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Abstract 

Sheila Forsyth Plant Scf ence 

. -
Stress Phys fol ogy and Bi 0 l ogi ca 1 Weed C~tro 1: A Case 
Study with Canada Thistle (Cfrsium arvense (L.) Scop.). 

. \ 

The sûccess of b1 01 ogi ca l weed control prograllS has been li mite<! by_ a 1 ack 

of understand1ng of the stress physi 01 ogy of . f nsect damage and pathogen 

developlent. This case study wit)1 the perennial weed, Cirsfum arvense, (L.) 

Scop. evaluated the stress of five natural ene.ies. Attack by a seed head 

predator, Orell1a ruflcauda (F.) caused about 21.5~ predation and may reduce 

~seed dfspersal. The stress of stem ga11 formation (Urophora cardui (L.)) is 

greatest when the ga11 occurs on young plants and on the mainshoot and 

defol1atlon simulation (Ca5sida rUbiglnosa Muller) 15 IIOst effecthe at high 

levels on young plants. In nature, however, the latter two natural enemies are 
1 

not synchronized with these susceptible stages, thereby reducing their 

effectiveness. Although Cleonus ~ Scop., a l'oot crown inhabitant, can 

result in plant death, regeneration of damaged vascular tissue can occur. 

Plants which emerge systelllically infected with Puccinia punctiforml~ (Str.) 

Rohl. (rust) rarely survive the season. A matrix JIIOdel simulating the "effects 
D • 

on Canada thistle population dynsllics by the natural enemies was appl1ed. 
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Sheila forsyth Phytotechni e 

Physiologie du stress et lutte bfologfgue des 18 vaises 
herbes: Une etude sur le cas du chardon.·des allpS 
(C1rsiu. arvense (l.) Scop.). 

-
Le ~ucces de 1 a 1 utte bf 01 ogi que contre 1 es 

par le peu de cOllprét'lensi on du stress physi 01 og1 que provoqué par 1 es d~âts 

, causés par 1 es '1 nsectes et 1 es 111 crobes pathogènes. Ce travaf éva 1 ue 1 e 

stress provoqué chez la aauvaise herbe vi~ace Cirs{um arvense (L.) 1 Scop. par 

cinq de ses ene.is naturels. Le predateur des capitules en fruit, .Orel1ia 

ruf1cauda (F.), attaque 21. 5 pourcent des capitules et est susceptf b1e de 

dilinuer la dispersion de la selllence. Le stress provoqué par le déveloPM!llent

des galles dues a Urophora earduf (l.) est le plus grave lorsque le$ galles se 

~veloppent sur les jeunes plantes et sur la tige Martresse. La defolfat1on 

artificielle simulant les d6gâts causes par Cass1da rub1qinosa Muller est le 

plus afficace quand elle est severe sur des jeunes plantes. Cependant, en 

li lieu natural, "-les attaques de ces deux dern1ers enem'ls ne sont pas 

synchroniques aux stades sensibles de la plante èe qui reduit leur morbidité. 

f' Quoique Cleonus ~ Seop. réside dans le pied de la plante t!!t peut causer sa 

IIOrt, les tissus vasculaires souvent se r~9énerent. Les plantes qui au moment 

de la 1 evée renferment 1 une i nfect.i on gener li see de 1 a roui 11 e Pucci n1 a 

punctiforlli s Str. Rohl. ne survivent que rarement la saison. Un modele 

Matriciel siJllulant les effets I~e ces enemis naturels sur la dynamique des 

.populations du chardon des champs est ut11 fse. 
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1. INTRODUCTION 

" 

·Cursed is the ground ••• thorns a1so and • 
thistles shal) ft br1ng Forth to thee. 1 

Genes1s 3:17,18.. , '. 
- J .~ 

1. Introduction 

B1010g1cal control 15 the delfberate use of oatural enelies (phytophagous 

or pathogenfc organfslS) to reduce the dens1ty of a weed to an eeonoMfe or a 

tolerable level (Goeden 1977, Watson 1977). There are four approaches to 

'biol ogf cal control: (1) classieal or conventional' whfch involves the 

{.portation and release of parasite-free host-specifie natura~~ne.ies froM the 

native range of fntroduced weed.species, (2) augmentation, periodic release 
J 

and/or redistribution of -natural' enelies often augllented by laboratory reared 

insect~, (3) biologieal herbicides 'Iycoherbicfdes), the application e1ther of 

an introduced or an endelic plant pathogen ,and (4) conservation, a lethod 

rarely used which fnvolves-deterlining the effects of the avaflable natural 

enelies on the weed and aiding the IOst effective by eli.ina~ing co.petition 

and/or parasites or ~redators (Watson 1977, Batra 1979). 

The principles and procedures of the biologieal control of weeds 

(especially with insects) are ,well doculented and the .ethod has produced 

, . 
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effective and saFe controls (HUffakp.f 1958. Wlpshere 1974, Batra 1979) . 

Howe;ler, recent evaluation of biologiea1 control' progra.s, indicate that 
,Y' 

pro,gress has been l11ited by an 1ncolplete knowledgc and understandfng of the 

type and level' of datage eaused by natural enel1es and the result1ng 

physiologieal response or stress by the, pftnts (Andres i980 b Harris 1981). 

The foeus of biologieal control has been pritarily on the introduction of 
i.) 

exot1c natural enel1es which do not daaage non-target plants, without regard 

for the degree oF control. Harris (1973a. 1973b) noted that ludh attention i5 

g1ven to the selection of host-specifie agents for the biologieal control of 

weeds but l1ttle i5 given to the selection of effective agent,s nor to the 

vulnerabi11ty to attack of d1fferent plant organs or life stages. 

Consequent 1 y, although no accidents have occurred, the desired degree of 

control has not been realized in .any cases. Andre~ (1980) and Harris (1982) 

recogn1ze the flportance of exalin1ng ways to explain the success or failure of 
'" 

biologieal control progralS. Both acknowledge that the concept of stress may 

be'1aportànt for increased effectiveness of natural ene.y selection. As Harris 

(1981) states, -Lfttle work has been done in thfs regard "ith weed-feeding 

fnsects. Il 

, 

There are a nuaber of factors that control plant nu.bers fneluding factors 

wfthfn the plant itself (genetfcs, reproductive rate and IOde, age, dormancy 

character1st1cS of seeds and propagules, density) (Harper 1977), the 
\ 

env1ronlent (edaph1c conditions, effects of other plants (a11elopathy, 

competition), clf.ate (rafnfa11, lfght quantity and quality, temperature), 
~ 

topography, altitude et cetera), and -by any disturbance caused by the 

environllent (abiot1c- drought, te.penture stress, nutrfent deffcfency, ~toxfc 

"'D~ 
8 

/ 
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che.feals and bfot1c- cOMpetftion From othèr plants, dalage by fnsects and/or 

pathogens). In thfs study, the stress caused by biottc agents is examined to 

attelpt to shed SOIlle light on how workers in the field of bi'olog1cal weed 

control lay chose more effective agents. In Canada, a cost estfmate for the 

'" deve 1 op1lent and 1Ip 1 ellentati on of a bt 01 ogi ca l control prograll per weed speci,es 

15 18.8 to 23.7 sc1entist years or $1.2 to $1.5 million in 1979 (Harris .1979). 

More and better information on how a certain level and type of damage could 

'potentfally affect weed population dynamfcs may result in a more efffcent and 

effective use of time and 10 oey. 

2. Stress Phys1ology 

Stress caused by fnsect pests and pathogens has been recogn1zed almost as 

long as lan has tf11ed the soil (Uthat which the palmerworm hath lef~ hath the 

10cust eaten; and that Which the locust hath left hath the cankerworm eaten; 

and that whi ch, the cankerworm hath left hath the caterpf 11 ar eaten Il Joel 1: 4). 

The concept of biological weed control i5 to use nature as a tool (in the form 

of natura1 enemies) to return a natural bal'ance to the noxious weeds which have 

been fntroduced wlthout their lillting factors. 

Stress was first defined for the aalBa1ian system in th~early 1950'5' by 

Selye as, "the nonspecffic response of the body ..• to any de.and made upon HI! 

(Selye 1974). Subsequent definitions are more generalized and include concepts 

of the ~ecognit1on of a normal range of responses, the necessity for 

quantification of stress and the realizat10n that stress may produce some 
r 

disadvantage to the organism (Brett 1958, Bayne 1975). More recent definitions 

extended to the ecosystem 1nclude that of Barrett et al. (1976), Ua 

" perturbatf on (stressor) appl1 ed to a syste. (a) whi ch 15 forei gn to that systell 

r "",<, -~"~~t"'-:t~I.,k...t .... 
-', 
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or (b) wh1ch 15 natural ..• but applied at an exeessive'leveP . 
'~r 

These definitions-are al1 li.1ted and tend to each omit SOie salient.pofnt 

for an aecurate understanding of stress. In addition" scientific and' 

eolloquhl" uses of the ter. have eaused a loss of clarity for the ter., sfnce 1t 

has been variably used as both the causer of and the resultant response. The 

aean1ng has been so m1sused and distorted that Harper (1982) says ft has beCODe , 

a110st redundant and quotes Pickering (1961), who, ·sets ft aside ... because 

1 do not know what ft .eans. M The author therefore proposes that the fol1owing 

deffn1tion of stress be kept in .ind throughout th1~ work: 

leasurable adaptation or response of an organfs. to so.e perturbation in the 

environment. Physiology 15 defined as a branch of biology that deals w1th.the 

functions and act1v1tfes-of 1ife or living matter and of the physical and 
, -

che.ical phenoMena 1nvolved. Stress physiology in thfs context would therefore 

be an examfnat10n of the effects of different types of disturbances- and 

perturbations on the normal act1vities of plant lffe. 

IJ .. 
There are,three possible sources of perturbation; climatic (telperature, 

water, light qua1ity and quantity), edaphic (soil texture and structure, pH) 

and biotic factors (insect damage, disease development, competition, 
't, 

al1e1opathy). In response, p1ants.ay exhibit one of three degrees of stress 
. 

reactionj (1) positive response (plant growth and development 1s stimulated) 

(2) zercfor no response (the plant fs not affected), and (3') negat1ve response 

(reduction of plant growth and development). It is the latter which 1s desired 

for successful biological control. 

Pest attacks can potentially initfate or accelerate a co.plex series of 

metabolic changes in the host (stress). Insects and pathogens .ay exert stress 

/ 
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on a plant through: 

(a) 10ss of. photosynthet1c area. Defoliation can put a plant at a 

coapetftfve dfsadvantage because of possible reductfon of 1fght recept1on, 

- decrease of photosynthet1c efffê1ency and poss1ble alterat10n of regular 

assililate distribution (Hewett 1977). 

(b) 10ss of absorptlve areas. Root daMage can cause a deffcfency in water 

and nutrfent uptake with result1ng repercussions such as w11ting, typ1ca1 

o defic1ency sy~tolS et cetera. 

(c) blockage or dallge to translocation eletents (xylel and ph1oe.). 

810ckage ,MOdification or severing of the vascular syste. result1ng frol gal1 

ForMation, pathogen infestation et cetera cou1d cause interruption of 

photosynthate, nutrient and water Flow. 

(d) 10S5 of reproductive capacity 

(1) seed product10n. Loss of seed production can occur directly by 

feeding on the seeds and flowers of the plant or indirectly by the stress 

frol da.age to another plant organ which does not al10w seed forlation. 

(if) vegetative. Root bud, tuber et cetera production cou1d a1so be 

diréctly or indirectly affected as for seed production. 

(e) toxins. Severa 1 organisas which attack plants are capable of 

producing toxins that adversely affect plants (.ost notably plant·pathogens). 

(f) alteration of physiology~ An exalp1e of th1s ls growth horlOne 

ilbalance. 
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Other factors which uy affect the plantis response fnclude the type of 

tissue dall8ged, but also the degree of dauge and the )Ipol'tance of the dauged 

plant organ to the growth and deveJoplent of the plant. ·Synchrony with plant 

phenoJogy (attack at the .ost susceptible period of plant growth) and also the 

additional effect of the climate May be an iMportant aspects of control. The 

effect of the cli.ate has been shown to be- crucial for the success of SOMe 

prograllS (Tyria jacobaes L. agai nst Senecio jacobaea~L.; the wi nter __ !.rosts f n 

eastern Can.ada)(Zwolfer 1973, Harris et al. 1978a, 1978b, Myers 1980) and 

Chrysolfna quadrigelfna Suff. agafns~ Hyperlcum perforatum l.jdry summers 

(Harris 1973a). The lack of inforaatfon and an appropriate theory as a result 

of sporadicresearch has' as Andres (1980) states caused, Nan fnabilfty to 

predlct the Impact' of biological control candidates. Thèrefore, basic 

research and a theory of how certain types and amounts of damage can 

potential1y affect plants could be fnvalua~e for a more effective biologieal 

control progra •• 

In order for stress physiology to he applfed properly, the target weed 

phenol ogy, physi~logy and morphology shbuld be understood and as Myers (1980) 

states, lIt is str1king how rarely this iS,done. H The fol1ow1ng sections (3 

and 4) describe the target weed, Canada thistle and the bioJogical control 

progr.al against 1t. 

3. The Case Study Organ1sJ-C1rs1ul arvense 

"find their frailties and by exploiting 
their frailties we shall come nearer 
ta weed elimination." (Chancellor 1971). 

3.1 H1story an9 Geographieal Distribution 
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Canada thistle (Cirsfui arvense (L.) Scop.), a ~Iber of the Cardu10ae 

subtribe of the Cardueae trfbe of the Asteraceae falfly, fs fndfgenous to 

Eurasia and northern Afrfca. It was fntroduced into Canada early in the 
, th 

colonial period in the 17 century as a crop seed flpurfty. Dewey (1901) 

reports its introduction into east New York state with oats in the late 1700's .. 
(Rousseau 1968). Although it has been speculated that the weed spread frol 

french Canada into the United states (Hodgson 1968, Erfckson 1982), Hansen 

(1918) states that ft was probably introduced as a contal1nant of crop seed 

i nto New France and New Eng1 and f ndependent 1 y at about the salle tf Ile (Moore 

1975, Rousseau 1968). 

th , " 
In the 16 century, Canada thistle spread throughout Europe and by the 
th " 

lid 18 century was COMlOn throughout Europe (Dewey 1901). It spread to west 

Asta, north Indfa, Austral;a, and New Zealand by the early 1900's (Hodgson 

1968, AlIOr and Hal'ri 5 1975). 

In North America, the seriousness and range of the w~cd continued to 

fncrease after introduction. The ffrst control legfslations were enacted in 

Vermont in 1795 and in New York in 1831 (Moore 1975). Holmes reported it as 

cOlmon in Montreal in 1821 and Macoun afffrms ft was abundant in Ontario in 

1884 (cited from Rousseau 1968). In 1957 ft was consfdered a noxious weed in 

the seed l~ws of aIl the states of the United States except Alaska, Arkansas, 

Hawaii and New Mexico. In Canada, Canada thistle was listed as a noxious weed 

in the Canadian Seeds Act in 1937 and is considered as a noxioys weed in .ost 

provinces and is listed in t~e Revised Statutes of Quebec (1964), Ontario 

(1970), Manitoba (1970), Saskatchewan (1965), Alberta (1970) an~~itisn 

Columbia (1960) (Moore 1975). 

• 
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\ 
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Canada th1stle 1s naturalized in several northern he.'sphere countries. 
0" 

,It 1s found in Canada 1n all'provinces as far north as 58-59 N. In Europe, 1t 
o 

has been found as far north as 68 N (Scandinavia) but Kolokol1nikov (1931) 
o 

reported it fails to flower north of 58 N 1n S1beria. It has been naturalized 
, 0 

1 n the Uni ted States north of the 37 N but does not sury; ve at lower 

latitudes. In north Africa and Afghanistan ft occurs as far south as 
o 

approxilately 30 N. In the southern helfsphere, ft 15 naturalized in South 

Africa, New Zealand and southeast Austral;a (Moore 1975). 

Canada th1stle 1s rated by Holm et, al. (1979) as a serious weed in 
, . "" 

F1nland, Lebanon, Portugal, Turkey and the United States and as a principal 

weed in Belgiul, BUlgarfa, Canada, England, Germany, Greece, Ind1a, Iran, 

Italy, New Zealand, Pakista~, Romani a, South Afr1ca, the Soviet Union, Tunis1a -

and Yugoslavia and as a weed in lany other parts of the world. 

3.2 Botanical Description and Habitat 

Canada thfstle has been often described (Detlers 1927, Hayden 1934, 

H~dgson 1964, 1968, Moore 1975, Moore and frankton 1974, Arnold 1980). It is a 

'perennial weed, w1th slender green (sometimes brown or reddish-purple) stems of 

30 to 150 cm in height which branch freely at the top. The leaves are 

alternate, base sessile and clasping or shortly decurrent, deep green and 

spiny. They are general1y oblong ln outline, with marginal variations From 

entire to deeply pinnate. Variations oF the margin and of other leaf 

characteristics (texture, vestiture, segmentation and spininess) are the bases 

of varietal differentiat1on. The plants are d1oecious (Moore 1975) Qr 

ilperfectly d1oecious (Hodgson 1964, Lloyd and Myall 1976), the only thistle oF 
/ 

thi s type in Canada. The flower heads are nU1llerous ,- sma 11 and the male and 
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feaale flower heads are easily dist~nguished after thé bud stage. The florets 

are al1 tUbular, rose-purple or less cOllOnly white (Moore 1975). The pappus 1s 

plent1ful, beige, feathery, 20 to 30 .1 long on the Mature achene. The achenes 

are 2.5 to 4 Il X 1 ", straight ~r slightly curved, straw or light brown. The 

creefing horizontal roots, frol which arise ralets, perpetuate the plant.' 
1 

Th1s'tle clones occur in circular patches. ~ 

There are four recogn1zêd infraspecific var1et1es; 

VestituI, var. arvense (the type specilen, forlerly 

1ntegr1fol1ul. These varieties are distfngufshed 

var. horrfdul, 

lite) and 

pritarfly by 

) 
/ 

1 

v~r. 
/ 
( var. 

l~af . 
charaèterfstfcs. They 1nterbreed freely and all have il dlrQoosolIK: flumlx:r Qf 

2n=34 , (Moore and frankton 1974). Oet.ers (1927) grew seedlfngs of a11 four 

varieties frol seeds of a var. vestitui plant. The var1ety horridum 1s the 

.ost COllOn. In Quebec, al1 four varfetfes are present as well as a 

white-flowered plant, foraa ,albiflorui of the var. horridui. In addition, 

ecotypes differ 1n phenology, photoperfodfsl, vigour, growth habit, stolatal 

frequency, response to herbicides, seed dorlancy and seed gerl1nationJMoore 

1975). 

Canada th1stle pre fers open leSophytic area5, but 15 Well adapted to a 
o 

wfde range of conditions. A IOderate telperature range of 0 to 32 C is best, 
o 

but 10ws of -27 to -35 C are COlllOn through luch of the range of the weed 

(Oetmers 1927, Moore 1975). Precipitation of 400 to 750 ma/year is favourable 

but the weed has,been found in areas with leveJs rang1ng from 300 to 1000 Il 

(Hodgson 1968, AlOr and Harris 1974). Canada thfstle grows best in deep 

productive, wel1-aerated soil (Hunter and S.fth 1972) and is well suited to 

silt loam (Hodgson 1968) and clay so11 (Detmers 1927). However, ft grows on a 

wide variety of 5011s, according to Rogers (1929) in any soi1 except peat and 

1 

1 

\ 
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'1 
f 
j 
1 
i 

,~l 



( 

10 

up to 2' salt. Growth 1s 11.1ted 1n poorly aerated soi1 or so11s with a h1gh 

water table (wet eond1tfons)(Hodgson 1968). It can survive very dry condftions; 

Canad1an specilens have been collected from clay and sandy loams, sandy clay 

and even sand dunes (Moore 1975). Good 1fght 1ntensity 1s required for good 

growth. In shaded areas, the plants are etfo1ated, of lower dens1ty ~d 
produee few flower heads (Bakker 1960). The southerly distribution of the plant 

, fs li.ited by fts long day requfre.ent; upwards of 14 hours of 1ight are needed 
fi' 

for f1ower1ng to oeeur (L1nk and KOMlendahl 1958, Hunter and S.ith 1972). 

In Canada, Canada thfstle oecurs in allOst every type of plant cOllunfty, 

.ost frequently along roadsides, on railway e.banklents, in 1awns, in gardens 

and in abandoned fields. It 15 also found 1n Many agrieu1tural situations; 

pastures (Ooyon 1968), eereal crops (wheat, oats, barley), other field erops 

and hayfields. It oecurs on stream banks, lakeshores, eleared swamps, grassy 

clearings in woods, .argins of bath deciduous and eoniferous woods, wet dftches 

and luskeg edges, but not in extre.ely wet areas (Moore 1975). The faet that ft 

Decurs on both arable land and in grasslands 1s cons1dered unusual among weeds 

(Sagar and Rawson 1964). 

3.3 Phenology and Physfology 

Shoots of field populations of Canada thistle originatfng f.roM perennial 

roots emerge when soil and afr temperatures have warmed to a mean weekly 
o .~ 

teMperature of 5 C (Hodgson 1968). Rosettes develop first followed by stem 

elongation 3 weeks later to a Maximum of 3 cm/day in the last -two weeks of 

June. FroM July, the growth rate gradually decreases until ft 1s neglfgible in 

·early August (Hodgson 1968). Flowering occurs in Canada from Mid June or early 

July unt;l September. Canada thistle is a long day plant, wh1ch flowers w1th 
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greater than 12 hOUT days (L1nk 'and Ko.~ndahl 1958). Hunter and S.1th (1972) 
., 

found variation in the nu.ber of lfght hours requfred for flowering between 
q • 

,ecotypes and also found SOIie to' be tuperature dependent. 

Seedli"g Developllelit-

After ger.i nati on, a pa1r of ovofd cotyledons ellerge to 1 to 2 c. above 

the 5011, and the prilary roots grow vert1cally down. The first fol1age leaves 

are ovate to round 1n shape with coarse .arginal ha1rsj wh1ch become spinose. 

Subsequent lèaves are of typ1cal shape ~nd spfnfness (Hayden 1934). Lateral' 
\ 

roots can be produced as early as the two leaf stage (Forsberg 1962). The roots 

th1cken and extend lateral1y to as IUch as 1.5 ca (Sagar and Rawson 1964) and 
./ 

1.25 • respectively in the f1rst season (Bakker 1960). Mclntyre and Hunter 

(1980) found that a seed11ng root can reach 538 • in length and produce 219 

visible TOOt buds in the first season. Later. adventftfous buds fro. the ma1n 

root can grow to the surface f.rom,l, to 90 c. in depth (fre1sen 1968). 

Root Phenology and Phys101ogy 

The root syste.~s=perennial and altho~gh the shoots are kil1ed by frost, 

the Toots survive the winter. Rogers (1929) reported on root actiyity in the .. . 
w1nter in Iowa. Accord1ng to Arny (1932), the lajo~ity of the roots occur frol 

8 to 12 inches (20 to 30 cm) below the surface and ,SOie to a depth of 16 inches 

(40 c.l, but vertical roots can go 6 to 10 feet (1.8 to 3 1) deep. fre1sen 

(1968) found that lest roots occur from 6 to 36 1nches (15 to 90 CI) with the 

Hin concentration at 6 to 18 1nches (15 to 45 a). Hodgson (1968) reported 

that 541 of the"roots were w1thin 3 to 9 1ndhes of the surface (8 to 23 CI), 

301 From 9 to 15 inches (23 to 38 C.) and 161 fro. 15 to 21 inches (38 tO,53 

CI). ther~fore 841 are w1th1n 15 1nches (38 CI) of the surface. Malzew (1931) 
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found thf'stle roots to a depth of 5.5 .. in Russfa (Moore 1975). In pastures, 

,roots can reach 0.761 below the surface. The depth depends on 5011 type, 

depth of the water tabl~ and the nature of the 5005011 (Arnold 1980). 

Càrbohydrate Storage 

Root carbohydr~te content fluctuate5 throughout the season. It 1s lowest 

'frol lid June to 11d July, when 'the flower budS beg1n to appear and 1ncreases 

untl1 1treaches a hfgh in tid August to Septnber ftn 1t levels off (Arny' 
." 

1932, Sagar and Rawson 1964, Hodgson 1968, Bybee et al. 19n, Ozer, and Koch 

)9n). The Iain storage product 15 belfeved to b.e inulin (Ozer and Koch 19n). 

3.4 Reproduction, Dispersal and Weed1ness 

SeecI Productfon 
. \ 

Seed production 15 Variable, being dependent on the distance between ale 

and felale clones. Hayden (1934) found abundant seed with distanceS of less 

than 33 • and only 2 to 3 seedsJhead for distances between 160 and 200 1. 

HOdgson (1968) found large nUlbers of seeds with a s~parating distance of 16.5 

t and Awor and Harris (1974) found heads w1th SOie 5eed at d1stanc~ up to 390 

1. Salisbury (1961) cites a IaXflUI distance of 30 • and Bakker (1960) of. 50 • 

for seed production. The flowers are cross-pollinated usually by insects, 

chiefly by honeybees (DetRlers 1927). W1 nd poll fnation 1S not as effecti·ve 

(Hodgson 1968). 

EstiMates of seed production-and the nu.ber of heads 'per plant are 
2 

variable (Table 1). The IaXflUI nu.ber Qf seed recQrded 1s 30,189 SeedS/1 

" (Bakker 1960), but seed production 1s normally very restr1cted (Chancellor . 
1970). Canada thistle was once thought to produce no seeds at al1 (Boys 1905) . 

.. . 
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·T~le 1. Seed and Head Production of Canada Thistle 

" ..... . ~., 
. . . () 

~ Production 

Seeds/head 

98 IIX 

Seeds/plant 

, 5300 1 average 1530 

Seeds/head 

40-50 average 

83 INX 
-2 

Seeds • 

100-64,300 viable 

fieads/Plant 
-
• up to 100 

\' 
. -13-37 (average 12) 

32-69 

24-85 
l' 

Reference 

I;tayden 1934 

Hay 1937 

" 

Derscheid and Schultz 1960 

Derschei4 and Schultz 1960 

AIor and Harris 1974 

Detlers 1927 

Hayden 1934 

Bàkker 1960 .. 
AlOr and Harris 1974 

'i..~i-,~t ,......,,"",,~ .... ,-~.~ ...... ~_w-:.fA~ ...... ~;.., .. ..,,:w~'lb~ "''''''"n 
'< • ~ ;" ~-, .. ~ 
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, . 
Dispersal, Doiaancy a,nd Longevity of Seeds 

~ . 
Long distance dispersal by seeds 1s .ti.1ted due.to the habit of the pappus 

detaching frol the seed. Bakker (1960) found only 9.91 off) the pappl at 10 • 

frol the th1stle patch had an attached achene and only O.2~ at one kilometer. 
I! - "t~ 

In Canada, seeds were ,rarel y found beyond ~44 1 froil the ~hfstle patch (Alley 

and Chalberlain 1962). Long distance dispersal l8y occur by other Deans such as 

by 1 Tri gati on water, (Hope 1927). 

"1 

The old pract1ce of cutting the heads at the ~age s1gnif1cantly 

reduces seed y1eld s1nee developllent ceases after IIOw1ng (G'111 1938, Derscheid 

and SChultz 1960). Plants eut in bud and early bloo. produce no viable seed. 

Hfgh percentages~of viable seeds. were 'found only Il days after flowering and 

none at ··all until 8 to 10 days(Derscheidet'a1. 1956, Derscheid and Schultz , -
1960.). After 18 days, the nUlÎber of seeds/head decreased, fndlcatin~ that 

," 
shedding of seeds begins at this tille(Derscheldet al. 1956). 

The 11terature bn dorlancy'and 10ngev1ty of, seeds fs contradictory: 
o .. • 

Nfetha • .er (~3), Buchl1 (1936) and Bakker (1960) state that there 1s a ' 

dOfaancy per1od, at least for high levels of~viabl11ty, whereas Hayden (1934) 

and Kolk (1947), say there is none or little doraancy (Sagar and.Rawso~_19?4). 

Longevity (which lncludes a test of v1ab111ty). has been rated at between, 
.' 

22, and 54 IOnths when stored under runnlng water (Bruns and Rasmussen 1957) and 

-'--3<fionths under si If 1 ar condit1ons by Bakker (1960) and al so under 40 cm of 
. l 

o 

soi 1. In the faltOus Ouvel bur1ed seed exper1lent, up to 4.~' of the seeds were 
, . ~ 

"", viable after 2t years at 42 lnch (105 CI) (Gos~ 1924) but not at any of the 

later ~a.plfng dates (Toole and l3rown 1946), whereas Chepil (1946) found no 

" 
",.,', I ___ '_~----
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viable seeds after 3 years fn cult1vated soil and rated thefr longevity as' 

short to fnterlled1ate (1 to 3 years). ChipP.endale and Milton (1934) a1so found 

a 10w 1 ongevi ty when the seeds were bur1 ed under grass 1 and. 

Ger.fnation 1s usual1y low, -variable (Table 2) and as e~pected fnfluenced 

by gerlÏi nati on condi ti ons. W1 th 1 ncrea~ed seed1 n~ depth there f 5 s 1 ower grow.th 

and lower per~ent gerMination (Lund and Rostrup 1901, Kolk 1947). 

f 
'\ 

There 1 s SOIie di sagreellent as to the 1 çortance of. seed 1 n estab li sh1 ng 

stands of Canada thistle. The invasion of the Zuider Zee seelS to have been by 
• .! 

seed (Bakker 1960), however, there 1 s the genera 1 he 11 ef that stand 

establ1shaent by seed 1s rare. ' 

Seedl1ngs require high light intensfty to survive. They are slow to 

establish and are sensitive to shading and co.petftion (Hodgson -1968). Bakker 

(1960) states that seedlfngs die if the lfght 1ntensity recefved falls below 

28~ full sunl1 ght and growth f s reduced i n ~ to' 70S full sunli ght. A,or and 
, 

Harris (1974, 1975) found no seedlfng est~b11ShMe~ in pastures, even after 

artf fi ci al see<U ng. 

ReprOduction by seed 1s less iaportant for population uintenance and 

growlh than vegetatf ve propagatf on but duc tu ttlt: T"<..'f)Ql'kd hlllgcv i ty, • 

prevention of seed production 1s advisable. 

Roots 
\ 

The MOst i apress1 ve and obnoxi ous att.ri butes that contr16ute to the 

aggressiveness of th1s plant are; (1) the extensfve cr.eep1ng root systea and 
'" . ..'1, . 
(2) the abilfty of the roots to regenerate after fragaentation. 

. ' 

' .. 
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Table 2. Ger.ination of Canada Th1stle 
Seeds with' Different storage and Ger.ination Conditions i 

'c , . \ 
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Root Syste. 

Seedlings w1th only two true leaves (4 to 5 weeks old) have creep1ng roots 

and produce rallets when only 6 to 8 weeks old (BaI<ker 1960). A plant started as 
2 

a sèedl i ng can extend 1. 25 Il (-rad1 us) and 4.9. (area) 1 n fts fi rst year and 
. 2 . 

5.0 • (radius) and 78.9. (area) in its second year. Established plants can 
2 

extend radially 12.2 • (467.7 1 area) in one year (Hodgson 1960). The 

underground root weight of estab11shed plants can reach 2 tonneslha (AbrolOv 

1969). 

Sagar and Rsvson (1964) classif1ed three types of organs in the roots; (1) 

roots of 1 to 3 aa in dfa.eter (2) non-typfcal thfckened roots frol 0.5 to 1.5 

CI fn d1aaeter which cannot be fdentified as either roots or shoots and (3) 

subterranean shoots bearing stea ap1ces at or below ground level and identified 

by seale leaves and typical stem ~natoIY. Food reserves in. the roots 

fac11itate the initiation of new shoots for up to one and a half years (Hodgson 

1968). Roots have dormancy periods during which shoot emergence Is restricted, 

especially in October and Novellber and somewhat in March and April (Henson 

1969). Root tissue can wlthstand a high level of drought. Ramet production ls 

unaffected down to 20~ of original moisture content and some shoots are still 

produced at 5" moi sture content. However, oven dried roots produce no shoots 

( F orsberg 1963). 

Regenerati on 

-
The ability of sull fragments of roots to produce nev plants (Table 3) 

aakes Canada thistle tolerant or even dependent on cultl~ion. Large 

fragMents easfly produce shoots, but saaller ones may die, especial1y under 

adverse ~ondltfons (Chancellor 1970). Root' bud product10n 15 st11ulated by 

._ h 

~ 
î 
1 
{ 

l 
1 
,/ 



... ~ 1 {, " , ~I 

(. 

.' 

" r\:'"w 

L 

L 

Table 3. Regeneration Capabilitfes of 
Canada Th1 st 1 e Roots 

Length D1alleter Regenerative 

~ 
Ca.pacity 

t: 

Threadl1ke roots 

1/16 inch (1.~ .. ) no plants 

,1/4 inch (6.4 Il) \no pl~nts 
1 fnCh (2.5 CI) SOie plants 

Stouter Roots 

lI1S ll {l.6 •• } 
l 

1/8,1/4· 

(3.2,6.4 '1) no plants 

1/4(6.4 '1) If 14J 

1/2(1. 3 CI) Il lOOJ 
\' 

5-6 CI 0.5-1. 5 CI 90J 

J'CI 4-6 _ 75-85S 
<l 

, . 

" 
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1 ,-
Reference , 

15> 

Q" 

Prentfss 1889 

.. 
..,. 

• 

" 
, " 

Sagar and Rawson 1964 

Henson 1969 
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nitrogen fert1lizat1on (Mclntyre and Hunter 1980) .. 

-
These characteristics of the roots I18ke Canada th1s,tle an aggressi ve and 

difficult to control Weed. 

3.5 Econolfc Importancé 

Oetri llenta 1 

~ 
Canada thistle causes heavfer losses in crop y1eld than any other 

perenn1al weed (Hunter and SlIfth 1972). Canada thistle ~s found in MOst crops; 

wheat and other cereals, corn, peas, beans, sugarbeets, potatoes, et cetera and 

causes yfeld and quality losses (Freisen 1965). It 1s al~ cotn in pastures 

and ranges, where ft decreases forage yields and quality (~d~On 1968). Sfnce 

i t co.petes for the envi ronwenta 1 factots necessary for grorlh, crop yi el d f s 
1 

often reduced (Table 4) (Peschken et al. 1980). In grasslands, ft 15 of 

greatest i .portance in poor l y IIanaged pastures and decreases the alount of 

grass and grazable area (Chancellor 1970). 

Canada thistle harbours econo.icallY important fnsects and pathogens; bean 

aphid and stalk borer. Grazing anhals s'cratched by the spines .ay· develop 

infections (Moore 1975). Immature buds can be harvested wfth canning 

(peas) (lfnk and Kommendahl 1958). 

crops 

Canada thfstle has allelopath1c effects on a nu.ber of plants fncluding 

itself (also oats, other7 thfstles, koch1a, larshelder, foxtail barley) 

(Helgeson and Konsack 1950, Bendall 1975, Hoefer and Hader11e 1980). 

Seneffe; al 

The fragrant flowers are attractive to honey bÈ!es and Canada thfstle lay 

.. 

, , 
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Table 4. Econolic Losses due to' Canada Th1stle 

, . -

Th1st1e- Yie1d 1055 1 Reference 
Oensity , 

Wheat 

2 15 . Hodgson 1963 
"~t, 

Cl 

2.4 18 Mo 1 berg 1955 

2.4 1.04 Peschken et a 1. 1980 

6 18 Calleron 1936 
; 

-: ,. 

14 35 Hodgson 1968 

24. 61.3 Calleron 1936 
-24 10.4' peschken et al. 1980 

,29.75 12.9 u 

l' 30 60 Hodgson 1963 

Soybean 

14 62 Elakkaà and Behrens 1974 

20 24 u ., Corn F-' 
, , 

21 36 

.. Spr1"9 Cerea 15& 

32-43 40-70 ThllIIons 1955 

Barley 

9 22 O'Sullivan et al. -1982!-

Alfalfa 

23 52 Schrei bner 1967 

2 
* per 1 

(. 
1 percentage 
& Bar 1 ey 1 s IIIOst adverse 1 y affected ' 
! An exalple frol a y1eld 1055 equat10n for barley. 

" 
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., 
be cl assed as a honey plant (Oehers 1927). Young shoots are sOllet111eS eaten by 

graz1ng anhaals. Lil1ted hUllan consulption 15 reported in Russfa and by north 
" 

Alerfcan Ind1ans (Rogers 1929). 

3.6 Herbicide and Other Control Measures 

Consistent wfth .ost perennial plants with ril1fying root systeras, 
o 

culttvat10n and chellical control of Canada th1stle are unrel fable. 

Cul t1 vati on 

, ' 

Cult1vation 15 effective only if repeated regularly (K~rkland 1980). There 

1s ev1dence that the weed is 105t vul nerable at or Just before the buds beCOIie 

coloured and Hodgson (1968) suggested th1s as the best the to culti vate. 

Mowing 

Mow1 ng, as cultivati on," f 5 .ost effecti ve if repeated and can control 

sial 1 infestations in pastures (G11chr1st 1923, Welton et al. 1929, Moore 

1975). To prevent viable seed production, .owing should be conducted 8 to 9 

days after flowering (Derscheid et al.1956i. Arny (1932) found that cutting at 

full 01001 delayed emergence the followfng year. Grazfng affects theweed as 
, 

does IItOwi n9 (Moo re 1975). 

Coapetitive crops 

Alfalfa and SOie forage grasses can control Canada thfstle infestat~ns 

(Robbi ns et al. 1942, Thrasher et al. 1963, Schreibner1967, Moore 1975). 
o 

Canada.th1stle 1s not cO.lIOn in older grassland, probably due to reduced l1ght 

1 ntensi ty, which Hlits growth (fykse 1980). Crop rotation includfng a 

cOlpet1t1ve crop 15 also ilportant as a contro1 1e85Ure (80wer 1980). 
o 
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Herbicides ... 

Canada thi st 1 e i s rated as i ntermedi ate 1 n response to 2,4-0 

«2,4-d1chlorophenoxy)ac~iç acid),MCPA ([(4-chloro-o-tolyl )oxy]acetic acid), 

2,4-DB({2,4-dichlorophenoxy)butyric 
1 

acid), mecoprop 

(2-( 4-ch l oro-O-to 1 yl )oxy]propi onic aci d) 1 and between suscepti ble and 

i nterllle<:i\ate for di camba (3: 6-di ch 1 oro-O-ani si c aci d) (Ont. Weed Comm. 1983). 

, Herb\ ci de contro 1 both 0 n ar ab 1 e land and gra.s land i. di f fi cu 1 t. 
1 

Although shoots and parts of the root systelll are ki lled, cOMplete Id 11 of the 

root system' 1s vlrtually -i.possible, except with plcloraRl 

(4-aIR1no-3,5,6-trichloropicolinic acid) (Kreps and Alley 1967, Hodgson 1968, 

Moore 1975, Vanden Born 1980). Th\s 15 because the herbicide 1s generally not 

translocated i nto the - root systelR (Burt 1974, Barradari e et al. 1980) . 

Treatments that 1 ncrease root bud aeti vi ty (growth hormones) may ~ i ncrease the 

alOunt of herbicide tran510cated to the roots. Research wfth growth hormones 

shows some promise (Kossatz et al. 1980, Sterrett anti Hodgson 1983). 

2,4-0 and MCPA use has reduced the prevalence of Canada thistle especially 

in 5111a11 cereals (Chancellor _ 1973). 2,4-0 and MCPA are more effective wfth a 

co.petit; ve crop (wheat, pasture grass or silage corn) and with nitrogen 

fertilization (Hodgson 1968, Carpenter 1972). However, repeated treatments of 

2,4-0 and MCPA are needed to control Canada thistle (Moore 1975). SODle 

herbicides are IIOre effective if applied at bud to bloom stage (glyphosate 
-

(N-(phosphonomethyl )glycine)(Eady 1980), amitrole (3-amino-s-triaiole) (Billett 
. . 

1980)) and others between vegetati ve stage and bud stage (di camba, phenoxys) 

(Marri age 1980). Soil sterilants can provide control for the season, but root 

recovery occurs (Moore 1975) .. Repeated steril i zati on woul d be requi red and i s 

1 
" 

.. ">1 
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not recoa.ended. 

A problel w1th Canada thistle ~ control is a d1fferent1al response to 
~ -

herbic1des by ecotypes (freisen 1968, Hodgson 1970, 1973, Hunter and S.ith, 

1972, Marri age 1973). Th1 s 15 IlOt due to dH ferences 1 n li pi d content (Hodgson 

1973), stoutal'" variations (Hodgson and Moore 1972, Hunter and Slith 1972). 

leaf vei ght (Hunter and 5., th 1972) or phenotypi c vari ati ons (1 eaf and fl ower) 

(Hodgson 1970). Burt and Muzik (1970) found differences fn alterat10n of 

nitrogen lletabolisa between resistant and suscepti ble ecotypes. 

1 4 8i 01 ogi ca 1 Control of Canada Th1st 1 e 

Classical biolQg.ical control " . 
The classical biologfeal control progra. for Canada th1stle. was initfated 

1 n the 1 ate 1950 1 s. Surveys for phytophagous 1 nsects associ ated with Canada 

thistle began in 1959 1 n western and west-central Europe, parts of the 

Mediterranean area, Iran, northern Pakistan and Japan (Zwolfer 1965, 1969)~ 

Zwolfer (1965) found 78 f nsect species, 'si x of whi ch vere ItOnophagousj Urophora 

cardu1 (L.), Lobesfa ful1gana Hb, Lella cyanel1a (L), Altica cirsff Istrelson, 

Chouphfs cf rsf f C8, and Capf tophorus braqgf (G111.). Severa 1 narrowly 

o1igophagous species were a150 found; Urophor.a stylata (F,), Altica carduoru. 

Guer. and Ti "gis a.pl fata (H-S). Five of the above specfes were selected for 

further detailed study, three have been released f n Canadaj Urophora carduf, 

Altica carduorUlI Guer1n .. Meneville and Ceutorhynchus litura (F.). Lella cyanella 

and Tf ngis allp H ata have not been authorf zed for free rel ease al though Leu 
-

cyanella 1s be1ng evaluated in restr1cted field trials in cage experilents. 

,A1t1ca carduorua (Coleoptera: Chrysomelidae) 

.{<J ..• 

~ .' 
" l' 

1 
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This leaf defoliat1ng and shoot feedi ng beetle was the f1rst of the 

candidates to be studfed. After exalinatfon of the- life history and ecology 

and prel i.1 nary screeni n9 (Zwo 1 fer 1965), the insect was submi tted to intense' 

ho~t specifici ty tests wfth a rèported feedi n9 range restri cte<! to Cirsf UI, 
, ,. 

Silybul, and Carduus of the subtribe Carduineae with a preference for Canada 
~ 

thfstle (Harris 1964, Zwol fer 1969). Releases were l'ade frai 1963 ta 1970 

across Canada, in South Dakota and other parts of the Uni ted States and in 

Br1ta1n. None of the colonies s'urvived (Baker et al. 1972, Andres and Davis 

1971, Peschken et al. 19i'O, P~chken 1977a,Andres 1980, Peschken et al. 

1980a). Analysis of the results indicate that failure 'Was probably due to 

collbined factors of unsuftable clfJate (Peschken et al. 1970, Baker et al. 

1972, Schaber et al. 1975, Peschken 1977a) and predation (Peschken et al. 

1970, Peschken 1977a) . 

Ceutorhynchus l1tura (Coleoptera:Curculionida,) 

ç. litura. rated by Zwolfer (1965) as allOst IOnophagous, 1s a weevil wfth 

a vari et y of attack'i strateg1 es depend1 ng on i ts stage. The 1I1a91 nes and 

.ovfpositlng females feed on the leaves of the rosette and older plants and the 

larvae mine the stems down to the root collar and sometfmes 1nto the root. 

Heavy larval attack seriously reduces plant vigour. Host specificity tests 
. 

f ndi ca te that Ç,. - 11 tur,a 1 s restri cted to Ci rsf um, Si lybum, and Carduus genera 

with Canada th1stle as the primary host (Zwolfer and Harris 1966). Releases 
~ 

lade between 1965 and 1967 1n Ontario were found to thrive (Peschken and 

'Beecher 1973, Peschken 1979). further releases made between 1973 and 1978 in 
" 

four other provinces (Saskatchewan, Alberta, British Columbia and New 

Brunswick) ar_~_all increasfng (Schroeder 1980). Although exact effects on 

population density are 'uncertain, 1t no" doubt stresses the plant and ft 1s 
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rea$onable to continue releases (Andres 1980, Peschken 198Oa). A1so~ thfs 

1nsect does not 10terfere w1th the 11fe cyclj!S of prevfously existfng fauna; an 
~ 

lIportant consfderation in bfologica1 control. Ç,. 1itura rates at between 17 

and 20 on Harrfs' seale (Harris -1973a) of effect1veness (Peschken and Wilkf nson 

1979). 

Leie cyane1la (Coleoptera:Chrysomelfdae) 

Zwo lfer (1969) . "- found fJl host specificity 

tests f n Europe that '=.. cyane 11 a Feed exbl usf vel y on the Ci rsf u., Carduus and 

Sflybu. genera; sill1ar to the feedfng patterns oF the two other beetles • 
already dfscussed. Adults and larvae Feed on the leaves of Canada thistle and 

cause considerable dallage. It fS' eOlpatible with other released insects. 

~ 
Further host speciff c1 ty tests vere perforlled f n Canada .( Peschken and Johnson 

-
1979) and ft was recollJlended for release, once it was reared c1ean of a Nosellla 

, 
di sease. It survi ved cage tests f n Saskatchewan and was rated by Hard s' 

effect1veness SCOFe (Harrfs 1973a) at 22 of a possible 45. However, 'sinee thfs 

the, release has been prevented untl1 questions coneerni ng the ttlreat of, 

exti nctf on or severe damage 'to endangered natf ve Cf rs i um are addressed ( Andres 

1980, Peschken et al. 1980b). 

. 
Tfngis 81plfata (H.S.) (Tfngidae:Heteroptera) 

Zwo lfer (1965) rated I. a.p 11 ata as 011 gophagous and 10 Europe i t 1 s 
'1 

conffne<:! to Cirs1u. arvense. This lace bug sucks on the leaves and apparently 
\ 

produces a toxi n 'that causes the leaves to yell ow, wri nkle and dfe (Peschken et 

al. 1980b). Si nce I. allpl iata was eonsidered host speci fic by Southwood and 

Scudder (1956), further tests were performeo-on f nsects i Alported from Bri ta in 

to Canada. The i nsect was found capable of productf on of viable eggs and of 
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deyeloplent on the econolic plants safflower and globe art1choke (both grown in 

North Aleri ca) . 1 t was therefore recolllended that 1- a.p 11 ata not be rel eased 

f n Canada (Peschken and Johnson 1979, Peschken et a 1., 1980b). 

Urophora cardui (L.) (Diptera: Tephritidae) 
j 

The 1 aryae of th1 ~ host speci f4 c f1 y cause the foruti on of 1 arge ste. 

gal1 s. Thi s 1 nsect has been rel eased f n Canada si nce 1974 and 1 s survf yi ng 1 n .. 
several Canad1an locat10ns. Sfnee th1s is one" of the ~e study insects, 

deta f 15 will be gi yen 1 ater. 

Un1ntent1ona1 or acc1dental introduction 

Severa 1 ende.ie or at least ,aceidentally 1ntroduced natwral enelfes 

al ready oecur on Canada thi st 1 e. Sole of these 1 nsects f nc 1 ude Ore il fa 

ruffcauda F.. The larvae of thfs nall fly feed upon the developfng seeds of 

Canada thfstle. Cleonus ~ larvae feed in the root crown reg10n of Canada_ 

thi st 1 e plants. Th1 s f nsect was fi rst found in Canada f n the ear 1 y 1 ~O 1 s. 

Several stag~ of the tortoise beet1e Cassida rubig1hosa defoliate the leaves 

of Canada thistle. Thfs insect was first reported in Canada in 1902.· Zwolfer 

(1965) rated these insects as olfgophagous. In addition, a host specifie rust 
1 

Puccinia punctfforais a1so occurs in Canada and was inc1uded with the insects 
.' 

as part of this study. 
{ 

The pur pose of th1s study was to exal1ne the stress physiology of a 

perenn1al weed under the effects of several natural enel1es attacking different 
l 

\ 

plant organs. 80th quantitative and qualitative ~hb,ds were used to deter.ine 

daMge levels, for a better understanding of the effectfveness of the v~rious 

types of' dallSge and responses of the plan,t to the dallage. The ~ chosen for 

. . 
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the case study vas Cf rsf u. arvense and the natura 1 enelli es chosen were: Ore 111 a 

Y'uficauda- 'a seed head flYi Cassida rub1g1nosa- a leaf defol iat1!19 beetle; 

Utophora carduf- a stell gall-caus1ng flYi Cleonus e!sm:- a root crown 

i nhab1t1 ng weevl1 and PuÇci ni a punctt forli s- a systeti c rust. 
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k. Ffeld Experf.nts 

A.t Mater1als and Methods 
\ . _ 2 

Over two su.mers (1981 and 1982) seasonally permanent quadrats (0.25 m ) 

vere chosen by a .od1fied strat1f1ed technique in four'fields on the Macdonalij 

(l Col_legê' far. (Fig. 1). The number of quadrats sa.pled per site were: 75 ; n 1981 

and 60 1-n 1982 for site 1, 40 in both years for site 2, 20 in 1981 and 30 in 

1982 for site 3 and 40 in both years for site 4. The initial plant populations 

exal1ned were: 463 plants 1n 1981 and 394 fn 1982 for site 1, 322 in 1981 and 

188 in 1982 for site 2, 156 in 1981 and 208 in 1982 for site 3 and 177 ' in 1981 

and 92 in 1982 for site 4. Data taken at each quadrat at each samplfng date

fncludedj nu.ber or plants, plant height, d1seases and insects attacking each 

plant, nu~rs and 1 ife l cycles of natural ene.fes, tiling of flower bud and 

flo"(er production ànd flower nuMber. So11 texture Wa$ detenined for each 

site. 

For each date, the heights of the Nhealthy· or non-attaëRed plants were 

co.pared to the heights ~f attacked plants by the Student's t-test. Each 
. .. c. 

category was corapared with f'ts counterpart over the two years (where avallable) 
1-

for ,any _ height differences by the Student's t-test. For simplicity, the 

occurrence of Puccinia punctiforais will be referred to as Rusted(systemic or 

sys) when the infectfon fs systelfc and a~ Rusted(secondary or SR) when the 

infection 1s secondary or localizedj ,Cassida rubiginosa as Defolfated(Oefol)j 
" UrOphora car,duf as Galled '(MS- mainshoot and SS-s1deshoot) and Cleonus ~ as 

Root Crown fnhabited (RCrown); unidentffied stem borer as Boredj Sheep damage 

as Trampled; Aster Yellows as Asters and unidentffi~ brown aph1d as Aph1d. 
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A.2 Results 

Site 1: Cow Pasture 

Thfs 15 an approxi18te1y 5 ha field containing a nu.ber of thistle patches 

and 15 grazed by :dairy cattle. The soil texture was determined to be a clay 

10a.. The area sampled covered a hollow which was fairly we1l drained and a 

regton ,of IOderate incline. The thist1e was of the variety horridul and the 

l8in population was a feaale clone. The associated vegetation > was 

close-cropped grass, clover (Trifoliul) spp., dandelfon (Taraxacu. officinale 

weber), plantain (Plantago Major L.,) and t1110thy (Phleu" pratense L.). 

, 2 ! 
Canada thist1e density was fairly hfgh with a maximum of 25-27 plants/.. ' 

The natural eneaiés present included rust(systemic) (5-24~), defoliation (low) 

and gal1 (fncreased to 7~ in 1982) (Table 5). Rust and defoliation plants were 

sign1ficantt'y taller and gall(MS) plants were significant1y shorter !han 

hea1thy plants. Rust(systeaic) plants had no f10wer production, defoliation 

and 9~11 plants seeMed to ,have more plants bearing flowers than hea1thy 
\ 

plants. The plant hefghts were s11ghtly lower in 1982,' as was flower 
l " 

production (Table 6). 

Site 2: Sheep Pasture 

This is an approxilstely one ha field and was used to pasture sheep. The 
, 

soi1 texture was deter.ined as a sandy loa~, but IOre fine textured than the 

.( 

other sites. The area sampled was on a slig~t incline, the soil was well 

drained and there was a good stand of mixed pasture grasses. The thistle was 

of the variety horridum and there were two clones; one male and t,he other 

female. The Sheep caused considerable damâge to the thistle population, ( 

L 
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Table 5. Population Dyna.fcs of Natural Enel1es of Canada Thistle Site 1 

Sa.pl1ng Dates 
. 

32 

20/0SI126/05@ 041061108106 24/06//22/06 24/07//21/07 19/081116/08 
Plant 
Condit1on 

2 . . 
----------Density(per m )(Frequency(~»{Proportion of total(~)}---------------

Total 
1981 24.8(100){-} 23.2(100){-} 20. O(100){-} 18.4(100){ -} 22.8(lOO){-p 

1982 26. 4( 100){-} 26. 4(100){ -} 24. 4( 100){ -} 12.0(lOO){-} Il.6(lOO){-} 

Healthy 
23.6(100){96} 22.4(1ÔO){96} 16.8(100){96} '1961 16.4(87){93} 16.8(100){93} 

1982 24.B(100){B2} 16.8(100){79} 12.0(73){70} 4.0(35){26} 0.3(8) 

'Rusted (Systelllic) 
1981 1.2(1l){4} 1. 2(l1H4} O.6(8){3} O. S( 1O){5} O. 4( 1. 4 ){5} 

1982 5.2(45){10} 4.4(42){20} 4.4(43){24} 1. 2(21 ){a} 0.1(3) , 

Rusted (Secondary) 
1981 

1982 O.1(3){1} 10.4(8){6} 9.2(88){60} 12.0(97) , 
~ 

Defolfated IRusted(Secondary) '" 1981 
~ 

1982 O.8(16H4} 0.4(9){3} O.2(5){2} 

Galled 
1981 - 0.4(3.4){2} 1. 2(4H2} 

...---' 
1982. - .::::..;:------~ - -

w 

Gal1ed/Rusted(Secondary) li' 

1981 
.-

1 

1982 0.8(2){1} 0.4(9){2} O. 8( 15H5} 
, '" 

Defoliated " 

1981 - - - O.1(3){1} O.1(3){1} O.2(4H2} 

1982 - . - "-
!.1 

@ Sa.pl1ng date for 1961J/date for 1982. , 
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Table 6. Hefghts and Flower Production -Site 1. 

~ant 20/05//26/05 04/06//08/06 24/061/21/06 24/07//21/07 19/08/116/08 
Cond. 1981 1982 - 1981 1982 1981 1982 1981 1982 1981 1982 

----------------------------Height(cm)---------------------------------------
Total 8. & & & .. & & 

1 14.0 15.0 28.9 24.0 43.6 34.9 51.3 43.6 48.8 46.6 

Healthy & & & & & & 
14.2' 14.8 28.8 25.1 41.3 33.0 49.4 43.6 53.0 44.4 

Rusted( sys) .. * * 
" 15.5 18.4 29.6 33.3 41.3 42.1 42.1 

I~, 

GalledMS * .. * . * * 5.0 13.3 17.0 ' 24.5 26.5 

GalledSS ,. .. 
·15~6 27._6 42.4 56:5 60.3 

Oefol/Rusted(sys) .. .. * 
17.4 . 31.7 45.7 63.3 

Où 

--------------------------------1 with flower buds-~~--------------------------
T ota 1 0 0 0 9 46 59 25 27 23 
Healthy 0 0 0 13 51, 78 29 12 25 

-----------------------~-------l with flowers------------------------------------
\ T ota 1 0 0 0 0 0 0 39 45 

Hea 1 thy 0 0 0 0 0 1 42 

----~--------------------lflowerstS.O. at last samp11ng date----~----~-·---------
" 1981 1982' 

fotal 27.4t24.4 7.8t7.0 
Healthy 23. H17. 3 14.0:tl0.1 
Rusted (s ys) 0 0 
..Defol1ated . 3.0tO Q.0:t5.8 
GalledMS 0 
GalledSS - 10.0;tO 
Rusted(SR) 34.5t27.3 7.0;t6.6 

t-tests:within years no indication-no signiffcant difference from hèalthy 
*-s1gn1ficantly different from healthy-0.05 level 

among years &- s1gnif1cantly different at 0.05 level 
no 1l~di ~atf on- no s f gn1ft cant di fference 

@- sampling dates- 1981//1982 
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espec1 a 11 y - in 1982, when a large f l ock was grazed and a 1 arge nu.ber ôf the 

thist1es within the quadrat5 were trampled and died. Assoc1ated vegetation was 

pri Hri 1 y ta 11 .1xed pasture grasses. Thi 5 fi el d was al 50 the 1 ocati on of the 
./ 

release site for Urophora cardui made in the fall of 1979 (relocated frol 

COlpton, Quebec). 

2 2 
Th1stle density decreased frol 26.4 m 1n 1981 to 18.8 a in 1982. The 

natura1 enemies pr~ent includedj defol1ation (IOre prevalent here than the 

other three sites), gall, rust (.ore in 1982 th an 1981), and borer. Gall 

density and frequency were .1ow and consisted of a small percentage of the total 

population, but increa~ in 1982 to an average of about 10~ of the population 

(Table 7). Defoliation plants and ga.ll (SS)'/Plants were at tilleS ~ignif1cantly 
taller than healthy plants, whereas the MS gal1ed plants were sign1ficantly 

shorter. The percent age of plants w1th flo~rs is very h1gh for gall(55) and 

borer plants, indicating little inhibition of flower1ng by these natural 

eneaies. Flower production was si.flar for aIl natura1 enemy combinat10ns, 

except for the MS galled plants which had not produced flowers by the sampl1ng 

date. There is no apparent difference 1n growth and deve10paent between the 

two years (Table B). 

Site 3: Trans-Canada 

This is a s.all area « 0.4 ha) of ground parallel to the fence beside the 

Trans-Canada (Hi ghway 40) "~nd near a Macdonald farm fiel d. The 5011 i s 

gravel. The quadrats ran para11el to the fence. Two clones of thls~les, - one 

.ale and the other fe.ale were fncluded in the quadrats, both of the 'var1ety 

horridu •. The soil was wel1 drained. Associated vegetatfon inc1-udedj infxed 

grasses, tufted vetch (Vicia cracca L.); .ustard spp., EUphorbia spp. 

, 
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Table 7. Population Dynalics of Natural Enemies of Canada ThistJe- Site 2 

Sa.pling Oates 

16/051116/05@ 01/061102/06 18/06/117/06 17/071130/07 23/07//29/07 
Plant' 
ConM't1on 

------------Densfty(per m~frequency(J»{Proportion of total(~)}--------------
Total' 

1981 

1962 

Healthy 
1981 

1982 
'. 

26.4( 100){ -} 

18.8(lOOr{-} 

, 23.6(9t:l){90} 

lO:O(93){62} 

Oefolfated 
1981 1.2(18){4} 

1982 .O.8(8}{4} 

Galled' 
1981 

1982 

Rusted(Systemfc) 
1981 1.6(14){6} 

1982 5.6(33){34} 

Oefoliated/Galled 
1981 - - -

Bore<! 
1982 

Trallpled 
1962 

Aphid 
1982 

.24.0(100){-} 20.8(100){-} 19.2(lUO){-} 18.4(100){-} 

20.4(100){-} 10.4(lOO){-} 12.4(100){-} 

21.6(96){90} 18.0(98){B6} 14.4(97){74} 9. 6( 100 ){54} 
_!J.; 

10.0(lOO){62} 5.8(SO){46} 4.0(35){3} 

1.2(22){5} 2.4(33){12} 3.2(39){1} 2.4(31){13} 

1.2(31){lO} 2.B(41){21} 2.4(47){21} - - -

- 0.8(19){4} 3.2(45){18} 

-.. 1. 4(24){1l} 

1.2(lS){S} O.4(6){23) 0.~(6){23} 0.8(14){S} 

4.0(8){23} ~.8(9){5} 

- - - ~O.4(11){3} 1.6(24}{9} 

1 

O.3(8H2} a.2(6H2} 

O.3(8H2} O.3(44){25} 4.8(65){36} 4.0(60){42} 

O.1(3){1} O.2(6){2} 

@ Sa.plfng dates 1981//1982 
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Table 8. Hefghts and flower Production - Sfte 2. 

Sallplfgg date 
Plant 16/05/116/05' 01106/102106 18/06//17/06 07/07//30/06 23/07112~/07 
Condition 1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

. 
Total. 

------------------He~ght(cll)-----------------------------------------

21.1 

Healthy 23.4 

Oefol * 
18.6 

Galled/Defol 
21.6 

Galled/MS * 
13.7 

Gal1edSS 
21. 9 

Rusted(Sys) * 
18.7 

Bored 

39.8 45.0 53.8 55.0 65.7 69.8 

41.7 '46.2 51.6 58.5 64.6 70.5 

& & * 
40.7 51.0 62.0 61.1 81.8 72.4 

* & *& & &* 
44.8 42.0 67.3 32.0 85.3 51.0 

* • * 
23.7 29.3 32.5 

* • * 40.6 54.5 55.8 71.8 76.2 91.3 

* • * * 35.7 32.3 33.0 39.8 43.0 

* * 
52.0 49.0 

69.2 

73.8 83.6 

* 
90.8 81. 7 

.85.9 

* 
38.8 

75.0 

49.0 

--------------------------------s vith flover buds------------------------------
Total 0 
Healthy 0 
Defol 0 
GalledSS 0 
Rusted(Sys)O 
Bored 

o 
o 
o 
o 
o 

4 
8 
o 
o 
o 
o 

41 
64 
93 
o 
o 

65 
91 

o 
11 

100 

c 16 11 10 
31 79 25 5 

21 
17 25 25 0 

o 0 
100 

-------·-------------------------s with flowers---------------------------------
Total 0 
Healthy 0 
Oefol . 0 
GallSS 0 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

31 
31 
87 
20 

42 60 
43 82 
87 
100 100 

---------------------------, flovers ! S.O. at 1ast sa.plfng date--~-----
1981 1982 

Total 30.5,t32.5 
Healthy 15. Qt8. 2 31.7%16.5 
Defol. 52.8t46.8 40.0!22.1 
Gal1edSS 44.7t45.9 38.0ta 
Gal1edMS only flower buds 
Bored . 3"4. ~9. 0 

t-te~t Withfn Years 

AlIOng years 

no indication-not s1gntftcantly different frol healthy 
*: significantly dfffer~nt at 0.05 level FrOM healthy 
&: sfgnif1cantly dffferlnt at 0.05 level 
no fndication:' no sfgnfffcant difference 

1 
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.111 k::-(Asc 1 epl.. syrl aca L.), dande 11 on, bu.).; (ArCtl UII l100s Hlll),· and 
• 

SOie shrubs and s1811 trees (Poplar spp). 

2 
Th1stle densfty was high with greater than 30 plants per 1. The natural 

enelies present inc1uded; defo1iat1on, rust(Syste.1c and SR), asters and root 

crown 'nhabitor. Rust was a COllOn natural enely and contributed 15-30~ to the 

,total population. Defoliation occurrence was variable and was less in 1981 

than in 1982 (Table 9). All heights were significantly lower in 1982 than in 

1981. Rust(syst) plants were taller early in the season than he~lthy plants. 

Defoliation and root crown fnhab1ted plants were often tallér than he~lthy 

plants. flowering paraleters were-~Iilar for all conditions (Table 10). 

Site 4: Beef Barn 

Th1s 1s an abandoned field (approxil8tely 0.5 ha) near the Morgan 

ArboretUM. The land is level and ··the soil texture was deterMined as a s~ndy 

clay loa.. The plants were of the' variety horriduM s.v. albifloruM. 

Associated vegetation included goldenrod (Solidago spp.), Physalis spp., mixed 

grasses, vetch and dandel ion. 

Thistle density was 10wer at this site than the other sites with less than 
2 

20 plantsJ. ~ The rust(syst) proportion of the total population re.ained the 

sale at 22~ for 1981 and 1982. The natural ene.ies present were defoliation, 

rust(syst), root crown inhabitor, borer and asters. Asters disease was ~st 

co.mon at,this site (aaxiau. of 24~) (Table 11). There was no great height 

difference found over the two years. Rust(syst) plants were significantly 

taller at the beg1nning of the season than healthy plants. There was little 

dffference in flower production for plants attacked by different natural eneay 

cOlbinations (Table 12). 
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Table 9. Population Dynalfcs of Natur~l Enelies on Canada Thistle- Site 3. 

SalBp 1 i ng Oates 

Plant 29/05//26/0se 18/061124/06 . 22/07//22107 20/061119/08 
Condition 

2 ' ------Oensi ty (per m )( Frequency (~) ){Proporti on of _ tota 1 (1. )}---------
Total 

1981 

1982 

Healthy 
1981 
1982 

Defol1ated 
1981 

1982 

31. 2(100){ -} 

33. 2( 100H -} 

20.8(100){67} 
21.2(96){65} 

o A( 10. H2} 

6.4(60){20} 

Rusted ( Syste.; c) 
1981 8.4(55){27} 

1982 8.0{40}{15} 

Rusted(Systemic)/Defol. 
1981 O.4(5){1} 

1982 O.4(6){1} 

Oefol./Rusted(SR) 
1981 

, 1982 

Rusted(SR) 
. 1981 

1982 
Root Crown Inhab1ted 

1982 -

Bored 
.1982 

26.4(100){-} 14.8(lOO){-} 

27.6(lOO){-} 20.0(lDO){-} 

16.4(83){62} 6.8(60){45} 
18.0(lOO){57} 12.0(86){54} 

1.6(22){6} 

8.0(83){25} 

5.2(SOH20} 

2.0(30){7} 

O.4(6){2} 

2.0(13){2} 

1.6(17){4} 

1.6(17}{4} 

O.2(SHl} 

O.4(9){1} 

.., 
1.2(13){9} 

1.6(18}{7} 

2.0(33}{1i4} 

1.2{23){5} 

O.2(SHI} 

O.2(SHI} 

@ Salpl1ng dates 1981//1962 

14.0(lOO){-} 

22. O(100){-} 

-. 

4. 4( 55){31} 
4.0(55){22} 

4. B( SO){25} 

2.0(36){lS} 

2. B(40){14} 

6.6(64){49} 

6.4(75){34} 

O.4(S){2} 

O.2(S){1} 

\ . 
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'Table 10. He1ghts and Flower Production - Site 3. 

Saapling Dates 
29/051126/05@ 18/061109/06 03/07//24/06 22/071122/07 20/081/19/08' 
1981 1982 1981 1982 1981 1982' 1981 1982 1981 1982 

, ------------------------Height(CM)------------------------------
Total & & & & & & & & 

28.5 20.9 61.3 34. a 86.5 44.2 92.8 59.6 92.5 60.9 

Hea~thy & & & & & & 
26.4 19.5 59.6 29.5 84.2 44.6 

& '& 
89.6 44.0 

& & 
69.9 59.8 84.4 

Rusted(Sys) *' -& " & .& 
30.9 22-.7 ' 64.4 35.9 57.0 

_Rust( sys) IDef* • & .& 
37.0 35.0 63.0 52.0 n.3 

. 
· Oefol. • & & *& & *' & • 

21'.5 63.5 33.7 95.3 47.0 102.3 61.1L 101.8 56.9 

" Root Crown • * 24.5- 44.7 52.7 72.2 76.0 

Rusted(SR) & & 
45.3 98.8 60.6 84.4 65.8 

-----------------------------------~ Yith flower buds---------
Total 0 
Healthy 0 
Rust( syst) 0 
Rust(sy)Oef 0 
Oefoliated -
Rust(SR) 0 
Root Croyn -

0, 
.0 
o 
o 
o 
o 
o 

24 
34 
o 
o 

38 
o 

21 
24 
o 

50 
27 
o 

16 

44 50 
44 50 
8 8 
o 

7,5 30 
75 

- ,50 

17 7 
17 7 
o 0 

6 
o 

J 

o 

o· 
,0 
o 
o 

o 

----------------------~ with flowers-~---------~---------------

o 
33 

3 

· Total 
Healthy 
Defol. 

. 0 0 a 0 . 7 1.. 63 58 ' 84 t?6, 
o 0 0 0 14 1 78 53 59 

Rust(SR) -
o 0 0 0 27 72 .60 80 

71 93 

· ---------------------------------1 flowers %5.0. at last sa.pling date--------
1981 1982 

Total 25.'5%25.7 21. 7t17.4 
Defol. 23.1%17.1 25.1:23.9 
Root Crown 43.2,t47 22. <>:12. 7 
Rust(SR) 22. 3±22. 3 21. 9;t18. 2 

t-test Within years no indication- not sfgniFicantly different Fro. healthy 
, *= s1gnfFicantly different at the 0.05 level fro. healthy 

Aaong years &= significant difference at 0.05 level ~ 
no indication: no sfgnificant difference 

@ saapl1ng dates- 1981//1982 

.\ 
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Table 11. Population Dyna.ics of Natural Ene.ies of Canada Thistle- Site 4. 

Supling Dates 
27/051101/06Q 17/06/115/06 02/071/30/06 22107/101108 08/08/124/08 

2' . --.. --------Density( Per m )( Frequency(l) ){Proporti on of total (l)}--------

Total 
1981' ~. '17.6(lOO){-} 15.2(100){-} 14.0(100){-} 14.0(100){-} 12.4(lOP){-d 

1982 17.6(lOO){-} 18.4(lOO){-} 18.Q(100)'{-} 12.8(100){-} 12.4(100){-} 

Healthy c 

1981 12.4(88){73} 10.O(90){62} 'lO.O(93}{66} 9.2(8~){67} 8.4(91}{70} 

1982 11.6(85){74} 7.6(75){57} 5.2(68}{33} 4.8(69){42} 3.6 69 60 
ft ' 

Rusted(Syste.ic) ~ 
1981 3.6(28}{22] 3.6(27){21} 1.2(14){8} O.8(B){5} O.4(5){3} 

1982 2.~(30){18} 2.8(23){21} 2.8(~6){17} O.8(16){10} 

, Asters 
1981 - - - \- 2.0(27){12} 2.4(32){16} 3.2(84){24} 4.0(62){20} 

" 

1982 

Aster/OefoH ated 
1981 

Oefoliated/Rusted(syS) 

2.8(37){22} O.-8(16H5} O.8(lS){10} 

O.8(14){6} O.2(4){I} 

1982 O.2(S){1} O.3(8){2} O.1(3){1} 

Bored 
1962 

Rusted(SR} 
1962 

Oefolfated 

O.3(3H2} 

1981 O.8{lO){6} 

1982 O.8{15){5} 

O.8(13Hn O.8(16H5} , O. 4( 17H5} O.3(8){5} 

2.0(16){12} 2.0(29}{18} 

O.8(12){5} 'O.4(14){4} 0.4(12){3} O.8(14){6} 

1.6(28){12} 1.6(32){lO} 1.2(34){13} O.3(8){S} 
Il 

@ Sa.pl1ng dates 1981//1982 
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Table 12. He1ghts and Flower Production- Site 4. 

Sallp Jing Dates 

< 27/051101/0f)@ 17/06/115/06 12107/130/06 22/071111108 08/08U24/0.B 
'1981 1982 1981 1982 1981 1982 1981 1982 1981 1982 

---:-~----------~----He1ght(c.)-------------------------------------
Total & *& & *& &, *& * * 

16.9 33.4 41.1 46.1 54.1 60.2 66:3 70.5 73.0 
Healthy & & ! , 

15.8 30.1 40.7 40.9 52.6 50.6 65.3 62.5 67.6 
Rust(sys) *& & & .& • * 

20.8 35.5 40.9 47.3 50.2 58.8- . 53.0 

Rust(.sys) /Def. • 
50.0 61. 7 n.5 

Aster/Rust(SR) " • .. • 
/ 29.4' , 44.4 61.8 . 74.2 76.5 

80red • • * 35.0 37.5 41.0 52.0 60.0 

Defol. ~ • 
34.4 49.5 58.5 76.6 78.9 

.r, '. Rust(SR) *' '" ~~ 

31.8 4:h9 5]>.9 69.6 71.5 

-----------------------~ wtth flower buds-------------------------
total 0 0 15 22 28 51 '. 1 0 0 
Hea J thy 0 0 12 25 38 52 5 2 10 0 
Rust.,(sys) , 0 0 0 0 0 1'0 ~ O. -
Oefo 1 . 0 40 73 0 '- 0 

~~~'---~----r·--g------i ~f th rers~~-----3h----~----~--~-(-
Rust{sys) 0' 0 0 ,0 0 0 -, 17 - - \ 
Oefol. 0 "0 0 ,,,---:~,, 0 63 63 
Asters 0 0 0 0 '0 0 -'~ - 58 67 

, " 

----------~-----------Î of flowers tS.D. at last salpl;ng·date------

Total 
Healthy 
Rust(SR) 
Asters· 
Defol. 

1981 '1982 ' 
'21:4t17.1 17.5d4.1 
1B.&,t17.3 12. It9. 4 

17. SilO. 6 
17.8t13.4 17.8t18.5 

21.8tlS.5 

t-tests Within years ns- not s,igniffcantly d1Ffere~t Fro. healthy 

~ .. 

*- sign1ffcantly different at 0.05 level From healthy 
AlOng years &- s1gn1ffcantly dffferent at 0.05 level 

. n~ 1 ndi cati on- no si 9n1 fi cant di fference 
@ salpling dates 1981//1982 

, . 
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Overa 11 Vi!W: 

,Oens1ty and frequency of healtf1y plants slowly decreased 'over the SU_l', 

~~ a larger proportion of the plants acqufred dauge by a natural enely. Rust 

(sy,st )14 WIS t~ IIOst COlllOn in s1 te ,3 (rab 1 e 13). The root crown 1 nhabitor was 

, IOst noticeable at sfte 3, where the 5011 was the poorest. Galls were found in 

two sttes i ,si tes 1 and 2 and had al 50 li grated to 51 te 3 f n -1982 at a very low 

1 eve l ( none 1 n the salp 1 es) . He1 ghts were' genera 11 y lpwer f n 1982 than in 

1981~, Flowerf ng was reduced by MS ga11 occurrence and by rust, but not 

generally affected by the other natural enelies. 
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..... 
'A. 3 Di scussi on: 

Fi e 1 d resu l ts 1 ndi cate<:! that 1 n genera l , Cass 1 da rubi 91 nosa vas not a 

COlllOn natural enely (lov density and Frequency) and that the plants with ç. 

rubi 9i nosa dauge -are gener! 11 y- taller than plants whi ch are not attacked by 
'1 

any natural ene.ies (healthy). This lia Y be due to the possibnity that the 
-

1 nsects vere attract~ to the ta 11 er plants 1 n the popul ati on or that the lov 

level of defoliation (only .a few plants had greater than 50~ defoliatfon) 

stiluJated plant growth. ~. rubi 9i nos a werp. regul arl y at€racted to systelicalJy 

rusted plants. The percentage of plants that flow~red and the fl~~er 
production for defollated plants were silnar, a1though somewhat elevated above 

those of healthy plants. Fro. this data, ft can be said that in the field, 
.r 

daaage caused by ç. rubigfnosa does not adversely affect plant growth or floral 

producti on. 

Urophora cardui gal1s were not present at site l ,in 1981, but the 

following year' consisted of 5' of the total population indicating a rapid 

spread of the fly since 1ts re1ease in the fal1 of 1979. The gal1 proportion 

decreased in site 2 (release site) over the salle tille', per1od, but this vas 

probably the consequence of a genera1- deCrease in plant density due to sheep 
~ __ ---- 0' 

0--
grazi ng. Si deshoo~---9allêd plants vere genera 11 y taller than hea 1 thy plants, 

whereas liai nshoot ga 11 ed pl ants were shorter. f1 ora 1 produtti on was si 11111 ar to 

the hea1thy fqr plants vith s1deshoot ga115 , but vas ~educed for plants wfth 

aainshoot ga11s. This indicated either that aainshoot ga11s are effective in ° 

reduc1 ng plant grovth and flower producti on or that plants vi th .ai nshoot ga 115 . ' 

were shorter or later e.erging than healthy or s1deshoot galled plants. In 

addition, in 1982, ga11s were al~o found ~t site 3, 1.3 ki1o.eters distant fro. 
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the release site at site 2, 1ndicating a favourable migrafion of the fly 

population. 

Plants attacked by the" ste. borer, as w1th plants attacked by Cassida 

rubiginosa are taller than the healthy plants, but floral production was 

si.11ar. The occurrence of the borer was erratic. Although plants attacked by 

the borer sometimes had shoot dieback and reduced floral production the insect 

has a minor effect on Canada thfstle population dynami,cs, ,since it was 

re1atively rare and erratic. 

Cleonus ~ attacked' plants were generally taller than the healthy 

) plants. This ~~y a1so be due the selec~ve choice of larger plants by the 

fnsect. Plant death due to Cleonus ~ was found only at Site 3 whir.h h"as 

poor soil. Peschken (unpublished) also found ~. ~ was capable of causing 
, 

plant death if the plants were growing in poor son .. 

Systemically rusted plants generally were taller than healthy plants early 

in the season but did not survive the season and rarely produced flowers. 

Rusted plants attained a maximum of 34~ of the total population, but normally 

~ad a range between 10 and 20~ early in the seàson. Rust was least common in 

the cow pasture (Site 1), followed by the beef barn (Site 4) and was most 

co 11Il10 n in sites 2 and 3. Both 'si tes 2 and 3 had good grass growth and are more 

aes1 c thall si tes 1 and 4. Secondary rust was very common at the end of the 

season in 1982, espec1ally at site 1. 

Heights generally were lower in 1982 than in 1981. This could"have been 

due' to climatic influences. The weather. in 1982 was luch drfer than in 1981 

and probably affected plant growth. 
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Aster yellows SYlPtollS were observed at Site 1 and 4. Generally, the 

flover production of aster affected pl ants was not reduced, but the flowers 

vere not norDl and probab 1 y produced 11 tt 1 e po 11 en or seed . 

In su.aary, these natural ene.ies are no doubt affecttng the population 

dyna.ics of the weed or at least s~abi1izin9 the population. The exact 'nature 

of the effects of the varro;;; types of daJlage are not wll elucfdated. In the 

following chapt~rs, the effects of f1ve of these natural ene.ies on Canada 

thistle growth B:nd develop.ent are exal1ned in .ore deta11. 
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B. GAll FORMATION - CASE STLOY. ORGANISM ~OPHORA CARDOI 

B.l Introduction 111 l .. 
B.~l Gall for~tion 

Galls are defi ned as the patho 1 ogi cal developlent or abnorul growth 

reacti on of pl ant ce 11 s or organs b~ hypertrophy (overgrowth or abnorma 1 ce 11 

enlargeœnt) and hyperplasy (cell proliferation or an abnonal 1ncrease 1n 

plant cell nUlllbers) as a result of parasftic' attad: by bacteria, fungi, 

ne-atodes, liftes or i nsects {Ad1 er and Straton 1894, Mani 1964, Fel t 1965, 

Dar li ngton 1968}. They appear genera 11 y as en 1 argel\lents on otherwi se norma 1 

ti ssue. l'he !lite and i nsect orders whi ch cause ga 11 5 are: Arachnf da 

(Eriophyidae or Phytoptidae), He.iptera (Aphi di dae, - Psyllidae and Coccidae), 

Diptera (CecidoMyiidae and Tephritidae), Coleoptera (Buprestida~), Lepidoptera 

(Gelechiidae) and Hymenoptera (Cynipidae and Tenthredinidae) (Cook 1904). Gall 

eausers are generally host specifie to a plant group and in some cases even to 

a faaily, genus or species (Mani 1964,. Shorthouse and Watson 1976). 

'" 

In North Alllerica, IDOst galls are forllled on the following plant faMilies: 

Poaceae, fagaceae, SaI i caceae, Rosaceae and Asteraceae (Shorthouse and Watson 

1976). Galls can occur on any plan~ organ wfth the ~ frequency of galls at 65% 

on 1 eaves, 20l on stems, 12l on buds and the relllai nder on flowers, fruits and 

roots (Mani 1964). Galls are derived fro. host plant tissues. The structure 

and complexity of 9a11s depends prillarl1y on the plant organ attacked, the 

, 
" 
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plant species and the ga11 induc1ng organis. (Adler and Straton 1894). Gall 

forlS range frol near1y norMal to high1y abnorla1 outgrowths. A1though the 

external forll! of 9a11s 15 very variable, the types of histologieal structures ~ 

~re 11.ited. Five types of ga 11 s were deff ned by Adl er and Straton (1894). 

Gall formation usually 1s assoc1ated with flmature insect stages and 

reproduction of the ga11 causer (felt 1918, Darl1ngton 1968). The ga11 

developllent sti mul us, once bel ieved to be 'a chell; cal i njected by the ltiga 11 

.other N (adult feaale for fnsects), probably originates from secretions (Jost 

1907, Kewett 1977) ~nd as a result of feeding actions of the developing 

parasite. CQnstant stimulation is required $lnce if the larvae dies, gal1 

growth ceases (Mani 1964). Recent literature ind1cates that substances similar 
J , 

to plant hormones .ay be'a sal1vary component of insect larvae (Miles and Lloyd 

1967, Miles 1968, Shorthouse and Watson 1976). 

Cook (1923) deffned three stages in 9a1,' formation; (1) ce1l e.nlargement 

and/or di vision, (2) fan ure to dHferentiate i nto characteristic ti ssues of 

the affected organs and (3) the differentiation of specifie gal1 tissues. At 

the onset of gal1 formation, neoplastic ga11 tissue (genera1ly parenchyma) 

grows around the gall causer. Gall' cells are generally larger, have higher 

water content, enr1chêd cytoplasm, an fncrease fn vacuole nu.ber and larger 

nucle; than normal cells. In IIOst ga11s, cell dffferentiatfon occurs radially 

àround the gall causer and not in reference to normal development (Mani 1964). 

64115 are either kataplasmas (structure completely undifferentfated parenchyma) 

or prosop 1 as liaS in whi ch there i s differentf ati on i nto other ti ssue 'types. AlI 

9a11s contain tannin (Cook 1904). As gall development proceeds, the ga11 

acquires its own vascular systea (Adler and Straton 1894). Species dependent 

differentiatfon deterlines the amounts and types of tissues forming the gall. 
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The array of cells and tissues of the 9a11 1s abnorllal, not in the sense of the 

forE bein9 altered, but rather in an abnorlllal abundance in l,Inusual places 

and/or at unusual tiraes or combinations (Mani 1964). As the tissue ages, tannin 

concentrati on decreases and the epi derra; 5 hardens (Adl er and Straton 1894). 

At laturation, there is an abrupt transition. Cell proliferation 

decreases and 'stops, ~otein synthesis ceases, cel1 walls become thickened and 
\.. / 

tell contents disappear or change (Mani 1964). 

Most ga11s are composed of various tissues or zones including nutritive, 

support, vascular and ep1denal cel 1 s. Di rectly surroundi n9 the larval cavity, 

theJ'e 1s usually a zone of ·nutritive tissue" cOlllposed of cells usually rich in 

protei n, fats or starch. Sorne nutriti ve ti ssue has enri ched cytop 1 asm and SOIle 

i5 COlllP05ed simpl:y of enlarged cells. In some 9811 s, an outer ri ng of 

UreserveU material 1s positioned exterior to the sclerenchyma (Meyer 1951, 
l 

1952 a.b, 1954, Mani 1964). Mechanical tissue (thick-walled cellsj lignin, 

sclerenchyma) occurs in prosoplasmic 9a11S and the arrangement can be complex. 

In 9a11s with central larval cavities, it generally develops radially around 

the 1arval cavity. It can occur at any level wfthin the gall (peripheral, near 

the surface or deeper, -somethles near the larval cavity). These cells are 

der1ved from parenchyma and are polygonal or short palisade-l1ke cells (Mani 

1964). The vascular syste. modifications by 9a11 formation can include weakened 

tracheids and inhibition of norlllal. development because the c10sed ring can 

become spread widel:y. New vascular tissue 1s differentiated towards the larval 

cavity, generally ending in phloem elements. These connection are called 

"fafsceux d'irrigation" if the larval cavity 15 near tne vascular bundles or 

"liber elements " if farther away (Mani 1964). Gall epidermis 1s generall y , 

characterized by l arger than normal cel l s. Other poss i ble Jll()dificati ons 
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inelude thickened cell walls or cuticles, fewer stouta and lignification. 

B.1. 2 Stress frol Ga 11 Deve 1 opllent 

" 
Earl y biologieal control documentation cons1dered that the effectiveness 

of gallinsects would be .1n1l1al (Harris 1973b). Harris (1973b) states that, 

Nan insect found routinely on a weed regardless of the plant 'density 15 

presullably not fnflicting ser10us dallage and 1s therefore unlikely to be the 

ItOst effective- agent... IIl1any gall-forllf ng 1 nsects are probabl yin thi 5 
, -

categoryU •.. hav;ng achieved Ma hOlleOsta5is with the1r host that renders thell -' 

incapable of fnflicting serfous dallage ta H.· Although felt (1918) stated 

that uga ~ 1 i nsects 11 ve at the expense of the1 r hosts Il, the degree of damage 

My be lIIinillal. Darlington (1968) states that, IIl10rtal damage ta the colonized 

plant i5 the exception rather than the rule. M Hawever, there can be no doubt 

that the plant suf fers loss of substance, deviatf ons of growth, different i ati on 

and nutr1ent transport, and possible preaature decay due ta the gall (Mani 

1964). 

The question of whether ga11 fonati on is a defense echani s. of the hast 
, 

plant or fts r.esponse to the activ{ties and chea1cal secretions of the parasite 

rellains unresolved (Mani 1964). The 9a11 causer derives three, beneffts frOID the 
" 

association with' its host plant; shelter, food and a place to bre-e<i. 

Convers~ly, the plant utfl1zes llaterial in fon1ng the ga11 whfch otherwise 

would be used in its own Ietabol1sl1 (Darl1ngton 1968). Intuit1ve.ly, 9a11 

developllent should be detrilllental to the host plant. 

-

Gan causers have been and are being used ~ n biological control progralllS. 
-In Hawafi Procecidochares ut11 1s Stone was 1ntroduced to attack pallakani weed 

(EupatoriuIR adenophorul Sprengei) and was effective 1 n reduc1 ilg the weed 
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1 
,population. A gaH 1Î1dge (Agrilus hyperici (Creatzer» was ~ntroduced 1nto New 

Zealand to control St. John's wort (Hvpericum perforatum L.). In Canada, the 

9a11 i nsects Urophora affi nis Frld. and ~. quadrifasci ata \ Meigen) have been 

introduced to attack Centaurea diffusa Lai. and Ç,. IDaculosa Lam.; Tephritis 

di 1 acerata for Sonchus aryens; sand Urophora cardu1 'for Ci rsl UIII arvense and 

Rhinocyllus conicu~ Froelich on Carduus spp. (Shorthouse 1980). and a 

gall-for,lIi n9 nellatode (Parangui na eicridis Kfrj. & Ivan.) has been released on 

Russ1an knapveed ~Acroptilon picridis (L.) OC.) (Watson and Harris in press). 

Dallage to the host plant can be structural and/or phys i 01 ogi ca l. 

, ( Structural dama.ge either disrupts plant syste.s such as vascular system '~r 

dhplaces seed if'the 9a115 occur in the flower heads (Tephritis dilacerata, 

Urophora afffni5. !,l. quadrHascfata and Rhinocyl1us eonfeus) (Shorthouse 1960). 

Physiologieal damage oceurs when assim11ates are redirected towards the gall 

tissues (Shorthouse 1980). Jankiewic2 et al. (1969) fO)Jnd that 9a11s can be 

physiological sinks and this lIay be more common than previously thought 

(Shorthouse 1980). Competition for assi ml1ates may reduce the reproducti ve 

capacfty (floral and végetative) and may reduce plant vigour (Shorthouse 1980). 

There is some evidence that the presence and relative amounts of nutritive 

cell sare proporti ona 1 to the amount of damage. Therefore, those 9a11s with 

thicker nutritive zones or more larvae per gal1 may be more effective for weed 
-

contro 1 (Shorthouse 1_980). Gall causers appear to have a ro lei n bi 01 agi ca l 

control and even if the stress is li.1ted, in cOllbination wlth stresses of 

other biolog1cal control agents and climatic conditions, reduct10n - of weed 

populations may occur. 

8.1.3 Case Study Organfsm: Urophora cardu1 L. (Diptera:Tephrit1dae). 
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Urophora cardui l. i s wi de l Y dfstrf buted f n Europe Frol Sweden, in the 
l ' 

north, to the Hedi terranean 1 n the south and From France in the east to the 

Crilea in the west (Peschken and Harris 1975). Canada thistle 1s the principal 

host of !,!. cardui (Hallll 1918, Hendel 1927, Curtis 1928, Mfk 1958, $eguy 1932 

cf ted in Phf 11 f ps 1946). Other plants 11 sted From the 01 der l1terature i ne 1 ude . 
Arte.isia spp. r' CirsiulII laneeolatum, Ç.. oleraeeulII CHendel 1927, Phillfps 1946), 

however, these reports have not been sùbstantiated recently (Zwolfer 1967) . .. 
Life H1story Adult flies elllerge froID the previous season's 9alls primarily 

FroM May to June in EuroPe. The adult fnsect exits through callus-f111ed 

channels for lied during ga11 fonation (La16nde and Shorthouse 1982). After 

Mât; ng, gravi d fella 1 es ov; post t one to seve,ral eggs alllOn9 the i IDllature 1 eaves 

at the growing points of ,the mafnshoot or the sideshoots of Canada thfstle 

pl ants, MOstl y in June (Zwo lfer 1967). The 1 arvae hatch withi n 4 to 8 day5 and 

enter the stem tissue. Ga11s are visible within 15 days of ovfposition 

(Peschken and Harrls 1975, lalonde and Shorthouse 1982). 

The ga11s are pleurilocular and each cavity 15 unilarval. The 9a115 are)j?" 
.,1 

spherical to fusiform, smooth, prosoplasmic, usually involving several 

i nternodes topped wi th deformed l eaves. The 9a 11 ; s soft and ye 11 ow; sh green 

when illature and becomes woody from the centre and 1; ght brown ""hen mature 

(DarI i ngton 1968, Lalonde and Shorthouse 1982). Withfn 90 to 100 day5. of 

oviposition (August-September), th~ ga11s eon~a1n mature diapaus1ng larvae, 

wh1ch pupate within the ga11 in the spring (Zwolfer 1969, lalonde and 

Shorthouse 1982). Mature larvae relltO'led "From the gall wf11 p~pate flllediately 

(Quentin 1954) 1ndicat1ng that permeabil1ty to air is required for pupation to 

oceur. The i nsect i 5 univo lti ne. 

1 
.> 



/ • 
53 

Bioloqica1 Control Progra.: ~. ~ was recogn1zed as IOnophagous and a 

potential bfocontrol agent during European surveys in 1965 and ..,as re<:ollmended 

for·further study for the biologieal control program agafnst Canada thfstl~ in 

Canada (Zwolfer 1965). Host specifi ci ty tests i ndi cated that v.. carduf was 
. , 

specifie to Canada thistle (Peschken and Harris 1975) and releases were lIade in 

six provinces 1 n Canada From 1974 to 19n with eval uatfon stf 11 .1 n progress 

(Peschken et al. 1982). Initial breeding occurred in a11 but one release site, 
(1 

but the insect falled to estab11sh in British Columbia, Alberta, Saskatchewan 

and Western Ontario, whereas ft thri ved in Eastern Ontarfo, New S'runswkk and 
" 

Quebec (Peschken 1979, Peschken et al. .1'982). A possible reason for faflure in 

the western provinces 15 insuff1cient 101sture to allow for callus breakdown in 

the gal1 and therefore for proper fly elllergence (Lalonde and Shorthouse 1982) .• 

In the eastern provinces, the colonies in New Brunswick spreaô up to four' 

kl10lleters , with 10101 ga11 frequency (6~, trace) (Peschken et al. 1982), 

whereas in Ontario, the ga11 frequency was higher (approximately 40~ ,in 197B, 

30~ i n 1980 ) ( Lai n9 1977). 

Stress Physiology of U. cardui on Canada thfstle (Evaluation): Controlled 

l' environllent experiments conducted as part of the screening protocol fndi'cated 

that plants 11'1 th 9a11 s had reduced root wei ght, reduced co.bi ned stelllll eaf 

weights and lo~r ramet production. Also, the growth rate was reduced and a 

stfMulation of sideshoot elongatfon resulted Froll 9al1 forllation (Peschken and 

Harris 1975). 

An evaluation protocol was followed for IIIOst fi.eld releases in which the 

hefghts of the plants were recorded ~or galled and nongalled thfstles. 

Sunarized resu1ts indicate that plants with one, two or RIOre sideshoots are 

'. 

t ~" \." '" 1. 
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not 519n1 fi cant 1 y dU ferent in hei ght fro. nongs 11 ed plants. However, shoots 
\ 

vith llainshoot 9al1"s were sign1ficantly shorter than nongatled plants and 
Q 

pl,ants w1th s1deshoot ga 115. A IIOdif1cation oF the protocol f nftiated by the 
'. " 
, 

author, in wh1ch nongalled plants vere distingu1shed by ellergence.before and 

after the oviposfti\9n peri.od (~tson et al. 1980) fs considered a more IIvalid lf 

approach (Peschken et al. 1982). In controlled field rel eases, up to 13 9a115 

per plant have been found, vfth no s'fgniffcant effect on,height, nUlllber of 

seedheads, dry weight or plant spread (Peschken et al. 1982). There 1s SOIle" 

'evidence that the Fly preFers shaded areas (Zwolfer.1965, Peschken 1971, watson 

and Muirhead 19n, Peschken et a1. 1982). 

There is a strong positive correlatfon (0.8 to 0.9) between ga11 size and 

the larvae nuflber (Zwolfer et al. 1970, Peschken et al. 1982). It 15 possible 

there i5 also a positive correlation between the allOunt of nutritive tissue and 

the stress on the plant w1th the nuJlber oF larvae (Peschken et al. 1982). 

A relocatfon of gal1 s From COMpton, Quebec to a site on .the Macdonald 

C~l1ege far. (Sfte2,< fig. 1) ude in the fall of 1979 forlled the release sf~e 
" 

exa.i ned 1 rr thi 5 5tlidy • 

The purpose of this portion of the study was: 

. (1,) ta continue t.he eval uatfon of the field release at Macdonald Co11ege, 
-

to observe the progressi on of the population f n' dens f ty iind al so in area 

èovered. '0 \ 

. 
o'.!<,_~ ... ~_-::-_,L-, L 

(2) to evaluate the stress caus~ by gall forRtfon on Canada thfstle. 
o 

_._"'~1 ... _ ............ ""k ~ ,,;... ~"'''''_~.''''~''' - , . 

, , , 
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There are two possible types of stress a- gal1, can cause; structural and 

J phys101ogical. In order to evaluate the structural dal8ge, microtechnique was 
-

utilized to exalfne the arrangement and dffferent1at1on -of tissue types in the 
, 

9a 11 and the sta f nr 1)9 characterf sti cs thereof. . To. eva 1 uaee phys 101 ogi cal , 

stress; prote1n and sugar contents were det~rmfned for varfous tissues fo~ both 

galled,and nongalled plants. Ine adi1tfon, radioactive precursor experiments 

were perforeed 'to deterl1ne if the gal1 was a physiological sfnk. Also, bastc 

yfe1d and growth parameters (bfolass, height, flower production et cetera)~were 

exa.ined to evaluate the effect of gal1 for.tion. Based on the hypotheSis 
~ 

·that there aly be a positive correlation between the ~lOunt of nutritive tissue , 
j -. 0 

- and the nu.ber of larvae and supported by the correlation between gal1 size and -.- - --~~~---~. ~~ , 

;. 

~ 

" ' .'. 

'" 

'!- , 

1# 

-, =, 

the nu.ber of 1 arvae, cOllparf sons were Jl8de' between plants wi th ga11, s 

1 contain1ng different nullbers of larvae to see if a· t)jgher nu.ber of larvae, 

resu 1 ted i ,n greater stress • 
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B.2 Mater1als and Methods 

, 1 

8.2.1 Systeaatic field Salplfng near Release Site 

In 1960 and 198i, a 20X20 • area was staked. out around the original field 

release site,and 100 salpling points were randolly chosen ,(10 points on 10 line 
2 ' 

transects). At each sampling point a 0.25 m quadrat was placed and the 
, ~ 

following data were taken for each Canada thistle plant within the quadrat: 

condition (galled, nongal1ed), nUlber and position of gal1s (mainshoot or 

stdeshoot), flower prodÛ~fon, height, age (young versus old). Due to a 
. "" ~ 

,>,' -decrease in the thistle population by severe' sheep'grazing, a smaller saMple of 

20 quadra~s was taken in 1982. The data were an~,1YZed by analysis of variance' 

as a co.pletely rando.1zed design followed by Ouncanls lultiple range test. 

8.2.2 Effect of Gall Foraatfon on Plant Growth 

, , 

Plants were started from root pi eces , between 1-2 CM in length in plastic 
[ -

• flats fil1ed with Pro.ix. The flats vere watered regularly and the plants were , 
transplanted into 155 mm diameter pots at the three to five leaf stage. Plants 

• ~if 'f 

were ma1ntained in growth chambers or on a growth bench with conditions of ,14 
o -2 -1 0 

ho ur daylength at 20 C (300 lIIi croEi nstei ns DI sec ,) and 10 ho ur dark at 15 C 
, ' 

> ~ ~~ unless otherwise fndicated. The plants were fertilized regularly wfth a water 

soluble 20:20:20 fertilizer . 

Larvae of ,~. carduf were caref~11y dissected frol fre5h 9a115 or from 
-, 0 

9al15 stored at 5 C and p1aced on filter paper fn a Petri dish in a cage at 

alb1ent te.perature. Pupatfon and elergence occurred in t~ cage. watër-and a 

sucrose solution were supplfed. 
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The flies were collected wfth an asp1rator and the sex ratio determined. 
3 

They were released into a cage (1.) containing Canada thfstle plants. The 
, \ 

; plants were changed every 48 hours an~. each change n~ly hatched flies were' 

-added to the cage. ~ .~ 
1 

" .. 
\. ,,:'(xperilllent 1: Twenty-two plants (16 exposed to !J.. cardu1 and 6 controls) 
\'1.\ (~J .. ..r 

'w1th heights between 20 a~d 30 cm, grown in the greenhouse under lights and 

potted in a soil .ixture (pasturfzed soil:sand:peat 1055=3:1:1) were examined 

every ~ to 14 days after exposure to the flies. Height, gal1 occurrence ana 

flowering time Vere deter.ined. The experflent was \ termfnated after four 

IOnths. 

Experiment 2: Twenty-ofne plants wfth heights between 10 and 27 cm (25 

exposed to the flies and 4 controls) were grown on a growth bench under 
.. 

previously 5tated conditions. Data taken. were he1ght, flowering tfme, and 

nUMber and hefght of ra mets and gall size. 

'Experiment 3 and 4: These experi~nts involved short plants (5-10 cm at 

the onset). Twenty-ffve and 23 plants, were exposed to t~ flies with 5 and 4 

icontrols"respectfvely for experiœnts 3 and 4. Similar growth conditions and 

data were taken as for experiaent 2. Add1tional data on the number of 

sideshoots, the ~umber of .ainshoots and the number of root buds as well as 

fresh and dry wefghts of the gal1, remâining leaves and stem (called plant), 

, roots and ramets were taken. Three gal1ed and nongal1ed (each) r~ots were 
, 

;. 'collected and planted to deter.ine shoot eœrgence. 

Oata froll experi.lllents 1 to 4 were anal yzed by anà 1 Y5i s of va ri ance as ,a 

cOlpletely randomfzed design followed by least-significant-difference (LSD) . 
1 

tests, F-tests and Student's t-tests whe~e ~ppropr1ate . 
. , 
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'8.2.3 Sugar and Prot~n Content 

Sa.p1es of 1eaves, stems (c0l!lposed of stelll- just be10w ga11 leve1 and 

stel2- approxilately 5-10 CI be10w gall position), roots and gal1s (for gal1ed 

plants) were col1ected (From five gal1ed and"four controls for one experiment 

and four apiece for the other). The fresh weight of the samples was determined 

prior to extraction. The samples were ~ut into smali pieces, extracted two 

tiMeS with distil1ed water (amount proportional to the sample weight) by 

grindfng w1th a Virt1s hOMOgen1zer and stored in test tubes covered with 
~ 0 '~ 

Paraffl. at 4 C until ana1yzed (l to 4 weeks). Contaminated samples were 

d1scarded. Prior to analysis, the saMples were centrifugea at maximum speed 

(4750 rpI, 2575Xg) for 3 to 5 minutes in an IfC clfnical centrifuge to remove 

parti cu 1 ate latter From the supernatant. 

For sugar analysis, the method of Yem. and Wil1fs (1954) for anthrone's 
. . 

reagent was used with some modifications. Instead of 1.~ml of sample, 0.9 ml 

of dfstfl1ed water and 0.1 ml of sample were added to the chil1ed reagent. The 

sa.ples were boiled for 12 minutes. Three replicates of each sample were 

ana1yzed. Opt1cal densities were read on a spectrophotometer (Spectronic 20) 

at 620 ml. Samples wh1ch 'were too dense were dfl'uted 1: 3 with the" same 

ac1d/water ~~xtur.è used to aake the reagent. Blanks were prepared with 1 ml of 

he S'~g~~ontent was detenined From a ca1ibratfo~ curve (Appendix A). ~ 

For protefn ana1ysfs, the procedure of Lowry et al. (1951) was followed 

_ wfth the following modifications. Only reagents A, Band C ~re prepared. 

Reagent E was diluted to 1 N frol a commercial preparation. Three replicates 

of each extract were performed. Samp1es for ana1ysfs were prepared From 0.75 

Il water and 0.25 Il of supernatant. Optical dens1ty was read at 550 nm and 

\ 
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prote1n content was determined by calibration curve (Appendix B). 

Total n1trogen content was deterlfned by the .icroKj~dahl method accordfng 

to procedures out11 ned by Horowf tz (1975) and" prote1 n content determf ned' . by 

.~ltfp1yfng by the accepted factor of 6.25 (Appendix C, for samp1e 

calculations). 

Analysfs oF the data was done usfng analys1s of variance for a completely 

llowed by Dunca 's lultiple range test. 

Plants were sampled four (9 gal1ed, 2 control), six (4 ga11ed, 1 control) 

and eight weeks (8 gal1ed, 4 co~trols) after exposure to flies. The plants_ 

~re removed from the growth ben ch to a radioactive fumehood. 
'.. t> l 

Each pl ant was-
14 

injected with 15 pCi (20pCf for 8 weeks) of fructose,D-( C(U)] (specifie 

activity 359.1 mCi/mmol obtained From New England Nuclear) in the stem near the 
-2 -1 

soil level ,with a 50 pl syring~. Lights (50 microEinsteins m sec) were 

afffxed over the plants and the plants remafned in the radioactive fumehood for 

24 hours. 

AFter 24 hours, the plants were separated into(leaves, st~m, ramets, roots 
, ) 

and 9al1s. fresh ~i9hts were deterlfned and the tissue was oven drfed for 
o " 

24-36 hours at b5-70 C then ffnely ground. Three replfcates of each sample 

were prepared for liquld scintillation counting. Twenty lilligrams of tissue 

were pl,90ced in 20 mL scintf1làtfon vials wfth fofl-lined caps. -Tissue 

solubilization was pèrformed in 0.5 ml of 60~ perch10rfc acid: 30~ hydrogen 
o 

peroxfde (1:2 solution) incubated at 70-60 C in the tightly -capped vials for 
~ 

8-14 hours until the solutfon was clear and colourless. After coolfng, 15 ml 
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of scintillation flufd (Made frol 12 9 PPO (2,5 d1phenyloxazole), 2 L toluene 

and 1 L ethylene glycol monoethyl ether) was added to each vial (procedure 

adapted from Mahfn and Lofberg 1966). 

Liquid scintillation countfng was performed on a Packard Tri-Carb 

Scintillatfon Counter (Model 3003) with an internal standard. Counts were done 

for one minute-and counts per mfnute (cpm) were transformed to dis1ntegratfons 

per .fnute (dpm) usfng the B/A channel ratio method (Appendix D). 

Analysis of the data was done with analysis of variance for a completely 

randoaized design followed by Ouncan's lult1ple range test. 
, ' 

B.2.5 M1crotechnfque 

~ S.a11 pieces of fresh young galled and nongalled tissue were flxed in 3.0~ 
o 

glutaraldehyde in 0.025 M phosphate buffer pH 6.8 for 12 to 24 hours at 4 C. 

Oehydration was performed fn a lethyl cellos01ve, ethanol, n-propanol and 
o 0 

n-butanol alcohol series at 5 C. Salples were stored ~t -10 C in the ffnal 

change of n-butanol (Feder and O'Brien 1968). 

The tissue was then fnfiltrated for 2 weeks and embedded in gelatfn 

capsule in glycol methacrylate (GMA) .0 no mer mixture. Sections (1-2 pm) were 

eut on a Re1ehert Ultra.lcrotole and mounted in dfst1lled water on glass s11des 
o 

and dried down for 12 tô- 18 hours at 37 C. Hand sections of fresh tissue were 

also cut. Sections were stained with O.05~ toluidine blue 0 in benzoate buffer .. 
(O'Brien and McCully 1981). Plastic sections were a1so sta1ned by the periodic 

, 
aefd Schiff's (PAS) reaction (modified frol O'Brien and McCully 1981) and Sudan 

III/IV stain (O'Brien and McCully 1981). Sections were examined and 

photographed on a Zeiss Microscope equ1pped w1th br1ght field optics. 

.O·I~ 
~ , 
" 11 .. 
j" -
, 

, . , 

\ 
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B.3 Results 

8.3.1 Ewaluation of Field Release on Maèdonald College " 

'\\0 
The densfty and frequency of gal1ed plants at the field release site 

'('urked by X on fig. 2), init1ated in the autu.n of 1979, 1ncreased over the 

observation period (1980-19~2) (Table 14). In 1980, the flies disperSed 

throughout the pasture containfng the release site (pasture A) and into thistle 

clones in pasture B (approxinately 100. frol X) and along the fence lines of 

pasture B. In 1981, the 9al1s were dense near the original release site (50 m 
, 

radius). In pasture B, the number of ga115 increased and had dispersed farther 

1 n the fi el d, but we,re no longer present on thi st 1 e plants al ong the fence 

lines. By 1982, the gal1s were still present near the release sita, despite 

, severe sheep grazing, had dispersed considerably IOre into pasture Band had 

also d1spersed as far as 1.3 kl northeast to the next nearest thistle clone 

(site 3 of field data, fig. 1). 

8.3.2 Effect of Gall Formation on Plant Growth 

Ga115 can occur on the msinshoot (Fig. 3) or on the sideshoots (Fig. 4) of 

Canada thistle plants. When the 9al1s occur~ed on the sideshoots in the field, 

there was no significant height reduction frol the control (nongalled 

--------thistles)', but when the ga115 occurred on the lIainshoot, the height was 

significantly reduced (Table 15). 

A cessation of height increase was found during .ainshoot-gall formation 

(Fig. 5) with plants w1th initial height (at fly introduction) between 20 and 

30 cm grown in the greenhouse. Howe ver , when the expermiment wa5 repeated, 

little difference in height was found (fig. 6). Additional parameters were also 

/~ 
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Paralleters 

Density 
2 

($hoots/ll ) 

Frequency 
( ') 

\ 

Taôle'14. Gall Population Oyna.1es at the 
Macdonald College Ffeld Release * 

1980 1 
Total Galled 

32.0 1. 4 

93 29 

1981 
Total 

18.3 

93 

Gal1ed 

2.0 

28 

1982 
Total Galled 

21.0 3.8 

100 60 

* 100 quadrats salphed in 1980 and 1981 and·20, 
quadrats sampled in 1982 . . 

1 plants with one or more 9a11s. 
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Year 

1 
1960 

l 

1981 

1982 

* 

\ ,1 

t 

-" 

Table 15. Effect of U. cardu1 Gall Foraat10n on 
Height of Canada Thfstle in the F1eld 

Nongalled \Galled 
old young side aain 

~------------------Mean Hefght {CI)----------------

* 
6O~76a 27.17c 47.35b 25.92c 

62.98a 21. 31c 66.37a 36.94b 
1 

86.36a 17.68b 96.84a n. d. 

Means w1th the same letter in a year (~ow) are not 
significantly different (a=O.05, Duncan's lIIuliple 
range test) 

n.d. no datai no plants with lainshoot gal1s occurred 
; n the sample 

- , 
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Figure 2: 

.~ field positions of Canada thistle clones and 
Urophora cardui gal15 for the yeal!S 1980 to 1982 
at·the relea~e site at Macdonald College. The X on 
the figure i~dicates the appro~iaate position of 
the original release site. 
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figure 3: 

Canad' th1stle plant w1th a l8i~shoot gal1 • 

Figtlre 4: 

Canada thistle plant in the field vith a s1deShoot _ 
gall. (Arrov PQints at the gal1) . 
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figure 5; 

The effect of gal1 for18tion on height.of th1stles 
wi th 1 ni t1 al he1 ght at f1 y t ntroduct1 on between 15 
and 30 a. x=~alled and $=nongall~ piants. 

Figure 6: 

'. " '! 

. Effect of gal1 forMation on thist1e height with 
initial hefghts of between 13'and 27 c.. X=galled 
and $=nongalled plants. 
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'\ 
,leasured (Table 16). Althougn no signfffcant differences vere fouRd, there. was 

a trend towards lower leaf nullber, root bud nUilber and fresh and dry weight of 

the root for galled plants. 

O' • 

In si.flar experiments but with shorter thfstles (4-7 CI, experilent 3 and 
r 

5-13 CI, experillent 4), the hefght (Ffgs. '1 and 10), .leaf nu.ber (Figs. 8 and 
J ", "'-''-

11) and thè nu.ber of' ramets (figs. 9 and 12) were 10~r for galled plants -
,1 ' 

(lainshoot ga11s) than for nongalled plants. S1gnffi cant d1ffetences .were 

fou!1d 1 n exper111Emt 3 starti ng at approxi .atel y week seven for each parall)eter., 

f~r expér1~nt 4 the d1.1n1s~ growth~rate ~aus~ by ga11 formation (brack~ts 
'. 

on ~igs. 10~12) was apParent (weeks 4 to 7), but recovery occurred. The effect 

on he1ght by ga11 forlation was also v1sfbly not1ceable (figs. 13-18). 

Differences in other parameters 1ncluded sfgnfffcantly h1gher sfdeshoot number 
~ 

, for galled plants (Table 17), signfffcantly lower root dry we1ght g,ab1e ~8) 

4nd root fresh weight (Table 17). The roots were a1so v1sibly reduced in size 

'(fig. 19). Also, the n~.ber of uinshaots (actually sfdeshoots on an 
, r oP 

une10ngated ste.) was significantly higher in ga11ed plants. The shoot/root 

ratios for galled plants (3.5 and 1.2) were higher, than those for nongalled 

plants (3.2 and 1.1). ~ 

Raillet pro'ducti on of roots coll ected was deteni ned for .roo.t;s:· ~roll1 ga 11 ed 

and nonga 11 ed plants fro. one experi ~nt. Al though root wei ght was 

~eased for gall~ plants, the rallet production was not greatly affected' 

(Fig. 20) • 

. , 

Gall foruti.on delayed and reduced fl~wering. (Table 19), especially on 

plants with uinshoot. ga11s. Flower production on floral ,s1deshoots with gal~s 

was delayed when compared to sideshoots on the sale plant w1thout ga11s, but 1 

, , 

,( , " .". ........ '"",,-, .. , "h>",n->4'~~,;,...i-.,-:-" 

\ 

• 

l 
. 1 
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Table 16. fffect of Gall ForMation on Plant ParalEters 

(Initial Height at Fly Introduct1on- 13-to 27 ~ Exper1ment 2) , 
, c 
~ . 

Variable Galled Nongallep t-test , • 

Leaf nuJlber 40.3 . \,. 42.8 ns 

, Rallet' nUilber 15.5 15.0 ns 1 
.1 

. " Average ralet 12.8 13.0 ns ' .. he1ght/plant (ca) 
" 

. Root bud nu.ber 38.2 45.2 ns 
, 
,) - Fresh wight (g) 

, . Root 37.9 45.2 ns 

Plant 28.5 19.5 ns 

l 
RaJlets 30.2 28.6 ns 

Ory' wei ght (g) o\i~ " Root 11.4 11.5\ ns . 
Plant· 

;'; 0 
11.1 8.0 ' ns .... , 

RaJlets 6.9 8.4 ns 
" 

~ Ory etter 41.2 48.1 ns 

•• • 

o. 

r 
l 
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Table 17. Effect of Gall Foraation on Plant Paraleters 
(Initial Height 4 to 7 CI- Exper1~nt 3) 

Variabl e Galled Nongalled 

,Si deshoot number 5.1 5.2 , 
Number of tops " 3.4 1.0 

Average rallet 6.7 7.8 
he1ght/plant (CI) 

Root bud nuraber 20.8 17.8 

Fresh weight (g) 
Roôt 17.3 203.3 

Plant 37.1 35.2 

Ralllets 12.1 17.5 

Dry weight (g) 
Root 4.1 4.8 

Plant 14.3 15.3 

Rallets 0.8 2.7 

$ * Significant at a.05 
/ 

** Significant at 0.01 
, 

n5 not sign1ficant 

F-test 

ns 

** 

* 

ns 

* 
ns 

ns 

ns 

ns 

ns 

$ 

• 

, actually the nUlber of s1deshoots on" the 
unelongated stel wnich for.s the gall r~ion 
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Table 18. Effect of Gall Formation on Plant Para.eters 
(Initial Height 7 to 13 Cil- Experfment 4):r' 

! 

Parallleter Galle<! Nongalled F-test 

'. 

Si deshoot nullber 5.8 1.4 * 
1 

Nultber ,of tops 1.6 1.0 ns 

Root bud nUlllber 20.5 15.8 * 
Dry weight (g) 

Plant 3.7 4.4 ns 

Raaets ,~ 2.8 2.2 ns 

Root 3.1 4.1 * fresh weight (g) 
Plant ' 14.8 18.9 ns 

\ 

ns Raaaets 9.4 4.3 

~oot 7.9 10.0 ns 

Average r&lIet 7.0 6.2 ns 
height/plant (cm) 

Gall dry wei ght (g) 4.9 
.-

Gall fresh weight Cg) 1.0 

$ ns IlOt significant 

* Sfgnificant at the 0.05 level 

$ 

'-

1 actua 11 y the nutber of si deshoots on the 
unelongated region of ste. which foras tne gall 

( 
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Date 

<::> 

l'tay 16 

June 6 

June 18 

Jul y 10 

Jul y 23 

.Aug 17 

' .. 

\ 
. , 

--~ 

Table 19. Effect of Gall Foraation on Flowering 
throughout the 1981 Season 

Nongal1ed One Side- Two Sfde- Mafnshoot 
shoot Gall shoot ga}ls Gall 

71 

---------~----------,---------------------------

o ! 0 0 0 

0 0 0 0 

50 40 66 0 

66,1 85 100 ·0 

76 90 100 0 

76 95 100 33 

" 

} 
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Figure 7: 

Increase of height of galled and nongal1ed plants 
with initial height at 'Fly introduction of 4 to 7 
a. X=~alled and $=nongalled pl ants. 

Figure 8: 

Increase J n leaf number of. galled and nongalled 
plants with initial height at Fry introduction of 
4 to 7 Cil. X=galled and $=nongalled plants. 

Figure 9: 

Ra.et production per plant of galle<! and nongalled 
plants with initiàl heights at fly introduction 
between 4 and 7 Cil. X=galled and S=nongalled 
plants. " 
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Fi gures 10 to 12: Growth paraeters for thf st les 1\; 

w1Ch initial heights at Fly introduction between 7 
and 13 CIII. 

Figure 10: 

Hefght (CI) i ncrease of galled and nongalled 
plants. Note that the galled pl ants stopped 
i ncreas i ng i n he1 ght duri n9 ga 11 growth and then 
recovery occurred. ' The brad<et 1 ndi eates the 
reg10n of retardati on caused by ga 11 forlat ion. 
X=galled a~d $=nongalled plants. 

,_1. .. 
~i'" "7 

Figure 11: 

o 

Leaf nu.ber' i ncrease of 9a 11 ed and nonga 11 ed 
plantS'. Note a si li lar but~. less pronounced 
plateau region during ga11 growth as for hei ght. 
The bracket i ndicates the region of rehrdation 
caused by ga11 formation. X=galled and 
$=nongal1ed plants. 

Figure 12: 

NUIII~r of raillets Per plant of galled and nongalled 
plants. The bracket fndicates the region of 
retardat10n eaused by gal1 fonat1on. X=gal1ed 

.' and $=nongal1ed plants • 
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c.~< Figures 13 to 18: _1 

.. 

COlllparison of galled and nonga11 ed plants 4, 6, 
and 8 weeks after fly introduction. Note the 
stunted and deforlled' appearance of the galled 
plants. 

Figures' 13 and 18: 

Gal1ed and non gall€d plants respeètively'4 weeks 
.<11 

. af~er fl y f ntroducti on. 1 -. 

. ,. 

figures 14 and 17: 

, " -
Ga 11 ed and non 9a 11 ed plants respec,ti ve 1 y 6 weel<s. 
after fl y i ntroQuction. 

'. figures 15 and 18: " 

Galled and nongalled plants respectivel)' B weel<s 
after f1 y introduction. -
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figure 20: 

Raet production of roots çollected fro. pots of 
nongalled (blue' bars) and· gal1ed plants (red 
bars )->-_ RaMet producti on was very vari able 
especial1y for galled plants and there was no 
"sf gnffi cant dffference between product10n of 
gal1ed and nongalled pl,ants. 
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/ overall plant flower1ng w1th s1deshoot ga115 was ne1ther delayed nor re<1uced. 

l' 

B. 3. 3 Gall Morpho 1 ogy, Anato.y and Pheno 1 ogy_ 
~ 

Gall size (approxisated by length X width) was posftively cor.related with 
.' 

larvae nu.ber (r;::O.53, n;::23) as were ga11 fresh weight (r=O.72,n=15) and dry 
2 . 

Mature gal1 sile varied consfderably ~rom-~.8 cm to 9.3 weight (r=O.70, n=4). 
2 

CI , as d1d the fresh weight .(O.5 9 to 15 g) and dry weight (0.6 ~; to 2.1 g) in 

the S81p 1 es exami ned. Mai nshoot ga 11 s tend to be 1 arger than si desh?ot ga 11 s. 
-' '" 2 2 . 

""'/, (1l.5!.5.0 cm versus 4.5!, 2.4 CDI). Gall growth seeméd to follow a 10garithmic 
-.,.-. --

,..... ~.--

. ~ 

-~ pattern (Fig. 21). Upon dissection of galls, the nulltber of larvae per ga11 

i vari Etd· ';011 2 to 34 wi th an -average of 9.0 :t. 8.2 1 arvae. <'. ~xtt channel s si mfl ar 

-~' to thoSe~deScribed by _LaI onde and Shorthouse (1982) were' observed (Fig. 22). 

-Insi~"'the developi~g gall, each larvae formed fts own chamber near the centre 

of t~ ~~~bI_ an~ all' larvae faced acropetal~y (Fig 26). The variable size of the 
!. " 

larvae and pupae (Figs. 23 and 24) affected Fly emergence. Of larvae less than .. 
3 lm in length 25S falled to develop pupae, 1710 formed pupae but failed to , 

-
ellerge and 5B~ formed pupae and emerged, those 4 IRIII in 1 ength had 14S, 11 Sand 

75~ respectively and those 5 111111 in length or larger , '!s, OS and 99S 

resPectively in the same categories. 

Prior to visible swellirig of the galls, the upper leaves of the plants rJ 
\ 

appeared deformed as though SOie larval feedfng had occurred (Fig. 25). The 

ga11s are green, spher1cal to subglobos~, solfd and slllOoth with occasional 

.. 
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figure 21: , 
'~ 

The change of ga Il 
i ntroducti on. 

.. 

2 
size (Cil) after 

~. 

fly 
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Fi gure 19: 

Comparison of roots Froll nongalled pl ant (a) and 
galled plants (b). The gal1ed plants roots were 
visibly smaller than the controls. 

Figure 22: 

A fresh young ga 11 subdi vi ded show; n9 the 1 arva 1 
chamber and the ca 11 us regi ons (arrowhead) 1 ~adi n9 
to the exterior of the gal1. 

Figure 23: 

Di fferent ~i zes of Urophora cardui 1 arvae. (Each 
SRlall square on grid is 1 mm X1Iiïm). 

Figure 24: 

Di fferent si zes of Urophora cardui pupae. (Each 
sma 11 square on the gr; dis 1 mm x 1 mm). 

Figure 25: 

Leaves which appear deFormed and chewed shortly',,· 
after' fl y i ntroducti on. 

Figure 26: 

Di ssected 9a 11 showi n9 a ~ numerous .( 34 tota l ) 
larvae facing acropetally in the centre of the 
stem tissue. 
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thorny areas where s1deshoots were 1n1t1ated. th 

ln the field in 1981, adult ~~ carduf were seen as ear1y as June 20 In 
, st th 

1982
1 

they were seen frOIl June 1 to June 26 , but the major1ty were seen 
th th 

June 1S /16 . In 1981, the average height of all emerged thfstles 1 n the sallie 
th 

pasture on June 20 was 54.4 CI which 1s 791 of mature height and 41l of the 
th 

plants had initiated flower buds. In 1982, the average height on June 1~ was 

53.7 cm and the percent of plants 1n flower was 66~. Heights of plants analyzed 

for a summer season are shown in figure 27" In this case, the plants which bore 

lIainshoot ga11s were sign1f.icantly shOrter than plants with one or more 

sideshoots and nongalled plants, except at the f1rst and last date. 

The larval cavities occurred primar1ly 1n the m1ddle of the stem and were 

surrounded by nutritive tissues (Fig, 28). The cells were enlarged and 

irregular in shape. PAS positive laterial was deposited 1n the larval cavity. 

The nutritive zone d1d not stain with Sudan dyes'su9gest1ng that fats or lipids 

were not a major cOllponent of the nutritive zone. A vascular connection is an 

integral part of the nutritive tissue region. fresh sections (fig. 29) showed 

large, bulbo~s cells extending into the larval cavity. 

Surroundi ng the nutrfti ve t f ssue and cl ose 1 y abutted to ft was a zone 0 f 

sclerenchyma'lihich did not stain with PAS but stained the typical turquo,ise for 

sclerenchyma w1th toluidine blue.' The vascular fibers that ran through the 

sclerenchyma stained pink with toluidine blue, excppt for the sections that . 
wound throughOIJt the tissue (Fig. 30). Exterlor to the sclerenchyma was 

thick-wal1ed parenchyma through which the "liber fibers u continued to pass 

(fig. 31). The vascular system, although intact was stretched radially in 

comparison to nongalled stel"vascular tissue (Figs. 32 and 33). The epidermis 

'lias irregular in shape and Just interior ta the epidermis lias a thick layer of 

tissue contain1ng many chloroplasts. 
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Figure 27: 

Heights of nongalled plants (black bars), plants 
with one sideshoot gall (blue bars), plants wfth 
two or IIOre sideshoot 9a11S (green bars) and 
plants with mai nshoot ga 11 5 (red bars) throughout 
the sU_Iller of 1981 (data froll site 2 of field 
data) • (Bars f ndicate LSO. ) 
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Figures 28 to 33. Histological examfnation of U. 
carduf ga115 From plastic sectioning{unleSs 
otherwise fndicated) 

Fi gu,re 28. The nutriti ve tissue surroun,di ng the 
1 arva 1 cavi ty (a) w'f.th a 1 arge depos f t of PAS 
positive materf al exten'di ng i nto the cavity (b). 
The cells are large but are not cytopla~m;c. 
Vascul ar tissue (c) forms an i ntegra 1 part of the 
nutritive tissue (PAS reactfon) (x130) 

fi gure 29. Hand secti on of the nutritive zone 
stained with toluidine blue showing large 
irreg,ularly shaped cells extending lnto the ,larval 
cavi ty (x250) 

Figure 30. Sclerenchyma region centrifugaI to the 
.nutritive tissue. Vascular tissue winds through 
the sclerencyma (arrowneads) (PAS, toluidine blue 
stain) (x250). 

Figure 31. Vascular fibre fn thick-walled 
parenchyma (x250). 

Figure 32. Hand section of nongal1ed vascular 
tissue. (x120). 

Figure 33. Hand section of galled vascular 
tissue. AI though the vascular ri n9 i s complete,' 
it 1s stretched and appears more diffuse than that 
of the nongalled stem (x90). 
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B. 3.4 Protef n and Sugar Content 

Si nce the vari ances of the two repeats of the experiment were not 
~ 

sfgnificantly d1fferent, the data weré pooled and analysis of variance and 
, " 

Duncan's multiple range test were performed. 

Pooled results (Fig. 34) for water soluble protefn content indicate that 

the leaves of galled plants had a h1g,her level (mglg fresh weight) of water 

soluble proteins than a11 other tested components. 

Poole<! results of the anthrone test (Fig. 35) 1 ndfcate that the ga11 and 

the stem of nongalled plants had h1gh water soluble sugar contents, whereas the 

level 1 n leaves was low. , 

Totar' protei n as performed by the mieroKjedahl analysi s i ndi eates that, as 

for water soluble protein, the leaves had the highest percentage of protein, 

the roots had the next lowest percent age, followed by the stell)s for. both galled 

and nongalled plants. The ga11 had a 10w prote1n content in comparison to the~ 

root and the 1eaves, but was not s1gnificantly different From the stem (Table 

20). There was, however, no signfficant di fference due to hfgh variabi 11ty 

(f=O.4 wfth 6 and 35 degrees of freedom). 

Although SOllle conta.; nat; on may have occurred duri ng the storage peri od, 

it was probably low. However, the results are questionable and the experiment <, 

shouTd be repeated with additional precautions. 

B. 3. 5 Radi oact1 ve Tracer Experi ments 

The different sampling t1mes (four, six and eight weeks after Fly, 

introduction) yielded different results. four weeks after fly introduction 

f \,,' 
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:rab 1 e 20. Protei n Co ntent of Ga 11 ed and Nonga 11 ed 
Plant Tissue Detenined by the M1croKjedahl Method 

. 
Plant Condition 

Galled 
Plant 

Nongal1ed 
Plant 

Gan Leaves Stem Root 

-------------~-----------------

7.9 14.5 8.4 11. 3 

14.3 9.3 11.8 

No 51gn1 ficant difference 'lias found (F:::O.40 
w; th 6 and 35 degrees of freedom) 
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Table 21. Accu.ulatfon of Radioactive Precursor ( C-fructose) 

of Gallec! and Nongal1ed Plant Tissue Four Weel<s after Fly 1 Atroducti on 

Tfssue 

Leaves 

Ste. 

Root 

Ralllets 

Gall 

* 

Nongalled Galle<! 

----d1s1ntegrat1ons per IIi nute-----------

5864cd * 

197f.l9a 

1075d 

5671cd 

3924cd 

13621ab 

672d 

5831 cd 

8232bc 

Values wfth the same letter are not sfgnfffcantly 
different (a=0.05, Duncan's multiple range test) 
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Water soluble protein content (19/9) of fresh 
tissue determined by the Lo~ry's reaction in 
galled and nongalled plant tissue; Gall=gal1, Gl= 
leaves from a galled plant, 651= stem taken just 
basipetal to the gall of a galled plant, 652= ste. 
taxen fro~ 5 to 10 cm belo~ the gall of a galled 
plant and GR: root from galled plant~ 

Nl= leaves From nongalled plant, NSl= stem taken 
·at a level comparable to that of a gall From a 
nongalled plant, NS2= stem taken From a postion 5 
to 10 cm below that of 51 sample, NR= root of 
nongaJ led plant. 

Bar$ ~1th the same letter are not signfficantly 
di fferent from each other (a =0. 05, Duncan 1 s 
.ûlt1ple range test). \ 
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Figure 35: 

W&ter soluble sugar content of fresh plant tissue 
(.g/g) Fro. gallerl and nongalled plants. The 
categories are the same as for Figure 34. Bars 
with the same letters are not significantly 
dffferent From each other (a =0.05, Duncan's 
multiple range test). 
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(Table 21), the gal1 h~d aecumulated a high level of radioactivity and leaf, 

stem and root tissue from gal1ed plants aecumulated only s11ghtly less than the , 

same tissue from the control. The roots d1d not accumulate radioactivity, 

whereas the stem accumulated the most of al1 tissues. The ramets were also 

sinks at this time period. 

By six weeks (Table 22), the counts in the gall were much reduced 1n 

comparison to the rest of the tissue. S1milar patterns of accumulation were 

found as for 4 weeks for ga1led and nongal1ed plants; the stems were high, the 

leaves intermediate and the roots low. The ramets at this point were not 

aetively accumulating assimi1ates. 
! 

By week eight (Table 23), the 9a115 were not accumulating radioactive 

.aterfal at aIl (almost as low as the roots). The ramets on the other hand 

were st\'ong physiologieal sinks. At the two later dates, the values for the 

controls tended to be lower than the galled plants. This May have been due to 

,the differential plant size, as the galled plants have been stunted by gall 

formation. 

If the d1sfntegrat1ons per minute (dpm) were totalled for each sampling 

time for the gal1ed and nongalled plants and a % for each sampling tirne 

calculated (fig. 36), the percentage in the gal' decreased, the percentage in 

the roots remained stable and the percentage in the leaves increased slightly 
~ 

over time. The percentage of radfoactivity in the stem and ramets were mirror 

images (if the stem value was high, the ramet value was low and vice versa). 

The stem proportion 1ncreased From four -to six weeks and then decreased again, 

whereas the ramet proportion deereasedi~ From four to six weeks and then 

lncreased again. 

- / 
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Table 22. Accululation of Radioactive Precursor (C -Fructose) 

by Various Plant Organs of Galled and Nongalled Plants 
Six Wêeks after Fly Introduction. 

Tissue Nongal1ed Galle<! 

-----disintegrations per mfnute------
.. 

Leaves 1l24b· * 3055b 

Stem 2917b 10931a 

Root 37gb 388b 

Ralllets 642b 579b 

Gall 1696b 

* Values with the same letter are not s1gn1ffcantly 
different (a=O.05, Duncan's multiple range test. 
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Table 23. Accumulation of Radioactive Precursor ( C-Fructo~e) 

by Tissues of Gal1ed and Nongalled Plants 

Tissue 

leaves 

Stem -

Root 

Ramets 

Gall 

* 

Eight Weeks after Fly Introduction. 

Nongal1ed Galled 

------dislntegrations per minute-------

1008cd * 

1573c 

302d 

2535bc 

2273bc 

2908b 

810cd 

4464a 

478cd 

Values with the same letter are not 
si 9nifi ca nt 1 y different (a =0. 05, 
Dun~an's multiple range test) 
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Figure 36: 

Change in accumulation patterns of'~ rad1oact1vity 
in organs of galled and nongalled plants. 

Green .. ga 11 1 eaf, Green d - nonga 11 ed 1 eaf 

Black *- ga11 stem, Bladc D - nongalled stem 

Blue *- gall root, Blue O - ~on9alled·root 

B1ack.o ga11 ramet, Black x nongalled ralllet 

Red ••.. - gall 
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The injection procedure could he construed to result in the movement of 

the tracer prfmarily by the transptratl0n stream. However, since the 

accumulation occurred in other portions of the plant other than the major 

transpiration organs, ft was assumed that the tracer was in general 

. circulation. 

o 

8.3.6 Effect of Gall Size on Selected Parameters 

Data extracted from experiments 3 and 4 were separa~ed according to the 
2 

gall size into three dffferent categories: (1) those less than 5.0 cm, (2) 
2 2 

those between 6 and 8.5 cm and (3) those greater than 8.5 cm. With , 

fncreasfng ga11. size; hef'ght, leaF number, root bud number, fresh weight of the 

plant and the root, sideshoot number and dry weight of the plant and the root 

decreased. The number of mainshoots, however, fncreased with increasing gall 

size (Table 24). 

Data taken From the First sampling date oF 'the radioactive precursor 

experiment was categorised according to gal1 dry weight into two groups; 9a11s 

with weight greater than 1 9 and those less than 1 g. With fncreasfng ga11 

si ze, there was a 51 gn1ff cant decrease f n the amount of radf,oacti vfty in the 

stem, the gal1 and the ramets, a1though the smaller gal1s had higher values for 

the ramets than the control (Fig. 37). There was a150 a reductfon, although not 

significant in radioactive accumulation in the leaves and the roots. The 

1arger 9a115, however, seemed to sequester less radioactivity than the sma11er 

gal1s per unit dry weight. 
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Table 24. Effect of Gall Size on Growth and Yield Para.eters 

* $ 1 
Paralleter " Si ze \1 Sfze 2 Size '3 LSD -, 

(0.05) 

Height (CI) 36.5 28.9 25.0 5.5 

Leaf number 31.5 26.4 23.7 5.0 

Si deshoot nUl.ber 5.3 6.4 4.7 4.0 

Nulber of tops 1.5 2.8 3.3.- 1.5 

Root bud nUllber 28.0 19.6 11. 0 10.4 

Fresh Weight (g) 
Plant& 34.8 25.9 24.3 6.8 

Root 19.3 , 11.7 15.5 3.4 

l Dry weight (g) 
Plant& 6.8 5.6 5.3 1.8 

Root 4.2 2.8 3.6 1.0 

2 
* < 5. ca 

, 2 
$ between 6.0 and 8.5 CI 

2 
1 > 8.5 cm 

& weight of remafning stem and the 1eaves 
after gal1 remova1 ., -' _ ' ....... ;c'" 

. ' 
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figure 37: 

Radioactive precursor accumulation of tissue From 
plants with ga11s of different weights (greater 
than one 9 (large gall), less than one 9 (slal1 
gal1) and cpntrols. (Bars w1th the same letter 
are not sign1ficantly different; a=O.05 Duncan's 
.ultiple range test) 
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8.4 Discussion 

The population of \J.. cardui galls at the field release made in 1979 on, the 
. 

Macdonald College farm thrfved and fncreased in densfty and frequency ove~ the 

observation period (Table 14). The tenden~y to overdisperse noted in other 

cases (Peschken et al. 1982) was not f~d in this study, however, the Fly dfd 

disperse gradual1y outward From the release site (fig. 2). The total plant 

density appeared to decrease with time, but this was Most probably due to the 

natural tendency of clonaI Canada thistle populations to migrate away from the 

centre of the clone (Amor and H~rris 1974), as can be seen by examination of 

Pasture A thistle clones over the years (Fig. 2). 

If the gal1 occurred on the mainshoot, plant height vas reduced (Table 

15). Thi s has ~n observed throughout Canada through the bi 01 ogi ca 1 control 

evaluation program (Peschken et al. 1982). This nas" especially been noted 

since the data for nongalled plants vere separated into plants emerged before 
~ -

and after Fly emergence. This removes the bias found in the 19n-1979
1
.data 

which indicated that galled plants were taller than nongalled plants. The 

separation into mainshoot and sfdeshoot galled plants allowed for the 

observation that gall, orientation on the mainshoot seemed more detrimental than 

location on the sideshoot. The number of plants in natural populations with 

ma1nshoot 9a115, however, fs small. Sideshoot ga115, which are mu ch more 

numerous, have littfe effect on the he1ght of plants, indeed in some cases they 
b 

o appeared taller than nongalled plants (Table 15). This say be because the flies 

are naturally attracted to the taller plants. Attraction of 1nsects to larger 
.. ~~ 

plants has been shown in other cases; Tyri a j acobea on Senec1 0 j acobaea~i j den 

1976), Depressaria pastinacella on Pastinaca sativa and Papafpensna"cataphrata 

ci' 

, . 
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on 01psacus sylvestr1s (Tho.pson 1978) and the 9al1 causin9 insects on Solidago 

,canadens 1 s (Abra,hamson et a 1. 1983). 

There 15 sorne ~vidence that the reason plants with mafnshoot galls are . 
shorter'is that they May have been shorter from the beginn1ng of the season 

• , th th ! rd 
(fig. 21), but later. differe~~es (June 20 , July 10 and 23 ) indicate that 

ga11 formation was aIse, having an effeét on reducing the height. Mainshoot 
j 

9al1 5 also reduced and delayed flowering, whereas sideshoot galls did not 

(except for the particular sideshoot on wh"ich they occurred) (Table 19). 
, 

It 1s obvious From the field data that the plants ~Î. 
were app~oaching 

lIIaturity at fly e~rgence (i.e. Ql~ost 80~ of mature height, up to 66% of the 
1 

population with flowerbuds). This 1s no doubt the reason why (a) there are few 

lIIainshoot galls, because most of the mainshoots 'are in flower or at least 

initiat1ng flowering and the flies cannot lay the1r eggs there, therefore they 

iay 1n the sideshoots and (b) gal1s seem to cause little stress ~fn natura] 
, -

Populations. In order to determine if the flies were more effective on shorter 

plants, laboratory experiments were performed . 

.!!I 

For plants bet-~een 20 and 30 'cm in height, a slightlcessàtion of height>,-

'increase was found in one case with mainshoot gall formation (Fig. 5). A 
o 

siaHar observat;'on was made by Peschken and Harris (1975). Although there was 

a trend toward lower 1 eaf number, root bud number and root dry wei ght for 

galled plants, the dffferences were not significant, (Table 16). With very short 

thistles (4 to 7 cm), there was a significant reduction in height, leaf number 

and ramet number when galled plants were compared with nongal1ed plants, 

whereas with slightly taller thistles (5 to 13 cm), these reductlons did ndt 

occur (Figs. 10-12). 
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As reported b~ Peschken and Harris (1975), root development 15 restrained 

by ga J 1 deve 1 opme nt and the number of si deshoots was i ncreased (T ab 1 es 17 and 

18). The increase in sideshoots may be a problell s1nce ft could result in 

great~r seed production. The'higher shoot/root ratio indicated a smaller root 

system supporting the top, which is a150 an indication of stress. This may be 

, i .portant , because as in the case of Hypericum perforatulII L., a decrease in 

root weight was the stress which made the biological program successfuJ. 

Studies on the effects of gal1 insects on Solidago canadensis indfcated 

that the presence of a 9a 11 caused i ncreased ramet product ion, decreased 

rhizome production and lowered seed allocation as measured by inflorescence 

production and propagule production (Hartnett and Abrahamson 1979). Stfnner and 

Abrahamson -( 1979) 1 n additi on found that 7'10 of the ramet producti on was used on 

ga 11 formati on and support of the i nsects. Thi s corresponds ta the effects of 

Rlai nshoot gall formation in ·this study, except that ramet producti on was 

nPo; ther si 9nifi ca nt 1 y ; ncreased or decreased--i n most cases of !,!. cardui ga 11 

formation. 

Gall formation deforms the host plant causing ft to have many tops which 

are actually sideshoots on an unelongated stem. Th~ gall also caused abnormal 

ti ssue dffferenti ati on f n the stem. The ga 11 form {nutri ti ve tf ssue surrounded 

by sel erenchyma (i nner 9a 11) withi n thi ck-wa 11 ea parenchyma} 1 s one of the ga 11 

types descri bed by Adl er and Straton (1894) and the nutri ti ve ti ssue of 

hypertrophied cells is one of the types described by Mani (1964). The nutritive 

zone was ricb_ in starch, in an extracellular layer centrfpetally wHh1n the 

1 arva l cavity (Fi g. 28). The mechani ca 1 ti ssue 1 n!,l. cardu1 9a 11 5 occurred 

dfrectly adjacent to the nutritive tissues and were the typical shape described 

by Mani (1964) (fig. 30). The vascu1ar system was modified, expanded and 
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, / 

stretched in comparfson ta nongal1ed tissue (ff9Sf:31 versus 33) and the 

.epidermis had enlarged cells, two typical effects f ga11s. The tissue 

differenti ati on was not abnormal in the sense that unknown ti ssue types 

developed, but rather tissue type such as (nutritive tissues, sc1erenchyma and 
o 

thick-walled parenchyma) do not usually occur in Canada thist1e stems. 

Water-soluble protein content and total prote;n were highest in the 

l eaves, especi a 11 y of 9a 11 ed plants. Thi s may be an i ndi cati on of a hi gher 

JIObil i zat; on of ass f mi lates toto a transportable form caused by ga Il 

fonation. The higtl sugar content of the 9al1 indicated that it probably 

accu~ulated carbohydrates. 

The radioactive precursor experiments gave interesting insights into Il. 
-\ 

cardui ga 11 deve 1 opment. When the 9a 11 was young (Table 21), ft accumul ated a 

hi gh amount of the precursor, but as it aged (Tables 22 and 23), the quanti ty 

accumulated decreased gradually. Young galled plants also had slightly 

depressed accumulation in the leaves and roots as compared ta nongalled plants, 

but there was no apprec;able drain. This data ind1cates ,that the gall is a 

w~ak physiological sink when young and as it ages, it rapidly ceases to 

function as a physi 010g1 cal si nk. 

Ramet and stem accumulation patterns (mirror images- Fig. 36) indicated 

that the reallocation of resources for vegetative reproduction may come From 

the stem. 

It has been postul ated that the nutr1 ti ve si nk and stress on the pl ant 

i ncreased with the number of 1 arvae (Shorthouse 1~80). Si nce the number of 

larva~ is posftively corre1ated with the gall size and ga11 weight, the data 

classified by size or weight (Table 24, Fig. 37), gave sorne positive evidence 

,,~ ... ' ---~ 
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, 
to th; s theory for growth parameters and accumul ati on of a rad; oacti ve 

precursor. 

In sUIIIMary, the possible reason that gall formation appears to cause only minor 

stress in the field i 5 rel ated to poor synchrony of the i nsect to the phenol ogy 

of the plant. By the tille the flies have emerged, IRany of the plants already 

have f 1 ower buds and the fI y 1 ays its eg9S in the si deshoots whi ch are 

beginning to elongate. Laboratory tests indicated that more detrimental 

effects were found for smal1er thistles. It has been shown that sideshoot· 

gal1s caused ,much 1ess stress on plant height, flowering and root growth than 

" mafnshoot galls. Therefore, theoretically, if the fly emerged earlier or if 

pl;l.nt development was de1ayed 50 that the fly could lay its eggs in the 
... > 

mafnshoot of smal1 plants, a greater detrimental effect would occur. 

The gall i s a weak si nI:;" when young 'IIi th a hi gh concentrati on of sugar and 
," 

accumulation of the rad1oà.ctive sugar precursor, but as ft matures, it 

accumulates 1ess radioactivity. The type of nutritive tissue, large 

hypertrophied, but empty cell s may not be as great a si nk as the 1 arge 

cytoplasmic t~pe and t~~refore this may also contribute to the low level of 

stress caused to the Pl~nt by this particular 9all causer. There 15 also some 

evidence to support the theory that an i ncrease in nutri ti ve si nk and stress 

para 11 el 5 wi th the number of 1 arvae. 
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C. PREOISPERSAl SEED PREDATION: aRaLIA RUflCAOOA 

C.1 Introducti on 

C.1.1 Pred1spersal Seed Predation 

Seeds of a'l1 plant ramilies are the principal food of many animals and are 

attacked by pathogens worldwide (Harper et al. 1970, Janzen 1971). Predation

on immature fruit 1 s common and not onl y reduces seed yi el d, but may i ntroduce 

fung~l and bacterfal dfseases into the mother plant (Janzen 1970). 

Predispersal seed predation has béen recorded for several weedy species 

includfng Ambrosia artemfsiifolia L. (Reed and Stephenson 1972)., Arctium ~ 

L. (Hawthorn and Hayne 19780, ~. minus (Hill) Bernh. (Reed and Stephenson 1972, 

Hawthorn and Hayne 1978), Asclepfas syr1aca L. (W1l1son and Rathcke 1974),' 

Asclepias viridis Walt. (Evans 1983), Astragalus canadensis L. (Platt et al. 

1974), Astragalus c1barus Sheld. and Astragalus uhhens1s Gand. (Green and 

Palmbald 1975), Cirsium canascens Nutt (Lamp and McCarty 1981, 1982), Cirsium 

palustre (l.) Scop. and Cirsium vulgare (Savi) Teh. (van Leeuwen 1983) and a150 

Cirsium arvense (L.) Scop (Harris 1971, Watson et al. 1980). 

Seed predation affects plant population dynami~s and plant-animal 
v 

i nteracti ons (Janzen 1970, Borchert and Jai n 1978, Hei thaus 1981). Aspects of 

plant demography affected by seed predation i ncl ude species di versity and 

density (Halligan 1974), spatial juxtaposition '(Janzen 1971). competitive 
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abilities (Brown and Davidson 1977) and timing of seed production (Janzen 

1975). There 15 controversy coneerning the effects on d1spersalj Janzen (1969, 

1970, 1971) and Wi1son and Janzen (1972) .state that ~ispersal 15 enhaneed by 

predation whereas Platt et al. (1974) and Hubell (1979) claim that clumping is 

enhanced. 

The rate of seed predati on i s a fundi on of the propotti on of previ OUS 

seed predation (Vandermeer 1975) and may a150 be affected by the seareh 

abi1ities of the predator (Janzen 1971b). Variation of predation is comman 

(Platt et al. 1974, Marshall and Jain 1970) and 15 eonsidered as important to 

population dynamics as the degree of losses (Janzen 1971~, Harper 1977). Low 
, 

predation may be a functfon of poor and sporatie synchrony (Seattie et al. 

1973). 

. 
Seed head predators have been used 1n several biologieal weed control 

progralQS i ne 1 ud1 09 Lantana camara L. 1 Ul ex europeaus L. and Senec10 j aeobaea L. 

(Huffaker 1957, Hollgway and Huffaker. 1957, Julien 1982). Seed head gall 
'.~l 

insects, Urophora affinis Frld. and~. quadrifaseiata Meigen are 1ncreasing in 

North America on Centaurea diffusa Lam. and k. maculosa Lam. populations but 

with 11ttle regulatory impact (Harris 1980). " . 

In natural habitats, seed predation ranges FrOIll less than U to 10010 with 

usual recorded intensit1es 'between 10 and 901 (Janzen 1969). Losses between SO 

and 80~ are CORlIIIOn for perenniaJ plants (Breedlove and Ehrlich 1968, 1972, 

Wil1son and Rathcke 1974, Platt et al. 1974, Green and Palmbald 1975) and also 

for annuals and b1ennials (Hawthorne and Hayne 1978, W1JJson and Rathcke 1974). 

et al. 1973). 

!rr\sollle cases seed predation 1s low ( 7-25~) (Hawthorne and Hayne 1978, Beattie 
~, 

'- -.. "~ 
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~he concept that a plant produces suff1c1ent seed relegating seed 
1 

mortalityas unimportant since only one seed is required for population renewal 

is in dispute (Janzen 1969). The effectiveness of the predation is not 

necessarfly positively correlated with severity, but is complicated by the type 

of pl ant, seed germi nati on and whether i t takes a 1 arge or sma 11 annua 1 seed 

production for population maint~nance. 

C.1.2 Case Study Organism : Orellia ruficauda (Diptera:Tephriti~ae) 

Descri pti on 

Orellia ruficauda (fab.) is a small Fly that oviposits into developing 

flower heads of Canada thistle (Detmers 1927, Mcfadden and Foote 1961). The 

,species 1s distinguished in the' adult stage From other members of the genus by 

a wi ng pattern composed of spots as opposed to bands (McFadden and Foote 196i). 

The adult ; 5 between 5-6 mm long with a wi ng expanse of 6 mm. The head i s 

small , yellowish green, with vivid green compound eyesj the thorax is dorsally 

black wi th a 1 i ghter margi na 1 1 i ne and a wedge shaped 1 i ght area a t the 

posterior end. The larvae are footless, white and between 5-6 mm in length .. 
(Detmers 1927). 

Host and Geographi ca 1 Range 

Q.. rufi cauda has been reared From Ci rsi um arvense "heads co 11 ected 

throughout Europe, northern and central United States and southern Canada 

(McFadden and foote 1961) and From Taraxacum officinale and Cirsium palustre 

(Europe) (Maw 1976). Hendel (1905) also reports Cirsium palustre as a host 
-

plant. Adults have been observed resting on carrots and raspberry plants 

(McFadden and foot.e 1961) and on al falfa and wheat (Maw 1976). The 'Fly has a 
~ 

: 
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wide geographical range including Middle and north Europe, central As1a (Hendel 

1905), North America from British Columbia to Newfoundland and south to 

Californ1a (USOA ~965). It was accidenta11y introduced into Canada and has been 

reported fn Britfsh Columbia, Manitoba, Ontario, New Brunswick and Newfoundland 

(McFadden and Foote 1976, Maw 1976) and in Quebec (Virly and Watson 1977). 

Li Fe Hi story 

The adult felRale fly ovlposits into developing flower heads of Canada 

thistle in the middle.to -late su.mer (Oetmers 1927, McFadden and Foote 1961). 

Damage i s caused by young 1 arvae whi ch enter the achenes by eati og through the 

peri carp and exit a fter consumf ng the i nteri or of the seed. In la te Ju 1 y, 

after completing their development, the mature larvae construct a cocoon in the 

seedhead co~posed of pappus hafrs glued together by larvae secretions. The 

1 arvae d1apause 1 n the cocoons and pupate 1 n the flower head f n thei r 1 arvae 

skins the fol1owing spring. ~fthout a cold treatment, adults can emerge in 2 
., 

to 3 months (Phil 1 i ps 1923). 

Stress Caused by Orellfa ruf1cauda 

Reported values of occurrence of Q.. rufi cauda f n the 1 i teratuJ:e vary by 
~ 

site; 321 in grazed pastures, 44' at rfght-of ways and 63% in an ungrazed 

pasture (Wat5on ~l (\1. lQRO). Tt 15 c".Apfiole of attacking up to 70~ of thistle 

heads (Harris 1971, Vfrl~ and Watson 1977), ranging From 27-70l. 

The average number of 1 arvae per head has been found ta be 5 li ght l Y over 

one per head wfth a lIIaxi IIIUAI of 8 per head (Watson et al. 

damage ranged From 5-30% (Virly and Watson 1977). 

1 ~~O) • The seed 

There f 5 some controversy concerni ng the type of damage caused to the seed 
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heads. Lund and Rostrup (cited From Detmers 1927) descrfbed damage as ruptured 

involucres and a150 twiste<! heads. Detmers (1927) a1'50 observed similar heads 

but they were not i nfested wi th Q. rufi caudal rather by the Canada thi st 1 e 

lIidge Dasyneura g1bsoni Felt. The mature m1dge larvae are small (3 mm long), 

orange red and footless with suck1ng mouthparts. They suck the juices from the 

base of the florets and young achenes, preventin9 their development (Detmers 
\ 

1~7\ ~ 

\ 
T~e obj ecti ve of thf s parti on of the study was to exami ne the stress 

physiology of the pr~ispersal seed pred~tor Orellia ruficauda on Canada 

thi stle . 
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Duri n9 1980 to 1982, female flower heads of Canada th1stle were sampled at 

randolR from field populations on the Macdonald College farm. for each head, 

the number of l arvae, the number of damaged seeds and the nUllber of undamaged 

seeds vere counteQ. Efghty-two heads were exaœined in 1980, and 127 in 1982. 

On 1 Y 41 heads were -exami ned i n 1981 due ta an extreme 1 y 10w pO pu 1 a t 1 0 n 0 f Q.. 

ruficauda. 

Samp 1 es of damaged and l,lndamaged seeds From attacked Canada thi st 1 e heads 

were Fi xed in 3. O~ 91 utara 1 dehyde in 0.025 M phosphate buffer (pH 6.8) (0' Bri en 

and McCully 1981}y dehydrated in a methyl celloso11/e, etha n,o 1 , n-propanol, 

n-butanol series and inf11trated with and embedded in glycol methacrylate ((JI1A) 

monomer mixture (Ferler and O'Brien 1968) for plastic sectioning. Q. ruficauda 

cocoons were si mi 1 ~rl y fi xed and dehydrated but embedded f n wax for secti on; ng 

(Jensen 1961). Sections (1-2p> of the seeds were cut and stained with periodic 

acid Schiff's (PAS) reaction alone or counterstained with, toluidine blue 0 

(OtBrien and McCully 1981). Thiel< sections were eut of the cocoon and left 

unstained. 

Correlation coefficients were determined between the number of larl/ae and 

the number of dallaged sëeds, the percentage of damaged seeds, the number of 

viable seeds for attacked heads and the number of dallaged and viable seeds for 

a 11 heads exami ne<i for data From years 1980 and 1982. Correl ati ons were not 

performed for 1981 data due to low predation level. 
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C.3 Resul ts 

The portion of heads attacked by Q. ruficauda fn th1s study was 10w w1th 

21 to 37~ for 1980 and 1982 (Table 25) and \tas only'2~ in 1961. Damaged heads 
t 

s01lleti mes appeared b 1 i ghted and twi sted (fi g. 38). Bl asted heads somet; mes 

contained Q. •. ruficauda or Dasyneura gibsonii (Canada thistle midge) or'both. 

Both i nsects \tere al 50 found in heads whi ch \tere not di sf1gured. Therefore no 

association between seed head morphology and 1nsect presence could be drawn. 

Seed' heads infested wi'th, Q.. 'ruficauda were disrupted by cocoon formation. The 

larvae was surrounded by a clear zone probably due to shrinkage of the larvae 

durin9, fixation and th~ cocoon was formed From pappus hairs (Fig. 39). Damaged 

seeds were easily dist1nguished by the entrance/ex1t holes in the pericarp or 

by the presence o~~ragmented seed coats (Fig. 40). The location of the holes 

in the seed variedj with 45~ near the base, 27~ in the middle and 28~ near the 
; . 
apex of the seed (n=130). 

The seed coat of Canada thistle seeds has many layers (Figs. 41 to 44) 

inc1uding an epidermis and sclereid layer. Q.. ruficauda predation did not 

affect the seed coat layers except at the entrancelexit hole. The layers just 

inside the testa, the cotyledonary tissue and the embr~o were however severely 

disrupted. In intact seeds (Figs. 41 and 42), the cells of the cotyledons were 

regular in shape with easily dfstinguishable cell walls and \tere hi
l
ghly 

cytoplasmic with many small vacuoles. In some of the Q.. ruficauda damaged 

seeds (figs. 43 and 44), the layer just beneath the pericarp was torn away. In 

aIl cases, the cotyledon and embryo areas were almost completely obliterated 
, . 

and the~ remaining tissues were amorphous collections (PAS positive) with few 

distinguishable cell walls or intact cells. 

~ , 
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fi gure 38. Canada th1 st 1 e seed heads ( a) not 
infested and (b) containing an Orel11a rufucauda 
larva " 

figure 39. Thiel< section through an O. ruficauda 
larva and cocoon. (a) larva; (b) larval skin (c) 
clear region around the larva ·and (d) cocoon 
formed of pappus hairs 

Figure 40. Seeds damaged by Q.. ruficauda 1 arvae. 
Some seeds were enti re 1 y fragmenteà (far ri ght) 
while others were easily distinguished by 
entrancelexit holes 

figure 41. Plastic section made through an 
undamaged thistle seed showing layers of the testa 
(t), the sclereids (s), the nutritive tissue (n) 
and the cotyledon (c). The ceJls are regularly 
shaped, highly cytoplasmic and have Many small 
vacuoles. (PAS/tolui'tJine blue stain) (x250) 

Figure 42. Plastic section of an undamaged~eed 
stained with PAS. The cell walls are easlly 
distinguished by this stain. (x250) 

.< 

Figure 43. Plastic section of a damaged seed 
stai ned wi th PAS/to 1 ui di ne bl ue. Some of the 
nutritive tissue has been torn away From the seed 
coat and the ares is generally empty as Most of 
the cotyledonary and embryo ti ssue has been 
eaten. (X250) 

Figure 44. Plastic section of a damaged seed 
stafned with PAS. Much of the materfal remaining ~ 
i s PAS posi ti vey amorphous wi th -few 
distinguishable cells (X250) 

, , 
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The average nu~r of 1 arvae per head was s 11ght 1 Y over one (T able ~5) {lnd 

the percent damaged seeds was 2l. 5~. Gorrel ati ons between the number of l arvae 

and ~he percent dalB8.ged seeds, 'the number of da;aged seeds and the nUlIlber, of 

viable seeds for attacked heads were loti (0.03 to 0.37). Correlations For data 

hel us ive of heads wl thout 1 arvae between the nUl.ber of larvae and the number 

of damaged seeds were higher (0.6 and 0.84). 
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TABLE' 25. Orellfa ruficauda Predation of Canada Thist1e 

" 
, " 

\, 

* 
------~------year --------------------------

Paralll!ter 1980 1982· Combfned 

Heads sampled Cn) 59 127 186 
-.: 

-Heads dauged % 37.3 14.2 21. 5 

Seeds/head $ 42.1;t22.0 28.2:30.1 28.7t25.6 
X+jD. (range) (4-~) (1-104) (1-104) \ 
No. larvae/head 1 1.1:tO.4 1. 2:0. 5 1. 2:0. 4 
x+S. D. (range) (1-2) (1-3) (1-3) 

,~ 

Damaged seeds # 8. 7:t4. 8 3.8±3.2 6.Sz4.a 
per head x+S. D. (2-17) (0-11 ) (0-17) 
(range) 

Viable seeds/head 1 40.3±16.8 16.6±13.4 29. 6±19. 3 
x+S.D. (range) (6-84) (1-54) (0-17) 

Predation level 1 17.9±7.9 24.1;t21.2 20.4±15.8 
~-" 

('4) x+S. D. (5.1-33.3) (0-87.5) (0-87.5) 
( range) 

* Data for 1981 omftted because of lov O. ruficauda 
predation in the study area -

$ Unattacked heads 

'. 1 Va 1 ues presented on data fo~ attacked heads on,! y 

" 
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C.4 Discussion 

D 

Seed predation can affect plant population dynamics, plant demography and 

plant-animal interactions (Janzen'1969, 1970, 1971, 1974, Brown and Davidson 

1977, Harper 1977, Borchert and Jain 1978, Heithaus 1981). 

In natural habitats, seed predation can range from Jess than 1~ to 100~ 

with usual recorded levels between 10 and 90% (Janzen 1969). Values for Q. 

/-"" rUff.caUda predati oQ of Canada thf st 1 e heads range From 27 to 70% (Harri s 1971; 

'Virly and Watson 1977) and vary by site (32~ for grazed pastures, 44% for 

right-of-ways and 63~ for ungrazed pastures). (Watson et al. 1980). In this 

study, the percent of heads attacked was much lower at 21.5~. The average 

nu~ber of larvae per he ad (1.2) and the percentage of seeds damaged (20.4) were 

simflar to previously reported values (Watson et al. 1980). 

The,low correlation value between the number of larvae and the number of 

viable seeds, the number of damaged seeds per head and the ~ of damaged seeds 

per head indicates either that these factors are not affected by the number of 

, larvae present, or that the range of 0 to 3 l~rvae is not suff1cient for 

accurate correlation analysis. The latter is more probably the case, since 

intuitively an incre~5e in the number of larvae should resuJt in an increase in 

the damage. 
1 

The low number of seeds eaten per head indicates that predator satiation 

occurred in this study. The variation in the predation JeveJ (from al~ost 40~ ---

in 1980, near 0\ in 1981 and 14~ in 1962) in this study and the range reported 

in other studfes indicate that the effect of Q. ruficauda as a natural enemy or 

a biotic stress on Canada thfstle 1s unrellable. However, variation in 



( 

L 

predation is ~ommon (Marshall and Jain 1970, Platt et al. 1974, 

and is considered important to plant population dynamics 

1977) . 
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Unpredictability of seed· production is considered a defense against 

predation (Harper 1977). In this study, in 1982, when seed production was low 
1 

(20 seeds per head) the percentage of heads attacked was less than half of 

those attaaked in 1980 when approximately twice the number of seeds per head 

was produced (50 seeds per head). The number of damaged seeds per head in 1980 

(8.7) ·was more than double that of 1982 (3.8). Therefore, the proportion of 

damaged seeds was the same for both years and the proportional contribution to 

the seed bank was similar. 

Seed he ad predators have been used in several biologieal control programs ------ . with little regulatory effect (Harris 1980). With annuals and biennials, for 

which seed production is the only method of reproduction, seed predation can 

reduce the local population and also dispersal to new habitats. However, the 

effect of the reduction of the seed bank i5 dependent on the demography of the 

5eed crop (Harper 1977, Borchert and Jain 1978). In some cases, for example, 

where density-dependent mortality of 5eedlings 'and competition ;s high, a 

reduction in the number of viable seeds produced may have l1ttle effect or may 

even cause an ;ncrease in the population. On the other hand, in cases where 

the density-dependent seedling mortality is insignificant, a reduction in seed 

production may cause a depress10n in the population level (Lamp and McCarty 

1982, van Leeuwen 1983). 

Success in b1ological weed control programs us1ng seed predators on 

perennfal weeds has been .11mfted and the eff1cacy of a seed predator in the 

", . f· 
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case' of Canada th1stle 1s uncerta1n. Huffaker (1957) cons1ders that the 

suitability of seed predators (or the control ·of perennfals 1s questionable and 

cont~ol by seed reductfon would likely he a long, 'slow process, especially if 

vegetative reproduction oeèurs. Withfn pasture. habitats Canada thistle 

seedlings do not survive (Amor and Harris 1974), but dispersal to new habitats 

1s still poSSible and a seed predator ~ay be effective in reducing weed spread, 

since a decrease in seed production decreases the average distance of seed 

dispersal (Harper 1977). Chancellor (1972) noted that although perènnfal weeds 

have less need for seed pr~ducti~n sinee ft 1s not essential for them to 

r-eproduce by seed w1thin a single or even many seasons, that seed Production 

should not be neglected, as it may negate the effectiveness of other control 

reasures. 

The implications for biologieal control by p~edispersal seed predators are 
, '\ l 

complexed by several factors includfng post-dfsper.sal ptedation, the number of 

seeds required for population maintenance, seed survival in the soil, s~dling 

aortality and so forth. It fs known that seed germination of Canada thistle fs 

highly variable (0-100S ~ependfn9 on the conditions) (Hayden 1934, Bakker 1960, 

Kumar and Irvine 1971) and seed11ng establishment 1s low especially under low 

light intensity (Bakk>p 1960) and competition (Hodgson 1968). However, m~~. of 

" . 

the values required for accurately predicting the effect of predispersaJ seed ~ 

predation on the population dynamics of Canada thistle are not known. Although 

Q. ruficauda may not be a severe predator; eomplexed with low seed gèrmination, 

short distance dispersal and low seedlfng survival, intuitiv~ly seed- predation 
, 

, of thfs perennfal weed may be an important factor for the regulation of the 

density and spread of the weed population. 
'f; 
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D. ROOT CROWN DAMAGE: CLEONUS PIGER 

0.1. Introduction 

0.1.1 Root Crown Damage 

,According to Ross and Hedicke (1902) and Mani (1964), Cleonus ~ 

(ScoP.) initiates gal1 form~t;on in the root crown of Capada thfst1e. The ga11 

is described as occurring in th~ lower part of the ~hoot, being spind1e in 

shape and approximately 40 mm long by 10 mm wide. The various aspects of ga11 

formation have been described in section B. 

The damage caused by root crown feeding insects in general, can interfere ' 

with {Il the transport of mineraIs, water and 50 Forth from the roots to the 

plant or (2) the translocation of storage products to and From the roots. The 

extent of the damage to the vascular system no doubt determines the stress to 

the plant. If damage is"sufficient, water supply transport May be reduced 

below the required capacity and the plant May wilt and die. 

0.1.2 Case Study Organism: Cleonus piger 

Cleonus piger (Coleoptera:Curculionidae) 1s a large weevi1 (snout beetle) 

whose larvae Feed in the root crown area of thistles. It occurs From Scotland , 

(Cawthra 1958), through the dry region of Lapland, souto to Italy and Corsica 

and Elba in the Mediterranean (Lafer1a 1939 citèd ~rom Peschken unpub.). It 

was first found in North America in New York in 1929 and in Quebec in 1933 

(Brown 1940) and spread lnto Ontario and Michigan (Peschken unpub. ). It 
,-

i 
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attadks spe~ies in the genera Cirsium, Carduus, Cynara. Onopordum, Arct1um and . -

Silybum in the -field (Scherf 1964 cited From Peschken unpub., Zwolfer 1965). In-
, ' 

laboratory tests, adult weevils a150 fed on ~nula, Zinnia, Rudbeekia, Cnieus, 

CarthaJaus, Centaurea, TaraxaCUlII" Sonchu5, Leontodon and Lactuca specfes 

(Zwolfer 1963). lt was frequently reported as a pest of sugarbeets (Seta 

vulgaris L.), but this Dlay havp',been misidentification but 1t does develop on 
/ 

artichoke roots (LaFerla 193§ cited From Peschken unpub.). 

Life H15tory Adult weevils overwinter near the 5011 surface and become 

active in May in New York State and in late April 1n Scotland. According to 
1 
1 

Peschken (unpub.), -the female lays single eggs in the lower portion of th~ 

stems by chewing a cavity in th~ stem, depositing the eggs and plugging the 

hole with excrement. Cawthra (1958) on the other hand observed females digging 

and forming holes in the 5011 near the base of the stem with the rostra, then 
<, 

laying the1r eg9s 1n the hole and cover1ng 1t with 50il. LaFerla (1939) also 

found eggs at the base of the ribs of the leaves or on the adaxial leaf 
. , 

surfaces- of artfchokes. 'The larvae hatch within 8 to 12 days, enter the stem 

and mine to the soi1 level. By the second instar, a swel1ing or spindle shaped 

gal1 1s visible just below the 5011 level. Pupation accurs 30 days later. 

U5UaTly-only one larvae 15 found per Canada thistle plant (Scherf 1964, Cawthra 

1958), but up ta three have been found (Cawthra 1958). In artichoke roots, 

three larvae are common in 2 to 3 year old roots and up to seven in older roots 

(Peschken unpub). Adults e~rge in 'August or early September in New York 

State. In North Amerf ca and IIOst of Europe, ç, ~ f 5 uni vo 1 ti ne, but in 

ltaly, it can have two generations peT year on artichoke (LaFerla 1939 cfted 

from Peschken unpub.). Mortal1ty factors reported in Germany (Urban 1967 c1ted 

from Peschken unpub.) include d1pterous larvae and nematodes in Scotland 

1 

-< 



( 

( 

114 

(Cawthra 1958). 

\ 
Stress Effects of Cleonus piger In 1959, Cleonus ~ was rated as the 

most important insect pest on Canada th1stle at'the Belleville Ontario Research 

Station, occurring on 26-38J of the plants and killing plants on poor soils 

(Anon. 1959). Watson et al. (1980) found up to 60~ of Canada thistle plants 

sampled in Quebec were 'att~cked by ç. ~ and that attacked pl ants were 

wilted, often failed to produce flower buds and usual1y perfshed: Harris and 

Zwolfer (1971) reportèd that both Cleonus piger and Cassida rubiginosa were 

_conffned to eastern Canada and that infested plants showed few deleterious 
i 

effects. Cawthra (1958) reported that plants contai ni n9 1 i ve ç. pi ger 1 arvae 

were non-flowering, whereas Peschken (unpub.) found larvae in both flowering' 

and non-flowering plants in Canada. Other Canadian results indicate that the 

height, stem diameter at ground level and the number of qowers are greater for 

plants associated with ç. ~ inhabitation than for "c1ean" thistles. A 

conclusion from this is tryat elther ç. piger selects larger plants or there 1S 

a stimulation of height. diameter growth and flower bud production and that the 
U l, 

effect is not fnjurious. 

The purpose of this study was: 

(1) to determine the field population levels of Cleonus ~ 

(2) to examine the type and level of mechanical damage caused by the 

insect and 

(3) by simulating the damage caused (i.e. damage to the vascular tissue) 

to determine the response of the plant to complete stele severanoe. 
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0.2 Materials and Methods 

Field Studies. Random samples of field grown plants were collected From 

the sites .entfoned in Section A ana were exa_1ned for the presence of ~. 

~. Nu.bers of plants with and without daaage were recorded. 

, l, 

Microscopal Studies. Healthy and damaged tflssue was fixed, dehydrated and 

e.bedded and sections prepared accord1ng to procedures in section B.2.5. Sorne 
" 

daaaged tissue was handsectioned and placed 1n 70S lactic acid and heated for 

clearing. Plastic sections were stained w1th either the PAS react10n or 

to 1 ui di ne b 1 ue al one or ;\hè PAS reacti on counters"ta i ned with to 1 ui di ne b 1 ue as 

per Section B.2.5. 

Simulation Experiments. Plants at the 4 to 6 leaf stage grown From root 

pieces in Promix (grown under conditions outlined in Section 8.2.2) were 

notched with a razor blade and placed in a moist çhamber until sampling. 

Plants were removed after 2, 4, 8, 12 and 24 hours and 2, 4, 5 and 7 days (3 

replicates at each time period). Control plants were notched and sectioned 

immediately. At each sampling time the notched area was isolated and ~ectioned 
. 

by hand longitud1nally. The sections were cleared in 70' lactic acid. The 

.experiment was repeated. 

1 
-' 
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0.3. Resul ts 

In the years 1981 to 1982, Cleonus piger attacked a maxim~m of 27~ of 

Canada thistle plants randomly chosen from field populations (Table 26). Plants 

attacked by~. piger tended to be taller than the average plant (72.2 cm versus 

59.9 in late August (1982 field data)) and flowering was not usually affected 

by the presence of the larva. 

Of 17 dead plants examined in late August, (at site 3) seven contained 

si-gns of- Cleonus ~ habitation (4a). Therefore, ~. piger can kil1 plants, 
1 

however, the only dead plants observed contafning ~. piger from samples 

collected from the four field sites (Fig. 1) were from site 3 with the poorest 

soi1. 

Plants contafnfng ç. ~ often had a swelling a few centimeters below 

the soil lfne, some swel1fngs were as large as 3 to 4 cm in diameter (regular 

root crown region diameter 15 1 to 1.5 cm). Upon dissection of plants 

containing~. piger larvae, the larval cavity was found approximately 7.0 cm 

below the soi1 line, but a head sheath made of chewed plant materi~l (Fig. 45) 
1 

extended in the middle of the stem/root crown region up to 5.5 cm be10w the 

son 11 ne. The 1 arva 1 cavity 1 f ni ng was b 1 ackened i ndi catf'ng necroti c ti ssue. 

Cleared hand sections of the 1arval cavity showed a thick layer of 

necrotic tissue 11n1ng the - interior. Regenerated tissue from the cortex 

(parenchyma) grew between the vascular tissue (Figs. 46-49) into the cavity. 

In undamaged tissue, vascular tissue fi11ed the entire zone which would be 

esten by~. piger larvae, therefore the occurrence of the larvaf cavity 

(between 0.5 to 1+ cm in diameter) elim1nated a large portion of the xylem 
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rable 26. Occurrence of Cleonus ~ Larvae in the Root 
Crown Region of Canada Th1stle in Field Populations in 1981 and 1982. 

. ------Total Number of Canada Thistle Plants -------
* 

'tear and Si te With Cleonus Without Cleonus ~ attacked 

c 1981 
t 
"-

Site 3 0 22 0 

Site 4 0 18 0 

1982 

Site 3 4 10 27 

Site 1 1 16 6 

* location and description of sites in Section A. 
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Figure 45: A split stem of Canada thistle show;ng 
the larval cavity and a head sheath of Cleonus 
~ larvae (Arrowhead at larvae) 

Figures 46-49: Hand sections cut through a ç. 
~ cavity and cleared in lactfc acid. 

46: Seçtion showing a region of regenerated 
tissue pushed through the xyJem which has 
necroti c ti ssue on its surface. (X 50). 

47: An enlargement of figure 46. The 
regenerated tissue has many small, 
parenchyma-like cells (X 19'O)'. 

48: Section through the larval cavity also 
s~owing the regenerated tissue and the damage 
fo the vascular system (X 50). 

49: Closeup of the regenerated tissue and the 
surrounding thick necrotic region (X 100). 

Fi gure 50: ,Radi al secti on through the edge of the 
larval cavity. Note the irregular edge and the 
var1ety of cel 1 types. Note also the cells which 
stain densely with toluidine blue (Plastic section 
stained with toluidine blue) (X 220). 

Figure 51: Region containing many necrotic 
deposits and densely stained cells. Note the dark 
deposits between the cells and the number of dead 
cells on the edge. (Plastic section stained with 
toluidin.e blue) (X 440). 

Figure 52: A closeup of the edge with several 
large densely stained cells, a wide variety of 
cell sizes and shapes and'irregularly shaped 
deposits between the cells. (Plastic section 
stained with toluidine bluaf (X 1000). 
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tissue. Higher magnificat1on' of the 1;n1n9 of the cavity indicated enlarged 

cells, Many of which were dead. There were a1so dark deposits between ce11s 

(figs. 50-52). The edge of the cavity was rough and cell types of many 

different sizes and shapes occurred dfrect1y along the edge (Figs. 51, 52). 

In the simùlation of damage (figs. 53-57), the wound was not greatly 

modified by the plant even 7 days after the notch was made (no cal lus formation 

or phelloderm production). Regeneration,of vascular tissue (xylem) was first 

~bserved as early as 12 hours after notching in the form of a simple connection 

between a eut vascular strand with an uneut one (fig. 54, 56). "After 4 days, . ' 

the vascular connection had grown around the end of the notched area resulting 

in the rejoining of the vascular tissue (Figs. 55, 57). 

, , 
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fi,gures 53 t'o' 58: 
Experflllents 

1. 
1 

Simulation (Notching) 
Il • 

. Fi gure 53: Control (secti one<! soon after' the notch 
was eut) showing the extent of the notching whicn 
occurre<! (X 125). 

Fig~re ~: Twelve hours after notching. a simple 
connectin~rand ran from a severed strand to an 
unsevered strand (Arrowhead) (X 125). 

o • 

figure 55: Four days after notChing. a bridge of 
vascular tissue ran around the end of the notch 
rejoining the vascular tissue from the'two ends 
(Arrowhead) (X 125). 

ul 

Figure 56: An enlargement of the vascular strand 
from figure 54 (X 300). 

Figure SI: An enlargement" of the vascular bridge 
(arrowheads) from figure 55 (X 300). 
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0.4 Di scussi on 

Cleonus piger 1s a low level predator, (affecting a maximum of 27S of the 

plants in the field situation in this study). Watson et al. (1980) found 

higher values for the same region (maximum 60S) and Anon. (1959) found up ta 

3aS fn Bellev11le , Ontario. Even' at 'a low level, it no doubt contributes to 

the overal! regulation of the Canada thistle population. 

If a plant 15 severely dalllaged by ç. piger larval f~in9, the plant will 

die. Mf cros copal examination has shown that this 15 due to the removal of 

large quantities of vascular tissue. Plant wOt 1s one of the first symptoms 

of ç. ~ presence in the root crown area. The plant combats the damage by 

regeneratfon of tissue into the larval cavity. Results From the simulation 

(notching) experiment indicated that even with complete stele severance, the 

vascular tissue could regenerate by difFerentiation of parendhyma tissue. Such 

regenerated vascular st~ands are belfeved to be funetional (Robbertse and 

McCull y 1979). 

The fact that'Canada thistle, can withstand removal of a large amount ~f 

vascul ar ti ssue and stfll grow and produce flowers and root buds i ndi eates that 

ç. ~ causes at best only a m1nor stress to the plant. ~ut, in the overall 

scheme, ft probably asserts a sufficient stress to cause some degree of 
(;t 

regùfation of the population especially during periods of water stress. 

At one ti me, ft 'lias proposed that ç. ~ and Cass1 da rub1g1 nosa be moved' 

l'nto the western provinces; sfnce Canada thistle 1s much less prevalent in the 

st and since these two natural enemies were present in the east, it was 

deduced that they were contributing to the control of the, weed. Due, however 
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to these i nsects feedi"9 on econolIIi c crops, the transfer; was not made 

(-peschkerl, unpub.) 
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E. DEfOlIATION. CASSIDA RUBIGINOSA 

E.1. Introduction 

E.l.1 Defoliation 

. 
Defo 1 i ati on has been defi ned as the, "depr1 vati on of 1 eaves, especi a 11 y , , 

prematurely" and,as thé, "severing or relllOval of p~rt or a11 of herbage by 

ani1lla1s (grazing) or cutting machines (harvesting)1l (Thomas 1980). 'A more~ 
cOlllprehensive and, general def1nition iSj the 1055 of photosynthetic area (or 

capa ci ty) by· any means 1 ncl udi n9 graz109, mowi n9, fo li age di seases, herbi vory. 

The effects of defoliation have been extensively examined in natural grasslands 

and in the forages. Total or partial defoliation can result from grazing by 

animals, harvesting, feeding by phytophagous insects, plant pathogens, fire~ 

ha; 1 or wi nd damage. A decrease, an i ncrease or no change in p 1 an~ growth, 

yield or reproductive capacity can result From defoliation (Harris 1972., 

1973a) . 

Decrease 
' .... " r 

in Plànt Growth. Leaf removal can cause, lower seed 
l --

producti on,l (f i) a .<tecrease in the growth rate, (i i 1) i ncreased morta 1 ity and 

(iv) other indirect effects including structural adaptations. A reduction' in 

reproductive capacity is a common effect of defoliation '.in many crop plants. 
~ 

leaf removal often results in reduced grain yields in cereals ( Archibold 1942, 

last 1955, Pauli and Laude 1959, Stickler and Paul1 1961, Walpole and Mor9~n 

1974, Simmons et al. 1982). Defoliation reduces soybean yield and also affects 

the oil and protein content of the seed (McAlister and Krober 1958, Begum and 
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Eden 1965, Thomas et al. 1976, Caviness and Thomas 1980). Corn '(Hanway 1969, 

Remison and Omuett1 1982) and sunflower (Sackston 1959) seed yields Gan be 

reduced by defol latton. 

For forages, defolfat1on at some points during the season reduces seed 

yield for tlmothy, perennial ryegrass and cocksfoot (Roberts 1958) and crimson 

clover (Knight and Hollowell 1962). Ttee seed production may also be reduced by 

defolfation (Kulman 1971, Stephenson 1980). For SOllle Central American deciduous 

trees,defoliation resulted in a decrease in fruit number and weight and at 

defoliation levels greater that 80~ no fruit was produced. 

There are also examples of ~educed reproductive càpacity caused by 

defoliation in weed species. The fruit and seed weight per panicle were 

reduced for Rumex cr1spus L. upon removal of the cauline leaves (Maun and 

Cavers 1971 ). A 501 mec.hanical 9raz1og of wild ginger (Asarfum caudatum) 
k 

decreased seed producti on and dry wei ght by 50J (Cates 1975). Wi th 45'1. 

defo l1at1 on of Austo l odri a ret1 cul ata by Battus phi 1 enor , there was i ncreased 

plant lIIortal1ty, decreased plant growth rate and a decrease in seed production 
/ 

(Rausher and Feeny 1980). SiRli lar resul ts have been reported for Ambrosi a 

artemisiifolia L. and Artiull minus Hill(Bernh). (Reed and Stephenson 1972). For 

Abutilon theophratis Medic., seèd production decreased proportfonately with 

increased defol iation (Lee and Bazazz 1980). 

\ 

Decreases in yield (biomass, rather than seed) of forages and other crops 

also occur as a result of defoliation. For forages, grazing and mowing, 
1 

especially if Frequent can reduce forage yield (Madison 1962, Griffith and Tee 1 

1965, Watson and Watson 1982), and also stand longevity (Knight and Hollowell 

1962). Incocksfoot (Dactylis glomerata , defoliation decreased leaf initiation 
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and e~pansion' (Davidson and Milthorpe 1966a, Ryle and Powell 1975). Ory matter 
/' 

yield of grain sorghu. was also reduced with defoliation (Pauli and Sticklér 

1961). for trees, Kulman (1971) found growth reduction wJs proportional to the 

quant1ty of foliage removed. Williams (1967) found that spruce budworm feeding 

reduced the radial growth of, grand fir, Douglas fir and En<}elmann spruce and 
. 

Piene (1980) found that defoliat1on'reduced volume growth in balsam fir. 

Defoliation can a150 cause a reductfon in root growth and regrowth and 
, \ 

root carbohydrate reserves (Sampson 1931, Archibold 1942, Jameson 1963, Alcoék 

1964, Marsh~ll and Sagar 1965, Davidson and Milthorpe 1966b, Sosebee and Wilke 

1971, Ryle and Powell 1975, Grant et al. 1981). Roots can be shorter and 

thinner and root initiation and growth rate may decline after defoliation 

(Marshall and Sagar 1965, Dunn and Engall 1971). Other effects recorded 

include; reduction of root respiration, carbon dioxide exchange and phosphorus 

and other nutrfent uptake, (Davidson and Milthorpe 1966b, Jameson 1963), ,_ 

increased root exudation (Dyer and Bokhari 1976, Whittaker 1979) and decreased 
~ . 

root weight (Buwai and Taylor 1977). Vance et al. (1980) found that 

defoliation caused temporary senescence of alfalf~ root nodules, whereas Lynd 

et al. (1980) found an increase in nodulation for tiairy vetch. Several 

workers have noted that clipping affected translocation (Sose~ and Wilke 
p. 

1971, Ryle and Powell 1975, Marshall and Sagar 1965). 

Several structural changes nave been noted. for big sagebrush (Artemfsia 

indentata), clippfng redistributed the major portion of dry matter t~ a lower 

position on the plant (Willms and Ba1ley 1980). Sfm11ar effects occurred w1th 
-- , 

heather (Calluna vulgar1s) (Mohamed and G11ingham 1970, Grant and Hunter 1966). 

Grasses and forages also can be structural1y stunted and an alterat10n of leaf 

shape and s1ze can oceur (Grant et al. 1981, Detling and Pa1nter 1963). 

1 
) 
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Changes in communHy structure and specfes composftion. can resul t from 

defo11at1on (Tansley and AdalDS 1925, Hope-Simpson 1940, Davis 1956, Janreson 

1963, Brougham and Harris 1967, Smith 1979" Whittaker 1979, Coppoch et al. 

1983, Detling and Pai nter 1983, lubchenko 1983, Herchell and Tunen 1983, 

McBrien et al. 1983)~ 

Other effects of defol1ation include: decrease in phloem ~rea (Sanders et 

al. 1977), d~crease in nitrogen content (Pauli and Stickler 1961), decrease ln 

root competftiveness (Remison and Snayd~n 1980), decrease in photosynthetic 

rate (Poston et al. 1976) and alteration of competitive interactions (Grime 

1979, Windl,e and, Franz 1979). 

Effects oF deFoliat1on on the plant are modified by several factors 

includfng (1) stage of pla,nt development, (2) plan't species, (3) type of leaves 

removed, (4) severity of the defoliation and (5) co.mpensatoryeffects. 

Stage of Plant Development Decreases in SeeQ yield are generally greatest 

if the defo 1 i ati on occurs duri ng reproducti Ile stages as opposed to lIegetati ve 

or post-reproductive stages. This occurs in a wide variety of plants; corn 

(Hanway 1969, Allison et al 1975, Egharreba et al. 1976), soybeans (Begum and 

Eden 1975, Turn1pseed 1972, Tergi n and Vorst 1975, Fehr et al. 1977, Ca v; ness 

and Thomas 1980), potato (Bereford 1967, Hare 1980), various tropical legumes 

(Enyi 1975), peanut (Boote et al. 1980. Santos and Sutton 1982) and lima beans 

(C099; n and Di vely 1980a, b). 

Type of Pl ant Spec1 es. Different plants have different responses to 

defol iatfon dependf n9 on the species, the mode of growth and resistance to 

defoliatlon. Differential cultivar response to defoliation has been found in 
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potatoes (Hare 1980) and soybeans (Fehr et a 1. 1977). 

Types of leaves Removed. 'In general, leaf removal from the upper portion 

of the plant i s more detrf menta 1 than from the lower porti on as reported for 

grai n sorghum (Stickler and Pauli 1961), sunflower (Sackston 1959), potatoes 

(Hare 1980) and soybeans (Johnston and Pendleton 1968). Damage to leaves 

exporting carbohydrates (so-called 'feeder leaves ' )is more detrimental than 

damage to other leaves as exempl i fied by the effect of the removal of cereal 

flag, ,leaves (Walpole and Morgan 1974, James et al. 1968). 

Severityof Damage. In general, as the defoliation level increases, the 

greater 15, the detri llental effect to yield and other parameters (Begum and Eden 

1965, Hanway 1968" Taylor and Bardner 1968, Cav1ness and Thomas 1980, C0991n 

and Di vely 1980, Jackson 1980, Ffck 1982, Rees et al. 1982). The effect, 

however, 1s not proportional to the alIIOunt of damage (1.e. 3D'" defoliation 

results in less than 30~ reduction in yield et cetera). 

Compensatory Effects. In IDOst plants, a portion of foliage
h

i's: dtspensible 

and there 1S little yield reduct10n until a threshold is exceeded. Some 
.{ 

examples of defol1ation levels that various crops can withstand without 

detrimental effects include (at a stage of low susceptibility): 

50~ soybean Weber 1955 
! Tergi n and Vorst 1975 

Cavi ness and Thomas 1980 

25~ sunflower Sackston 1959 

50~ snapbean Guene and Mi nch 1967 
ci ted frolll Rockwoocf 1973 

301 cucul'llber Hussey and Parr 1963 
(1;.. 

50~ sugarbeet Hodkinson and Hughes 1982 
~ 



i 

( 

) 

Il 

128 

The determfnatfon of threshold damage levels are complexed by the.growth 

stage of the plant. In general, crop plants can endure much hfgher levels of 

defoliatfon in the vegetative phase than at the reproductive stage. 

Increase' in Response: 

It has long been kno~n\ that some plants (apples and blueberries for 

example) requ1re and benefit: froID cl1pping for maintenance of optimum yield 

(Janzen 1976). forage crop productivfty can also be increased ,by judicious 
. 

c1ipping (Jameson 1963, WillmS and Bailey 1980). 

Harris (1973a) stated, uIt, 1s a fallacy that the consumption of leaves, 

flowers and other plant tissue by insects nece7iar11y reduced plant vigour or 

reproducti ve capaci ty,.. . these factors may be i ncreased. u There are severa 1 

cases where stimulation of plant growth and yield occurs after defoliation 

(Taylor and Bardner 1968, Hanway 1969, Kumar and Joshi 1972, Vi ckery 1972, 
, 

/' 

Harris 1972, 1974, Dye~ 1975, McNaughton 1976, 1979, Oyer and Bokhari 1976\ ' 

'Owen and Wiegert 1976, Hilbert et al: "'°1981, McNaughton 1983). for most of 

these examples ci~ed in the lfterature, the defol1ation pressure generally 

occurred early in the growing season, the damage was of 11mited extent and 

duration and the plants were not under intense competition (Harris 1972). 

Ways in which defoliat1on may be stimulatory to plant gfowth include (1) 

an' i ncrease 1 n photosynthet1c Y1ates of res1dual tisLe (Vickery 1972, Gifford 
~ 

and Marshall 1973, Detling et al. 1979, Palnter and Detling 1981); (2) 
, ., 

rea 11 oéat1 on of photosynthates and other substrates to new 1 eaves (Ry le and 

; 

î 

.1 
1 
1 
1 

1 
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Powell 197§, Detling et al 1979 )i (3) the removal of leaves past their 

phys,iological prillle (physiologically parasitic leaves); (4) increase of light 

inte~~1ty on a11 leaves (elimination of shade) and readaptation of shaded 

leaves to the sun; ~) a delay in leaf senp.~cence; (6) hormonal redistribution 

promoting cell division and elongation and (7) enhanced conservation of soil 

moisture (McNaùghton 1979). 

No effect: 

Harris (1972) hypothesizes·that, "most insect species, lIIoSt of the time, 

have little effect on plant abundance." Many plants require a high level of 
-defolfation or a pigh threshold value (at certain periods of the year) before 

any detrimental effect occurs (Caviness and Thomas 1980 'and references listed 

before). 

The effect of defoliation can often be nullified by compensatory growth 
, 

(Detling et al. 1979, Jackson 1980, McNaughton 1983). Removal of vegètati ve 
\ 1 

tissues rarely results in a proportional reduction oF yield or growth 

measures. For Most plants, roots and leavès operate below maximum potential as 

an eco,ogical necessity to provide a buffer against accidents or environmental 

fluctua\i~ns (Maggs 1964). Therefore, most plants can suffer some defoliation 

without \ny apparent adverse effect. 

\ 
\ 

Overall, the effect of a defolfator appears simplej a reduction of leaf 

area should intuftively adversely affect the plant. However, the relationshfps 

"between leaf damage and plant productiv1ty are complex and can De modiffed by 

several factors',- i nc1udf n9 the tfme and level of the damage, the type ~f leaf 
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da.aged and the' env1ronment. However, although defol1ato!s frequently consùme 

only a smal1 portion of availabJe plant material they may have an important, 
" 

effect on eeosystem structure and function. 

E.1.2 Defoliators and Bio10giea1 Control: 

In the early days of biologiea) control, emphasfs was placed on insects 

with specialized feeding habits, however, experienee has shown that defoliators 

are a150 equally as safe and effective (Huffaker 1957). Consequently, 

many of the insects selected for the biologieal control programs have been 

defoliators. Indeed, several defoliators have been successful biological 

control agents including Chrysolina quadrigemina Suffr. and ç. hyperii (Forst) 

on Hypericum perforatum l.oand Tyria jacobeae L. on Seneciojacobaeae L •• ln 

both cases, the co-action of the environment specificaJly winter Frost in the 

tansy ragwort case and dry summers for St. John's wort were necessary for high 

success rates. 

E.1.3 Case Study Organfsm: Cassida rUDj9inosa (Coleoptera: Chyrsomelidae ) 

Cassida rubigino5a 15 a tortoise beetle which defoliates plants and has a 

host range restr1cted principally to the Cfrsfum-Sflvbum- Carduus genera group 

of the Carduinae tribe of the Asteraceae. It has a marked preference for Canada 

thistle (2wolfer and,Eichorn 1966). As part of the biological control program, 

Zwolfer and Eichorn (1966) examfned the host range br Cassida spp. in Europe 
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that attacked Cynareae. Their decfsion concerning C. rubiginosa was that ft - , 

could not be recommended for introduction to Foreign countries, because of the 

poss1b111tyof attack on artichoke (Cynara scolymus L.). However, the beetle 

was accident~lly introduced into North America and was first reported on 

burdock in 19021 n Quebec (fyles 1902, Barker 1916). The present North American 

geographical range 1s as far west as south Michigan and Ohio and south to north 

Vi rgi ni a. l t has been coll ected in' Canada in New Brunswi ck, Quebe<: and Ontari 0 

.' (Brown 1940, Ward and Pienkowski 1978a) and the author observed it on 

Prince Edward Island. 

As a defo 1 i ator, Cass; da rubi 91 nosa fil1 s a ni che whi ch i s rel at; ve 1 y voi d 

on several thistles including Canada thistle (Ward 1976). 

life History. In Switzerland, beetles eould be col1eeted From early April 
" 

until early September, adults l>eing the most a,bundant From early May untiJ late 

June and eggs and lar.vae From May to August (Zwolfer and Eichorn 1966). In 

Vi rg; ni a, overwi nteri n9 adu 1 ts were acti ve From mi d March to ear l y September 
1 

and the larvae were active From April to early AuglJst. Oviposition occurred 

From mid March to early July. The oothecae were laid 90% of the time on the ~ 

abaxfal Jeaf surFace, most commonly at the leaf tip. Eclosion occurs in mid 

Apri 1. AlI fi ve i ostars occurre<! frOID April to ear 1 y August. The 1 arvae carry , 

thei r excrement over the; r backs on the cauda J Furea as a Il paraso I". Young 

larvae (1 to 3 instars) oeCUT primarily on th~ abaxial leaf surface and older 
, 

1arvae (4 and 5 instars) oceur frequently on the ad,axial surface. After 

feedi n9 i 5 comp 1 eted, the 1 arvae usua 11 y di scard the parasol and attach 

themselves by the last two or thl"ee sternites to the adaxial leaf surface, 
( 

usually on a midrib or on the stem For pupation. New adults emerge From mid 

June to ear 1 y August in Vi rgi ni a and upon temperature i nduced quiescence move 

) 

" . 
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to overwi nter in the Forest floor litter in September to October (Ward and 

Pi enkowsk i 1978a). 

Seasonal occurrence and phenology oF the beetle are dependent on the host 

and possibly a150 on the microclimate (Ward 1976). Life cycle duration is only 

25 weeks on Canada thi st 1 e, whereas i t i s 37 weeks on musk thi st 1 e (Carduus 

nutans) . 

The importance of the damage caused by Cassfda rubfg1nosa has been noted 

in Russia and in Canada (Harris and Zwolfer 1971). Adult felllales feed more than 

the ma les and the ,preferred feedi n9 site for both sexes in on the abaxi al 

surface. Increased feeding occurs during the ovipositional periods of the 

cycle. Developmental rates of eggs, larvae and pupae, eclosion of eggs and 

weight of newly hatched adults are aIl t'emperature dependent (Ward and 

Pienkowski 1978a). 

High parasitism prevents the buildup of Cassida rubiqinosa populations 

(Harris and Zwolfer 1971). Ward and Pienkowski (1978b) found total parasitism 
.t 

to be about 20~ wfth the major parasites OO1ng Tetrastickus rhosaces (Walker) 
1 

(Hymenoptera:Eulophidae) 

(Di ptera: Tachi ni dae). 

and Euce 1 atori opsi s 

The objectives of this' study were: 

dimmocki (Al drïch) 

(a) to determine the effect of insect defoliation on y1eld and growth 

parameters of Canada thistle using insect defoliation, simulation of 

~ defoliation in the greenhouse and in the field and by examining the relative 
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hlportance of the upper versus the lower leaves. 

(b) to exami ne the 1 i Fe hi story of Cass i da Tubi 91 nosa i n ~uebec. 
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E.2 Mater1 aIs and Methods-

E.2.1 Defoliation Experiment with Insects 

field col1ected larvae were placed on'ind~vidual plants at densit1es of l, 

5, 10 and 20 larvae per plant. The insects wer~~confined to the plants by wire 

aesh cages taped to the top of the pot. Controls were also covered by mesh 

cages. Plants (at sfmflar stage as outside when first attacked) were 9rown on 
o -2 - -1 0 

a growth bench (20 C day, 14 haurs, 300 nücroEinsteins Il' 0 sec j 15 C 10 h'our . ~ 

nights). The cages were removed after two weeks and height and leaf number 

recorded. The plants were harvested severi "weeks later (9 weeks after 
\ 

commencement of the'experiment). Visual ratings of percent leaf area removed 

were made. (Appendix F). Other data recorded at harvest Included height,number 

of ramets, leaf number, fresh and dry weight of plant, root and ramets, heights 

~of the ramets and number of visible root buds. 

E.2.2. Simulation of Defoliation l , 

Pl ants were started from '~1-2 cm root pieces pl antèd ; n Promi x in fI ats.' 

When the plants were at the three to four leaf stage, they were potted in 155 
1 

mlll d·iameter plastic pots in â soil mixture, of 3d:l=pasturized SOil:,sand:péat 

mess and placed in the greenhouse. They were watered and fertilized 

r.egularly. 
() ') 

Plants were defoliated at 25, 50, 75 and 100~ levels at various leaf 

stages. Control plants were not defoliated. The- level of defoliation was 

obtained by removing the required percent age of each leaf on the plant (i.e. 

25~, by removing 1/4 of each leaf on the plant): The blade of the leaf only '!l'as 

o removed, leaving the mi<lrib.,intact and:no sideshoot leaves were defoliated. 

a 

'. 
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E.2.2.1 Preliminary Experiments 

Pl ants were defo 1 i ated at the 7-1 ea f stage (2 repeats- expert ment 1 (3 

,replicates per treatment) and 2 (4 replfcates)) and at the 9 leaf stage (2 
- . . 

repeats- experiments 3 (3 replicates) and 4 (4 replica~es)). The plants were 

placed1randomly on the bench. Data taken per1od1cal1y 1ncludedj height, le~f 

number, ramet nUM~r and ramet heights and the number of, flowers produced. 

When the plants were har~ested (after 18 weeks, experiments 1 and 3 and 12 

weeks- experiments 2 and 9 weeks experiment 4), data taken includedi height, 

leaf number, ra met heights and number, sideshoot number', flower number. root 

bud number. Ory weights of the plant (mother). root and ramets were 

determined. Data were analyzed as a completely random de~ign. 

" ' E.2.2.2 One-Time Defoliation 

This experiment was repeated once. The plants from the two repeats were ' 
-

grown under similar conditions as those in sèction~.2.2.1. except that the 

lighting regime for repeat 'one was'- at 
1 

supplemental lighting) and for ràpeat 
-2 -1 

microEinsteins. sec with a 14 h '~r day. 

environmental le~els (without 

2 was under' 1 i ghts ( 450-500 

Plants were defol fated at 5-, 

10-" 15- and 20-leaf stages (4 r,eplicates of each). The experimental design 

was random1zed complete block with age/defoliation combinations applied to each 

plant. Data taken throughout the growth period included; height, leaf number 

and the number of ramets at weekly intervals. The tirnes of' flower bud 

fo~mation and flowering were recorded. The plants were harvested after Il 

weeks (week 12) and similar data as per section E.2.2.1 were taken as well as 

dry weights. Analysis of variance (split plot design) 

data. 
on the' 

_. _1 
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E.2.2.3 Repeated Defoliation , 

The same methods and procedures were followed as described for the 

one-time defoliatfon experiments (E.2.l.2), except that the plants were 

~efo}iated each week at the des1gnated level for 9 weeks. Similar data were 

~aken throughout the growing period and at the harvest (week 12) as for 

'E.2.2.2. The tight regimes were a150 the same (i.e., envfronmental 1evels for 

repeat one. and supplemented 11ghting for r.epeat two). Analysis of variance was ~ 
\ 

performed a~.~r section E.2.2.3. 

E.2.2.4 field Defoliation 

Plants fn the field at two sftes (site 3 and 4- '9 1) were artificially 

defoliated (similar technique as pe~ sections E.2.2.1-3) at O~ and 100~ levels 

(6 of each per site) early in the season and contrels were ~~ defo1iated. 

Measurement of height and teaf number were made periodica1Iy and dry eight was 

determined late in the season. flower, number was also determined. 

E.2.2.5 Examination 9f Removal of Up~r and Lower Leaves of Canada Th~~~, . 

. P.lants were grown in the greenh,ouse under similar conditions as described 
" for repeat 2 -of secti ons E. 2. 2. 2 and E. 2. 2. 3. Pl ants \oIere defo li ated one ti me 

at ages. 4-, 8-, 12-,16- 1eaf stages by either removing aIl of the leaf b1ade of 

leaves at the top or "'at the bottom of the plant (4,replicates of each) 

depending on the tr~atment (i.e~ if the treatment was 4-1eaf stage, bottom, al) 

of ,the' leaf blade without cutting the 1II1dr1b of the lower 2 leaves would be 

removed). Heights were rec9rded throughout the grow1ng period and at harvest 

(11 weeks after initiation of the experiment) data taken and data analysis were 

the same as for EI 2.2.2. and E.2.2.3. 
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E 2. 3 M~i crotechni que 

Samples of defoliated leaves were fixed, dehydrated, ,infiltrated and 

elbedded for plastic sectioning fol1owing the procedure outlined in section 

B.2.5. 

, , 

\ 
~ 1 , 
i 
j 

'., 
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E. 3 Results 

E.3.1 Cassida rubiq1nosa Phenology and Damage 

In Quebec, the overwfnterfng adults become active in early spring and 

oviposition occurred from mid April to early July (fig .. 58). As noted by Ward 

and Pienkowski -(1978a) most oothecae were deposited on the abaxfal leaf surface 

c01'lmonlyat the leaf tip (Fig. 59). OOthecae were quite co~monlY associated 

with plants systemically i~fected with Puccinia punctiformis. Larval eclosion 

, occurred from June to August and pupation From July until late August. Newly 

emerged adults were seen until raid September. 

Adults and larvae skeletonized the .1eaves, generally leaving one epidermis 

intact. Adult and older Iarval feeding were 1ndistinguishable (Figs. 60 and 

61), but early larval instar feeding scars were smaller. Microscopy of damaged 

leaves shows the ragged edge of the feeding area (fig. 62) which maintains an 

intact epidermis, but the rest of the tissue has been eaten. In the field the 

majority of the damage occurred to thé lower and mid-stem leaves and rarely on 

the upper leaves. Plant damage was low, only occasional1y were plants highly 

damaged. Those plants - with hi gh damage 1 eve 1 s (50% or greater) were stunted, 

rarely flowered and often died before the season was J completed, but the 

incidence of plants with this level of damage was very 1011' (less than 1~). The 

time of major feeding occurred ln June and July (larvae) and corresponded with 

the flowering stage of the plant (fig. 63). 

E.3.2 Insect Defoliation under Controlled Environment Conditions 

In cage experiments with increased damage (based on ratings 1 to IV, 

-Appendix F), at harvest, the leaf number, the dry weight of the parent plant,. 
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Fi~ure 58. Phenology of Cassida rUbfqinosa over 
the year in Quebec. The diagonal break in the 
adult bar indicates the time period where there is 
an overlap of the generations, the right half of 
the bar bei n9 the new generati on .. The peri od when 
the adults are visible aoove ground is indicated 
by the area between the arrows . 
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Fi9ure 59. Two Cassida 
(arrowhéads) on the abaxfal 
thistle leaf (X 2) 

rubiqinosa oothecae 
surface of a Canada 

figure 6O.Ske~etonizat~pn damage by older larval 
instars of~. rUD191nosa 

Figure 61. leaf damage caused by adult ç. 
rubigfnosa 

Figure 62. Plastic section through the edge of a 
feedi n9 scar (arrowhead fndi cates the OOg1 nni n9 of 
the hole). Note that only the epidermis remains 
where feeding has occurred (X 120). 
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figure 63. Zone of maximum feeding (dotted region) 
in relation to initiation of flowering 
(arrowhead), plant ~eight and the time of year. 
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the dry weight of the root, the number of root buds and fresh and dry weights 

of the total declined (Table 27). Leaf number for group IV (highest level of 

defoliation) was 88~ of the control (Group 1), the ralet number was 82~, dry 

~eights of the plant, root , ramets and total were 69~, 62~J 441 and 77' 

respectively, the total fresh weight, 81~ and the root bud number 651, but 

there were no statistically significant reductions. 

E.3.3. Simulation Experiments: Single Leaf Stage Examinations 

Experi' ments (one to four) wi th 7- and 9-1 eaf stage plants i ndi cated that 
< 

with increasing defolîation levels, there was a gradual reduct10n of height 
. -

over time. Reductions in heignt were greatest at the 75' and 1001 defoliation 

levels (Figs. 64 to 67). Growth and yield parameters which were significantly 
1 

lower at higher defoliation levels included height, ramet number, dry weight of ' 

the plant and total. There were also trends toward decreased dry weight for 

the plant, foot, ramet and total and an increase of the shoot/root ratio with 

increasing defoliation levels (Tables 28 to 31). 

E.3.4 Simulation Experiments: One-Time Defoliation 
o 

Results From pairs of similar experiments for this sectfon (Experiment, 5 

and' 6) and for the next section (E~3.5- Experiments 7 and 8) indicated similar 

trends and differences, but the data From the different experiments were not , 

analyzed together because of differential rates of seasonal ,gfowth and 

'different~al lighting regimes. 

Ffgures 68 to 75 and figures 76 ta 79 11lustrate that for all ages, the 

greater the defoltatfon pressure, the greater the depressfon of he1ght over 

time. Upon analysis of variance, ft was fOUnd that in some cases, there was an 
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: Table 27. Effects of Insect Oefoliatio;fo~ Growt~~nd Yield 
Parameters of Canada Thi st 1 e (con\o Il e<i Envi ronment,) 

. * 
Parameter ---~--Damage Rating ----.------

" 1 II III IV 

'> 

Leaf number 46.4 44.4 46.3 40.7 

Height(cm) 47.4 51. 5 53.1 53.0 

Ramet Nuraber 13.7 10.3 14.1 11.3 

Root Bud Number 40.3 35.9 .: 31. 9 26.3 

Dry Weight (9) 
Plant 11.1 9.6 9.0 7.7 

Root 12.2 8.7 9.4 7.6 

Ramets 5.2 5.1 5.1 7.5 

Total 28.5 23.5 23.5 22.8 

fresh Welght (g) 
.. 

Total 102.8 96.~ 93 .. 0 83.1 

.. -Ratings of % average leaf removals by Cassida 
rubig;nosa larvae (Appendix f). 

\ I? 

1 o (Control) (n=8) 
. 

II 0.1-5' (n=13) 

,<l- III 5.1-10~ (n=8) 

IV 10.1+~ (n=3) 
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lSO 
(0.05) 

9.1 

15.5 . 

7."3 

22.0 

4.7 

4.6 

7.3 

' 7.6 

·32.1 

.. 
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figures 64 ta 67. Effect of defolfation of hei9ht 
o ver time for one-time defoliatfon experiments 
(prel; mi llary). 

-
figure 64. 7-1eaf stage Experfment l 
Figure 65. 7-1eaf stage Experiment 2 
Fi gure 66. 09-1 eaf" stage Exper1 ment 3 
figure 67. 9-1eaf stage, Experiment 4 
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Table 29. Defoliation Exper1ment 2. 7-1eaf stage. 

Effect of Defoliation on Growth and Yield Parameters 

() 

Parameter ----.... ---------, Defo li ati on-------------- LSD 

o 25 50 
(0.05) 

75 100 

Height (Cil) 64.3 55.5 55.5 52.0 45" 11. 3 

Leaf number 20.8 20.0 20.8 23.5 20.8 4.5 
\ 

, 

Ramet number 4.5 3.5 2.5 . 2.5 1.3 2.4 

Ramet height 
Aver~ge (cm) 23.0 31. 8 20.3 26.5 ' 32.3 16.,3 

F1 ower number 3.5 1.5 2.3 1.8 0 3.6 

~ 
, Sideshoot number 10.3 9.8 2.3 6.5 3.5 8.8 

. Dry weight ( g) 
5.6 5.9 4.3 2.4 Plant 7.Q 6.3 

Root 4.5 4.3 4.9 5.7 2.6 2.1 

Ramets 3.0 4.4 , 2.6 3.0 1. 6 , 2.0 

14.5 13.9 13.0 
'!); 

15.6 8.5 4.9 Total 

Shoot/Root 2.4 2.6 1.6 1.6 1.3 1.3 
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Table 30. Defolfation Sflulation Experfment 3. The &ffect of 

Defoliation on Growth and Yield Parameters (9-1eaf Stage) 
11 

0 1 

Parameters -----------~ Oefolfatfon---------------- LSD 

0 25 50 75 100 
(0.05 ) 

, ' 

Height( cm) 
/ 

34.3 19.3 42.7 24.0 19.3 24.5 

Leaf number 13.3 8.3 13.7 I- ll. 7 13.3 

Ramet nulllber 9.7 4.3 5.7 2.0 3.0 6.2 

Average ralet 20.3 32.3 20.0 33.7 22.0 23.3 
height (cm) 

Si deshoot number 2.0 1.0 0.3 0 ' 0.3 3.1 

Root bud number 9.7, 8.3 5.3 4.3 7.5 3.1 1 

" J 

l \' 

" Ory weight (g) "-
Plant 1. 5, T' 1.1 1.9 1.9 1.3 0.4 

j 

Root 3.0 2.7 2.0 2.4 2.1 0.5 " 
1 

,..--r---- , 

Ramets .3.7 3.9 t.8 3.5 3.0 0.9 1 
1 
,1 
~ 

Total 8.2 7.6 6.6 ' 7.3 
1 

6.4 1.2 ~ 

1 

l , 



. ' 

Table 31. Defo) f atfon Si mulat10n Experi ment 4 (9-1eaf Stage. 
One-time Defoliation: Yleld and Growth Parame,ters. 

1 

Parameters ____ ~ Defol.iation_-___ _ 

o 25 50 75 100 

1 
k-

• J 

LSD 
(0.05) 

1 

148 
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Figures 68 to 71. Effect of defoliation on height 
over ti me. EJ(peri ment 5. One-ti me defo li ati on 

Figure 6~. 5-1eaf stage 
Figure 69. ,10-leaf stage 
Figure 70. 15-1eaf stage 
Figure 71. 20-1eaf stage • 

Note that in general the he1ght 1s lower for 
higher 1evels of defoliation. Note that for the 
15-. and 20-1eaf stages (fi9S. 70 and 71), that 
defôliation seems to stimulate the height. 
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Figures 72 to 75. Effect of defoliati on on hei ght 
over time.' Experi~nt 6. One the defoliation. 

Fiqure '72. 
Fi9ure 73. 
Figure 74. 
Figur:e 75. 

,~ 

5-1eaf stage 
lO-leaf stage 
15-1 eaf.,9'tage 
20-leaf "'stage 

Note that there i s 1 i tt 1 e di f ference between a 11 
the levers of all the ,treatments. Even though 
thi sis the sâme experi ment as experi lient 5, the 
better 1 i ghti n9 regi me seems to have resu1 ted 1 n 
greater he; ght i ncrease and a better compensa t ion 
for the defo 1 i ati on. 
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effect of the block, usually assoc1ated w1th ramet production wh1ch generally 

has a large variab111tY and 1s probably not due to a "9rad1en~rn)he block. In 

éxperiment 6, there \oI~s some slgnificant differenc~~re;n the" blo~ks for 

height and total dry weight. There, was a significant interaction between age 

and defoliation for dry weight of the roots and 1n one case for the shoot/root 

ratio. Th; 5 i ndi cated that the age and defol i ati on have some effect on the 
1 

expression of the simple effect of the other parameter. When differences in 

various parameters are considered for the four age groups averaged over al T 

defoliation lel/els for exper~ments 5 and 6 (Tables 32 and 33), there were 

, significant differences alllong the ages for the following parameters; hei9ht, 

dry weight of the plant and total dry weight for experiment 5 and ,also for dry 

wei9ht of ramets , root and the shoot/root ratio. In experfment 5, at younger 

" ages, there were lower ~eights, dry weight of the parant plant, the root and 

total and a150 the number of tamets, sideshoot number, root bud number (latt~r 

three trends onl y) and a lso hi gher shoot/root rati o .• In experi ment 6, on the 

other hand, the reverse seemed to have occurred for the hefght, leM number, 
~ . 

, ~ ~ 

flower number, root bud number and dry weight of the plant and total (Le. wUh 

i ncreasing age, decreasi ng parameter val ue). The general conclusion from 

exper;ment 5 was that defoliatfQn had 'a more detrimenta1 effect at the younger 

stages (especi a 1l y the 5-1 eaf stage) and the reverse or no effect 1 n the case 

of experi ment 6. 

When defol1ation levels were considered over aIl ages (Tables 34 and 35) 

there were si gnifi ca nt differences for experf Illent5 and 6 in hei ght, shoot/root 

ratio, dry weight of the plant, root and total and a1so average ramet height; 

for experiment 5 alone the sideshoot number and for exper1ment"6 alone,flower 
, 0 

production. In both cases, there was a decr,ease 1n height, ramet number, root 



, 
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Table 32. Effect 00, Yield and Growth Parameters. One-Time 
Oefo 1 i ati on. Age Averaged over Defoliation. Exper1ment 5. 

1 $ 
Parameter -------Age (Leaf Number) ------------~--

5 10 15 20 

** 
Height(cm) 13.2c 16.1b 19.9a 21.0a 

ns 
Ramet number 4.3b 5.4ab 4. Bab 6.4a 

ns 
Root bud nUlDber 12.3b 15.2ab 2I.2a I9.1ab 

* ,) 

5,i deshoot number 1.Ib 2.lab ' 3.1ab 4.2a 
ns 

Average ramet 10.3a B.3ab 7.3b 
height (cm) 

Dry weight (g) '-Plant 1. Sb 2.la 2.5a -Root 1. 9b 3.3a 3.la 
* 

Ramets 1. 7ab 2.0ab 1. Sb 
**, 

Total 5.lb 7.4a 7.2a 
** 

Shoot/root 1. 8a 1.4bc 1.6ab 

# ** F-test signiffcant at 0.01 level 
* F-test significant at 0.05 level 
ns F -test not si gnifi ca nt 
(F-test takes precedence) 

B.lab 

2.1a 

3.Sa 

?2a 

7.6a 

1. 3c 

$ Means with the same letter in the same row 
are not significantly different at the 0.05 
level (Duncan's multi-ple range test) 
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Table 33. Effect of Defoljatfon among Ages Averaged over 
Defoliation Levels. One-Ti me Defo 11 ati on. Experi ment 6. 

r 

$ # 
Parameter 0 -----r-----Age (leaf Number) 

, 1 

'. 51 10 15 20 
! '. 

" * 1 

Hei ght (CIII) 59.9a 56. Bab 52. Sb 51. 8b 
ns 

Lea f nUllber 29.7a 30.7a 28.9a' 27.7a 
ns 

Ramet nUlIber 9.4abl 11. Sa 10.1ab S.Ob ,,- , 
1 

Average ralllet 21. 6a : 17.7b 22.7a 22.5a 
height(cm) , 

1 ns 
flower number 4.4a· 3.5a 3.6a 4.1a 

os 
Sideshoot number 

ns 
Root bud number 

Dry weight (9) 

** 
Plant 

\ 

ns 
Root 

* ~amet 
** 

Total 
ns 

'Shoot/root 

.' 

12.0b 15.5ab 15. Bab 16.4a 

12.3ab 14.6a 13.0ao 9.9b 
, 

\ 

.' 1 
7.0~ 7.0a 5.8b S.2b 

4.7a 4.8a 4.7a, 4.3a 

6.3ab 5.4b 6.7a 0 6.3ab 

18,'1a 17.2ab 17.2ab 16. Ob 

2.9s 2.Ja 2.7a 2.8a 

# Means wi th the same 1 et ter in the same row 
are not signHicantly different ( Il =O.O~,. 
Duncan 1 5 lultiple range test) 

S f -test ** sfgnfffcant at the 0.01 Jevel 
* sfgnif1çant at the 0.05 level 

ns not si 9n1 fi cantl y di fferent 

Note: The Duncan 1 s test somet; lieS ff nds 
differences where the F-test does note 
F-test cakes precedence. 
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TaMe 34. E(fect of Defoliation on Defoliation level Averaged 
" over a11 Ages. One-Ti me. Defoliation Experiment S. ' 

;, 
.' $ # 

Parameter --------:Defol fation Level (~) -----------

0 25 50 75 100 0, 

** 
Height (CIII) 20.4a 16.90 17.9ab 16.6b i4.8b 

ns 
Leaf number 26.4a 26.3a 27.1a 27.9a 26.0a 

* 4.3~ Ramet numbeJ'> 6.9a 5.2ab S.Sab 3.9b 

* 
Ave~agè ramet 5.8b· 8.8a 9.0a 10.0a 9.3a 
height (cm) .. . 
Roet bud number 22.8a 18.4ao 14.9ab 16.0ab 11. Sb 

** 
Sideshoot number 

Dry Wei ght (g) 

** 
Plant 

** 
Root 

ns 
Ramet 

** 
Total ' 

** 
ShootJroot 

4.5a '3.0ab 2.7abe 1.9bc 0.4c 

2.7a 2.3ab 2.0b 1. 9b 1. 3e 

4.1a 3.6a 2.90., 2.3b 1. 6e 

1.4b 2.1a ' 1. 9ab 1.8ab 2.0ab 

7.9a 7.9a 7.0ab 6.1b 4.9c 

l.)d 1.3cd 1. Sc 1. lb 2.3a 

1 Means of the sallie, 1 etter 1 n the same row are 
not significantly dffferent ( (1 =0.05, 
Duncan's multiple range test. 

$ F-test ** Signif1cant at 0.01 level 
* Significant at 0.05 level 

ns Not si gn1fi cant . . 
Note: F-test takes ,precedence over the Duncan' s 
Multiple range test. 
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Table 35. Effect Of Oefol ; ation among Cefol iation le.vels . 
Averaged over Age. One-Time Defoliation. Experi ment 6, 

$ 
~ o " 

Parameter ---------J-Defo 11 ati on Level (1. )------------- ~ t-

, 0 

0 25 50 75 100 
, 

- (;~ " ) 

** , , ( d 
: Hefght (cm) 60.1a· 51. 7ab . 58. 4a 49.4c 56.8ab 

ns , 
r,' 1 

Leaf' nUlRber 26.6a 30. Os 28.6a 30. Sa ,3Q.4a ~ 
ns J 

Ramet number 11.2a 1O.Oab 8.6ab;:) 11. Oab S.Ob 1° 1 
~ 

j * , 
Average rOamet 18.Sb 23.~a 21. 6ab 19.1b 23.0a 
height (cm) " 

** i.., 
Flower nulllber 6.1a .4.9a 4.6ab 1. 7b 1. 9b f , 

ns 
1 

.; 

Si deshoot number 17.6~ 14.5ab 15.6ab ll.8b 15.2ab 1-
0 

(. ns , , 
Root bud number 13.0a 13.0a 12.4a 12.1a 11.9a 

" 
Dry wei ght (g) .. , 

** Plant 7.4a 6Aab 6.3ab 5.2b 6.0b - , , 
Root '. 5.3a 4.8ab 4.7ab 4.3e 4.1c 

ns 
Ramet 5.6a 6.3a 6.1a 6.4a 6.5a 

** 
Totàl 18.4a 17.4ab 17.1ab 16.1b 16:6b 

* 
Shoot/root l.Sb 2.7b 2. Bab 2.7b 3.2a \ " , 

1)' . ) 
i t # Means of the same 1 etter i il the same row are .' 

net si gni fi cantl y di Herent ( Il' =0.05, . 
, ~ , 

1 

Ouncan's multiple range test) l , 
? 

$ f-test - sfgnificant at the 0.01 level ~' 

* s1gn1 fi cant at tl'ile 0.05 level 1 
J 

ns not si gnif1 cant ~ '. , 
Note: the F -test takes preeedence over the Duncan' s 

, 
, . J 

mul tiple range test. . ~ 
j~ 
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bud nulber, s1deshQot nulber and dry weight of the plant, root and total w1th 

an fncrease in the shoot/root ratio with increasfng levels of defoliation: 

When cOlb1nations of leaf stage at defoliation and defoliation level , 
1-

(experiJental unit) were considered, for exper1ment 5 (Table 36), the greatest 
.) 

detr1~ntal effect on he1ght, s1deshoot number, dry weight of the plant, root, 

ralets and totar and the Shoot/ToOt ratio occurred at the 5-1~af stage at high 

defoliat1~n levels. Generally for all leaf stages, there was a decrease "in the 

paraleter value (lncrease fOT shoot/root ratio) w1th 1nereasing defol1ation 

(especfally 75' and 1001) and the detrflental effect 1s greater for younger 

pl:nts, for experiaent 6, on the other ha~d, the sale trends did not oeeur and 

litt1e real d1fferences were observed (Table 37). 

E,3.5 Silulation Experitents: Repeated Defoliation rress~re 

, ~ 

figures 80 to 87 indieate that the rate of height, 1nerease was restrafned 

at the higher defo11at1on levels, espec1ally for the youngeT ages. V1Sual 

results also indfcate thfs (Figs. 88 to 91). 

Analysis of variance indicated that there were SODe significant effects of 

the block especial1y for exper1ment 8, wh1ch could have resulted From a ~li9hty 

uneven 11ght1ng regime. When results for age were averaged over defoliation 

(Tables 38 and 39), there was a significant dffference"' among the ages for 

,he1ght for exper1.ent 7 and hefght, ramet number, flower and sfdeshoot number 

'and also dry we1ght of the parent, root and the shoot/root ratio for exper1ment 
"" 8, In general, with decreased age of ffrst leaf relOval, there was lower 

\, 

height, dry weight of total, plant, ramets! and root and a1so lower flower 

, nu_ber. s1deshoot number and falet number. 
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Table'36. Effect on Y1eld and Growth Para.eters. 
Age-Oefo11at1oR COIb1nat10ns. Ône-Tfle Defoliation. 

,1 

Defo 1'1 a.ti on 
Levet (~) , 

- 0 

25 

'50 

75 

Experi lient 5. 1 
, 1 

. . 
----------Age (Leaf Stage}---------~-------------------i 

5 10 15 20 

.. 
--------------Hei gtlt ( CM) .:.--------~':'-----------
~l~Oabcd 19.4abCdefg 18.8abêdef 23.3ab 

12.3fgh 

10.3gh 

13.5efgh 

15.3cdefgh 21.4ab,: 18.8abcdef 

1~. 3bcdefg " 22.0abc 24.7a 

iS.lcdefgh 16.2bcdefg, 23.0ab' 
.. 

8.9h' 13.8~fgh 20.3abc~ 16.1bcdefg 100 

0 

25 

50 

'75 

100 

,-
0 

25 

50 

75 

100 

" 

r , 

" 

.. 
----------------Sidèshoot nulber ---------------

, '2. '5bc, 4. 3abc - 4.0abc ' 8.0a ' 

3.0abc 

Oc 

Oc 

Oc .. 

, 2.0bc 

l.Sbc 

" 'Z.Obc 

O~3c 

4.3abc 

5.0abc ' 

,~ O.Je, 

- 1. Oc 

'* 

2.Sabc 

. 4.7abc· , 

6.0bc 

Oc 

--~--~---------Dry We1ght (9) ---~----------------
1. 9bcd' , - 3. Oab 3. 3a 2. 8a~c 

1.4c~ ,2.1abcd 3.3a ' " 2.4àbc ' 

1.6bcd' 2.labcd 2.3abc ' . \z.Q~d .... 
1.6bcd' 1.7bcd 1.9bèd 2.5abc ' 

" O.9d 1.7bcd '1.8bed O~7d 

, " 

, .' 1.' 

l, 

l ' 

, .' • 

" 

I$l 
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Tablé 36 cont'd 

0 

1 

~folfat1on 
l~vel (,t 

0 

25 

SO· 

75 

100 

0 

25 

50 

75 

100 

0 

'~" 

'50 

75 

100 - , 

~ "~ '~~~Z,~,~ .~~~~~~ .-
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----s--------A~ (leaf stage)-i5--------~--20-----------

• 
------·--------Ory Weight Root (9) ----------
2.2rghij 5.1a 4. Sabcd 4.8ab 

2.7fgh1 3.2efg 4.7abc 3.7bcde -,.. .. 

2.0gh1j 3.5cdef 3.~fgh 3.1efgh 

1. 9hfj 2.6efghi 1. Sfj 3.4def "', .. 
' 1.0j 2.1gh1j 1.4iJ 2.2fghiJ 

• 
~----------------Ory We1ght Ralet (9) ---------
1.3bc 1.2bc .1. Oc 2. Jabe 

- 2.3abc 2.4ab 2.0abe 1.8abe 

1. Soc 1. 8abC . 2. o abc 
~, 

2.4ab 

2.0abc '. ',,- 2.1abc 1. Sbc 1. 8abc 

1.4bc 2.6ab 1. 2bc 3.1a 

* ----------------Dry weight Total (g) ---------.. 
5.4fgh1 9.2ab B.7abe 8.7abc 

6.4cdefgh 7.7abcdef 9.8a 7.8abcde 

5.1ghf 8.labcd 7.3bcdefg 7.5abcdef 
-, 

5.5efghf 6.3cdefgh 4.9ghi 7.7abcdeF 

3.2i 6.0defgh 4.7hi 
,. 

6.1de~fgh 

. -
" 

. 
, 

)' 

, ' 

'.' 
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'Table 36 cont 1 d 

Defoliation 
Level(') 

0 

25 

50 

, '75 

100' 

,. 

~ 

'+, .• 

" ' 

.< • 

. , 

" , 
~ t: . ,~ , ~ 

. ". . " , . < ." ': ' .. ',. 
! ':."' , " 

_. l')' . 

.. 
r , 

, . 

·_--~-~----------Age (Leaf stage}-~-------~---------
5 . 10 15 20 

. 
* ----------------Shoot/root --------------------' 

1.4bCde ' O.ge 1.0e 1. Ide 

1.4bcde 1.5bcde 1.1de 1.0e 

1.6,bcde 1.4bcde 1.5bcde 1.4bcde 

·2.1ab 1.5bcde 2.0abc' 1.3cde 

2.6a 1.9abc 2.6a 1.8bcd 
.,t 

* Means w1 th the salle J etter by paralJleter are not 
signi"fi cantl y different. ( a =0.05, 
Duncan's lult1ple range test) 
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. , 
, 

0 
(- 2~' 

50 

75 
'\ 

100 

h 

, 0 

25 

50 

,.:t 
75 

UlO 

----------------Age (Leaf stage}------------------------ c 

5 - 10 15 20 

* -----------Ory Weight Root Cg) ----------------- -
4.9abcde 5.4abc 6.0a 4.7abede 

3.9de 

5.9ab 

4.8cde 

4.1cde 

5.2abcd 

5.2abcd 

4.4cde 

3.9de 

5.4abc 

4. Ode 
'-

4.2cde 

4. Ode 

* 

4.7abcde 

3. Be 

3.9de 

4.5cde 

---------Ory weight Total ( g) --------------- ' 
18.6abc l8.labc 19. Sa 17.4abcd 

16.3abcd l8.2abe 18.4abc 16.6abcd 

19.3ab 17.7abe 15.5cd 16 .. 0cd 

'-17.7abc 16.4abcd 15.8cd 14.4d , 

18.5abc 15.6cd 16.'7abed 15.7çd 

• 
--------~--Shoot/Root -------------------
2.6bcd 2.4bcd 2.1d 2.9abcd 

3.Zabe 2.Sbcd 2.5bcd 2.6bed 

2.4cd _ 2.Sbcd 2.9abcd 3.3abc 

2.7abcd '2.7abcd 3.0abcd 2. Sbcd 

3.6a 3.~abc 3.3ab 2. Sbed 

* Means with the sallie letter by parameter are 
not significantly different ( Cl' =0.05, 
Duncanls .ultiple range ~est) 
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Fiqutes 60 to 83. Effect of repeated defol1atfon 
on he1ght (Exper1lent 7), env1rontental 11ght 
r~i Ile. , ,'" 

fi9~re 80. 5-1eaf stage 

figure 81. lO-leaf St8~ 

Note that the increasfng defolfatfon fQrothe S~ 
and lO-leaf stages resulted in greatly decreased 
height (especial1y for 50 to l00J). The 100l lines 
stop at 6 weeks because the plants had aIl died by 
the next saaplf ng date. 

figure 82. 15-1eaf stage. ,25, defoliation results 
in' a stillul ati on of he1 ght over that of the 
control for this leaf stage. lOOl defolfation has 
the greatest detrimental effect. 

Figure 83. 20-1eaf stage. No differences occurred 
between a11 ,defol1 atf on treatments. , 
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fi'Jures 64 to 87. Effect of repeated defoliation 
of height (Experiment 8) wfth an enhanced light1ng 
reg11e. The better lightfng resulted in greater 

~ hef 9hts when cOllpared to exper1 !lient 7 and the 
differences between the treat.ents were easfer to 
dist1ngu1sh. As w1th experiaent 7, increasing 
defoliatfon resulted in lower heights. 

figure 84. 5-1eaf stage 

figure 85. lO-leaf stage. Note that the 75' and 
, 100J defolfation levels result in luch lower 

heights. 

. 
figure 86. 15-1eaf stage 

figure 8i. 20-leaf stage. 

for the 15 .. and 20 leaf stages, al though "the 75J 
and lOOJ defoliat1on levels are still depresSed. 
the differences are not 50 noticable as for the S
and 10 leaf stages. 
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Photographie record 9f the effects of defoliatfon 
on he1ght taken on the harvest day. ln each caSe 
the pots are arranged fro. left to right in the 
fo 11 owi ng sequence: contro' , 25", 50", 75~' anQ 
1001 defo,11 ati on treatments. 

Figures 76-79. One t1me defo1atfon. Note there fs 
Httle dffference f n IIIOst causes for a11 
defolfation ,levels. 

Figure 76. 5-1eaf stage Figure n.' lO-Jeaf 
st$ge Ffgure 78. 15-1eaf stage figure ~. 
20-1eaf stage , 

Fi gures 88 to 91. Repe a t ed déf 011 ati on 

Figure 88. 5-1eaf stage. Note the large 
difference in height (lOOl plant 1s dead) with 
fncreasing defolfation. Note a150 the effects on 
flowering, only the control and 25l defoliat1on 
treatment have flowered-

Figure 89. lO-leaf stage. ,Note again the large 
differential in height. 

figure 90. 15-1eaf stage. .The height difference 
is not so great as 1 n the younger stages of 
defoliation. 

Figure 91. 20-leafstage. Although the decrease 
in height wfth IlIl.reasing defol1ation still 
,occurred, the dffferences were not large. 
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Table 38. Effect of Age Averaged over all Defoliation ,Levels on 
Yield and Growth Paraleters. Repeatéd Defoliation Experilent '1. 

$ , 
, .Paraleter ----'-----Age (Leaf Stage) ---------

5 10 15-, __ 20 
" \ 

** Hefght(c.) , 14.4c 16.4bc 18.6ab 20.0a 
ns 

RaMt nullber 4.0b 6.,ia 4.2b 4.6ab· 
ns 

Root bud nullber 

Si deshoot nuaer 
ns 

Average ra_t 
height (ca) 

Ory We1ght(g) . 
ns 

Plant 
ns 

Root 
ns 

Rallet 
ns 

Total' 
ons 

Shoot/root 

1,1.9a 16.6a 15.6a 11. 9a 
ns 

1.1a 1.8a 2.2a 2.4a 

8. Sa 8.8a ' 9.5a 10.6a 

1.4b 1.9a 1.6ab 1.5ab 

1.3b 2.3a 2.2a 2.2a' 

1.2a 1.61 . 2.oa: 2 • .oa 

3.9b 5.9a '- S.6a 5.6a 

2. la 2.0a 1. 9a 1. 8a 

,- Means wfth the sale 1 etter 1 n the salle,~ , 
row are not s1gnfficantly different (a,:, 
~ncan's lultfple range test) 

$ F-test - signiffcant at 0.01 leve! 
ns not s f gn1 fi cant 

Note: f-ttst takes precedence over IUltiple 
range test. 
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When results for defoliation were averaged over al1 ages, there were 

signif1cant differences 81DOng the d1fferent de'foliation levels for he1ght, 

ralet, sideshoot and root bud nUlbers, dry we1ghts of the plant, root, ramets 

and total for both experiments and also flower nUlber and leaf number for 

expertment 8 (Tables 40 and 41). In genera), with increasing defoliation, mo~t 

yfeld and growth parameters decreased wfth the exception' of the shoot/root 

ratio which increaSed sl1ghtly. 

, For defoliation-age co.b1nat!ons, there was a genera) decrease o~ l~af 

nu.oer, he1ght, ramet nU.ber, dry weight of the, plant, root and total, 
• J 

sideshoot nu.ber and an 1ncrease in the shoot/root ratio with loW4t -leaf ages 

and with higher defolfation levels. Therefore, the combinatlons with the 

greatest detrf.ental effect on Canada thistle were those of 751 and 1001 

defoliation levels at the 5- and 10- leaf stages (Tables 42 and 43). 

Continuous defoliation also affects plant survfval (Table 44), espec1ally 

~.at·thel)igherdefoI1at1onlevels. The 5- and 10- leaf plants were mOst 

adversely affected. The detrimental effect of continuous defol1ation is 

9reater than that of a one-time defoliatfon (Table 45). Sometimes, low levels 

of defoliation actually stimulated the plant {Tabl~ 45}. 

E.3.6 Comparison of Effects of-the Remo va 1 of Bottol versus Top Leaves of 

Canada Thistle Plants . , 

In general, i t was lIore detrillenta 1 for the pl ant to lose the u'pper ,1 eâves , 

tha" the lower leaves. Paraleters differentially affected included; height, 

ramet nulber, flower number, sideshoot number and the dry we1gbts of parent, 

ro~, ra.ets and total and shootJroot ratio (Tables 46 'and 47). 

-, ) . . '1 
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Table 40. Effect on Yield and' Growth Paraleters by Defoliation 
Levels A~raged4ver al1 Ages. Repeated Defoliation Exper;.ent 7. 

• $ 
Paralleters 

** 
Height(ca) 

** RaMet nulber 
ns 

Average rallet 
height (ca) 

** Root bud no • .. 
Sidesho~t no. 

-
Ory weight (9) 

Plant 
** Root 

ns 
RaEt 

** Total 
** Shoot/root 

1 
--------·-DefoI1~t~on level(l) ---------~. 

~t ...... 

o 25 50 

20. Sa 18.0ab l6.2b 16. Ob 

7. la 4.5b<; 5.5ab '3. le 
. 

75 100 

17.5ab 

2.Sc 

7.2a 10.3a 9.1a 11. Ba" 9.1a . 

21. 2'a 16. &ab 12..1bc 8. Sc rO.3bc 

3.4a 1. 7a. 

2.7a 2.0b 

3.3a 2. Sb 

1.3a 

l.Sb 1.Oc 

1. 7he h4c. 

1-.9a 1.8a -l.5a' 1.6a 

7.91 6~3ab 4.8bc 4.0c 

2.6a 

O.5c 

1.4c 

2.2a 

3.& 

-1. Sb 1. 7b 2.0ab 2.2ab ~.6a 

1 Means w1th the 'salle letter 1 n the sale rc"; 
a~e not si9nifi'cantly dHferent ,.. 

$ F-test ** Sign1ffcant at the 0.01 level 
ns Not signfficant 
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Table 41. Effect on Yield and Growth Paraleters AlOng Defoliation 
Levels Averaged over aIl Ages. Bepeated Defoliation 

Experhent ·8. 

$ 1 
Paraleters Defoliation Level (1) -;.--

\ 
:_ J 

0 25 50 75 100 , -

** 
~i9ht Cc.) 58.3a 54.2a 4S.8b 31.9c ' 27.1c 

** Leaf nu.ber 28.6b 31. 7a 33.3a 31.9a 26.9b 
** RaMet nuRiber 11.7a 9.4a 9.9a '. 

6.2b 4.8b 
ns 

Average ra_t 18.0a 18.4a 19.6a 22.9a 20.7a 
height(CM) 

** Flower nu.ber 3. Sa 1.2b 
** 

1.2b O.4b O.Sb 
" 

Sideshoot no .. 16.8a 16.0a I2.3b 9.4b lO.Ob 
** -

Root bud no. 11.7ab 14.9a 9.6b 1O.8ab 4.ge 

Ory Weight (g) 
** • 

Plant 7.3if 5.Sb 4.8c 3.0d 2.Oe 
** 

.. Root 6.0a S.Ob- 4.6b 3.2e 2.1d 
** 

Ramet 5.4a S.5a 6.0a 5.4a 4.0a ... 
Total 18.9a 16.3b 15.6b 11. 7e 7. Bd .. ~ 

ns 
Shoot/T"Oot 2.3a 2.3a 2~3a 2.7a 2.3a 

........ , Means with the same letter 1n the same row 
are not s1gnffieantly different J 

$ f~test - sfgnfficant at the 0.01 level 
ns not sign1f1cant 

_. --.... ~'~. -'-J""~~~~~"-":""" . - ~... 

~ "-~,~" -'.~";;';''''I::'l! ;~,I..:~I,,""')rl.r. 
~1~~7, 1 .. ,. • ,-
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Table 42. Effect of Age-Oefo11atfo~~olbinat1ons on Y1eld" and 
Orowth Paralleters under Repeated Oefo 11 atf on Pressure.' 

Experiment 7. 

Oefol1 a,tion ---------Age (Leaf Stage)-----------~--------~ 
Level(I) 

5 ·10 15 20 

* .-----------Height(c.) -------------------
0 21.3a 20.4ab 20.1abc 22.0a 

25 1l.7cd' 18.8abc 20. 19ab 20.3ab 

~ 14.9abç 14.3abcd 18.0abc 18.3abC 

75 6.5<1 12.5bèd 18.6abc 19.4abc 

100 '.- ftft 13.8abcd 21.2a 

• 
---~----~---Ralet Nu.ber -----------------~ 

0, . 5.0a~cd 7.5abc 6.3abcd 9.0a 
~ 

.. - 25., 3.3bcde 5.8abcd 4.3bcde ,4.0bcde 
,~ 

i 
50, 5.5abcd 8.0ab 5.3abcd 3. Ocde'· 

75 a.Oe 3.5bcde l.8de 4.8abcd 

100 . 2. Ode •• 3.0cde 2:3de 

* 
----------Root bud number -----~---------

0 12.5bcde 30.3a lB.3abcde 19.0abcd 

25 14.7abcde 15.8abcde 20.5abc 14.5abcde 
~ 

'50 14.5abcde 13. 'Oabcde 25.0ab 2.5de 
, 

75 ' 1.0e 7.3cde 7. Ocde 13.0abcde 

100 3. Ocde 
_. 

8.5bcde 14.0abcde 

,t'!' 

~ , • f 
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Table 42 cont'd 

Oefo lf ati on 
Leve 1 (1) 

--------------Age (Leaf stage)-------------------
5 10 15 20 



1 '72 « 

," 
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Table 42 cont'd 
l 

Defoliation -~--------------Age (Leaf stage)---------------- 0 

~ .~ , Level (') 5 10 1S 20 
0; 

,;:' .:,',1 
l ,It 

r , .... , .... 
* " 

---------~---Shoot/root ------------------
0 1.6b 1. lb 1.6b 1.8b 

'" 2S 2.lab 1.7b 1. Sb 1.7b 
, >' 50 2.4ab 2.0ab 1.5b 1.9ab ~ 

1 

75 1.2b, 3.3a 1. lb 1. 7b 

100 ** ** 3.3a l.8ab 

" 

~ 

* Means vith the sale letter by paraleter are 
not signif1cantly different ( œ =0.05 

(. 
Duncan's multiple range test) 

\ ~ , 

** - AlI plants with this treatment died. 

.' 
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Table 43. Effect of Age-Defoliation COlbfnations on Y1eld and 
Growth Parameters under Repeated Defoliation Pressure. 

Exper1 ment 8. 
,:~...;;;.::=-

Defoliation -----------Age(Leaf Stage)-------------------------
Level (Yo) 

lt 5 10 15 20 

* 
-------------Height(cI) -----------------------

0 52.3abcdef 56.5abcde 6O.0ab 64.3a 

25 58.8abc 57.5aede 49.5abedef 51.0abcdef 

50 41.0efgh 46.0bedefg 4Z.3defg 54.0abcdef 

75 17.01j 26. Shi 40.0fgh 44.3cdefg 
" 

100 2.0k 8.7jk 34.0gh 40.3fgh 

* 
-------------Leaf Number ----------------------

0 28.0bcd 29.3bcd 29.8bcd . 2i.5cd 

25 33.3abc 31. 3bcd 30.0bed 32.3abcd 

50 38.3a 33.5abc 32.3abcd 29.3bcd 

- 75 29.3bcd 35.0ab -33.3abcd 31.0bcd 

100 l8.0e 25.7d 27.8cd 29.3bcd 

* 
-------------Ramet Number ----------------------

0 14.3a 1l.Oabcd 11. Oabcd 10.5abcde 

25 9.0abcdef 7.8b<:def 12.0abc 8.8abcdef 

50 5.5defg 13.8ab 10.5abcde 10.0abcde 

75 3.3fg 4.3efg 6.8cdef 10.5abcde 

100 O.Og 0\09 7.0cdef 12.0abc 
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Table 43 cont'd . 

Defoliation 
level{J) 

--~-----------,,:"'---Age ('Leaf stage)-------------------
5 10 15 20 

., 

* 
-------------... ---F·lower Nulllber -----------------

0 2. Ocde 2.Sbc 4.5ab 5-.0a 

25 2.5bcd O.3de O.Scde l.Scde 

50 1. Ocde 1. Ocde O.3de 2.5b<:d 

75 O.Oe O.Oe O.5cde l.3cde 

100 O.Oe O.Oe O.Bede dl l.3cde 

, * 
-----------~Sideshoot Nu.ber -----------------

0 12.3a 15.8a 19. Sa 19. Sa 

25 17.0a 16.3a 14.3a 16.5a 

50 5.5b -12.5a 13.88 17.5a 

75 O.Ob O.Ob 16.3a 19.3a 

100 O.Ob O.Ob 16.3a 19.3a 

* 
-------------Root Bud Number ------------------

0 1.5ab lO.5abc a.6bc 12.Bab 

25 20.8a 11. Oab 13.0ab 15.0ab 

50 lO.Bab 11. Oab 7.5be 9.0bc 

75 11. 5ab 7.3bc 9.3be 15.3ab 

100 O.Oc O.Oc S.Sbc 9.Bbc 

.' 
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Table 43 cont'd 

Oefo 1f atf on ------~---------Age (Leaf stage)--------------------
Level (~) 5 10 15 20 

*-
-------------Dry We1ght Plant (g) ------------~-

0 5.9bcd 7. 1 abc 8.1ab 8.3a 

25 6.9abc 6.0abcd 5.0defg 5.3cdef 

50 4.7cdefg 5.0cdefg 4.2defg 5.4cde 

) 75 1.4hi 2.6gh 4.2defg 3.9defg 

100 0.11 0.11 2.9fgh 3.Oefgh 
, 

• 
0 

---------------Ory Weight Root (g) --------------
5.7abc 6.Ba 6.8a ~ 4.7bcde 

25 4.8bcde 5. Bab 5.1bcd 4.4bcdef 

L<, 50 4.0def 5.2bcd S.Obcd 4.2cdef --------
-~ ~-----

75 2.2g 3.3efg 3.8def 3.8def 

100 O.lh O.lh 3.2efg 3.0fg 
,< 

* --------------Dry Weight Ramets (g) -----... -----
0 S.8ab 4.5ab S.2ab S.2ab 

25 5.0ab 5.5ab 5.9ab 5.7ab 

50 6.1ab 5.7ab 7.0a 5.4ab 

75 3.7b 4.5ab 7.2a 6.3ab 

100 O.Oc O.Oc S.5ab 5.4ab 

- .\-. 

" 

_, ~ . ,1. ..' 
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Defoliation 
Level (J) 

0 

il 25. 

50 

75 

100 

0 

25 

50 

75 

100 

J 

" '-

----~------·-----Age (Leaf stage)-----------------
5 10 15 20 

* 
-----~-----Dry Weight T~tal (9) --------------

17.8abc 18.4ab 21.1a 18.2ab 

16.7bc 17.3OC ,16.0bc 15.1bcd 

14.8bcde 17.1bc 16.4bc 14.9bc~ 

. 7.29 10.3f9 15.2bcd 1~ .. 9cde 

0.2h 0.3h 11.7def 11.'3ef 

* ( ----~-------Shoot/root Ratio ------------------
2.4abcd 1. Bede 2.1bcd 2.9ab . 

2.7abcd 2~Obcd 

2.7abcd l.7de 

3. la c 2. lbèd 

1.2e 

2.1bcd 

2.3abcd 

3.la 

2.7abcd 

2.5abcd 

2.6abcd 

2.5abcd 

2.8ab 

* Means with' the sale letter by paraleter 
are not significantly d1fferent ( œ =0.05, 
Ouncan's lultiple range test) 

, ' 
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Tab1e 44. Effect of Repeated~ Defoliation on Percent Surv1val . 

\. 
Leâf Stage " Defo li at ion ---------Tfme (Weeks)-----------
('Age) 

i' 
1 4 8 12 

~. 

* ~ ----------~ Surv;val -------,. 

\ 5 0 100 100 100 100 

t 25. 100 100 100 100 

i 50 ' 100 100 100 100 l 
\ , 
t 75 100 100 100 50 1 ' , 
~ 

! 100 100 75/100- 251100 0/25 
t 
j' .;; 

t 10 0' 100 100 100 '100 
• 
t- 25 100 100 100 100 
i· Ci ~ 50 100 100 100 100 1< 
i 

l 

i 75 100 100 100 100 

i 100 100 100 25/100 0175 

1 ,15 .0 100 100 100 100 

1 25 100 100 100 100 t 
{" ' 50 100 100 100 100 .' ' 
1 
! . 75 100 100 100 100 

100 100 100 100 50/100 

20 0-100 100 100 100 100 

• 
• Experi.ent 7/Experiaent 8 or if only 

one entry then bOth the salle 

, __ ., \ l, 
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Tjble 46. Di fferenti al Effeèts of Lower and Upper Leaf RelOval 
. 'on Yfeld and Growth Para.eters. Repeat One. 

& 
, Para.eter 

Height(c.) 

Rallet nullber 

Average Tallet 
height (c.) 

flower nullber 

Sideshoot nu.ber 

Root bud number 

Dry weight (g) 
Plant 

Root 

Ruet 

Total 

Shoot/root 

Q 

" . ~ :,1. 

;. 

l , 
-------------Age (Leaf Nu.ber) --~--------------~ 

4 8 '. 12 16 , 

T ,1. B T B T B T El 

45.8 64.6 37.3 62.0 34.3 42.0 37.0 43.0 

4.0 O.a- 5.5 4.0 6.8 5.5 7.5 7.0 

25.1 12.0 24.4 15.1 22.2 31.5 21.5 27.7 

0 7.5 3.5 12.8 1.3 1.8 2.0 3.3 

0.8 7.8 4.0 17.5 6.8 5.3 . 5.8 13.0 
" 'Q 

4.0 2.8 4.6 7.0 6.5 6.5' 9.3 ' 5:5 
fo 

3.7 6.5 4.2 9.0 3.3 4.3 3~7 4.2 

1.4 1. 7*'* 2.2 2.4 2.a 2.5 3.0 2:8 

1.·5 1.3 4.1 1.2 5.8 5.5 5.1 5.$ 

7.6 9.2 10.3 12.3 11.5 12.3 12.3 12.4 

2.3 5.6* 4.8 4.8 3.6 4.2 3.0 3.9 
! , 

&- T -tests were perforlled for each parameter at 
each age between top and botto. defol1ation 
treat.ants. The t-test was not slgniffcant 
unless indlcated by '--0.01 level or *-0.05 
level after the second nu'ber of the pair. 

1- T- Top defoliation. - J 

8- -Botto. defo11ation. 
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, ' Table 47., DifferentiaI Effe<:t of Lower and Upper leaf RelOval 
on Yi~ld and Growth Paraleters.' Repea~ 2. 

, " 

. 1 'Br 
Paraleter -7--------------Age (leaf Nu_ber) -------------

4 8 12 -1~ 

.!.T B ~) T B T B T B 

Héi ght: (c. ) 54.5 41.5 55.8 43'.5 48.5 47.3 36.8 37.0 

Rallf!t nullber 3.3 2.8 3.8 5.8 3.8 6.0 6.0 ·6.0 

Average faEt 11.8 16-.2 7.2 19.9 14.1 19.5 24.6 19.8 
• 1"J. 

'height (c.) -

F1 ower nullber 4.0 2.0 -3.0 3.3 3.3 2.0 3.0 2'.3 
./ 

Sideshoot nulber 6.0 2.0 5.0 6.5 11:3 8.5 ' 7.8 4.5 ' . 
5.0 6.0 10.5 4.3 6.0 6.0 6.5 7,:0 Root bud nullJber 

Ory wei ght (9). 
6.,3 4.2 6.2 5.3 5.7 ,4.7 4.4 -3.8 

Q" 
Plant , 

, ~o 2.5 2.2 . 2.7 ,2.5 3.3 -3.9 3.8 
~ ;; 

Root 

Raœt 1.1 1.3 1.1 , 2.3 2.6 -3.8 5.2 3.6 

9.4 7.8 9.2 10.3 11.1 11. 8 13.4 10.0* a ' '&~ 
4.6 -2.6 3.7 

.... 
4.3 3, •. 1 2.6 2.9 3.3 ';;. 

Total 

Shoot/root 

'<1" 
, ~ 

cr 
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$ , T -tests were performed for each paralleter , . 
at each age between top and botto • , ) 

defoliation treatments. No significant , ( - \ . 0 

\ difference was found unless ind1cated 
aiter the second num~r of the pa1,r. 
*- - 0.05 l~vel • 

...,. , f'\ 'u 

T Top defolfatfon treat.ent 
, 

, 1-
B BottOI defolfat1on treatment 
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E.3.7 Silulat10n of Defoliation-in the,field', , .. 

, . 
. 

Defoliation of yoüng plants' fn tne,ffeld at sites 3 and 4' (F4g. 1) . . 
resulted 1·n differential effects w'1th dHferent '1evels of 'défoli~tion~ With 

increasfng defo11at1on, the he1ght·was reduced over t1ae and,aIso in the case 

of site 3, 1t was ~oted that, delaying the defoliation reduced the detrimental 

ef~ect (Site 3- 1 ver~us 2) (Tabl~:,"48). Dry ~i9hts and flo~r Pt;'odu~tion were 

. 8150 reduced w1th increased defol1atfon (Table 49)~ 
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Table 48. Effect of Defolfat1on on,Field Grown Plants 

& 
Site 3 

.. \ 

----~---------~Date_-----------------~----------~-·~---

Oefol iatfon: 5/6 15/6 ,30/6 2418 

il-

---------~-----He1ght(cm) --------------~------------

26. 91.9.6' .' 36. 2±9. 6 49. 3t14. 5 69-. 5!17. 6' 

50 ' 26. l:tll. 7 ,31. 6:15. 9 44. 7t29. 6, 77. Oz33. 0 

100 29.21:12.4' 33. 7±12. 7 46.1:t15.2 61 • .5!20.8 

182 

--"""'-------.,---:------------------" , , 

&1 
Site 4 , -------------------Date--------------------------------.-
Defo 1 i atf on 26/5 916 24/6 22./7 '24/8 

* 
----------------------Height(cm) ---~----------~------

0 l 19.7~.3 31. 2;t10. 3 51. O:t9. 8, 61. 8t.9.1 64. 3t.8. 3 

:2 40.8±lO.7 51.8t19.2 66.0:t24.7 67.7!23.8 
-' 

50 l 18.2t4. '1 29. 8±7. 2 40.0±lO.3 51. 7±lS. 9 52. O±l5. 6 

2 41. 0:1:9. 6 55.9±13.6 65. 3t14. 2 66.9::10.7 
-.00 1· 17.71:8.9 28.2-:4.2 37.6±6.4 43.3tlO.8 sa. Ot7. f 

2 - 40.4:8.7 53.4t13.7 59. 3!15. 3. 60.9±J,4.8 . 

* t S~D. 

& Sites From Section A , Group 1 defoliated on 26/5 
Group 2 defoliated on 9/6 
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Table 49. Eff<Jct of Oefolfatfon ott ,Yield and 
Growth Parameters on,Field Gtowo Plants 

~, ' 
~;1 St te 

l .. ./ ' 

, \ \ 

, " 

, , 
" ""\ , - (0 ~_ 

j 1 y.. ~ '- , -

Site ,3 ,: ~ , " 

.~~~--------------~ Oef~liation-~--~------~-------

o 50 100 
\ , 

f , ' 

, : -~--"-"---'-:Dry Wei ght' (g) Pl ant--------... --------

8.6::7.0 
l,' 

~ .', '", 'If) ,- .... ~ -= ;: _'" ; ., ~, 
" 

" ' 
" 

, , , ", ',<Site 4 9.,1+6.3 -
" 

lO.'2t9.5 6.6.:t4.9 
, 
'[ 
'j 

1 
{f ' 

~ ,-, 
" ~ 

l, ' 
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" 'CP , , 
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, , 
" ' - , , 1 

i' 1 l' ,l 
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.. l, ~ 
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, ' , , ~ 1 
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. , 
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, 1 

, 1 - 1 \ , , 
, , , , 

Site l, 

(1 ,. 

. , 
'"' , \ ' ~ 

f ~ - \. ~, 

,.r : ' 

l ' , ' 

':--_"'_':'_--'-":"'-F1o~r Producti on--:-.. .-....... --.:.--------.. -" - ~ 

1.83 
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E.4 Di scussi on 

~JJ" 

The effects of def 11 <-.' o ation at first My appear s1lllplej ther~)s, a 
- ~ > 

measurable" leaf area 105s and there should be an equal decrease in the 

photosynthet~c çapacity and productivi'ty of the p1an~. - In reality, the 

re'1 ati onshi p between the damage and plant producti vi ~ i s comp 1 ex and dependent 

on ,several façtors, lncluding plant age and type, predisposition to damage, 

cOlpensatory growth capacity and cliœate. Defoliation can cause (i) lowered 

seed production (ii) reduced growth rate (iii) increased mortal1ty and (iv) 

sevéral other indirect effects. All these effects were observed 1'n this 

stUdy. • 
OalJlage 'caused by Cassida rubigino~a in the field 1s usuall y minimal and 

al~o late in the season, when Canada thistle was already n~ar 'mature heighf and 1 

flowering initiation nad begun (fig. 63). According to the literature, this is 

the most detrimental time (reprOductive stage) for leaf removal to occur, but 

the literature is concerned primarily w;th annual plants; and 'as such, the 

hypothesis is correct. Harris (1973a) states that he, "believes the beneffts 

of defolfation of perenniaJ weeds while their carbohydrate reserves are low 

(mi dseason- June); associ ated with buddi n9. fI oweri n9 and' fru~ ti n9 ,i s 

sufficientlywell estabIished so that ft should 'be a factor for selecdon of 

biological control agents. Il While a reduction o~ seed production of Canada 

thfstle may be important to limit dispersal, the main Pt'oblem lies' with 

vegetati ve reproduct; on by the a99ressi ve perenn; al root system., l tender 
, 

that, in_ the b101ogicaJ control of weeds, especialJy for perennials,' it may be 

more important to stress the plant ear 11er in the s~ason (attack younger 

plants) to decrease the vegetatfve reproduction of the roots, rather then 

1 • 

I~ -, r 

- 1 

~;~~~~~.r _ 
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delaying until later in the se~son, when the lIIajority of the root buds have no 

doubt been initiated. Defoliation at the later tfme May affect t~e flowering; 

but probàbly has little effect on the most a99ressive mode~ the regenerating 

roots. The author agrees with Harris (1973b) that the athck should occur whe,n 

the plant 1s Most physioJogi-cally vulnerable, but thfs time 1s in dispute. " 

.. " 

Defoliation by Cass1da rubig1nosa larvae caged on individual plants caused 

fairly detrimentaJ effects on, the plants (Table, 27), ~spec1al1y to para~~ers, :', 
, , 

assoc1ated with the roots, but the defoliation levels were low. The effects,' , 

however, considering' the low levels of defoliation were proport1onately higher 

than' the lower levels of shulated defoliati~n (25~ and 50~)' indicating that " 
.. 1 1 ~ 1 

, " 

SOte factor 1s present with the insect damage which'causes an enhancéd effect, 

éaptnera and Ro l.tsch (1980) ,observed thi sin, 'stud~ es ~ith 9:a$Shoppers versus 
, 

Janual clipp;ng and suggested that it may be due to some insect salivary 

c<>mponent. 

Simulation of defoliation indicatèd, in general, that the hfgher t~e' 
~ \ 1 1 1 

percent defoliation1 ,the greater the adverse affect on t~e th1stle. Many yield 
- \ - ~ , 

_ )" 1 -

and growth' patameters -c<?u 1 d be affected ,; n<!l udi ng he'f-ght,: root parameters (f?ot 

bud number, root dry welght) and dr~ wei9h'~. Interrelated parameters such as 

f 1 oWer and 5 i de.sho'ot ~r~d~ct ion decreased together.',' FT o'wer , producti o~ norma,ll' y 
, , 

',- r~leases the sideshoots to elongate whereas when, the defoliation treatment' 
, , 

" 'èliminate$ or reduces fl0'We~lng, ft a1so reduces sideshoot productfon. The' 

grea:test.effects occ'urred at the higher levels (75 and 100\). The 'djfferences 

" -,' 

1 , , 

~tween 'the two repeats of the one-tilDe defolfation experjrnent were lIIoSt 1fkel,Y",'" " 

due to the light, ~eg;re. , ExperiJnent 5 had lower 11ght intensity and the plant~ 
, " 

were shorter.' Also in sorne, cases, the results of Expe~iment5,5,and'6 appeared 
, , , 

reverse<! (height)"especially in tab,les,,32,'ànd 33 (Ages averaged 'over 

"t, ... " 

,: 
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~ _, ". \ " 1 \" \ 

\ " 

, , 

l' 

def,011atfon' levels). This 15 probably because in experiment 6 with'the bette( 
'" , 

, , 

light regime, the younger 'plants were able to compensate betterfor the 105S of' 

leaves. In most other cases,' simiJar trends were registered"f~r' the -two 

experhlen~s .for both one-tfme and repeated ,cjefoUation. 
- , , 

, 
l' ' ,I} , 

for rept;ated defoliatfon, sim11ar trend~ of decreased height, root bUd, 

number, dry wefghts et 'cetera were noted, except the' effects were more 

dètri'Qlental than for the one-tillle treatments. The general conclusion is that 

,-- r~;p,e~tèd - , 
-, , 

defoliation'pressure was much more effective in depressing plant 

defol i ation' , ' 
growth and vigo,ur than one-time defoliation (Table 45). Rep~ated 

',a150 caused mortality at young ages at high defoliàtfon 1evels 
- " ..; 

-, l, -
(TAble ~).:'" 

, ,~Carty and Priee (1942) found that' alth?ugh Frequent defol tation was 

illlPortal'lt i it was less 50 than the ,timing ~r, 'l~vel of defoliation and Jamesofl 

(1963) co'ncluded that detrimental effects,' ... erelncreased by increased frequency 

of defoliation. Many ,pere~nial pl,ants can _ withstand ~ single -annua1 " 
, ' 

, ' ' 

defoliation which under ,f,avourable ,conditions May even be stimulatory (Alcoçk 

1964, Harri s 1972, 1973b). Si mlllOn.ds (1951) found that for the, uS,e, of , ~" ,', 
", ' 

f,' ,.J -, ,,,." ~ ( _ ,- f defoliator for biological control of Cordia macrostachya (Jacq.) R., and S. 
- /, ~ '1 ~ r 

" ' , ' -
! -, ... , 

" ' 

, 
, " 

'.' 1 \-_, 

\ ,', ' " 

, ,- , 

~ " 

... , 

single defoliations increased Iproduction, whereas mult'iple, even thougn,' 

, parti al; defo 1 i ation, -reduced gr,ow_th anq reproducti on.' , 

o 

FrOID one-time and repeated defo1iation sfmulation resu1ts, the stress 

appears greater on younger plants than' on aIder' plants, '" ~upport'i"9 the 

hypothesis that it may be more detr1men'tal to attaèk, younger plants. Th15 , , , , 
, , 

;ndicates ,that sorne careful rethinking of biol09ical control agents whith are, 

defo1iatérs may be'required and that careful phenological' studies shou1d be 
" 

done before much emph,as i S 1; s p,l aced on 'the 1 i nsec't- as 'a \ b'; 0109; ca J 'Contr'o l 

cand;d~te. 

" , 
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'. In 1 some cases, at lQ~ levels of defo11at1on, there appeared to be a 
, , - " 

stfmulatfon of gfowth, fndf catfng that at h~ast so.e tissue ts expendab!e and 

th,at, compensatory growth' f s occurr1 n9 (See 'appendfx I). L~af area redue1;f on 
l, rI , , , 

nèeO not be detr1mental since many levels do not photosynthesfze at their' 

~' ~ : ~ ~ uxilllum potentf,al (Hewett 1977). Hfgh levels of defoli atfon, are requfred, ~ 
\ 

i" ,1',_ , , " especially if defolhtfon is performed at one-time only, to cause an)' 
~ 1 ~ 

J ' 
<", J, 

:' ',' . ,~ 

,1 • 
, !. ~ , 

t" ' 

" ' , ' 

" 

'- , 
, ' 

"", 1 

, ,~ , ~ 

: ',p I,J{:, l' '," __ J,,' 
,- - ''-.... 

-

,detrimental effects. As wtth Dl8ny crop, plants, -(see references in 

introduction), Canada thistle can ~ithstand ,a hfgh level of defol1ation , 

,es~cfally at the older ages, without adverse effects. 

Experiments to determine whether removal of' the upper or lower leaves wôs 
, , 

more detrfmental, tentatively indicated that relllOval ,of the upper leaves had 
, , 

greater adverse ~ffects (although not: sf9nif1~ant- Tables 46,47). Try1s -;5 'a 

COllilon effect (sëe referenées' in the 'introduction). Cassfda rUbiqfnosa larvae 

__ 1 - "in the field rar,ely'field on the young leaves, but tend to feed on the' middle: .- ' 

, 
, . 

'1 

l' 

" -

; \ 
--

: ~nd lower leaves. This fkt lIIay also lowero the, eff,1ciency of' C. 
, , - rubf qi nosà, ' 

'1 ' 1 , 

,attack. Most 1 nsects have a preference for, one leaf' area or another; Harris' 

,_ '_ (1973a) says that contrary, to, popular opinion, 10ss of matur,e leaves fs most, 
'~' ,\ 

, '~ , ' , '",' 

.' ' , dallag10g. This di-d not seem to, be the case here, although, the two repeats, 

.-gave dissimilar results, one of which ind1cates,that thfs 'may be true. 

The purpose of perfo~~i ng thé fi el d expèr1 ment 1 was to determi ne 1 f tne 

lilit~ po~ volume and ther~fore PQssibly 'limited root gfowth was enhancing the 

, '-

l 1 

, --
-effects as compared to plan~s From the 'field whfch coul'd potentf,al1y have a'.', \ ) 

!lU ch more extensf ve root system. The res,ults i ndi cate that, for the length of 
l , 

-
; \ ,the experiments (approxilllately 3 months for ~oth the pot and field 

experiments), that the effect of the pot,. did not seelB to affect the results 

, 1 

1_ 
... '., ( , ~ 

.l,f .... ~ ... _. ", ..... 

-, ,'" 

, , 

':' .. 
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(Tables ~8, 49 ) • , 
, ' 

Care was taken throughout al'l the shlu1 at10n experhlents, to remove on1 y , 

, ,', -the leaf 'blade _an~ '-not ta dallage ,~he' 1Il1drib, s1 nce Cass1da rUbfg~ nos~' does not ':' 
1), 1 .. , l ' 

eâtl ,t~e 111 dri b. The exper1lents 'seemëc/' to approxi mate i nsec~ defo l1'ati on in 
, ,- \ 

the, lajorfty ,\Of cases and as Jones et' al. (1982), stated, - unti 1 mote 

i ~rorllJaH9n 1s made ava11able abou~ defolfat1on, sfmufated defoJ i'ations are 

sti 11 us~ful. \ H has been shown that' procedures wh; ch eut the mi dri b' do not. 

apprOXimate_ins~ct blade 'd~foliation, whereas removal of ,the' blade is a good 
, , , 

~pproxillat1on (Pos~on et al. ,1~76, Hammond and Pedigo ,1981, fiGk 1982). 

" \ , . 

ln' su_ry, ',the greater, t,he def. 11 at,l 0 Q J eve l, the lore detrl .. nta 1 :the ef r«J' 
" , , , 

1\ ... ' 

on plant growth and vigour. Also, in general, in ,s'upp~rt ôf the,hypo,theS,i'~~";~.-: 
l , .... _ " i ~ 

lIIade conc~rni"9 the age of defo li at1 on, the r~su 1 ts i ndi cated 'that ~efo 1 i a~:j on-
, ;0. ~ l ' _ \ 

ha<$ greater, adverSe effects' if it occurred, at youngé-r' plant stages. .Van' den 

Bosch, (-1979) states that the appropriate timing of attack may be ,a.s important 

as massive defoliation. Also, defoliati,on of the upper 'Ieaves may_ have greater, 

detrimental effeets than defolfation of lower leave~~ Contlnuous' (or ~epeated) 

, defoliation was more effective. in reducfng 'vlgour~ growth rates and 'Xl'~lds ,tl;1an 

, ' 
" 

, ' 

, " 

o-ne~tiIDedefolfationand a1so resulted,in mortality in ,treat~nts-ofhi9h-,,> 

defoliatlon levels on young plants. 

The collection of facts From this study explains why Cassida rtibiqi'nosa- 1s 

not an 'effective biological control' organislD.-
.' , 

(a) The level of insect 

defoliation 1s low and the results in this study 1~dicated that high -l~vel~ of : 

defolfatï'on are requlred to adversely 'affect Canada thistle. (b} The insects 
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" . 
'1 ~ • 

_ ~ttadk Canada th1stle fa1rly late in the season, long after the young stages, 

, whi~h this study has tndfcated.are the .!ost s'ûsceptible to 'dallage. '(c) The 
, , 

fnsects feed on the 'leaves at the .iddle of the plant, no-t on ~he upper 

leaves. (d) The 1nsects show SOIlle preference for larger plants (Section A), 

which of course leàns th~y cause very'}fttle str~ss. Ihe'greatest'problem wfth 

the- in~~ 1s that ft 1s, poorly synchronfZed wHh the phenology 'of' ,the plant to 

, _ cause a 1 arge detri !lenta 1 effect. 
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F. S'fsnJuè RUST ,pÜCCl~iA' PlWCTlFoRMIS' 
, , . " 

" ' , , 
1 \ -,1 " 

l ' 

1 

" , , , 

\ 1 ". , 1 .' ' 

" , 

'r.l Introducti~n 
, " 

, , 
- \,-

, 1 

, " , ' 

" / .. " 1" '. 

l, 

1\ 'j 

1.. -' _ l-
, " ... ~ 1 

- '. " , I~ \. _ l", r 

, , ~ , ' 
, " . \ ' , , " 

.' ";0 ye~rs ago 'abo~t an acre 'Of 'o~r fan " ,: 
','~' 'r.~s overrun with -C,anada thistle, 'bl,lt by , ,', 

" \ ~, the tille thëy were in full bloom a rust " 
_' '.::;' ,struck, thell and- hardI y a seecl! of the plant 
" ,'/,' ,.ature<:!. We plowed the land in fall, and 

. , ' , ' ',' l as t, year scarce J y athi st 1 e appeared. If , " 

" ,~ 1 : ,'l , l ' " , this rust could be widely disselllfnated ' \ ' 

'. through ~he country, Canaçla 't~istle f _ ' ' " 

, ) ,~o.uld retèive,a supstantial check."' " }" r' 

l I} -

","'" '. -,," , 
\ __ .1 

t \' /" ~ \ 

" , : / ' " '.":," 1 .",,: '. -..' l;et~~r' ~'f a, farlller to New Jersey Experi mental Stati o~.,' 'i893: 
~ .., , ~ , 1 \ ' 

-- .... ,,,, , 

r ~ " 
\ , ' 

, ; 

\,./ ~ .. : 
.' , ' ,_' -,.,', f._l.l Phytopathogenic' ~ Control 

" _ r, 1 

, , , , j - - ~ -

, , 

~ :' , " 
l , ' 

\ - , 

1'90 

" 
, ,~ 1 ~ 

\ - " , 

" , 

, l , 

, 1 

"l" 
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"\ (\" ,\ -~, 
,~ , 
, " 

," 
" , 

, 
t ,\ , 

',1 

.' , :-. ",',TM conc~pt of 'ut; 1 ;2; 09 plant pathogens to decrease weed populati,ons !s 
, , 

" , 

:, " \ l ' , , , ,', ',,' -.:- .> ,_',' :no( rlew as indicated br the by-line quote. ~O,ckaY,ne {1~16) aiso • observed t'he 

to be an effect·; ve contra l for ,Ca~ada thistle. Other' 01 der, ' 
• t' ' 

" 1 ~ ( 

.... ' \ .... , ,-~ '. 
- \', , 1 i terature exami ned the potenti al, Of us; n9' other rusts and pathOgéns, ' 

;' \ -
" 

,-l, 

, l' :t' " ' 
l , 

, , 

, " 

(reference5 in' Hasan 1980). The concépt,'was reawakened in the' 1970'5 (Wilson 
, ,~ -

" , , " 

1'969, Zettler and freeman 19,72) and' res'ulted in a rapid increase ~n r€search 

, (Freelllan and Charudattan 1980'). 

" ' 
, , 

l " 

In 1976, freeman et-al. 'listed 27 plant species, being inve5tigated fO'r 

control by plant pathogens. Of these, four have reached advanced devel~pment 

\ 1 

- 1 ! 

, , 
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stages; Cercospora rodmant Conway on water hyacfnth (Eichhornia crass1pes 

(Mart.) Solms), Colletotrichum gloeosporioi~ (Penz.) Suce. f.sp. 

aeschynomene on northern jointvetch (Aeschynoillene virginiea (L V B. S~,P.), 

PhYtophora citrophthora'(Sm. and 5 .• ) on milkweed vine (Morrenia odorata 

Li ndl.) and Puec1 ni a chondri 11 i na Bubak and Syd. on slce) eton weed (Chondr; 11 a 

Juncea L.) (Freeman and Charudattan 1980). 

, The rust, Puccina chondrillina, was the fi'rst exsllple of the delibera,te 

introduction 'and suecessful use of an exotfc pathogen as a classical biolo9icâl 

control agént (Andres et al. 1976. Turner et al. 1981 a,b.Cullen et al. 1973, 

,Burdon et aL 1981). Other rusts whi ch ~ave been i nvet.1 gated i ne rude Pucci ni a 

on XanthiulR spp., Urollyees rumicus "00 Rumex crispus, 'Phragmidfum violaceum on 

Rubus spp. and Puccinia punctiformis on C1rsium arvense. 

Empirically, the use 'of an endem1c pathogen would seem ineffective, since 

the pathoge~ and the host co-exist, but bioherbicide tech~iques are, in fact, 
" 

showing great promis~. This 15 accomplished by applying elevated spore levels 

'at a stage when the plant 15 the most susceptible (Daniel et al. 1973). This 
p -

type of biotechnological application and subsequent commercialization 1$ 
-';-~-J. 

~co~i~~~a reality (Kenney et al. 1979). Col1ego~ a registered mycoherbicide 

Colletotrichum gloeospoeioides f.sp.aeschvnomene, is one example of a 

successful development campaign (Daniel et al. 1973, TeBeest et a!. 1978.' 

Boyette et al. 1979. McClint1c 1983). The Col 1 etotri chum genus seems to be a 

promisiog one, as sev~ral species are under investigation; .ç. gloeospori~ides

f. sp. jussiaeae agafnst winged waterpri'mrose (Ju~sie.ea deçurrens (wàlt) Fe., 

(6oyette et al. 1979), ç. malvarum (Braun and Casp.) South. against-prlckly 

sida (Sida spinosa L.) (Kirkpatrick et al. 1982).' 

-'-
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F.1.2. Physlology of Pathogen Effect on the'Host 

19a 

, l' -, " , , 
It 15 wetl knoliln that .plant pathogens are capable of great destruètion, 

~itti 'such e)(alpl~s as chestnut b11ght (Endothia parasit1ca (Man). And. and 
. 

And.), Dutch e~1 disease (Cer3tocys~fs uh,i (Buis) Moreau). 'and" white pine 

blister rust (Cronarti,ulI ribî cola Fisher) and nUJDerous crop pathogens', 'wh1ëh 

have shaped hUlllan lives for. centuries and forll an fllportal')t e,liIPhasfs 1 n cr op 

breedi 09 prograllS. -,...-- '. 
, . 

" 

, , 

SOIie of the general effects that patriogens have 0" pl ants are: i ncreased 

respirat1on, 1nterference ~fth translocation, ',reduced 'ph~tosynthesis, increasèd, 

transpiratfon and so Forth. Rusts have the followin9 general effects:' 

i Ilcreased water lo
A
ss,- relllOva.l of nutrients, i ncreased respi rat; on, ~~uced 

phOtosynthesis and growth horrlOne imbalanc~ (Agrios 1978). The pote,nti al" of , . 

~sing the stress caused by pathogens for 'biol,ogical control of' ,~ds 'iS', ,a 

proalising field. The rust considered in this section has SOIlle known effects on 

Canada thistle (increas~d gjbberellin ,levels) but the exact ~ffect~ on, the 
f' ,,\, , _ 

Phy~iology of Canada thistle are oot known and n~ further exanii·nation., Jhe, '~~ ," 
\ 1 l ' 

understandi n9 of the nature and movement of the pathogen in the host is .ll~lted 
, ~. ~ , 

and from observation in nature, SOIlle artificial aùgmentation would n6' doubt be 
\ ' ~ , \ 1 ~ 1 .- , 

necessary' ,t~ i ncr~ase the ~a,mage" si ~ce, ' it is generall y 1 i mit~d l,' to ',~.<fe~ 
~hoots and'tends to remar~'at a 10'11 level over the years (c~ckaynè 1915);'" 

, , ( 

, F. L:} Case Study. -Organi sm : pucci nia punctiformi Sr' 

'Puccinia punctHorlIIis 1s a Ifcrocycli'c autoecious fust, o~ the brachy forlll 

(:la~ld n9 the aedal stage) (Buller 1950, Meni:iE~s 1953)., The) i fe '.c~cle h~S been 
, 

well descrfbed, however, SOIlle researchers record an a~1al stage (,C~maiins 1978,' 

~rthur 1934), whereas others recogni zed the Jack' of. the aeci'a l, ,stage' (Hotson 

, " 

, , , 
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1934," Cunninghall 1931, Savile 1970, Buller 1950, Menz1es 1~3). J~ .. Punct-ifonis 
. ~ 

is host speci fi c to Canada thi st 1 e and the di strf buti on of e.: punctiforlli s 

"corresponds to that of i ts host, occurri n9 throughout Europe, Asi a, North 
, ' 

Alleri ca and New Zea 1 and (probab1 y movi ng by hUllan agency as uredi ni os pores 

attached to Canada, thistle plants in packing straw) (Cunninghall 1931, Arthur 

1934). 
Qo 

The: c,urrently acce'pted life hi~tory 15 shown in figure 92. There care °ttio 

types :of 1 nfectfon (a) t,ocalÜed 1 nfection of fsolated pustules (sori) and -(b) 
\ l3 \ r J , 

syste.i c i nfectf on t n wh; ch who 1 e shoots bear e1 ther pycni a 9r ur,edi ni a. 
- , ~ , 

/ 

Pl ants whi ch are systè.i ca 11 y i nfected ellerge in the spridng lis ua 11 y wi,th pycnf a 
:'" / 

"(haplofd) ,and occasionally with uredinia (dicaryotic) which 'aré prilllarily 
Cl 

hypott)a 11 o'us. 
, \ 

The pycnf a becoMe uredi ni a ( heterotha 11 i SI) and release 

,: -', "-,ürediniospores, the so-call'ed repeatfng stage, which cause the secondary :or 

, '-
l " 

, , 

localized ~ nfectfons (Bull ... and Brown 1941). The doub1e-celled tel1ospores 
(0 

occur later in the season. The relatfonship between the types of infection ha~ _ 

been a difficult problell to solve and is still difficult' te understand:-
, " 

Coct<ayne (1915) sU9~sted that new systelll;c infections resul ted from only' 

basi di ospores ori g; nati n9 FroM o-verwf ntered tel i ospores. Cunn; ngham (1931) 

!lient; oned that there ;were ,di fferi "9 opi ni ons for the method 'of overwi nteri "9; 

either by systemic mycelia in the root or teliospores in the soi 1. B'uller and, . 
Brown (1941), Buller (1950) and Menzies (1953) were able to produce-

systelli ca 11 y i nfected shoots by i nocul ati on wi th uredi ni os pores and found that 

teliospores were very d1fficult to gerlinate and suggested ft was unlikely that 

systemic Jnfections' arise from tel i ospores. Turner (1981) menti ons that she 

perforlled s,uccessfu1 inocula>t1ons with telfospores, but these lDay have been 

contalIIi nated wi th uredi ni os pores. 

.. . 
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Figure 92. Lffe history diagra~ of Puccinia 
puncti forM1 s 

Syste~ically rusted shoots- which emerge in t~ 
sprin9 are general1y infected by pycnfa (sometimes 
uredinia). In the late spring, the pycnfabecolle. 
uredinià and release uredinfospores (the so-called 
repeating 'stage) which can infect previously 
non-infected plants.. This results ,in the 
,production of local lesions (secondary rU$t), 
which in the fall kills the lower leaves. The 
.ycelia growout of the leaves, into the stem and 
into the roots. The . uredi nia beCOIe telia?before 
the leaves die. The rust can overwinter either as 
teliospores or as .ycelia in the roots and root 
buds." 
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After secondary infection occurs, mycelia grow out of the inoeulated 

leaves, down the stem and enter the roots. From there the myeelia can enter 

branch roots and root buds for overwintering. 

l' 
The symptoms of systemic infection include a sickly yellow colour, thick, 

succulent, hollow stems, leaves which point upwards and r.educed development and 

limited'flowering. Cunninghàm 1931 believed no flowe~s were produced and 

Buller 1950 found Mycelium in the florets of Canada thistle. The plants also 

tend tp have longer lnternodes and the 1eaves are usually entire and narrow and 

~fth ineurled margins and are less prick1y (Buller 1950, Bailiss and Wilson 

1967). Rusted plants a1so respire more than healthy plants (Keogh and Watson 

1982) and a1so have lower osmotie pressure and several anatomieal anomalies 

(Buller 1950). Bailiss and Wilson (1967) found elevated levels of g<bberel1ic 

aeid in rusted plants early in development. Cockayne (1916) mentioned that in 

order for the rust to beeome an adequate means of control, the infection must 

be increased above that oecurring natural1y. 

The purpose of th1s study was to continue the eva1uation of Pueeina 

pûnctiformis as a possible biologiea1 conttol organism. Field levels of the 

systemie phase of the disease are low and seem to remain in equilibrium. 

Systemic infections are believed to be initiated by the previous seasonls 

secondary infections. The re1ationship needs to be better understood to 

determine procedures to enhance the infection rate. Attempts were made to 

understand this relationship by inoculation of plants at various ages and w1th , 

single and repeated (multiple) inoculations. Analysis of present field 

• ~ • ..., '\, '- f' ", 
.. \ 
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~ population dynamics was performed, as we11 as further studies into the 

physiological stress caused by E. punctiformis to Canada 'histle. Microscopal 

examination was a1so done. Preliminary experfments wfth the production of 

rusted cal lus by 'tissue culture ~ere done with the ultimate goal of the 

development of procedures for the mass production of spores for augmentation of 
, 1 t J 

field levels of the rust spores. 
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F.2 'Mater1als an~'MethOdS 

, F. 2.1 fiel d Obsérvati on$ ., 

, 1 

J; - l , 

, 97 

-" \ , 
: \ 

'S~rvivorsh1p was determined for syste.ically rusted versus nonrusted 

, plants for the 'field sites eX8mi,ned f n séction A. Other additionsl data 

" included the number of ra.ets (system1cally rusted) produced at the end of the 
, , 

s,eason (late August). 

F.2.2. Inoculation Experiments 

In MOst cases, spores for inoculation were collected From heavily infected 
o 

plan~s From the field and'stored at 5 C in glass vials sealed with Parafilm. 

Spores were col1ected each year {1980-1983} and used for aIl inoculations 

except for one experiment (repeat 2 of'multiple inoculations) in which Fresh 

spores were collected From plants from another inoculation experiment. 

Seeds were surface sterilized in a 2~ sodiuM hypochlorite solution by 

drawing a vacuum. The seeds were germfnated at ambient temperature 
, 

on -lOistened filter paper 1n glass Petri dishesi The smal1 seedlings were 

- '~ 

transplanted 1nt~ flats of Promix and placed in a controlled environment 

chamber with conditions as described in section B. Once established, vigourous 

seedlings were potted into 100 mm (d1ameter) pots in Promix. Plants wer~ 

inoculated by lightly misting the plants with distflled water and applying the 

spores with moistened f1ngers to the abaxial leaf surface. The fnoculated 

plants were placed in misted plastic bags, the bags were sealed and placed in 

the dark at~ambient temperature fo.r approxim~tely 24 houts. ~ter the dew 

period, the plants were removed from the bags and returned to the growth 

chamber or bench. 
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(a) Si "91 e l nocu 1 ati ons,. Thf s experi ment was repeated twi ce. Pl ants were 

inoculated with Puccinia punctiformfs spores at the cotyledon, 2-, 4- and 6-

leaf stages. The contraIs were m1sted with water only. Data taken included 

height, leaf number, number of leaves infected and number of ramets (rusted and 

nonrusted). Regrowth was determined after top growth was removed. AlI 

treatments were replicated four times in each experiment. 

(b) Multiple Inoculations. To determine the effect of successive 

inoculations, thistle plants were inoculated at the 2-; 4-; 6-; 2,4-; 2,4,8-; 

and 4,8-; and in one repeat also at the 6-; 2,4,6,8-; 4,6-; 4,6,8-;, and 6,8-

leaf stages. SimHar data was recorded as for single inoculations. Roots were 

examined extensively in one repeat of the experiment to determine relative' 

locations of rusted and nonrusted shoots to the original inoc~lated plant. At 

the 20 week stage, the plants were removed From the pots" the roots cleaned and 

pictures taken. A regrowth experiment with the same roots with aIl the top 

growth removed was also performed. 

The effeéts of naturally occurring multiple inoculations were examined by 

col1ecting secondarily infected shoots and roots From the field in late 

August/early September and potting the roots at different intervals in a soi1 

mixture according to Section 8. Numbers of systemically rusted and nonrusted 

ramets were recorded. 

F.2.3 Physiological Experiments 

Chlorophyll Content. Chlorophyl1 was extracted (with cold 80~ acetone for 

5 Minutes in 20 ml fol1owed by an additional 2 minutes with 10 'ml of added 

acetone in a Virtis homogenizer) From leaves of rusted and nonrusted plants 

'. 

1 , 
~ 
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. collected from the field. The samples were then centr,if~ged at 10,000 rpm in 

an lEC B-20A refrigerated centrifuge 'for 10 minutes. Readings of the optical 

density were made at 645 nm and 663 nm (Arnon 1949) with a spectrophotometer. 

If the density was too great, dilutions were' made with 80~ acetone. This 

,experiment was repeated twice, once w1th four plants of the two classes and, 
. \ again wlth 6 plants per class. 

Gibberellfn Effects. Young plants grown From clean foot pieces were potted 

into 100 mm (dfameter) pots in Promix and grown in a controlled environment 

under conditions noted in Section B. Four plants were each sprayed with efther 

d1stflled water (control), l ppm, 10 ppm or 100ppm aqueous solutions of 

gibberellic acid (GA3). This' experiment was repeated twice. Height and leaf 
-

number were recorded weekly. After six weeks, dat~/taken fncluded helght, leaf 
-

number, number of ramets, number of sideshpots. ln repeat 2, the number of 

root buds, dry welght of the plant, ,root and ramets were al so determi ned. 

F.2.4 Microtechnique 

Connections between mainstem or root and ,a rusted ramet collected ei~er 

Frol the field or one of experiments in section E.2.2, were sectioned by hand 
, 

and cleared by the procedure outlined in section 0.2. Hand sections were cut of 

fresh systemically rusted material and a1so o~ callus (Section F.2.5) and 

stained with aniline blue in lactophenol. 

Samples of rusted and nonrusted plants were collected From the field and 

processed according to section B for plastic sectfonfng and a1so for wax 

elbeddi ng. Wax sections were stai ned 1 n safrani n and fast green (O'Brien and' 

MeCull y 1981). 

,\ 
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Samp1es of leaf tissue were a1so prepared for Scann~n9 Electron Microscopy 

.by standard techniques (O'Brien and McCully 1981) and pict~res taken by 

'~echnician Louis Thauvette. 

F.2.5 Tissue Culture of Rusted Material 
/) 

lnfected explants of,leaves and stems From rusted plants were surface 

sterilized in 70~ ethanol (30 seconds), 2-5~ sodiuM hypochlorite (1-2 minutes), 

and rinsed 1n sterile distilled water and placedon tissue culture media in 
, ' 

plastic Petri plates (Appendix K) containfng varying levels of auxins and 

cytokinins. These operations were performed in a laminar Flow apparatus. 
, '\\ ' 
" 

The Petri plates were placed in an fncubator in the dark to allow callus 

formation and exam1ned periodically. After callus had formed, ft was 

transferred onto fresh media every 3-4 weeks. 
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F.3 Results 

F.3.1 Field Results 

. Systemi'cally rusted plants are easily dfsti~guishèd fn the, field From 
, -

nonrusted plants by their pale green col our, the ,more acute ang1e of the leaves 

to the stem, longer 1nternodes, smaller and less broad leaves and in the pycnia 

'stag~,of the rust:by a ,strol'lg sweet odour (Fig 93). Rusted plants tend to grow 

'more quickly at the beginn1ng of the season than. healthy plants (Table 5Q) but

gradual1y their development ceases and they die. In the field, pycnia are. 

present soon after emergence (mid May) and uredinia at least two' weeks later 

(early June). In some cases, the systemically infected shoots ernerge bearing 

uredini.a. 'Secondary infections were Found as early as mid June (1982) and 

early July (1981); Systemically infected plants rarely survive the season (Fig. 

94- combined field data in form of survivorship curve) and rarely flower. If 

they do flower, the buds rarely open and do not seem to produce seeds. 

F.3.2 Results from Artificial Inoculations 

Application of rust spores results in most cases in the development of 

secondary rust pustules about 10 days after inoculation (fig. 95). 

F.3.2.1 One-rime Inoculations 

The more leaves infected by inoculation, the greater the probabillty of a 

systemic infection and the greater the number of systemic shoots produced 

(Tables 51, 52). In sorne cases, accidental additionsl secondary infections also 

occurred (Table 52), since more leaves than were originally inoculated became 

i nfected. 
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Table 50, tarly Season ~eight Comparfson of Systemical1y Rusted, 
and Nonrusted Th1stles (f.ield Data 1982). 

, Ca'tegory 
----------------Date------------------------------~ 

# 
26/5 9/6 24/6 

* 
---------------Height (cm) --------------------

Systeaic Rust 24.2:6.9 36.5:9.5 

Nonrusted 19.3t6.2 32. 6!10. 5 45.3;t15.4 

* Height + standard deviation 

1 43.7~ of measured thistles dead at this point. 
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.- ,,: :'1\9tJ,re ~3. 'éompa~i son 'of -~onru'sted' Uil~) , ànd 
, -', systemically rustèd (R) thistl~s fr-om' the" :field. 

'-Note the differences in'leaf size and,'$hape,' 
i'nternode length,-and stem thi<;kness. ' ; " 1,- - ': , .. ....., 

" , 

:fig~r.~ 95. InFection of, an' 'i,noctilated leaf From " 
artî Hci al i nocu1a~f on",experi ments' (arrowheads). ' 

,', ' '\., '," , 
, ' 

, , ' 
, - 1 \ ' " 

Ff9ure ,96.: - Regfowth 'From l nocul ati on e~pêfj mént 
after,removal of the top growth. Note that the 
r.usted shoots (...) are close to the or'; gi na J 1 Y 
inoculated plant ( .), (Nonrusted shoot~- • J, 

, but in some cases, rusted shootS'were found op '~o 
','?5 cm al ong the root syst~m: ~rQ,!" the ori,gi ~ . .' " / 

, - , 

,,' figure 96. ,Application of,e'xo~e'nous gib~r~l'ljn.:" 
- ,'The higher levels of gibberc.ell,i,n(. ~O ~nd ,lOO'ppm), '~ 

resu l ted in apI a'nts, tha,t 'wér:e l'IIuch ta 11 e-r than 
the'control and 1 ppm treatment. 

,Fiqure 99. The difference between 100 ppm 
'tl'eatment leav.es and éontrol ,Jeaves. Note th~ 
more narrow appearance of the ,treateQ leaves.' 
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figure 94.' Survivorshtp CU'rv,J (1) of rusted (red) 
ând nonrusted ,plants (.green') averaged: ov~.,. 'field 
sites. 
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Table 51. The Effect of Single Inoculations w1th Urediniospores 
of Putci";a punctiforl1s on Canada Thistle Ramet Production 

(Re~at 1) 

Inoculation Max. No. 
leaves 

infected' 
1 

* 
-----~-----~-----Ralet Production·-----

12 weeks 18 weeks 
RN'; R N 

, , 

Cotyledon 2C 0.3 2,.8 25 0.5 5.3 

2 leaf 

4 leaf 

6 leaf 

control 

\ 

..-
2C,4L 0 2.0 0 0 5.0 

2C,4L 0 3.0 O. 0 6.l 
~ 

2C,6L. O.~ 1.3 0 0.5 7.3 

no Ile 0 2.5 0 "'0 ' 5.8 

* R nu.ber of rusted ramets averaged over 4 plants 
N number of, nonrusted ramets averaged over 4 plants 
~ frequency of plants with rusted ramets 

1 C=cotyledon; L=leaves 
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Table 52. Effect of Single Inoculations of Puccinia 
punc1;:f,rorl1 s ured1 ni ospores on Canada Th1 st 1 e Ralllet Pr~ductf on~ 

S ':.-:., (Repeat 2). 

* 
lnocula- Max. No. . -----:----------Ramet Producti on --------------
t10n Leaves 12 week 15 week 18 week 

infecte<! R . N S R N ~ R , N' ~ 
1 

1 1 

Cotyledon 4L o . 2.3 0 0 2.3 a LO 2.0 0 

2 leaf 6L 0.3 3.3 25 0.8 4.8 50 1.3 1.8 75 

A leaf 5L 0 1.0 0 0.3 1.5 25 0.8 2.0 25 

6 leaf 7L 0.3 1.0 25 0.3 2.3 25 2.0 1.8 100 

~ 
;iI---

~ . 
* Ramet productfop in weeks following inoculation 

R- average number ,o'f rusted ramets (4 plants) 
N- M Il Il nonrustéd ramets (4 plants) 
~- frequency of plants with rusted ramets 

1 L=leaves 
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f. 3.2.2 Mult1 pl e (Repeated) Inoculat1ons 

The two repéats of th; s experi ment are di Herent because dur1 ng -repeat 

one, re-infection occurred other than by intended inoculation resulting in a 

higher number of infected leaves in most cases. In repeat 2, re-infection did 

not occur, 50 that the maxi lIum number of 1 eaves i nfected corresponded to actual 

inoculations. In both cases, multiple inoculations resulted in ,earlier and 

greater numbers and frequ~ncy of systemlcally rusted shoots (Tables 53, 54). 

Regrowth data i ndi cated that the roots relllai ned i nfected throughout thef r 
\ 

lffetime ~nd were capable of producing rusted remets for several months (Table 

55). One group of plants that 'lias accfdentally infected was observed for 

approxi lIatel y 18 months to still be produc1 ng rusted ramets. The majority of 

the rusted ra mets were close to the original plant (fig. 96), however, in some 

cases the rusted ramets were found over 25 cm along the root system from the 

original1y inoculated plant. These experiments also ind1cated that the rust 

"'as capab1.e of movi n9 in the root system and of produc1"9 rusted. ramets with1n 

10 to 12 weeks after inoculation. 

f. 3.2.3 Naturall y Occurr1 n9 Mul tiple Inoculati ons: 

In late August/early September infected plants sometimes produced ramets 

From the base of the stem which wkre systelDicall y i nfected. Samples of 

secondarily rusted plant roots from the field grown out in the greenhouse 

indicated that as early as two months after local infections occurred, there 

were systemically infected ralets albeit, very close to the mother plant (Table 

56). 
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Table 53. Effect of Multiple Inoculat1ons on the Production of 

Systemically Rusted and Nonrusted Ramets. Repeat 1. 

* 
Inocu- Max. ---------------~-Ramet Production -----------------
1 ati on no. 4 weeks 6 weeks 8 weeks 12 weeks 20 weeks 

leav. RN' R N ~ R N ~ R N 1. R N ~ , 
Control2/7 0 1.0 0 0 1.8 0 0.3 1.5 25 0.3 1.525 2.04.5 75 

2 2/7 0 0.5 0' 0 1. 3 0 0 1. 0 0 0.3 1. 5 25 5.3 3.0 100 

4 2/5 0 0 0 0 1. 3 0 0 1. 5 0 0.8 1. 8 75 2. f3 5.0 75 

6 2/8 0 1.5 0 0 3.3 0 0 1.5 0 0.5 1.650 5.54.8 50 

8 2/8 0 0.5 0 0 3.3 0 0 3.0 0 1. 0 3.0 75 4.0 5.8 100 

2,4 2/8 0.3 0.5 25 0.5 1. 5 25 0.3 3.5 25 0.3 2.3 25 1. 3 6.3 50 

2,4,6 2/7 00.5 00.3 0.5250.81.3 25 1.0 1.375 1.51.3 50 

2,4,6,8 2/8 0.3 0 25 0.3 0.825 0.3 1.3 25 0.3 1.0 25 3.32.5100 

4,6 2/8 00.5 0 0 0.5 0 0.3 1.3 25 2.0 0.850 3.3-4.5 75 

4,6,8 2/8 0.30.8 25 0 2.0 0, 1.80.5 50 0 1.8 0 all dead 

6,8 2/6 0 0.5 0 0 1. 8 0 0 2.5 0 0.3 1. 5 50 1. 3 3.8 75 

# evaluated 8 weeks after inoculat1ons complete 
a/b= no. of cotyledons 1nfected/no. leaves l,nfected 

* R- rusted rametsj average-for 4 plants 
N- nonrusted ramets;- average for 4 plants 
l-lTeguencyôf pl ants beari n9 rusted ramets 
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Table 54. Effect of Multiple Inoculatfons on Production of 
Systemically Infected and Nonrusted Shoots (Repeat 2). 

\ 1 

1 * Inocu- Max. --------------------Ramet Production --------------
("\ lation no. B weeks 10 weeks 12 weeks 14 weeks 

leaves R N % R N " R N " R N l 

Con 213 0 1.2 0 0 2.6 0 0 6.0 0 0.4 7.2 20 

2 2/3 0 1.2 0 0 ?O 0 0 4.0 0 0.2 5.2 20 

"- 4 215 0 0.2 0 0 2.0 0 0 3.8 0 0.6 5.4 40 

8 217 0 1.4 0 0 3.0 0 0 4.8 0 0 4.4 0 
" 

2,4 214 0 1.2 0 - 0 2.2 0 0.6 3.440 1.0 4.4 40 
, , 

1.2 ( 2,4,8 217 0 1.2 0 0.2 4.0 20 0.6 6.2 60 8.0 80 , 
4,8 2/7 0 1.2 0 0 3.0 0 0 5.2 0 0 6.0 0 

* Ramet Production in weeks after inoculations 
R- Rusted ramecs- average/5 plants 
N- Nonrusted ramets- average/5 plants 
,- frequency of plants bearing rusted ramets 

1 Maximum number of 1eaves infected a/b=no. of 
cotyledons/leaves 

.' 
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Table 55. Regrowths of Multiple Inoculation Experiment 
(Repeat 2) after Removal of Top Growth 

weeks after . Rust-Pycnf a Rust-Uredf nf a Hea 1 thy 
repl anting ~----------------Ramet Product1on--------------------------

Ht 1- Ht. 10 Ht. 1-
# * 

3 weeks 6.8:1;4.5 -24 10.8t5.3 6 4.0t2.1 70 

5 weeks 6.0:4.5 35 4.5;1;0.7 3 4.41;2.8 62 

6 weeks 7. 4±6. 9 43 5. 4;.t2. 4 9 6. 7:t5~ 6 46 

~56 
, 

7 weeks 8. 6t8. 7 , 33 7. 5i'4. 5 11 6.2:1'3.5 
, 

" ~ 
8 weeks 10.4tlO.l 29 10.4;:6.8 15 8.0;5.5 56 6 

9 weeks' 9. 3±lO. 0 ' 30 13.3:t9.7 18 8.4t5.5 51 
-~ .-

#- Heî ght( cm) ~S. D. 
*- Percentage of ramets in this category 

( 

----, 

\ 
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F.3.3 Physfoloq;eal and Morphologieal Effects 

F. 3. 3.1 Chlorophyll Content: 

The alIIOunt of ehlorophyll i·n leaves of syste~1call y 1nfeeted plants was 

depressed in comparison to nonrusted plants (Table 57, Fig. 97) and decreased 

in rusted plants over the season (based on mi 111grams of chlorophyll per gram 

fresh wei ght). 

F.3.3.2 G1bberellin Effects: 

Spraying with varyfng levels of gibberel11c acid caused an increase in the 

height at higher concentrations and an increase in internode length (figs. 

98, 100, 101). Ramet number, ,root bud producti on and root dry wei ght decreased 

with fncreasing g1bberel1ic acid content, whereas parent dry weight increased 

{Tables 58,59}. Leaf morphology also changed, resulting in a similar leaf shape 

as rusted plants, (slIIaller leaves with 1ndentatl0ns and narrower blades (Fiq, 

99). 

F.3.3.3 Other Parameters: 

Respiration (Append1x L) of systemical1y rusted plants was higher than 

that of nonrusted plants. Rusted plants a150 transpired faster than nonrusted 

plants (Appendix M), and a1so they had slightly e1evated" water soluble protein 

contents for roots, leaves and stem and elevated water soluable sugar content' 

~ for the root and red,u<;ed sugar content for the stem and lear in comparîson to 

nonrusted plants (Append1x N). 

F.3.4 Cal1us Formation 
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Table 56. Regrowth of Shoots From Secondari J y 1 nfected f 1 el d 
l·,,1 jl;1'I ;1 

Co 11 eded Pl ants. ,.\ ,.'!\1;,' 
,?,~, 

'1'" 
'~t Group -----------------Total of each--------------- :'{ 

, ;;?ij 

-------------------Dates--------------------- ~-";~ 
.' 

" 25/9 15/10 13/11 13/12 15/1 23/2 4/3 3115 " 
if! 

'-1 

Group! * .t 
;)'. 

'"~ 

Pycnia 2 1 1 0 .0 0 0 2 f Uredfnia 1 2 0 1 2 0 0 1 
Healthy 3 5 2 2 0 2 2 0 1 None 6 l 5 5 5 5 5 5 
~ System1c 50 33 33 0 33 0 0 100 

6roup2 $ 

C 
Pyncia 0 2 0 0 1 2 2 4 
Ured1nia 0 0 ' 2 2 2 1 1 l 
Heal thy 0 9 10 9 9 7 9 12 
None 14 8 8 6 8 8 8 8 
J Systemic 0 18 17 18 25 30 25 29 

Group 3 # 

None 0 0 0 0 0 

Group 4 & 

Pycnia 0 1 1 1 0 

Uredinia 0 0 0 0 0 

Heal thy 3 6 6 6 9 

None 3 2 2 2 2 

~ Systemic 0 14 14 14 0 

* group! out of 8 pl ants potted 25/8 ' 
$ group2 out of 14 plants potted 2119 
# group3 out of 5 plants potted 13/11 
& group4 out of 6 plants potted 7/12 

( 
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F~9ure 97. $pectra of chlorophyll (in visible 
range) extracted from leaves of nonrusted (A) and 
rusted plants (6). Note that there 15 more 
chlorophyll in the nonrusted leaves. 
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Table 57. Chlorophyll Content of Leaves of Systeœ1cally Rusted 
and Nonrusted Plants (Field Sa.ples) 

SysteRli ca 11 y 
Rusted 
,(Pycni a), 

2 
1119/9 fresh wei ght JIIgl1eaf area( CIII ) 

Sample 1* Sample 2 Sample 1 Sample 2 

32. O:t1. 1 1. 5:tO. 09 

SYste.ical1y 39.B!lO.2 27.5t6.3 1. 4±0. 08 1. 7;t0. 2 
Rusted 
(Uredf nia) 

Nonrusted 38.0!5.5 47.4±iO.7 1.3tO.3 . l.94±0.2 
'. 

* Sample 1 collected on June 1- mean1 S.D. 
Sample 2 collecte<!, on June 17- .. 

• 1> 
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fiqure 100. EffeCt of gibber!!!l1fn on heighf (<;11) 

. 

x= control 
$= 1 pplll 

, K= 10 PP. 
+= 100 pp • 

figure 101. Effect of gibberell in on fnternode length (cm) - , 

X=v control 
$= 1 ppm 
K=- 10 ppll 
+= 100 pp. 
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Table 58. 

, 

Gibber-
ell i n 

,Cone. 

. Control 

01 pp. 

;~. 10 pp' 
" ' .. 

-l} \ 

100 pJ)1I 

. . 

. " 

" . . ' .. , 

. , 

~ffed of [xogenously Appl1e<t G1bberell1n on Canada 
Thfstle He1ght and Shoot Ory Wei ght 

.~ 

-
---Plant height (lnternode length) in clt:'----- ShQot 

Ory Weight 
,0 weeks 

8.3(1.3) 

12.2(1.3) 

2.4(1.4) 

17.0(1.7) 

" '. 

1 week 2 weeks 

12.0(1.8) 18.3(1.4) 

17.6(1~5) 22.8(1.6) 

22.8(2.0) 33.8(2.2) 

23.1 (1. 9) 35.8(2.3) 

o 

• 1 ............. 1: .... ! 1 Q'" l' .. ~. 

,3 weeks (9) 

21. 4(1. 7) 0.5 

26.0(1. 7) 0.3 

37.8(2.4) 1.4 

39. 6(2.1 ):~ ~.l 
;i-~ 

'0 

, . 
'. . 
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Table 59. Effeèt of !xogenously Applied Gibberellic Aci~ on 
Y1eld ParaMeters of 'Canada thistle (Repeat 2) • 

Parametef!J --G1bbere~1d Conc.(ppm)--· 
o 1 10 '100 

, o. 

Q 

Height(clI) .13.4 W..9 19.1 32.6 , 

Internode 
Léngth(clR} 0.6 0.6 0.7 1.3 

...,. ,> .4 , 

Ramet number t.8 : 1.8 ·'2.0 0.3 0 

. 
Ramet he1ght (cm) - 2.7' . '1."7, :3.6 ,2.7 . 

Root tud
r 

nùmber is.o 
~ 

22~3 1 B.3 . 4.0 

• ,Leaf' nuraber 24.0 22:0 26.0 26.0 

. Ory weight(g) 
, 

PlanE' 2.2 2.3 2.ô 3.2 ' 

Rôot 1.2 î.4 1.0 1. 0 -', _ 
: 

Ramet , .r' 'Q.3 0.1 0.5 0.3 

, !! 

'1 

....... ~ 
, ' 

'1 

" , 

, , 
,\ 

, - 1 

1 " 
' .. ',' 

, ., .... 
" , 

',;- ;, 
'" , , ' " " ,'.;:a 

" 

~, 

LSg, 

'\0.05), 
3.0 

" 

0.9 
", ' 

1.4 " 

1.2 

6.lo 
, 

l.il 

0.4 

1.4 

0.4 

" , ........ .,-
" t' ,', 
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o After tèsting a range of hormone types and combinations, the Pest 
-1 ' 

combination for callus formation \o/as 1 mg L 2,4-0 (2~4-dfchlorophenoxy acetic 
-1 

acid) and 1 mg L zeatin. Severa 1 other comb1nat1ons were exam1ned anq good 
r 

./ 
callus was found on se~eral combfnatfons and shoot forMation was also 

1nitiated. 

The ca11us formed on good media was fluffy, bfege and oftne had rust 

coloured spots on the surface (figs. 102-104). Hand sections through cal lus 

tissue showed that the tissue 'was very heavily infected with the ru~t (Ffgs. ' 

105-10B). Haustoria'morphology was similar (with' encapsualatfon) to natural 

infections but more variable. The myeelia occurred intercellularly and a1so 

aer; a 11 y, 1 n the--outer porti on of the ca 11 us. 

F.3.5 M1crotechnique and Pustule' Formation 

After inoculation, it takes approxiamtely 10 days before the sy.ptoMS of ., 

rust infection occur, by the ofrmation of round chlorotic areas on the leaves. 

Later after the pustule (sori) develops, the area around fs first chlorotfc 

(Figs. 109-110) and then at a later date, when the majority of the leaf 1s 

'"sying, the areas around the sori have greened up aga1n, an example of the 
\ 
so-called "green-islands". Sometfmes satellite pustule formation occurred (Fig. 

~09) which ,fnd1cates that re-fnfect1on FrOM the centre sori has occurred. 

. 
Leaves: Sections through the leaves of fnfected plants show the stages of 

development of the pycnfa through to the uredfnfa From the lfght microscope 

(figs. 111-118) and the" scanning electron microscope (Figs. 119-122). The 
" 

results fndfcate that the pycnia have a Flat hymenium 1n the intraepfdermal 

postion. The uredin1a have ruptured the epfderlis and the ured1niospores are 

spherical with many spiny echinulat10ns~ 
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. CalI us :formati on. 

, Figure 102. - Ca 11 us formed Fro/ll- i nfected: 1 eaf ' , ' 
tlS$Ue., ' 

Figure: J03. '\~ closèup of "th~ '-call~s. '~,Note the' 
firm blJt,:pot' hard ,texture of a good calI us. 

, ' 

figure 104. 'Surfac~ of callus ,showing pustule-like 
'processes {arrowheads) , 

figure 105. Hand section of cal lus. This outer 
por:tion of the canus is heavily infected 

lntel'cel)ularly. and the'mycelia also 'extend: 
aerial1y. There are also several haustoria 
(.X125). 

Fi.gure 106. Closeup ,of the outer portlon of 
éallus. Note the large amount of mycelia -both 
intercelluarly and aerial1y (X 410). 

figure 107. An enlargement of a portion of figure 
o 106 (upper Middle) showing detaîls of~mycelia (X 

1000). 

Fi gure . 108. An" 'J.1austori a and associ ated 
intercellular mycelia (X200). ~ 
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, 
.Figures 109 and 110. 'An art1ffc1ally infected leaf 
with secondary lnfection viewed From, the adaxial 
and abaxial surfaces. 

Figure 109. The leaf .From the -aQaxial surface. 
Note the s,atel1ite pustules large arrowhead). 

, , 

figure 110. When the leaf was turned and viewed 
From the upper surface; the- chlorotic regions 
correspond to the location of the sori on' the 
underside (match arrowhead sites for comparison). 
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Fi 9ures 111 to 114. pycni a. Note ,that the pyq1i.a 
, are intraepidermal (Wax sections' sta1ned with 

, safrani n~fast green) 

.Fi9ure 111.' Two pycnia close together 'on the leaf 
(X 150). 

, ' 

Figure 112. A typiéal pycnia' ~otal1y covered by 
the epi derma 1 1 ayer (X, 150). 

. 
Fi gure 113. ,A pycni a show; n9 ' di ff.etent, stai ni 09 
characteristics of. the structu~ The darker area 
was sta i ned, green and the .outer 1 ayer red (X 150). 

Figure 114. A mature pycnia (or possibly ureM~ia) 
which appears to be on the verge of rupture. The 
epidermis has already, begun te break open (X 150) .. 
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'figures 115 to 118. Uredinia and,urediniosp~res. 

.Fi gure 115. The abaxi al surface of a 'leaf Show; n9 
the, heavy system;c infection at the uredinta 
stage. 

, \) 
Figure 116. Uredinia on a cleared leaf. Note 
there are sorne teJ;ospores present (arrowhead). 

Figure 117, A uredinia in cross section showing 
" the uredi ni os pores and the ruptured epi dermi s. 

(Plastic'section stained with toluidine blue) (X 
170) . 

Figure 118. A young urediniospore sti)l in the two 
cell stage. The lower cel1 will become the 
ped;cel~and the upper the spore (Plastic section~ 
toluidine blue) (X 1750). 
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$canning electron' microscopy, 

,figure 119. Pycnia. Note the complete covèring of 
the epidermis. , ' , 

> '. 

" l' , 

" \ 

. "' 
'- \ 

, \.), 

figure 120. Ufedinia showing the ruptured 
epidermis and the'large number of urediniospores' 

figure 121. Closeup of the urediniospores. in the 
ur~dim':a . 

. Fi gure 122.' The surface - detai 15 of .. the 
urediniosporès showing the minute echinulations.· 
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~ Ste. and Roots: TheMstellS of r~sted plants tr~ ~h)W, fleshyand 

,.ore succulent than those of ~onrusted plants. éelial connections between 

'sec~ndarfly rusted plants and systeJll1caHy rusted· r mets or sideshoots moved 
,'! 

di r~t l,y through the th~ cortex pri maril y From i nfected roots or stems (fi 95. . 
123~126). The mycelia occurred most commonly Just centrifugaI From th~ vascular 

.ti s'sue and al 50 sOJlletinle~ f n the - ph 1 oeRl regi ons. Severa 1 haus tori a were 

observed. \ The haustoria were of different shapes and sizes (Figs. 127-130). . 
My~elia were prilarily fntercellular and see.eç 

, ~ 

If ., 

IYcel fa. (F'gs~ 131 ... 132)'. 
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'Mycelial groWth in.tissue after 1n'fectfon. All 
are cleared hand sections uDstained. 
~ 

, Figure 123. ~ce11a growing, 'th~ough the outer 
cortex and brfnchi ng i nto 5 f deshoots (X 50). 

" 

Fig~re ,124. Section through the outer cortex 
sho~fng a nu.ber of .ycel1a) strands gTow1ng 
through the cortex (X 50). 

F1gure 125. A .ycel1al strand grow1ng in' the 
cortex near the vascular tissue (X 100J. 

, Fi9ur~a 126. A closeup of a mycelia strand show1ng 
how the lIyce l. i a grow f nterce 11 u l ar 1 y ,and, rella 1 n.. 
connected in a strand (X 300) . 
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~a~ections 
figures 127 
haustoria. 

of sy~temi ca 11 y rusted shoots. ' 

to 129. Different shapes and siz~ of 

Figure 127. A branched haustoria (X 600). 

Fi gure 128. An unbranched haustori a (arrowhead)( X' 
280). 

figure 129. A haustoria with toes (arrowhead) (X. 
260). 

figure 130. A .s1lllple haustoria c1early showing the 
encapsulation (arrowhead) (X 600). 

Fi9ures 131 to 132. Intercel1ular .g~o~th of 
"yce 11 a (arrowheads). 

figure bl. (X 220). 

Fi gure 132. (X 600 ). 
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f.4. Discussion 

1 

Utilizatfon of plant pathogens for biological weed control 1s a newand 

promising field and much more emphasis and hope 1s directed towards this 

technique. field data on Puccinia puncti fonis i ndicate' that the naturall y 

occurring field level is low, rarely eliminates a Canada thistle population and 

" 

" 

, . 
a1so oscillates and 1S difficult to predict over time (Appendix 0). This " 

suggests that some population lIanagement" probabl,y by augmentation, wou1d be 

required to cause greater damage. As early as 1916, Cockayne rea11zed that. 

"to become an adequate means of control, ... must fncrease the infection beyond 

that occurr; ng natura 1 l'y. Il 

fi el d data ,showed that shoots wh; ch emerge systemi ca 11 y i nfected in the 

spri n9 rare 1 y surv; ve the season and f10wer 1 nfrequent! y. These plants are' 

easily disti ngu1shed From nonrusted plants by their unusual morphology anq by 

their strong odour. The rapfd he1ght fncrease which occurred early in the 

season by rusted p! ants (rab 1 e 50) was prey; OliS 1 y observed by Bu 11 er (1950). 

The majority of the systemically infected plants halle died_by late June learly 

July and secondary infections begin to become apparent in late Junel early 
u 

July. From these secondary infections, must come ,next year's systemically 

infected shoots. Accordlng to the most widely accepted theory of systemfc 

infection production, 'the rust must grow out of these inoculated leal/es. 'lnto 

the stem and fi na 11 y down i nto the roots to infect the root buds ,( Bu 11 er and 

Brown 1941, Buller 1950, Menzies 1953). Buller and Brown (1941), Bullèr (1950) 

and Menzi es (1953) accolllp 1 i shed the producti on of system; ca 11 y 1 nfected ramets 

by inoculation by urediniospores, but Menzies (1953) says that the mycelia çan 

Pa very slow growing. In this study, rusted ramets were also produced by 
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ured,1 ni os pore i nocul ati on. 

In single artificial inoculation exper1ments, the 9reater the number of , , 

leaves infected, the greater the probability of systemic infection. With 

multiple inoculations, more Frequent inoculations resulted in earli~r, greater 

numbers and frequency of systemfcal1y infected shoots. Such multiple 

inoculations Dccur commonly in the field and may he one ,factor required for 

systemic infec~ion. For the artificial inoculations, systemic shoots were 

found as early a:s 4 weeks. ' 

In response to this rapidity, in nature, by mid September, some 

secondar.ily infected plants' produce smal) ramets at the base of the stem 

(within 2 months of the first inoculation period). Buller (195U) also found, 

this phenomenen. One problem that has been observed with the inoculatiohS is 

that not a11 root buds emanating from inocula.ted plants OOcome',fnfected. The 

reason for thi 5 i 5 unkno'Wn, but 'could '00 due to 'a phenomenon where on 1 y the 
, 

portion of the root closely connected'to the mycelia whlch grows down from tne 

,leaves would become infected. This could indicate a possible problem to the 

attempts to augment the infection rate, but may be so}ved by, increased 

infection rates resulting in bett'er lIIycelia infection. 

The stress caused by P~cci'nia punctiformis on Canada thistle.is sufficient 

,to cal:lse plant death, therefore lBakin~lt the lIIost effective 'of al!' the natural 

enemi es covered in thi s s tudy. lt causes the stress by a lter,i n,9 the phys i 01 ogy 

of the weed; there 15 increased respiration, and transpiration and a decrease 

in chlorophy)1 content. These combined would result in a decreased 

photosynthetic rate and the elevated'respiration. indicates that the plant may 

be using more energy than ft is manufacturing. lncreased transpiration means 

increased water 10ss and indeed rusted th1stles wilt more quickly than 

. 1 
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'" 
nonrosted thistles under sfmflar water stress (pers~al' obser~;on). The 

, .' 
mechan1sm most probably inclu.des the effects of elevated gibberellin levels. 

Bail i ss and Wilson (1967) postulated that the symptoms of èhlorosis and 

internode elongation are a result of increased gibberellin levels. This 1s 

ellphas1zed by the production of the same symptoms in. healthy thistles by 
~ , l '1;) 

1 

exogenous, af>plication of'GA. Bai1iss and Wilson (1967) reported an increase in 
3 

leaf area and width with gibberel11n application, whereas in th1s stuoy, the 
, , 

opposite was Found. These symptoms or decreased leaF area and width correspond 

better to the actual disease symptoms. An increase in 'shoot we1ght was also 

found by Bailiss and Wilson (1967), but they owe this to the increase l~af 

size, whereas, 1t was more probably due to the increase in the stem volume. 

Other effects, noted previously in the l~rature included, changes in 

development and ,differentiation of the vascular tissue and mechanical' support 

tissues and lowered osmotic pressure (Menzies 1953) . 

Mi croscopa 1 examination~ conf1rm,Menzie~' (1953) observations that the 

mycelium travels down the outer cortex in the stem From inoculated \ leaves and 

that further down ft migrates into the 1nner cortex and the phloem. FrOm these 

mycelia, root buds can become fnfected. ~icroscopal studies of the p~cnia and 

uredinia on leaves 1ndicated that the pycn1a are the type with fIat hymenium 

and also are intraepidermal. Upon uredinia formation, the epidermis is 

ruptured and remains of the ruptured epidermis are visible around the edges of 

th~: ~ori. The uredi ni ospores are spheri ca 1 and d~corated wi th spi key . 

echinula~ions, a common pattern for the Puccinia rusts,'. 

Inoculation with spores produces a pustule withi~ approxfmately 10 days. 

Prior to pustule formation, the area around where the pustule will form (2mm+ 

·diameter) becomes chlorotic. Sometimes the pustule, once ft forms can reinfect 

! 
1 , , 
, 

! 

1 , , 
1 
1 

" , 
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the area around ft resultfng in the star pattern. Later, as the leaf becomes 

chlorotic, ,-',the areas that were previously chlorot1c tend to remain or even 

become greener than the surroundi ng t; ssue.' Thi's phenomenon i s referred to as 

"green-i s'j and formati on" and it f S specul ated that it may be due to changes ; n 

cytokinin levels. 

The approach for the use of e.. punctiformi s for contro l of Canada th; st te 

would requ1re the augmentatton of ~he field levels 'of spores, perhaps at 

younger gfowth stage~ and 1 aboratory product10n of spores woul d therefore be 

-requfred. ,r Rusts are considered oblfgate parasites, which means -_that they . , . 

norma 11 Y requi re the presence' of the host to grow. The estab 1 i shment of 
o 

artiffci al cultures of rust fungi (with and without the presence of ti ssue 

cul ture of the host mater; a 11) have been reportéd (Hotson 1953, Harvey and 

Grasham 1969'and references ttlerein, Harvey and Woo 1971). Some rusts have been 

cultured on art1ficial media; Gymnosporium juniperi-virginiana and Puccinia 

graminis f. sp. tritici. This' May be possible at some point for e.. 

punctiformis. Preliminary studies reported here indicated that at least e.. . . 
puntiformis will grow in tissue cultur~. The tissue culture cal lus produced 

was weIl infected by mycelia and under some conditions plants coUld be produced 

by the callus'. further research into this aspect should be performed, as it 

may be important in the future of the biologieal control of Canada thistle. 

The greater variability of haustoria morphology and, pustule lfke structures on 

the cal lus surface have been observed for other host-parasite tissue culture 

relation~hips (Harvey and Grasham 1969, Harvey and Woo 1971) . 

.In summary t Pucci ni a punctiformi scan be a very effecti ve control when i t 

occurs as a system1c infection, unfortun·atel~. the' rust seems to stabilize 

\ 
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itself at a relative1y 10w 1eve1 in the population. The reason for th1s . { 

relllains unknow,nj does ft ki 1 1 its host too,.. young, are the older leaves not as 

receptiYe t'a the }nfection and 1s the transmission of the ru~t lililited by l~af 

death before m1gtati on of the rust frOID the leaves, 1s there a cl i matie factor 

suppressing the increase in the infection? Turner et- al. (1981) postulate that 

variab111ty amang and within ecotypes of, Can~da thistle. May be one factor 
• l ' 

limfting ~ust infection. If there 1s ~ome way of augment1rig . the infection 

rate, e. punctiformis could be a very effective bio10gica1 control organism 

against Canada thist1e . 
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G. Sl.MWV OF THE EFFECTS OF THE EXAMINED NATtRAl ENEMI(S 

The aim, of this study was to extensi vel y examine the stress physio1ogy of. 

Canada thistle unde~ the attack of var10us natural enemies. The naturaJ 

enem1es were chosen to include several modes of attack (gal1 formation, 
, 

defoliation, stem/root boring, et cetera) to provide an opportunity to evaluate 

the effectiveness of each attack mode. In addition, the organisms were a1so . 

chosen to embrace attacK' on all parts of the plants (seed head, stem, leaves 

root cro",n and an all-inclusive disease(systemic)). 

The effect of each organism ls briefly summarized· in order of 

effecti veness: 

(a)Orellia ruficauda-seed head Fly 

The effect of g. ruficauda on the plant as a whole is minimal. Only about 

21i of the heads per plant were damaged and only about 20\ of the seeds per 

head were attacked. While this may be important for decreasi~~ dispers~l into 

unpopulated regions, seed' production is not very important in pasture 

sit(Jations ( the' main Canadian habitat 'of Canada thistle), .... here seeds rarely 

germinate or seedl ings . survive. Seeds damaged by Q. ruficauda are r'lot viable 

owing to extensive internal tissue damage. 

(b)Cleonus ~- root crown weev;l 

ç. ~ can attack a major 1 portion of the Canada thistle pppulation. In 
l ' 

• 
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th; s study 1 a max; mum of 27~ of samp 1 ed plants contai ned Ç.. ~ -1 arvae. The 

main field ~mptom,of ç. ~ attack ;s wilting. Occasional1y attacked plants 
y 

die, but ~hisoccurredl'lla1nly . on areas of poor soil (on gravel- Sfte 1 i~i5" 

study). Micros~opal ex~mlnation 1nd;cated that, the reason ç~~ cause 

wilt 1s d~e to damage to the xylelD tissue. The larvae remove a large pO.rtion 

of the vascular tissue in the root crown region. However, the tissue can 
\ ' 

regenerate' and in the simulation experiment severed vascular. tissue 

- reconnected~ The necrob;c ~one bordering on the larval cavity consisted of 

Many dead cells and dark dep6sits between the ceUs. Due ,to the apparent 
, 

reststancé of Canada thistle to vascu18r tissue damage, ç. ~ causes Q,lll y a 

minor stress by itself. ~. ~f being a large insect, a150 seems to be round 

'in .the larger plant,s of the population, decreasi~g, by this habit, its 

capability of causing plant death. 

(c) Cassida rubiqinosa- Defoliator 

Ih the field, ~. rubiginosa causes ~fnimal da~age to Canada thistle 

p,lants, and as Cleonus' ~ seems attracted to large vi90urous plants. 

Simul~tion experirnents indicated that maximum stress, DCC urs on young plants and, 

at high defoliation levels (50~ leaf 'removal or more), and that repeated 

defoliation is IIIQ,re ~etrimental than a single defoliatiôn. The limitation that 

causes ç. rubiqinosa to he a poor natural enemy is its lack of synchrony with 

the phenology of Canada thistle. The majority of ç. rubiginosa feeding oçcurs 

at a point where Canada thistle'plants ar~ nearing lIIature he;ght and ha,ve 

jnitiated flowerfng rather than at a younger, more,susceptible stage. 

(d) Urophora cardui- stem gall Fly 

, 
• 

~. cardui gall formation caused mQre stress if the gal1s occurred ôn the 
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• 
ua1nshoot of the plant and if it occurred on young plants. Radioactive trater 

14 
studfes ( C-fructose) and elevated sugar content 1nd1cate that the 9al15 were 

, 

weak phy§iological sinks when. young, but as they aged, they accuDlulated very 

.1it~le radjoactive precursor. M1croscopal. studies showed that the nutritive

tissue \rias composed of large, non'cytopla511ic cells, probably not an extensive 
" 

- phys1010gic~1 stress. ReSults also confirm that the greater the number of 

larvae (mOre nutritive tissue), the greater the stress of the pl'ants. In the . " 

field, ~. cardui shares the, sale' probleM as Cassida rubiginosa; it 1s poorly 

synchronited wlth its host: The maln ovfposftional period occurs in mid to 

late June ~en ,the plant height is about, 80S of mature height and about 50~ of 
" l, 

the plants have initfated flowe~Jng.' Slnce the flies ,do not lay their eggs in 

flower buds, they lay t~em instead, i,n the ,sideShoots., Sideshoot 9a11s cause 
, l 

.uch~l~s stress than mainshoot ga115. If the flies, were synchronized with 

f younger Canada thistle·stages, stress effects could mo5t probably be elevated. 

. , 

(e) ~uècinfa punctiformis- system1c rust 
' .. 

Of t~e f1ve natural enemies, , 1:. Eunctiformis 15 the most effective. 

Plants which are 5ystemical1y fnfected die prematurely,' rare~y flower and 

ge~ally the roots' will die after a time. In the fi~1d,' however, e, . 
. 

~ytlctiforlRis attack i5 maintafned at a low level in the population. 'In order 1 

to use 1:. punctiforœ1s as a control agent, SODe technique to augment, trye 

d1sease (cause an epfdeaic) aust be employed. Examination of ar.tificial 
... 
1n6cul~tions fndfcated that repeated (multiple) inoculations resulted in 

earlier and h1gher numbers ,of rusted shoots chan s1ngle inoculations. 

Prelim1nary tissue culture indicated that there may be some future in 
~ttempting to growe. punctiformis in cal lus culture plants for the production 

,(t of spores. 



( 

1 • 

' .. 

( 

t • 
235 

, 

, 

In nature, these ~rganisms someÙ'Ines ~ occur together ~n a plant. In 
cOlbinat1on, they no doubt cause more stress and each o~~ ~f them fl11s a niche 

(no overlap) and causes some stress to the plant Population. Wfthou~ them, 

Canada thistle may be a greater problem. Indeed, 1n the western provinces, 

where Cassf~a rUbigfnosa, and Cleonus ~ are uncommon and Pucc~n1a 

punctiformis 1s rare, (P~chke~ unpub.) Canada thistle 1s'a greater problem. 

TQis may fndfcate-that the'combined stress (although minor individual1y) of 

these·organisms 15 probably affecting Canada thistle population dynamics. 
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III. MOOELLING THE EffECTS Of NATlRAl. ENEltllES ON TH~ POPll.ATION,OYNAMICS 

OF CAIW)A THISTLE; 

1. Introduction 

The use of lathemaf1cal mOdels, 'espe~1al1y the leslie JIIa'trix mode} 

(Leslie 1945) has proven useful for demograPh1c studies. Leslie matrices 

simu)ate the growth of popul ati ons From rates Qf survivaT and fecundity. 

Applications of such models have been used often byzoologists for 

exami nation of animal populati on dynam1cs (Jeffers 1978 and references 

therei n). Usher (1966, 1976) extended the applications of the LesUe 

lIatrix to, tree stand management. ,SUbS~qUe~t plant appiications followe<l 

(Sarllkhan and Gadgi1 1974, Mort'i~r et al. 1979, ' 1980, McMahcin and 

Mortimer 1980, Maillette 1982, Mortimer 1983). lïFe cycle diagrams (a 

type of pre-matrfx model which translate easily i~to matrix form) were 

first used for pl'ant appli~ations by Sarukhan and Gadgil (1974) and Sagar 

and Mortimer (1976). The life cycle diagrams presented by Sagar and 

Mortimer (1976) were the first used to describe weed populations. The 

natural exteosions of t~~se into matrix form ar~ found in Mortimer et 
, 

al. (1978, 1980) and McMahon and Mortimer (1980). They simulated 

p~pul at1 on dynamics of ho weed sped,e5, Avena fatua L. and Poa annua and 

used, them for the predi cti on of the use of a' herbi ci de as a contro 1 

measure (Mortimer 1978, Mortimer et al. - 1980). In addition, they 

_s~im!Jlated the population dynalllcs of ~ perennial weed (Agropyron repens), 
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and used th,e mode l to eva l uate managéJllent pract i ces, croppt n9 procedures 
. -

and the cast -effecti veness' of eradi cati on versus" contai nment of weed 
, ' 

t / . ' 

populations using herbicides '(Mortimer et al. - 1980, McMahon and Mortimer' 

1980). 
. \' ' 
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2. The Model 

This .ode 1 and approach were fnitially developed independently and 

later found to be similar to that of Mortimer and his colleagues from 

which fdeas and some modifications were drawn. A prototype of the model 

was presented as a paper in 1981 (Forsyth and-Watson 1982). The life 

cycJ'e of Cirsium arvense 1s represented in diagrammatic form (Fig. 133) 

(cum Sagar and Mortimer). Each arrowhead represents a transition from one. 

stage to another. - An expanded diagram (Fig. 134) results if this life 

cycle d1agram is extrapolated over the different seasons of the year 

(after Sagar and Mortimer 1976). The transition arrows can then be 

pinpofnted to the time of year in which they occur. 

Each of the transition per~ods can be represented as a Transition 

;; 
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Matrix (Fig. 135), where the arrows on - Figure 134 become transition ,~ 

proportions and fecund1ty values. An initial population matrix can be 

used to generate each successive generation which in turn is used to 

'generate the following one by matrix multiplication. The population 

matrices are column matrices with 5 rows and the transition matrices are 

square (5X5). The-rows in the population matrices and b~th the rows and 

the columns in the tran~ition matrices (from top and to the ri9ht 

represent the various life stages in this order: seed, seedling, 

v~etative shoot, flowerin9 shoot and root bud. 

Notation used below (m ) 1s standard matr1x notation Where m= name 
ij 

of the matrix in figure 135, 1=row and j=column. The values are al1 
2 

based per m. The initial population vector A' values wfll be referred 

to as a' 
ij 

.. 
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Figure 133. Dfagra.aat1c representatfon of Canada 
thistle life cycle. 
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, • Figure 134. Expanded dfagraœaatic representatfon 
of the Canada thistle life cycle to include the 
sessons. Each of the transition regions can be 
)represen~ed by a transition matrix (Fig. 135) in 
wh;ch case each arrow becomes either a probabflity 
or a fecundi ty. 

vs=vegetat1ve shoot, fs=flowering shoot, ES= early 
spring. lS= late spring, S=suamer, LSM= late 
su.mer, EA=early autuan, OW=overw1nter. _ 
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Transition Matrices Initial Popul ati on Vector 
5d 51' vs fs rb A' . 5d 0.9 0 0 0 0 38000 A 51 0.03 0 0 0 0 0 r 

, Il!3 0 0 O. 0 0.15 Early spring 0 fs 0 0 0 0 0 0 rb 0 . _ 0 10 -1) 0.8 250 

't 1 0 0 0 0 a 0.001 0 0 0 
B 0 0.0005 1 0 0 Late spri n9 

0 0 0 0 0 
0 0 0 0 1 

1 0 G- o 0 
0 1 0 0 0 

C 0 0 0.25 0 0 SUllmer 
0 0 0.75 0 0 
0 0 0 0 l 

1 0 0 0 0 
l 0 1 0 0 0 

0 0 0 1 0 0 Late sUlllmer 
0 0 0 0.9 0 , 0 0 0 '0 1 

1 0 0 760 0 
0 1 0 0 0 

" E 0 0 1 0 0 Early Fall 
0 0 0 1 0 
0 0 5 10 1 

0.9 0 a 0 0 
0 0 0 0 0 

f 0 0 0 0 0' Overwintering 
0 0 a 0 0 
0 0 0 0 0.9 

sd=seed, sl=Seedling, vs= vegetative shoot, 
fs=f1 oweri"9 shoot, rb= root Dud 

Figure 135. Transition Matrices for Matrix Model 
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The i ni tf al seed popu 1 ati on, a', i s set at 38, 000 ( froll a value 
11 

extrapolated froll AMOr and Harrfs 1974). The nu.ber of root buds, a' ,-
~ -2 12 

vas set at a value of 250.. (extrapolated frOIl field stud1es- Appendix 

P and Bakker 1960). 

The transition matrfce values were chosen efther From the l fterature 

or to correl ate with fie'ld data collede<i, with the aim of production of 
1 

a final ."inter population vector shilar to the initial vector(over one 
" 

season), only slightly augmented. Note that the model 1s sfmulat1ng a 

pasture situation. 

Transi ti on Val ues: 

a seed to seed in early sprfng- 90~ of seed remains viable 
11 ' 

a seed to seedling in early sprfng. Only 3~ (a high esthlate) of 
21 

seeds ger.1nate to produce seedlfngs 

a _ foot bud to shoot; about 151. eerge 9i vi ng an esti lIIate oF about 
35 -2 

38 shoots Il . 

a root bud to root bud, unemerged and sti 11 survi vi n9- 80S 
55 

b seed to seed- lOOS 
11 

b seed11"9 to seedli n9- /' a token figure of 0.001 probabl1 i ty 
22 

Mani ng that seed110gs rarel y survi ve 

b seedl i 09 to vegetati ve shoot- another token value of 0.0005 
32-

probab1lity representing very few seedl1ngs that become vegetative, shoots 

/ 
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• 

, 
b vegetative shobts to vegetative shoots- nu.ber of shoots formed· 
33 

from seedl1 ngs that survi ve - 100% 

1 • 

b root bud to root bud- sti 11 rema; ni n9 ; n soi 1 100\ 
55 

c ,c 
11 22 

\'[ 
and C lIIailntenance of seed, seedl i ng and root bud number 

55 

C vegetati ve to vegetati ve- 251. remai n vegetati ve i. e. do not 
33 

flower 

, 
c 75% Decorne flowering shoots 
43 

d ,d ,d and d - maintenance of previous 1evels of seéds, 
11 22 33 55 

seedlfngs, vegetative shoots and root buds 

d 90~ of flowering shoots survive 
.44 

e , e , e ,e and e - maintenance of prevfous levels of seeds, 
'11 22 33 44 55 

seedl1ngs, vegetative and flowering shoots, and root buds. 
o 

e flowering shoot fecundity of seed 760 seeds/shoot (a value 
14 

reported by Hay 1934 of 1530 seedsJpl ant di vi ded by '2 ta account for 

possibility that one half of the population is male) 

e root bud fecund1ty From vegetative shoots- 5 per shoot 
53 

e root bud fecundity From flowering shoots- 10 per shoot. 
,54 

e and e are estimates and further work on these numbers should 
53 54 

be performed. Sorne pot exper1rnents indicated that flowering plants May 

in fact produce fewer root buds because of energy and resource 

reallocation to f10wer production, but until further knowledge is 

243 
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collecte<! the values will be left inta~t. 

f overwi nteri n9 of seeds- 9010 survi ve 
11 

f overwi nter; n9 of root buds- 90J survf ve ' 
55 

{ 

To run the data, a computer program (~ritten by fellow graduate 

student D. Cl outi er 1 n MBASIC and trans 1 ated to SBASIC by the author 

(Appendix Q» was used to determi ne the ma tri x va llJes over 15 years. The 

program allowed limits to be set and the following I1mits were set: 
-

100,000 for seeds, 300 for seedH n9s, 500 for vegetati ve shoots, 300 for_ 

fl oweri ng shoots and 1000 for root buds. 

"-
Once the model was established, ft was used to simulate and p~Jct 

the effects of the i nsects and the pathogen exami ned on the po pu 1 ati on 

dynami cs of Canada thistle. 

3. Applications of the Model 

The results from the model are represented in graphiea! form (Figs. 
1 

136-146) for seed and root bud production, the,overwfntering forms of 

Canada thistle. Effects of ea~h of the insects were simulated separately 
, \ 

at different levels to see thé e{fect on the population dynamics of the 

weed and then combi ned . Each pldt al 50 conta; ns a curve whi ch represents 

the case where there are no restrictions (blaek- symbol X). 

(a) Orellia ruficauda: 

The ef~ects of seed productfon only .were examfned for this fnsect 

(Fig. 136). The green 11ne represents the field level of attack (21.5) 

where e was changed to 570. This level has little depressing effect on 
14 

- 244 
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figure 136. Modelling of the effect of Orel11a 
rufi cauda datage on seed product10n. 

1 
-

Reduction of e (seed production) 
14 

black*- unrestricted 
green- 21.5S reduct10n (field level) 
blue- 50~ Il 

red- 75~ N 

blackX- 100~ d 

é 
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",:" ~,k"'~ ,., 
the populatfon; 

~\ 

ft reaches the carrying capacity with1n the same t1me 
.; 

peri od as the unrestri cted case. The b 1 ue curve represents a 50% 

predation (e =380), which results fn a delay in the population reach1ng 
14 ' 

the carryi ng capacity of 2 years, whereas 75~ (e =160), red curve, does 
. 14 

- not reach the carrying capacfty but 1s inereasing. Only 95~ reduction of 

seed. productf on (e =38, hl aek curve, * symbo 1) resul ts in a gradua 1 
, 14 ' 

decrease in seèd productf on. 

(b) Cleonus ~: 

-ç,. ~ effects are .ost appropriately si.ulated by alterfng the 

,transition value from vegetative shoots to flowering shoots (e ). The 
- 43 

effects on seed production are given in figure 137. The field value 

(a'bout 27~) of Ç.. ~ attack i s represented by the green curve 
- -

(assullption that they(kil1 a11 they fnhabit; high but fdeal)(c =0.56). 
43 

Further reductions (c =0.40, red curve and c =0.3, blue curve) delayed 
43 43 

the tendency to approach the carryf ng capaci ty , but di d not e 11 mi na te 
-

ft. Only a reduction to lO~ transition (e =0.1, black curve, * symbol) 
43 

resu1ts in a gradua1 reduct10n of the sée<! population. The effects on 

root bud production fol1ow s1m11ar trends i.e. reduction of c, to 0.5~ 
43 1 

0.4 amd 0.3 do not e11111nate the atta1nœent of the carrying capacity, 

whereas c =0. 1 resu 1 ts i n a very slow li near e li mb .whf ch has reached 
43 

only one third (300) of the earry1ng capacfty after 15 years (F1g.138). 

(c) Cassida rub1g1nosa: 

~. rubiginosa can potentfa~ly reduce the transition froll vegetative 

to fl oweri n9 shoots and survi va 1 of the vegetati ve shoots -c and c 
33 43 
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F~9ure 137. Modell i n9 of the effect of Cleonus ~ damage 
on seed production. 

Modif1 cati on, of c (vegetative to f1 oweri"9 shpots) 
43 

Reduction: 
Black*- O~ 
green- 27S Field level 
red- 50S 
blue- 60S 
blackX- 87S 
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J 

f'1 gure 138. Made1l1 ng of effect of Cleonus e!s!!: damage o~ 
root bud production. 

ModiffcatJon of vegetatfve to flo~rfng shoots. 

Reductions: 
black*
green
red
blue
blackX-

none 
27~ (field level) 
50~ 
60~ 
87~ 
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and the production of seeds and root buds- e , e and e • 
14 53 ' 54 

The effect on seed production of modified values 1s given in figure 
<. 

139. If the seed and root reduction only are fmplemented (e =570, e- =4 
14 53 

and ~ =8) the blue curve results. If reduction to the vegetative 
54 

survival and transition to flowering shoots are included (c =0.1 and 
_ 33 

c =0.4 based on a hypothetfcal and high defoliation level), the green 
43 

curve results. A1though it does not result in a reduction in the 

population, ft does delay the increase. If the root bud and seed 

production are further reduced (e =190, e =3 and e =6) the red curve 
14 53 54 

results (with c and c returned ta normal values) and the population 
33 43 

has taken on a sigmoid shape and takes a long time to reach the carrying 

capacity. If c is again reduced to 0.1 and c to 0.4 and combined 
33 43 

with the latter seed and root bud fecundities, the ~Iack curve (* symbol) 
. . 

results, an effective reduction. The effects of the same reductions 
~ 

(corresponding reduction to curve colours) for root bud production are 

il1ustrated in'figure 140. Only the final combinat1on (black- * symbols) 

has any real effect on root bud production. 

(dl Urophora cardu;: 

~. cardui can potent1ally affect seed fecundfty (e ) and root bud 
14 

fecundity (e and e ). The results for seed production are given in 
53 54 

figure 141. The green curve represents a reduction in e to 250 (33~), 
, 14 

e to 4 and'e to 8. The rest of the curves aIl have the seed fecund1ty 
~ .~ , 

set at 95~ (e =38). AlI of these curves result in seed production 
14 

reductions. Figure 142 represents the simulations for root bud 

produ~ti on. Reductions in fecundity of e =4 and e =8, green curvej 
53 54 

~ ".l'!':t • , 
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Figure 139. Model11ng of ~he effect of Cassida rubigfnosa 
dauge on seed production. -

Modification of vegetative to vegetative and flowering and 
seed foot bud fecundity. 

Reducti ons: 

blackX
blue 

c 
33 

green 60~ 
red 
black* 60~ 

c 
43 
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Figure 140. Model1fng of the effect of Cassfda rubfgfnosa ,. on root bud product1on. 0 .. 
Modification of vegetative to vegetativè and 
of seed and root bud fecundfty. 

flower1ng shoots and 

Reductions: 
c c e14 e53 33 43 e54 

C. 
blackX 
blue 21.5"' 20"' 20"' green 60~. 45" Il 1/ If 

red 75" 40" 40" 
blad(* 60~ 45" . Il " .. 
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f1gl.'re 141. Model11ng of the effect of Urophora cardui 
daaage on seed production. 

Modification of seed and root bud fecundft1es. 

Reductions: 

e e e 
tif 14 53 54 

<-
blackX 
green . 33~ 20~ 20~ 
blue 951 40~ 401 
red N 601 601 

li ' black* Il 80' 801 
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figure 142. Model1ing oF the eFfect of Urophora cardu1 
dallage on root bud product10n. 

Modification of seed and root bud fecundities. 

Reductf ons: 
e e .. e 
14 53 54 

blackX 
green 331 201 20S 
blue c 951 40S 40S 
red ft 60S 60S 
black* Il 80S 80S 
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, 
e =3 and e =6, blue curvej and e =2 and e =4, red curve result in 

53 54 53 54 
delays of reaching the carry1ng capacfty but ,do not decrease the ultimate 

value. Reductions of,e to'1 and e to 2 (black curve, * symbol) are 
53 54 

requi red before root bud producti on i s checked. ~ 

(e) Puccinia punctiforl1s: 

~.punct1formis affects priaarfly the survival of the vegetative 

shoots (c ) and the transition to the, flowerfng stage (c ). Simulation 
~, ~ 

of the effect on seed production is given fn'figure 143. The field level' 

of~. punctiformis' is simulated by the green curve (e =0.2, c =0.6). 
33 43 

Further reductions of c =0.15, 
33 

c =0.45 (blue curve, K symbol) and 
43 

c =0.1, c =0.3 (red -curve) result in delays in reachin9 the carryin9 
33 43 

capacity but no reduction. Changes of values to c =0.05, c =0.15 
33 43 

(black-* symbol) and c =0.01, c =0.04 (blue X symbol) result in 
33 43 

reduction. The root bu~ production (figure ~44) has very similar 

responses as'does the seed production. 

(f) Combi nat; on 

Combinations of aIl the Most stringent field reductions in values of 

al1 the natural enemies were inputted to obtain the green curves of 

figures 145 and 146 (e ~, e =8, e =250, e' =0.1, e =0.4). Seed 
53 54 14 33 43 

production rate was reduced but still increasing and root bud production . 
is also reduced but still managed to reach the ,carryin~ capacity. If the 

root bud production and transition to flowering are further reduced 

(e =3, e =6 and c =O.3} the blue curve results and root bud 'and seed 
53 54 43 " 

production are both reduced. If the valoes are further decreased 

(assuming very high levels of the rust- c =0.01, c =0.04), seed 
33 43 

P. [\ 
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Ffgure 143. Modelling of the effect of Puccinia 
punctffor.is da-age on seed production. 

.' .) 
Modification of vegetative ta 'vegetative and flowerfng shoots. 

Reduction: 

c c 
33 " 43 

black* 
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Figure 144. Modellfng of the effect of Puccfnia 
pu net f fon1 s dallage on root bud productf on.,> 
Modfffcat10n of vegetative to vegetatfve and flowering shoots. 

Reductfons: 

c c 
33 43 

bhckX ~ 
green 6O~ 401 
bluet< 70~· 551 
red BOl 70~ 
black* 90~ 85~ 
bl uê'X' 98l 96~ 
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figure 145. Modell1 ng of the effect of a comb1 nation of damages frol a 11 
natural enellfes on seed production. 

Reductions: 
e e e c c 53 54 14 33 43 

0 

blackX () green 20~ 20~ 70~ 60~ 50~ blue 40~ 40~ 70~ 60~ 60~ red 80~ 80~ 95~ 98~ 96~ 
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fecundi ty ~ramati ca 11 y reduced (e =38) and the root bud fecund1ty 
14 

re<1uced (e : =1, 
53 

curves res u lt. 

e =2),(a very heavy infestation of all 1nsects) the red 
54 

If this level of insect damage and rust inféction were 

maintained, Canada thistle would probably he eventually eliminated. 

. The .ode 1 has allowed an ins1ght 1nto the effects of the natural 

enemies over time. As has been s~n throughout this research, the five 

natural enemies are only capable of maintaining the population at a. 

certain level, but not of reduci n9 the population. The damage of the 

natural enemies would have to be increased to result in regulation of 

Canada tnistle.populatfons. 
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IV. IGENERAL SlJt'ARY Nf) CONCLUSIONS 

The research h~ein and ~he application of the matrix model both indicated 

that on the who1e, the group of natura1 enemies exam1ned at their present field 

level, and daoage ~re probably maintaining the thi,tle population at it, 

present 1evel, but are not resulting in a population reduction. 

In order for the seed head predator, Ore11ia ruffcauda to be more 

effective, it wou1d have to attack a greater percentage of the heads and the 

seeds. 

Cleonus ~ the root crown inhabitant, 15 1111ited by its large size to 

large plants arld thereby lfmits its effectiveness. 
, ~ 

Aug/llentation of the 

popu1atfon may be effective, but this is not recommended since the insect can 

potenti a 11 y attack artichoke. 

The effectivenesses of Cassida rubiginosa, the defoliator and Urophofd 

cardui, stem gal1 Fly are both reduc~ because of the 1ack of synchrony of the 

inseèt life cycle with the phenology of the plant. This study has indicated 

that both of these insects have more detrimental effect on plants mu ch younger 

, than those they attack in the field. Ç,. rubiginosa would a1so re~u;re" an 

fncrease in population to cause greater damage. The ~. cardui population 1s 

gradually 1ncreas1ng, but the effects are mfnim1zed by the synchrony prob1em 

which forces the flies to lay their eggs into the sideshoots resulting in the 

formation of the less stressful sideshoot galls. If there were a way to de1a)' 

\ 
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Canada th1stle matur1ty (i.e. co~petftfve pasture grass growth, sheep grazfng), 

the insects say be able to attack the plants at a younger and more susceptible 

age. 

Puccinia punctffor.fs 1s perhaps the most promfs1ng of all the nàtural 

enemies. A reeent small body of literature 1s dedicated to the possible use of 

the rust as a mycoherbic1de. It is not known at present what lfm1ts the 

population level in the field (why the inFestation does nct reach ep1demie 

proportions). The theory 1s that there is an insufficient number of spores and 
1 

that 1s why prel1.'nary work into artif1cial spore augmentatfon was initfated. 

Insights into the biologiea1 control of weeds have been gained in this 

study. Probabl y the oost appropria,te eonel usi on 1s that stud1es of this type 

shQuld become a part of the biologieal control program to eliminate further 

study on fnseets which are fnsufficlently synchronized, do not cause a high 

leve1 of damage and cause damage to areas of the plant whfch are h1ghly 

resistant to damage. Studfes such as this could also be used to indf~ate that 

damage to desirable native plants related to the target weed by a - potential 

candidate are not severe enough to be serious. A number oF insects and 

pathogens are at th1s stage at present and studies on this problem of conflfet 

of fnterest May he ilportant fn the future. 
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V. CLAIMS Of ORIGINAl WORI( , 

. This study 1s the ffrst concerted and organized effort to answer the 

prob 1 ems of, understandi ng the stress caused by natura 1 enem1 es' for a' progr,am of 

biolog1cal weed control in answe~ to the challenges of Harrfs(1980b)and Andre~ 

(1980b). The orf g1 na 1 di scoveri es are 1 i sted below under the organ; sm name. 

~ 

1. Orel lia 'ruficauda. Seed head predator 

The ffrst microscopy of seed damage caused by the predator and the seed 

head containing the larvae. Field work has been previously reported ~nd was 

extended by this work. 

2. Cleonus piger. Root crown inhabitant 

1 

(a) The first microscopy"()f the damage caused by the larval feedïng ln the 

foot crown area. 

(b) Thé first simulation experiment (notching) of the severing of the 

stele and observations of subsequent vascular regeneration . . 
3. Cassida rubiginosa. Oefoliator 

(a) The simulation experiments are the first done on Canada thistle. The 

results fndlcated that higher levels of defoliatfon on young plants are Most 

effective, which is opposed to the general concept Ehat it is more detrimental 

to the plant for defo11atlon to àécur when it is flowerfng., Also, repeated 
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defoliation pressure is IOre detrimental ~han one-time defol1at1on. 

" 
(b) The fi rst mi croscopy of damage caused by the 'fnsect. 

4. Urop~ora cardui. Stem ga.l1 fl y 

(a) The typical evaluation protocol was mod1fied to dfst1nguish between 

those plants emerged before and after fly emergence, which allowed for better 

understand1ng of the stress of gal1 formation. 

(b) Similar controlled environment experiments as performed by Peschken 

and Harris (1974) were performed with more detalled exalll1nation of the stress 

of the gallo It was reaffirmed that gall formation was IIIOre stressful if the 

ga\1 occurred on the mainshoot and was more detrimental to young plants. 

(c)The gall was determined to be a weak physiologieal sink by radioactive 
14 

precursor ( C-fructose) studies and by sugar content analysis. 

(d) Analysis of soluble and total protein content was also performed for 

the first time of gall and other th1stle tissues. 

(e) Mi cros copa l studf es i ndtcated the ga II to De a typi ea 1 type of ga 11 1 

conta i ni ng the Il i nner ga 11 Il surrounded by th; ck-wa Il ed parenchyrna. 

" (f) Correlations made between gall size (amount of nutritive tissue) and 

parameters of yield and growth ind1cated that larger gal1s were more damaging 

that small ones. 
< 

(9) The realization that the most probable reason ~. cardui does not 
" 

result in a large stress is its lack of phenologieal synchronization with th~ ~ . 

Most susceptible stage (younger plants). 

Il 



c 

-
" 

~' 

264 

5. Puce; ni a punetiformi s. Systemic rust 

(a) Extension of the knowledge on artiffcial inoculations 1ndieat1ng that 

lult1ple inoculations result 1n a greater and ear11er yield of systemfeally 

rusted ralilets. 1 

(b) Mferoscopy of the pyenia. and uredinia (SEM) and of the rust growth in 

the ste., SOIlle original and SOIie repeats of other liork. .. 

(c) first suceessful attellPt at producing infected callus and the 

lIicroscopy thereof. 

6. Modelling. 

The fi l'st appl1cation of the Lesl1e- aatrix 1IO~1 to the si mul at10n of " 

the effect of natural enelfes on the popul ati on dyna.i cs of a weed • 

• f, 
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VI. REC~TI0N5 fOR FUTURE WORK 

1. It is recommended that further stud1es such as this beCOIle a ',common" 

• . "ellphasis in the biological weed control protoco1. 

2. A conti nuat10n 'Of the field studies on these organisa should be 

perforlled. 

3. Cleonus 21.9ru:. The simulation work should be dçne .. on older plants. 

4.'Cassida rubig1nosa. The simulation experiments should be extended ta 

include insect defoliation under q)ntrolled environment conditions on different 

ages of plants and addfti ona 1 work on the paras He prob 1 em shou 1 d be dane. 

. 
5. Urophora cardui. Further studi es shou] d be made i nto the determi nation 

of the lIost susceptible age of the plant and that a, study shou]d be done to 

implement SOIlle manageœnt practice to provide better synchron1zation of 

Il.cardui and Cassida rubiqinosa with Canada thistl,e phenology. 

6.Puccinia punctiforllfs. Research into the infection process should be 

continued and also into the artificiaJ culture of the' rust. 

,.(I~ 

7. The mode 1 shou 1 d .be g1 ven added flexi Ml i ty to aIl ow for the addi ti on 

of a time factor Le. so t~a.t itcould simulate the difference between daIRage in 

the spri ng versus dallage in the 1 ate su.mer. 
< 
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Appendix A. Calculations and Calibration Curve for Anthroné's Reagent 

(Soluble Sugar Content). 

Three replicates of each sample were analyzed by the Anthrone's method. 

The absorbance for each was read and the value for the three was averaged. The 

-glucose concentration (mg) was read From the,cali~ration curve usfng the 

regression line (Fig Al). Since this value was for 0.1 mL of the sample, the 

cal~ulated value was then multipled by the appropriate factor to determine the 

total amount of glucose for the total volume of extracted solution. This value 

was then divided by the total sample weight to determine mg glucose/g fresh 

weight. If the solution was too dense a dilution was perFormed (usually 1:3), 

and the absorbance was multipled by 4 before calculations proceeded. Once 

these values were determined, the y could be used in analysis of variance; in 

which case averages would be taken of aIl different replicates for the same ...-
f • '. 

tissue type. 

Sample Calculation: Sa.ple of gal 1 tissue 

Abs.' (0.1 ml) .33 .""36 .37 (di! uted 1: 3) averaged at 0.35 

t mg 91 ucose= Abs. - 0.70 ' 
5.75 

0.35 - 0.70 = 0.049 

5.75 
Multiply by the dilution factor (4)=0.195 
Total volume of extracted liquid was 35 mL. 

multiply 0.195 X 350=68.17 Mg/35 ml 

Total weight of the'sample was 1.lg. Therefore 
mg glucose/mg=68.17/1.1=61.97 mg/g fresh weight 

- J, 
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Figure Al. Calibrat10n curve for anthrone's 
_ reagent used to '--deteni ne 91 ucose concentrat10n. 

c 
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Appendfx B. Calculat10ns and Calibration .~urve for lowry's Reagent (Water 

Soluble Protein Content) 

Three replicates 0) each sample were analyzed by the lowry's method. The 

abs0rbance for each was read and an av~rage value was calculated. The mg 

protein were calculated'from the regression equatfon of the calibration curve 

(fig A2). Since this value was for 0.25 mL of the sample was multiplication by 

the appropriate factor to determine the total amount of protein for the total 

volume of extraction solution was performed. This value was then divided by 

the fresh weight of the sample, to determine mg protein/g fr~sh weight of 

tissue. These values were then used for analysis of variance and average per 

tissue were determined. 

Sa.ple calculation on same sample as used in Appendix A. 

Abs. of three replicates 0.21 0.21 0.21 average 0.21 

Calculate from the calibration curve 

mg protein= 0.562 Abs., - 0.0386 
\ 

= 0.562(0.21) -O~0386 

=0.079 mg in 0.25 ml. 

mg protein in total volume (35 ml)= 

0.079 X 35 X 4=11.06mg 

amount of protein per gram. Total fresh weight was 1.1 g. 

11.06/1.1=10.1 mg prote1n/g fresh wei 9ht 

1 
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Figure A2. Ca1ibration curve for Lowry·s reagent 
used to deter.ine protein concentration. 
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Appendix C. èalculatfons Assocfated with the MicroKjedahl Procedure. 

Calculations of microKjedahl results are based on a titration of the 

sample with a standardized acid. The volu~ of the tftratfon acid 1s corrected 

by the blank volume and then the corrected value is mult1pled by the normalityO 

(N) of the acfd to determine the milliequivalents. The milliequivalents are 

multipled by the factor of 14.007 to determine mg of nitrogen in the sample. 

This value is divided by the mg of the sample and multiplied by 100 to 

.deter~ine the-~ nitrogen. Percent protein is calculated by multiplying by the 

factor 6.25. 

SaMple calculation: for a sample of a ga11 

Volume of titration acid=0.75 ml 
- Blank volume = 0.218ml 

Corrected volume = 0.532 mL 

Normality of the acid= 0.0145 N 

Mfllfequivalents= corrected volume X N of acid 

= 0.532 X 0.0145 

::; o.oon mil.liequivalents_ 

mg N= milliequivalents X 14.007 

::; 0.0077 X 14.007 
=0.0108_ 

'~N=!l!9..lf X 100 . 
mg sample 

mg sample=l1. 62 

~ N= 0.108 .X 100= 0.93~ 
11.62 

~ Protein =~ N X 6.25= 5.8~ 

\ . 
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Appendfx O. B/A Channel Ratio Method for Calculating Disintegrations per 

Minute for Liquid Scintillation Counting 

Each sample used for liquid scintillation experiments 'lias sampled three 

tfmes and each of these replicates 'lias counted on the liquid scintillation 
14 -

counter 4 to 7 times to check precision and increase accuracy. C quench 

curves for the machine used for counting were prepared by Chemistry department 

graduate students Ramble Ankumah and William Q'Niel and passed on to those 

students who used the machine. 

The technique used to calculate disintegrat10ns per minute is referred ta 

as the Channel Ratio method (Wang et al. 1975). For each sample, the averages 

of the counts per minute, the channel A and channel B counts were calculated. 

The value - of the channel S/channel A ratio was determined. T'lia regression 

equations were used ta calculate efficiencies one for low B/A ratios (1-1.3) 

(higl'i efficiency) and onefor h1gh B/A ratios (1.8-2.5) (low efficiencies). The 

efficiencfes were then calculated: 

(Al for 'low effi ci enci es (hi9h B/A ratios) 

y= -O.409Z + 1.130 
~ 

=---
(B) for high efficiencies (low B/A ratios) 

1 
y= -0.7492 + 1.644 

where y= efficiencies and 2= B/A ratio 

The disintegrations per minute were then calculated by dividing the 

average counts per minute by the efficiency calculated by'the preceeding 

method. 
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Appendix E. Prelilli_nary Exper1ment of Gall ,Formation and Defoliation 

Stress COlllbined 

Purpose: To determine if the comb1nation of defol1at1on and 9a11 formation 

resulted 1n greater stress than gal1 formation alone 

Materials and Methods: c 

Plants grown From root pieces were exposed to f1i~~ when between 5 to 10 

ca in height. The plants were planted 1n a soil:peat moss:sand (3:1:1) mixture 

ln 155 mm diameter plastic pots. After ga11 formation three plants were 

defoliated weekly at the 75~ defo1iat1on level until week 10 and three other

plants were not defoliated, but gal1 formation proceeded normally. 

Results and Discussion: 

Plants with 9a11s plus defoliation tended to be shorter, had lower dry 

weights and also reduced root bud and ramet production when compared to plants 

with 9al15 only (Table Al). This indicated that a combination of the two 

stresses is more effective that just one alone. 

" 
-~-~------- .... 
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Table Al. Effect of Gall and Gall plus Defoliation on 
Plant Height, Ory weight and Root Bud Production. 

Ti me Gall only Gall+ 
75" defoliation 

----------Height (cm)-tS.D.-------------

o weeks 9. 8t1. 8 12.5;t1.4 

3 weeks 12.8t1.5 12.2.:1. 2 

7 weeks 16. 8tl. 4 13. 8:t1. 1* 

11 weeks 21. 8;.t2. 8 16. 0±3. 5 

19 weeks 25.7;t4.5 23.0:t11:3 

HARVEST -DAY 

Parameters 

Root bud number 19.0±2.0 14. 5±7. 8 

Ramet number 16.8±7.0 5.8.t.4.9 

Ory weight (9) 
Plant 3.lil. 0 3. S±l. é 

Root 7.6iO.4 S.2tD.7 

Ramets 7.4t2.0 5.210.7 

Gall O.'7tO. 3 1. 3:-1.1 

* one of three plants was de ad at this point 

\ 
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Appendix F. Calculations Assocfated w1th Cassida rubig1nosa Feed.ing 

Expe~ments under Controlled Envfronment Conditions 

Data for insect defoliation ~nder controlled environment conditions was 

handled by summing a11 the :visual ratings (recorded as ~) for a11 the leaves on 

the plants and divid1ng by the total number of leaves. The plants ~ere then 

classified into four groups' according to this calculated valu~; 1=0 control, 

II=0.1-5~, lII=5.1-10~ and IV=10.1+S. This was based on S leaf removal rather 
\ 

. 
than the number of larvae because depending on the age of the larva, leaf 

intake was variable ~rid due to the nature of Cassida rubiqinosa phenol ogy, 

collection of identical larvae was not possible, however correlation between 

the number of larvâe and calculated average S of leaf damage was 0.88. 

Sample calculations: 

10 leaf relllOval Total ~ No. Average Rating 
Leaves ""damage 

10 10 44 0.2 II 

20,5,5,5,20,15 7U 37 1.9 III 

10,5,10,20,5,20, 490 '42 11. 7 IV 
10,30,30,40,10, 
10,10,20,15,5,10, 
5,10,5,10,5,5,5, .' , 

",-,JP!""" '> 

25,5,5,30,55,20, , 
, 

10,10,10,5 
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Appendh G. Paras ft i 51ft of Cass 1 da rubi 91 nosa' 

. 
Pupae were,collected From the field in late summer and placed in vials. 

with cork' caps and observed later in the fall. Out of 31 pupae examined 10 

were found to be parasitized (32S) by a wasp parasite. (probably Tetrastichus 

rhosaces Walker reported by Ward and Peinkowski 1978b). Harris and Zwolfer 

(1971) indicated that this parasitism may be an important factor which limits 

population buildup of this insect. This 1S the first report of the paras1te in,' 

Quebec as far as can be found. 

, 
1. 

_1 
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. ApPendix H. Analysis of Variance Tables (Section E) 

Table A2. One tfl\le defo.1iation Repeat 1 .. 

Mean Square 
SOurces OF 
R 3 
AGE 3 ' , 
DEfOL 4 
~AGE*DEFO 12 

cemo 19 

Mean Square 
SOURCES 
R 
AGE 
DE fOL 
AGE*DEFOL 

o CCft1BO 

Height Ramets Root buds Sideshoot OWP, 

62.85 7.6 175.67 16.~6 1.57 
-------------------PR>f----------------------
0.97 0.72 0.29 0.52 ' 0.82 
0.0001** 0.09 0.07 0.28* 0.002* 
0.0085** 0.03* 0.05+ 0.01** 0.0002** 
0.055 0.94 0.38 0.47 0.60 

0.0001** 0.28 0.09 0.001** 

Ramet Ht. DWR DWO " OWT SHRT LEAf NO. 
19.30 ~.65 1.17 10~07 0.83 15.1 
-----------------PR>F------------7--------------------
0.09 0.93 0.07 0.61 0.48 0.86 
0.08 0.0001** 0.04* 0.0001** 0.004** 0.01** 
0.04* 0.0001** 0.13 0.0001** 0.0001** 0.61 
0.89 0.009** 0:24 0.095 0.58 0.63 

0.19 0.0001** 0.08 0.0001** 0.0001** 0.20 

** 0.01 Significance 
* 0.05 Significance 
OWR- dry weight root, DWO- dry weight ràmets, 
OWT- dry weight total, DWP- dry weight parent, 
SHRT- Shoot/root ratio 

, , 
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Table A3. One Time ~foliation Repeat 2. 

Hei ght' leaf no. Ramet no. ' . n. no Si de no. RB no . 

183. 75 44.58 32.04 24.00 35.3 30.5 .MEAN SQUARE 
SOURCES DT -----------------------------PR>f~----------------------------
R 3 
AGE 3 
OfFûl 4 
AGE*OEF 12 

0.04* 0.42 0.06 0.72 0.83 0.67 
0.02* 0.41 0.06 0.87' 0.10 0.06 
0.005- 0.27 0.10 0.008- 'b.12 0.97 
0.24 0.14 0.10 0.24 0.88. 0.42 

COMBO 19 0,009** 0.16 0.03* 0.07 0.40 0.38 

DWP OWR DWO DWT SHRT Ramet ht. 
MEAN SQUARE 6.03 1. 97 5.11 13.32 0.63 56.06 

278 

;SoœCES ---------------------~--------PR>F-----------------------------

"' 

R 
AGE 
OEfOL 
AGE*OEfOL 

COMBO 

", 

0.36 0.009** 0.0001- 0.0001** 0.06 0.11 
0.001** 0.21 0.04* 0.01** 0.6~O.Ol-
0.006** 0.OQ2- Q., 45 0.01** û.03* 0.04* 
0.44 0.005- 0.16 0.17 0.04* O.2S 

0.004** 0.0006- 0.10 O.OO9H' 0.03* 0.02* 

,- 1" 

** S1gnficant at 0.01 level 
* Signifi cant at O. 05 l~vel 
fl. no.=flower number, Side. no.= sideshpot number 
RB no.= root bud number, , DWP=dry weight parent, 
DWR= dry weight root, DWO= dry ~eight ramets, 
SHRT= shoot/root ratio, DWT= dry weight total. 

t , 

1 
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• Table A4. Continuous Defoliation. Repeat 1. 

MEAN SQUARE 
, SOURCES DF 

R 3 
AGE 3 

'DEFOL 4 
AGE*DEFO .10 

CC»tBO 17 

MEAN SQUARE 
SOURCE 
R 
AGE 
DEFOL 
AGE*DEfOL 

C~BO 

Height Ramet no. RB no. side
1 

No. Ramet Ht. 

36.53 15.41 144.31 8.34 20.03 
---------------------PR>F-------------------------------
0.84 0.01** 0.59 0.62 0.58 
0.004** 0.06, 0.35 0.67 0.72 
0.01** 0.002** 0.01** 0.31 0.57 
0.29 0.22 0.08 0.31 0.97 

0.004** 0.01** 0.41 0.97 

OWP DWO DWT DWR SHRT 

1.76 1.66 Il.31' 2.73 ,1.15 
-------------~~--------PR>F----------------------
0.48 0.04* 0.36 0.50 0.33 
0.47 0.46 0.07 0.07 0.45 
0.0001** 0.74 0.0001** 0.0001** 0.08 
0.40 0.68 0.25 0.14 0.04* 

O. 0001** 0.80 0.0006** 0.0002** 0.03* 

** Signif1cant at 0.01 level 
* Signffcant at 0.05 level 

Sf~e. nO.=sideshoot number, RB nO.=Root bud number, 
DWP=dry weight parent, DWR= dry weight root, DWO= 
dry weight ramets, DWT= dry weight total, SHRT= 
shoot/root ratio 
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Table AS. Continuous Defoliat1on. Repeat 2.1 

MEAN SQUARE 
SOURCE DT 
R 3 
AGE 3 
DEFOL 4 
AGE*ÛEF 12 

COMBO 19 

MEAN SQUARE 
SOURCE 
R 
AGE 
DEFOL 
AGE*DEfOL 

C~BO 

.' 

Hefght leaf no. Ramet no. FI. no. Ramet ht. S1de ,no. 

747. 18 48.23 70.23 8.75 39.32. 186.57 
---------------------PR>F----------------------------------
0.23 0.001** 0.0007** 0.002** 0.06 0.04* 
0.0001- 0.82 O.OO~ 0.01- 0.89 0.0001** 
0.0001- 0.0001** 0.0001** 0.0001** 0.13 0.0001** 
O. 0006- 0.05* 0.0012** 0.26 0.61 0.0001** 

0.0001- 0.003** 0.0001** 0.0001- 0.51 0.0001** 

RB No. DWP DWR OWO OWT SHRT 

116.55 16.08 8.54 7.33 73.45 8.90 
-----------------------PR>F--------------------------------' 
0.0002- 0.011* 0.12 0.24 0.51 0.02* 
0.10 0.03* 0;0004** 0.001** 0.0001** 0.0001-
0.0007** 0.00001** 0.0001** 0.02*' 0,0001** 0.22 
0.29 0.02* 0.0003** 0.13 0.0001** 0.29 

0.012* 0.0001** 0.0001** 0:008** 0.0001** 0.001-

*~ Si gnifi cant at 0.01 level 
* Significant at 0.05 level 

Fl. no.= Flower number, Side.- no.= Sideshoot number, 
~B no.= Root bud number, DWP= dry weighb parent, DWR= 
dry weight raot, DWO= dry weight ramet, DWT= dry 
weight total, SHRT= Shoot/root ratio - \ 
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Appendix 1. Applications of OefQl1ation Data: 

1 Regressi on: 

Linear regressions were performed for several parameters over diff~rent 

levels of defol1ation. The data presented (Fig. A3) 1S of heights from a , 
continuous defoliatfon experiment for the four different leaf stages. The 

effect of defoli'ation has more detrimental effects on the 5- and lO-leaf stages 

as ind1cated by the,higher negative slope over increasing defoliation levels. 

The effect on the 15- and 20-1eaf stages 1s Jess. Similar treatment of resu~s\, 
from one-time defoliation shows little differences between the regression for 

various lesf stages over the different defoliat1on levels. 

Il Tammes' Curves: 

!he relat10nship between plant yieJ.d and insect feed1ng (mea5ured as 

numbers of i nsects or feedi ~g i nj uri es) can be descr1 bed by Tamnie~' curve. The 

typical shape of a Tammes' curve approximates a reversed slgmoid (fig. A4). At 

low damage levels, theoretically the plant is capable of compensating for the 

damage and there is no decrease in produotivity, resulting in an"upper plateau 
l , 

(Fig A4,A). In some cases, the plant'may even overcomPensate resulting in a 

rise. The furtherest edge of the-plateau, before the damage begins to affect 

the productivity 15 referred to as the threshold. At slfghty higher damage 
. , 

levels, beyOAd the threshold level, compensatory growth becomes Jess effective 

and the product1vity decreases. The theoretical curve then strafghtens and a 

portion of a linear relationship occurs between yield 10ss and fnsect damage 

":!î:1 
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(fig. M,S). A lower plateau can also oecur indicat1ng that plants with ," 
Cl 

underground storage are diff1cult to destroy (fig A4,C) ,Jackson 1980, 

- ----~~--~~-- ~---



• 

~~ .... - .. ' ....... q~..H"~~~ ~'F.r""~ :;."..., ..... l_ ... ~ ___ ...... , ____ :--__ .... ---...... _____ ... ______ _ 

282 

, \ 
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fiqure A3. L1near re9ressfon and equat10ns for 
continuous defoliation results for the he1ght (cm) 
parameter o ver the d1fferent levels of 
defoliat1on. (red= 5-1eaf, blue=lO-leaf. green= 
15-1eaf and black= 20-1eaf). 
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Figure A4. Typical Tammes' curve. 

A reversed sigmoid shape with an upper platèau (A) 
indicating compensation for damage, a thre~hold 
beyond whi ch cOlllpensati on for damage i s no longer 
active, (B), the linear phase of the curve where 
there i S'.J a 11 near rel at; onsh1 p between the 

. decrease in productivity and insect damage, (C), 
the lower plateau whlch indicates underground 
storage resources wh1ch cannot be tapped by insect 
da\lage. • 
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Hodk1nson and Hughes 1980). 

When this type of curve was plotted for some of the one-time defoliation 

data (Fi g. AS), 1t i s dHff cult to pi ck out the thresho 1 d 1 evel s. Graphi"9 of 

he1ght versus defol1ation does not result in a typ1cal Tammes' curve shape; 

Canada th1stle i5 capable of compensating for a hi9h level of damage if it 

occurs on1 y once. 
" , 

Similar graph plots for a cantinuous de€oliat1on indicated sorne near 

typical fammes' curves (Fig AG). Threshalds for 5- and 10- leaf stages were 

$olllewherè between 25 and 50~ -defo1iati on and for the other stages at hi gher, 
~ " 

levels of'defoliation. 

III Defoliation Pressure Index (DPX): 

The defoliation pressure index (DPX) 1s a concept or1ginated by-

Nakano(1977, 1980) to integrate the different factors involved. in the action of 

a defoliator. 

Usi n9 an example given in Nakano(1977) data for one-time defol iati on 

experiments was translated into OPX values (Table A6). fo determine the OPX 

values, log was used rather than 109. A sample of the application of the 
10 2 

DPX values is given in figure A7. As Nakano !1980) states, a negatively linear 

relationship exists between DPX and these two exarnples--of "quantitative indices 

of plant growth." 



1_ 

F1gure A5. Graphs of height· (cm) and defoliation 
for a one-tfae defolia~1on experiment. No typical 
Ta.mes l curve shapes were found. Black- 5 leaf, 
B1IJe$- 10 leaf, green- 15 leaf, red-20 lèaf, and 
blue*- average over al1 leaf stages. 
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Figure A6. Graphs of. height (c.) versus 
qefo11atfon (1) for continuous defoliation. SOie 
Mar typical . TamllleS' curves were f~und. 
Approximate threshold levels are indicated by 
dropped perpendiculars to the X-axis. Same symbols 
usee! as figure AS. . 
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Table A6. Calculated OPX Values for One-Time Defoliation Experillents. 

, , 

Leaf Stage ---------------Defoliation Level-------
0 25 50 75 100 

---------------DPX-~------~------------

5 0 0.12 0.3 0.6 

10 0 0.11 0.26 0.5 1.0 

15 0 0.10 0.20 0.36 0.6 

20 0 0.04 0 .. 08 ' 0.11 0.18 

Sa.p1e calculation: 
19-1 eaf stage. 

Wef. No. days No. days Calcul. Ratio DPX' 
without with val ue - & * 
defol. (A) Defol X (A+B) 

factor (B) 
$ 

0 7 nXI 84 d 9 

25 7 nXO.75 65 o.n 0.11 

50 7 77XO.50 46 0.55 0.26 

"QS 7 77XO.25 26 '0.31 0.51 

toO 7 nxo 7 0.08 1.0 

$ factor=100-1evel of defoliationllOO 
& ratiQ= calculated value/value for 0 defolfation 
* OPX= log (ratio) 
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, . 
figure A7. Graph of dry wefght of total plants and 
d~y weight of roots versus defoliation. pressure 
index (OPX). Negatively"" l1near relat10nshipS 
occur. (The l1nes drawn. are regression lines.) 
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Appendix J. Calculations for Chlorophyll Determinations (Section F). 

Absorbances of the chlorophyl1 extracts were read at 645 nm and 663 nm 

according to Arnon's (1954) procedure. The chlorophyll content was determined 

by the following equation: 

. , . 

./chloroPhyll a + b= 8;05 A663 + 20.20 
A465 

If the extract was ~I.Uui!ed pri or to readi n9 (usua 11 y 1 ~ 9), the correcti on 

factor was employEtd at this point in the calculations. The val'ue is then 
2 

calculated per 9 or per cm by dividing by the leaf weight and Jeaf 

sample. 

Example Calculation: 

Absorbance at 645 0.45 
663 0.81 

ChlorophyJl content= 8.02(0.81) + 20.20(0.45) 
= 15.59 

This was diluted 1:9, therefore it was multiplied by 10 
gi ve 155.86 mg. 

Jhe weight of th~ sample was 4.49 9 and the mg chlorophyll 
per 9 tissues was 34.72 mg/g fr~sh weight 

2 
The area of the leaves was 105.5 cm. Therefore, 

2 
1.48 mg chlo~ophyl1/cm 

... 

~ of the 

j' 



( 1 

i' 

( 

, , 
290 

'\. 

Append1x K. T1ssue Culture Media 

One litre of media contafned 100 ml of macronutrient solution (A), 1 mL of 

aicronutr1ent solution (B), 10 ml of vitamin solution (C) and 1 ml of iron 

solution (D),é3 ~ sucrose (30 9), 1 9 of casein hydrolysate, 5 mg inositol plus 

a source of an auxin and a cytokinin. The pH was tested and adjusted to 5.7 if 

required. Agar (0.8 S Dffco Bacto-Agar) was then added and the media was 
o 

\autoclaved for 15-20 minutes at 212 C and 15 lbs per sq. inch press~re. 
. 0 
Plates were poured and either used after suff1cient cooling or stored at la C. 

The media was adapted from Murashige and Skoog (1962). 

A Macronutr1ent Solut1on (g/l) 

Mi NO 16.5 
4 3 

KNO 19.0 
3 

MgSO .7H 0 3.7 
4 2 

KH PO 1.7 
2 4 

~ 
.CaCl .2H 0 4.4 

2 2 ---;:,.::-....:-

B Micronutrient Solution (mg/l00 Il) 

H Ba 620 
3 3 

MnSO .4H 0 - 2230 
·4 2 ,. 

ZnSO .7H 0 860 
4 2 

. Na MoO .2H 0 25 
.2 4 2 

CuSO .5H 0 2.5 
4 2 

CoC1 .6H 0 2.5 
2 2 

KI 83 

\ 
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C Vi tam; n 50 l ut; on (mg/L) 

Ni coti ni c aci d' 50 1 
Thf ami ne He 1 la 
Pyri doxi ne 50 
Glyci ne 200" , 

Q 

0 Iron sol ut; on (g/L) 
'1 

feNaEDTA 20 

Many of the chemicals and technical adv1ce for thls procedure were 

obtained From Bruce Gray and Jessfe Nel1es. 

Good cal lus was formed vith a combination of 1 mg/L 2,4-0 and 1 mg/L 

zeatin. In another experiment a series of combinations of lAA (indoleacetic 

acid) and BA were used as auxin and çytokinin sources. All possible 

combi nati ons (20) of. four levels of BA (0.1, 1.0, 2.0, 5.0 mg/l) and- five 
, 

lev~ls of IAA (0, 0.1, 1.0,2.0 and 5.0 mg/L) were made., Preliminary results 

indicated that hi9her levels of cytokinin are required for good cal lus. 

,'-
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Appendix L. Comparison of the Resp1rat1on of' System1cally Rusted and 

Nonrusted Plants. 

Materials and Methods: 

Pairs of plants (one rusted, the other nonrusted) of sfmilar height and 

leaf number ~ere selected and each plant ~as enclosed in a plastic bag fitted 

with t~o port connections (secured with silicon sealant) at opposite ends of 

the bag. One port wa5 connected to a carbon diox1de source (either a CO tank 
2 

(323 ppm) or the external atmosphere) and the other to an infrared 9as analyzer 

(Model 225, Analytical Oevelopment Co. Ltd.). When the external atmosphere was 

used, the CO concentration ~as predetermined by' calibration against the tank 
2 

ga5. The plants were kept in ,the dark and reading C!f the spikes at Hrst 

sampling were compared. This experiment was repeated twice, with 2 pairs of 

plants examined in one experiment and 4 pairs in the other. 

Results: 

The respiration as measured by the release of carbon dioxide by the plants , 

was higher for rusted plants (841.2 ! 410.1 ppm) than for nonrusted plants 

... (448.8 !. 199.8 ppm). 

• 

'Discussion: 

Elevated respiration is commonly observed effect of pathogen development 

on. the; r hos,t. It i S one of the effects of Puccf nf a punctiformi 5 wh1ch makes 

it an effective naturaJ enemy. 
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Appendix M. Comparison of Transpiration of Rusted and Nonrusted Plants. 

Throughout the au~hor'5 observations, ft was noticed that rusted plants 

tended to wilt ~e easily th an nonrusted plants under the seme conditions. 

This 1s a common effect with·plants infected with rust. 

Materials and Methods: 

To quant1fy the amount of water 1055, plants (rusted and nonrusted) were 

transplanted into Promix in styrofoam cups and the 50il and ,the cup were 

covered with plastjc bags and closed. around the plant stem 50 ~hat the only 
.; 

1055 of water was through the plant itself. The pots were weighed 

peri od; ca 11 y. 

Resul ts and Discussi on: 

The rusted plants did not survive transplant1ng wetl and often died too 

early in the experiment. The resuJts indicated that losses of weight were 

higher for the nonrusted thistles ~than for the rusted plants. This was more 
, 

than likely due to the fact that the fusted plants were dying. 
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Appendfx N. Sugar and Protefn Contents of Rusted and Nonrusted Plants. 

Method~. for extraction and analysis of prote1ns and sugar were s1milar to 

those employed in section B. 

Protein content for roots was slightly higher in rusted plants (10.5 ~ 1.1 

9/9 fresh we1ght) than for nonrusted plants (9.2 ~ 5.7) and also for leaves 

(11.3 t 1.1 as opposed to 9.0 ~ 1.4) and for the stem (10.2 t 2.1 versus 7.9 ~ 

3.1). Sugar content was .• higher in the roots of rusted plants (3.5 ~ .43 versus 

1.2 ! 0.6) whereas it was lower for the leaf and the stem (leaf- 1.3 ~ 1.4 

versus 1. 9 ~ 1. 9) i stem- 0.6 t 0.4 versus 2.0 t 0.3)'. 

The increase of water soluble prote1n content means more proteins in a 

transportable form in rusted plants and the lower sugar content may mean that 

there are depleted carbohydrate sources in the rusted plants . 

.. 
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Appendix O. Rust Population Oynam1cs 

Rusted populatfons on Macdonald Col1ege were examfned in the course oïr two 

undergraduate projects (Keogh 1979, Nadeau 1960) prior to the work presented in 

thfs study. Results (Table A7) ind}cate that the population dynamfcs of the 

occurrence of the rust 1s variable from field te field and also From year te 

year. The highest'~ field infection Found was 47~. Turner (1981) found a 

.aximum of 52.5~ in Montana. None of the levels found in natural populations 

were capable of control. 

. , 
1.\ 

" 
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. Table A7. "Rust Population Dynamics in Field Populations , 

* 
Year Site 1.. Site 2 Site 3 Site 4 

----------------1 rusted shoots------------------------

1979 5 33 47 

1960 5 5 26 

1961 4 23 27 22 

1982 21 34 15 21 

* sites correspond to those in section A. 

-\ 

1 

- ~1. 
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Appendix P. Root Bud Production of field Populations. 
J~,} 

''!:-:--
Samples of soil were dug and examined in the field. The samples were 

1 

30X30X30 cm in volume. Roots liere , coll ected and taken to the 1 abora\ory where 

foot buds were counted, root length and root weight determined. Samples liere 
\ 

taken in the spring (May 5/82) and the fall (Oct 20/82) (From sites 1 and 4 of 

'section Al.' Ten to 12 samples liere tal<e~r field at each sampling date. Five 

samples from site 1 and 4 were planted in the greenhouse and allowed to grow. 

Shoots produced were counted. 

2 
The results indicated that in an area of 1 m , between 70 and 500 root 

2 
buds occur in the soi) (Table AS). A value of 250 buds per m lias chosen as the 

e value for the model. 

" 

_J 
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Tabl~ AB. Root Bud, Root Length and Root Wefght Frol 
Field Salplesl 

SPRING 

Site 4 Site 1 

Root bud number 17. 3.t12. 9 21. 9;!"12. 2 
.,' 

Root wei ght (9) 28.1±12.5 46.1.±16 . .6 

Root l ength (CID) 168.7:81. 8 155.8+50.4 -

FALL 

Root bud number 53: 4:!:36. 2 44.9,:21. .6 

Roo~ weight(g) 17. 0.t16. 7 8. 4j;,1. 9 

Root length (CID) 166.8:81.5 180.4!73.5 

ROOJ BUD PROOUCTI oN 

~pr1n9 collection 20.0:12.1 43.2±14.0 

fall collection 6.3!3.5 ~6.2!5. 5 

1.. based on volume 'F 30X30X30 CI. 
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fppendi x Q. . Li sti ng of program for Ma~rJ Mode!. \ 

VAR TrR2,J1,J2,Rl,K,IrL,LM,E.F,P,R4,R5-R~Al 
VAR R6,R7,FM,SM,MS,MF,J,MR,ZZ,N,A,D,B,C=REAL 
VAR A$=STRING{ 5) 
.1000 MR=O 

. ."ZZ=O 
i INPUT "NUNBER OF DIFFERENT MATRiCES"; 0 
: INPUT "MATRICES OROER"; N , 
: DIM REAL X(D, N, N) G(N) Y(N) M(N) O(N) 
• DIM REAL Q(N) S(N) ZeN) fW(N) SW(N) H(N)" 
. FOR A=l TO D 

PRINT "MATRIX NUMBER"·'A , " 

FOR 8=1 TO'N 
, PRINT tlROW NUMBER"; B 
. fOR C==1 TO N 

': INPUT X(4, B, C) 
NEXT C 

. NEXT ,8 
NEXT A 
1160 A=O 
1170 A=A+l 
1175 J1=O 
PRINT "MArRIX NUMBER Il; A ' 
PRIN! . 
FOR B=1 TO N 
~OR C;'1 TO 'N 
PRINl X(A, 8, C) t 
NEXT C 
PRINT 
NEXT B 

• 

, ' 

, 'f 
, ' 

PRINT , 
1250 PRINT "ARE THERE ANY VALUES THAT NEED TO BE CHANGED?" 
GOSUB 10000 .. ' , 
IF J=l THEN 1280 ELSE 1330. 
1280 INPUT "WHICH ROW?";B, 
INPUT "WHICH COLUMW; C ' 
INPUT "ENTER lHE VAL!JE"jX(A,l3,C)' 
Jl=~ (i 

GOTO 1250 
1330 IF J1::1 THEN 1175 ELSE 1340 
1340 IF A=D THEN ,1360 ELSE 1170 . 
1360 'PRINT "DO VOU WANT TO ENfER THE POPULATION VECTOR?" 
GOSUB 10,000 

\ If J=l TH EN 1390 ELSE 1550 
1390 fOR 8=1 to N 
INPUT uYECTORllj 6(B) 
Y(B)=G(B) 
NEXT fi 
1420 J2=O 
PRINT "lHE YECTOR IS" 

<. 

.1' 
',. 

, '. ~ . 
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a FOR B=1 TO N J " 
1 Y(B)=G{B) 

PRINT G(8) ~' 
.y 

NEXT B 
1460 RRINT "DO VOU WANT TO MOOIFY ANY VAL1UES?" 
GOSUB 10000 
IF J=.1 TH EN 1490 ELSE 1540 j 

1490 INPUT "WHICH ROWUj B 
IN~UT IIENTER THE VALUfU; G(8) 
Y(B)=G(B1 

r~ J2=1 
GOTO 1460 
1540 IF J2=1 THEN.1420 ELSE 1590 "'\ 
1550 FOR 8=1 TO N 
G(8)=10 
Y(B)=G(B) 
NEXT B . 
1590 PRINT 1100 VOU WANT TO DO STABLE-AGE DISTRIBUTION ONLY?II 
GOSUB 10000 
IF J=l THEN 1630 ELSE 1650 . '----

1630 ZZ=3 ( 

GOTO 1781 
1650 ZZ=O 
PRINT 1100 VOU WANT THE SPRING VECTOR RATIO PRINTED FOR EACH Il 
PRINT "TIME UNIT?II ~ 

l GOSUB 10000 
IF J=l.THEN R1=1 ELSE R1=2 
PRINT 1100 VOU WANT THE ACTUAL SPRING VECTORS PRINTED?'L 
GOSUB 10000 
IF J=1 THEN R2=1 ELSE R2=2 " 
PRINT 1100 YOU WANT TO LIMIT THE NUMBER OF TIME UNITS?II 
GOSUB 10000 
IF J=1 THEN 1750 E~SE 17.80 .. 
1750 INPUT IIENTER THE NUMBER OF TIME UNITS"jMR 
60TO 1781 
1780 MR=O 

- J 

... 
1781 PRINT 1100 VOU WANT TO UMIT S~E VECTOR VALUES?II ''1 

60SUB 10000 
If J:l THEN 1784 ELSE 1787 
1784 PRINT "ENTER THE VALUES" , . 
FOR 8=1 TO N , i 
PRINT "ROW"; B 
INPUT H(6) 
PRINT 
NEXT 8 
PRINT #1 - - --~ -- - ---

; , 
PRINT #1; "THE VECTOR VALUES AREII; 
fOR 6=1 TO N ~ ;. PRINT #1; H(B) ". NEXT B 

( 
PRINT #1 
GOlO 1789 

. , 
. 
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" . C 1787 FOR B~l TO N 

H(B}=2E+35 :. 

. NEXT B , 

1789 IF ZZ~3 THEN 2000 ELSE 1790 
1790 PRINT "Clg YOU·WANT THE RATE IF INCREASE PRINTEDIi 
PRINL IIFOR EACH TIME UNIT?" 
GOSUB 10000 
IF J=l THEN R4=1 ELSE R4=2 

~ 1. R5=2 , 

PRINT "DO VOU WANT THE FALL VECTOR RATIO PRINTED?" 
~ 

:: ~ 

, GOSUB 10000 .J 

IF J=l THEN R6=1 ELSE R6=2 
PRÎNT "DO VOU WANT THE FALL VECTOR VALUES PRINTED?" 
GOSUB ~OOOO ' 
If J=l THEN R7=1 ELSE R7=2 "" .. .. / 
2000 p=o G' 

Mf=O 
'A MS=O 

FM=Q, 
~=O ~ 
2010 K=O ~ c:-

c 1=\(} , 
.. " L=O 

LM=O l' 

E=O 

l 
F=O 
fOR 8=1 TO N i ' 

. M(B)=O 
0(8)=0 r 

Q(6)=0 , • ,1 

5(6)=Q 
- , Z(B}=O· - ,. NEXT B 

"" P=P+l 
A=O ft'> 

2050 A=A+l 
1 

IF A=l THEN 2070 ELSE 2080 
2070 fOR B=1- TO N 
K=K+Y(B) ( 
NEXT B \ 
2080 FOR B=1 TO N ~ . ' 

FOR C=l TO N 
Z(B) =Z(8)+( X(A, B,C) *Y(C)) 
NEXT C ' . 
NEXT B 

'1) FOR B=1 TO ru 
IF Z(B»H(B) THEN Z(B)=H(B) 

. , 
NEXT B 
fOR B=1 TO ru 
Y(B)=Z(B) 

l 
Z(B}=O 

v NEXT B. 
li> 

~. 

1 , .. " r '" • r ... 
;1 

, . 
L- I ~ ~.~~~~.: .. 

~ • "-,', -1;:). •• " 

o ' --- ~~ ~ :"'~f;,; ~~'>:' '- ) 



i 
~, \ 

t, 
h-
~ 
~ , 
r 
\ 

r 
1 

f 
; 
r , 
, 
(, , 
i 

1 

i 
t 
! 

" 

( ' : 

: 

C 

( 

~ 

"if 
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"-

If A=5'JHEN 2120 ElSE 2150 
,2120 fOR 8=1 TO N 
M(B)=Y(B) 
NEXT B 
2150 IF A=D THEN 2160 ElSE 2200 
2160 FOR 8=1 TO N 
O(B)=Y(B) 
I=I+Y(B) 
NEXl B 
2200 IF A=D THEN 2210 ELSE 2050· 
2210 F=O( 1) 
E:::M( 1)' 

~ fOR 8=1 10 N 
If' E=O THEN E=1 
If F=O THEN F=1 
IF E>M(B) THEN 2240 ELSt 2250 
2240 E=~tB) 
If E=O THEN E=1 
2250 If f>O(B)-THEN 2260 ELSE 2270 

·2260 F'=O(B) w 

IF F=O THEN F=1 
2270 NEXT B 
fOR B=1 TO N 
IF E=O THEN E=1 
IF F=O THEN F=1 
Q(B)=INT«M(B)/E)+.5) 
S(B)=INT«0(B)/F)+.5) <, 

NEXT B 
IF K=O TH EN K=1 

" l=I/K-
IF ZZ=3 THEN 2341 ELSE 2400 
2341 PRINT, 

' , 
PRINT P; 
IF D<5.THEN 2344 El~E 2343, 
2343 FOR B=1 TO N 
PRINT Q(B}j J 

j 

NEXT B 
2344 FOR B=1 TO N 
PRINT S(B li 
NEXT B 
fOR 6=1 TO N 
If D<5 THEN 2348 
IF fW(B)=Q(B) THEN 2347 ELSE 2J48 ... 
2347 FM=FM+l 
,2348 IF SW(B)=S(B) THEN 2350 ElSE 2352 
2350 srt==SM+ 1 
2352 NF:Xr B "" 
lF D<5 THEN 2356 
IF FM=N THEN MF=MF+l ELSE MF=O 
2356 IF SM=N THEN MS=MS+l ElSE MS=O' 
IF MF>10 OR MS>10 THEM 2372 ELSE 2360 
2360 fOR B=1 TO N 

'< 

.\ 
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FW(B)=Q{B) 
SW(B)=S(B) 
NEXT B 
FM=O' 
SM=O 
GOTO 2010 
2372 Rl=l 
R2=1 
R4=1 
R5=1 r 

R6=1 
R7=1 
MR=P ~ 

o 

2400 PIÙNT #1; IIFOR lHE lIME UNITlliP 
ON R1 GOTO 2420,2500 
2420 PRINT #1; "THE SPRING VECTOR RATIO 15" 
FOR B=1 TD N 
PRINT #li S( B); 
NEXT B 
PRINT #1 
2500 ON R2 GOTO 2510,2600 
2510 PRINT #1; "THE4 SPRING VECTOR VALUES ARE" 
FOR 8=1 TO N 
PRINT #1;0(8); 
NEXT B 
PRINT #1 

o 2600 ON R4 GOTO 2610,2700 
2610 PRINT #1; "THE RATE OF INCREASE 15"; L 
2700 ON R5 GOTO 2710,2800 
2710 PRINT #1 j "THE SUM OF THE SPRING VECTOR lS "; LM • 
2800 IF D<5 THEN 3000 
ON R6 GOTO 2810,2900 
2810 PRINT #1; "THE FALL VECTOR RATIO 1511

• 

FOR 6=1 TO N 
PRINT #li Q(8); 
NEXT 8 
PRINT #1 
2900 ON R7 GOTO 2910, 3000 :'~' , 
2910 PRINT #1; IITHE FALL VECTOR- VALUES ARE"', 
FOR 8=1 TO N = 

PRINT #liM(B) 
NEXT 8 
PRINT #1 
3000 IF P=MR THEN 3050 ELSE 2010 
3050 PRINT "THE RUN 1S COMPLETED, MORE. .•.• "i AS 
INPUT A$ 
3060 IF A$=IIM II THEN 3070 ELSE 3060 
3070 PRINT "00 YOU WANT TO MODIFY lHE MATRICES?II 
GOSUB 10000 
IF J=l THEN 1160 ELSE 3110 
3110 PRINT 1100 YOU WANT TO CHMJGE THE VECTOR?" 
GOSUB 10000 

1" 
1 

t 
j 
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IF J=l THEN 1420 ElSE 3140 
3140 PRINT "DO VOU ~IANT TO WORK WITH NEW MATRICES?" 
GOSUB 10000 ~ 
IF J=l THEN 1000 ELSE 3176~ 
3170 PRINT 
10000 INPUT A$ 
If A$="Y 11 THEN 10020 ELSE 10010 
10010 If AS="N" TH EN 10030 
10020 J=1 
GOTO 10040 
10030 J=2 
10040 PIÜNT 
10050 RETURN 

\ 
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