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5 X - - ABSTRACT .

—

CCSI-lPETITION IN NATURAL AND EXPERIMENTAL MdNOCULTURES

OF . RANTHIUM STRUMARIUM L.

by )

- -

Jess Konrad Zimmerman \\
- .

The effects of plant density on the performance of

Xanthium strumarium were investigated in natural and
experimental monogultures.- X. strumarium is an herbaécous
aﬁ;ual that naiurglly occurs along bodies of water but is
also a weed of agricultural fields ;nd waste places.

In a_beacﬁ population of X. strumarum, seecdling
survival, plant growth, and ffuit production were assessed in’
response to changes in plant density, séedling emérgence
date, and soil ﬁoisture. Growth and fruit prq&uctiOn were
significantly reduced with increased plant.d;nsity: but
‘survivorship was largely density-independent. -Deiayed
seedliﬁé émefgence redhéed seedling survival, but had no
effect on the fruit production of mature pian;s. Seecdling
survival, growth, and fruit production‘were ositively '
éé;related with soil moisture.

In an agricultural field, thé growth of isolated plants

of X. strumarium was conmpared to plants grown in dense stands

- at two different spacings. The effects of intraspecific

.



-

competition were compared to competition between X.

Strumarium and Abutilon theophrasti grown at the closest

spacing of the monoculture treatments.
Plants grown under density stress suffered greatly

reéuced grqwth and reproduction compared to isoiated rlants.
The effects of competition were a reduction in growth raée
and unit leaf rate. A reduction in leaf area ratio occurred
odiy for‘plants grown in the highest density(g;noculture.
'Seasonal patterns in biomass allocation indicated that lan£
grown under density stgggs_allocated proportionately nore
biomass to stems and roots and less biomass to leaves;tgan
J

isolated plants. . Mature plants exhibitéd an increased
proportion of biomass allocated to fruits ﬁith increased
‘density. This patterh was, in part, e%plained by an increase
;n mean fruit weight witn increased density. |

The role of!limiting'wéter suﬁgz} was compared to light
limitation. There were no significant difﬁeyences_in xylem.
pressure potential, leaf conductance, or photosynthetic rate
among treatments, indicating there was no comééiition for
sQil water. Plants under density stress showed incréased
plant height, altered lea;)area distributions, and increased
'spec;fic leaf area sugges?ing light was a limiting.factor for
plants grown in competition. Tgese patterns correlated well

~

with differences in shading among treatments.’

vi



ACKNOWLEDGEMENTS ) /-
iy most heartfelt appreciation goes to my supervisor
Mike Weis for his guidence and friendship through the -

completlon of my studies at the Uniyersity of Windsor. 1I°

also thanh the other members of my committee, Paul Hebert, *}:
Heyer Starr, and especially Susan Weaver who read rough '
drafts of this thesis, for their constructlve crltlclsms ang

helpful comments on the work reported here. I have profited

greatlv from the friendships of many of the graduate -~
students, post-doctoral- fellows, and senior unéerqraduate -
. studénts in the Department of Biology, espec1allv Jainie”

Loaring, Ken Baker, and Davigd Barker. I am partlcularly

-

grateful to Bob Steele and Lulse Hernanutz for our extensive

dlscuss;ons of bioclogv and’ the_statistical analysis of

biological data. Finally, I thank Frank Ryail for being a

friend and damn goo& field assistant.

Most of my thesis research wouas have been impossible
without. the space and facilities offered b; the Agricglture
Canada Research Station at~Harrow. Hany staff members‘there
provee to be guite helpful, especially Chin Tant Brian
Buttery, and Ron Sutherlandi ‘

Lastly, I wish to thank the government and people of

Canada for allowing me the opportunity to live and study in

”,

~ this country.

vii




1 - g
N | IS
) ' . _&ABLﬁ or coqwsﬁTS' . '
‘;y DEDICATION ;...:i;..;l.f ... _' ' iv
-mmemT..uq..v.:L.; ......... v
ACKNOWLEDGEMENTS ‘. .... vii
- o LIST OF TABLES funuvensessioienennennennnn.. f....:.. ) ix .
_ “LIST OF ngbhss ettt 53.............: oo oxd
" .+ GENERAL. INTRODUCTION :......... et . 1
) DESCRIPTIYN OF XANTHIUM STRUMARIUH ........ Ceeeneen 6
CHAPTER ' )
' ‘%ACTORg‘AFFECTING SUVIVORSHIP, GROWTH, AND
- “FRUIT PRODUCTION In A NATURAL PGPULATION OF
’ XANTHIUM STRUMARIUM
) Introdu’ction ................-:.....'...... 10
' Materials and Methods ........:..;..... N 13
T . Results .....,...;.............J....... 23
. , ;
DiSCUSSION teetennenncenccscccnenannnns 45

IX. RESQURCE COMPETITION IN EXPERIMENTAL

MONOCULTURES OF XANTHIUM STRUMARIUM
J

INEXOAUCELON o anvnuenenennnnennnnnnnn. 50
Materials and Methods ....;........,.Q. 53
e 1 7.69
Discussion f...................;.1,.... 102

GENERAL CONCLUSION «evuvveerencennnencannnnnn. ceeens los
- LITERATU&E CITED LA AR L B B B A N I R R R L L I I B I ’ 112

- ’ VITA AUCTORIé LA B B I B N BT B A R .c-.o...---o.?'o ------ '124.



LIST OF TABLES

Table - . Page
1.1 Contingency table analysis for seedlings

classified by emergence time, guadrat

density, and mortality e eseteteeeccean e rana ee. 27
1.2 Freeman-Tukey deviates: “or contingency table

analysis --.....l..'..........-.' ................. 28
1.3 Specarman rank correlations for percent soil '

noisture measured at different depths coiivine.... 33
1.4 slultiple regression anova for aresin-

Square root transformed survivorship .......... +.. 36

. * I‘

1.5  Multiple regression anova for plant dry

weight and fruit Production ..uheiveeeneneennnn... 39

1.6 Ancova for differences in log-log transformed
fruit production between emergence tire

.ClaSSCS.......-...--:...-....-......-.--.-.--. ----- 42
1.7  Gini Coefficients for fruit production .......a... 43

2.1 - Regression equations for plant weight and .
leaf area over time T enee 71

2.2 Anova for arcsin-square root transformed
-proportions of biomass allocated to various
S TS ettt i iiineiteeeateaeeeeen e, 77

2.3 Mean biomass, fruit production, propbrtiqn
of biomass allocated to fruits, and individual
fruit weights for plants in cach treatment ....... 82

2.4  Anova for bionass, fruit production, proportion
of biomass allocated to fruits, and individual .
fruit weights for plants in each treatment ....... 83

2.5 Mean light levels at groﬁnd level in each .
treamEnt -.....O-................l.......l.I-.:-. 87

2:§. llean height of plants in cach treatment ........ .. 89

2.7 Regression equations for specific leaf area
VS. Ca.nopy hEight ClaSS o.-lo.-oo-c.--t.-c-.-l-?-- 94



- &

v. A

ana1¥sis of variance for percent sSoil: \ -
MOLIStULE tevenncecovennn. teecesecenssanna cesevseca 98

. Mean values of xXylemspressure poteﬁtial, leaf

conductance; and photosvnthetic rate for plants
“ in each treatment

-...o--.-.----o.-.---oo--.-OCOOD 100

Anova for xylem pressure &otential, leaf
conductance and Friedman's test for
photosynthetic rate

D'-..-..‘...---..lontonc..--l'.- lol‘

-



LIST .OF FIGURES'

ln eaCh treatment ....-.ll.---.ou..,-.-----.---.-.o

xi

Pigure “ . - ' " page
_ ) :
1.1 Calibration curve- used to convert electrical .
! resistance to percent soil no;sture cesssevarsaas 16
1.2 Graphical representatidn of Gini Coeﬁficient csen 259
1.3 Survivorship curves for low and high -
density quUAdratsS cveeeecccsecnceccecnns Cesecasnas 24
1.4 Distribution of seedling emergence tinme ceseanees 25
1.5 Percent soil moisture at..field site and daily_u
precipitation at Harrow, ONtario ..iseeececeeees. 31
1.6 Relationship of seedling survivorship and _ .
percent SOil moisture ---ooo---.--c.---ooo------.'o 34
1.7 Relationship between plant drv welght, fruit
production and densxty of reproduc1ng :
lndlvlduals -..-.II.I..‘...-.......-li..-........ 38
2.1 Schematic dlagram of treafments ...evecevencces.. 54
2.2 Calibration curve used to calculate percent
soil moisture ‘rom electrlcal resistancé ........ 59
2.3 5ea50nal patterns of growth and relatlve :
growth ratc .I....-I.-......-..'.I...........-.... 70
2.4 Seasonal patterns of 1leaf area ratio and )
unl‘- lea& rate -..l.lO.....l..............-Q..... 73'ﬂ
2.5 = Scasonal pattern of biomass allocation to
various plant parts e L
2.6 Light profiles for each treatment .....v......... 86
2.7 Vertical d;strxbutlon of lcaf blade area
ln eaCh tl‘eatﬂent o-.o-i----o-.o..-------.o-‘o-..- 91
2.8 Vertical distribution‘of leaf number in
eaCh treatnent SEsLEALB SR sE RIS LEERRTESEEBRERBRETESESE SRS 9_3
2.9 Seasonal pattern of percent soil mo;sture g .
97



GENERAL INTRODUCTION

Factors regqgulating natural populations of organisﬁs have
been a central focus bf ecélogical studv. Iluch of the
discussion of factors éffecting bopulation dvnamics has
invelved the refativc importance of densityv-independent and
density-dependent mechanisms. Density-independent factors
(e.g. weather) have a* constant effect on a population over a
range of densities while depsitf—dependent factors have
increasing or decreasing effects with a change in population
density. This controversy, which was prevalent in the late
1950's and cariy 1560'3, is succinétly reviewed by Clark et
al. (1967). .

Intraspecific competition was proposed verv early as an
important density-dependent mechanism rcéulating natural
populations (Nicholson 1933), Nicholson (19335 defined

competition as "the state of reciprocal interference which

occurs when animals {(or plants) having similar needs live

together and which influences their success (in sufvival and
reproduction)". Intraspecific competition might he assumed
to be more striﬁ@ent than iﬁterSpecific competition because
members of the same species should have similar requirements
for growth and reproduction. - )
Organisms can respond £o-changes in population density

through changes in mortality, growth, réproduction, or some -

combination of all. To cite examples from the zoological




literature, Eisenberg (1966) showed that experimengal £
manipulations of the density of adult pona snails (Lvmnea
elodes) resulted in no change in adult survivorship.

However, changes in fecundityv resulted in a complete abscnce

of treatment effects on the number of voung. The number of
snails returnedlﬁo the pre—mani#ulation leveis in all
treatments in a sinéle generatioﬁ because in nature all

adults die before the second vear. Food limiéation was
strongly implicated as the mechanism reducing adult

fecundity. Wise (1975) found that experimental manipulations

of the population densitv of the spider, Linphia marginata,

resulted in redﬁced survivorship of immétures ané reduced
-survival and fecundity of adult.femalcs. Females appeared-ko
be limited b§ food supply. Density effects on growth and
development (Istock et al. 1975, lurd et al. 1978, Stiven gﬁd
Kuenzler 1979) and proportional reproductive allocation (Wu
et al. 1977)'ﬂévc algo been reported. Increased density can _—
also reduce the rmating success of territoéﬁal species (Warner
and Hoffman 1980, and references therein).

Although responses to a change in popuﬁation density may
be gqualitatively similar for plants and animals, plants are
more plastic in their growth than animals. A change in
density which mayv resu}t in, at most, an order of magnitude
difference in growth in animals (see references above) @ight

for plants ﬁfodhcé a reduction in growth of two to three

B



orders of magnitude which would not be unexpected. Pﬁckridgé
and Donald (1967) sowed wheat at a range of densities from
1.4 to 1073.plants per meter square.: A 54-fold range in
individual plant weights was recorded at the énd of the
season. The plants showed a 43-fold variation ;n the number
of ears produced per plant while variation in the nurber of
grains per ear was 2-fold. anriation in the weight of a
singlé grain was only 1.05-fold. The 1§7k of variation in —
seed welght in response to large chaﬁge N plant density in -
wheat and other species led Harper et a§Z1T1970) to conclude
that sced wei&ht was the least plastic of all plant vield
components. Harper (1977) has thoroughly reviewed the
literature on Ehé effecté of densityv on the growth, form, ané»
reproduction of plan£s.

The responses of plants to increasing densitv at the
population.level are well described (White 1980, Harper
1977) . At very lew densities, plants do not interfere with
the growth of one another and are, therefore, not competing,
Over a range of denSltlQS that will cause a reduction 1n'

- growth (resulting from competition), but at which mortality
is not density—éependent, the relationship between the log of

mean plant weight and log density will have a slope of =l.
- . -

That is, with increasing density, the growth of individual

plants is compensated in a one to one ratio. At higher

densities, density-dependent mortality will occur and the

L}



slope’of the relationship between log mean plant weight and
log density will have a slope of -3/2. This_is the 3/2
Thinning Law (Yoda et al. 1963). 1Its rationale has been
baseéﬁhpon the geometry of packing threc dirmensional
stfuctures en a flat surface (White and Harper 1970),
although it is not clear why this result is obtained only in
the presence of densit?—dependent nortality.

Self-thinéiné populations also shoﬁ a characteristic
pattern of changes in the variation of individual plant
weights with increasing densitv. Populations of plants -
growing at high density may show distributions that are
highly negatively skewed, with numerous small plants and few,
very large plants. Plants grown at low density often have
normal distributions of plant weights (see Kovoma and Kira
1956, Obeid et al. 1967 for examples). Three factors can .
account for this-pattérn (summarized by Turner and Rabinowit=x
1933) : size selective mortality, varianée in exponentiél
growth rates among individuals, and dominance and supreséion

- small individuals are competitively suppressed by the

largest individuals. This pattern is not universal.

. Graminoids, for example, appear to be an exception (Turner

and Rabinowitz 1933).
Studies of the responses of plants td increasing density
are notably lackind in two aspects. !Most studies have used

L 4
Crop species or crop weeds grown in agricultural



environments, whilg not enough attention has been given to
studying naturally occu;riﬁg populations. Moreover, althouch
a reduction in growth with' increasing density clearly
indicates that resource deprivation haé occurrec, it is rare
that an-.attempt has been made to describe the resources that
werc in liﬁiting guantities.

In the present study, the responses of Xanthiuri
strumarium L. to changes in plaﬁt density, in both natural
and experimental monocultures, were investigated. In a ¥
naturally occurring beach populafion of X. strumarium th¢
cffect of density on survival, growth, and.reproduction was
‘compared to other potentially important factors such as soil
moisturc. Competition in experimental monocultures of X.
strumarium groﬁn at differing densities in an agricultural
habitat was investigated with the goal of describing the '

resources that could .potentially limit growth under

competitive conditions. . ' .



DESCRIPTION OF XANTHIUM STRUMARIUM

»Xanthiunm strumarium L., commonly known as cocklebur, is

a member of the family Compositae (Asteraceae) in the tribe
Anbrosiae. It is an ﬁg}baceous annual, groWind to heights of
20 to 150 cm and has a stout tap rooé (Weaver and Lechowicz
1982) . Its most distinquishing characteristic is the fruit,
which is a hard, woody bur, 1-3.5 em long, with hooked
prickles (Gleason and'céonquist‘l963).

. X. strumarium natﬁrally occurs along rivers and on lake
and sea beaches. It is also a weed of agricultural fields
and waste places, Naturglly occurring populations are
usually small, somewhat ephemeral, and homogeneous, while
weed populations are iarger and more heterogeneous (Weaver
and Lechowicz 1932). Dispersal in naturally occurring
populations is usually achieved by water while in. weed
populations, dispersal largely results because of human
activities. X. strumarium can be Es?nd on a variety of soil
types, but apparentiy prefers coarse, porous soils (Kaul
1965) .

The genus Xanthium has been the subject of much
taxonomic confusion. On the basis of bur mérphology,.morc
than éO species of Xanthium had been described at one time
(Weaver and Lechowicz 1982). Léve and D&nsereau (1959}
revised the genus, reducing the number of species to two, X.

strumarium and X. spinosum L. X. strumarium is a highly




variable species, provisionally considered +o have two
subspecies one of which is furthér divided into six complexes
based on bur morphology and gqographic distribution. The two
populations used in this studyv are dpparently member of the

pensylvanicum-italicum complex, based on descriptions in Love

.

and Dansereau (1959) although bur size§ differed greatly
between populations.

A. strumarium is rjonoecious, wind pollinated, and
self-compatible (LOve and Dansereau 1959). Inflorescences
are small ?nd green and occur in clusters in the-lcaf axils
and at thelend of branches and the main sten. Staminate
(male) inflorescences c0ntain_100-i50 florets and tend to
occur above the pistillate (female) inflorescences.
Pistillate inflorescences contain two flowers in a épiny
involucre. The mature fruit (or bur}) contains Ewo achenes
(seeds), usually of differing size. Flowering is
ﬁhotoperiodically controlled, induced bv short da?s ir late
sunhcr. In southwestern Ontarlo, ‘lowerlng generally hegins
in earlv to mid-August and fruit £illing occurs in the
following two weeks. )

mhe arrangenent of male and female inflorescences and
self-compatibility leads to a great deal of inbreeding in X.
strumarium. loran and Marshall (1978).estimated the
outcrossing rate in a natural pépulation in Australia +o be

essentially zero with an upper confidence limit of 12%.



There was almost no ailozymic variation within each of four
conmple®qs naturalized to Australia, but consicderable
variation mong complexes. This pattern correlaéed well with
‘patterns of bur nmorphology. However, Moran et al. (1981)
found sigﬁificant levels of genotypic-variation within
populations for 15 quantitative characters. Nevertheless,
enviromentally induced variation was.a larger component of
the total phenotyvpic %ariation, indicating the importance of
phenqtypic plasticity in the species. <

The two sceds within each fruit of 5; strumarium have
differing dormancy and germination requirements. Theée have
been extensively studied (reviewed by Weaver and Lechowicz
1982). 1In general, the large seeds in each fruitewmre
non—éormant and will germinate in the spring following
dispersal while the small seeds will not germinate until
later in the season or in the following year., However, twin
seedlings arising from a2 single fruit have often been noted
(Weaver and Lechowicz 1982, Zzimmerman and Weis 1983).

Voucher specimens from each population of X. strumarium
used in this study have been déposited‘in the herbarium at °
the University of Windsor and with Plant Biosystematics,

Agriculture Canada, Ottawa, Ontario.



CHAPTER I
FACTORS AFFECTING'SURVIVORSHiP, GROWTH, AND FRUIT PRODUCTION

IN A NATURAL POPULATION OF XANTHIUM STRUMARIUM

-




CHAPTER I
INTRODUCTION
The manner in which density regulates populations of

organisms has been the concern of botanists and zoologists
alike (Anto:Zvicé and ievin 1980). In.plant populations, two
patterns of_response to plant density hagp recieved
considerable attention. First is the 3/2 Thinning Law (Yoda
et al. 1963) describing the relationship among plant growth
and density in the presence of density-~dependent mortality.
'It has'been sﬁown for a variety of tree and herb species
(Harper 1977, White 1980) that a self-thinning populatién

will follow a 'trajectory' described by

where w .is mean plant weight, d is density and K is a

- constant. If there is no density dependent morta;ity in the
population, then the densitw-yield relationship will have a
slope of -1. Secondly, and apparently in conjuction with
self-thinning (White and Harper 1970), plant populations
growing at high density will form size hierarchies (Koyoma
and Kira 1956, Obeid et al. 1967, Ford 1975; but see Turner

and Rabinowitz 1983). A few individuals will become large

and dominate a stand while most individuals are supressed and

10
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less vigorous.

The vast majority of studies déscribing the above

relationships have been made in agricultural ;ettings (Harper

1977). A need has been seen to investigate naturally
occurfing poepulations (Solbrig 1980) because agricultural
environments and the genetic étructure of agricultural plant
poéulations are typically quite uniform (Snaydon 1980).
Quite clearly, hatural populations face an array of factors
affecting their dynamics. Although aiseafch for single
factor effects (e.g. density) will often be fruitful, it may
not provide a complete understanding of observed population
dynamics.

I have investigatgd the effects of density, seedling
emergence Ezée, and soil moisture on mortality, growth, and
féait production in a naturally occurxing population of X.
strumarium; i chose to invegtigate the effects of'seedling
emeréence time in addition to density because of its well
described effects on seedling mortality, plant growtq and
fecundity (Black and Wilkinson 1963, Ross and Harper }972,
Cook 1979, Weaver and Cavers 1579, Naylor 1980; Howell 13981).
Soil moisture was iﬁvestigated because bf its relative ease
in measurement in comparison to other crltlcal plant
resources, for example, nutrients. Also, as x. strumarium

naturally inhabits beach sand (Love and Dansereau 1959,

& . Lt B
Weaver and Lechowicz 1982}, soil moisture was suspected to be
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an important factor for plants growing in a soil'with a low

water holding capacity. :



MATERIALS AND METHODS
Study Area
This study was conducted in Holiday Beach Proviﬁcial.
Wildlife Management Unit located in Section 53, Malden
Township, Essex County, Ontario. All rescarch toock place

along a section of beach facing Lake Erie approxim&tely 75 m

in length and separated from an adjacent marsh Ly a grove of

Willows (Salix spp.) and Cottonwoods (Populus deltoides

Marsh.). Most of the area (approximately 35%) cohsisted of

,opén sand. Woody vegetation on the beach was predominatéd'by
. ‘ . 4

Salix spp. and saplings of Populus ‘deltoides. The herbaceous ~

-~

assemblage was dominated by Cocklebur (X. strumarium) ané Sea-

v :
Rocket (Cakile edentula (Bigel.) HooP), althOugh Evening

Primrose (Oenothera biennis L.) and Polygonum spp. occurred

with moderate frequency.
Field and Laboratory Procedurgs

One quarter meter squared quadrats were used to sanple
portions of the population of X. strumarium occurring in the
" study area. Sampled quadrats were Qithin 3mof a tfapsect
approximately pafallel to and 10 m from the shoreline, with
the exception of oﬁe quadrgé placed 9 m inland of the
transect. Quadrat sites were chosen on May 10, 1982
approrlmately one week after seedllng energence began._ .

Quadrat placement was made with con51derat10n given only to

. sampling the range of observed SEedling'densities in each

.

13
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area of the population. { : .

In twelve gquadrats, individual scedlings were mapped

-

using a square plexiglas sheet (60 x 60 cm, 0.64 cm in

thickness) supported by wood dowels attached at each corner.

-

Seedling locetions in each quadrat were recorded on clear
vinyl sheets placed over the plexiglas sheet. ' Individuals
were identified by their position in nhmbered 10 % 10 cm
sub-quadrats. Quadrats were *‘censused eVery 4 to 7 aavs
through ‘*Ia.y-and‘t longer intervals through the rema:.nder of
the growing seasonhosee Fig. 1.3). . On each census date, the

death or emergence of 1nd1v1dual seedllngs was recorceé.

Survzvorshlp for each guadrat was calculated as
\ s

hY

\\,

nunber of seedlings surviving
total number of seedlings observed.

In scparate quadrats, percent soil noisture was obtained-"
using the probe from a commércial soil moisture meter
(Agtronic Manufacturlng) w1red to a multlneter (Radio Shack,

. Inc.) capable of méasurlng rea;stances from 0 to 20 negohms..
This device nade it posszb%e to ebtaln more precise N

resistance values than those pProvided by the meter included -

with the Agtronic device. The soil moisture~probe was

calibrated in the laboratory uszng 4 kg of sand collected at

\

the study site. Distilled water was added to aixr dry sa?d in

known quantltles and the electrlcal r931stance recorﬂed. The

- -
.
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resultant relationship (Fig., l1.l) was used to convert
resistance values obtained in the field to percent soil
noisture (percent of soil dry weight). ‘

On each sampling date, resistance readinés were taken at
cach corner and the center of each quadrat at+ depths of 5,
'10, and 20.&m. The ﬁive:values for each cuadrat at each
depih Qere averaged and entered into the data set as a -single
value. Readings were taken.at 4 to 7 day intervals through
May énd evefy one to three weeks thereafter until late
September. Twelve soil moisture quadrats were_esﬁablished on
May 10. On May 31 measurements at three quadrats were

N
discontinued. Measurements continued at replacement .quadrats
estaBlished elsewhere to better represent the range of
‘observed seedling densities. Thus, soil moisture data
presented for the éarly-growing season and the whole growing
season represent\goﬁewhat differing sets of quadrats. Those
quadrats sampled earlier were not included in the ahalysis of
soil moisture effects o6n growth and reproduction. One other
quadrat was discontinued on June 11 after all séedlings in .it
had died. Therefore, for the analysis of growth and .
reproduction patterns,”there are soil moisture data f&r
eleven qugdrats sampled 6n 10 or 13 dates.
,  On each sampling date, the number of seedlings in each

s0il moigture quadrat was counted. . Survivorship was

calculated as
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Figure 1.1
Calibration curve used to convert electrical resistance (ohms
x 104) to perceht soil moisture. Multiple data ‘points

indicated by outlines. Log {percent soil moisture) = 0.951

10
- 0.943(log, (ohms x 104)) + 0.172(log_ (ohns x 104))2

{R=0.995) .,



URE

PERCENT SOiL MOIST

RESISTANCE

10

100
(ohms x 10,000)
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number of seedlings surviving
maximum number of seedlings observed.

This overestimates the actual survivorship as emergenCelof
seedlings between sampling dates could have ma;ked deaths of
. others. Demographic data from censused quadrats was used +o
estimate this error; the maximum number of seedlings observed
underestimated the total number of seedlings in a quadrat, on
average, by about 7.5%.

In mid-October, the number of fruits produced by each
plaﬁilin each demography and soil moisture guadrat was
recorded. Five plants ig each huadrét were randomly chosen
and harvested by clipping the stem at the level of the soil
surface. These were dried at 80 Ct/gl;owed to equilibrate to

air temperature and then weighed to the nearest 0.01 g.

Daéa Analysis . ]

All statistical analyses were done ﬁsing packaged
programs provided by version 79.6 of S.A.S. (Ray 1982) except
the’multiﬁay contingency table analysis, described below,
'which was performed by hand._ For parametric statistical
| anaiyses, all variables were checked for normality and
scedasticity (using an F-max test, Sokal and Rohlf 1981). 1If

a variable did not satisfy these assumptions, an appropriate

transformation was applied and the variables '
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rechecked. Appropriate non-parametric tests were used if
transformétiOn did not reduce heterosccdasticity and provide
a normal distribution.

The relationships among density, seedling emergence
time, and mortality were analyzed by collapsing the data into
a 2x2x2 contingency table. Multiway contingency tables ére
best analyzed using log-linear models. Log-linear models
have properties that are analogous to analysis of .variance,
except that one is concerned with interactions among
variables rather than‘hain effects. Log-linear models arise
from the fact that each cell frequency in a contingency table
is a product of the total sample sizec and the sums of -

-

respective row and column probabilities. By applying a log
'tranééorm, the log of the cell frequency becomes the sum of
the log of each of the terms in the above product. Thus for
a three~way table, includiné 11 possible interactions among

variables, the model is

P + . + s + . .9 " s + UL
_logm u u u uy + u + u x ¥ Uik ul:Jk

The similarity to models‘used in analysis of variance should
be clear. For extended didcussions of the use of log-linear
models in the analysis of contingency tables, sece Bishop et

al. (;975); Feinberg (1977), and Knoke and Burke (1980).

Colgan and- Smith (1978) provide a good introduction and
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describe some applications to ethological data.
—_— T ——— T
. —
A G-statistic was used to compare obser¥ed and expected.

frequencies. The -distribution of G car be hpprOximated by a
x2 distribution, but has several theoretical advantages over
the typical X2 (Sokal -and Rohlf 1981). 1In the ;nalysis of
multi-wvay éonf&ngcncy_table, it allows testing of conditional
independence between variables. This is equivalent to a
nested intgraction in ANOQVA,

I have analyued the contingency table here Lollonﬁgr the
nethod outlined in Sokal and Rohl‘ (19381) after Bishop et al.
(1975). 1In this method, one begins with a saturated model,
the nodel with all main effects and possible intcractions as
givgn above plus all conditional interactions. Individual
term§ in the model are tested in a hierarchical fashion
beginning with the second-order interactign. (for an example
of an alternate approach, see Whittam and Siegal=Causev
1931). Expected f;equencies are calculated with all terms in
Place except that being consicdered (or ‘those previously
rejected). Those terms showing signifiéant departure from
expectation afe retained in the model. fTesting continues
untii all terms have been accepted or rejected. " If a-

-éarticular term is fouﬁd significant and fetained, all iéwer-
order terms involving the variables in the term are, bv
deflnltlon, retained in the nmodel. For example, in the case s
of a three-way table, if the second-order inéeraction was

4
found significant, no further testing would be performed and
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the saturated model wBuld be the final model.

Freeman-Tukey deviates (Sokal and Rohlf 1981) were
calculatéd to examine the degree of departure of individual
cells from expected values. Freeman-Tukey deviates are

calculated as

~
\/fijk +\/fijk + 1 ‘\/4 "Lk

and are compared to

2
V/Vx .05 (v) /abe

to détérmine an approximation of which deviates are
significantly "large" for a test with v &égrees of freedom
and a, b, and c classifications for each variable.
Recently, a new method for aqalyzing the degree of size
hierarchy in a population of plants has been developed
(Weiner and Solbrig unpubl.-méﬁusc}ipk). This measure, the
* Gini Eoefficient (G), has been dréwp from the economics
literature considering the distribuﬁions of wealth in
societies (see Sen 1973). I have applied it to measurc
hierarchy of fruit production for each ofﬂthe guadrats
sampled. Its meaning can be shown graphicaily by ranking

individuals in a population of plants by their fruit
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production and plotting the cunulative percentage of +otal
fruit production in the population against cumulative -
percentage of individuals in the population (Fig, 1.2).
Perfect egquality in fruit production in the population would
result in a diagonal line from the lower lefs haﬁd to the
upper right hand corners. Any inequality in fruit production
wéuld result in a curve below the diagonal, called the Loren:z
Curve. The ratio of the arca betwcen the diagonal and the
Lorenz Curve over the total area under the diagonal providés

the Gini Coefficient. Computationallgidglis calculated as

[ )

o

2 n »n
= i/2 -
(1/zn “2?%‘% vl

where n is the number of-plants in the population, u is the
rmean fruit production and v; and Yj are fruit production
values for individual plants. Thus, the Gini Coefficient is
oné half the ar@thmetic average of the absoclute value of the

differcnces between all pairs of plants.
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igure 1.2
Graphical represenﬁation of the GQini Coeffecient applied to
fruit production hierarchies in plant populations. Gini
Coefficient is the proportion of area between the diagonal

and Lorenz Curve and total area under the diagonal (after Sen

1973). _ | -
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"RESULTS
Seedling llortality

Seedling densities'ranging frqm 36 to 3638 .per équare
meter were represented in the twelve guadrats for which
detailed demography data were obtained. The survivorship
curves have been grouped by density;into those for quadrats
with less than or greater than 50 individuals (Fig. 1.3).
Survivofship is presented with all seedlings in a quadrat
considered as a single cochort. ﬁost‘mor;ality occurred early
in the growing season; thére was little or ho'mortality
followépg mid-June. Furthermore, on average, therec appeared
to be greatér mortality in low than in high density gquaduagts.
But, most importantly, in both density groups there was great
variation in seedling.mortality amoné quadrats.

Field observations indicated two Mmajor causes of
seedling mortality, damage bf wind blown sand' and
dessication. The former effect seemed to predominate.
Mortality from bldwing sand resultea because 6f erosion of
geedling hypocotyls at the level of the sand surface. Insect
herbivore damage did not appear important; no imsccts were
ever observed feeding on seedlings and damagé was restricted
to the area of the hypocotyl at the éand surface.

Most seedlings (approximately 32%) had emerged at the
time of the first census (Fig. 1.4). Observations prior to
the first census indicated most seedlings were not more than

.

one week old. Late emergence of seedlings occurred up to'May

23
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Figqure 1.3

-

Survivorship curves for twelve quadrats (0.25 m?) for which

detailed demography data were obtaihed. Results are divided
‘into low density (<50 individuals, left hand graphf and high
density (>50 individuals, right hand graph) quadrats. Arrows

denote census dates.
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Figure 1.4

Distribution of seedling’eﬂergence time.
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28 (only one seedling emerged followfhg-this datej. All
seedlings emerging following May 11 were grouped intg a
‘single cohort of late emgrging seedlings to be compared with
the cohort energlng prlor to May 1ll. By further collapsing
the data into hlqh and low density quadrats as in Figure 1.3
and comparing seedlings that survived to ‘lower vs. those
that died,. the data can be.presented as a 2x2x2 contlpgencv
table (Table 1l.1a).

_Analysis of the contingency table indicated the
seﬁond-order interaction between-emergenge time, density, and
seedling mortality was not significant (Table 1.1B, p=0.252)..
This indicates that degsity had no effect on the relationshi;
between emergence téme and mortality. The lack of any
significant Freeman-Tukey deviates (Table 1.27) for this-
analysis assures that this term was properly left out of the

\final model. - |
Conditional independence of energence pime and density

-

was rejected (?able 1.1B, p=0.010). The Qalues in the
contingency table (Table 1.1A) and the pattern in
Freeman-Tukey deviates (Table 1.2B) confirms that there were
fewer late emerging seedlings at low tﬁan at high density.
'Howéver,uthe number gf late emerging seedlings in anv one
quadrat was not great.enough to change the overall groupings
of qﬁadrats. The overall effect was to augment density

differences between classes.

There was also a significant interaction between



, Table 1l.l. A. Contingency table showinqueediings
classified by emergence time, quadrat density, and mortality.

-

FIORTALITY

c EMERGENCE .  DENSITY Alive Dead
TIME . ' -7
Early . Low 72 B - 55
igh . 200 : a5
Late Low 3 ' 14
i ) lligh 23 48

B. Results of contingency table analysis

*

k. . ) - .

EFFECT . DF G PROB.
Emergence Time x Density x Mortality 1 !1.312 0.252
Emergence Time X Density (Mortality) 2 9.144 0.010
EmergenceAEimé X Mortality (Density) 2 33.441 <0.00L

Density x Mortality (Emergence Time)} - 2 7.224 0.027.

-




Table 1l.2. "Freeman-Tukey deviates for contingencv table
analysis. Significantly large deviates indicated by

asterisks.

A.- Emergence Time x Density x Mortality

EMERGENCE
TIME

Early

Late

B. Energence Time' x, Density (Morfality).

EMERGENCE
TIIE

Early

Late

DEUSITY

. Low

liigh
Low

liigh

DENSITY

Alive

0.209
-0.077
-0.635

0.302

Alive

0.583
-0.311
-1.398

0.965

MORTALITY
Dead
-0.036
0.046
0.231

0.007

MORTALITY .-
Dead

&
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Table 1.2, Continued.

c. Emergence Time x Mortality (Density)

C MORTALITY
EMERGENCE DENSITY Alive : Dead
TIME
Early . Low 0.732 -0.734
- iigh 1.372 * -1.505
Late o Low -2.303 * 1.820
High -3.023 * 3.057
D. Density x Mortality (Emergence Time)
MORTALITY
EMERGENCE DENSITY Alive Dead
TIME
Early Low -1.094 1.425
High , 0.723 k -0.959
Late Low -1.133 0.808 °

High 0.561 -0.343
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cmergeénce time ‘and mortality (Table 1.1B, n<0.0001).
Examination of Tablcrl.lA and the Freeman-Tukey deviates
(Table 1.2C) clearly indicates that late erncrxrging secedlings
had greater mortality than early ‘emerging scedlings.

Conditional independence of density and mortality was
also rejected (Table 1.1B, p=0.027). iiowever, the
Freeman-Tukey deviates indicated this result was due‘to a
significant départure from the expected in only one celd
(Table 1.2D). ”The suspicion that seedlings at high densitv
suffered less mortaiity than those at low density appeared to
be confirmed by this analysis,. however the relétionship'yas
not strong. . |

1o fugther testing of terms in the model was necessary
because all tests of conditional independence of each pair-of
variables were rejected. In sunmary, results sﬁowed'that
density-had no effect on the relationship between emergence
time and mortality, but that late energing seedlings had
higher mortality thaﬁ.earlylemergers. lHigh density cuadrats
had greater delayed emergence £han low density quadrats,
which tended to augment diffefencés between density classes.
Finally, low density quadrats; as-a whole, had greater
mortality than higﬁ density quadrats, although the
relation;hip was not striking.

Soil moisture at the study site varied with bLoth soil
éepth and time (Fig. 1.5). Percent soil moistures at 10 and

20 cm depths were most similar and, on average, nuch greater
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i

Figure 1.5
Percent soil moisture at field site (upper graph) and daily
precipitation (lower graph) in mn, recorded at Agricultural
Capada Research Station, liarrow, Ontario. Circles, squares,
and triangles represent percent soil moisture at depths of 5,
x

10, and 20 cm, respectively. Means are of 11 - 12 quadrats.

Vertical bars indicate standard errors.
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LA

than that for 5 cm. The seasonal pattern in percent soil
moisture showed that at greater depths (10 and 20 cm), soil
moisture was relatively constant from May through July, but
declined during a period of low precipitation through August
and early September. Vélues returned to those found for +he
early season with late September rains. Percent soil
moisture at a 5 cm depth showed an overall pattern similar to
that for greater depths, but varied over a larger range
reflectlng a greater response to rainfall events (Fig. 1.3).
Us;ng Spearnan s rank correlatlon, percent soil moisture wasn
found to be ulghly correlated among all depths within
quadrats (Table 1.3; r=0.731 - 0.781, p<0.0001) .

Data from the twelve soil moisture quadrats iﬁitially
censused were used to detail the effect of soil moisture on
seedling survivorship.. During the period May 10 - 24,
percent soil moisture was measured on three dates. Values
for the 5 and 10 cm depths were found to be normally
distributed and have-equal group variances after an
arcsinfsqﬁare root’ transformation. Survivorship values were
also arcsin-square root transforﬁed. Values for the 5 cm
depth are presented here because the regression using these
values provided a higher correlation cqefficient than thése
for the 10 cm dépth. Most quadrats had similar percent soil
moisture values (Fi§ 1.6), however one area‘of the population

had consistently higher soil moisture and seedling

survivorship. The relationship between survivorship and
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'

Table 1.3. Spearman rank correlations_for percent soil
moisture at depths of 5, 10, and 20 cm-+.

PﬁRCENT
SOIL
MOISTURE
AT:

1All correlation
(N=149).

SOIL MOISTURL AT:

5 10 em .20 en
5 cm 1.0000 0.7811 0.7303
10 em . 1.0000 0.7500

20 cm .J) 1.0000

coefficients are significant at p<0.n001



34

e ) Figure 1.6

Relationship of seedling survivorship from May 10 to 24 and
percent soil moisture at a depth of 5 cm (back—transfor}nec‘;
means-+ std. errors) measuréd on three datés during. the

period.
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-

percent soil @moisture was significant (r=0.658, p<0.0001).

These results were confirmed by the high survivorship values

found for the demography quadrats in the same area of’ the .

’populatlon.

Patterns of su:vivorsﬁip in the soil moisture quadrats
were similar to those presented for quadrats in which
detailed censuses were made (Fig 1.3). At low seedling
densities, surﬁivonshic varied and reached values lower than
those observed for high density quadrats. A multiple
regression analysis of survivo:ship;fpercent soil moisture
averaged for the three dates, and maximum quadrat density
indicated that soil moisture had a cigcificent effect on
seedling survival (Table 1.4, p=0.014), but the effect of
density was not significant (p=0.2435$ The regression

accounted for roughly one-half of the variation in

survivorship values among quadrats (R2=Q.560). These-'results

conflict with those provided by the contingency table
analys;s which suggested that density and surv1vorsh1p were

related Because the contingency table was obtalned by

.collaps;ng data over all quadrats, among quadrat variation

was ignored. If the Vvariation among quadrats was considered,
the effect of density was not significant, even after
accounting for soil moiscure differences among quadrats'hsing

¥

multiple regressibn. o
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A

Table 1.4. Hultiple regression analysis of variance for
arcsin-square root survivorship for the period day 10-24.

SOURCE * DF SUM OF SQUARES MEAN SQUARE F VALLT
Density 1 0.18324392 0.13324892 ° 1.56 ns
Soil 1 1.09133354 1.09133854 9.31 *
loisture
Error 9 1.05544339 0.11727154
Cofrected
Total 11 2.39964739
\
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Growth and Fruit Production

Field observations shpwed that as -growth broceeded
through the _seas;:h, the plants did not form dense canopies
eﬁbept in the most moist area of the population and then only
at the end of the groqing season. Neveréheless, both plant

dry weight measured at the season's end, and fruit production

declined 51gn1f1cantly with the density of reproduclng

lndLV1duals (Fig 1.7; r=0.626, 0.505 respectively, p<0.0001).
Plant_dry welght.was.@og transformed and fruit production was.
1og3£247§fansformed to normalize the data and provide equal '

group variances. Although there appeared to be a curvilinear

" trend to these data after log transformation of either

. variable (the means of the fruit ‘production values have been

it
.

- back-transformed to a single log transform in Fig. 1.7),

nezther log-log transformatlon of plant dry weights or uszng
1og .density significantly- 1ncreased the amount of variance
explained by thewregre551ons. -

- The effects of density and percent soil moisture on

fruit production in the soil moisture quadrats were both

' sigrifiéant (Tablé 1.5; p<0.0001 for both variables). For.

plant dry weight,-the effect of density was significant.(p<
0.0001) while the effect of percent soil moisture was-not

(p=0.076; R=0.728). Seasonal means of arcsin-square root

transformed values of percent soil moisture at a depth of 10

~

- cm were used }in these multiple regréssibhs. The lack of
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e
- {
‘. Figure 1.7
Relationship -between plant dry weight, fruis production
\ s _ (means + std. errors) and density‘of reproducing individuals,

Fruit' production means back-traﬁsformed from log-log

" transformed -values. )

J

18
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.

Table 1.5. Ilultiple regression analyses of variance for

plant dry weight (g) and fruit production.
SOURCEL DF  SUM OF SQUARLCS HMEAN SQUARL

Plant Dry Weight (log transformed):

Density - 1 26.81122237 23.81122237
soil 1 1.97591858 1.97591858
Molisture, .
Crror ° 44 26.25910330 1 0.59G679793
Corrected -

tal 6 5532966555
TO a ‘L JS-S y :

Fruit Production (log-log transformed) :

Dehsity - 1 .9.03973441 9.0897344l'
Soil 1 2.65343513 2.65343513
Moisturc
Error 209 , 13.57273737° 0.06494157
Correctéd .

Total 211 22.86480322 .

4

F VALUL

48.28 ***

3.31 ns

139.97 *xx -

40.00 **%*
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A ,

hY

significant correlation of plant dry weight with soil -
moisture may have been affected by the small sample sizes of
. plant weights; the correlation was nearly sigﬁificant. The

regression equation obtained for fruit production was

log(log(frult prod. + 1) + 1) =

0.258 - 0. 017(dens¢ty) + 2.802(s0il moisture)

indicating fruit production was neéatively correlated with
density and positively correlated with_percent so%l moisturé.
In the past, density-yiél&’relationshipsvhgve_been
presented using the logjpef mean plant weigh£ ané 16&10
density.. To provide comparable results, log;g mean plant
weight in eacﬁ quadrat was regressed against logjg dénsity

. for the data on"g; strumarium. The relationship obtained was
' o

logg(plant weight) = 2.098 - 0.750(logjg(density)).

The slope of this regression was significantly different from
-1.5 (t=4.62, p=0.0002), but was not significantly different
frgm--l (t=l.54.-b=0.l38). .

The data from the demography quadrats allowed comparison

of the effects of emergence time and density on fruit
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production. As before, seedlings were sepdrated into two
cochorts, early and late emérgers. Recall that there was a
greater number of late emerging seedlings at high than at low
density. Té separate the effects of density and emergence
.time‘on fruit production, analysis of covariancé was used,
The analysis sbught toldetermine: whether there Qz)as a
significant effect of emergence time on fruit production when
density was held constant. The effect of.emeféencg time was
not’ significant (p=0.721), but as before, density had a
strong effect on fru%; production (p<0.0001; Table 1.6). The
assumptions that_ regression slopes of the covariable'-

(density) were separate and parallel wé;e tested and found to

be satisfied.

. ’ -
The Gini Coefficient was used to assess changes in the

hierarchy. in fiuit-produdiion with increasing density of
flowering individuals. Over the range of available guadrat
densities, the data appeared to fall into th;ge relatively
distincé density groups. Combining the data inéo‘three
groués provided large sample sizes_and assured reasonable

" values for Gl(Table 1.7). These valueS'shou?d not be greatly
biased by any differences among density classes (other than
denéity) because a full range of'ﬁﬁadrat densities was
selected iﬁ each area of the.pépulation.- Hierarchy in fruit

production appeared to decline with increasing plant density .

(Table 1.7). Values for G for the two lowest density classes

£



 §
Table 1.6. Analysis of variance for differences in log~log
transformed fruit weight between emergence time classes,
means adjusted for differences in density Letween classes
(analysis of covariance).
SOURCE DF SuUM O SQUARES FMEAIl SQUARE F VALUE -
- Emergence 1 or00059696 0.0005969¢6 0.13 ns
Tine - .
Density 1  0.46976120 -0.4697G120 100.02 **»
Error 308  1.44664403 0.00469G90
) Corrected ‘

* Total 310 1.95385140

o -
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Table 1.7. Gini Coefficients for fruit production.

& |
DENSITY crass? 2/12 19/35 ' 48/69 =
- GINI L0.523 0.581 " 0.288
COEFFICIENT (11, 78y

{7, 197} (4, 223)

1Density classes presented as range of number of flowering
individuals per quadrat. .

Number of quadrats in each class and total sample size .
indicated in parentheses.
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were similar and greater than that for the highest density

class.
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DiSCUSSION
Seedling recruitment has been identified as one of the
most critical stages in‘the life history of a plant (Cook
1979, Harper and White 1974). In this study, date of
seedling emergence and soil mdisture were found important to
the recruitment of seedlings in a natural population of X.
strumarium. Seedling survivorship appeared largely
independent of density.
A decline of seedling survival with a delay in emergence
time has been observed in othe£ studies (Weaver and Cavers
1979, Cook 1979, Howell 1981). It is not clear that the
reduced survivorship of late. emerging seedlings found for X.
strumarium was entirely due to competition from early -
emerging seedlings. Most mortality occurred early in the
season before plants were qeli established. This appéars to
be-in contrast to two of the above mentioned studies (Cook
1973, Howell 1981). Additionally, mortality appeared, in
\\. part, due to the effects of blowiﬁg sand., Finally, for the
sampie size provided, the relationshib between éggrgence time
and mortality appeared independent of seedling ﬁénsity.
Perhaps the pattern of seedling survival with‘émergence time
simpiy reflects increased Susceptibili;y to ;hanging
enfirénmental conditioﬁs, for example, thé lack of

substantial precipitation over part of the period of late

emergence (see Fig 1.5). Clearly, delayed emergence did not

1
I
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affect the level of fruit production and, presumably plant
'growth of surviving individuals, as found else&here (Black
and Wilkinson 1963, Ross-.and Harper '1972, Naylor 1980 Howell
1981).
’,\\Blowing sand has been reported as an impoFtant source of
" mortality. in annual grasse§-inhabiting the dunes at
Aberffraw, Anglesey, North Wales (ﬁack 1976, Huiskes 1977,
Watkinson and Harper 1978). There, many seedlings died "
S . because of uprooting or burial. In this population of X.
s;rumarium, high soil moisture apéarentgy reduced the amount
of blowing sand while also reducing the dangers of
V>dessication resulting in increased seediing survival.
Overall, seedling mortality appeared density-
independent, although there wgs some indication that
seeélings at high density were less susceptible to the causes
of mortality. These results are consistent with field
observations indicg;ing that ﬁind blown sand was an iﬁport;nt'
source of seedling mortality. Watkinson and Hafpér (iS?BJ

noted similar patterns of mortality in Vulpia fasciculata

where wind drag was a predominant cause qf moftality. )
Exposure. to wind blown sand may explain some of the variation
in seedling mortality amohg'quadrats.

In the past, researchers have measured size hierarchies
in plant populations by skéwness.or the degree to which a

size distribution appears lognormal. Weiner and Solbrig
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(unpubl. manuscript) have argued that skewness is only one
component of size hierarchies and that a large variation in
the sizes of ‘individuals and the fact that very few
individuals_ contribute most of the biomass (and seed
production) in the population must be taken inté account. It

-~ is the concept of inequality rather than simple assymetry
that makes the Gini Coefficient suitable to studying size

' hierarchies in plant populations.

That the slope of the density-yield relgtionéhip had a
slope of fi in this population of X. strumarium is consistent
with the concius@pn that mortality was largely

.. density-independent. ’This may also explain the -lack of
\u . increased hierarchy in fruit production witp iﬁcré;sed
density, a pattern also associated with self-thinning
: populations (Harper and White 1970). 1In fa;t, the degree of
hierarchy appeared lowest for areas of high density and may
be explained by the limiﬁed canopy developemeﬁt of the X.

. . strumarium population., Competition for light has been

impIiEated as an important component in the development of
'size.hiérarchies in plant populations (Tﬁrner and Rabinowitz.
1983). cCompetition for resources in the soil may have a
revérsed effect.
Clearly, density, date of seedling emergence, and soil

moisture explain only a portion of the variability in the

three demographic parameters measured and may fepresent only




a subset of importantqfacto£§'affeoting'the dynamics of the
population. Each of the three factors measured foxr theif
effects in this population of X. struoarium showed differing
patterns of effect through the growth cycle of the plants._'
3011 mozstq;e had significant effects throughout, . h
contributing to both survivorship and growth and fruit
production of individuals. Seedling emergence time had
significant effects on survivorship, but did not affect f;uit
production.- Plant density did not strongly affgot seedling
survival, but appeared important in determining plant growth
and fruit productioﬁ. These patterns empha;ize the
importance of_considering all aspects of the life cycle of a

plant in attempting to understand its population dynamics.
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' 'CHAPTER IT .
RESOURCE COMPETITION IN .EXPERIM:ENTAL MONOCULTURES OF
) XANTHIUM STRUMARIUM
L
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CHAPTER II
INTRODUCTION _

Plants groﬁing in the proxlmity-of one_another rely oh a
common pool of resources. .When one or more of these
resources becomes'llmiting such that the growth and
reproductiOn of the plants is reduced, the plants are said to
be competing. Plants are relatively plast;c in their growth
and they .show well characterlzed responses to the presence of
_'competlng individuals (extensively revlewed in Harper 1977).
In many cases, competitlvely stressed plants will exhibit a
reduction ih the proportion of'biomass allocated to seeds or
fruits in addition to a reduction- in Bverall_growth'and
reproduction. Presumably, this arises because the plants
- must allocate greater bicmass to structures gatherlng the
llmlted resource or resources. .

The role of resources in competitive interactions'ahong'
individual'rlants hasfbeehtgenerallf considered too complex
to ever disentangle (deWitt i960). Reductioh in growth

L

caused by-liﬁited availability of one resource'automatlcally
leads to reduced need for.other resources, but.also 2 reduced
ability of the plant toigather them. Yet, advances have been
made in the understanding'of resource limitationlin plant

coqpetition. Competrtlon for water has probably recelved the

: least attention in studylng competltlve 1nteractlons among

plants, while lxght, often the lxmltlng resource for crop

7 : 50 ‘f ) - U
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. Plants‘(bonald'lQGI), has received thé most. .

The importance.of-light in competition among and within
species of Trifolium is well established (Black 1958,1960,
Davidson and ‘Donald 1958, Harper and Clatworthy 1963,
‘Williams 1963). Coﬁpetition between two.varieties ;f bafley
was foynd to be affected by water and nuérients (Hartmann and
Allard 196§).and not by light (Edwa;ds and Allard 19é3j.
Other éood examples of the role of nutrients in competitive
interactions between ﬁlant species can be found in Weiner
(1980) and Hall (1974a, 1974b).

An glegant method of investigating the roles of shoot \
and r;ot iﬁteractions in plant competition was independently
devgloped by Donald (1958) and Aspinall (1960). Pairs of

;ispecies were grown in pots with aerial orxr soil partitions,
both“péf;;;ionsor neither. In this way_thé relative
importance of competitiog for above or below ground resources
.couid be comiared; Donald however, was quite aware of the
limitations of this approach in field situations.

Tﬁe.siﬁplest approach to understandin competitive
interaéﬁioﬁs under field conditions is t& compare plants

grown at spacings in which resources are not limiting to

‘ \-—/ ) M ' L - - - 13
those grown at densities where competition is assured. Thus,
the former plants serve as a 'control' treatment to be
f- : compared to the compegition treatments. Resource abundances

are then monitored in the different treatments to determine
. ¥ , -

>

*
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whether a reduction in resource availability occurs under
conditions of competition. If plants show any response

. . (Harper (1977), terms these eymptoms) to-changee in resource
avallablllty, then the nature of the competitive interaction
should be revealed. Furthermore, growing plants in
monoculture eliminates the complexity of sorting.out inter-
‘aod int:aspecific interactions. Yet, it would be lntereqtzng
to know if these effects are gqualitatively SLmllar. -

-

The role of competition for light and water in

experimental monocultures of xanthiﬁm strumarium grown at
three different densities was investigated using this
approach. A single treatment of competition between Xanthium

and Abutilon theophrasti was used to coﬁpare the effects of

intra- and interspecific competition. Light and soil
moisture levels were monitored for plants grown with and
‘'without competitors. Responses to-changee in light level
were characterized-using several morphological variables,

- | while responses to soil moisture were measured ueihg
'physiological variables indicative of moisture stress.
Quantitative analysis of plant growth, seasonal patterns of
biomass allocation, and data for cumulative growth and fruit
production indicate the patterns-of response to competition
in X. strumarium and provide a basis for understanding ite -

selective importance.




&

MATERIALS AND METHOQS
General Field an& Laboratory Procedures

Experiments were performed on a Granby sandy loam soil
at the Agriculture Canada Research Station, Harrow, dntario.
The soil had an organic mattfer conten?-of 2.5-2.6 % and a pH
of 5-5.2. Fertilizer (8, 32, and 16 % N,” P, and K,
respectively) was broadcast over the soil at a,réte of 224
kg/ha on May 3, 1982. Similar applications of fertilizer had
been made in previous years. Fruits of X. strumarium used in
the study were collected in the fall of 1980 or 1981 as bulk
samples from planté used in experiments on Research Station
grounds, - ‘. {

Fruits were placed in the soil on May 21,1982 in
hexagonal arr;ys (Sakai 1956) at three different spécings,_
1.5 m, 0.3 m, 0.15 m. These are equivalent to densities of
0.51, 12.5, and 51.3 plants per meter squareb/repectively;
Thére were four treétmengg_(Fig 2.1). .One_treatment served
as a coﬁtrol: X. strumaritm waﬁ plante§ at spacings of 1.5 m
so that adjacent plants would not compete. This is near the
1.8 m spacing which Wapshere (1974) found would prevent X.
strumarium from interfering with the growth of neighborg.

Two 'treatmﬁ using X. strumarium at 0.3 m (low density

monoculture) and 0.15 m (high density monoculture) spacings

were used to assess the effects of .intraspecific competition. .

.In these treatments, only plants at the center of a hexagon

v
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. ‘-. ' Figure 2.1

-

Schematlc diagram of treatments showing* relatlve plantlng

densztles and planbg\used for harvestlng. Open symbols are

plants that were Harvested, triangles denote X. strumarium,

and squares denote A..theophrasti.
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of competitors were harvested (see Fig. 2.1) to maintain
competitive effects on remaining experimental plants. For

comparison of inter- and intraspecific competition, a final

. I
treatment consisting of a mixturgzgf X. strumarium and

- -

Abutilon theophrasti was planted! t a spacing of 0.15 m. Thé

two species were arranged such that each X. strumarium was

" placed at the center of a hexagon of A. theophrasti (see Fig-

2.1). Only X. strumarium was harvestgdifrom this_ treatment.

Treatments in which plants were spaced .at 0.3 and 0.15 m'will
be collectively referred to as the interaction treatmerts.
Each treatment was replicated five times and laid out in a

randomized block design.

Infection of X. strumérium by rust (Puccinia xanthii)
was controlled u§ing a fungicide (Mancozeb) sprayed at
approximately ten day intervals through late July and- August.
Although scme infection did occur, it did not appéar to
differeﬁzially'affect the treatments. |

.Randoﬁly chosen pla&;s in each cell of the design werei
-harvested at intervals of 6 to 14 days from late June to
mid-September. In‘éenéfal, harvest intervals were longer
Mowards the end of the seaéﬁn. At each harvest, plants were
removed from the soil retaining as‘much 6f-the root biomass
as possible. Each plarit Qas sepqrated into roots, stem,

living leaves, dead leaves, and male and female

inflorescencgs. On eight of eleven harves; dates, the pumber

-
LY
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of leaves and the total leaf area, including petiocles, of
éach plant was meaéured (Li-Cor model Li-3100 area meter).
Plant material was dried ét 75 C for at least 72 hrs. and
then weighed to the nearest 0.0l g (to the nearest 0.00) g if
a sample was small) after being allowed to equilibrate to
room tegpérature. -

On two harvest dates, July 23 and September 1, the above
ground portion of each piant was harvested using thé
Qtratified clip method (Monsi an&pSakai'1953). Blants weré
divided into 10 cm (July 23) or 25 cm (September 1)
horiZOnéal strata. During harvesting, stem and pepioles were
clipped a10n§ planes separating each strata. Leaf blades
were not subdivided, but were harvested whole to facilitate
counting. Leaf blades occ;rring at the maigin of a harvest
stratum we;e subjec§ively aséigned to one of the adjacent
strata based-upon the apparent relative mass in either
stratum. Plant material in each harvest stratum was divided
into stem, petioles, leaf blades, dead ieaves, and if
present, male aﬂd female infloreséencgs, then dried and
weighed as described above. The total leaf blade area,
petiole area, and leaf number in each harvest stratum was
also me;sured.

- Prior to each stratified clip harvest, light levels

within the canopy surrounding each plant to be harvested were

measured. Light lgvels (phototsynthetically active
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radiation, Li-Cor model Li-185B) as proportions of full
sunlight were measured at intervals of 10 cm (July 23) and
12.5 om (August 28) through the canopy. Measurements were
taken within one hour before or after solar noon. For plants
grown without competition, self shading was meésured at three
points evenly spaced about the plant and one-half the
distance from the central stem to thé furthest expanse of
.leaves §n a plant. For the inEeraction treatments, light
levels were measurgd at 3 points midway between harvest and
alternate competitor planés. Weather conditions differed on
the two days light leve%s were measured; July 23 was a
cloudless day while Aggust 28 was ﬁniformly overcast.

In early July, two plants in each cell of ‘the design
were raﬂdomly seleéted for seasonal measurements of soil
moisture, leaf conductance, and photosynthetic rate described
below. ' These plants were harvested in mid-October after thé
plants had\maﬁﬁred. Because some leaf material and f:gits
had fallen from the plants prior to harvest, leaf material
and fruits jpmediatedly beneath each plant were collected
with it., Mature fruits were separated from the rest of the
plant. Plant material, other than fruits, was dried as
described above or allowed to dry in paper bags in the
laboratory.over several weeks time. All material was then
‘weighed to the nearest 0.0l gq.

For plants grown in the interaction treatments, fruits

\



Y

were individually counted and ﬁb to 240 (depending upon the
number ofrfruits produced by a plant) were randomly selected
and weighed to the nearest 1 mg. For isolated plants, 240
fruits from each plant were randomly selected and weighed as
described and the fruitlproduction of each plant estimated bys
dividing the total fruit mass by the mean fruit weight. )
Soil moisture was measured around each pair of plants in
each cell of the design on nine éates between early July and
v ) early September. Measurements were taken at a depth of 10 cm
using the de§ice.described in Chapter One. A calibration
R curve (Fig. 2.2) was obtained in the same manner'as describéd
in Chabter One using soil obtained &t the expérimen;al site.
For isolated plants, the electrical resistance of the soil
was measured at three evenly spﬁ;fa peints 0.75 m from the
central stem of the plgnt. In all other treatments,
measuremen%s were taken at 3 points between experiméntal and
alternate competitor plants and equidistant from each.

Leaf conductance was measured using a transient
porometer (Li-Cor model Li-700, see Kanemasu et al. 1969)
following th;'precautidns of Morrow and Slasper (1971)
regardiqg field use. Photosyntheg}c rates were measured by
labelling leaves with 14C02 using a method modified from

. Sh;mshi (1969) and Tieszen et al. (1974) described in the
foiiowing section. Leaf conductance and photosypthetic rates

were nmeasured in close conjunction on the same leaf on each

AA
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- Figure 2.2
Calibration curve used to calculaté percent'. soil moisture
from field measurements of soil electrical resistance.
Multiéie data points indicated by outlines. Logj)g(percent

soil moisture) = 1.941 - 0.834(log;(ohms x_¥03)) + 0.108(logy,
(ohms x 103))2 (R=0.989).
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experimental plant: To control for leaf age effects, the
third fully expanded leaf from the top of the plant was used

in all cases. Most measurements were taken between 1000 and

- 1300 h EDT except on one day when\measurements continued

‘until almost 1400 h. All .days were cloudless or nearly so. °
° . : .

If an experimental‘plant was shaded by nearby competitors,
the competitors werée parted‘to erpose the.experimental plant
to full sunlight at least ten minutes before ﬁeasurements
were taken. ' s
A reduced data set representlng elght of ten possrble
dates has been presented for photosynthetlc rate. Rellable
values for the spec;flc activity of thb radloactlve gas used
on two dates could not be obtained. Furthermore, ugrellable
leaf c0nductance di;a were obtained on four dates and were
eliminated from the analysis. Photosynthetic rate and leaf

conductance data were concurrently avarlable for five dates.

Leaf Xylem pressure potential was measured for one plant

'in each .cell of the design on 7 dates from July through early

September using a pressure bomb (Sholander et al. 1965).

Measurements were made using the third fully expanded leaf

“from the top of a plant and were made-as’rapidly as possible'

between 1300 and 1500 hr EDT on each date. All days .were
cloudless. ‘Because this method required removing a leaf from"“
each plant, only plants scheduled for harvest the follow1ng

day were used; if there was no scheduled harvest the
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following day; the plants were tagged and not used for
subsequentlharvests. lLeaves from harvested plants_were
Tefrigerated overnight to be included in leaf area
measurements the following day. |
Measurement of Photosynthetic Rate

The radioective gas used to label leaves for measurement
of photosyntﬁetic rate was generatéd‘froq:NaH14C03 in a’
stainless sSteel chamber. The lid of the chamber contained
intake érd-outtake.valves. The intake valve was fitted with
a circ&iar tube on the intericr of the 1lid in hhrch was
placed_§:7 ml of-?G% perchloric acid. The blcarbonaté (1 ml,
1 mCi ldco ) was placed in the bottom of ‘the cyllnder and the-
cyllnder 11d sealed wlth care not to spill acid into. the

bottom of th chamber. The intake valve was connected to the .

regulatorlcf a cylinder ccntaining‘air with e'cdz
'concentration of 306.ul/I. Similarly, a hose connected the-
outtake valve of the chamber to a 1ecture boatle.- Thls
apparatus (chamber and connectlng hoses) was desxgned to
withstand at least 6.8 atm (=100 pP.s.i.) of internal
pressure. _Air was allowed into the cﬁaﬁber in burststby-;
alternatlvely closzng the 1ntake valve, 1ncreaszng the

pressure from the air cyllnder with the regulator and the

opening the:intake valve. This was done two 'to three tlmes

.to ensufe that all the perchloric acid had been blown into
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.. the bottom of the chamber. The chamber was‘then-suirled
AtSeveral times and.allbwed to sit for seéeral minutes before
the pressure was increased to move the'radioactiue gas into
) the lecture cyllnder. The air cylinder and lecture bottle’
‘-were then closed and dlsconnected from the chamber. The
lecture bottle was connected to the air cyllnder w;th a high
‘pressure transfer hose and brought up to the pressure of the
air cylinder.

The specific aetivity of the das’minture was measured by
introducing 1 ml of the radioactive gas into a scintillation
vial containing S'ml'ot NCS (Amersham) , a solubilizdng :
solution that can act as a CO; trap, and sealed with a serum
stopper. The gas was int?bduced into the vial using a 5 ml~ i
plastic sQringe.. The vaals'were allowed to . stand overnight,

. then the-NCS was diluted to the full. capac;ty of the vile

-with TEG, l 1 m;xture of- toluene and methanolamlne, and

\.

placed i edlately into a sclntlllatzon .counter (Beckman
-,

model LS-3105P).- This procedure was repllcated five times
14 - L4 .
and the results averaged after counts had been corrected for .

quenchlng using the internal standards channels ratio. method
(Wang et al. 1975)«~, The gas was found to have a specific
activity of 3.18 uCi/mmbl CO5 (0.118 GBq/mmol COp) and-a -
-_calculated-coz eoneentrat;;n of 325 ul/l. . -

The apparatus used to label leaves with 14C03 in the -
fleld‘eonslsted of the lecture bottle contalnlng the o,

.

. .
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radioactive gas, a requlator, a flowmeter, and a pPlexiglas
cyllnder containing a CO5 absorbant (Ascarlte II, A.H. Thomas
Co ) all mounted on a plywooﬁrboard A plexiglas chamber

' measuring 1 cm in dia. and allowing a clearance of 1 mm on
each side of a leaf and mounted on a pair of vice grip pliers
was ﬁsed to expose leaves to the radiocactive gas. Leaves

were exposed to air containing 14

CO, for 40 s at a flow rate
of 0.1 1/min. A 1 cm dia. leaf disc was immediately excised
using a #5 cork borer and placed in a scintillation vial
containing O.S.ml of a soulution of NCS and 10% watef. Leaf
discs were allowed to remain in Nes at room temperature for
.at least two days before processing for scintillation \\\G
counting. | -

Samples eere prepared for counting by'first decolorizing °
the samples with a solution of benzoyl peroxide in toluene.
This solutlon was prepared by addlng 1 g benzoyl peroxide. to
each 5 ml of toluene, heating the solution to 60 C, allowxng '
it to cool to room temperature and then filtering. To each
sample was added 0.5 ml of this solution; this amount of
deégiarizihg_solution appeared to provide thelgreatest amount
of decolorization and minimél,quenching iq trial experiments.
If the samples aEPeared after extended storage time, -
excess toluene was edde;?EE the decoloriziqg'solution after
cooling in a ratio of 1:1 and -1 ml of this solytiom was added

i

to the sample. Semples were then heated at 50 C-for 1 hr.

\

I
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After the samples had cooled, 15 ml of scintillation
fluid was added (0OCS, Amersham) and the samples were placed
in the sclntlllatlon counter. Photosynthetlc rates were
_calculated from the radloactlve counts using the following

equation (Tieszen et al. 1974):

P = (CPM) (44 mg mmol~1co2)
TTETTD (2.22 % 10 DPH LD (oM,
AN
where CPM is the counts per minuie, E is the éounting
efficiency (c.p.m. per d.p.m.), ? is time {minutes), SA-is
the specific activity, -and A is the area of the leaf disc.
Growth Analysis
The analyszs of plant growth can involve a varlety of
- analytical techniques (Radford 1967, Evans 1972, Hunt 1978)
however I chose to analyze three of the most common measures

of Plant growth, relative growth rate, leaf area ratio, and

unit leaf rate {(commonly referred to as net assimdilation

v

- - : -

rate). Relative growth rate is usually defined as
= dW/dT x 1/W

- . ' where W is the weight of a plant .at time T. " Leaf area ratio

[y -
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is simply the ratio of the leaf area of a plant (L) to its

total weight, that is

-

By definition, the unit leaf rate .(E) is related to the two
. Q . “

above measurgs by the relationship
= F x E..
' Thﬁs,.
\3 E=1/W x -d.ij/d'r x W/L

. = (dwW/d4T) /L
-~

The unit leaf rate is the efficiency of the leaves in

fproducing plant biomass on a per area baﬁis. .
Practically, relative growth rate over a period of time

is estimated by harvesting many plants at the beglnnlng and

end of the period and calculating
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R = (109‘W2 - long)/(tz - tl).

where Wy and w2 are the mean plant weidgzs at times t, anad
- 5. Similarly, leaf area ratio over the time period is

estimated as

AN

F = (Fl + Fz)/z

assuming that F changes linearly with time. E is then found
by dividing R by F. .The assumption that F changes linearly
with time does not often hold and Evans (1972; see also
Radford 1967) describes a method of finding the relationship
between F and time so/éggzymeaningful estimates of E can be
obtained. However, with the advent of modern computers, a
less compllcated nmethod of der1v1ng R,F, and E from plant
growth data have‘been developed. Hunt (1978) 'has described
the development of this method. ' Basically, this method uses
polynomial regression to.develop a model describing the

change in logW and logL over time (these var;ables are log

transformed to avold rroblems of heteroscedast1c1ty) R, F,

and E are then derived from these regression models.
For X. strumarium polynomial regression models of plent

dry weight and leaf area (log transformed) over. time were/

' o . . $ - \
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developed for each treatment producing equations of the form

logW = a + bT + cT? ' /T>
logL = a' + b'T + c'T2.
. -

The increase in variance of logW and logl explained H?‘thé
inclusion of the ﬁZédratic term in these models was

significant in all cases while cubic ‘terms were not

significant. Instantaneous estimates of R over £he season

were foﬁnd by simply taking the first deri&ativé of the

relationship of logW over time for each treatment. Thus,

= b +.2¢T

The leaf area ratio at any time was.found'as

~ F = antilog(logL - logW)

&
with logL and logw obtained from the poynomial regress;on

models descrxbéd above. ' Finally, for unit leaf rate over

time,
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E = R/F.

To provide an indication of the variation in values
o about these estimatés, this process was repeated for data in -
- | each block in each treatment. Values at each harvest date .
were éveraged and standard errors calculated for each

treatment (Vernon and Allison 1963).

-
- -

4

Statistical Analyses
Statistical anal&ses were performed as described for
Chapter One. Non-parametric analyses were performed using

the MRANK procedure from S.A.S. (Sarle 1981).

*
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+ stress; isolated plants achiev

RESULTS

- Growth Analysis

Plants in all treatments showed a characteristic
logistic pattern of growth (fig 2.3); there was a linear
increase in dry weight throﬁgh the early part of the season,
followed by a leveling off to constant values by the season's
end. The seasonal grdwth of isolated (1.5 m spacing) pl&nts
was much greater than that observed for plants under density

dry weights one to two

orders of magnitude greater than fthose in the interaction
treatments (Fig. 2.3). In general ants in low density
mongculture (0.3 m spacing) had greater growth.than'plants in
high densiﬁy monoculture (0.15 m spacing), while those grown
with Abutiloniﬁttgined growth interﬁediate between that of
the other two interaction treatments. Differences among the'

interaction treatments did not appear:significant. However,

it will be seen later that the increased replication afforded

Aby the final harvest in October showed socme of the

differences among the competition treatments to be

significant, .
Polynomial regressions of logW (fig 2.3) and loglL over

time using linear and squared terms provided good f£its to the .

‘data (Table 2.1l). Changes of logL over time we;efsimilar to

those seen for logW. R2 values ranged from 0.708 to 0.927

among treatmeﬁts for regressions of logW, wﬁile for 1o§L '
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Figure 2.3
Seasonal patterns oftgrowth (plant dry weight in g + std.
errors; upper graph) and relative growth.rate (R, day'l:
lower graph) in each treatment. Filled‘circles, filled

squares, and open circles are for X. strumarium at spacings

of 1.5 m, 0.3 m, and ‘0.15 m, respedﬁively. Open squares

indicate X. strumarium grown with é:ftheophrasti. For R,

means and std. errors calculated from separate analysis of

each "block; curves calculated from combined data. See text.
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. ~Table 2.l. Regression equations of plant dry weight (g) and
leaf area (cm?) over time (days).

- TREATMENT EQUATION R2’

-

Plant dry weight: '

_l.5m logW = -8.076 + 0.275(T) - 0.0013(T2)  0.927
o . 0.30m logW = -4.795 + 0.183(T) - 0.0003(T2) ' 0.708
0.15. m logW = -5.273 + 0.173(T) - 0.0008(T2) 0.748

"0.15m w/  logW = -4.396 + 0.154(T) - 0.0007(T2)" ~ 0.738
Abutllon z :

Leaf area:

1.5 m ‘logL = -4.155 + 0.299(T) - 0.0015(T2)  0.892
: 0.30 m logL = -1.280 + 0.223(T) - 0.0013(T2)  0.756
0.5 m logL = =0.034"+ 0.150(T) - 0.0008(T2)  0.666

0.15 m w/  logL = -1.382 + 0.210(T) - 0.0011(T2) 0.761
Abutilon t -

"




72

the R2 values ranged from 0.666 to 0.892. In general, higher
R2 values were obtained for regressions for open.grown plants

than for the competition treatments.
- Relative’growth rates (R) ofaolants in all treatments
declined dver the season (fig 2.3) and were all essentially 0
by season's end. As wohld-be expected from the patterns in
seasonal growth, R was much greater for plants grown without .- ‘
competition than for plantgéérown in the interaction =
treatments over mueh of the season. Therefore the decline in
R for open grown plants was-moreﬁrapid than for the
competition treatments. For the three interaction
treatments, temportal patterns in R were essentially
identical over the season. ! ' ]
. Leaf area ratio (F), the ratio_of leaf area to plant
weight, also declined over the season in all treatments (fig
2.4). The pattern in‘decline for isolated plants, those an
low density monoculture and those grown with hbutilon were
similar. Values of F were constant (or perhaps increased)
through the early season and decllned thereafter. In 1
c0ntrast, F declined throughout the early season and appeared
- constant throhgh the latter part-of the season for plants %n:;
) high’density.monocultpre and a?peared'to he significantly
smaller than in the other treatments over much of the‘seaSOn.
Unit leaf rate (E), the efficiency of leaves in S

producing biomass, (fié 2.4) was highest for isolated plants,
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Figure 2.4 ’l S

Season patterns of leaf area ratlo (F, cm2

9 -1, ﬁpper graph)
.and unit leaf rate (E, g em—2 day”™ 1: lower graph%! Symbols

‘are as described for Flg. 2.3. Means and std. errors

‘calculated,from separate ana1y51s of each block-‘cuqyes

hal -

calculated trom comblned data. See text.
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particlularly at the beginning of the season. Similar to the
pattern in the other growth indices, E declined over time in

these plants. For the low density monoculture and plants

grown with Abutilon, E appeared significantly less than

control plants and had a less marked decline over the season.

Values of E for thé high.dgnsity monoculture appeared largely
constant over the season (the late season de?line did not
a?pear_sigﬂifipant) and 3t mid season appeared more similar
to the open grown plants than the other competition
treatments. .

In general, &reatment patterns in the three growth
indices were similar when obtained by averaging the results
from regressions using'each block, which was done to provide
an indication of variation in the indices, and those obtained

from regression of all data for a treatment as a whole.

)

Differences between these two methods occurred most
frequently at the temporal extremes and %ere mosﬁ apparent
for unit leag rate, the index requiring the most derivation.
Analysis revealed that plants grown under competitive
stress had suppressed growth rates, . although differences in
growth rates among interaction treatments were hot apparent.
The low ggowth rates for low density plants ;nd those grown .
with Abﬁtilon appeared to result from reduced values of E,

because values of F were similar to that for open grown

plants. Coirersely, the high density monoculture had a



reduced F while E was at times more similar to that of open

grown plants.

Proportional Allocation

Proportional allocation data were qbtained tc provide an
indication of the way in which the Plants altered the
distribution of assimilates to various pPlant parts in
response to the effects of competition. There were clear
differences in the proportions of biomass allocated to
leaves, stems, roots, and dead deaves among treatments over
the season (Fig 2.5, Table 2.2; p<0.00l}). Analysis'of
variance also showed there were significant treatment x date
interactions for each of these variables (p<0.05; Table 2.2)
or nearly so (for dead leaves, p=0:054). This indicates that
the changes in allocation to these components among
treatments were not paf§11e1 over time. To assess the
diff%;ences,in allocation patterns among treatments over
time, one way analysis of variance was performed using data
from five dates over the season. ‘Because this procedure
could have inflated the probability of obtaining a
significant result (Type I error), a significance level of
0.01 was used. Tukey's Studentized Range Test was used to
test differences among individual treatments, again using a

significance level of 0.01l.

-

1

Allocation to living leaves declined over the season in
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- @ .

Figure 2.5

Seasonal patterns of biomass allocation to various plant

parts. Means (4 std. errors) are back-transformed £rom
arcsin-square root transformed values. Symbols are as

described for Fig. 2.3.‘ Means with same letter are not

significantly different (Tukey's Studentized Range Teét,

p<0.01} for dates indicated.
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Table 2.2. Analyses of variance for arcsin-square root
transformed proportions of biomass allocated to various

structures.

SOURCE DF

Liyving Leaves:

Treatment . 3
Date 10
Block 4

Treatment x

Date 4éﬂ
Error 9

Corrected

Total 216
Stem:
Treatmernt 3
Date 10
Block 4
Treatment x

Date 30
Error 169
Corrected

Total - 216
Roots:
Treatment 3
Date 10
Block 4
Treatment x

Date 30
Error 169
Corrected

Total 196

SUM OF SQUARES

0.48144014
4.75318431
0.00997514

0.23983647
0.57762691

6.039328509

-

0.1306692é
3.45457274
0.02012993

0.11326161
0.39995181

4.12387272

0.12791780
0.32384242
0.00516111

0.09578313
0.2704295%

0.83039442

)
-

MEAN SQUARE F VALUE
0.16048005 46.95 ***
0.47531843 139,07 **=
- 0.00249379 0.73 ns
0.00799455 2,43 x*»
0.00341791
0.04355641 18.40 wwx.
0.34545727 145,97 #*x
0.00503248 2.13 ns
0.0037753% 1.60 *
0.00236658
0.04263327 26.65 *x%
0.03238424 20.24 **xx»
0.00129028 0.81 ns
0.00319277 2.00 =»x»
0.00160018
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Table 2.2.

SCURCE DF

78

Continued.

SUM OF SQUARES

Dead Leaves (days_G?—%lS);_ -

Treatment - 3
Date 5
Block 4
Treatment x

Date 15
Error 90
Corrected

" Total 117

Inflorescences (days

Treatment 3
Date 2
Block 4
Treatment x

Date ° 6
Exrror 43
Corrected

"Total 58

Al
-

female Inﬁlorescehces {(days 92-115):

‘Treatment 3
Date 2
Block - 4
Treatment x

Date 6
Error 43
Corrected

Total 58

0.17654233
0.20084899
0.01296611

0.07740726
0.26387927

0.73153140

92-115) :

0.00147134
1.29345799
0.01614327

0.00671103
0.03188820

1.37877003

0.00085676
1.64324518
0.01576348

0.01070756
0.04032775

1.74575301

~

/

MEAN SQUARE

0.05884744
0.04016980
0.00324153

0.00516472
0.00293199

0.00049045
0.64672900
0.00403582

0.00111851
0.00074159

0.00028559
0.82162259
0.00394087

0.00178459
0.00093785

F VALUE

20.07
13.70
1.11

1.76

0.66
872.09
5.44

1.51

0.30
876.07
4.20

1.%0°

* k%
o o %

ns

ns

nis
* xRk

L&

ns

ns
* k%

% &

ns
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all treatments (p<0.001; Fig 2.5). This decline occurread
earliest for plants in the interaétion treatments and
appeared most pronounced for plants in high densiiy
monoculture. By mid—;eason (day 74), there were clear -
differenceg in leaf allocation between opén grown plants and
Plants in the interaction treatments, but no significant
differénces appeared for later harvests. Dead leaves began
'accumulating in the high and low density monocultures |
earliest. By mid-sgaSOn, the proportion of dead leaves in
the high densigy mOnSEJEtuzaﬁgas-significantly greater than
all other treatments, but no significant differences were
observed thereafter. \;/

The decline in allocation td leaves over the season was
paralleled by an increase in stem allocation in all
treatments (p<0.001; Fig. 2.5). On dayg 61 and 72, plants
in the interaction treatments had greater allocation to stem
than open grown plants. Differences among the interaction
treatments, as well as dlfferences among all treatments on
7any other dates, were not significant.

Plants in the interaction treatments also had greater
allocatlon to root tissue, a patéern that tended to develop
first in the high density treatment (Fig. 2.5). A large
variance in root allocation inuthe high density monoculture

for one date (d;§>53) was a source of significant

heteroscedasticity in the data set. Deleting all data for
- i

N
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this date produced a homoscedastic data set and yielded
results very similar to those for all dates combined.
Therefore, results are presented from the analysis of all
dates.

Development of inflérescences and fruits occurred late
in the season (Fig 2.5). There was a Eendency for male
inflorescences to develop first such that éll inflorescente
tissue on day 33 was male (although male and female
inflorescences appeared to mature synchronously). Most fruit
filling, and the die back of male inflorescence; occurred
between datés 101 and 115, such that most inflprescénce
tissue was filled fruits on the l;tter date. An analysis of -

.variance .for allocation to female inflorescénces revealed no
differences among treatments for days 92 to 115 (Table 2.2).
Similar results were obtained for male inflorescence
allocation over days 83 to 101.

. In summary, there were significant treatment differences
in the allocation of biomass to leaves, stem, roots, and dead
leaves. Difference; in the allocation to leaves, stem, and
dead leaves occurred predominantly during’mia-season; plants

" in the competition treatments had decreased allocation to®
leaves and increased allocation to stem.tissue. Dead leaves
accumulated most rapidly in the high density monocuiture.
Diﬁferences in root alloc;tion between isolated plants and

the interaction treatments were most apparent late in. the



were apparent.

. »

season. No differences in the Tfibfation to inflorescences

r

Ffuit Production, Allocation‘to Fruits and Mean Fruit Weight

Data collected for mature plants harvested in October
provide a summary~of the effects of competition on growth.

In addition, data are presented for the'effectS'oﬁ
competition on fruit production; proportion of biomass
al’located to fruits and mean fruit weight.

- As indicated by the growth analysis, plants grown
without competition_gchieved much greater growth than plants
undér competition (p<0.001): either in monoculture or in-
competition with Abutilon (Tables 2.3 and 2;4). Moreover,
differences among .the competition treaéments, qqt_apparent in
the patterns of seasonal gfowth (Fig.i2.3L. became evident
with the increasgd replication provided. by the -final harvest.
Growth'was most suppressed in the high denSity monoculture
(Table 2.2). Plants in low.density‘monoculture and those
grown with Abutilon achieved similar growth even though those
grown with Abutilon were planted at the same density as the
high density monocuiture.

As would be expected, the pattern in fruit_production
among treatments was similar to that for plant biomass (Table

2.3) . Fruit production for plants grown without competition

was at least an order of magnitude greater than than that of
&
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Table 2.4. Analyses of variance for biomass, fruit T
production, proportion of biomass allocated to fruits, and
individual fruit weights for Plants in each treatment.

SOURCE DF SUM OF éQUARES MEAN SQUARE F VALUE
-Biomass (log transformed):

' Treatment 3 76.72858429 25.57619476 28.70 *xa

Block 4 3.85374484 0.96343621 1.08 ns
Error 29 25.84539116 . 0.89122038
Corrected

Total 36 106.22945338 . _ .

Fruit Production (log transformed):

Treatment 3 B2.81313828 27.60437943 32.45 *x%
Block 4 3.17126200 0.78281550 0.93 ns
Error 30 25.51958130 0.85065271
Corrected -

Total +37 111.44351361

Proportiocnal allocation to fruits (arcsin-square root
transformed) :

Treatment 3 0.11288121 0.03762707 20.49 *xx

Block 4 0.01264667 . 0.00316167 1.72 . ns
Error 29 0.05325428 0.00183635 T
Corrected

Total 36 0.17555031 .

Fruit Weight:

Treatment 3 . 3196947.439 1065649.146 319,81 *»xx*
Block 4 807827.163 201956.791 60.61 **x
Error 3138 10456236.867 3332.134
Corrected . .

Total 3145 14783072.959

‘w
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pPlants grown in the interaction treatments (p<0.001). Plants
grown in low density monoculture and those with Abutilon

produced significantly greater numbers of fruits than those
VA

!

grown in high density, monoculture. - %
Despite éuppregg’

ion of fruit production for plants grown
in competition, the proportion of biomass allocatéé to fruits
in these treatments was greater’ than that for isoclated plants
(p<0.90l: Tables 2.;'and 2.4). Pi;nts‘grown in competition
with Abutilon alloéated the greatést'prgbqgtion of biomass to
fruits, while in all other treatments, allébation to fruits
increased with increasing plant density.‘ This'pattern in
reproductive effort is, in part, explained by patterns in
mean fruit weight émong the treatments E?§ble 2.3). 1In
monoculture, mean fruit weight also increased with increasing

density. For plants grown with Abutiion, mean fruit weight
_— L]

was similar to that for plants in low density monoculture.

. Y

A final compohent in the interaction between fruit ‘

production, proportional allocation to fruits, and mean, fruit

weight is the number of fruits produced per gram of total

_ ‘Plant biomass. Ratios of means from Table 2.3 showed that

-
-

the plants grown with Abutilon produced the greatest number

' of fruits per gram (1.99) while this ratio declined with

increasing density_in the other treatments. Values for

~isolated plants, those in low density monoculture,.and high

density monoculture were 1.78, l.48, and 1.42, respectively.

¥

-

¢
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While confirming the trends seen in the growth analy51s,
these data have allowed finer resolutlon of differendes in
growth among competition treatments. Patterns in fruit
productlon were similar to those for bicmass accumulatlon,
rlants w1thout competition greatly outgrew and outproduced
those under competrtlon. Plants in low density monoculture
and those grown with Abutilon were similar "in growth and
fruit production while plants-grown in high density -
monoculture had the least growth and fruit productlon. In
general, mean fruit weight was highest. for plants grown in
the competition treatments, although in monoculture, fruit
production per gram biomass was less than that'-for isolated
plants. Nevertheless, the proportion biomass allocatéd to
frults was greater for plants grown in competition than that '
for isolategd plants. .

*

Analysis of Competition for Light.

The role of light as a limiting resource explalnlng the
reductlon“bf growth for ‘plants gr in competltlon was
1nvestlgated using a dual approaoh. Light profiles were
measured to indicate whether there were_differences in~§£e )
aSOunt of ahading in each treatment. leferences in the
morphology of plants among treatments -were measured -to .
determine whether‘plants were responding to any difference in

A ' o .
shading among treatments. Morphologioal_varlables measured

3.

\l
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Figure 2.6
Light profiles in each treatment on two dates, July 23 (left
graph) and August 28 (right gragh). Mean light levels (+
std. errors) presented as proportions of full sunlight.

PR

Symbols are as described “for Fig. 2.3.
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Table 2.5. Mean light levels (proportion of full sunlight)
at ground level (+ std. error) on two dates in each treatment
and results of Friedmans test for differences between dates
and treatments,

LIGHT LEVELS ON:

TREATMENT - 2377 . 1/9

1.50 m 0.087 . 0.084
+0.011 +0.010

0.30 m 0.031 0.04¢6
+0.005 +0.003

0.15m 0.030 0.057
+0.006 +0.011

0.15 m w/ 0.074 0.121
Abutilon +0.024 +0.007

Freidmans Test:

EFFECT ‘X2 DF : PROB.

Date 15.826 1 <0.0001
Treatment 40.140 3 <0.0001

Full Model 60.702 7 <0.0001
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were the heights of the plants and vertical distribution§ of
leaf area, leaf number and specific leaf area for plants in
-each treatment.

Light profiles in the canopies of the interaction
treatments differed from those within plants grown without
caompetition (Fig 2.63. .Plants grown in competition with
other plants were shaded to a much greater extent than
self-shading occurred in plants grown without competition.
This pattern was apparent on both dates light levels were
measured. - Within the interaSPiSE’zzgéthnts» light profiles
were similaf. Because of the methods use? to measure light
levels these results overstate the amount bf self-shading in
the isolated plants; even for the lowest 1§vels of the
canopy, many leaves received full sunlight.\\\

There were also significant diﬁferences in thg reduction
of light at the ground level among treatments and between
_dates (p<0.0001; Table 2.5). In-“general, the low density and
high density monocultures had similar values and'wereAlower
than those for plants grown without competition-and those
grown with Abutilén.

Plants grown in competition were significantly taller
than those grown without competition (Table 2.6). Although
on individual dates the interaction treatments were not alil
significantly different than those grown without competition,

<+

the pattern was evident in data for all dates over the season
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Table 2.6. Mean height (+ std. error) in cm of planté in
each treatment foi the stratified clip harvest dates and over
the entire season-.

PLANT HEIGHT (cm)

TREATMENT JULY 23 N AUGUST 28 N ALL DATES2 N

1.50 m 34.0B 5 108.7B 5 55.4B 55
+4.0  #5.8 +5.6

0.30 m 51.4B 5 162.3% 5 80.13 55
+3.1 ' +7.7 < 48.0

0.15 m 55.5A 5 142.7A 5 72.6A 55
+6.5 +8.1 +7.2

0.15 m w/ 58.6A 5 127. 8B. 5 73.54 55

Abutilon +4.9 . +12,.6 +6.8

lMeans with same letter for each sample period are not
significantly different (Tukey's Studentized Range Test,
<0.05).

gAnalysis of variance for data representing the entire season
required a log transformation.

-
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(p<0.001).

There were clear differences in the patterns of leaf
area distributions between plants facing no competition and
those in the competition treatments (Fig. 2.7). The vertical
distribution of leaf area was relatively uniform for plants
in the competition treatments compared to isolated piants,
which showed a strong peak in leaf area near the base of the
plant. These patterns were apparent fﬁr both harvest_détes,
althéugh the;e were clear differences in growth between dates
in all treatments. Differences in leaf area distrigutions
are largely explained by the fact that isolated plants
produced large branches arising from the base of the plants,
while branching of plants. in the competition treatments was
greatly suppressed.

For'plants in the high and low density monocultures,
there was a tendency towards increased leaf area in the upper
portions of the canopy on the later harvest date (Fig 2.7).
This results in part, because leaf death occurred in the )
lowest harvest strata. However, this pattern would be more
apparent if a method of abcounting for height differences
among plants within treatments haé been devised. Shorter
plants are not représented in the upper most strata.
Therefore, mean values for these strata are strongly affected
by zeros obtained for some plants and misrepresent the fact

that most plants had peak leaf areas near the top of the
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) Figure 2.7
v

Vertical distribution of leaf blade area (cm?) in each
treatment on two dates, July 23 (upper graph)'and September 1
(lower graph). Horizontal bars indicate std. errors. Arrows

denote mean plant height in each treatment.

¥
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plant. . R
. Maintenance of leaf area in the lowest harvest strata
for plants grown with Abutilon (Fig 2.7) probably reflects
tﬂe tgndency of some plants to send branches into adjacent
walkways. Abutilon did not maintain as‘'dense a canopy as
Xanthium did, particularly in the lower portions of the
canopy. This result is owed to the fact that Abutilon
readily dropped itg lower leaves and rarely regenerated new
ones within the canopy. In contrast, Xanthium maintained the
lower leaves longer and was able to grow new ones within the
canopy.

Compéring Figures 2.7 and 2.8, it is clear that
differenéés in leaf area distibution among treatments
resulted largely from differing distributions of leaf number_
rathér than mean leéf area, However, in the lowermost
poEtiOns of plants in the low and high density monocultures
there is some indication that there was a reduction of mean
leaf area as well.

The tendency of Xanthium to grow new leaves within the
canopy allows a final analysis indicating differing reponses
to light levels among treatments. Regressions of specific
leaf area on harvest stratum height (Table 2.7) indicated, in
generil, that specific leaf area declined with height at a
greater rate for plants facing competition compared to those

that did not. Differences in regression intercepts confirm
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Figure 2.8

Vertical distribution of leaf number in each treatment on two

dates, July 23 (upper graph) and September 1 (lower graph) .

Horizontal bars indicate std. errors.
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Table 2.7. Regression equations for specific leaf area (cm2
g~*) Vvs. canopy height class on two dates in each treatment.
Five percent confidence limits are presented for comparison.

3

DATE  TREATMENT INTERCEPT SLOPE R PROB F
»
23/7 1.50 m 184.97 -1.236 0.833 <0.0001
+8.74 +0.484
0.30 m 267.20 -1.690 0.652 <0.0001
+25.50 +0.733
0.15 m 288. 66 ~2.250  0.704 - <0.0001
+34.97 +0.897
0.15 m w/ 233.14 -0.974 0.603 0.0002
Abutilon +17.77 +0.465
1/9  1.50 m 169.04 -0.541 0.668 0.0004
. +16.26 +0.265 :
1 0.30 m 297.87 -1.244 0.937  .<0.0001
+17.59 +0,178 I
0.15 m 297.61  -1.261  0.732  <0.0001
+40.75 +0.464
0.15 m w/ 260.29 ~-0.962 0.652 0.0002

Abutileon +32.77 +0.452
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that leaves in the-lowermost harvest strata were thinnest in
the competition treatments..These patterns were most.evident
for plants in the low and high density monocultures.

These results indicate that competitioﬁ for light may
explain a large portion of growth redugtion in plants faciné
competition. There were clear differences in light levels
. among treatments. Piants in the competition treatments
responded to lower light levels by growing taller and
branching less than isolated plants. The result was a
greatly altered distribution of leaf area within the canopy,
iargely resulting from differing distributions of individual
leaves rather than mean %9af area, ﬁorever, leaves in the

-

lower portions of the canopies in the interaction treatments
R4

' were thinner than those on plants grown without competition.

Analysis of Competition for Water

Similar to the analysis of light competition,
competition for water was analyzed by ﬁonitoriég levels of
sO0il moisture in each treatment and determining if plants
were responding to any soil moisture difﬁergnces among
treatments. Xylem pressure ﬁotential, leaf conductance, ahd
photosynthetic rate we?e meé;ured to indicate if plants were
suffering moisture stress as a result of any soil moisture
differences among treatments.

Differences in percent soil moisture between -the
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treatment with isolated plants and the c0mpetltlon treatments
(Fig 2.9) were evzdent. In general, percent 3011 moisture
was much higher for plants grown without competition than
hose grown with cempetition; any difference among the
competition treatments was apparent only at the beginning of
the season. As soil moiéture measurements were' repeated
around lndzvldual plantingver time, the data Qere analyzed as
a split plot de51g£ (Table 2.8). F values 'for treatment and
block effects were calculated using the’ plant(treat X "block)
mean square as the error”mean square. CThlS design has the.
advantage that treatment and block effects were tested with
#he error due to using different nlants on_different dates
removed resulting in a mofe.sensitive'test,of these effects.
Treatment effects were significant (p<0.001), as was the
‘treatment by date interaction (p<0.001). There were also
slgnificant soil moisture differences among blocks (p=0.017).
Thus, plants in the competition treatments s;gnlflcantly
reduced the amount of soil moisture compared to plants grown

b Y
in” lsolatlon.

4

If soil ngisture differences among‘treatnents resulted'
in greater moisture atress in some treatments, those plants
, would be expected to have reduced (more negatlve) xylem
pressure potentials. This, in turn, would result in lowerl
leaf conductance andf;notosynthetic rate., Since

»

photosynthetic rate was always measured in full sunlight, a

-
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Figutre 2.9
Seasonal pattern of 'percent soil moisture in each treatment.

Means are back-transformed from arcsin-square root -

Y

transformed values. Symbols are as described in Fig. 2.3.

v
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Table 2.8.
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measured over nine dates.

SOURCE DF
Treatment 3
Block 4
Date 8
Treatment x
Date - 24
Plant
{Treatment x 32
Block)
. Exrror 278
Corrected
Total 349

SUM OF SQUARES

0.54453254
0.07398909
0.41288187
0.10203886
0.16711978
0.09850817

1.42060044

PR
R N

MEAN SQUARE

0.18151085
0.01849727

0.05161023 .

0.00425162
0.00522249

0.00035435

Analysis of variance for percent soil moisture

F VALUE

34.76
3.54
145.65
12.00

14,74

LB 3 ]

* ok

x ko
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lowered photosynthetic rate should indicate only that a plant
was water stressed. Despite clear soil moisture differences
among treatments, this apparently had no ;ffect on the water
relations of the plants (Table 2.9); no significant
differen;es in the three phys}oloéical variables among
treatments Qere evident (Taﬁle 2.10). For leaf conductance,
also measured as a sélit plot design, there was a significant
date by treatment interaction (p=0.039).

As would be expected, photpsynthetic rate and leaf
conductance were pdSitively correlated for the five dates
éoncurrent data were available (p=0.0083. However, the
correlation is weak (rs=0.190). High variability in the
) photoéynthetic rates is evident from the standard errors of
treatment means (Table 2.9) suégesting these data were the
source of the poor correlation between photosynthetic rate
and leaf conductance. T;e source of this variability was not
immediatedly evident. Nevertheless, as there were no
treatment differences for xylem pressure potential and leaf
conductance, the conclusion that there was no treatment
effect on photosynéhetic rate appeared justified.

Appaiently, soil water was not present in limiting quantities

in any of the treatments.
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Table 2.9. Mean values (+ std. errors) of Xylem pressure
potential (MPa), leaf conductance (cm s-1), and
photosynthetic rate (mg CO» dm=2 h-ly for plants in each
treatment.

TREATMENT XYLEM PRESSURE LEAF PHOTOSYNTHETI
POTENTIAL " CONDUCTANCE RATE :
1.50m -1.30 1.57 3.64
+0.04 +0.10 +0.23
0-30'm -1037 1_061 3.72
+0.05 +0.08 *0.22
0.15 m -1.37 1.33 3.04
+0.05 +0.07 +0.21
0.15 m w/ -1.29 ' . 1.51 | 3.54
Abutilon +0.04 +0.08 +0.21
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Analysis of variance for leaf

ylem pressure

potential (MPa) and leaf conductance (cm s_f,split plot

Table 2.10.
design)
dm=2 h-1y,
‘SOURCE

and Fri

~

DF SUM OF SQUARES

Leaf Xylem Pressure Potential:

edman’s Test for photosynthetic rate (mg CO.

MEAN SQUARE

Treatment 3 20.3914286 6.79714287
Date ) 6 363.4940000 60.58233333
Block 4 22.1518471 5.53769178
Treatment x
Date 18 97.9265714 5.44036508
Error 108 421.6001429 3.90370503
Corrected
Total 139 - 925.5640000
Leaf Conductance:
Treatment 3 2.78602756 0.92867585
Date 5 30.95705951 6.15151902
Block 4 0.67790036 0.16947509
Treatment x
Date 15 6.53378461 0.44355856¢
Plant ‘
(Treatment x 32 13.04503127 . 0.40778223
Block)
Error 172 41.80762011 0.24306756
Corrected .
Total 231 95.81948726
Photosynthetic Rate: )
EFFECT DF
Date 156.00 7
Treatment 7.07 5
Full Mcdel 179.48 31

2

F VALUE

1.74 ns
15,52 *xx
1.42 ns

1.39 ns

2.28 ns
24 .88 *xx
0.42 ns
1.79 =

l.68 *

PROB
<0.0001
0.0696.

<0.0001
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DISCUSSION

In many ways the effects of increasing density on X.
strumarium are similar to those reported for crop and weed
species (reviewed by Harper 1977). There was a severe
reduction in growth and fruit production of individual planés
with increasing density. Changes in allocation to leaves,
stems, and roots also occurred, but were more apparent during
growth than at season's end. Leaf death occurred moré
rapidly for plants grown under density stress than those
grown without competition. However, there was no mortality
in any of the treatments and all plants produced at least a
few fruits.

What is most atypical about these results is that
allocation to fruits increased with increasing density. Most
plants suffer reduced proportional alloéation to seeds or
fruits with increasing density (Harper 1977). Ai;ﬁough the

number of fruits produced per gram biomass declined with
increasing density when Xanthium competed in monoculture, the
increase in nmean frpit weight with density resulted in

increas€d proportional allocation to fruits. 1In competition

with Abutilon, Xanthium produced more fruits per gram biomass

than in any of the monocultures. With a moderate increase in
fruit weight; plants under interspecific competition
allocated proportionately more biomass to fruits than the

other treatments.
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Seed weight is regarded as the least plastic of all

plant comgonents (Harper et al. 1970).‘ Nevertheless, effects
"™ 0f plant density on the sizes of seeds (Palmblad 1968, Snell

1967, Weis in prep.) and the distributions of dimorphic seeds
(Baker and O'Dowd 1982, MacLaughlin and Weis, unpubl. data)
have been demonstrated. Most of these studies show a decline
in seed size with increasing density. In Xanthiﬁm, the
weight of each seed within a fruit is highly correlaﬁed with
fruit‘weight (Zimmerman and Weis 1983) such that theh_,/ \u__
alteration of seed size accompanying changes in fruit size
with plant density reported here is Bf a much larger
magnitude than previously demonstrated. 1In X. strumarium,
large fruits germinate more rapidly and.in a larger
proportion than small fruits (Zimmerman and Weis 1983).
Although there is compensatory growth among seedlings from
different sized fruits resulting in litﬁle difference in
seedling size after iS days gf%wth, the importaﬁce of fruit
size to seedling establishment, particularly under
competitive conditions, cannot be disregarded. Thus, the
differéhces in mean fruit weight prodﬁced by plants at
different densities may represent real differences in the
qualitf of these fruiés.

The growth of Xamthium in the presence of Abutilon
differéd qualitativey andjquantitive;y from that when

. - / ) . .
Xanthium was groﬁﬁ‘iﬁxfsnoculture. Qualitative differences
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in allocation to fruits have already bgeﬁ néted. Although
grown at the same density as the high density monocultufe,
biomass accumulation,‘fruit p oduétion, seasocnal patterns in
growth indices and biomass afﬂocatlon were more szmllar to
Xanthlum grown in low density monoculture.. The choice of

Abutilon as an interspecific competitor was based on

seed and its low

practical concerns (the ava%}ability o
dormancy) and is of no purpdrted evolutionary importance.
stever, the results for Xanthium grown with Abutilon are
;onsistent.with the widely held view that intraspécific
gompetition is often more severe than interspecific
competition. 1In this particular situation, this result
appears to be explained by a lessened ability of Abutilon to
maintain a dense canopy compared to Xanthium, thérefofe
competitive conditions were more similar €0 a Xanthium
nonoculture at a lower density. j

In general, unit leaf rate (E) declined with increasiné
pPlant density in X. strumarium although the results for the
high density monoculture were somewhat enigmatic.- Plants in
the high density monoculture appeared to have leaves with
efficiencies more near isolated Plants than the other
interaction treatments. This,péttern may ‘result from the
eaﬁly death of older; less efficient leaves in this

treatment. An effect of plant density on leaf area ratio was

only seen in high density monoculture, which had values of F
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lower than the other treatments over much of the season. The
resultstfor specific leaf area are consistent among all
interaction treatments. Plants grown i competition had
significantiy thinner leaves withip”the canopy than plants
grown without competition, a pattern that correlates well
with changes of light intensity within canopies among

treatments.

Blackman (1568), on the basis of the responses of

—different Plant species to changes in light level, soil

fertility, and water supplv, has indica;ed the'changes in
unit leaf rate, leaf area ratio, and plant height ﬁhat should
occur with increased plant density. If light was the sole
limitfhg factor for plants, E should decline with increaséd
density, while F and plant height should increase. If there
are iimiting supplies of nutrients or water, E and plant
height should decrease with increased plant density.

Finally, limiting water will cause anlincrease in F with
increasing density and limiting nutrients will cause a-
decrease.

Increasing plant density has been shown to result in

- lowered unit leaf rates (E) in crop plants (Watson 1958,

Blackman 1968, Buttery 1969, Bazzaz and Harper 19%77) and in
one species of tropical tree (Coombe and Hadfield 1962)
although Abul-Fatih and Bazzaz (l979r found no effect of

piant der®ity on E in the weed species Ambrosia trifida. In.

/
s
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the example provided by Coombe and Hadfield (1962), plants
were grown in separate pots at two different spaéings and the
results can be attributed to competition for light. They
found that F increased with increasing density, a-pattern
also indicated by Watson (1958). Bazzaz and Harper (1977)
found little change in F with increasing plant density under

normal light levels. In one example where root competition

was investigated, values of E and F for Igpatiens parviflora

were decreased in the presence of Agropyrons repens ({(Welbank

1961, cited by Hugheé.l966). An increase in specific leaf
aréa with increasing density freqﬁently Occurs (Watson 1958,
Davidson and Donald 1958) arid is regarded as "a sensitive
indication of competition for light” (Williams 1963).

The patterns of leaf area distribution and canopy llght
levels in Xanthium grown in competition are similar to those
reported for Trifolium spp. (Black 1958,1960, Harper and
Clatworthy 1963, williams 1963). These patterns were
attributed to the prodominance of light competition in these
studies. The importance of llght 1nterceptlon ln the upper
canopy has been stressed (Black 1958, Williams 1963). The
increase in plant height of plants in the competition
treatments (and concurrent increase in allocation to stem
bioméss through the mid-season) in association with altered
leaf area distributions is consistent with this view and

Blackman's (1968) speculations.
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The role of iight competition in these results for
Xanthium is clear. However, no account of competition for
nutrignts has en made in this study, except to note that
none of the plajgts showed_symptoms §f nutrient deficiency.
Plants grown in competition did show increaggd allocation to
roots suggesting a response to reduced soil resources. -
Competition for water can apparently be excluded as none o
the interaction treatme&is produced any significant changes
in water relations. The reduction in leaf area ratio for

~plants in the high density monoculture also indiéates that
nutrients may have been limiting to these plants. Thus,
competition for nutrients cannot be disregarded. Similarly,
a possible reduction in CO2 levels in the canopies‘éf the
competition treatments cannot be ignored (Wright and Lemon
1966).

Despite these caveats, much of the evidence from the
analysis of resource competition among the plants in this
study indicates a predoﬁinant role of competition for light
in the reduction in growth and fruit production with
increasing plant density. Thus, in this particular
s%Fuation, competitive interactions m&} have.peen dominated

by a single limiting resource.

J



GENERAL CONCLUSION
In this study of intraspecific competition among plants

of K.‘étrumarium, I have focused on +wo arecas of limited

e

understanding in plant population biology: factors affecting

aily

-

the dynamics of natural popularions’of plants and the role of
ynar S

"

r .
liniting resources in plant/competition. My work provides »

several general concllisions about plant competition in
. L 4
natural and experimental scttings and suggests many avenucs

-0f further studv. .

.

: In a natural population of X. strumarium, soil moisture

and scedling emergence da;c were identified, in addition to

. .
plant density, as important factors affecting the performance
of plants in the populéﬁion. Density affected the growth and
reproduction of plants while survivorship was largely
density-independent. Soil moisture affected survivorship,
growth and reproduction of plants while seedling emergence

date did not affcctwfruit production but had significant
cffects on survivorsihip. That these’three factors exhibited -
Qiffering patterns of cffect through the growing secason
- &

indicates the importance of considering all aspects of the
life cycle of a plant when seeking to understand its
population dynamics.

. Densityv is ohly a crude measure of the competitive

stress experienced by individual plants. Models opnsidering

the mass, distance, and angular dispersion of ncighbors would

108 '
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undoubtedly better explain the Vvariation in growth and
reproduction of individual plants (Mack and Harper 1977,

Weiner 1980a). Furthermore, there mav be other Pcuallv

1nportan; factors af‘ectlng the dvnanics of the X. strumariun

population. In view of the differing germination
requirenents of the two sceds within fruits of X. strumariim

and limited knowledge of seed longevity in the soil (Weaver

and Lechowitz 1982), an investigation of dormancy and -

mortality of buried seecds would be of interest. Finally,

S.C.li. Barrett (personal communication) has suggested that

time of floral initiation Ray be an important f.eicto::'hj

-~

regulating the reproductive capacity of a deterninately

flowering species such as Y. strumariurf. Plants achieving
greater crowth by flowerlng later in the-season would be \\

expected to have a greater reproductive output than. thése

>

flowerlng earlier. Variation in the timing of flowering was

observedé in the ¥. ‘strumarium population.

For X. strumarium grown in an experimental setting in

agricultural soil; intra— and interspecific éompetition

resulted in reduced growth and repreoduction. These results,

as well as the alteration of patterneﬁgf{rrowth indices and

proportional allocation of bioma;s to vegetative parts, were
. o.similar to those found for 6the{/plant specigs (see

references in Discussion of Chapter II). However, plants

grown under densify stress exhibited an increased proportion.

4

-
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of biomass allocated to fruits owing, in part, tc the
. . v . W > )
increased mean welght of fruits (and correlated changes in
q . » - .

seed welght) produced by plants grown in competition. This
_ paa R !
result distinguishes this study from previous studies that
generally show a reduced proportion of biocmass allocated to
reproduction and constant mean sced weight with increased
density.

Analysis of resource competition in monocultures of X.

: J : _

strumariun grown in agricultural soil revealed rlants
competed for light but not soil water. Interpretation of tie
results is hampered by a lack of consideration of competition
for nutrients. There were indications from the patterns in
bionass allocation to roots and leaf .area ratio that liniting
nu{rients may have explained some of the responses of plants
to competitive stress. It is difficult +o define the
nutmient requirenents of plants. (Loneragan 1963) .and onc
would be able to consider only a subset of the 17 known
essential nutrients of plants. liowever, the nonitoring of
soil and tissue concentrations of critical nutrients (e.q.
nitroger) in this study would have provided a more
well-balanced understanding of competitive interactions ariong

N

L. strunarium plants.

In the natural populaticn, observations suggested that
‘ . i . ; ) \ :
plants did not compete for light but for soil resources.
L)

This is in contrast with the results from the cxperinental

I

.
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population and indicates +hat competitive interactions among

rlan+ts. can change drastically with changes in habitat.

Weaver and Lechowic: (1982) have noted some ceneral

'

ecological differences betweon naturally occurrira and .
agricultural ponulations of hey strumafium._ In southwestern
Ontario, these populations differ in the rsime of fruits
(pPersonal obscrvation);lbeach pbpulations tend ﬁo have larger
Zruits than agriculturél populations. zi@merman and Weis
{1983) havc.investigated the ecffects of Fruit size on
germination and Seedling growth for the agricultural

population at Harrow. Eute ing this worl to fruits from the

beach population would be of i erest. Further consideration
of ecotvpic differentiation of the populations could be

1
undertaken in a common garden situation. This would allow a

- LY

separation of enviromental and genctic effects on grow=h and
rmorpneology and would be a first step to a better

’ \
understanding .of ecological differences betweon the two

populations.
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