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EvaluatioD of Septoria .aleopaidi. Weatd. 
as a bioherbicide for heap-aettle 

(Galeop.i. tetrahit L.). 

Hemp-nettle is an important weed in field crops in Canada 

and ia difftcult to control in broadleaf crops such as canola 

(Braasica napus L,). A fungal pathogen, Septoria .8...!leopsidis 

Westd., was isolated from diseased hemp-nett1e plants and its 

potential as a bioherbicide was evaluated. The fungus did not 

sporulate in 1iquid media, but inoculum was produced under near 

ultra-violet 1ight on agar co~taining hemp-nettle extract. Over 

60 % of the pycnidiospores germinated on water agar after 24 

hours, at tempe ratures ranging from 15 to 30 C. Optimum 

temperature for mycelial growth was 24-26 C. The pathogen 

required over 24 hours of dew in order to infect its hosto 

Maximum infection was obtained with 60 hours of dew at 24 C. 

The pathogen reduced plant fresh and dry weight but did not 

kill the plants. Plant weight decreased as inoculum density 

increased within the range 1.0 X 106 to 1.0 X 10 9 spores/m 2 • 

Maximum aboveground biomass reductions were obtained at an 

inoculum density of 1,0 X 10 9 spores/m 2 The pathogen 

infected hemp-nettle plants at the cotyledon, 2-, 4-, 6-, and 

8-true-leaf stages, but reductions in dry weight were observed 

only on seed1ings at the cotyledon stage and on 8-leaf plants. 

New leaves were produced by all diseased p:'ants in aIl 

experiments. 
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Bél~ae CadourJ 

Bvaluatioa du cha.pisaoa Septoria .aleop.idi. Ve.td. 
ea taat que bioherbicide coatre l'ortie rOJale 

(Galeopaia tetrahit L.) 

L'ortie royale est une mauvaise herbe répandue dans les 

grandes cultures au Canada, et la répression de cette mauvaise 

herbe dans les cultures i feuilles larges telles que le colza 

(Br.assica napus L.) est présentement difficile. Un champignon 

pathogène, Septoria llieopsidis Westd., fut isolé de plants 

d'ortie royale malades, et le potentiel de ce pathogëne en tant 

qu'agent de lutte biologique fut évalué. Le champignon n'a pas 

produit de spores dans les milieux de culture liquides, mais 

suffisamment d'inoculum a été produit sur des plats de Pétri 

contenant de l'agar a base d'extrait d'ortie royale irradiés 

avec une lumière de longueur d'onde voisine de l'ultra-violet. 

Plus de 60 % des spores ont germé sur des plats d'agar apr~s 24 

heures d'incubation à des températures de lS à 30 C. La 

température optimale pour la croissance des hyphes était de 21-

26 C. Le pathogene a requis plus de 24 heures en atmosphère 

a a t u r le d' eau pou r i n f e c ter son h 6 te. U n m a x 1 mu m d' 1 n f e c t i ~ n a 

été obtenu après 60 heures en atmosphère saturée d'eau, à 24 C. 

Le pathogène a réduit le poids frais et le poida sec de. plants 

mais ne les a paa tuéa. Une réduction maximale de la biomasse a 

'te obtenue avec une densité d'inoculum de 1.0 X 10 9 spores/m 2 • 
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Le poids sec des plants a diminue a mesuré que la densité 

d'inoculum a augmente entre 1.0 X 106 et 1.0 X 10 9 spores/m2. 

Le pathogène a infecté des plants d'ortie aux stades de 

cotylédons et de deux. quatre. six et huit feuilles, meis une 

réduction du poids sec n'a été observée que chez les plants 

inoculés au stade de cotyledons et au stade de huit feuilles. 

De nouvelles feuilles ont éti produites par tous les plants 

dans toutes les expériences. 
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CBAPTER 1. 

General Introductione 

Hemp-nettle (Galeopsis tetrahit L.) Is a widespread weed 

in Canada, Europe, and Asia (Hanf, 1983; O'Donovan and Sharma, 

1987). Although chemieal herbicides provide adequate control ln 

cereals, the repression of this broadleaf weed in broadleaf 

c r 0 p s S IJ cha s c a n 0 1 a (r a p e s e e d, !!.!!.!...!.!.E.!. .!!.!.~~!.. L • ) 1 s 

difficult. This incites the search for new control methods. One 

of the ways to decrease weed competition is to use 

mycoherbicides, or bioherbicides made with fung! that are 

pathogenic to the target weed. Potential biologieal control 

agents have been evaluated for a large number of weeds, but no 

pathogen has yet been studled for the repression of hemp

nettle. 

Today's growing concern for the degradation of the 

environment has set new challenges to agriculture. Besides the 

fact that bioherbicides May provide an efficient alternative 

control method for aggressive weeds, they also exhlbit other 

desirable characteristics. They do not leave any toxic residues 

in the soil, they are specifie to the target weed and thus do 

not eause any damage to other plants in the habitat, and they 

are harmless to man (Watson and Colette, 1986). 

The pathogens that eause dlsease on plants are not aIl of 

equal potential as bioherbicides (Templeton, 1982a). Their 

potential can be assessed by understanding the disease cycle 
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and the constraints to development of e~iphytotics, and by 

deduction from our knowledge of similar pathogens of economic 

crops (Templeton, 1982a; Walker and Riley, 1982). 

After a review of the literature concerning important 

aspects of the subject, this thesis presents the results of 

investigations performed in order ta 1) find an endogenous 

pathogen attacking hemp-nettle, 2) determine the optimum 

conditions for disease development, and 3) assess the potential 

of this pathogen as a bioherbicide for hemp-nettle. The fungal 

pat ho g e n t h a t w a s fou n dan d i n v est i g a t e dis !~.e.!~.!.!~ 

galeopsidis Westd. The investigations included microscopie and 

macroscopic observations of the fungus, and evaluation of the 

effect of different factors (dew period temperature and 

duration, inoculum density and spray adjuvants, plant age) on 

infection and dlsease severlty on hemp-nettle. 

2 
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Chapter 2. 

Literature reviev. 

2.1 He.p-nettle bioloSY and control. 

2.1.1 Description of he.p-nettle. 

Hemp-nettle (bee nettle, dog nettle, flowering nettle, 

ortie royale) was introduced from Eurasia (Frankton and 

Mulligan. 1970). lt occurs throughout North America and is 

widely distributed in Canada in every province to the northern 

limit of agriculture. lt belongs to the family Labiatae and is 

an annual. reproducing only by seed (Alex and Switzer, 1976). 

Cotyledons are round to oval, each with a distinct notch and 

auricles at the point of attachment with the petiole. First 

true leaves differ little from the following ones (Bouchard et 

al., 1979). Leaves are opposite. light green, ovate to elliptic 

with 5 to 10 large, obtuse teeth on each side (Alex and 

Switzer, 1976). Veins mostly end in notches between the teeth. 

Both leaf surfaces are pubescent. The stem is erect, 30 to 80 

cm high. branched, square, usually swollen at the nodes, and 

covered with rather harsh, straight, long, somewhat downward

pointing haire The root system consists of a tap root with 

branched laterals (O'Donovan and Sharma, 1987). Hemp-nettle i8 

a very variable species with respect to flower colour and size 

and leaf shape (Frankton and Mulligan, 1970). Flowers are in 

dense clusters in the axils of leaves near the ends of stems 

and branches (Alex and Switzer, 1976). The calyx is short, 
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tubular, 10-ribbed, ending in 5 sharp, narrow teeth whlch are 

very spiny when mature. The cor01la ls pinkish to 11ght 

purplish or whitish, often variegated, 12-23 mm long, and 

usually with two yellow spots. There are five united peta1s 

which are irregular, tubular, two-lipped at the end, the upper 

lip two-lobed, lower Iip three-lobed. Each flower produces four 

egg-shaped, somewhat triangular seeds. The species flowers from 

mid-July to mid-August. 

Other Gaieopsis species found in Canada include 

G. ladanum L. , G. ladanum var. litifolia (Roffm.) Wallr., 

G. speciosa Mill., G. tetrahit var. arvensis Schlecht., 

G. tetrahit var. -------- ~!!.!!!..!. (B 0 e n n • ) Lej. & Court., and 

G. tetrahit var. bifida f • .!.!bif!~ Rouse (Scoggan, 1978). 

G. versicolor Curt. can also be found in Quèbec city area 

( Q u ~b e c ) ( Mar 1 e - VIc t 0 r in, 1 9 64 ) • 

Despite its abundance and the stability of its 

characters, hemp-nettle seems to be a tetraploid hybrid, sinee 

it has successfully been produced by crossing two diploid 

species G. pubescens Besser (n-8) and G. speciosa (n-8) 

(Marie-Victorin, 1964). 

Cultivated plants that belong to the family Labiatae 

include oregano (Oreganum spp.), mi nt (Mentha spp.), basil 

(Satureja spp.), thyme (Thymus spp.), sage (.!!.!!.ia spp.), 

lavander (Lavandula spp.), germander (Teucrium spp.) catnip 

( Nep e tac a t a ria L • ), col eus ( ~!~ s pp. ), ber g a mot (M 0 n a r d a 
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spp.). fa 1 se d ragonhead (Physos tegi a spp.). woundwort (Stachys 

spp.), and Many others. No cultivated speciea belonga ta the 

genue Galeopsis (Scoggan, 1978; Polunin, 1969). 

2.1.2 .101017. ecolol7 and reproduction of heap-nettle. 

Hemp-nettle occura in grainfields, seeded pastures, 

gardens, waste areas, along roadsides, and around buildings 

(Alex and Switzer, 1976; Marie-Victorin, 1964). The first peak 

of emergence occurs in early spring, the earlieat recorded date 

being April 8. in Alberta (O'Donovan and Sharma, 1987). Several 

climatic factors, however, determine the time of emergence 

(Ervio, 1981). 

Temperature and photoperiod have limited effect on Most 

aspects of the vegetative growth of hemp-nettle (O'Donovan and 

Sharma, 1987). Law moisture levels, however, reduce it. lt can 

thrive on most agricultural soils in the temperate regions of 

the world but prefers we11-aerated, well-watered, humus soils, 

and cool, damp climate (Hanf, 1983; O'Donovan and Sharma, 

1987). Optimum soil pH range for growth lies between 5 and 6. 

In the Prairie provinces, it is found mostly in fertile soils. 

Ecologieal studies were performed on natural populations 

in Quebee (Lhgere and Deseh~nes, 1982). These studies showed 

that mortality is low for aIl but very high densities (720 and 

1040 plants/m2 ) and individual dry weight production is higher 

for early emerging specimens. Dry weight and number of seeds 

5 



t -
per plant varied inversely with density. More seeds per dry 

weight unit were produced by late emerging individuals, but 

they reached maturity at the same time as early emerging ones 

anli dry weight production per unit area increased constantly 

with time until flowering stage, at aIl density levels. Hemp-

nettle is frequently found in association with Polygonum 

species, stinkweed (Thlaspi arvense L.), chickweed (Stellar1.a 

me dia (L.) Vil 1 • ), s hep h e rd' s - pur s e (~~.!..!~ bu r s a - pas t 0 ris 

(L.) Medic.), Tartarian buckwheat (Fagopyron tataricum (L.), 

G a e r t n • ), 1 a m b ' s - qua rte r s (C h e n 0 p 0 d i u m ~.!.. b u mL. ) , dandellon 

(Taraxacum officinale Weber), Canada thistle (Cirsium arvense 

( L • ) S c 0 p • ) , and w i 1 d 0 a t s ( A !.~ fat u aL. ) ( 0 ' Don 0 van and 

Sharma, 1987). 

Hemp-nettle is self-fertile, mainly autogamous, and does 

not require insect pollination (O'Donovan and Sharma, 1987). At 

day/night temperatures of 23/15 C and a 16 hour photoperiod, lt 

produces an average of 387 seeds per plant. The seeds hecome 

loose when they ripen and they fall off easily from the 

persistent calyx. They are mostly scattered and dispersed by 

wind, water, and farm machinery. 

Hemp-nettle is a quantitative long-day species with 

respect to its flowering response. Low light intensities 

delay the onset and development of flowers and seeds. 

Reproductive growth is also delayed and reduced by 10w 

temperature regimes and low soil moisture. (O'Donovan and 

Sharma,1987). 
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2.1.3 Seed doraancy and seratnation requireaents. 

Hemp-nettle seeds have strong dormancy characteristics 

which play a role in the difficulty and expense of controlling 

it (O'Donovan and Sharma, 1987). Seeds of Galeopsis tetrahit 

germinate poorly due to dormancy and low fertility (Andersen, 

1968; Pawlowski et al., 1968). The optimum tempe rature for 

germination is 13 C, no germination occur at 25 C or above, and 

alternating temperatures of 5 to 15 C are more favorable than 

the optimum constant temperature (Andersen, 1968). Removal of 

the seed coat and endosperm, as weIl as treatment with aqueous 

solutions of the potassium salt of gibberellic acid stimulated 

germination of dormant lines (O'Donovan and Sharma, 1987; 

Corns, 1960). Increasing depth of burial increases the 

longevity of seeds of G. tetrahit and they retain viability 

better in soil than when they are stored in dry conditions 

(Hopp, 1957). 

2.1.4 !conoaic laportance. 

Hemp-nettle i8 listed under "Other weeds" in the Canada 

Seeds Act and has been designated as a "nuisance weed" in 

Alberta (D'Donovan and Sharma, 1987). Populations of hemp-

nettle have increased in Alberta and Saskatchewan from 1948 to 

1977 (Anonymous, 1979). They reduce yields of several crops, 

including wheat (Triticum spp.), canola (Brassica napus L.), 

o a t s ( !!.~ s a t i vaL. ) , and a l f a l f a ( !!. e d i c a g 0 s a t i vaL. ) 

(D'Donovan and Sharma, 1987). Hemp-nettle competes with these 
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crops for moisture, nutrients, and light, with the highest 

recorded yield reduction of 85% in alfalfa. In oats and 

alfalfa, the time of onset of hemp-nettle competition occurs 

between the second and fourth week after seeding. Hemp-nettle 

i8 more competitive than quackgrass (Agropyron repens L.) but 

less than wild oats (Avena fatua L.). 

The seeds of this weed are a serious contaminant of sma Il 

grains and are difficult to clean from the crop seed (O'Donovan 

and Sharma, 1987; Kohout and Zimova, 1970). Hemp-nett1e plant 

extracts also contain poisonous compounds (O'Donovan and 

Sharma, 1987). 

Galeopsis tetrahit is a symptomless host for some 

crop pathogens, including Phoma exigua Desm., the tobacco 

rattle virus, and several nematodes including Ditylenchus 

dipsaci (Kühn 1837) Filipjev 1936, and Heterodera species 

(O'Donovan and Sharma, 1987; Kaczmarek, 1985). 

2.1.5 ConYen~ion.1 control of heap-nettle. 

Cultural practices that have efficiently reduced hemp

nettle populations include delaying seeding and well-timed 

tillage prior to seeding, summer fallowlng, the use of 

competitive cereal crops in the rotation, zero-tillage, and 

improved fertilization (Nakoneshny and Friesen, 1961; O'Donovan 

and Sharma, 1987). 
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Chemical control i8 wide1y used. The herbicide 2-methyl-

4-chlorophenoxyacetic acid (MCPA) dnd a number of newly 

register~d herbicides are available for the control of this 

weed in cereal crops (table 2.1)(O'Donovan and Sharma, 1987). 

However, chemical control of this broadleaf weed in broadleaf 

crops su ch as canola and soybean is presently not available. 

The hormone herbicide (2,4-dichlorophenoxy) acetic acid 

(2,4-0) does not control hemp-nettle but there is no clear 

evidence that hemp-nettle resistance has developed over time 

(Hay, 1968; O'Oonovan and Sharma, 1987). Selection for 

resistance between species rather than within species is more 

likely to have occurred as a result of the use of herbicides, 

which cou1d have contributed to the general observation that 

hemp-nettle is more abundant now than 40 years ago, when 2,4-0 

first became commercially available. Hemp-nettle is probably 

favored by selective removal of susceptible species. In 

addition, natural selection and other changes in farm practices 

that could have made the environment more conducive to the 

success of this species have probably played a role in this 

situation. 

2.2 Biolosical cODtrol. 

2.2.1 Biolosical control of veeda - theory. 

Extensive reviews of theory and practices of biological 

weed control have been written (Shroeder, 1983; Templeton, 

9 



Table 2.1 Postemergence herbicides registered for control of 
hemp-nettle in cereals (partly reproduced from 
O'Donovan and Sharma, 1987). 

Herbicide 

Bromoxynil/MCPA (1:1)1 
Chlorsulfuron 
Cyanazine/MCPA-K (1:2)1 
Dicamba/MCPA-K (1:4) 
Fluroxypyr 
Linuron + MCPA amine (1:2)1 
MCPA 
MCPA/Mecoprop/Dicamba (6:15:1.5) 
MCPB/MCPA (15:1) 
Metribuzin 
Metribuzin + MCPA 
Metribuzln + Dicamba 
Metsulfuron methyl 

kg/ha 

0.60 
0.01 
0.85 
0.50 
0.15-0.20 
0.85 
0.55-0.85 
0.45-0.60 
0.45-0.68 
0.20-0.30 
0.20+0.40 
0.20+0.01 
0.004 

1Herbicides registered for flax (Glycine max L.) as weIl. 
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1982b; Wilson, 1969; Wilson, 1964; Huffaker, 1959; Huffaker, 

1957). Biologieal control of weeds is defined as "the 

deliberate use of natural enemies to suppress or control weeds" 

(Watson and Colette, 1986). Several types of organisms can be 

used as biologieal control agents: baeteria, fungi, nematodes, 

viruses, inseets, and herbivores of ail kinds. 

Biologieal weed control with insects is weil doeumented, 

and numerous examples of sueeessfui attempts exist, sueh as the 

famous introduction of the larvae of the math Caetoblastis 

caetorum Berg. in Australia, in 1925, ta repress speeies of 

Opuntia cactus (Templeton, 1982b). Substantially fewer attempts 

to control weeds with agents other than insects have been made, 

but in the past 10 ta 15 years, numerous plant pathogens, 

especially fungi, have been evaluated as agents for weed 

control. Certain biologieal attributes and technologieal 

advantages of fungi over other pathogens, as weil as the faet 

that most plant diseases are caused by fungi, are responsible 

for the dominance of fungi in biologieal control programs. 

When fungal pathogens are used as biocontrol agents, 

either the classical or the inundative strategy ean be 

identified (Templeton, 1982b). In the classical (or 

inoculative) strategy, the fungus is simply introduced or 

released into a weed populatio'l where it did not exist before 

ta establish an epiphytotic and no further manipulations are 

made. The introduction of Puccinia chondrillina Bubak. & Syd. 

into Australia from Europe ta control skeleton weed 

Il 
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release, pathogens introduced in regions where they do not 

naturally occur must be studied in a specialized containment or 

quarantine facility ia order to eliminate any danger of 

unplanned escapes (Watson and Sackston, 1985). Two quarantines 

in the United States (at Frederick, Maryland, and ut 

Gainesville, Florida) and one in C'lnada (at Macdonald College, 

Ste - A n n e - de - Bel lev u e , Q u l:!b e c) are a p pro v e d for the con t a i n men t 

of foreign plant pathogens for study as blological control 

agents for weeds. 

In the inundative (or mycoherbicide) strategy, large 

quantities of fungal spores are applied similar to chemical 

herbicide application, to infect and kill susceptible weeds 

present in fields and groves (Templeton, 1982b). Two examples 

of this type of use are the commercialized 

Devine ® and Collego ® (TeBeest and Templeton, 

mycoherbicides 

1985). Devine ® 

Is a formulation of Phytophtora ~!mi~ora (Butler) Butler, 

registered in 1981 for the control of strangler (milkweed) vine 

(Morrenia odorata Lindl.) in Florida citrus groves. Collego ® 

i8 a formulation of Colletotrichum ,&.loeosporioides (Penz.) 

Sace. f.sp. aeschynomene, registered in 1982 for the control of 

northern jointvetch (Aeschynomene virginica (L.) B.S.P.) in 

rice and soybean fields. 

When the inundative strategy is used, several steps must 

be followed, including production of spores in large 

quantities, formulation of the mycoherbicide, assessment of the 
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fungus resistance to environmental factors (Watson and Colette, 

1986). Also, the host weed as well as the pathogen must possess 

certain characteristics. The weed must be an important weed, 

and must be found in an important crop. lt must be difficult to 

control by any other method, and must be attacked by some 

pathogens. The pathogen must be easy to culture, host specifie, 

efficient, genetically stable, tolerant to a wide range of 

environmenta1 conditions, and lt must produce large quantities 

of spores. 

2.2.2 Biolo81cal control of heap-nettle. 

Although hemp-nettle is a good candidate for biological 

control, no programs have been developed to evaluate potential 

biological control agents for this plant. Galeopsis tetrahit is 

the only host of the beetle Dl~~~~z~~ f~~~~~~~ Motsch. 

(Coleoptera: Chrysomelidae). Larvae of the small rivulet moth 

(Perizoma alchemillata L., Lepidoptera: Geometridae), which is 

widely distributed in Newfoundland, feed on the leaves of the 

weed and May provide limited natural control (Morris and 

BoIte, 1977). The nematodes Ditylenchus dipsaci and Heterodera 

i~!.~~.P.!..!.~!~ Go f far t 1936 h a ve b e e n fou n d gr 0 win gin 

association wit~ hemp-nettle, the latter pathogen causing 

severe stunting of the plant (O'Donovan and Sharma, 1987). 

Fung! found in association with hemp-nettle in North 

America include Erysiphe galeopsidis De., Septoria galeopsidis 

Westd., Phoma exigua var. foveata Desm., and !.!!.z.llosticta 

13 



decidua EII. & Kellerm. (O'Donovan and Sharma, 1987; Seymour, 

1929). 

2.3 Tazonoay and de.cription of Septoria laleopaidi. Weatd. 

2.3.1 Introduction. 

One of the fungi found in association with hemp-nettle, 

Septoria .l..!.leopsidis West., and the disea8e that it causes on 

hemp-nettle are the objects of the present study. The potential 

of this pathogen as a biological control agent has never been 

investigated before. This section i8 devoted to the taxonomy 

and description of the genus Septoria and the species Septoria 

galeopsidis Westd. 

2.3.2 Classification and cbaracteristJc8 of tbe lenus Septoria. 

The genus Septoria contains more than 2000 described taxa 

(Sutton, 1980). The genus i8 heterogeneous, however, and still 

requires considerable revision. The species in that genus 

are classified by Sutton in the group Coe1omycetes, whlch are 

the Fungi lmperfecti that produce pycnidia, acervu1i, and 

stromata. 

Septoria species produce immersed, branched, septate, and 

pale brown Mycelium, and immersed, separate or aggregated, 

globose, brown, thin-walled pycnidia, with a single, clrcu1ar 

ostiole (pore by which spores are freed). Conldiophores are 
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absent. Conidia (pycnidiospores) are fi1iform (thread-shaped), 

with many septa or guttu1es, hyaline, smooth, continuous or 

restricted at the septa (Sutton, 1980; JtSrstad, 1967; Saccardo, 

1882-1931). 

2.3.3 Species of Septoria as causal alents of disesses OD 
plaDta of econo.ic 1.portance. 

The genus Septoria occurs throughout the world. lt 

incites diseases on numerous crops, causing mainly leaf spots 

and blights (Agrios, 1978). Septoria glume blotch of wheat 

(caused by Septoria nodorum (Berk.) Berk. - perfect state: 

Leptosphaeria nodorum Müller) and Septoria leaf blotch of wheat 

(caused by Septoria tritici Rob. ex. Desm. - perfect state : 

Mycosphaerella graminicola [Fucke1] Schroeter) are major wheat 

diseases in several areas of the world, causing serious yield 

reductions (Eya1,1981). In the United States, the percent 10ss 

may reach 30-50% in a severe eplphytotic, for susceptible wheat 

cultivars with the resulting grain shrivel1ed and unfit for 

mi11ing (Danon et al., 1982). Other common and serious diseases 

caused by Septoria species include 1eaf b10tch and glume blotch 

of other cerea1s and grasses, leaf spots of celery (Septoria 

apii-graveolentis Dorogin), beet, carrot, cucurbits, lettuce, 

tomato (Septoria lycopersici (Speg.) Sacc.), soybean, bramble, 

aster, azalea, carnation (on which they cause a corm rot), 

chrysanthemum, marigold, and many others (Agrios, 1978). 
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2.3.4 Speciea of Septoria aaaociated vith plaDt. iD tbe 

aeDua Galeop.la aDd tbe fa.il, Labiatae. 

On1y two Galeopsis species , ~ speciosa and ~ tetrahit 

are reported as hosts of Septoria i.!.leopsidis. No other 

Galeopsis species is reported to be found in association with a 

Septorla pathogen. Septoria species have been found on severa1 

other members of the family Labiatae, however, including mint 

(.!!.. menthicola Sacco & Let.), catnip (.!!.. nepetae Ell. & Ev.), 

wou n d w 0 r t ( ~ ~!..!.~ h I.~.!.~ Rob. e x 0 e sm. ), and man y 0 the r s 

(Seymour, 1929; J;rstad, 1967). 

2.3.5 Speclea of Septoria aa poteDtial cODtrol aseDt. for otber 
veeda. 

A few studies have been conducted on the potential of 

Septoria spp. as biocontr01 agents for weeds. A leaf spot 

disease was found on the widespread weed Chromolaena odorata 

(L.) Kr. (Russo, 1985). Necrotic spots with red margins were 

observed on leaves of flowering plants. The spots coalesced 

over time and covered the entire leaf surface, and Septoria sp. 

was isolated from the spots. Healthy plants were inoculated 

with spores (about 104/ ml) and mycelial fragments from cultures 

of the isolated Septoria sp. and incubated in plastic bags. 

Five to eight days after inoculation, necrotic areas similar to 

those originally observed developed on the oldest leaves. The 

fungus seemed to attack on1y senescing tissue. Naturally 

infected plants usually were not killed, and resprouting 

occurred. 
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Smith and Self (1984) assessed the pathogenicity of 

Septoria polygonorum Desm. on Pennsylvania smartweed (Polygonum 

pennsylvanicum L.). Inoculum was produced in shake cultures of 

modified V-8 medium within 5 days. Conidia and mycelia1 

fragments caused leaf spots on older, but not younger, leaves. 

No stem lesions developed. Wetting periods exceeding 36 hours 

were necessary for infection to occur. Field infections and 

greenhouse infections were established but local epiphytotic 

did not develop. 

Both of the above studies were not exhaustive and 

conclusions concerning the suitability of these Septoria 

species for development of a bioherbicide cannot be drawn. 

2.3.6 TazoDoa, of Septoria aaleop.ld18 Ve8td. 

Septoria ~leopsidis seems to accompany its widespread 

host Galeopsis tetrahit everywhere (J;rstad, 1967). The leaf 

spots produced by the pathogen are hypophyllous, greenish or 

brown, usually with a paler center and a dark border zone, 

irregu1ar and angu1ar, bounded by the veins. Pycrddia are 

scattered, brown, punctiform, thin-walled. epiphyllous on the 

lesions and up to 80 pm in diameter. Pycnidia produce 

c~lindrical spores which are straight, flexuous, or curved, 

with up to three mostly indistinct sept a (J,srstad, 1967; Grove, 

1935). Conidial size for G. tetrahit has been reported as 28-60 

X 1-2 pm (J;rstad, 1967) and 30-40 X 1-1.5 pm (Grove, 1935; 

Saccardo, 1882-1931). On G. speciosa conidia have been reported 

17 



to range in size from 29-46 X 1-1.5 Jlm (J_rstad, 1967). 

Septoria cotylea Pat. & Har., a form of ~ galeopsidis is 

sa id to occur on the cotyledons, but does not seem to differ 

from the typical forme Rhabdospora &.!.leopsidis seems to 

represent the winter form of .!!.. i..!.leopsidis (J_rstad, 1967). 

Ascochyta galeopsidls can be found ln association with Septoria 

species, on the same spots (Grave, 1935). 
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Chapter 3. 

Studiea of the pathogen. 

3.1 Introduction. 

On June lst, 1986, diseased hemp-nettle plants were found 

next to a barn located near Montebello (Quèbec). The leaves 

were covered with dark, more or less circular, coalescing 

spots. Diseased plant material was brought to the laboratory 

for pathogen isolation, observation, identification, and 

studies of the ecology of the pathogen. 

3.2 Isolation, observation and identifieation of the patho.en. 

3.2.1 Isolation. 

Diseased plant leaves were surface disinfested by placing 

them in 70% (v/v) ethanol for 30 seconds followed by 2% (v/v) 

sodium hypochlorite for 15 seconds, and finally rinsing them in 

sterile distilled water. Surface disinfested leaves were then 

cut into smaller pieces (0.5 X 0.5 cm), plated on potato 

dextrose agar (PDA) in Petri dishes, and incubated at 24 C for 

one week. Black, dense fungal mycellum grew out from these 

tissue pieces, and subcultures were made by transferring hyphal 

tips to PDA plates. A small quantity of spores exuded from 

pycnidia produced on these subcultures after three weeks. 

Single spore isolates were obtained from these cultures by 

streaking a needle bearing spores on a PDA plate. Stock 
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cultures on PDA slants were covered with mineraI oil and stored 

in a refrigerator. 

3.2.2 ~oeb'8 po.tul.tes. 

The following steps, referred to as Koch's Postulates 

(Agrios, 1978), were taken to verify the hypothesis that the 

isolated organislll was the causal agent of the disease: 1) the 

fungus was found associated with the disease in aIl the 

diseased plants elfamined; 2) the fungus was isolated and grown 

in pure culture on PDA (see section 3.2.1 above); 3) healthy 

hemp-nettle plants were inoculated with spores of the fungus 

grown in pure culture, and the same symptoms appeared on the 

plants; and 4) the fungus was reisolated in pure culture and 

colonies had the same visual characteristics as the original 

colonies. These observations demonstrated that the isolated 

fungus was the causal agent of the disease. 

3.2.3 Microscopie obeervatioas. 

Fruiting bodies and spores produced by the fungus were 

observed under the microscope (100X and 400X) for 

identification. Conidia were produced in pycnidia and emerged 

from the ostiole in a gel-like substance, or matrix. They were 

filiform, several-celled, and hyaline. Seventy-five 

pycnidlospores mounted ln dlstilled water were measured using a 

microscope at 400X and a micrometer. 
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3.2.4 Identification. 

Characteristics of the fungus (shape, appearance, and 

size of conidia, and type of structure in which conidia are 

produced) corresponded to the description of the genus Septoria 

(Sutton, 1980). Septoria .l!.leopsidis Westd. was reported as a 

pathogen of Galeopsis tetrahit (Seymour 1929; J,rstad, 1967). 

Descriptions and dimensions of the fungus as reported by 

several authors (J,rstad, 1967; Grove, 1935; Saccardo, 1882-

1931) were slmilar to those observed here (table 3.2.1). 

Cultures of the fungus were sent to the Commonwealth 

Mycological Institute (Identification Services, Kew, Richmond, 

Surrey, TW9 3AF U.K.), and the identification of the fungus as 

~ ~leop8idis Westd. was conflrmed by Dr. E. Punithalingam. 

A hemp-nettle specimen bearing spots caused by a fungus 

identified as Septoria .l!.leopsidis Westd. from the McGill 

University Herbarium was examined. lt had been collected in 

Nova Scotia in 1909. The lesions had the same appearance as the 

ones that were observed on the diseased specimen found in 

Montebello area. Small pieces of diseased plant material from 

the specimen were immersed in water, and rehydrated spores were 

measured (table 3.2.1). These measurements were similar to 

those for the pathogen under investigation. 
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Table 3.2.1 Me as ure men t S 0 f !!.1?.!.~!!!. i.!.!!.~1?..!!~!.! 

Origln or 
reference 

S acea rdo, 
1882-1931 

JtSrstad, 1967 

Montebello 

pycnidiospores. 

No of spores 
measured 

75 

MeGill University 25 
Herbarium 
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range (fm) mean (pm) 

1.0-1.5 X 30.0-40.0 

1.0-2.0 X 28.0-60.0 

1.0-2.5 X 27.5-55.0 1.8 X 38.0 

1.0-2.0 X 27.5-55.0 1 • 3 X 40.2 
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3.3 Ecolo" of tbe p.tho.en. 

3.3.1 Introduction. 

Optimum conditions for growth, sporulation. and spore 

germination of a fungus must be determined before studies on 

development and severity of the disease caused by the fungus on 

a plant are conducted. Information gathered through these 

investigations on the pathogen separate from its host give 

valuable indications about optimum conditions for disease 

development. It also allows the assessment of the limitations 

of the pathogen, which Is critlcal in the evaluation of a 

pathogen as a potential bioherbicide for a weed. 

Septoria i..!.leopsidis was first studied separately from 

its hosto Different growth media and incubation conditions 

were tested for maximum spore production. The effects of 

incubation temperature and medium composition on radial growth. 

and the effect of temperature on percent spore germination were 

also investigated. 

3.3.2. Optiaua conditions for .pore production. 

One of the essential criteria for successful use of plant 

pathogens as biological herbicides is the development of 

methods to produce abundant and viable inoculum (Walker and 

Riley, 1982). The production of spores often requires more 

specific conditions than does vegetative growth (Deacon. 1980). 
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A fungua lIay grow under certain conditions and yet be unable to 

cOllplete lta life cycle. Several factors were evaluated for 

their effect on sporulation of !.:. .i!.leopsidis. These factors 

included mediull composition and texture, type of inoculum, 

light qua1ity, and temperature. 

3.3.2.1 Kateriale aad .ethod •• 

Five 1iquid and 15 agar media were prepared according to 

the recipes given in appendix A. One hundred ml of each liquld 

medium in 250-m1 Er1enmeyer f1asks were autoc1aved 17 minutes. 

Agar media were autoclaved and poured into sterile plastic 9-cm 

Petri plates. A third type of medium consisted of bo11ed 

aoybean (Glycine ~ L.) seeds, barley (Hordeum vulgare L.) 

seeds, or stems of approximately two month-old hemp-nett le 

plantsthat were put into 250- or 125-ml Erlenmeyer flasks and 

autoclaved 30 minutes. Liquid, agar, seed, and stem media were 

aeeded with either spores (approximate1y 1.0 X 10 4 to 5.0 X 10 5 

apores/ml) produced on PDA, PDA plugs (6 mm in diametet') 

beariag mycelium, or sma11 pleces of mycelium (1 X Imm) from 

colonies grown on PDA. F1asks containing inoculated liquld 

media were placed on a rotary shaker at 250 rpm for three weeks 

and observed at week1y interva1s. 

The effect of 1ight qua1ity on spore production was 

aaaessed by providing four-day-01d pieces of mycelium growing 

on water agar containing hemp-nettle plant parts (HPA) with 

either artificia1 11ght from fluorescent and incandescent 
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bulbs (14-hour photoperiod, 250 uE/m 2 /s) in a growth cabinet, 

continuous near ultra-violet (NUV) light (366 nm) in a cubbard, 

or no light, in an incubator. Temperature was approximately 24 

C, and plates were incubated for three weeks and observed at 

weekly intervals. 

The effect of tempe rature was tested by placing 

water agar (WA), Czapek's dox agar (CDA), hemp-nettle plant 

parts agar (HPA), lima bean agar (LBA), nutrient agar (NA), and 

violet red bile agar (VRBA) plates inoculated with pieces of 

mycelium in differeht incubators at 5,15,25, and 30 C in the 

dark to evaluate the effect of temperat ~e on spore production. 

These investigations were not ~onducted with the intent 

of performing statistical analyses afterwards, but were rather 

a series of preliminary manipulations made in order to disco ver 

a way of producing sufficient quantities of inoculum for 

subsequent investigations. Treatments were therefore not 

replicated, and sporulation was visually assessed. 

3.3.2.2 Results _ad dl.eussloa. 

Results from these investigations are summarized in table 

3.3.1. Septoria ~leopsidi8 did not sporulate in any liquid 

medium tested. Septoria spp. generally sporulate weIl on agar 

media (Cooke and Jones, 1970), but only a few species are 

reported to sporulate in liquid media. ~ ~lygonorum, for 

example, was reported to sporulate in shake cultures of V-8 
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Table 3.3.1 Visual evaluation of pycnidiospore production by 
Septoria galeopsidis as influenced by medium and 
incubation conditions. 

Medium 

Liquid media 

Beef peptone broth 

Hemp-nettle extract 

Potato dextrose broth 

Richard's modified 
solution 

Richard's modified 
solution with 1eaves 

Agar media 

Inoculuro 1 

m 

m 

m 

p 

m 

p 

m 

Bacto-agar (water agar) m 

Bacto-mycological m 

Bacto-yeast agar m 

Czapek's dox m 

Czapek's dox-V-8 m 
p 

Hemp-ne t t le extract m 
agar P 

Hemp-nettle plant m 
parts agar 

26 

Incubation 
conditions 

Sporulation 2 

room temp.~ daylight 

room te mp. ~ day1ight 
room te mp •• NUV light 

room temp •• day1ight 
room temp •• NUV 1ight 
room tempo , daylight 

room temp., daylight 
room tempo , NU\' light 
room temp., daylight 

room temp •• daylight 

15 C, darkness, 
25 C, darkness, 
31 C, darkness, 

~oom temp •• NUV light 

room t emp. , NUV light 

15 C, darkness 
25 C, darkness 
31 C, darkness 

room temp., NUV light 
room t emp. , NUV light • 
room t emp. , NUV light • 
room temp., NUV 11ght •••• 
16 C, NUV light 

5 C, darkneS8 
1.5 C, darkness 
25 C, darknes8 
31 C, darknes8 
room temp., NUV light .* 
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Table 3.3.1 Continued. 

Medium Inoculum1 Incubation Sporulation 2 

Hemp-nettle extract 
with PDA 

Lima bean agar 

HaIt extract 

HaIt extract and yeast 

Nutrlent 

Potato dextrose 

s. nodorum sporulatlon 

Violet red bile 

Otber media 

Barley seeds 

Hemp-nettle stems 

Soybean seeds 

mycellum plugs 
pycnidiospores 

conditions 

24/18 C, artificlal light * 
15/10 C, artificial light * 

p room temp., NUV light 

p 

m 

p 

p 

m 

m 

m 
m 
p 

p 

m 

m 
p 
p 

p 

m 
p 
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roos temp., NUV light 

15 C, darkness 
25 C, darkness 
31 C, darkness 
room temp., NUV light 

room temp., NUV light 

room temp., NUV light 

15 C, darkness 
25 C, darknes8 
31 C, darkness 

room temp., NUV light 
room temp., darkness 
room temp., NUV llght 

room temp., NUV llght 

15 C, darkness 
25 C, darkness 
31 C, darkness 

room temp., dayllght 
room temp., daylight 
room temp., NUV llght 

room temp., dayllght 

room temp., dayllght 
room temp., daylight 

2_ 

* 
no sporulatlon 
trace sporulation 
good sporulation 

**** 

* 

*** 

*** 

** *** 
**** 

very good sporulation 
excellent sporulation 
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media (Smith and Self, 1984). Although biologically feasible, 

mass production of organisms that require solid substrates 18 

not favored by the equipment and technology that are presently 

available in the industry (Bowers, 1982; Kenney and Couch, 

1981). Spore production would therefore be more complex and 

costly for a fungus sporu1ating only on solid substrates. For 

these reasons, sporulation in submerged liquid culture mlght be 

an essential requirement for a fungus to be commerciallzed as a 

mycoherbicide. 

A small number of solid media were suitable for spore 

production. The fungus sporulated weIl on water agar containing 

plant parts (HPA) when pleces of myce1Ium were used as 

Inoculum. Transferring the hyphae direct1y to pleces of plant 

materiai emerging from the agar favored sporuiation. Sutton 

(1980) mentioned the beneficiai effect of Incorporat!ng 

sterilized natural materiais such as wheat straw or macerated 

1eaves and lupin stems into the basic agar med1.um. Some fungal 

species sporulated better on the plant materlal than on the 

agar itseif. 

Agar media containing concentrated hemp-nettle extract 

(REA) with or without potato extract and dextrose vere the best 

media for sporulation when a spore suspension was used as 

inoculum. Inoculum densities of approxlmately 1.0 X 10 5 

spores/ml produced hlgh quantities of spores per plate. 

Although the two wheat pathogens ~ trltici and S. nodorum 

were reported as produclng large numbers of spores on Czapek's 
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dox-V-8 agar (CDVA), on1y a very small quantity of inoculum 

was produced on that medium by S. galeops~dis (Cooke and Jones, 

1970). The only other medium on which spores were produced, 

although in a very small quantity, was PDA. On REA, spores of 

~ ~leopsidis were extruded from pycnidia as drop lets or 

tendri1s (cirrhi), similar to S. nodorum spores on wheat 

leaves (Griffiths and Peverett, 1980). These droplets and 

cirrhi are observed in figure 3.2.1 A and B, respectively. 

Figure 3.2.1 C shows an enlarged pycnidium releasing spores in 

water. 

Abundant sporulation was obtained on boiled soybean and 

barley seed, when the inoculum consisted of a suspension of 5.0 

X 105 spores/ml, but no sporu1ation was obtained when the seeds 

were inoculated with mycelium plugs. These results, however, 

were observed only once, and failure to obtain sporu1ation in 

subsequent trials was attributed to contamination, changes in 

temperature, and/or not viable inoculum. 

Very little sporulation occurred in darkness. As in the 

case of S. tritici and !:.. nodorum, NUV light (366 nm) was most 

effective to induce sporulation from plates inoculated with 

either mycelium or spores (Cooke and Jones, 1970). Smaller, but 

substantial quantities of pycnidlospores were produced in 

artificia1 light, but the accompanying condensation promoted 

contamination. The success of artificlal ligt.t tubes in 

inducing sporulation probably largely depended upon the small 

but signiflcant amount of NUV radiation emitted from them 
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Spore production by Septoria galeoplidil. 

A) Spores extruded in drop lets from pycnid1a 

on hemp-nettle extract agar. 

B) Spores extruded in tendr11s (c1rrh1) from 

pycn1d1a on hemp-nettle extract agar. 

C) Pycn1dium releasing spores 1n water • 

........ 
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(Cooke and Jones, 1970). The stimulatory effect of NUV 11ght on 

sporulation is recognized, and Sutton (1980) stated that fungal 

cu 1 tu r es su bm i t te d t 0 12 h NU V li g h tir rad i a t ion / 12 h da r k in 

plastic Petri dishes were more likely to sporulate than when 

incubated in other conditions. Visible light has two major 

effects on reproduction (Deacon, 1980), it often Induces the 

formation of sexual and asexual reproductive structures, and it 

orients these structures during spore dispersal. NUV l1ght 1s 

Most effective for these functions, and a sporogenic substanr-

(called P310) occurs in hyphae soon after their irradiation 

(Deacon, 1980). This substance mlght have been produced by 

Septoria galeopsidis cultures that were irradiated with either 

artifieial Iight and NUV light, sinee greater quantlties of 

spores were produced than in darkness. 

Temperature had no effect on sporulation in darkness. 

Cool temperatures did not induce sporulation by ~ galeopsidis. 

These preliminary investigations led to the development 

of a standard procedure for spore production. The Most 

efficient way to produce spores for further experimentation was 

to transfer pieces of mycelium on or near hemp-nettle plant 

material in water agar, incuba te these cultures for four days 

in darkness to allow the fungus to grow, and then place the 

cultures under NUV light at room tempe rature (21-24 C). The 

smaii quantltles of conldia thus produced were then coilected 

with a sterile syringe and expelled dropwlse on HEA plates. 

- These cultures were Incubated at room temperature under 

32 



( 

continuous NUV light for production of inoculum used in 

experlments. 

Septoria ~leopsldis exhibited cultural variabl1ity as 

differences in colony appearance were often observed throughout 

the ses tu die s • 1 n a s tu d yon !.:.. .!.!.!.!!..!.!. Fra n k. cul tu raI 

varlability was observed and was belleved to be due to a 

process of continuous mutations and subsequent vegetative 

association of different nuclear types with1n a heterocaryotic 

system (Hooker, 1957). Spore production on Most suitable media 

by Septoria galeopsldis was a1so variable even when aIl other 

factors were unchanged. 

3.3.3 Ixperi.ent 1. Iffect of inc:ubatioD te.perature and 
.ediu. co.position OD radial Irovtb. 

When a fungus is grown on a solid medium the hyphae grow 

in a radial fashion from the inoculum and the resultant colony 

usually has a circular outline (Robinson, 1978). Hyphae extend 

at a rate which is normally constant for a given set of 

conditions, and radial growth is thus one of the parameters 

that are used in assessing the suitability of a certain 

environment to susta1n the growth of a fungus. This experiment 

was performed to determine the effect of temperature and medium 

composition on radial growth of Septoria &!.leopsidis 

3.3.3.1 Materials and .ethods. 

Twelve agar media (beef peptone (BPA), Czapek's dox 

33 



(CDA), Czapek's dox-V-8 (CDVA), hemp-nettle plant parts (HPA), 

~ lima bean (LBA), malt extract (MEA), malt extract and yeast , -
(MEYA), nutrient (NA), potato dextrose (PDA), violet red bile 

(VRBA), water (WA), yeast extract (YEA» and four temperatures 

(14, 21, 26 and 31 C) were assessed for their effects on radial 

growt~. The media were poured into sterile plastic Petri plates 

using an automatic pipeter 17 ml/plate. Plates of each medium 

w e r e s e e d e d w i t h a 4- mm - dia met e r P D Apl u g f rom a sin g 1 e s p 0 r e 

culture that had grown for three days in the dark at 24 C. 

Plates were placed in incubators at the different temperdtures 

and colony diameter was measured after 28 days. Each treatment 

was replicated three times. Data were analyzed using the 

general linear models procedure. 

3.3.3.2 Reaulta and discu.sion. 

Septoria a!leopsidis is a slow-growing fungus and the 

margins of the colonies did not reach the edges of the PetrI 

plates in any instance. The relationship between colony 

diameter and incubation tempe rature on each medium Is presented 

in figures 3.3.1, 3.3.2, and 3.3.3. Means of colony dlameter at 

each temperature for each medium are given ln table B.l, ln 

appendix E. The analysis of variance demonstrated that both 

temperature and medium composition had an effect on colony 

growth, and there was an interaction between the two factors 

(table E.2). 

Regression analyses were performed on colony diameter 

34 



(. 

( 

50 

40 

,... 
E 
E 
'-' 

30 
~ 

" JJ 
Il 

E 
0 

!Q 

~ 20 
a 
ë5 
() 

10 

14 16 la 20 2.2 2.4 2.6 2.B 

temper'ature (C) 

Legend: Agar media 

o Beef peptone 
+ Czapeck Dax 
<> Malt Extract 
~ Yeast Extract 

Y.-37.66 +4.78*T- 0.11*T2 
Y • -23.55 + 3.14*T - 0.07*T2 
y • -23.36 + 2.95*T - 0.07*T2 
Y • -25.56 + 3.62*T - 0.09*T2 

y • Estimate of colony diameter (mm) 
T • Temperature (C) 

JO 

Plaure 3.3.1 The effect of incubation temperature on colony 
dlameter of Septorla galeopsidis on different 
agar media. 
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Legend: Agar media 

o Violet Red BIle 
+ Nutrient 

22 24 28 21 

y • 271.07 - 41.50*T + 2.09*T2 - 0.03*T3 
o MaltExtract and Yeast 

y • -51.48 + 6.18*T - O.14*T2 
A Water 

y • -44.75 + 5.56*T - O.13*T2 

y • Estimate of colony diameter (mm) 
T • Temperature (C) 

JO 

rtlure 3.3.2 The effect of Incubation temperature on colony 
diameter of Septoria galeopsldis on dlfferent 
agar media. 
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Legend: Agar media 

o Czapeck Dox-V-8 
y. 578.86 - 90.50*T +4.59*T2 - 0.07*T3 

+ Hemp-nettle Plant parts 
y • -110.73 + 13.54*T + 0.32*T2 

o Lima Bean 
y • - 86.17 +9.47*1 - 0.19*T2 

~ Potato Dextrose 
y. 501.77 - 77.68*T + 3.87*T2 -0.06*T3 

y • Estimate of colony diameter (mm) 
T • Temperature (C) 

JO 

Pilure 3.3.3 The effect of incubation temperature on colony 
diameter of Septor1a galeopsid1s ou different 
agar media. 
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data for each medium separately (table E.3). On most growth 

media, colony diameter had a curvilinear relationship with 

incubation temperature, with largest diameters occurrlng 

at temperatures of 21 or 26 C. A cubic relatlonship between 

radial growth and incubation temperature was observed on CDVA, 

PDA and NA. A quadratic relationshlp was observed on BPA, COA, 

MEA, YEA, LBA, HPA, MEYA, and WA. Mycelium growth on VRBA was 

not affected by temperature. 

Colony growth was greater on CDV, HPA, LBA, and PDA. 

Colony morphology differed greatly from one medium to the 

other. A thin, loose, immersed mycelium was produced on HPA and 

WA, while mycelium growing on PDA and CDV was very dense, and 

completely covered with pycnidia. On the other media, mycelium 

had an intermediate texture. 

The morphology of fungal colonies is affected by 

environmental and genetle factors (Robinson, 1978). lt can vary 

considerably with the medium on which it grows. For many fungi, 

the maximum radial growth rate of the hyphae ls achieved at 

very low glucose (or some other growth-limitlng carbon source) 

concentrations, while increasing the glucose concentration will 

result in an increase in the hyphal density of the colony. At 

the lowest glucose concentrations, the apical cella of the 

marginal hyphae rarely branch and there are relatively large 

areas of the medium uncolonized within the colony perlmeter, a8 

was observed in this experiment on HPA and WA. On richer media, 

the extensive branching results in good coverage of the 
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medium. 

Temperature i8 an important factor in the growth of fungi 

(Cooke, 1979). During different stages of their J Ife cycle, 

however, the optimal temperature may be different. Most fungi 

are mesophi11ic, they grow at moderate temperatures of 10-40 C, 

with an optimum between 25 and 35 C (Deacon, 1980). Pathogens 

of temperate plants may not grow at a1l above 30 C. S. 

~leopsidis grew at all temperatures between 14 and 31 C, but 

the optimum temperature was 21-26 C, as indicated by the 

regression curves, and a temperature of 31 C greatly slowed the 

rate of hyphal elongation. The results obtained for a fungus in 

pure culture, however, may not apply to the natural 

environment, where the species range may be restricted by other 

{ organisms (Deacon, 1980). The optimum temperature for growth of 

a species may also be the optimum for another organism that 

will compete with !t. 

Fungi may tolerate one unfavorable factor provided that 

a1l others are optimal (Deacon, 1980). This could explain the 

interaction between temperature and medium composition. The 

fungus may have better chances to grow under less than optimal 

tempel'atures (14 and 31 C) when its nutl'ient requireme~ts are 

met in the agar, and inversely, the lack of essential nutrlents 

in the medium can impede fungal growth, even under a favorable 

temperature. 

These results gave indications on the requirements for 
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growth of !!.. i..!,leopsidis and about the most efficient way to 

produce the mycelium used in inoculum production for subsequent 

experiments. The fungus is a relatively slow-growlng one. 

According to these results, dense and abundant mycelium wou1d 

be produced on CDVA, LBA, and PDA at a temperature of 26 C. 

3.3.4 Ezperiaent 2. Percent spore geraination over 
ti.e aa influenced by incubation teaperature. 

Germination is the initial stage in the development of a 

fungus mycelium from lts spore (Gottlieb, 1950). lt involves a 

large number of metabolic and ultrastructural changes (Deacon, 

1980; Gottlieb, 1950). Spores can generally germlnate in water 

or very simple media, due to their ability to utilize their 

stored reserves, thus differing from hyphal growth. 

Environmental factors such as temperature, molsture, and light 

can influence both percent germination and the time requlred by 

spores to germinate. This experiment was conducted to 

determine the optimum tempe rature and the time required for 

germination of S. galeopsidis pycnidiospores on water agar. 

3.3.4.1 Hateriala and aetboda. 

Pycnidiospores produced on HEA were collected and 

suspended in water, and inoculum density was adjusted to 3.0 X 

105 spores/ml. Aliquots of 0.1 ml of the spore suspension were 

spread on water agar plates with a glass rod and plates were 

distributed to four incubators at 15 + l, 20 + l, 25 + l, and 
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30 + 1 C. After approximately 6, 12, 18, and 24 hours, one 

hundred spores were counted per plate using the microscope at 

100X. Percent germination was calculated and recorded. No 

single event could be associated with the onset of germination 

of S. l.!.leopsidis pycnidiospores because the spores are 

naturally elongated and the time at which the germ tube emerged 

was not weIl defined. A conservative approach was therefore 

used in declaring that a spore had germinated or note Spores 

were eonsidered germinated when changes in the shape, increases 

in width and length as eompared to ungerminated spores, and/or 

branching were obvious. The experiment was performed twiee, 

with four blocks the first time and five bloeks the second 

t ime. 

The experiment was stopped after 24 hours because 

extensive mycelium growth under some of the temperature regimes 

made the counting difficult. Due to the distribution of 

percentage values, the data were aresine transformed prior to 

analysis (Gomez and Gomez, 1984). The data of the two 

experiments had homogeneous variances and were pooled for 

analysis with the general 11near mode1s procedure. 

3.3.4.2 ae.ul~ • • ud di.cu •• iou. 

The process of S. ga1eopsidis pycnidlospore germination 

Is illustrated on flgure 3.4.~. Ungermlnated pycnidiospores, 

elongation of germ tubes at 15 C, and beginning of branehing at 

24 Cafter 24 hours are shown. 
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Septor1a ,aleopsldls spore germination 

on vater agar. 

A) Ungerm1nated spores at 0 hour. 

B) Germlnated spores after 24 hours at 15 c. 

C) Spore startins to branch after 24 hours 

at 24 C. 
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The means of percent spores germination and transformed 

data at each temperature for each 6-hour interval are presented 

in table E.4. The analysis of variance indicated a highly 

sig nif i c a n t e f f e c t ( p <0 • 0 1) 0 f t e m p e rat ure 0 n p e r c e n t 

germination (table E.5). After 24 hours, however, there was no 

significant difference in percent germination between the 

temperature treatments (table E.6). Although percent 

germination was similar at a11 temperatures after 24 hours, 

mycelium growth was much less extensive at 15 C than 20,25, or 

30 C. 

A regression equation taking time and temperature factors 

into account was fitted to the transformed data (table E.7). 

Percent germination had a curvilinear relationship with time 

and temperature, and the two factors interacted in a complex 

fashion. Figure 3.4.2 shows the relationship between these 

three variables, as predicted by the equation. The values 

obtained from the regression equation were retransformed into 

percent values prior to plotting ([arcslne(x)]2). 

According to these results, when moisture ls available, 

over 60% spore germination would be expected after 24 hours at 

any temperature. Germination of !.!. i..!.leopsidis spores on the 

surface of hemp-nettle leaves, however, might be different from 

that on water agar. A variety of factors, including nutrients, 

phytochemicala, microorganisms, free molsture, oxygen and 

- carbon dioxide, pH, enzymes, dormancy, radiation, inoculum 

density, and senescence may affect spore germination in a 
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pliure 3.4.2 Septoria galeopsidis pycnidiospore germination 
over time as influenced by incubation temperature 
(pooled data for two experiments). 
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positive or negative way (Gottlieb, 1950). Even before lt 

initia~es infection, a spore that lands on the surface of a 

plant must be able to overcome competition from the resident 

saprophytic microflora in order to germinate and grow (Deacon, 

1980). Infection of a host may thus requlre a considerable 

inoculum potential, which is the "energy of growth of a 

parasite available for infection of the host at the surface of 

the host organ to be infected" (Deacon, 1980). Moreover, spores 

can interact in several ways and a spore may behave differently 

when isolated from neighbouring spores (Robinson, 1978). Fungal 

spores may produce one or several metabolites that stimulate or 

inhibit germ-tube emergence. 

Germination starts with the swelling of the spore, 

followed 

lipids, 

by a conversion of food reserves, predominantly 

into pools of metabo11cally active compounds, 

accompanied by a rapid increase in respiration (Oeacon, 1980). 

A new wall layer may then be formed, through which soon emerges 

a germ tube. lt is weIl known that temperature affects the 

percentage of germination, the time required for germination, 

and the rate of elongatlon of germ tubes (Gottlieb, 1950). Low 

temperatures slow biochemical reactions down whereas Increased 

temperatures cause them to occur at a more rapid rate. Two of 

the possible ways in which germination is affected are the 

different temperature requirements for enzymes and the effect 

of temperature on the viscosity of water, and thus on 

imbibition of water by the spore. For most fungal speciea, the 

minimum temperature for spore germ .nation i9 between 0 and 10 
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C, and the optimum temp~rature i8 between 24 and 28 C 

(Gottlieb, 1950). 

Stages of germination of !.!. apii-graveolentis Dorogin, 

the cause of late blight of celery (Apium graveolens L.), were 

described by MacMillan (1942). Freshly exuded, three-celled, 

elongated spores were suspended in celery juice and observed. 

After four hours, the spores had swollen and elongated. After 

12 hours, growth was resumed and branching was beginning, and 

it was evident at that stage that the spores had germinated. 

!!.l.!.leopsidls spores followed the same steps in thelr 

germination. The percentage of spores that produce germ tubes 

is the most commonly used criterion to determine the effect of 

different physiological agents on germination (Gottlieb, 1950). 

The time required for germination, length of the tube, and its 

rate of elongation are also used. In this expertment, as was 

mentioned ln section 3.3.4.1, tt was difficult ta determine 

precisely the time of emergence of the germ tube because S. 

&~!~~~!!d!~ pycnldiospores are naturally elongated. A 

relatively high percentage of germination occurred withln a 

broad range of temperatures. The species did not have very 

restrictive temperature requirements. Subsequent growth of 

mycelium, however, was less extensive at 15 C than at any other 

temperature. Time required by spores to germinate was 

relatively long, this indicates that the period of high 

moisture necessary for substantial germination mlght be a 

limiting factor ta the production of the disease. 
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CHAPTER 4. 

~ t U Etlolol7 of tbe dl •••• e. 

4.1 latroductloa. 

Investigations were performed to determine how Septoria 

galeopsldis affects hemp-nettle and the conditions requlred 

for maximum disease production. These experiments evaluated the 

effects of 1) dew period duration and temperature, 2) Inoculum 

density and spray adjuvants, and 3) plant age on dlsease 

development and severity. Information gathered through these 

experlments will be used to assess the potentlal of 

S. galeopsidis as a biological control agent for hemp-nettle. 

4.2 Geaeral aaterial. aad aetboda. 

4.2.1 Seed leralaatloD aad plaat Irovtb. 

Seeds co1lected in August, 1985 from naturally occurring 

hemp-nettle plants were used ln the initial experiments. 

Subsequently, seeds were periodically obtained from plants 

grown in the greenhouse in order to maintain a fresh supply of 

seeds. 

Seeds were washed in running water for approximately two 

hours and then placed in glass Petri plates on fliter papers 

- molstened with 3 ml of a gibberellic acid solution (1000 ppm). 

Seeds were then incubated at lS C in the dark for 9 days. Seed 
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germination was poor (30-35%), not uniform, and at planting 

time radicle 1engths were between 2 and 20 mm. Six germinated 

seeds were p1anted 3 cm deep in pasteurized proHi~(proMix BX, 

Premier Brands, Inc., New York, NY) in each lO-cm plastic pot. 

Pots were p1aced in a controlled environment chamber and 

supplied with a 14-hour photoperiod with both incandescent and 

fluorescent 1ight at an average intensity of 255 uE/m2/ s • 

Day/night temperature regime was 24/18 C. Plants were watered 

dai1y with tap water and fertilized weekly beginning two weeks 

after planting with 5-11-26 fertilizer (1.25 g/L, 50 ml/pot) 

un1ess otherwise specified. Plants were thinned to three per 

pot after eight days, and since the stems usually did not stand 

upright, the plants were provided with a training system 

(composed of three wooden stakes connected with a piece of 

ga1vanized wire for each pot) 24 hours before spraying. 

4.2.2 IDoculu. productioD. 

Cultures were started on PDA from small pieces of 

myce1ium (1 X l mm) taken from the stock culture. After 

approximately one month of incubation at 24 C in darkness, 

small pieces of mycelium trom these subcultures were 

transferred to RPA plates. Cultures were incubated in the dark 

at 24 C for four days, and then moved to a cabinet at room 

temperature under NUV light for four to seven days. After that 

period of time, pycnldia exuded matrix containlng flliform 

spores which were collected with the tip of a sterile syringe 

and discharged dropwise on HEA plates. Five to seven days after 
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inoculation, HEA plates were covered with pycnidia releasing 

pycnidlospores. Pycnidiospores were harvested by adding 

distilled water and gently scraping the agar surface with a 

glass rod. These spores were used as inoculum for plants in 

experiments. 

After collection from HEA plates, the spore suspension 

was filtered through a 250-um mesh sieve to remove pieces of 

mycelium and then the filtrate was centrifuged for 10 minutes 

at 6500 G. The supernatant was discarded, and the pellet was 

resuspended in distilled water. Inoculum density was determlned 

with the aid of a haemacytometer and further adjusted to the 

desired concentration(s) by diluting with distilled water. 

4.2.3. Inoculation aetbod. 

Plants were inoculated with fungal spores using one of 

two different methods. The first method used two tandem 

DeVilbiss atomizers (Model 163, DeVilbiss Inc., Somerset, PA) 

powered with compressed air and placed 10 cm apart on a rod at 

a height of 46 cm above the soil surface. Plants were moved by 

hand under the spray, using a 0.09 m2 tray. The second method 

used a single full cone nozzle (TG 0.7, Spraying Systems Co.) 

in a spray chamber (Research Instrument Manufacturlng Co. Ltd., 

Guelph, Ont.). In both cases, the spray volume was adjusted to 

500 L/ha, according to the height of the plant and the area 

covered by the spray. 
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4.2.4 D.~. collec~ioQ. 

Disease ratings were performed at 2-day intervals. The 

dlsease period started on the 10th to 14th day after 

inoculation and ended on the 18th or 20th day depending on the 

experiment. The percent leaf atea covered by necrotlc leslons 

was vlsua lly assessed for each leaf present on plants at the 

time of inoculation, using Horsfall and Barratt's system 

(Horsfall and Barratt, 1945; appendix B) and a corresponding 

assessment key made with the aid of a dot grid (appendlx C). 

This grading system is based on the recognized fact that a 

person's abil1ty to distinguish dlsease improves ln accuracy 

toward the end of the percentage scale, i.e. when a plant has 

little disease or when it le almost completely diseased. The 

average grade was calculated for each plant and for each pot. 

Pot averages were used to draw disease progress curves, and the 

area under the disease progress curve (AUDPC) was calculated 

for each experimental unit and used for non-parame tric 

statistical analysis. The formula that was used for AUDPC 

calculatlon ls presented in appendlx D (Shaner and Flnney, 

1977). 

At the end of the disease rating period plants were 

harvested and thelr heights and aboveground biomass (fresh 

weight) were measured. Plants were then dried at 60 C for 8 

day sand we ighed. 
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4.2.5 Stati.tieal anal,.e •• 

Analysis of variance was performed on height. fresh 

weight. and dry weight data using the general linear models 

procedure. Regression analysis was performed on variables 

having a s1gnif1cant effect on these dependent variables. 

A Friedman two-way analysis of variance was performed on 

the AUDPC data, and a non-parametric simple linear regression 

analysis was performed on the significant effects where 

relevant. Non-parametric statistica1 tests were used with AUDPC 

values because of the weak Bcale of measurement (visual 

disease ratings) (Daniel. 1978). 

4.3 Experi.ent 1. Tbe effeet of dev period duration 
and te.perature on disea.e developaent and severit,-

4.3.1 Introduction. 

For a disease to occur and develop. a susceptible plant. 

a virulent pathogen, and a favorable environment must be 

available to interact a~ the same time (Agrios, 1978; 

Holcomb. 1982). Environmental factors can predispose a plant to 

disease by altering the plantIs susceptlbility or by directIy 

affectlng the interactions of host and pathogen. Presence, 

absence. amount, and duration of environmental factors may act 

as constra1nts to disease development. 

Moisture and temperature are among the environmental 
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factors that most affect the initiation and development of 

plant diseases (Holcomb, 1982). The moisture requirements and 

optimum temperatures vary widely from one plant pathogen to 

another, and must be known in order to assess the potential of 

a specifie microorganism as a biologiea1 herbicide. This 

experiment was conducted to de termine the optimum dew period 

duration and temperature for infection of hemp-nett1e plants by 

~ galeopsidis and to eva1uate the subsequent severity of the 

disease. 

4.3.2 Hateriala and aethoda. 

The experiment, a 3 X 4 X 2 faetorial, was performed as 

three separate runs, sinee on1y one temperature eou1d be 

tested at one time in the dew ehamber. The independent 

variables were dew period temperature (18+2, 24+1, and 30~2 C), 

dew period duration (24, 36, 48, and 60 hours), and level of 

inoculation (uninoculated vs inoculated). Hemp-nettle plants at 

the 8-1eaf stage were used sinee the disease was not 

produeed on younger seed1ings in preliminary experiments. 

Plants were spray~d with either corn syrup (2% v/v) or inocu1um 

of Septoria ~leopsidis at a rate of 1.0 X 10 8 spores/m 2 , 

using the two 1aboratory atomizers. The spore suspension also 

contained 2% (v/v) eorn syrup. 

Plants were put in the dew chamber immediately after 

spraying. There were three plants per pot and three pots per 

treatment. After their respective dew period duration, plants 

S3 



1 ' -

...... 

were placed on a bench in the greenhouse to allow disease 

development, and were supplied with natural daylight. 

Day/night temperature regime during that period was 25/15 C on 

the average. Plants were arranged in a randomized complete 

block design because it was believed that a gradient in the 

amount of dew forming on the plants and gradients in 

temperature and light existed in the dew chamber and the 

greenhouse, respectively. The experiment was replicated once. 

Disease ratings were performed 10, 12, 14, 16, and 18 

days after inoculation for the first eight leaves. Plants were 

harvested on day 18. 

4.3.3 I.eaults. 

Over 50 % of both control and inoculated plants that 

received the 30 C-60 hour-dew period treatment combinat ion were 

killed by the high temperature-long dew period stresa. This 

treatment combination could therefore not be included in the 

statistical analyses. Consequently, two separate analyses of 

variance were conducted for each dependent variables. The first 

one tested the effect of aIl de. period durations, a t the 

temperatures of 18 and 24 C only (data set A), and the second 

one tested the effect of all temperatures for dew periods of 

24, 36, and 48 hours only (data set B). Further analyses were 

performed on uninoculated and Inoculated plants separately. 

Non-parametric tests on AUDPC data were performed on the data 

for inoculated plants only. 
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Disease development 

Symptoms appeared eight to ten days after inoculation, 

firat as chlorotic, roughly circular areas on inoculated 

leaves. These lesions soon became necrotic and pycnidia were 

visible wlthin a few days. Some lesions were found on control 

plants due to their proximity to inoculated plants in the dew 

chamber, but the level of infection was negligible. Non

parametric statlstical analyses were performed on inoculated 

plant data only. Figure 4.3.1 shows lesions with pycnidia on a 

leaf, a severely infected leaf about to absciss, and inoculated 

plants chat recelved 48 hours of dew at 24 C compared to 

uninocu1ated plants receiving the same treatment. A large 

number of leaves have abscissed from infected plants. 

Mean AUDPC values are given for each dew period duration 

and each temperature in tables E.8 and E.9. Both dew period 

duration and temperature significantly affected disease 

deve lopment (p(O.Ol, ta ble E.I0). Maximum disease production 

was obtained after 60 hours of dew, and AUDPC values for that 

duration was significantly higher than after 24 and 36, but not 

48 hours. The re lationship between AUDPC and dew period 

duration was described by a non-parame tric simple linear 

regresssion equation, for each temperature (table E.ll). The 

area under the disease progress curve was significantly larger 

at 24 C than 18 C and 30 C, and the difference between 18 and 

30 C was not significant. Disease progress curves for each dew 

period duration are shown in figures 4.3.2, 4.3.3, and 4.3.4, 

ss 



PlIure 4.3.1 Lesions caused by Septoria galeopsidis and 

their effect on hemp-nettle plants. 

A) Enlarged pycnidia-bearing les10ns on a 

leaf. 

B) Leaf covered with lesions and about to 

absciss. 

C) Inoculated and uninoculated plants that 

have received a 48-hour dew per10d at 

24 C. 
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for temperatures of 18, 24, and 30 c. respectively. Points 

representing mean disease ratings on the graphs were connected 

to show the area under the curves. Regression lines at the 

different temperatures are presented on figure 4.3.5. 

Height 

Height values for uninoculated and inoculated plants that 

received the different dew period duration treatments were 

averaged over the temperature treatments of 18 and 24 C, and 

height values for the different tempe rature treatments were 

averaged over dew period duration treatments of 24, 36, and 48 

hours (tables E.l2 and E.l3). 

Inoculation and tempe rature had no significant effect on 

plant height and the interaction between the two factors was 

not significant (tables E.14 and E.15). There was an 

interaction between dew period duration and inoculation, 

however, whicb indicated a difference in the response of 

control and inoculated plant height to the length of dew 

periode The analysis of the data set A sorted by inoculation 

level showed that dew period duration had a significant effect 

on height of inoculated plants but not control plants (table 

E.l6). A regression curve was fltted to the helght data of 

Inoculated plants, and ls presented on figure 4.3.6 along with 

tbe means for inoculated and control plants (table E.l7). 
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Plant fresh and ~ weight 

The means of plant fresh and dry weight for each dew 

perlod duratlon averaged over the temperatures of 18 and 24 C 

are presented ln tables E.18 and E.19, respectively. Tables 

E.20 and E.21 present the fresh and dry weight values for each 

temperature averaged over the dew period duratlons of 24,36, 

and 48 hours. 

Inoculation of hemp-nettle plants with ~ galeopsidis had 

a h i g h lys 1 g n 1 fic a n t e f f e c t (p <0 • 0 1) 0 n bot n pla n t f r e s han d 

dry wei g h t s (t a b 1 e sE. 2 2 t 0 E • 2 5 ) • The f r est. wei g h t me a n 0 f 

inoculated plants was 14.2 - 14.6 % (dependin8 on the data set) 

lower than that of uninoculated plants, and the mean of 

inoculated plant dry weight was 20.0 - 21.4 % lower than that 

of controls. Again, the two variables were not affected by 

temperature in the 18 - 30 C range, and there was no 

significant interaction between inoculation and temperature. 

Both inoculated and control plant fresh and dry weights were 

slgnificantly affected by dew period duration (tables E.26 and 

E.27), but the absence of interaction between this factor and 

inoculation indlcated that the length of dew period had the 

same effect on both Inoculated and control plant biomasse 

Regression equatlons were fitted to the fresh and dry 

welght data of control and inoculated plants (tables E.28 and 

E.29). Figures 4.3.7 and 4.3.8 11lustrate the relationshlp 

between the two dependent variables and dew period duratlon, 
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for control and inoculated plants. Fresh and dry weight were 

\ linearly and inversely related to the length of dew periode 

4.3.4 Dl.cu •• loD. 

Disease development 

As expected, temperature and duration of dew period 

affected the degree of infection. In preliminary experimenta, 

dew periods less than or equal to 24 hours wele not long enough 

for infection to occur. Disease was produced at aIl 

temperatures, but was more favored at 24 C, and the 1eve1 of 

infection increa~ed with the time spent in the dew chamber. 

Su ch a positive correlation between increase in postinoculation 

dew period and disease severity was also reported for S. 

tritici and S. nodorum (Eyal et al., 1977; Hess and Shaner, 

1987). 

Optimum conditions for infection are known for many plant 

pathogens (Jeger et al., 1985). Although aIl Septorla species 

require high moisture for infectio~ and severe disease 

development, dew period duration and temperature requirements 

vary within the genus (Agrios, 1978; Holmes and Colhoun, 1974). 

At 12 C, ~ nodorum needed only three hours of high humidity to 

attack mature wheat plants, whereas a minimum of 20 hours was 

required by ~ tritici. ~ galeopsidis falls in the category 

of long dew period-requiring species. This ean be a severe 

limitation regarding its potential as a biologieal control 
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agent. The pathogen was f.ot restricted in its dew period 

teaperature requirements, ~owever, sinee substantial disease 

development oceurred within the range 18-30 C. lt i8 known that 

Septoria species can cause disease over a wide range of 

temperatures between 10 and 27 C (Agri08, 1978). The optimum 

temperature for disease development, 24 C, was similar to the 

optimum temperature for radial growth of the pathogen in pure 

culture (section 3.3). Usually, the most rapid di:Jease 

development oceurs when the temperature is optimum for the 

development of the pathogen but is not optimal fat deve10pment 

of the host (Agrios, 1978). 

Studies on other potential biologieal control agents 

showed that in general, pathogens under evalua:'ion do Ilot 

require very long dew periods in order ta severely infect or 

even kill their host weeds. Colletotriehum ~loeosporioldes 

(Penz.) Sace. f.sp. aesehynomene required only 12 hours of dew 

period, at 24, 28, or 32 C in order to infect northern 

jointvetch (Aesehynomene virginiea (L.) B.S.P.) (TeBeest et 

al., 1978). Those conditions we~e sufficient for anthracnose to 

develop rapidly, and the pathogen is a good candidate 

mycoherbicide. Another fungus, Colletotriehum malvarum (A. 

Braun & Casp.) Southworth, severely infected prickly sida (Sida 

spinosa L.) when plants wer~ exposed to only 16 houts of dew 

period at 24 C (Kirkpatrick and Templeton, 1982). Only 8 houts 

of dew were necessary for Alternaria eassiae Jurait and Khan in 

order to produce reduetions of 95 to 100 % in plant number and 

dry weight, wlthln the range of 20-30 C (Walker and Riley, 
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1982). 

s. l..!.leopsidis did not kill hemp-nettle plants, and 

although the plants were severely diseased after 60 hours of 

dew, they were still able to sus tain vigorous growth of new 

leaves and thus compensate for the weight and vigor loss. 

Percent decrease in aboveground biomass of inoculated plants as 

compared to controls did not reflect the high levels of 

infection after longer dew periods. 

Hoisture primarily affects germination of the spores 

(which require a film of moisture on the tissues) and 

penetration of the host by the germ tube (Agrios, 1978). The 

funga1 pathogen becomes independent of the presence of free 

moisture once it can obtain nutrients and water from the hosto 

~ galeopsldis pycnidiospores probably required a long time to 

germinate (see section 3.4) and infect their hosto In order 

to obtain maximum disease production in a field situation, 

plants would have to be inoculated when long periods of high 

moisture are forecasted, and this considerably limits the 

flexibi11ty of use of the pathogen, unless ways are found to 

overcome the need for free moisture. For example, a technique 

was developed and evaluated with A. cassiae which may increase 

leaf wetness duration (Quimby Jr. and Fulgham, 1986). Spores of 

the pathogen were applied on their host in an aqueous carrier 

and this was followed with the application of an invert 

emulsion. Under these conditions, the path(Jgen W8S able to 

cause 88 % mortality of sicklepod (Cassiae obtusifolia L.) 
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without any dew. Although promlslng. this method ls still 

experim.ental. 

Height 

Overall. plant helght was not affected by the pathogen. 

and even under most severe Infection. there was no slgnlflcant 

helght difference between control and lnoculated plants. Height 

did not reflect the health status of hemp-nettle plants. 

Although a regresslon curve was fltted to helght data of 

lnoculated plants 8S lnfluenced by the duratlon of the dew 

perlod. there does not seem to be any biologlcal reason for the 

behavlour of the curve. 

Plant fresh and !!l welght 

The lesions and stress caused by S. ~aleopsldis on 

inoculated plants were sufficlent to decrease the welght of the 

plants, although not to a very large extent. Dew perlod 

duratlon dld not have a more pronounced effect on plant fresh 

and dry weights of inoculated plants than control plants. 

Although more disease was produced with lncreaslng duratlons. 

the difference ln blomass between control and lnoculated plants 

receiving 60 hours of dew was the same as the difference ln 

blomass between inoculated and control plants recelvlng 24 

houra of dew. The pathogen made the freah and dry weight of 

every inoculated plant approximately 14 and 21%. reapectlvely. 

lower than controls recelving the same dew perlod and 
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tellperature. The rate of decreaae in fre8h and dry weiaht for 

inoculated planta a8 dew period increa8ed (i.e. as infection 

level increaaed) was expected to be 1I0re pronounced than for 

uni n 0 cul a t e d pla n ta. wh i c h wou 1 d h a v t' b e end e Il 0 n 8 t rat e d b Y a 

steeper slope of the regreaa10n 11ne. IJellp-nettle plants were 

able to overcome the 10sa of weiaht by v;goroua growth of newly 

ellerged leavea. 

4.4. B.perlaeot 2. Tbe 
aadspray adjuyaata 
aeYerlty. 

Introduction. 

effect of iaoc:ulua deaaity 
oa di.~aae deyelopaeat aad 

The determination of the optimum inocu1um denaity for 

maximum diseaae deve10pment is important in the development of 

a biological herbicide. since the presence of a large 

population of an aggressive and virulent pathogen i8 one of the 

essential factors for the occurrence of epiphytotica (Quimby 

Jr •• 1982). Sometimes. the addition of adjuvants to the spore 

suspension can also enhance infection. This experiment was 

performed to determine the impact of inoculum density and 

different adjuvants on subsequent deve10pment and severity of 

the disease caused by Septoria galeopsidis on hemp-nettle. 

4.4.2 Katerials aad aethoda. 

The experiment was a 5 X 4 factorial, with four 

71 



...... 

repllcates. The Independent variables vere Inoculum denslty (0, 

1.0 X 10 6 , 1.0 X 10 7 , 1.0 X 10 8 , and 1.0 X 10 9 spores/m 2 ) aud 

spray adjuvants (corn syrup (2% v/v in vater), sorbo (sorbitol, 

Atkemix Inc., Brantford, Ontario; 20% v/v), gelatin (2% w/v), 

and control (water alone). Pycnidiospores were applied using 

the two laboratory atomizers. There were two plants per pot, at 

the 10-leaf stage. After spraying, plants vere placed in the 

dev chamber at 25 :t. 2 C, in a randomized complete black design 

for 48 hours. Plants were then taken out and placed on a 

greenhouse bench in a randomized complete black design and 

provided vith natural daylight. 

The experiment was repeated once, vith same 

modifications. In the second experlment, the adjuvants were Dot 

assessed. Plants were sprayed at the early 8-leaf stage and 

there were six pots per treatment. The first experiment was 

peformed in July (average day/night greenhouse temperature 

approximately 35/25 C) and the second experiment vas perfarmed 

in September (average day/nlght temperature approxlmately 25/15 

c). 

Disease assessments were performed 12, 14, 16, 18, and 20 

days after inoculation. Plants were harvested on day 20. 

A speclea of Pythium was responslble for the death of a few 

plants (four out of 60) ln the second experiment. 
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Disease development 

Some symptoms of infection appeared on control plants. 

ThIs was due to the proximity of Inoculated plants and 

unInoculated controls in the dew chamber during the dew periode 

The infection level was very low, however, and controls were 

still suitable for comparisons. 

lnoculum density had a slgnlflcant effect on dlsease 

development but adjuvants had no effect (Table E.30). Leaf area 
t 

covered by lesions increased over time as the inoculum density 

Increased. Figures 4.4.1 and 4.4.2 illustrate the disease 

( progress on control and Inoculated plants of experiments 1 and 

2, respectlvely. The differences between each dlsease progress 

curve were best shown by AUDPC values, and a regression llne 

was obtained from performing a non-parametrlc simple linear 

regression analysis on the AUDPC values for concentrations 

between 1.0 X 10 6 and 1.0 X 10 9 spores/m 2 (Table E.3l). Hlgher 

values for AUDPC were obtained ln experiment 2 than 1. The mean 

values for each inoculum rate as weIl as the regression lines 

are shown on figures 4.4.3 and 4.4.4. 

Plant helght 

( 
The height of hemp-nettle plants remained constant over 

aIl treatments, although plants in the first experiment were 
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twice as tall as plants in the second experiment (table E.32). 

The inoculum density of Septoria ~leopsidis spores and the 

different spray adj~vants used had no significant effect on 

plant height in either experiment (table E.33). 

Plant fresh and ~ ~~ 

Means of plant fresh weight and dry weight are presented 

in table E.32. Inoculum density had a highly significant effect 

(P<O.Ol) on plant fresh and dry welght in both experiments 

(Tables E.34 and E.35). 

Fresh weight means of the plants sprayed with 

1.0 X 10 6 , 1.0 X 10 7 ,1.0 X 10 8 , and 1.0 X 10 9 s(>ores/m 2 were 

1.3, 8.9, 15.2, and 11.5% lower than that of uninocu1ated 

controls, respectively, in the first experiment. ln the second 

exper!ment, the differences in weight between controls and 

inoculated plants were greater. Mean fresh welghts of 

inoculated plants were 2.3, 7.4, 32.7, and 39.5% 10wer than 

that of controls, respectively. Figures 4.4.5 and 4.4.6 show 

the effect of increasing inoculum density on fresh weight for 

experiments 1 and 2, respectively. ln both experiments, fresh 

weight had an inverse, 1inear relationship with Inocu1um 

density (table E.36). 

Adjuvants had no significant effect on plant fresh weight 

and there was no interaction between additives and inoculation 

rate. The addition of gelatin, sorbo, or corn syrup to the 
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spore suspension did not increase the effect of the pathogen. 

The decrease in plant weight was more apparent for the 

dry weight values. The decrease in plant dry weight due to 

application rates of 1.0 X 10 6 ,1.0 X 10 7 ,1.0 X 10 8 and 1.0 X 

10 9 spores/m 2 was 0.00, 9.76, 18.70, and 19.51%, respectively, 

in experiment l, and 4.74, 16.07, 46.90, and 53.50% in 

experiment 2, respectively, compared to controls. Figures 

4.4.7 and 4.4.8 show the plot of dry weight means, including 

those of the controls, along with the regression curves, for 

experiments 1 and 2, respectively. In experiment l, dry weight 

had an inverse, iinear relationship with the log of inoculation 

rate, while the inverse relationship between these two 

variables in experiment 2, was best described by a third degree 

polynomial (Table E.37). 

No significant effect of adjuvants on plant dry weight 

was detected. There was no significant interaction between 

adjuvants and inoculum density. 

4.4.4 Dlscus81on. 

Disease development 

There was a marked increase in leaf area covered by 

lesions, from low to high inoculum densities. The difference in 

infection level between plants receiving 0 and 1.0 X 106 

spores/m 2 was very low. Probably no substantial disease 
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development would have occurred at inol:ulum rates under 1.0 X 

10 6 spores/m 2 • Experiment 2 showed a very marked difference 

between AUDPC at low concentrations (1.0 X 10 6 and 1.0 X 10 7 

spores/m 2 ) and the ones at high concentrations (1.0 X 10 8 and 

1.0 X 10 9 spûres /m 2). Although a regre;sion line was fitted to 

the AUDPC data of experiment 2, the reLationship between AUDPC 

and log of inoculation rate might have been best described by a 

thlrd degree polynomial, as the inccements in AUDPC were 

moderate between the values of 1.0 X 10 6 and 1.0 X 10 7 , 

very high from 1.0 X 10 7 and 1.0 X 0 8 , and again, small, from 

1.0 X 10 8 to 1.0 X 10 9 spores/m 2 • Unfortunately, no non-

parametric teat is available to detect curvilinear 

relationshlps. In experiment l, however, the AUDPC values 

increased more progressively between the inoculation rates of 

1.0 X 10 6 and 1.0 X 10 7 spores/m 2 and the relationship between 

the two variables clearly was a linear one. 

It is recognized that a minimal level of inoculum 

(numerical threshold) is necessary to obtain satisfactory 

infection and disease development (Tuite, 1969). High levels of 

inocu!um usua!ly decrease the time for symptoms to appear. In 

rare instances, however, too much inoculum May decrease 

infection. An inhibitor which prevents germination can be 

produced by the spores when their population is dense 

(Robinson, 1978). Conidial matrix can also play an important 

role in the decrease in germinability under high population 

densities (Louis and Cooke, 1985). This decrease 

in germinabi1ity, in the case of the species S. nodorum, is in 
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fact only a delay in germination of the spores (Rapilly and 

Skajennikoff, 1974). High concentrations of cirrhus extract 

appeared to inhibit germination through a physical phenomenon. 

Overall, the AUDPC values were higher in experiment 2 

than l, probab1y because of lower, more optimal temperatures 

for disease development prevailing in the greenhouse in 

September. Disease progress was 1ess rapid under the very high 

Ju1y temperatures. As was observed in an earlier section 

(3.3.3), growth of the pathogen in pure culture ls 

substantially slowed down by high temperatures. The 

relationship between the number of propagules of a pathogen and 

the host response is a function of the virulence of the 

pathogen and the host resistance, but both may how~ver be 

affected by environmental factors (Lapwood and McKee, 1966). 

Experiments performed on crop species with other 

pathogens have shown simi1ar results. In a research conducted 

on the effect of the density of zoospores of Phytophthora 

infestans (Mont.) de Bary on th~ incidence of infection on 

potato leaves, plotting of the percentage response against dose 

(1 to 256 zoospores per drop) gave a characteristic sigmoid 

curve for each variety under investigation (Lapwood and McKee, 

1966). On spring wheat cultivars, the percentage of 1eaf area 

covered by Septoria tritici. 1esions, recorded 22 days after 

inoculation, was signlficancly llnearly correlaced wich che 

logarichm of the inocu1um density applied to the wheat plants 

(Shearer, 1978). A graduaI decrease in 1atency period (defined 
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by the author as the period, in days, from inoculation to the 

observation of the firet black mature pycnidia) was recorded as 

the inoculum density lncreased, from 2.0 X 10 4 to 1.2 X 10 6 

conidla/ml. 

Latency period was not recorded in the present 

experimente. By extrapolating the disease progress curves, 

however, It is possible to see that at high concentrations (1.0 

X 10 8 and 1.0 X 10 9 spores/m 2 ), lesions probably appeared 

ear1ier than at low concentrations. This corresponded to the 

incubation period rather than the latency period. Incubation 

perlod 18 deflned as " the time between inoculation and the 

development of symptoms " (Tuite, 1969). 

Area under the disease progress curve was found a more 

suitable parameter to evaluate the stress caused to the weed 

than the final percentage of leaf area covered by lesions. 

AUDPC takes into account the period of time during which the 

stress was sustained by the plant; in other words, the speed at 

which the disease developed. Therefore, AUDPC data gave more 

information than single disease rating data. It also decreased 

the variance of the data. 

A hlgher percentage of lea~ area covered with les ions was 

expected on plants sprayed with spores in combinat ion with 

sorbo, corn syrup, or gelatin, than with spores and water 

alone. The incorporation of gelatin into the spore suspension 

Is recognized to mlnimize the effect of plant surface 
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characteristics or inconsistent performance of the spraying 

apparat us (Shearer, 1978). In experiments on infection of 

French beans (Phaseolu~ vulgaris L.) by Botrytis cinerea Pers., 

glucose added to the spore suspension was apparently important 

in conidial germination and further superficial development, 

but not to penetration (Vau den Heuvel and Waterreus, 1983). 

The addition of infection stimulants (KHZP04 or Na-ATP) to the 

inoculum was necessary to bring about germination. In the same 

study, the type of infection structures depended on inoculum 

density. Highest inoculum concentrations (2 X 10 6 conidia/ml) 

lead to 80% of infection hyphae originating from germ tube 

apices, while at low concentrations (2 X 10 5 conidia/ml and 

lower), penetration was derived from appressoria or infection 

cushions. At high inoculum concentrations, the high proportion 

of germ tube apices was associated with a rapid penetration 

(within 12-24 hours after inoculation). 

!.lant height 

The results demonstrated the lack of correlation between 

inoculation rate and plant height. 

the effectiveness of inoculum on 

Adjuvants did not increase 

plant height. The helght 

dlfferential between the two experiments wa Irobably due to 

the higher greenhouse temperatures in July than September 

(Quisenberry, 1975). Differences in other environmental factors 

such as photoperiod and 1ight intensity May a1so be ln part 

responsible for thls situation. 

lt is known that damage to the terminal growing point, 
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either mechanical or caused by insects or diseases, can affect 

the helght of plants (Quisenberry, 1975). The lack of response 

of plant height to disease stress might have been due to the 

fact that the growing point of hemp-nettle plants was resistant 

to or protected against the attack by ~leopsidis. Only the 

fully-expanded, senescent (advanced in age) leaves that were 

present at inoculation time were affected. 

Plant height is an important factor to consider for 

weed/crop IntE. !'actions. Th~ projection of a weed canopy over a 

crop canopy results in a considerable advantage to the weed 

with respect to light capture (Radosevich and Holt, 1984). If 

stem elongation occurs early in the life cycle or at a critical 

development stage, reductions in crop yield May result. In 

these experlments, healthy, upper hemp-nettle leaves ~ontinued 

to grow, no matter how diseased the lower leaves were. Although 

smaller, these upper leaves might still intercp.pt substantial 

sunlight and have a negative effect on cr op growth. 

Plant flesh and ~ weight 

In the case of annual plants, aboveground biomass la a 

good indicator of vigor. Results showed that hemp-nettie 

biomass could be significantly decreased by ~ ~Ieopsidis, 

especially with high inoculation rates (1.0 X 108 and 1.0 X 10 9 

spores/m 2 ). Dry weight measurements were more sensitive than 

fresh weight measurements in detecting this inverse 

relationship. 
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The decrease in hemp-nett le biomass as the Inocu Ium 

density increased was due to 1) an increasing number of 

abscissing leaves, 2) a general decrease in plant vigor due to 

disease stress, and 3) a drastic decrease in photosyntetlc leaf 

area due to increasing necrotic areas. Aithough the upper, 

uninoculated leaves of the plants continued to grow, even on 

most heavily Infected plants, the overall health and 

probably the competitiveness of those plants were negatively 

affected. 

It i8 known that in jury can cause leaf abscisslon 

(Carns, 1966). Depletion of metabolites ln the abscission zone 

may be responsible for that. A smaii number of leaves were shed 

by uninoculated plants, probably due to organ maturlty or 

senescence, but a considerably larger number of Ieaves were 

shed by inoculated plants. On severely diseased plants, almost 

aIl the l~aves that were inoculated had abscissed three weeks 

after inoculation. 

The weight of a seedling is proportionnaI to the space 

it occupies, and the preemption of resources that constitute 

space is critical in weed-crop competition (Radosevlch and 

Holt, 1984). In experiment 2, hemp-nettle plants treated with 

~ ~leopsidis at a rate of 1.0 X 109 spores/m 2 had less than 

half the dry weight of uninoculated plants. In the case where 

hemp-nettle would be growing in association wlth a crop, the 

space that diseased w~eds would fall to occupy would be 

available to the crop • 
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In order to get a substantia1 reduction in hemp-nett1e 

aboveground biomass, inocu1um rates higher than 1.0 X 108 

spores/m 2 had to be used. This might be considered as a 

critica1 inocu11.om density in order to get substantia1 disease 

production. An inocu1um rate of 1.0 X 1010 spores/m 2 might have 

further decreased plant vigor, but such large quantities of 

inoculum were diff1cu1t to obtain. 

In most dose-response experiments with potentia1 

biologica1 herbicides for weeds, the inoculum rates required to 

substantially reduce dry weight or kill plants were relatively 

10w. For example, 90 to 100% of the spurred anoda (Anoda 

cristata) plants in the cotyledon to the firsr.-leaf stage were 

kil1~d within tour to five days with an inoculum concentration 

of only 3.0 X 10 4 conidia of Alternarla macrospora per ml, and 

an 8-hour dew period (Walker, 1981). In another study, aIl 

1eafy spurge (Euphorbia ~!~ L.) shoot systems were killed 

with conidia of Alternaria sp. at inoculum densities above 1.0 

X 10 6 spores/ml (Kuprinsky and Lorenz, 1983). Yellowing and 

death of individual 1eaves occurred with concentrations above 

6.0 X 10 4 spores/ml .• A study on control of velvetleaf (Abutilon 

!h~~~~~~~!! Medic.) and prickly sida (~!~~ ~~!~~~~)with 

Fusarium lateritium, showed that inoculum concentrations of 7.5 

X 105 and 1.5 X 10 6 conidia/ml kl1led 64 and 91% of the two 

weeds, respectively, at the 10th 1eaf stage (Boyette and 

Walker, 1985). Ninety to 100% of sicklepod (Cassia obtuslfolia) 

seed1ings were killed within 4 or 5 days following inoculation 

with as little as 3.0 X 104 conidia of Alternarla cassiae per 
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ml (Walker and Riley, 1982). The pathogen Phomopsis convoI vul~ 

Sp. Nov. produced complete necrosis of fie Id bindweed 

( Con !.~!. !.~!~ a r v e n sis L .) 1 e a v e s w h e n s pra y c d a tin 0 cul u m 

densities equal to or higher than 5.0 X 10 6 spores/ml (Ormeno

Nunez, 1986). No subsequent regrowth was observed from 

cotyledonary axillary buds. In aIl these studies, plants were 

sprayed until runoff, and at different growth stages. lt i8 

difficult to make comparisons in these conditions. However, lf 

hemp-nettle plants had been sprayed until runoff with the same 

spore suspensions that were used in the experiments, the 

decrease in plant weight might have been higher. 

Adjuvants had no significant cffect on disease severity 

compared to water alone. lt was believed at first that corn 

syrup, sorbo and gelatin would favor disease development by 

nourishing spores during prepenetration stages, favoring their 

adht 'nce to the surface of the leaves during the dew period, 

and/or improving the coverage o[ the leaf surface by the 

production of smaller droplets in the spray. lt is known that 

the size of the inoculation droplets may be important for 

infection potential (Lapwood and McKee, 1966). 

effect was observed. 

No 9uch 

In summary, the highest disease production occurred under 

an inoculation rate of 1.0 X 10 9 spores/m 2 , with no effect of 

additives. This higa level of infection was accompanied with a 

significant decrease in plant fresh and dry weights, although 

no effect on plant height was observed. 
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4.5 Experi.ent 3. The effect of 
develop.eat and aeverlty-

4.5.1 Introduction. 

plant age on dlaeaae 

Thp sU9ceptibility of plants to fuugal parasites changes 

throughout their lifetime (Tuite, 1969). ln general, young 

plants are more susceptible to disease than older plants. ln 

certain host-pathogen comblnations, however, immature plants or 

plant parts are reslstant and mature plants or plant parts are 

susceptible to the pathogen (Holcomb, 1982). Septoria species 

have various requirements with respect to plant age for maximum 

disease development. For example, ~ tritici can infect wheat 

at aIl growth Btages and produce extensive infection of 

seedlings often resulting in death, whlle S. nodorum Is 

Increaslngly prevalent a9 the crop matures (Holmes and Colhoun, 

1974). 

In order to achieve maximum infection and disease 

development on hemp-nettle plants, inoculation with Septoria 

galeopsidis pycnidiospores should be made when the plants are 

at the most susceptible age. An experlme~t was performed to 

determlne the growth stage(s) at whlch maximum disease 

development wtll occur. 

4.5.2 Materials and aetbods. 

Hemp-nettle plants at fl"'e dlfferent growth stages 
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(cotyledon, 2- 4-, 6-, and a-leaf stages) were either sprayed 

with a suspension of 1.0 X 10 8 spores/m 2 or distilled water 

using the spray chamber. After spraying, plants were put in the 

dev chamber at 24 C for 48 hours. They were then p 1aced on tI 

greenhouse bench in a randomized complete block design and 

provlded vith natural daylight. Avergage day and nlght 

temperatures were 25 and 15 C, respectively, during the perLod 

':hat plants remalned in the greenhouse. Dlsease was assessed 

14, 16, 18, and 20 days after inoculation, and plants were 

harvested on day 20. The experiment was performed twice, with 

six pots per treatment, and two plants per pot. 

4.5.3 Ileaulta. 

Helght, fresh welght and dry weight data were analyzed on 

a per-age basis, slnce comparisons between ages were of no 

relevance. Varianct'.s of the two experiments were horaogeneous 

for eac~ growth 9tage and each dependent variable, but 

experiments were analyzed separate1y for height and fresh 

weight data due ta a slgnificant interaction between the 

experiment and the inoculation treatment. The two experiments 

were pooled, however, for the analysis of variance of dry 

weight data, since the interaction between the two factors was 

not significant. A contaminating Pythium species killed Most 

of the plants at the 4-leaf stage in the second experiment. 

Consequently, the analysis of variance for 4-leaf stage planta 

is based on the data of the first experiment only. 
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AUDPC data of aIL ages could be compared because the data 

( con sIs t e d 0 f pro p 0 r t Ion s. l' h e t .1 0 exp e r i men t s w e r e a n a 1 y z e d 

separately, however. Percent leaf area covered by lesions was 

averaged for only those leaves or cotyledons that were present 

at inoculation time. Cotyledons were taken into account for 

plants inoculated at the cotyledon stage only. Since Friedman 

two-way analysis of variance requires an equal number of 

replicates of each treatment, blocks 4 and 6 had to be deleted 

from the data for analysis of experiment l, due to missing 

data, and blocks 2 and 4 were deleted from the data of 

experiment 2. Only four bJocks were therefore used in each 

test. 

Disease development 

Symptoms appeared on plants at aIL growth stages. 

Figure 4.5.1 shows a young seedling inoculated at the cotyledon 

stage. Although cotyledons were severely diseased, and almost 

completely covered with pycnidia, new emerging leaves were 

healthy and vigorous. 

AUDPC averages are presented ln table E.38. The non-

parametric analysis of variance indicated that plant age at 

inoculation time had a significant effect on disease 

development in the first experiment but not ln the second 

experiment (table E.39). Multiple comparisons indicated that 

the difference in AUDPC between plants at the cotyledon stage 

and plants at the 2-leaf stage was significant at the 0.20 
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Figure 4.5.1 Hemp-nett1e seed1ing inocu1ated with 

Septoria .&.!leopsidis spores at the 

cotyledon stage. Pycnidia are visible 

on cotyledons • 

95 



, 

( 

96 



......... 

experimentwise error rate in experiment 1. Figures 4.5.2 and 

4.5.3 show the disease progress curves at each age for 

experiments 1 and 2, respectively, and the variation in AUDPC 

values as influenced by plant age is shown in figures 4.5.4 and 

4.5.5, respectively. 

AlI plants continued to grow and produce new leaves after 

inoculation. These leaves were healthy and no lesions were 

found on any of them. 

Height 

Means of uninoculated and inoculated plant heights and 

percent difference between them for each growth stage were 

calculated separately for the two experiments (table E.40) • 

Plant he!ght was not s!gnif!canlty reduced by the pathogen at 

any growth stage. The height of plants !noculated at the 2-leaf 

stage was s!gnificantly higher, however, than that of controls. 

Plants that were inoculated at other stages of growth were 

either slightly taller or slightly shorter than controls, but 

not slgn!f!cantly. The analyses of variance for each experiment 

are presented in tables E.41 and E.42. 

Fresh and ~ welght 

Desplte relatively high d!fferences between inoculated 

and uninoculated plants at cotyledon and 2-leaf stages (table 

E.43), analyses of variance indicated that plant fresh weight 
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was not significantly affected by incculation, at any growth 

stage (tables E.44 and E.45). The pooled dry weight data also 

Indicated high differences between control and inoculated 

plants (table E.46), and this time, the dry weight of plants 

inoculated at the cotyledon stage was signiflcantly lower than 

that of the controls (table E.47). Dry weights of plants 

inoculated at other growth stages were not slgnificantly 

different from uninoculated controls. 

4.5.4 Discussion. 

Disease development 

The percentage of leaf area covered by les ions was higher 

on plants at cotyledon stage than on any other plants, but not 

significantly, except for 2-leaf-~tage plants in experiment 1. 

The comparatively lower leaf area of plants at the cotyledon 

stage might have been a determinant factor. The vertical 

overlapping of hemp-nettle leaves at older stages of growth may 

have prevented inoculum from reaching the whole leaf area of 

the plant. Tolerance due to structural and/or biochemir.al 

defenses may have built up in plants as they aged. Some plants 

may escape disease because of rapld growth and of some Inherent 

quallties which make them resistant for a perlod of their life, 

and others show tolerance to a disease because of exceptional 

vigor (Agrios, 1978). Although differences were not significant 

ln experiment 2, by examining figure 4.5.3 lt appears that 

plants at the 2-leaf stage were resistant. Almost no symptoms 
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appeal'ed on the first two true leaves. However, results might 

have been different if cotyledons had been included in pot 

averages for two-Ieaf-stage plants. Lesions dld appear on the 

cotyledons of these plants. Thel'efore, plants wel'e not 

resistant, but the young, newly emel'ged leaves exhibited 

resistance to the pathogen. This resistance was probably only 

temporary, since thp. two first leaves of plants inoculated at 

other growth stages exhibited substantial numbers of lesions. 

Plants can generally withstand a certain level of damage 

due to infection without having their growth or yield affected 

in any significant way (Agrios, 1978). This level was probably 

reached for hemp-nettle at the cotyledon stage. The decrease in 

dry weight reflected the extensive degree of infection of the 

seedlings. The level of infection was high on some plants at 

other growth stages, but the threshold value for decrease ln 

aboveground biomass was not reached. These plants had a hlgh 

level of tolerance towards attack by ~ galeopsidis. 

Height 

Hemp-nettle plant height was not decreased by the fungu8, 

at any growth stage. AIl plant~ continued to grow des pIte 

infection. 

The significant increase in height of plants Inoculated 

at 2-leaf stage was an unexpected result. lt i8 recognized that 

some plant pathogens have the abllity to cause imbalances in 
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plant growth hormones (Agrios, 1978). The fungus Gibberella 

fujikuroi causing the foolish seedling disease of rice, for 

example, apparently secretes gibberellin in its host plant 

which then grows rapidly and becomes much taller than hea1thy 

plants. It is doubtful that Septoria i.!.leopsidis produced a 

similar effect on hemp-nettle plants, since it has not been 

obse1;'ved on any other plants, and no Septoria spp. are reported 

as produclng that kind of effect on their hosto 

Fresh weight and ~ weight 

Although 1esions appeared on inoculated plants of aIl 

ages, on1y plants inocu1ated at the cotyledon stage had 

aboveground biomass significant1y reduced by .§..!.. .8...!.leopsidis 

inoculation. This reduction was on1y detected by analysis of 

variance of dry weight in experlment l, however. 

Cotyledons seemed to be more vulnerable than other 1eaves 

to the dlsease. The surface area of cotyledons was sma1l 

compared to true 1eaves. Assuming that the lesions expanded at 

the same rate on cotyledons as they did on true leaves, it took 

a shorter time for the cotyledons to be cove:-ed with necotic 

tissue, thus rerlucing photosynthetic leaf area. The lesions 

on1y appeared 8 to 10 days after inoculation, after the first 

true leaves had emerged. Still the plants did not comp1etc:.ly 

compensate for the 109s of green cotyledon tissue, and their 

vigor was more affected by the pathogen at that stage than at 

any other stage. 
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Plants that were inoculated at other growth stages did 

not exhibit significant differences in fresh or dry weights as 

compared to controls. In previous experiments (sections 4.3 and 

4.4), however, the fresh and dry weights of plants inoculated 

at the 8-leaf stage were significantly reduced compared to 

uninoculated plants. This discrepancy between results may 

indicate an unnoticed difference in growing conditions of 

either the fungus or the plants, differences in post

inoculation environmental conditions, and/or genetie 

variability of the fungus or the plants. 

The effect of plant age on weed control has been studied 

for other potential biological control agents. Fusarium 

lateritium killed almost 100% of velvetleaf and prickly sida 

seedlings when inoculated at the cotyledon to 2-leaf stages. 

When inoculated st the 7- to ID-leaf stage, however, only 64% 

of velvetleaf plants and 91% of prickly sida plants were killed 

(Boyette and Walker, 1985). In another study, sicklepod (Cassia 

obtusifolia) plants at aIl stages of growth were infected by 

Alternaria cassiae Jurair and Khan, but seedlings in the 

cotyledon to firat-leaf stage were most sensitive (96% were 

killed with1n 14 days). There was an increase ln tolerance to 

the pathogen as the plants increased in age (Walker and Riley, 

1982). Bracken ferla (Pter1dium aquilinum (L.) Kuhn) also 

exhib1ted an increase in tolerance to infection by Ascochyta 

2.!..!.!..!..!!.!..! w 1 t h 1 n cre a sin gag e ( Web ban d L 1 n d 0 w , 1 9 8 7 ) • 

In aIl these studies, the tolerance of the plants to the 
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pathogens Increased as they were advanclng ln age. The results 

of the experlment with ~ ~~~~~~~!~!~ supported these 

flndings. The detrimental effect of the pathogen was restricted 

to very young seedlings and the period of high susceptibillty 

was thus very short. lt could be concluded from this experiment 

that plants should be Inoculated at the cotyledon stage only. 

This is impractical in a field situation, however, where many 

factors can pre vent a proper timing of spray applications, 

including nonuniform germination of weed seeds and unfavorable 

weather conditions. Weeds do not need to be killed for adequate 

control to ~e achieved, but control should be sufficient du ring 

critical periods (DanIel and Templeton, 1973). If the 

application of the pathogan Is delayed untll after aIl hemp-

nettle plants have reached the 8-leaf stage, when the 

plants are also susceptible, then the weed has had adequate 

t i me to compete with the crop and substantially decrease 

yields (O'Donovan ind Sharma, 1987). 
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Cbapter 5 

Conclusions 

5.1 Su •• ary and cODclusioDS. 

Although perfect pathogens for biologieal control 

probably do not exist in nature, if a certain pathogen presents 

too many eonstraints, it should not be retained as a potential 

myeoherbieide. This study demonstrated that the l_se of Septorid 

.s.!.leopsidis Westd. as a biologieal herbicide for hemp-nettle 

had severe limitations. Results of investigations are 

summarized hereafter. 

1. The pathogen did not sporulate in common liquid media. 

Although pycnidiospores were produced on hemp-nettle extract 

agar under near ultra-violet light, production was not 

reliable due to the variable nature of both the medium and the 

pathogen 1tself. 

2. Over 60% of the pycnidiospores had germinated on water agar 

after 24 hours within the temperature range 15-30 C. Although 

the number of viable spores was relatively high, the long 

period of moisture requlred to aehieve that germination 

pereentage could impede the infection of hemp-nettle plants 

when periods of moisture are limited. 

3. Dense hyphal growth was favored by a temperature of 
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21-26 C, and by rich agar media such as Czapeck Dox-V-8 agar 

and Potato Dextrose Agar. 

4. The incubation period of the pathogen was re1ative1y long. 

New, hea1thy hemp-nett1e 1eaves emerged before 1esions were 

visible. The flrst symptoms usually appeared eight to ten days 

after inoculation, first as ch1orotic spots on the leaves, 

which soon became necrotlc and coalescent. Abscission of 

infected leaves was frequently observed. 

5. The pathogen required long dew periods to infect its hosto 

At 1east 24 hours of high relative humidity were necessary ta 

obtaln substantia1 infection, and maximum 1eve1 of infection 

was obtalned with a dew period duration of 60 hours. 

Significant decreases in fresh and dry weight of plants were 

obtained as dew period increased, but differences between 

control and inoculated plants did not increase with increasing 

dew periods. Dlsease developed at a1l temperatures between 18 

and 30 C, but was more favored by a temperature of 24 C. There 

was no effect of temperature on fresh and dry weight, however. 

6. Infection 1evel increased and fresh and dry weight 

decreased with increasing inocu1um density, from 1.0 X 10 6 to 

1.0 X 10 9 spores/m 2• Maximum infection and aboveground biomass 

reduction were obtained with 1.0 X 10 9 spores/m 2 • 

7. The pathogen produced lesions on plants at all growth 

stages. On1y the fresh and dry weight of seed1ings inocu1ated 
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étt the cotyledon stage, however, were significantly decreased 

bv infection. A high degree of tolerance was observed at older 

ages, and the level of infection was not reflected by plant 

aboveground biomasse 

8. Septoria galeopsidis did not kill hemp-nettle plants in Bny 

instance. Height was not affected by infection, and new leaves 

were always produced even when lower leaves were severely 

infected and had abscissed. 

5.2 Suggestions for future research. 

Considering the limitations of Septoria galeopsidis as a 

biological herbicide, another pathogen should be sought for the 

control of hemp-nettle. A number of factors, however, might 

improve development and severity of the disease caused by S. 

~leopsidis. More virulent isolates of the pathogen might be 

discovered in nature or through genetic manipulations. D{luble 

inoculation or higher inoculum density might substantlally 

lncrease the stress on the plant. AIso, a synergistic effect 

may result from simultaneous applications of chemical 

herbicides and spore suspension (Wymore et al., 1987; 

Scheepens, 1987). Finally, the application of the pathogen in 

an aqueous carrier followed by an Invert emulsion might 

considerably improve the tolerance of the fun gus to adverse 

environmental conditions (Quimby Jr.and Fulgham, 19(6). If 

further studies on this pathogen are undertaken, an extensive 

host range should be performed. 
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APPERDI! A 

Receipes of media tested for spore 
production and hyphal growth of 

Septoria galeopsidis. 

Medium Ingredients quantity/L1 

Llquid media 

Beef Peptone Broth 
(BPB)(Kendrick and 
Walker, 1948) 

Hemp-nettle Extract 

Potato Dextrose broth 

Richard's modified 
solution 
(Walker 1980) 

Richard's modlfied 
solution with 
hemp-nettle leaves 

Agar media 

Beef peptone 

Czapek's Dox 

CzapeckDox-V-8 
(modified from 

Cooke and Jones, 
1970) 

Hemp-nettle Extract 

Dextrose 
Beef extract 2 
Peptone 

Infusion from hemp-nettle 3 

Potato Dextrose Broth 2 

Richard's modifled solution 
hemp-nettle leaf pieces 

Beef Extract 2 
Dextrose 
Peptone 

Czapek's dox broth5 
Bacto-agar 2 

Czapek's dox broth5 
V-8 juice 4 
Bacto-agar 2 

Infusion from hemp-nettle 3 
Bacto-agar 

118 

10 g 
3 g 

10 g 

1 L 

24 g 

10 g 
10 g 

2.5 g 
5 g 

0.02 g 
150 ml 

1 L 
25 g 

3 g 
10 g 
10 g 

35 g 
15 g 

35 g 
200 ml 

15 g 

500 ml 
15 ml 
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Appeadlz A (Contlnued) 

Medium 

Hemp-nettle Extract 
with infusion from 
potato and dextrose 

Hemp-nettle plant 
part 

Hemp-nettle seed 
(modified from 
Tuite, 1969) 

Lima Bean 

Malt extract 
(Tuite, 1969) 

Malt extract and 
yeast 

Mycological 

Nutrient 

Potato Dextrose 

Septoria nodorum 
sporulating agar 
(Dhingra and Sinclair, 

1985) 

Violet Red Bile 

Yeast extraet 

Water agar 

Ingredients quantlty/L 

Infusion from hemp-nettle 3 
Bacto-agar 2 
Potato Dextrose Agar 2 

Hemp-nettle leaf, petiole 
and stem pieces 
Bacto-agar 2 

Crushed hemp-nettle seeds 
Bacto-agar 2 

Bacto Lima Bean Agar 2 

Malt extract 6 
Bacto-llgar 2 

Yeast extract 2 
Malt extract 6 
Dextrose 
Bacto-Agar 2 

Bacto-Mycologieal agar 2 

Bacto-nutrient agar 2 

Potato Dextrose agar 2 

Sucrose 
MgS0 4 • 7H 2 0 
Zinc sulfate 
Bacto-agar 
Glycine 
Fe++ 
Mn++ 

500 ml 
15 g 

7.5 g 

20 g 

15 g 

100 g 
20 g 

23 g 

25 g 
20 g 

4 g 
10 g 

4 g 
15 g 

35 g 

3 g 

39 g 

20 g 

0.5 g 
1.92 mg 

20 g 
2.43 g 
0.2 mg 
0.1 mg 

Bacto-Violet Red Bile Agar2 41.5 g 

Yeast extract 2 
Bacto-agar 2 

Baeto-agar 2 
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AppeDdiz A (Continued). 

Medium 

Seed and stem media 

Soybean seeds 
(Sarwar Alam and 
Strange, 1987) 

Bar1ey seeds 

Hemp-nettle stems 

Ingredients 

2S g of dry soybeans boiled in 
distilled water/250-ml flask 

10 g dry barley boiled in 
disti1led water/l25-ml flask 

10 g of autoclaved hemp
nett1e stem pieces/12S flask 

~All media were prepared with distilled water. 
Difco Laboratories, Detroit, Michigan. 

3 100 g of plant material boiled for 30 minutes in lL of 
4distilled water and strained through a 250-um sieve. 
SCampbell Soup Company Ltd., Toronto, Ontario. 
6BBL, Cockeysville, Maryland. 

Sigma Chemical Company, St-Louis, Missouri. 
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APPENDIX B 

- Horsfall and Barratt's grading system 

Grade Percent infected Percent hea1thy 

0 0 100 

1 0 to 3 97 to 100 

2 3 to 6 94 to 97 

3 6 to 12 88 to 94 

4 12 to 25 75 to 88 

5 25 to 50 50 to 75 

6 50 to 75 25 to 50 

7 75 to 88 12 to 25 

8 88 to 94 6 to 12 

9 94 to 97 3 to 6 

10 97 to 100 0 to 3 

Il 100 0 

(Horsfall and Barratt, 1945) 
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APPENDIX C 

Assessment key for hemp-nettle leaves 1nfected by 
Septoria galeopsidis Westd. using 

Horsfall and Barratt's grading system. 

0% 3% 6% 12% 

25% 50% 75% 88% 

94% 97% 100% 
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APPENDIX 0 

Formula for the calculation of the 
area under the disease progress curve (AUDPC) 

(modlfied from Shaner and Flnney, 1977). 

AUDPC :II 

n 

~ [(Yi + 'li+1)/2][Xi+1 - XiJ 
hl 

= Average grade for leaf area covered by leslons 
on tue ith assessment day 

Yi+1 ~ Average grade for leaf area covered by les ions 
on the (i+1)th assessment day 

n = Number of assessment days (n a 4 or n~5 depending on 
the experimeut) 

[X i + 1 - Xi] was considered equal to 1 
interval between two consecutive disease 
constant (-2 days) throughout the studies. 
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TABLES or KEARS ARD ARALYSIS OF VARIARCE 
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Table E. 1 Means of colony diameter (mm) for each medium-
temperature treatment combination (3 reps per 
treatment). 

------- Incubation temperature (C) -----
Agar medium 14 21 26 31 

Violet Red Bile 1.7 3.7 3.7 0.8 

Malt Extract 4.7 8.7 7.7 3.0 

Czapeck Dox 6.3 10.0 9.7 4.0 

Yeast Extract 8.0 11. 7 9. 7 2.5 

Beef Peptone 7.7 11.7 13.5 2.0 

Malt Extract and Yeast 7.0 14.0 14.0 1.5 

Water 7.0 15.7 8.5 2.5 

Nutrient 8.3 13.0 20.0 1.8 

Lima Bean 8.3 27.0 28.7 -
Potato Dextrose 6.3 15.') 31 .0 3.6 

Hemp-ne t t le Plant 16.7 33.0 27.0 3.0 
parts 

Czapeck Dox-V-8 11.3 26.0 44.0 6.0 

IMissing data due to contamination or failure of mycelium of 
growlng from the germinated spores. 
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Table R.Z Analysis of variance for colony diameter. 

(~ 
Source of df 55 F value 
variation 

Total 125 12133.00 
Temperature (T) 3 3526.70 204.14** 
Block in T (error a) 8 46.07 
Medium (M) 11 3941.64 51.79** 
M*T 32 477.68 11.19** 
E rror 71 491.20 

** Significant at the 0.01 level 

(~ 
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Table E.3 Analys1s of variance of the fit of a regression 
curve to colony diameter data for each medium. 

Source of 
variation 

T 
l'*T 
T*T*T 
Pooled error 1 

df ss 

1 32.69 
1 151.44 
1 24.22 

79 6.80 

F value Fitted equation 

Beef Peptone 

4.81* 
22.27** 

3.56 
y la -37.6606 

+ 4.7830*T 
- 0.1l23*T2 

R2 

0.96 

------------------------- Czapek's dox------------------------

T 1 
T*T 1 
T*T*T 1 
Pooled error 1 79 

4.86 
67.19 

1. 62 
6.80 

0.82 
9.88** 
0.27 

y • -23.5535 
+ 3.1413 *T 
- O.0725*T2 

0.61 

------------------------ Czapek's Dox-V-8 ---------------------
T 
T*T 
T*T*T 
Pooled error 1 

1 12.84 
1 1834.87 
1 761.29 

79 6.80 

0.82 
269.80** 
111.9/.** 

y - +578.8557 
- 90.4970*T 
+ 4.5942*T2 

0.0733*T3 

0.95 

------------------- Hemp-nettle Plant parts -------------------

T 
T*T 
T*T*T 
Pooled error 1 

1 
1 
1 

79 

0.21 
865.36 

1.87 
6.80 

0.03 
127.24** 

0.27 
y - -110.7250 

+ 13.5420*T 
0.3179*T2 

0.91 

-------------------------- Lima Bean --------------------------

T 
T*T 
T*T*T 
Pooled error 1 

1 
1 

79 

672.89 
91.78 

66.80 

98.94** 
13.50** y - -86.1667 

+ 9.4722*T 
- 0.1944*T2 

0.93 

------------------------- Malt Extract-------------------------

T 1 
T*T 1 
T*T*T 1 
Pooled error 1 79 

1.32 
39.04 
0.04 
6.80 
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0.19 
5.74* 
0.01 

y • -23. 3593 
+ 2.9461*T 
- O.0675*T2 

0.46 
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Table B.3 (Continued). 

Source of 
variation 

df SS F value F1tted equat10n 

---------------------- MaltExtractandYeast -----------------

T 
T*T 
T*T*T 
Pooled error 1 

1 
1 
1 

79 

17.30 
171.71 

5.99 
6.80 

2.54 
25.25** 
0.88 

y - -51.4813 
+ 6.1817*T 
-0.1439*T2 

0.88 

------------------------- Nutr1ent ----------------------------

T 1 
T*T 1 
T*T*T 1 
Pooled error 1 79 

13.43 1.98 
359.51 52.86** 
156.75 23.05** 

6.80 

y s +271.0672 
- 41.4954*T 0.93 
+ 2.0889*T2 

0.0332*T3 

---------------------- Potato Dextrose ------------------------

T 
T*T 
T*T*T 
Pooled error 1 

1 
l 
1 

79 

5.88 
367.32 
251.63 

6.80 

0.86 
54.01** 
37.00** 

y ,. +501.7733 
- 77.6797*T 
+ 3.8719*T2 

0.0608*T3 

0.91 

--------------------- Violet Red Bile -------------------------

T 
T*T 
T*T*T 

1 
1 
1 

Pooled error 1 79 

0.41 
17.62 
0.53 
6.80 

0.06 
2.59 
0.08 

-------------------------- Water ------------------------------

T 1 
T*T 1 
T*T*T 1 
Pooled error 1 79 

22.24 
185.17 
22.92 
6.80 

3.27 
22.23** 

3.37 
y ,. -44.7495 

+ 5.5582*T 
- 0.1311*T2 

0.96 

----------------------- Yeast Extract -------------------------

T 1 
T*T 1 
T*T*T 1 
Pooled error 1 79 

20.65 
85.91 

0.33 
6.80 

3.04 
12.63** 

0.05 
y - -25.5575 

+ 3.6158*T 
- 0.0873*T2 

1Pooled error SS - R(T)SS + Error SS (from table E. 
T - Incubation temperature 

) 

.. - Significant at the 0.05 level 
** - S1gnificant at the 0.01 level 
y - Estimate of colony diameter 
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Table B.4 Means of percent spore germination at each 
incubation temperature after 6, 12, 18, and 24 
bours (pooled for two experiments). 

Incubation temperature (C) -----------
15 --- 20 --- 25 --- 30 ---

Time after 
Plating 
(bours) i. Asine1 Asine % 

(rad.) 
Asine 
(rad. ) 

% Asine 

6 6 

12 8 

18 25 

24 60 

(rad.) 

0.23 

0.29 

0.53 

0.89 

9 

14 

48 

64 

0.30 

0.39 

0.76 

0.93 

4 

18 

50 

61 

0.21 

0.43 

0.79 

0.90 

(rad.) 

7 0.26 

15 0.40 

48 0.76 

67 0.97 

1Arcsine transformation - arcsine y;t 

Table B.S 

Source of 
variation 

Total 
Replication 
Block in N 
Time (T) 
Temperature 
H*C 
N*T 
N*C 
N*T*C 
Error 

(N) 

x a percent spore germination/100 

Analysis of variance for transformed percent 
spore germination data (poo1ed for two 
experiments). 

df SS F value 

143 11.5243 
1 0.0013 0.29 

(error a) 7 0.0325 
3 9.8905 521.11*· 

(C) 3 0.3308 17.27** 
9 0.2603 4.53*· 
3 0.0314 1. 64 
3 0.0166 0.87 
9 0.0070 0.12 

105 0.6703 

** Signlficant at the 0.01 level 
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Table E.6 Analysis of variance for transformed data of 
percent spore germination at each counting 
period (pooled for two experiments). 

Source of 
variation 

df SS F value 

------------------------ 6 hours ------------------------------

Total 35 0.1839 
Replication (N) 1 0.0020 0.27 
Block in N (error a) 7 0.0522 
Temperature (C) 3 0.0466 4.06* 
N*C 3 0.0052 0.45 
E rror 21 0.0802 

----------------------- 12 hours ------------------------------

Total 35 0.2132 
Replication (N) 1 0.0022 0.66 
Block in N (error a) 7 0.0234 
Temperature (C) 3 0.1003 9.66** 
N*C 3 0.0110 1.06 
Error 21 0.0727 

----------------------- 18 hours ------------------------------

Total 35 0.6734 
Replication (N) 1 0.0121 1. 43 
Block in N (error a) 7 0.0593 
Temperature (C) 3 0.4080 14.87** 
N*C 3 0.0027 0.10 
Error 21 0.1921 

----------------------- 24 hours ------------------------------

Total 35 O. 2780 
Replication (N) 1 0.0165 2.47 
Block in N (error a) 7 0.0466 
Temperature (C) 3 0.0362 1.44 
N*C 3 o • 0047 0.19 
Error 21 0.1763 

* Significant at the 0.05 level 
** Significant at the 0.01 level 
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Table E.7 

Source of 
variation 

df 

Total 143 
N 1 
R(N) 7 
T 1 
T*T 1 
T*T*T 1 
C 1 
C*C 1 
C*C*C 1 
T*C 1 
T*T*C 1 
T*T*T*C 1 
T*C*C 1 
T*T*C*C 1 
T*T*T*C*C 1 
T*C*C*C 1 
T*T*C*C*C 1 
T*T*T*C*C*C 1 
Error 120 

Analysts of variance of the fit of a regression 
curve to transformed percent spore germination 
data (pooled for two experlments). 

ss 

11.5243 
0.0013 
0.0325 
9.9147 
0.0694 
0.1917 
0.1926 
0.0838 
0.0479 
0.0211 
0.0978 
0.0152 
0.0000 
0.0866 
0.0227 
0.0012 
0.0128 
0.0074 
0.7253 

F value 

0.29 

1640.30** 
11.48** 
31.72** 
31.86** 
13.87** 

7.93** 
3.49 

16.18** 
2.52 
0.01 

14.33** 
3.76 
0.20 
2012 
1.23 

Fitted equatlon R2 

y. 0.8107 0.93 
- 0.6150*T 
+ 0.0278*T2 
- 0.0003*T3 
+ O. 1183*C 
- 0.0107*C2 
+ 0.0002*C3 
+ 0.0411*T*C 
- 0.0014*T2*C 
- 0.0008*T*C2 
+ 0.00003*T2*1 2 

N ,. Replication 
R ,. Blocks 
T ,. Time 
C • Temperature 
y s Estimate of arcsine value of percent spore germination 
** ,. Significant at the 0.01 level 
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Tabl eE.8 

( 

Table B.9 

1 

Means of AUDPC values for inoculated plants at 
each dew perlod duration (averaged over 
temperatures of 18 and 24 C). 

Dew period duratlon 
(hours) 

24 

36 

48 

60 

AUDPC 1 

6.63 a 

9.24 ab 

14.42 be 

17.59 c 

1 Means followed by the same let ter are not 
significantly different at the 0.20 
experimentwise error rate according to 
multiple comparison procedure of the 
Friedman test. 

Means of AUDPC values for inoculated plants at 
eachtemperature (averaged over dew period 
durations of 24, 36, and 48 hours.) 

Dew period tempe rature 
(C) 

18 

24 

30 

AUDPC 1 

5.56 a 

13.94 b 

10.62 a 

Means followed by the same letter are not 
significantly different at the 0.15 
experimentwise error rate aecording to 
multiple comparlson procedure of the 
Friedman test. 

132 



....... 

Table B.10 Friedman two-way analysis of variance for AUDPC 
values. 

Source of 
variation 

Oewperiod duration 
Temperature 

df 

3 
2 

** Significant at the 0.01 leve1 

X2 value 

22.50*· 
17.29*· 

Table B. 11 Non-parametric simple linear regression 
equations for AUOPC at each temperature. 

Temperature (C) Regression equation 1 

18 Y • -1.241 + 0.201*0 2 

24 Y • -1.462 + 0.433*0 2 

30 Y • -6.420 + 0.483*D 3 

1 D • dew perlod duration (hours) 
2 for D values between 24 and 60 hours 
3 for D values between 24 and 48 hours 
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Table E.12 Means of plant height for unlnoculated and 
Inoculated plants at each dew perlod duratlon 
( a ver a le d 0 ver t e m p e rat ure s 0 f 1 8 and 2 4) • 

Dew perlod duration ---------- Mean helght (cm) ---------
(hours) 

24 

36 

48 

60 

Column means 

Table E.13 

Control plants Inoculated plants 

39.08 43.00 

42.00 39.36 

39.17 39.69 

38.81 40.75 

39.76 40.70 

Means of plant height for uninoculated and 
inoculated plants at each dew period tempe rature 
(averaged over dew period durations of 24, 36 
and 48 hours). 

Dew period temperature --------- Plant helght (cm) ------------
(C) Control plants Inoculatedplants 

18 40.67 41. 80 

24 39.50 39.57 

30 39.48 39.13 

Column means 39.88 40.19 
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Table E.14 Analysis of variance for plant height(data set A). 

Sourceof 
variation 

Total 
Replication (N) 
Temperature (T) 
T*N (error a) 
Block 
Inoculation (1) 
Duration (D) 
D*1 
T*1 
T*D 
T*D"'I 
Error 

df 

95 
1 
1 
1 
2 
1 
3 
3 
1 
3 
3 

76 

* Significant at the 0.05 level 

ss F va 1 ua 

2137.81 
19.26 0.02 

129.89 0.17 
77 2. 56 

4.39 O. 18 
21.09 1 .77 
40.93 1 . 15 

13 7 .09 3.84 * 
13.25 1.11 
53.90 1. 51 
41.37 1. 16 

904.07 

Table E. 15 Analysis of variance for plant height (data set 
B) • 

Source of df SS F value 
variation 

Total 106 2817.25 
Replication (N) 1 7.97 0 .. 02 
Temperature (T) 2 89.09 O. 16 
T"'N (error a) 2 572. 42 
Block 2 21. Il 0.66 
Inoculation (1) 1 0.69 0.04 
Dur a t i 0 n( 0) 2 320.21 10.04** 
D*1 2 199.31 6.25** 
T*1 2 15.27 0.48 
T*D 4 253.46 3.97** 
T*D·1 4 38.39 0.60 
Error 84 1339.42 

** Significant at the 0.01 level 
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Table E.16 

Source of 
variation 

Analysis of variance for uninoculated and 
inoculated plant height (data set A). 

df SS F value 

---------------- -------- Con t ro l plant s -----------------------

Total 
Replication (N) 
Temperature (T) 
T*N (error a) 
Bloc k 
Duration (D) 
T*D 
Error 

Total 
Replication 
Temperature 
T*N (error a) 
Block 
Duration 
T*D 
Error 

46 969.22 
1 0.75 0.00 
1 38.19 0.10 
1 364.38 
2 6. ! 4 0.23 
3 88.07 2.16 
3 6.98 0.17 

36 377.86 

lnoculated plants ----------------------

47 
1 
1 
1 
2 
3 
3 

36 

1147.17 
39.72 

113.06 
430.00 

7.39 
97.16 
81. 97 

377.86 

0.09 
0.26 

0.35 
3.09* 
2. 60 

* Significant at the 0.05 level 
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Table BJ.7 Analysis of variance of the fit of a regression 
curve to the height of inoculated plants (data set 
A). 

Source of 
variation 

Total 
N 
T 
N*T (error a) 
D 
D*D 
D*D*D 
D*T 
Error 

df 

47 
1 
1 
1 
1 
1 
1 
1 

40 

N - repli cation 
T - temperature 

SS 

1147.17 
458.79 
234.08 
430.00 
24.70 
66.11 
6.34 

27.79 
439.44 

D - dew period duration 

F 
value 

1.07 
0.54 

2.25 
6.02* 
0.58 
2.53 

y - estimate of plant heignt 
* - significant at the 0.05 level 
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Fitted equation 

y • +55.8570 0.61 
- 0.7381*D 
+ 0.0082*0 2 
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Table K.18 Means of fresh weight for unlnoculated and 
Inoculatedplantsat each dew perlod duration 
(averaged over the temperatures of 18 and 24 C.) 

Dew perlod duratlon 
(hours) 

-------- Fresh weight (g) ----------
Control plants Inoculated plants 

24 

36 

46 

60 

Co 1 umn mea ns 

Table E .19 

8.00 7.48 

8.30 6.75 

7.53 

7.19 6.28 

7. 76 6.66 

Means of dry welght for uninoculated and 
inoculated plants at each dew period duratlon 
(averaged over temperatures of 18 and 24 C.) 

Dew period duration ----------- Dry weight (g) -------------
(hours) Control plants Inoculated plants 

24 0.92 0.81 

36 0.92 0.68 

48 0.78 0.59 

60 0.73 0.56 

Column means 0.84 0.66 
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Table B.20 Meaus of fresh weight for unlnoculated and 
inoculated plants at each dew period tempe rature 
(avet'aged over dew period durations of 24, 36, 
and 48 hout's). 

Dew periodtempet'ature ----------- freshweight (g) ---------
(C) Control plants lnoculated plants 

18 

24 

30 

Column means 

Table E .21 

8.72 7. 70 

7. 17 5.88 

7. 69 6.S3 

7.86 6.71 

Means of dry weight for uninoculated and 
inoculated plants at each temperature (averaged 
over dew period durations of 24, 36, and 48 
hours). 

Dew period tempe rature ----------- Dry weight (g) -----------
(C) Control plants lnoculated plants 

18 0.94 0.76 

24 0.81 0.61 

30 0.78 0.66 
---------------------------------------------------------------

Column means 0.85 0.68 
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Table B.22 Analysis of variance for plant fresh weight 

(~ 
(data set A) • 

Source of df SS F value 
variation 

Total 95 221.98 
Replication (N) 1 11.11 1.05 
Temperature (T) 1 70.19 6.66 
T*N (error a) 1 10.54 
Block 2 1. 62 0.92 
Inoculation (1) 1 28.65 32.56** 
Duration (D) 3 17.96 6.80** 
D*1 3 3.94 1.49 
D*T 3 0.16 0.06 
T*I 1 1.62 1 .84 
T*I*D 3 9.36 3.55* 
Error 76 66.85 

* Signifieant at the 0.05 level 
** Signifieant at the 0.01 level 

(. 
Table B.23 Analysis of variance for plant fresh weight 

(data set B) • 

Source of df S5 F value 
variation 

Total 106 267.30 
Replication (N) 1 12.79 2.76 
Temperature (T) 2 53.67 5.09 
T*N (error a) 2 10.54 
Block 2 0.95 0.45 
Inoculation 1 38.05 35.63** 
Duration (D) 2 40.56 18.99** 
D*1 2 4.99 2.29 
T*I 2 0.41 0.19 
D*T 4 11.75 2.75* 
D*T*I 4 8.30 1.94 
Error 84 89.72 

* Signifieant at the 0.05 1evel 

{. ** Signifieant at the 0.01 level 
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Table E.24 Analysis of variance for plant dry welght (data 
set A). 

Source of 
variation 

Total 
Replication (N) 
Temperature (T) 
N*T (error a) 
Block 
Inoculation (1) 
Ouration (D) 
0*1 
T*I 
D*T 
D*T*l 
Error 

df 

95 
1 
1 
1 
2 
1 
3 
3 
1 
3 
3 

76 

** Significant at the 0.01 level 

S5 F value 

3.85 
0.30 2.49 
0.50 4.13 
o. 12 
0.03 1. 07 
0.78 49.29** 
0.77 16.29** 
0.05 1.13 
0.01 0.78 
0.00 0.09 
0.07 1 • ,+ 8 
1.20 

Table E.25 Analysis of variance for plant dry welght 
(data set B). 

Sou rce of df SS F value 
variation 

Total 106 4.50 
Replication (N) 1 0.20 1. 79 
Temperature (T) 2 0.45 2. 05 
N*T 2 0.22 
Black 2 0.04 1. 14 
Inoculation ( 1) 1 0.80 44.06** 
Ouratlon (0) 2 1.03 28.47** 
0*1 2 0.08 2. 27 
T*l 2 0.02 0.42 
T*O 4 o. 14 1.86 
T*O*I 4 0.06 0.78 
Error 84 1.52 

** Signiflcant at the 0.01 level 
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Table 1.26 Analysis of variance for fresh weight of control 
and Inoculated plants (data set A). 

Source of 
variation 

df 

-------------------- Control plants 

Total 46 
Replication (N) 1 
Temperature (T) 1 
N*T (error a) 1 
Block 2 
Duration (0) 3 
D*T 3 
Error 35 

ss F value 

90.41 
5.22 0.60 

26.31 3.01 
8.75 
0.26 0.12 
9.34 2.89* 
4.84 1.50 

37.71 

Inoculated plants -------------------------

Total 47 
Replication 1 
Temperature 1 
N*T l 
Block 2 
Duration 3 
T*D 3 
Error 36 

* Signlficant at the 0.05 level 
** Signlficant at the 0.01 level 
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102.56 
6.63 2.12 

46.55 14.91 
3.12 
4.33 3.16 

13.08 6.38** 
4.26 2. 08 

24.60 
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TableE.27 Analysis of variance for dry weight of control 
and inoculated plants (data set A). 

Source of 
variation 

Total 
Replication 
Temperature 
N*T 
Block 
Duration (D) 
D*T 
Error 

df 

Control plants 

46 
(N) 1 
(T) 1 

1 
2 
3 
3 

35 

ss F value 

------------------------
1.47 
0.23 4.15 
0.18 3. 43 
0.05 
0.01 0.14 
0.37 6.83** 
0.05 0.99 
0.62 

---------------------- Inoculated plants ----------------------

Total 47 1. 58 
Replication 1 0.10 1.32 

Temperature 1 0.34 4.56 
N·T 1 0.07 
Block 2 0.10 3.65* 
Duration 3 0.47 11.45** 
T*D 3 0.02 0.52 

Error 36 0.49 

* Significant at the 0.05 level 

** Significant at the 0.01 level 
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Table B.28 Analysts of variance of the fit of a regression 
line to fresh weight of uninoculated and 
inoculated plants (data set A). 

Source of 
variation 

df SS F 
value 

Fitted equation 

--------------------- Uninoculatedplants 

Total 46 90.41 
N 1 5.09 0.59 
T 1 9.73 1. 13 
N*T (error a) 1 8.54 Y ,. 8.8771 
D 1 6.53 6.32* -(0.0265*D) 
D*D 1 0.97 0.94 
D*D*D 1 1. 88 1. 82 
D*T 1 2. 60 2. 52 
Error 39 40.24 

0.53 

--------------------- lnoculated plants -----------------------

Total 47 
N 1 
T 1 
N*T 1 
D 1 
D*D 1 
D*D*D 1 
D*T 1 
Error 40 

N = Replication 
T ,. Temperature 

102.56 
6.63 
0.33 
3.12 

10.63 
2. 21 
0.24 
2.47 

30.71 

D ,. Dew period duration 

2.12 
o. Il 

13.84** 
2.88 
0.32 
3.22 

y ,. Estlmate of plant fresh weight 
* ,. Significant at the 0.05 level 
** • Significant at the 0.01 level 
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Y .. 8.1364 0.68 
-(0.0351*D) 
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rab 1 e 8.29 Analysis of variance of the fit of a regression 
llne todry weight of control and inoculated 
plants (data set A). 

Source of 
variation 

df 58 F value Fitted equation R2 

---------------------- Uninoculated plants --------------------

Total 45 1.44 
N 1 0.22 4.30 
T 1 0.07 1.29 
N*T 1 0.06 y - 1. 0924 0.53 
D 1 0.31 17.97** -(0.0060*0) 
D*D 1 0.01 0.80 
D*D*D 1 0.02 1.45 
D*T 1 0.02 1.17 
Error 38 0.64 

----------------------- Inocu1ated plants ---------------------

Total 47 
N 1 
T 1 
N*T 1 
D 1 
D*D 1 
D*D*D 1 
D*T 1 
Error 40 

N :a Replication 
T - Temperature 

1.58 
0.10 
0.01 
0.07 
0.44 
0.03 
0.00 
0.01 
0.60 

D - Dew period duration 

1. 32 
0.09 

29.28** 
1.86 
0.01 
0.68 

y - Estimate of plant dry weight 
* - Signl1cant at the 0.05 level 
** - Signlficant at the 0.01 level 
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-(0.0071*D) 



TableE.30 Friedman two-way analysis of variance for AUDPC. 

Source of variation 

Additives 
Inoculation rates 

Inoculation rate 

df 

Expriment 1 

3 
4 

Experiment 2 

4 

* Significant at the 0.05 level 
** Signjficant at the 0.01 level 

x2 calculated 

22.27 ** 

Table E.31 Non-parametric simple linear regression equations 
for AUDPC values. 

------- Experiment 2A --------------- Exper1ment 2B -----------

y - -80.055 + (l3.35*R) 

y ~ Estimate of AUDPC 
R • Log of inoculation rate 
Table 4.4.10 AUDPC mean values. 
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y • -21.121113 + (5.1062525*R) 
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Table B.32 Means of he1ght, fresh welght and dry welght for 
each inoculum dens1ty. 

Inoculation 
rate 
(spores/m 2 ) 

Height Fresh 
(cm) weight 

(g) 

% Dry 
redl.lctlon weight 

(g) 

% 
reductlon 

----------------------- Exper1ment 1 --------------------------

0.0 62.53 8.3 1. 23 
1.0 X 106 61.81 8.19 1.33 1.23 0.00 
1.0 X 107 61.74 7. 56 8.92 1 • 1 1 9.76 
1.0 X 108 61. 38 7. 04 15.18 1.00 18.70 
1.0 X 109 63.09 7. 35 11.45 0.99 19.51 

----------------------- Exper1ment 2 --------------------------
0.0 30.17 4.17 0.56 
1.0 X 106 30.92 4.08 2.34 0.53 4.74 
1.0 X 10 7 31.08 3.87 7. 39 0.47 16.07 
1.0 X 108 27.58 2.81 32.67 0.30 46.90 
1.0 X 109 28.75 2.53 39.50 0.26 53.50 
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Table B. 33 Analysis of varIance for plant height. 

Source of variation df 

------------------------ Experiment l 

Total 79 
Block 3 
Additives 3 
Inoculum density 4 
Additives*inocu1um density 12 
E rror 

Total 
Block 
lnoculum denslty 
Error 

57 

Experiment 2 

29 
5 
4 

20 

** Significant at the 0.01 level 

SS 

1567.37 
568.98 

54.51 
30.54 

100.51 
821.83 

287.30 
89.70 
13.49 

143.63 

F value 

13.15** 
1.26 
0.53 
0.58 

2.50 
1. 88 

Table B.34 Analysis of variance for plant fresh weight. 

Source of variation df SS F value 

---------------------- Experlment 1 ---------------------------

Total 
B10ck 
Additives 
lnoculum 
A*l 
Error 

Total 
Block 

(A) 
denslty 

lnoculum density 
Error 

(1) 

79 
3 
3 
4 

12 
57 

Experiment 2 

29 
5 
4 

20 

** Slgniflcanc at the 0.01 level 
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119.16 
27.52 

6.36 
19.23 
9.40 

56.65 

18.69 
0.61 

14.06 
4.02 

9.17** 
2.13 
4.84** 
0.79 

0.61 
17.49** 
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Table B.3S Analys1s of variance for plant dry we1ght. 

Source of variation 

Total 
Block 
Additives 
Inoculum density 
Ad~1tives*inoculum 
Error 

Total 
Block 
Inoculum density 
Error 

df 

Experiment 1 

79 
3 
3 
4 

density 12 
57 

Experiment 2 

29 
5 
4 

20 

SS 

4.22 
0.89 
0.14 
0.85 
0.26 
2. 08 

0.53 
0.01 
0.45 
0.07 

F value 

8.16"'''' 
1.28 
5.83** 
0.59 

0.65 
33.36** 

---------------------------------------------------------------
ww Significant at the 0.01 level 
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Table 8.36 Analysis of variance of the fit of a regression 
line for plant fresh weight. 

Source of df SS F Fitted equation 
variation value 

------------------------- Experiment 1 -----------------------

Total 79 125.15 
R 3 30.38 10.07** 
A 3 5.70 1 .89 Y ,. + 9.8111 0.46 
D 1 15.42 15.33** - 0.3047*D 
D*D l 0.83 o .82 
D*D*D 1 3.31 3 .29 
D*A 3 2. 14 0.71 
Error 67 67.37 

------------------------- Experiment 2 ------------------------

Total 29 18.69 
R 5 0.61 0.57 
0 l 12.48 58.37** 
0*0 l 0.63 2.96 
D*D*D 1 0.47 2 .19 
Error 21 4.49 

R • Blocks 
A .. Adjuvants 
D • Log of inoculum density 
y .. Estimate of plant fresh weight 
* .. Significant at the 0.05 level 
** - Significant at the 0.01 leve! 

1S0 

Y =+ 7.5981 0.76 
- 0.5705*D 
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Table E.37 Analysis of variance of the fit of regression 1ine 

for plant dry weight. 

Source of 
variation 

df 55 F 
value 

Fitted equation R2 

-------------------------- Experiment 1 ----------------------

Total 78 4.40 
R 3 1.02 9.77** 
A 3 0.11 1. 09 
D 1 0.77 22.07** 
D*D 1 0.01 0.16 
D*D*D 1 0.09 2. 53 
A*D 3 0.11 1.10 
Error 66 2.29 

----------------------- Experiment 

Total 29 0.53 
R 5 0.01 0.60 
D 1 0.42 115.02** 
D*D 1 0.01 1. 99 
D*D*D 1 0.02 4.89* 
Error 21 0.08 

R = Blocks 
D • Log of inoculum density 
y - Estimate of plant dry weight 
* Significant at the 0.05 level 
** Slgnificant at the 0.01 level 
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Y .. + 1.5795 0.46 
- 0.0638*D 

2 -------------------------

Y a - 15.0663 0.86 
+ 6.5933*D 

0.91*D2 
+ 0.0407*D3 
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TableE.38 Means 
Curve 
growth 

Age 

1 

2 

3 

4 

5 

Plant growth 
stage 

cotyledons 

2 leaves 

4 leaves 

6 leaves 

8 leaves 

of Area 
(AUDPC) 
stage. 

Under the Disease Progress 
for inoculated plants at each 

-------------- AUDPC 1 --------------

Experiment 1 Experiment 2 

11.844 a 4.625 a 

0.750 b 3.042 a 

6.479 ab 

6.042 ab 6.437 a 

4.397 ab 5.749 a 

1 Means in the same column followed by the same letter are not 
significantly different at the 0.20 experimentwise error rate. 

Table E.39 

Source of 
variation 

Growth stage 

Growth stage 

Friedman two-way analysis of variance for AUDPC. 

df 

Experiment 1 

4 

Expe rimen t2 

3 

Chi-square 
value 

11.5* 

3.3 

* Significant at the 0.05 level 
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Table B.40 

Plant growth 
stage 

Means of plant height for unlnoculated and 
inoculated treatments at each growth stage. 

------ Helght (cm) ------

Uninoculated 
plants 

Inoculated 
plants 

% Difference 

---------------------------------------------------------------

------------------------- experiment 1 ------------------------

cotyledons 12.25 10.25 -16.3 

2-leaf 14.42 17.80 +23.4* 

4-1eaf 28.17 27.25 -3.3 

6-leaf 35.08 32. 75 -6.6 

8-1eaf 40.50 42. 33 +4.5 

------------------------ experlment 2 ------------------------

cotyledons 10.83 9.75 +10.0 

2-leaf 14.25 13.75 -3.5 

6-1eaf 30.50 29.42 - 3.5 

8-leaf 25.67 26.42 +2.9 

* Signlficant at the 0.05 level 

153 



(. 

( 

( 

Table E.41 

Source of 
variation 

Analys1s ofvariance for plant height at each 
growth stage (experiment 1). 

df 55 F value 

---------------------------- Cotyledons ----------------------

Total 
Bloc ks 
Inoculation 
Error 

9 
5 
1 
3 

49.23 
36.25 
6.13 
3.38 

6.44 
5.44 

----------------------------- 2-leaf --------------------------

Tota l 
Blacks 
Inoculation 
Error 

22 
5 
1 
4 

90.65 
9.9l 

32.40 
11.10 

0.71 
11.68* 

----------------------------- 4-leaf --------------------------

Total 11 275.73 
8locks 5 161.35 1. 44 
Inoculation 1 2.52 o .ll 
Error 5 111 .85 

----------------------------- 6-leaf --------------------------

Total 
Blocks 
Inoculation 
Error 

Il 
5 
1 
5 

285.42 
157.92 
16.33 

111.17 

1. 42 
0.73 

----------------------------- 8-leaf --------------------------

Total Il 223.92 
B10cks 5 202.17 17.33** 
Inoculation 1 10.08 4.32 
Error 5 11 .67 

* Signlflcant at the 0.05 level 
** Signiflcant at the 0.01 level 
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Table E.42 

Source of 
variation 

Analyslsof variance for plant helght at each 
growth stage (experiment 2). 

df S5 F value 

---------------------------- Cotyledons -----------------------

Total 
Blocks 
Inoculation 
Error 

9 
5 
1 
3 

28.40 
22. 96 
3.13 
2. 63 

5.25 
3.57 

----------------------------- 2-leaf --------------------------

Total 
Blocks 
Inoculation 
Error 

11 
5 
1 
5 

16.50 
13.25 
0.75 
2.50 

5.30* 
1. 50 

----------------------------- 6-1eaf --------------------------

Total 
Blocks 
Inoculation 
Error 

Il 
5 
1 
5 

175.73 
145.35 

3.52 
26.85 

5.41* 
0.66 

----------------------------- 8-leaf --------------------------

Total 
Blocks 
Inoculation 
Error 

Il 
5 
1 
5 

* Significant at the 0.05 level 
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52. 23 
28. 10 
1. 69 

22.44 

1.25 
0.38 
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Table 1.43 

Plantgrowth 
stage 

Mean plant fresh welght for uninoculated and 
Inoculated treatments at each growth stage. 

---- Fresh weight (g)----

Unlnoculated 
plants 

Inoculated 
plants 

% difference 

------------------------- Experiment 1 ------------------------

cotyledons 0.16 0.10 -37.5 

2-leaf 0.40 0.61 +52.5 

4-leaf 2. 57 2.77 +7. 8 

6-1eaf 4.89 4.00 -18.2 

8-leaf 5.85 5.75 -1.7 

------------------------- Experiment 2 ------------------------

cotyledons 0.11 

2-leaf 0.39 

6-leaf 3.38 

8-leaf 5.36 
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0.08 

0.36 

3.31 

5.87 

-2.7 

-7. 7 

-2. 1 

+9.5 



..,-

l 

Table 1.44 

Source of 
variation 

Analysis of variance for p13nt fresh weight at 
each growth stage (experillent 1). 

df SS F value 

---------------------------------------------------------------
----------------------------
Total 

Blocks 
Inoculation 
Error 

9 
5 
1 
3 

Cotyledons -----------------------

0.0430 
0.0330 
0.0046 
0.0024 

8.09 
5.62 

----------------------------- 2-1eaf --------------------------

Total 
Blocks 
Inoculation 
Error 

10 
5 
1 
4 

0.3001 
0.0939 
0.1262 
0.0832 

0.90 
6.07 

----------------------------- 4-1eaf --------------------------

Total 
Blocks 
Inoculation 
Error 

11 
5 
1 
5 

2. 8441 
2.3705 
0.1194 
0.3542 

6.69* 
1.69 

----------------------------- 6-leaf -------------------------

Total 
Blocks 
Inoculation 
Error 

11 
5 
1 
5 

10.2423 
5.1005 
2.3506 
2.7912 

1.83 
4.21 

----------------------------- 8-leaf --------------------------

Total 
Blocks 
Inoculation 
Error 

11 
5 
1 

10 

* Significant at the 0.05 level 
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Il.8184 
7.9924 
0.0276 

18.4312 

2.10 
0.04 
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Table E.45 Analysis of variance for plant fresh weight at 

each growth stage (experiment 2). 

Source of df S5 F value 
variatIon 

---------------------------- Cotyledons -----------------------

Total 
Blacks 
Inoculation 
Error 

9 
5 
1 
3 

0.0080 
0.0059 
0.0017 
0.0007 

4.90 
6.99 

----------------------------- 2-leaf --------------------------

Total 
Blacks 
Inoculation 
Error 

11 
5 
1 
5 

0.1486 
0.1134 
0.0037 
0.0316 

3.59 
0.58 

----------------------------- 6-leaf -----------------.---------

Total 
Blocks 
Inoculation 
Error 

11 
5 
1 
5 

3.8563 
2.3719 
0.0182 
1.4662 

1. 62 
0.06 

----------------------------- 8-leaf --------------------------

Total 
Blocks 
Inoculation 
Error 

11 
5 
1 
5 
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0.2460 
19.0724 

0.7916 
14.6328 

1.30 
0.27 



raltle B.46 Mean plant dry weight for uninoculated and 
inoculated treatments at each growth stage 
(pooled data for two experiments). 

----- Dry weight (g) ------

Age Plant growth Uninoculated Inoculated % Difference 
stage plants plants 

1 Cotyledons 0.010 0.007 -26.0** 

2 2 leaves 0.034 0.042 +23.5 

3 4 leaves 0.270 0.280 +3.7 

4 6 leaves 0.500 0.440 -12. 0 

5 8 leaves 0.780 0.750 -3.8 

** Signifieant at the 0.01 level 
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Table 8.47 

Source of 
variation 

Analysis of 
each growth 
experiments). 

df 

variance 
stage 

55 

for plant dry weight at 
(pooled data for two 

F value 

Cotyledons -------------------------

Total 
Experiment CE) 
Block in experiment 
Inoculation (1) 
E*I 
Error 

19 
1 

10 
1 
1 
6 

0.0002928 
0.0000688 
0.0001939 
0.0000238 
0.0000004 
0.0000157 

3.55 
7.40* 
9.07* 
0.15 

---------------------------- 2-leaf ---------------------------

Total 22 0.0059 
Experiment CE) 1 0.0012 5.60* 
Block in experiment 10 0.0022 1.26 
Inoculation (1) 1 0.0005 2.67 
E*l 1 0.0007 3.84 
Error 9 0.0016 

4-leaf ---------------------------

Total 
Block 
Inoculation 
Error 

11 
5 
1 
5 

0.0373 
0.0303 
0.0008 
0.0061 

4.99 
0.68 

---------------------------- 6-leaf ----------~----------------

Total 23 0.3963 
Experlment (E) 1 0.1570 14.48** 
Block in experiment 10 0.1084 1.19 
Inoculation (1) 1 0.0286 3.15 
E*I 1 0.0113 1. 24 
Error 10 0.0910 

---------------------------- 8-leaf ---------------------------

Total 
Experiment 
Block in experiment 
Inoculation 
E*I 
Error 

23 
1 

10 
1 
1 

10 

• Significant at the 0.05 level 
•• Significant at the 0.01 level 
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0.7037 
0.1408 
0.4136 
0.0079 
0.0007 
0.1407 

3.40 
2.94 
0.56 
0.05 


