in 

resource allocation is illustrated in Table 15 and Table 17» 

A reverse response occurred in jack pine« As the 

dominant competitor in the highest density', the jack pine 

seedlings were forced to compete with other pines» This 

intraspecific competition resulted in a shift to a greater 

percentage? of biomass being allocated to stem weight. At. the 

lowest density, jatck pine took on the role of an understor'/ 

species. Therefore, the pine S€?edlings increased the 

perce?ntage of leaf weight in order to capture as much light as 

pOSS i b 1 e (Tab 1 e 15 ancj Tab 1 e :i. 7) .. 

Mortalitv 

Individuals can suffer greater competition from 

conspecifics than from plants of the other species. In such a 

situation the total competitive e?ffects suffered by a 

popu1 ation is re1 ative1y sma11 when a species is the minority 

component in a mi.xture. However, the overall competitive? 

effe?cts incre?ase di re?c tl'v with a corr espond i ng increase in 

f r e? q u e n c y o f t he specie s i n t h e fin i n t LI r e. T' his phenomenon is 

k n o w n a s ’' f r- e q i..i e n c y ~ d e p e n d e n t i n t e r f e r • e n c e' ‘ (hi a r p e i'" a n d 
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McNaxughton 1962) ™ 

The best example of this phenomenon^ from the present 

study3 is found in Table 3 (trembling axspen survival)- It can 

be seen that the survival of aspen is not only reduced by 

higher density, but also by species composition (Table 4)- As 

the percentage of aspen in the mixture increased, the survival 

decreased significantly- The lowest survival occurred in the 

lOOAt/OPj mixture- Increased density accentuated this 

relationship. A contributor to this mortality of aspen, other 

than direct competition, vjas the presence of a leaf and shoot 

b 1 i gh t (F asi c 1 adi UTD spp .. ) - Th i s b acter i a 1 d i sease rapid 1 y 

spreads as contact with other aspen seedlings increases- 

Therefore, at the highest density (10,000 pi ants/m^ ) and 

highest aspen composition (lOOAt/OPj) the blight was most 

severE^- Although the blight, maxy not have directly caused the 

death of the aspen seedlings, reduced vigour led to increased 

c o m p e t i t i v e E? f f e c t s and e v e n t u. a 11 y m o r t. a 1 i t ’/ o f s e v e r a 1 

i nf ectE^d seedl i ngs- 

The jack pine seedlings were^ not affected by arxy 

pathogens.. In general , jack pine survival was relatively 

stExble (Table 5) « Qnly at the highest density (10,000 

pi an t s/m ^) cind in the lowest jack pine perce?nt composition 

(75At/25Pj) was there any drop in survival- 
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Whittington and □'’Eirien noted that in mi tares the 

i ntr axspec i t i c competition of the better competitor was 

1'lessened and it grew more rapidly than in pure stamdSu 

There-fore., the mixture should out-yield the highest yielding 

o-f the comparative pure plots- 

In the present study, although an increase in individual 

plant weight o-f- the main competitor can be noted (Table 11), 

an increase in total production within the mixtures does not 

occur- The replacement series diagrams of relative yield 

(Figure 8) clearly illustrate that the total relative yield 

curve has a concave appearance- The shape demonstrates an 

antagonistic relationship between the two species. As the 

density is lowcered., this relationship became less pronounced - 

t l"i e c I...Ir ■'/e t oo k on a mor ee i n ear sh ap e - 

It. should be noted that this study dealt with forest tree 

sped eswhi ch have long J. i f e spans„ It ;i. s 1eref ore pos-si b 1 e 

that a change in shape of the relative yield curves could 

occur during different phases of these species" ontogeny- 

Field Study 

In general, aspen height growth was not significantly 

affected by density- It is felt that the higher densities a-s 

well as the wider range of densities used in the greenhouse 

study (10,000 p3lantsj/m to 729 plants/m ) as compared to the 
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•f i e 1 d Bt.udy (2^ 500 p 1 ant.B/m ^ to 17 p 1 antB/m ^) cauBed i mmedi ate 

crown cloBure« Therefore immediate;, intense competition among 

neighbouring pjlants accentuated the effect of dens it'/ on 

height growths In the field study, plants were "free~to-grow" 

for a greater proportion of the growing seasonu Once crown 

closure is achieved and the competition among neighbouring 

plants intensifies, density should become a significant factor 

influencing height growth. 

It should be noted,, however, that species mixture did 

have at pronounc6=d affect on height growth (Figure 9 and Tables 

21 Z-'. 23). As the percentage of aspen decreased, height growth 

tended to increase. A similar relationship wais evidenced in 

crown development for the aspen transplamts (Figure 11 and 

Tables 24 26). Therefore, larger crov'^s were a result as 

the percentage of aspen decreased in the-? mixtures. 

F~ u r t hi e r m o r e?, dens i t.'/ <=*• f f e t e d t. h e a c c u rn i.\ 1 a t i o n o f c r o w n v o ;i LA rri e 

(T a b 1 e s 2 4 25). A t the h i g h e s t d e n s i t y (2, 500 jD 1 a n t s / rfi ^ ) , 
/ 

c r own c 1 osur e oc c ur r e?d a t t i JTIe of p 1 an t i n g ; t. her eb y 

drastically reducing the ability of the aspen to expand their 

crowns. Crown expan=xion increased exponenti al 1 y as the 

density was lowered to 17 plants/m^ and the aspen fully 

occuppied the site- 

A reverse response., to what was anticipated, occurred in 

the growth of jack pine. As density decreased, jack pine 

height, growth and crown volume accumul ati on also decreased 

(height -- Figure 9 and Tables 21 22? crown volume — F"igure 

11 and Tables 24 ;?/ 25) . The reason for this reversed responsee 



95 

may have been rel ated to the in-fluence o-f the environment. 

The pine transplants had relatively weak stems v-jith lush 

needle development. At the highest densities, a -forfiR o-f 

"mutualism" occurred as stems were supported by the 

tightly-packed seedlings. This relationship reduced the 

deter mental e-f-fects of wind. At the lower densities, the pine 

transplants were greatly affected by the wind and accompanying 

higher t ransp i r at i on rates,, causing early bud set and reduced 

over all g r owt h. 

It is felt that once the pine transplants become 

estatblished and competition ad: the higher density levels 

increases, the reversed growth response to density will be 

nullified. Similar responses to those found in the greenhouse 

study should occur at the^ highest density and move? through to 

t h e 1 o w e s t d s? n s i t. y in a s y s t. e m a t i c f a s h ion. 

k1 i 11 hor pe ( 1961 ) consi der ed t at any def i c i enc y of soi 1 

w a t. e r CJ r n u t r i e n t s would c a u s e the a c c e 1 e r a t. e d s u p p r e s s i o n o f 

t h G? s u. b G v~ id i n ate?. S i rn i 1 a r-1 y, T r“ e n b a t h a n c;l H a r p e r (1973) 

suggested that the development of a slight deficiency of soil 

factors where competition for light was already occurring 

caused an apprOKimately 4—fold increase in the depression 

shown by a series of subordinates. At present, the data from 

the field study does not support the above influence of the 

environment. Hov-jever, the environment may begin to play a 

more important role in increasing the competitive effects 

b e t w e e n t h e t w o s- p e c i e s d L.I ring t h e n e .•< t f e w q Y~ O W i n g s e a s o n s. 
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Ecological Significance 

Var i a.t i on l-Mi th i n Measured ParametgriE- 

Before? the ecological significance of the results can be 

addressed^ the problem of wide variations between individLials 

within a treatment must be considereda This problem of wide 

variation within treatments tends to be a common problem with 

competition eKperiments» Mead <196Et?,, in his attempts to 

develop a competition model which effectively estimates the 

magnitude of competition effects between neighbours;, stated 

that "although the results obtained are of considerable 

interest 3 the variation within treatment means is extremel'/ 

high a" A series of Tables (Appendix 6, 7% 8, 9) have 

included the standard deviations associated with height growth 

an d c r a wn v o 1 u m e -a c c um u 1 a t i on for" b ot h the green h o u se a n d 

f i e 1 d s t u d i e s» 1" at b !l e s 11 & 15 h a v e i n c 1 \i d e d the c o e f f i c i e n t s 

of variation for" total biomass and leaf wt»/total wt u ratios, 

respectively. Important concerns over the magnitude of the 

var" i an ces ar'e note^d below,. 

<1) Vatriation in the greenhouse study wa.s gr"eater than 
that found for the field study (compare Appendices 
6 7 with Appendices 8 9), 

(2) Vatriation in plant biomass was greater- in the pure 
stands t h a n in the m i ;t u r" e s for" green h o u. s e s t LI d y 
(Tab1e 11), 
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(3) (Breater variation occurrod in trembling aspen 

growth than occurred in jack pinei? (Greenhouse 

studv^ “ Appendices 6 ik 7n Table 11 S/ 15|! Field 

study -- Appendices 8 ?< 9) „ 

(4) Variation in croiMn volume was greater than any 

other measured parameter, especially in the 

greenhouse study™ 

(5) Block variation was low and not considered as 

a serious problem in the anal'/ses» 

EKperiments have demonstrated that divergence o-f relative 

growth rates do occur between early and late emerging 

i ndi vi dual s, Ear 1 y emergers cont i nual 1 y i ncr 0?ast'? the! r 

abilitv' to capture re?sources at the expense o-f the later 

emergersp and in doing so increase their physical zone of 

influence. This appears to be the mechanism by which the 

distribution o-f plant weights within a population becomes 

skewed as the population grows, be-fore sel-f —thi nni ng (Ross and 

Harper 197.2), Since, in the prese?nt study relative growth 

rarte?s for the greenhouse study far exceed those of the field 

sti,idy, the var i at i on wi thi n t.he treatments woi..i]. d a 1 so be 

expected to be much larger, 

Allard (1961) presented evidence that the biomass of 

individuakl plants in mixtures vary less than those in pure 

stands, Allard and Bradshaw (1964) have called this effect 

"population buffering" and compared its effects to those of 

buffering of the individual genotype due to heterozygosity, 

In the pr e?sent study, this "popu 1 at i on bu-f f er i ng " i s well 

i .11 u s t r a ted in T a 1:31 e 11, A s u m m a r y o f thi s r e 1 a t i o n s h i p c a n 

be found in Table 2:7", 



Tab 1 e 2 /.. Bumma.r’'/ o-f coe-f f i c i ents oT var i at i on for i nd i vi dual 
plant biomass from greenhouse study data« 

Density Species Composition 
(p1 an 15/ Asp en J ac k P i n e 

m^) pure mi>jture pure mi>{ture 

1 O 000 

2, 844 

729 

136 

145 

91 

1ZO-^ 

116 

97 

60 

42 

mixture values are the meam for the three associated mixes 

Sakai <1961) has pointed out that the growth of plants 

can be influenced by their neighbours in three distinct wa'/s: 

<1) the effect of density - limiting space and nutrition 
for a plant, 

(2) intragenotypic competition — some plants, within one 
genotype may outgrow their neighbours because of 
a d V a n t a g e s gained thro u g h chance e n vir on m en t a1 
factors., and 

(.75) i ntergenotypi c competition - differential growth of 
unlike genotypes due to the inherent differences 
between t h e m, 

In contrast to crop plants, intergenotypic competition in 

forest trees has been studied only to a minor degree (Adams 

1980), Results of these investigations concur with the 

general conclusions reached in crop plants and indicate that 

i nter genotyp i c competition can have-;- quite significant effects 

on the growth of trees at the seedling stags (eg: Tatuer 1975), 

Tauer (1975) found wide variations in growth of black 

cottonwo-od seedlings. Therefore, it would seem reasonable to 



expect, that this character! st.i c would be present in tremblincj 

aspen 

T h e ee c e s s i v e 1 y 1 a r g e v a r i a 11 o n s a s s o c i a t e d w i t h t h e 

crown volume parameter can probably be attributed to the 

serious irvfection o-f f as i c I ad i aij) spp. (aspen lea-f and 

shoot blight)u 

C CD m D e t i t i v e !E c 1 ix s i o n F r i n c: i p 1 e 

W h e r- e t w o s p e c i e s i n a s t a b 1 e e n v i r CD n rn e n t s h a r e t h e s a m e 

ni chewi th an i denti cal f actor (s) 1 i mi t i ng popul ati on growth 

the two species will compete se?V€5relyn This competition v-^i 1 1 

virtuaxlly <always lead to the exclusion of one species„ This 

conclusion is known as5 the " compe^t i t i vs exclusion principle" 

or Gauss's pxrinciple (Gau.se 1934),, In the borE?al forest;, pure 

s t ai n d s o f j a c. I-;: p i n e a re a 1 m o s t e c. 1 u. s i v e 1 y of f i r e o r i g i n „ 

LXanse saipling stands with 10,000 to 40,000 or more trees per 

a c r e c a n ci e v e 1 Q p (G u. i 1 i-:; e y a n d W e s t i n g 19 G e':-) , 11 i s a t t hi i 'S 

<E>t age? that the j ac !•:; p i ne may ex c 1 u.de the i n vasi on of the si te? 

by trembling vaspen or other pionee?r species. This feature was 

i 11 u s t r a t <a d i. n the g r e E? n h o u s e s t u d v' w h i c h s \ i owed t h a t j a c i-:; 

pine can be a dominant competitor at extremely high densities.. 

Unf ortunat ei y 3 the density level whG?re jack pine dominated 

( 1C), '0 O p 3. a n 15 / m ) almost n e v e r o c c u r in n a t u re. T h e r e a o n 

for this is a combination of a lack of a homogeneous 

g e r rn i n a t i o n b e d a ri d 1 o w e r g e r m i n a t i o n p e r" c e n t d u e t. (3 p) a o r r 

e n V i r o n in e n t a I c o n d i t. i. o n s. There f or" e, on e w o u 1 d 
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have tD expect inva.Bion ot as-pen pockets even in an area with 

ex c e 11 en t n a.t ur a 1 r eg en er at ion of j ac k pine. 

Cook (1965) felt that intraspecific competition was 

mainl’y' char acteri zed by plastic response or depauper at i on , 

while interspedfic competition mainly resulted in mortality. 

Therefore a young stand of jack pine would have reduced 

grDwth 3 but show on 1 y mini ma 1 se 1 f -1h inning. However i f an 

extremely hot slash fire reduced the number of jack pine 

germinants, aispen would almost assuredly invade the site. 

Quickly and effectively^ the aspen would overtop the pine 

seedlings and eventuaxlly reduce the p)ine percentage in the 

stand by way of direct mortality. 

An Inference Concerning Genetic Variability 

It is felt., among ecologists., that ex p 1 ainait i ons of the 

b eh aviour of p1 an t s an d anima1s must come u11imat e1y f r om 

consi derat i on of the? evolutionary forces that have determined 

fitness (Turkington and Ha.rper 1979). 

Lee (1960) felt that the role of intraspecific 

compjetition in natural selection is in the moulding of the 

gene pool in the direction of conditioning greater 

adaptability. McNaughton and Wolf (1970) asserted that 

increased intraspecific competition by the more abundant 

species of a pair will produce in it greater genetic 

di f f erenti at i on while the less abundant species will tend 

t owar d g en e t i c un i f or m i t y d LIB t □ more i nter spec i f i c 



compe^ti t i on . 

A11 h au.g h it is h i g h 1 y sp ec u 1 at i ve, the high genetic 

variability o-f trembling aspen — as suggested by high variance 

in the measured growth parameters ot this project •- may be 

directly related to its intense competitive naiture» Jack 

pine^ which is generally a weaker competitor than aspen, tends 

to illustrate a pattern o-f genetic uniformit'/» 

Limited Portion o-f Ontoqeenv Studied 

Critica1 work on competitive mechanisms dea1 either with 

the situation in short—lived crops established under largely 

arti-fical conditions, or else with the processes at work in 

short—term experimental cultures o-f the competing pi ants „ 

E X p e r i m c? n t a 1 s t u d i e s w i. t h i n d i. v i d u a 1 pop u 1 a t. i o n s o r s i m p ]. e 

comb i nat i ons o-f sped es ar e e-f f ect i ve -f or e 1 uc i dat i ng 

e .1 e fT) e n t a r'/ p r o c: e s s e s w i. t h i n t h e? c o m m «..t. n i t. y, hi o w e v e r t h) e 

problems o-f ex tr apoi at i ng -from these to the whole community 

are -f or mi dab 1 , if not insurmountable '-Macintosh 1970). 

Ford >'1975) warnc^d that investigations restricted to a 

few years can study only a limited section of the complete 

cycle of the forest crop. Relationships established at one 

point in time may not remain stable throughout the life 

history of the population.. Therefore, the relationships 

identified in this study may not remain the same through the 

life histor'/ of these two species. It is hoped that by 

extending the field study over three to four growing seasons. 
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any shift, in the major r el at i onsh i ps dealing with the 

competitive nature of the?se two tree species will be 

identified. 

It must also be noted that the relationships determined 

in this study using trembling aspen seedlings would differ 

greatly when using aspen regeneration of sucker oriqin» Aspen 

suckers rel’/ on a pr e—ex i st i ng, mature root system for 

resources during the e.arly stages of development- Therefore, 

height growth would be far more rapid and the effect from 

competition of neighbours much less for an aspen sucker than 

those? of an aspDen se?edlinq in a similar situation.. 

A final point that must be noted is that the results from 

the field study may differ on another soil type- Each species 

may react differently when located on other sites, thereby 

altering the competitive nature of the species in question- 



CONCLUSIONS 

The present study was the -first study designed 

spec i-f i cal 1 y to analyze the compe^t i ti ve e-f-fects o-f both 

trembling aspen and jack pine seedlingSo The ef-fects o-f both 

densi ty and spec i es mi ture were ex ami ned usi ng rep 1 acement 

series experiments in a greenfiouse as well as a -f-ield study.. 

The signi-ficant responses to the various -fcreatmen'ts are 

s u m a r i z e d b e 1 o w - 

Greenhouse Study 

(1) A "hierarchy of resource exploitation" was established- 

Howeve^r the species which took on the dominant role was 

d e p e n dent on d e n s i t >•'. At the hi g h e S: t d e n s i t. >•' 1 B V el Cl O, C) C> C> 

plants/fn^)^ jack pine assumed the9 dominant role- Once the 

d e n s i t y w a 1 o w e r e d , t r" e n) b 1 i n g a s p e? n gained d o m i n a nee- 

The relative crowding coe-C--f i c i ents clearly demonstrated this 

shif-t. in dominance with changing density.. 

(2) Trembling aspen seedlings adjusted their biomass- 

allocation with re<spect to the dominant competitorj as 

fQ11owsS 

Ca) when j ack pine was the rnain competi tor , aspen 
increased -the percentage biomass allocated to 
leaf 'weighty and 

Cb) when aspen was the main competitor, aspen increased 
the percen-tage biomass allocated to stem 
weight- 
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The reverse rejsponse occurred in the jack pine seedlings, 

(3) The pjhenomenon known as "Trequency-de^pendent i nter f ereence" 

was illustratE^d best by the survival data -for trembling aspen. 

In general, as the percentage of aspen in mixture increased at 

a given density, survival decreased. Increased density 

further accentuated this relationship. 

Field Study 

(1) In general , aspesn height growth was not si gn i f i cant 1 v' 

affected b>' dE^nsitv''., However as the percentage of aspen 

decreased at a given density, height growth tended to 

i ncr ease.. 

A similar relationship was e?videnced in crown development 

for the a'spen tranapj 1 ants, Furthermore, high density tended 

to drsist i cal 1 y reduce the ability of the aspen to expand their 

crowns- 

(2) Both he^ight growth and crown volume accumulation for jack 

pine decreased, as density decreased. The cause for this 

reversE?d response to density wais related to the influence of 

environmental factors (ie« wind).. 
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APPENDIX 1 

Expert mental Design -for Greenhouse Study 

Linear Models 

i j k I m M -I- E-f I ^^jjj H- -H S, BSj, DS^, 

BDS iki *""(ijkl)m 

1.2 1 k === 1.2.3 1 = 1.2, „ „ . .4 m = 1 

whereS - measured parameter 

M -- 

p. _ 

*(i)j - 

Dk - 

BDik - 

S| 

E'S 

DS ̂kl 

overall mean 

fh the B-f fect ot the-? block 

restriction of all treatments in i'*^ block 

the effect of the k density 

the effect of the 2—way interaction betiween 
the i^^ block and the k*^> density 

th the ef f ect. of the 1''' sp?eci es mi x ture 

the effect, of the 2--way interaction between 
t.he i^^ b 1 oc k and the 1 ^” speci es mi 11..».r e 

the effect of the 2—way interaction between 
the k^^ density and the 1^” species mixture 

BDS ikI — the effect of the 3—way interaction between the 
i b 1 o c I-:;, t h e l< den s i t y, an d the 1^^ '5p e c i e s 
m i X t Lir e 

E — ex p er i men t a 1 er r or 



ANOVA table -for the linear model 

Source of Degrees of Enpected EKpE?ri mental Cri ticad F—ratio 
Variation Frejedom Mean F—raitio »05 nOl 

Squares 

bl oc k 

5 
4 cr^ + 12O'!+I2<rg no test 

Density 
B1oc k—Den sit y 
Sp„Comp» 
Block—Sp.Comp » 
Density—Sp n Comp 
B1 a c; k—.0 e n s i. t y— 

Sp» Comp» 
Exp„Error 

8 (T^+40-|.p 
3 o-^+3cr|.s-fi50i 
2 <r^+3(TB.s 
6 d + <Tg.Q^ ^4^ O S 

24 <^^+/B^.D-S 

O 

MS (D) 
no 

MSCS) 
no 

MS(DS) 

/ MS(BD) 
test 
/ MS(E<S) 
test 
/ MSCBDS) 

no test 

4 „ 4S 

3.. 49 

2.. 51 

S „ too 

So 95 

3„67 

59 TOTAL 
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APPENDIX 2 

Simple Correlations Between Srowth Parameters 
■for Greenhouse Study 

bpecies (Browth 

Parameters 

At Total Height vejrsus 
Crown Volume 0 „ 832 O „ 692 

Total Height versus 
Crown Volume 0 n 8 74 764 

At Oven Dry Weight versus 
Leaf Wt/Total Wt Ratio-«- 0.. 620 0« 384 

P Oven Dry Weight versus 
Leaf Wt/Total Wt Ratio-J^- 0 „ 837 0„ 701 

- these measurements were taken from a second set of 
r a n d o im 1 y s e 1 e c t e d s e e d 1 i n g s 

Mote: Correlations between growth parameters for the field 
study were not applicable as final measurements used 
in the analysis of variance were not taken during 
s i fn i 1 a r' w e e k s - 
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APPENDIX 3 

Layout for a single block in field study 

2 M 500 

p1ants/ffl^ 
494 C'O'"* 

pi. ants/m ^ pi ants/m 

83 
pi ants/m^ 

17 
pi ants/m 

100/0 75/25 50/50 25/75 0/100 

25/75 50/50 0/100 25/75 75/25 0/100 100/0 75/25 100/0 25/75 

75/25 0/100 50/50 100/0 100/0 25/75 0/100 50/50 75/25 50/50 

The individual plot sizes will increase from the high'sst 

den ?=■ i t y t a t hi e 1 o w e s t d e n s i t i e s» 

Note" 
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APPENDIX 4 

Experimental design -For field study 

Linear Mode?l S 

Yijkimn = M + B| + S(j)j + D|, + BD,,^ + 

®^im ^(ijklm)n 

..j„ q 4. 

J» tf t{ n tt « <) 'HM/ 

n 

m 3 3 3 - 4 

where" Y 

M 

Bi 

*(i)i 

Di 

BDik 

'^{iik)l 

m 

BS: im 

DSkm 

measured psirameter 

overa11 mean 

the effect of the-? block 

restriction of all treatments in the i^^ block 

the effect of the density 

the effeect of the 2—way interaction betw€~>en 
the i^^ block and the k density 

d e s i g r"i r e s t r i c t i o n (a 11 t r e a t m e n t s o f !••■ ^ ^ 
d e n s i t y t o g e t. h e r ) 

the ef f ect of the? mspeci es mi ture 

the effect of the 2—way interaction between 
the i^^ block and the? species mixture 

the effect of the 2~way interaiction between 
the k^^^ densi ty and the m species mixture 

the effect of the 3™way interaction between 
the i^^ block n k density n and m^h species 
mi Xture 

E ex p er i men t a 1 err or 
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ANOMA table for the linear models 

Source? o-f 
Var i at. i on 

Degrees of Expected 
Freedom Mean 

Squares 

Expert mental 
F~ratio 

Critical F—ratio 
»05 .01 

B1 a cl:; 
5 

Density 
BIoc k—Den sit v 

o 
a^+4af+2oaf-\-20a^ no test 

4 O2+40^+4O|.D+24</>D MS (D) / MS CBD) 

20 o^+4o?i + 4oii^ no test 
(-) 

o2+4o§,+ 4o|.p 

+40U 

2. 87 4.43 

Bp.. 
BI QC !•:;—Sp , Comp . 15 
D e n s i t y—S p3 „ C o p . 12 
B ]. o c i-:: —Den s i t y— 

Sp.Comp. 60 
EExp. Error 0 

0^+ 50D.O+ 30<^q 

O +503.3 
O2+-O2O+6'<#.2S 

-s 

^2 

MS(S) / MS CBS) 
no test 

MS CDS) / MS(BDS) 

no test 

3 „ 29 

1,92 

5.42 

2. 50 

TOTAL 149 
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APPENDIX 5 

Soil description -for -Field study area 

Samp .1. e Hor i z on pH 
No. 

/C Sand X Silt Clay T e>; t ur a 1 
cl ass 

A 
B 
c: 

6 „ O 

5« 2 
4 

44,4 
40,8 r^9 „ 2 

49,4 

20 n 4 
20,0 
15, 0 

1 oam 
I oarn 
1 o£^m 

A 
B 
C 

to. 
6 
6, 

19.6 
11.6 
2,8 

59.2 
69.2 
SO, 2 

21,2 
19,2 
17, 0 

si It 
silt 
silt 

1 u<=^m 
1 oam 
1 oam 

A 

B 
r 

6,1 

6,6 
/ isr 

27 
/ , z 
O. O 83,0 

22, R 
2^0,8 
1 7. O 

silt 
si It 
si 11 

1 oam 
1 oam 
1 oam 



APPENDIX 6 

Weekly height growth data -for greenhouse study 

Den si t. v bp 
(plants Comp» 
per 
m ^) 

TIME (weeks) 
4„5 10 11 12 

Aspen Jack Aspen Jack Aspen Jack Aspen Jack 
F-'ine Pine Pine Pine 

1On 000 100/0 

75/25 

50/50 

25/75 

0/100 

1.6 
((I) „ 4) * 
1 »7 

1 „ 6 

ln5 

3» 6 

du 5 
(3.7) 
5. 7 6. (j 

8.9 
(5.7) 
7.4 8.4 

(0.3) (0.4) (2.7) (1.5) (3.3) (1.5) 
40 4.0 7. 8. 2 

(0.3) (0.3) (1.7) (1.0) (2.1) (1.0) 
3.9 a. to 3.8 7.4 

10. 2 
(6. 6) 
8. 9 
(4.7) 
5.6 
(2.5) 
3. 4 

(0.3) (0.6) (2.2) (1.8) (2.7) (2.2) (2.0) 
•::>» d 
(0.4) 

to. 2 
(1.5) 

6. 2 
(1.4) 

6.8 
(1.5) 
9. Q 
iluO) 
8. O 
(2.4) 
7. 9 

(2.2) 

844 100/0 

7’5/ 25 

50/5«0 

•~3 nr; / "7 «=: 
Urn} / / 

0/1 00 

2. 4 
(0. 7) 

4. C) 
(7» 0) 
9. 4 6. 9 

14.8 
(7.4) 
10.4 

3.8 
(O« 5) 

/» 6 

(1.2) 

7.4 

(O. ^-) (0.4) (6.3) (0.6) (8.1) (0. 9) 
1.9 3.6 9.4 6.5 11.2 7.0 

(0. 5) (0 „ 6 ) (4,9) (1.3) (6.3) ( 1 . ci:>) 
2.3 3.8 12.4 7.1 15.1 7.7 

(C). 5) (0.5) (5.6) ( 1.2) ('7.6) (1.6) 

16. 6 
(9,0) 
12. 2 
(9 „ 3) 
12. 5 
(7. 1) 
IS. 2 
(10.7) 

8.7 
(1.5) 

/ s 8 
(1.1) 
7.4 

(1.6) 
8, 4 
(2. C)) 
1 0. 2 
f I 

/29 10'O / 0 

75/25 

50/50 

25/75 

0 /100 

3.8 
(1.1) 
3.4 

2.8 

4. 1 

2C), O 
(5. 1) 
10 
CD ■ OZM / 

26. 6 
(7.5) 
23. O 

3 „ O 4.0 21. 6.9 

4.2 19.0 8.0 26.1 

4« 
(0.: 

8.3 
(1.3) 

8.3 
(0.7) (0.4) (5.5) (1.2) (6.9) (1.3) 

7 „ 8 
(0.8) (0.4) (6.7) (0.9) (7.7) (1.0) 

9.4 
(0.9) (0.5) (8.5) (0.9)(10.9) (1.3) 

n;.“ crj 

(11.4) 

(11,3) 
7.; ^ R 

( J. 4,9) 
38.4 
(15.0) 

9. 9 
( 1.3) 

8.9 

(1.3) 
S. 6 

(1.1) 
1 . to 
( 1.4) 
1 . O 
(1,8) 

- numbers in parantheses are standard deviations 



APPENDIX 7 

Weekly crown volume data -for greenhouse study 

Density 
(pi ants 

per 
m ^) 

Sp- TIME (week s) 
Comp» 4 „ 5 ;l 0 11 12 

Aspen Jack Aspen Jack Aspen Jack Aspen Jack 
Pine Pine Pine Pine 

IO3OOO 100/0 

75/25 

50/se- 

es/75 

O /100 

( 1) 
1 

( 1 ) 

1 
( 1 ) 

1 
C1 ) 

11 
(6) 
14 
(5) 
12 
(6) 
8 

<4) 

203 

56 
(54) 

(27) 

(37) 

CiO 
< 4CJ ) 

95 
(41) 
72 

(49) 
51 

(46) 

269 
< 365) 
165 

(186) 

(45) 
40 

< 23) 

83 
(61) 
137 
(56) 
102 
(73) 
68 

(56) 

(230) 
247 

(328) 
39 

(46) 
15 

(20) 

96 
(65) 
181 
(68) 
126 
(84) 
121 

(122) 

2., 844 100/0 

75/25 

50/50 

25/75 

0/ 1 '00 

.11 
(7) 
8 19 

(5) ( 10) 
L 1 
O) 

IS 
1.2) 

15 
(8) 
18 
(7) 
15 
(8) 

738 
(782) 
5*06 

(774) 
389 

,• 399) 

106 1 
(11 o :i.) 

1 18 
(35) 
102 
(64) 
109 
(47) 
136 
(61) 

923 
(951 ) 
595 

(943) 
548 

(603) 
1897 

(2037) 

143 
(57) 
128 
(78) 
145 
(71 ) 
208 

( 1 1B) 

_ 1215 

779 
( 1.233) 

651 
(689) 

(2563) 

159 

138 
(8'0) 
1 oV 
(87) 

275 
( 147) 

729 1 '00 / 0 

7-cr / -ticr / i-J / .t:.. •...' 

50./50 

25/75 

0 /10'O 

77 
(56) 
66 

(36) 

(32) (12) 

(29) 

r--| 

2./ 
(8) 
26 
(9) 

2944 
(1148) 
2462 

(1783) 
2934 

(2731) 
4473 

(4339) 

165 
(59) 
168 
(42) 
212 
(67) 

(77) 

5872 
(3C>95) 
3969 

(2761) 
4 6 9 

(4626) 
7346 

(7129) 

(90) 
2'07 
(45) 
278 
(71) 

(92) 

7971 
(5360) 
6644 

(5346) 
7569 

(8544) 
15220 

(15049) 

-I V J J. 

( 109) 
243 
(56) 
351 
(97) 
501 

(149) 

— numbers in parentheses are standard devi action' 



APPENDIX 8 

Weekly height growth data -for -field study 

Density 

(pi ants 

per 
m 2) 

Sp u TI ME (weee k s) 

^omp. 5 5^- 7 B 10 13 

Aspen Jack Aspen Jack Aspen Jack Aspen Jack Aspen Jack 

Pine Pine Pine Pine Pine 

500 100/0 

75/25 

50/50 

25/75 

0 /100 

<5) 

(7) 

24 

(4) 

21 

(3) 

7 

( 1) 
9 

< 1) 
10 

(2) 
10 

( 1) 

(7) 

26 

< 10) 

29 

(6) 

(5) 

B 

<2) 

9 

(3) 
12 

(2) 
13 

1 j 

27 

(9) 

29 

(12) 
34 

(8) 

8 

< 2) 
10 

i ) 
1 
(2) 

14 
't 

31 

(13) 

31 

(15) 
40 

(;!. 3) 

41 

(11) 

8 

(2) 
10 

(2) 
12 
(3) 
15 

(2) 

31 

(13) 

31 

(15) 

40 

(13) 

8 

(2) 
10 

(2) 
12 

(12) C 
1: 

494 100/0 

/ ij/ 2 b 

5 0 / 5 '-I'* 

25/75 

0 / 1 <j0 

(4) 
17 

( 4 ) 

20 

(4) 

20 
( > 

9 

( 1 ) 
8 

( 1 ) 
a 

(1) 
8 

(1) 

28 

(5) 
'~?~Z 

(6) 

(b) 

2 <b 

(5) 

;!. O 

(2) 
1O 

(2) 
10 

(1 ) 

:l. o 
(1) 

(7) 

(8) 

34 

(6) 

(6) 

12 
^ ) 

1 1 
(2) 

1 1 
(2) 
1 0 
( 1 ) 

4 C.) 

34 

46 

44 

( 10) 

1 2 
(2) 

1 1 
(2) 
! 

i * -'* ) 

11 

41 

( 1 3) 

34 

( 1:3) 

40 

(12) 
47 

(2) 

1 1 
(2) 

12 
(2) 

J. 1 

204 100/0 

75/25 

50/50 

25/75 

0/ 10'O 

;l. 9 
(4) 

IS 

(3) 

21 

(3) 

19 

(3) 

8 

( 1 ) 
S 

( 1 ) 

( 1 ) 

( 1 ) 

24 

( 7) 

24 

(4) 

(4) 

(4) 

.f 

a 
/ 

(2) 
9 

(:!.) 

9 

( 9 '• 

28 

(9) 
2 2 

(6) 

(4) 

1 1 
(2) 
10 

(2) 
1 0 
( 1 ) 
10 

(2) 

(11) 

36 

(:l. 2) 

44 

(7) 
43 

(7) 

1 1 

(2) 
:i. 1 
(3) 
1 O 

( 1 ) 
1 1 
(2) 

(11) 

36 

( 13) 

46 

(a) 
45 

(8) 

11 

(2) 
11 

(3) 
1 0 
(1 ) 
1 1 
(2) 

•f i r‘ s t (Ti e a s u r e m e? n t I'S) a s t a I-:; e n o n ‘.1 u 1 y 171 h , 5 V-J e e i-;; s a 11 e f" 

p 1 ant i ng cornmenced 

n Li rn b e r s i n p a r e n t h e s e s a r e s t. at n d a r d d €5 v i a t i o ri s 



APPENDI S (cont." d ) n 

Densi t.y 
(p1 ants 

p er 
m2) 

Sp u TIME < wee k s) 
Camp ,5 7 8 10 13 

Aspen Jack Aspen Jack Aspen Jack Aspen Jack Aspen Jack 
Pine P j. n e Pine F‘ i n e Pine? 

83 100 / 0 

75/25 

50 / 50 

25/75 

0 /1 <1)0 

18 
<3) 
20 
<3) 
19 
<2) 

19 
<4) 

8 
< 1) 

7 
(1 ) 
7 

(1) 
8 

( 1 ) 

24 
< 7) 
26 
(5) 
24 
(3) 

(7) 

a / 
( 1 ) 
9 

( 1) 
9 

(2) 
10 
( 1 ) 

28 
(8) 
30 
(6) 

29 
<4) 
30 
(7) 

9 
(2!) 

9 
( 1 ) 

(2) 
10 
(2) 

38 
C12) 
40 
(9) 
39 
(9) 
39 
<9) 

9 
(2) 
9 

(1) 
9 

(2) 
11 
C2) 

39 
(13) 
41 

( 10) 

41 
( 1 <I) ) 
41 

(10) 

9 
(2) 
9 

(1 > 
9 

(2) 
1 1 
(2) 

17 100 / o 

75/25 

5<:>/50 

25/75 

0 / 100 

18 
(5) 
17 
(3) 
19 
(4) 

21 
(5) 

7 
(1) 
6 
(1 ) 
7 

( 1) 

(1 ) 

(6) 

(5) 

(7) 
30 
(7) 

( 1) 
8 

(1) 
8 

(1) 
7 

( 1 ) 

•->o 

(7) 
28 
(7> 

(8) 
35 
(9) 

8 
(1) 

/ 
(1) 
9 

( 1 ) 
7 

(1 ) 

4 <3 

(11) 
38 

< 10) 
42 

(12) 
46 

(12) 

S 
(1) 
8 

(1) 
9 

(2) 
7 

( J. ) 

42 
(12) 
39 

(12) 
44 

(13) 
47 

(13) 

a 
(1) 
s 

(1) 
9 

( 1) 
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APPENDIX 9 

Weekly crown volume growth for field study 

Density Sp. 
(plants Comp 
per 

) 

TIME(weeks) 
5 7 8 

Aspen Jack Aspen Jack Aspen Jack 
Pine Pine Pine 

10 
Aspen Jack 

Pi ne 

500 10<“) / O 

\25 

50/50 

25/75 

O / 100 

916 
(347) 
1141 183 
(584) 
1107 
(3^^7) 
1050 
(444) 

(59) 
208 
(43) 
234 
(62) 
181 
(50) 

1069 
(698) 
1219 
(780) 
1961 
(826) 
1722 
(835) 

181 
(61) 
229 
(82) 

(96) 
268 
(SO) 

1336 
(940) 
1674 
(1266) 
2421 
(1310) 
3097 
(1465) 

161 
(60) 
194 
(73) 
246 
(91) 
246 
(74) 

1554 
(1516) 
1865 

(164- 7) 
3661 
(2505) 
4676 
(2819) 

160 
(61) 

•"? 'p 

(84) 
245 
(88) 
316 

(108) 

494 100 / 0 

~y KT / '"i nr 

50/50 

25/75 

0/ 100 

1340 
(518) 
925 
(497) 
1 137 
(428) 
1 208 
(436) 

245 
(46) 
224 
(5 9) 

'■n-T ^ 

(6 1 ) 
337 
(6 CJ ) 

2254 
(865) 
1552 
(900) 
2040 
(952) 
1987 
(966) 

341 
(97) 
293 
(79) 
298 
(64) 
235 
(61) 

2857 
(1344) 
1989 

( 1598) 
388 1 
(1805) 
3884 
(1928) 

383 
(123) 

( 1 1 1 ) 
320 
(88) 
248 
(64) 

5175 
(3591) 
3937 
(3260) 
8322 
(4245) 
9360 
(4413) 

423 
( 164) 
368 

( 153) 
389 

( 132) 
356 
(137) 

204 100 / O 

75/25 

50/50 

25/75 

O /100 

1023 
(538) 
985 
(349) 
1238 
(483) 
2458 
(330) 

226 
(75) 
300 
(62) 
248 
(63) 
212 
(72) 

1512 
(727) 
1455 
(664) 
2146 
(724) 
1925 
(516) 

(105) 
279 
(61) 
305 
(78) 
306 
(99) 

4011 
(1292) 
2648 
(1543) 
3219 
(726) 
3490 
(1229) 

398 
( 16 1 ) 

(97) 
329 

( 104) 
334 
(126) 

4339 
(2443) 
5856 

(4005) 
7784 
(2389) 
9697 
(3237) 

448 
(219) 
345 

( 163) 
359 
(113) 
426 
(189) 

~ numbers in parentheses are standard deviation' 

Cant"d 
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Af-'f-'ENDIX 9 (cant. d ) “ 

Den si t.'/ Sp ™ 
(plants Comp« 

per 
) 

TIME(weeks) 
8 

Aspen Jack Aspen Jack Aspen Jack 
Pin e Pine Pin e 

10 
Aspen Jack 

Pine 

S3 100/0 

75/25 

50/50 

25/75 

0/100 

1120 
(463) 
1461 
(476) 
1 302 
(581 ) 
1119 
(482) 

(83) 
21 1 
(53) 
224 
(61) 
256 
(55) 

2o/D 
(1906) 

%.J / 

(916) 
2062 
(630) 
1874 

(1030) 

291 
(98) 
267 
(65) 
281 
(82) 
343 

( 1 Ci 1 ) 

3758 
(24.32) 

•367'2 
(1846) 

3146 
( 1145) 

3106 
(1S 13) 

274 
(97) 
285 
(77) 
296 
(94) 
380 

(14 1 ) 

7394 
(4619) 
7283 

(2745) 
7785 

(3545) 
7310 

(3595) 

278 
( 102) 
297 
(97) 

( 147) 
446 

(215) 

1 / 100/0 

75/25 

50/50 

25/75 

O / 1 

1086 
(529) 
1002 
(417) 
1322 

(612) 
1504 
(586) 

173 
(48) 
176 

(43) 
V J CD 

(80) 
180 
(47) 

2171 
(1134) 
1890 

(1053) 
2611 

( 147'’0) 
2948 

(1289) 

203 
(47) 

.2.20 
(84) 
282 
(65) 
194 
(48) 

3886 
( 1998) 
4782 

(1241) 
4 3; 7'4 

(2442) 
4E)20 

(2430) 

218 
(58) 

(77) 
286 
(89) 
184 
(54) 

10699 
(6041) 
7575 

(3232) 
9813 

(6167) 
9812 

(5719) 

248 
(109) 
239 

(106) 
319 

(142) 
203 
(87) 


