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ABSTllACT 

Lamb"s-quarters (Chenopodium album L.) 18 a w1deSipread 

weed of man y crops such as corn"soybeans, sugar beets, and 

cereals. Nor.mally, the'weed 1s ~ily.controlled using 

cultural and chemical methods, although triazine herbicide use 
, . 

in corn is not effective where triazine resistant popula~ions of 

lam.b"s-quarters have developed. A 'pathoge-n, 'Ascochyta 

hyalospora (Cooke &. Ellis) Boerema !:!. .!..!,., was/tisolated from, 
i::: c 

• iii; disea-sed lamb"s':'quarters' plants collec,ted during a weed -disease 

survey at Ste~Anne-de-Bellevue, Q~bec. In controlled 

'-c environment, 8.tudies the pathogen was restricted to plants in the 
'. 

, family Chenopodiaceae, particularly the genus eh~9podium. 
~(). 

.. AJ:.:",.),f'" 

, "!eedlings at the cotyledon to the 4~leaf stage of growth 

südtained more damag~ than older plants when sprayed at a rate 

o ~iQ,J:J 
O.f i 'X 1;?8 eonidia/m 2 • ~ea;e developed over a broad range of 

w é 1: n f! s S p e rio d s ( 6 t p 24 hou r s) - and te m p-e rat ure s (1 2 t 0 3 0 C ) ; 

Most di~éase developed at tempe ratures of lSQ to 24C with long 
o 

pei","ods pf lUoisture (18 and 24 hours) resulting in more ~ease. 

Perid-d's of continuous moisture produced more disease than 

equi~alent periods of int~rrupted moisture. Conidia of 

~ Ascochyta hyalosporà were able to infect lamb's-quarters when 

applied in a mixture containing atrazine at field rate (2.2 
" 

kg/ha) •. Ascochyta hyalospor,a would appear to have potential as 

a biological herbicide for control of l·amb"s-quarters, 

particularly triazine-resistant lamb"8~quarters, but more 
, 

'testing is needed to determine efficacy under field conditions. 

-

, 



--J 

( 

(. 

, . 
, . , 

K.KSUKE 

.. 

Le cnênopode blanc (Cneno podium album L.) est une 
• 

: 

mauvaise herbe répandue dans les cultures de maïs, de s01.a, de 
<, 

betteraves sucri~re8 et de céréales. Normalement, cette 

.. ' mau vaise he rbe est f acil ement enr ay'ée gr âce aux mét hode s 

-

cul tu raI es etc h i m i que 8 • Fa i san tex c ep t ion à 1 a r ~ g la, 

l'herbicide triazine, utilisé dans la culture du ma!s, est 

inefficacé sur les populations de ch'énopode b1anc-.Ëyant 
, . ) 

\ ~, 

d6veloppé de la résistance contre son action. UnI pathog~if."'e'J , 

Ascochyta hyalospora (Cooke & Ellis) Boerema e,1 !.l., a ét'é isol'é

de plants de chénopode 'blanc malades, cueillis à Ste-Anne-de-

Bellevue, Québec. Dans le cadre d"'études erl'F environnement 

" contrôlé, le pathogêne était restreint aux plantes appartenant à 

la famille Chénopodiacées, plus particuliêrement au genre 

Cpenopodium. De jeunes plants au stade de croissance de 
. 

co t Y l éd 0 Ù\jl, '-j pIS q U -- a u s t ad e d e qua t r e feu i lIe son t su b i 
t·-· " 

". \, f ~ , 

dommages que des plants plus âgés lorsqu"'un taux~-d--e 1 
} 

plus de 

X 108 

con i die s / m 2 a ét'é a pp 1 i q u é. ~ Lam a 1 ad i es" est d e v e l 0 p ée sou sun e 

vaste gamme de pér\odes d'humidité (6 à 24 neures) et de 

températures (12 à 30C). Cep end an t , des t e m R~r a t ure s d e 18 C à 

24C associées avec de longues périodes de rosée (18 et 24 

heures) ont résulté en plus de maladie. Des périodes de 'rosée 

continl,le ont également entra!né un meilleur développement de la 

maladie que des périodes équivalentes de rosée interrompue. 

Les conidies de Ascochyta hyalospora ont infecté le chénopode 

blanc lorsque appliquées en mélange avec l"he'rbicide atrazine au 

taux d'application recommendé (2.2 kg/ha). Ascochyta 

hyal ospora, semble démontrer un poteiie l .comm,e agent de lutte 
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1 GENERAL INTRODUCTION 

~~ B~ologieal'Control of Weeds 

1.1.1 Inoeulative and inundac1ve biolo~cal concrol 

Biological weed control can bé defined as the 
, , 
deliberate use of insects, fungi, nematodes, ,bacteria, or 

viruses to suppress weeds below an economically damaging level 

~ (And"res, 1982). Gen@rally, biological weed control can -.be 

divideg into two primary Methode, the inoculative tactic and 

the i nu na-a-t ive tac ~i c. 
, 

The inoculative tactic, sometimes called the 
, 

elassical ap'pro'ach, is the order method and it remains ,the Most 
~ 

frequently use4 type of biologieal weed control. This method 
, 

requires that a control agent, obtained from the weed's centre 

of Origin,~e released' at a l.imited number of sites, where a 

pOPulat1on~bliShes itself on t~e weed over a period of time. 

Âs the population hncreases, Che concrol agent spreads out from 

the 0 r i gin aIr e 1 e a ses i t"e s.. ! f the con t roI age n t i s suc ces s f u 1 , 
{i 

the weed populat~od ~ill be suppressed tO a subeconomic level. 
c=,/''',,-

~nce the control agent has been successfully est~blished, 

further releases are u8ually not necessary. The likèlihood of 

suecessful biological control is increased ~f the weed is not 

closely related to an economic crop species. 

The inoculative t~ctic has bean. used exclusively for 

introduced weeds that have become major problems i~ undisturbed 

are,s such as rangelands and waterways. These introduced weeds 

ha.{e, become major problems because they have escaped t.heir 

... natural enemies that previously controlled them in their native 

range. In the past, biological control ~a~ attempted when 

conventional weed control techniques were not economical or 

1 

/ 
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cauf::; off.~tiv.ly control the woed. 
r 

Most of the inoculative 

control agents have been insects but plant pathogens have also 

b,een used (Andres, 1982; Andres !!. al., 1976; Charudattan, 1985; 

Schroeder, 1983; Templeton, '1982; Wapshere, 1982). 
-

The inoculative method has been used t~control 

skeletonweed ~Chondrilia juncea L.), an introduced weed in 

Australia that became a serio~s problem ln fallow wheatfields. 

Th~ rust pathogen, 
1 • 

Puccinia chondrillina ~Bubak & Syd. , was 
~--~---, -----

coll~cted in southern Europe and releaaed at several,tustralian 

si~es i~ 1971. The pathogen waa very successful against one of 

the tiètree 'f'o rma 0 ( the weed (Hasan, 1980; 
l> 

Schroeder, 1983). A 

European rust fungus, Phragmldium violaceum (Schulz) Winter, was 
~, 

released to control Rubus gpp. in Chile. As a result,of the 

introduced ~athogen~ "large reductions occurred in the population , 
of R. constrictus Lef. & M. The pathogen, however, caused less 

" damage' to the population of R., ulmifolius Schott (Hasan, 1980). 

The second method of biological weed control is the 
-0 J' 

inundative or bloherb'icide ta"-ètic. This method requires a mass 

release of th~ control agent (usually a fungal plant pathogen) 

ove r, a ta r g et are a wh e r eth e we e dis _ P ]; e sen t .' The in und a t ive 

release of the agent permits an Immediate, explosive epidemic to 

develop. In this manner, satisfactory control of the weed '('an 

be achieved within a relatively short time. The uses of the 

presently available bioherbicides are similar to those of 

chemical herbicides • . Bioherbicides generally are meant to be 

applied annually in annua~ or high-value perennial cropping 

situations. The control agents used i~ thts method are 

indigenous pathogens that are endemic on the weed. They are 
"" 

cultured and mass produced on artificial (non-living) substrate. 
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~th ~hiS type of production, the pathogen can be released in 

large doses at the best time to take advan·tage of the weed 
\ ~ 

growth stage and optimum environmental conditions (Templeton, 

1982 Te m pIe ton & Sm i th, 109 7 7) • 

f 
During the 1970~s, advances were made in the. field 9f 

. 
1nundatlve biological control • In particular, two bioherbi~ides 

* 
-- COLLEG~ and DEVIN~ -- were developed and were made 

avai LabIe commerclal1y ln the lru,s. COLLEGc$, a formulation 
., 

of Col f e' t 0 t r 1 chu m g l 0 e 0 s po r 1 01 des ( Pen z • ) Sac c. f.' s p. 
~ 

aeschynomene (c.g.a.J, ___ :1,.~ recommended for th~ 

virglb~(L.) B.S.P. _(northern jolntvetch) 

cont ro l of 

Aeschynomene in riee 

and soybeans in the southern United States. Between 90 and 100% 

1\ of northern jointvetch can be controlled when the pa~hogen i8 

applied post-eme~gence at the mid-to-lat~ vegetative stage of 

. plant growth (Smlth, 19.86). DEV,INE®, another commercially 

'available bioherbicide, ls composed of spo~es of Phytophthora 

palmivora (E.J. Butler) E.J. Butler and is reeommended for the 

con t roI 0 f s, t r a !l g 1er vin e i n e i t rus g r 0 v es. For COLLEGdID and 

especially for DEVINE®, the areas upon which they are likely to 

be applled are small in size. Both bioherbieides, however, have 
~ 

been judged satisfaetory by farmers and, in the case of 

COLLEGdID, most farmers who used it the first year It was 

available, have continued to use it in the seeo'nd year (Bowers" 

1986). 

1.1.2 Developing biologieal herbicides 

There are several reasons for developing biologieal 

herbicides. principal. among these are the inereasing problems 

associated wlth the development of new chemical herbicides. 
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Chemical herbicide companies are confronted with the prospect of 

developing more specifie chemicals (narrow spectrum) for smaller 
~ 

market uses. At the same time, development costs have increased 

greatly in recent years. Bioherbicidea will generally ~ quite 

spe'cif.~c and there' are cla,ims that the,-development cosÇa w\~ 
less than ia the case wi~h chemical herbicides (Bowers, 1982; 

. 
Templeton, 1986). Environmental contamination due to chemical 

herbicide drift and water runoff is also a major concern 
(> 

tfCrcWhorter and~Chandler, 1982). 

t "Development of b'ioherbicides can ~e divided into three 

stages. The first stage ls the discov,ery stage'-'where a 

'potential weed pathogen is found throu~h 11terature reviews and 

f~eld surveys. The second stagè ~onsistB of evaluatlng the 

'pa;~ogen for suitability of development by testing host range 

and the effects of various factors on efficacy (effects on 

disease development/weed control by factors such as temperature, 

faisture, plant age, adjuvants, pesticide's, and inoculum 

concentration). The third stage, deployment, consists of small-

and large-scale field tests using formulations of mass-produced 

propagules (TeBeest, 1985; Templeton, 1982). 

t Fungi, and imperfect fungi in particula~, are assumed 

to hold the most promise for development as bioherbicides. 

There are several reasons for ~~iS assumption. Imperfect fungi u , 

are quite common as pathogens on plants. They can usually be' 

artificially cultured and mass prQduced by liquid or so1id 

substrate "fermentation" (Templeton, 1982). In addition fungi 

are easler to identify than are bacterla and viruses, and can 

infect the plant directly --- unlike bacteria and viruses which 

l'y 
normally require wounds'or naturai openings in the plant for , 
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infection to occur (Hasan, 1980). Fina11y, fungal propagules 

are often the easiest to store and have a relatively long shelf-

11 fe •. ~he ~ e rm mycoherbl cide ls of ten used to ref e r to 

b1oherb1cldes that consist of fungal plant pathogens (Bowers, 

1982; Quimby & Walker, 1982). 

Daniel,~t al. (1973) 11sted three requirements for a -- [ 

mycoherbicide. First, the biocontrol agent must be specific to 
l' ' 

the weed and be safe to use on crops. Secondly, there should be 

~abundant production of long-lasting, viable propagules in 
1 

artiflcial culture, and thlrdly- the propagules of the control, , 
agent should be capable of rapidly 1nfecting and reducing the 

weed populatlon. 

Damage to the weed caused by dlsease in nature should 

not be used as an indication of the pathogen's potential as a 

~ biocontrol agent. Although the disease 1s endemic and 

cons t rai n~ by sorne as pe c.t 0 f t he pa t hogen- hos t-en vi ronment 

interaction, these constraints could perhaps be overcome 

technically when the pathogen is used as a bioherbicide 

(Scheepens & Van Zon, 1981). For example, Templeton et al. 

(1979) have suggested that poor propagule prod~ction and poor 

-
dispersal are major constraints on C.g.a., keeping the disease 

at a Low endemic leve!. These constraints are overcome by mass 

production of C.g.a. conidia and inundative release of the 

propagules at the most favourable stage of weed growth. 

Most weed control researchers who have worked with 

bioherbicides view them as part of an integrated pest management 

or weed management program. The bioherbicides would work in 

conjunction with cultural and chemical control methods (Smith, 
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1982; Wats~)Q, 1986). The use of the bloherbicide may eliminate 

or reduce the use of certain herbicides or may be added to 

complement an exist~ng but,small number of herbicides u8ed for 

control of a prob1em weed. 'The two exlst1ng commercial 

bioherbicides can be used in t~njunction with chemical 
1.< 

.herbicides. COLLEGOR can be, successfully( tank-mixed and applled d 

with at 1east two herbicides, acifluorfen (5-[2-chloro-4-

( tri f l ~ 0' 0 met b. y; 1 ) . ph e no x y 1 ] - 2 - nit r ~ ben Z 0 i cac 1 d) and ben t a Z o.n ( 

(j-i sopropy 1-1 H-2, l , 3-benz ot hiadia'z in-4 (3H) -one2, 2 -dloxode) 
.t' 

(Smith', 1986; TeBeest & Temp1eton', 1985). DEVINER and chemica! 

herbiC1(\des must be app~ied in, separate ~equential appli<!'atlons, 

due to reduced spore germination in the p~esence of herbicides 

(Smith, 1982). 

1.2 Objectives of aesearfh Project 

The objectii~s of this research project were" simi1ar in 

nature to the first ~~o phases of bloherbicide deve1opmént.(See 

Section 1.1.2). The first objective was to conduct a diseese 

sur vey 0 f s e ver a 1 pro b lem we e d s • Wh en d i8 e a s e d pla n t 8 we r e 

f 0 und, t Ile" ais e a se d t i8 sue wa s coll e c t e dan d t he pla n t pat ho i en l 

iso1ated. The best ~eed-pathogen pathosystem was se1ected for 

further study. The second objective was to evs1uate the 

pathogen according to several criteria considered important for 
f> 

develop'ing the pathogen as a mycoherbicide. The studies were 

conducted in control1ed environment conditions. The following 
~ 

characteristics of the pathosystem were examlned: 1) host range 

of pathogen, 2) response of plant at,dlfferent stages of 

development to different pathogen inocu1um concentratlon~, 3) 
" 

disease deve10pment and subs&quent plant damage as a response to 

different wetness period 'temperatures and duratiops, and 4) 

• 
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~ompatlbl1lty with gther pathogens and chemlcal herbiclde~. J 

III 
Il WEED - PATBOGER SUIVEY . "'" 

2.1 Survey a~d ColleetioD of Weed Path08eos 

2.1.1 Iotroduction 
~ 

The initial stage in the development of bioherbicides 

18 the "discovery" of the weed pathogen, wlth the first 8tep 

being a review of the literature (Templeton.& -Trujille, 1981). 

Some of the major references include the ~loge Fungorum 

(Sacca rd,o, 1882), Index ~ Fung! -Pe t raks Li 8 t (Pe t rak, 1,920-

39), the Index of Fungi (Anonymous, 1940 - present), the Inde,x 

of Plant Diseases in the United JHates (Anonymous, 1960), An 

Annotated Index of Plant Diseases in Canada (Conne~8, 1967),~and 
'\ 

~ v 

Compendium ~ Plant Disease and Decay Fungi in Canada (Ginns, 

198&). Although the literature record mayl not be complete, the 
. 

literature review may suggest possible pathogens to search for 

on specifie target weeds. 

Two procedures for finding pathogens are field surve~s 
'\ 
'\ 

and khance discoveries ~TeBeest, 1985). 
, " 

In the southern U.S., 

there have been field surveys on an ongoing basis in severa!' 

states. ln South Carolina, areas cnntainin~~atural weed 

infestations and research plots have been surveyed for the 

pre sen c e 0 f pat h 0 g e n B ( R i d i n 8 set al. , 1 9 85 ) ; in Nr kan 8 as, we e d 

, nurseries have been set up in different areae for collection of 

.-
~ e e d pat h 0 g e n s ( T e Bee st, 1 9'85 ). ~ortensen (1984), in western 

r 
Canada, surveyed,heavily infested areas of leafy spurg~ 

. 
(Euphorbla esula-vlrgata complex) for the presence of dlseased 

\ 
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plants. The sites were located over a wi4e area extending from 
'-]j 

Manitoba to 'British Columbia. 

There are severai advantages'to collecting widely- ~ 

distr;Lbuted pathogens. They \re likely tot be effective in 

cauàing disease ~r a broad ,.Jange of envi,ronmenta,! conditions 

and a wiae~~istrib.ution would present less of a problem in uslng 

a bioherbi~de over a Iarg~ region, sin~e there would be les8 
1 " 

dange~ of introdu~ing 8 pathogen that was not previously 
~ 1 

preseut. Collecting fungi from a large geographic area.might 

a180 provide a diverse genetie base on whlch to develop 8 ; 

bioherbic1de 1• A survey over a broad geographic area would al~o 

reveal those pathog~haVing a narrow, re8trict~d distributIon 

which might indicat~ l~mitatione aucft as envlronmental ,. 

restrictio~s on disease develo~ent, or p~or dispersal 
'-----

~ec6anrsms and might also indicate a need for more caref~l hos~ 

range 

Field collecting of weed pathogens i8 mOQt successful 
~ 

when disease has reached its climax, which for many discases 

occurs al~ng with maturatio~ and senescence of the weed 

(Templeton & Trujillo, 1981). Periodic visita to the same 

<'l 

sur vey site throughout a "growing season might provide indication 

of natural constraints that could be hindering diseaae 
c 

developmeni: in the field. ci 
~nowle~e of these eonstraints could 

be helpful in developing formulations and application procedures 
1 

of the bioherbicide (TeBeest, 1985; Templeton & TeBeest, 1979;~ 

Templeton & Trujillo, 1981). 
<. 

------------------------------------------------~----- ---------1 . . 
Committee Report, Regional Projeet 8-136. 1978-1983. 
Biologieal control of weeds with fhngal plant patbogens. 
u.s. Depart~ent of Agriculture and State Agricultural 
Experiment Station So~thern Regional Research Project S-136. 
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~The opjective of this part of the research project was 
, . 

to sur v ey weed spec'ies on the Macdona l d Co Il ege campus of MeCill

,university. Attempts were made to isolate causal organisms 0' 
disea,ses from Taraxacum officinale Weber, Plantago major L., , , 

Convolvu1Jus arvensis L., and Chenopodium album L., as weIL as 

. 
. 8 n y 0 the r dis ~ as e d we e d t ha t wa s co Il e c t e d • Periodic surveys 

. were undertaken at two sites for the p~esence"of two pathogens 
J 

t h a t:~ h 8 d b e e n pre v i 0 u s 1 Y coll e ete d f r.o m t ho s e are as. 

2.1.2 Hetbods ) 

Survey sites were 19cated on the Macdonald College 
.. 

campus ~f McCill University ànd the Emile A. ~ods fesearch 

Cent~e at Ste-Anne-de-Bellevue, Quebec. There were three main 

survey sites. The first survey site consisted of campus 

\ roadsides and lawns. Plantago major (brfad-leaved plantain) and. 

, TaraxElcum officinale (dandelion) were collècted from these 

areas. The second collection site was a small, low-lying area 

1 

of the Macdonald Campus front lawn. The shaded area, regularly 

cut with a lawn mower, cont~ined a small patch of Convolvulu~ 
o ~ 

arvensis (field bindweed). The third collection,site was a 

'research field at the Lods Reï:Jearch Centre. The field was 

approximateLY one ,hectare and had a lo?m to light sandy loam 

80il type. Th~ 80il was tille.d annua_lly, and thus supporte-d the 

growth of many species of annual agrestals such 'as Eehinochloa 

crusgalli (L.) geauv. (barnyard grass), Setaria glauea (L.) 

Beauv.'(yellow foxtail), Setaria virilis (L.) Beauv. (green 

foxtail), Chenopodium album (lamb-s-quarters), Amaranthus 
\ 

retroflexus L. (re'droot pigweed), and Polygonum convolvulus L. 

(wild b~ckwheat). Surveys for diseased weeds from these three' 
r 

sites w~re conducted during the autumn ~f 1984 and tge 1985 
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growj.ng season. Specimens (who le' plants or leaves) of diseased 

weeds were preserved for use as herbarium mounts. 

Two methods were useél to isolate fungi-from the 

collected weeds. 
~ 

The first method involved surr-ace 

._disinfestation of the infected plant part and plating it on an 

\ 

agar medium. Plant parts con)laining lesions of the suspected 

disease were eut up into pLeces no larger than 1 cm2. The plant 

pieces were placed 'in 70% alcohol for at least 30 seconds 

followed by immer~ion in 2%'sodium hypochlorite for 30 to 60 

seconds. The plant pieces were then rinsed twice with ste~lle 

dis t i lIe d wa ter, d r i ~ d ,0 n fil ter pa p e r, and pla c e don a n a g a r 

medium (usually acidified potato dextrose agar [PDA] in Petri 
, 

dis he s w i t h 0 r w i t hou tan an t i b i 0 t 1 c suc Il as Nov 0 b i 0 c i rœ) . The 
j 

second metllod of isolation involved washing the leaves in 

runningl tap water for at least two hours, and then placlng the 

washed lea~es on moist filter paper in Petr~ plates. The plates 
,1 

J~r~ incubated for severai days. Any fungal growth or 

fructification, resulting from either of the above ~wo methods, 

was exam1ned and thJY-::~ungus .wa_s transferred to obtain. a pure 

culture. 

Pathogenicity testing involved spraying the planta with 

a mixture of water and conidia. The amount of inoculum varied 
\ 

according to the amount of sporulation of each isolate. The 

~ants w;re placed in a moist env1ronment for at least 20 hours 

at room tempera~ure (20 to 24C>. After the wetness per1od, the 

plants were kept in the greenhouse or in the growth chamber and 

observed for the deve~opment of dlsease symptoms. 
.' 

laolates 

which failed to produce sufficient inoculum and/or did not .. 
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--appear'pathogen1c or on~y weakly v1ruleht:,~ were droppéd from 
Q. 

further'consideration as possib~w candidate pathogens for 

biohe rbicide de v e l opmen t. 

Two continuous surveys (a site surveyed periodically 

'0 

f 

growing season) were conducted during the 1985 and 

seasons. The first continuous survey was conducted 
"1 

on the Macdonald College front lawn site. Diseased field 

bindweed, from whlch a Colletotrlchum had been prevlously 

1so1ated (Ormeno, 1986), was collected fi,very tht:e'e to four wee'ks~ 

and tested ,for the presence of the Colletotrlchum organisme The 

second continuous survey was conducted at the L~ds Resea~ch 

Cent re sl t e. Lamb's-quarters plants were surveyed during the 

1986 Ugrowing season and the firat parto of the 1987 season, for 

the presence of lesl~ns, particularly those lesions caused ~y 

As coc hyta hya los p01'<a (Coo ke & E Il ~ s) Boe rema!!:..!l. As cochy t a 

hyalospora had been Iso~ate~ trom leat Lesions collected at the 

~ame si te" ln the autumn of '1 ga 5. 

2.1.3 R.eaulta 

During the autumn of 1984 and the 1985 growing season, 
a r. 

dJseased dandelion, plantain, barnyard grass, yéllow foxtail, 
\ 

green. foxtail, field bindweed, and lamb:"s-quarters were 
... 

collected. Fung! were successfully isolated from aIL the ... 
diseased weeds. 

The results of the isolation and testlng procedu~es of 
\ 

;.\ \ 
: ,kOCh'S ~ostulates can be div!ded into three categories. The 

" tiret ~ategory of Isolates (trom the weeds dandelion, plantain, 

green foxtail, and yell,w foxtail) did· not sporul~te or develop 

.~ny ft"\lctifications. ~nsequently, no 1dentif,icatio.n could be 
, '-

~ade, and no pa;hogen~city testing- could b~ attempted u~ing 

, .' 
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inocululll of the lsolat~s. 

The second category applies to the relulte obtained 
\ ' 

with Collet8trichum on field bindweed (inltially ieolated and 

tested by Ormeno, 1986). Inocululll production was very poor,.but 

ther-e was enough to carry out some limited pathogenicity 

testing. Although Colletotrichum was re-isolated from some 

inoa,ulated plants showing 'disease symptoms, conclusions on !ta 

\ 
infectivity were difficult to establ1sh since the control plants -also displayed symptoms of 1.,nfection (Colletotrichum, however, , 

wa s no t r e - i 8 0 1 a t'e d f rom a n y c'o n t roI pla n t s ) • 

The third category applies to isolates from barnyard 

grass and lamb's-quàrters. Curvularia sp. was Iso lated from 

o 
barnyard grass. The fungus produced adequate amounts of 

inoculum on PDA plates. Pathogenic1ty tests showed that 
o 

spraying of barnyard grass plants resulted in the formation of 

necrotic 1esions o,n the leaf tips and the leaf sheaths but the 

virulence of the fungus was l::;ow. Curvularia was re-isolated 

from surface sterilized necrotic lesions. Ascochyta hyalospora 

and Phoma s'p. -})ere isolated from diseased leaves of 1amb's

quarters (See ~igures I & 2). Lamb's-quarters' leaves wlth 

le8ion''8 caused by Peronospora sp. and Cercospora sp. were a180 
o 

collected, but no isolation was attempted. Pathogenicity telts, 

using inoculum produeed on torula yeast Agar (TY!) [torula 

yeast, 15 gj potilsslum phosphate lIonobaslc, 1 g; magnesium 
~ 

sulfate, 0.5 8; agar, 20 g; water, I L] indicated t..hat Aecochyta 

hyalos".,.~as more virulent than Phoma sp: Ascochyta 
..,----

hya los'pora ca used more mo r ta li ty on plants a t the 2-lea f stage 

of ,growth and a1so caused more defoliation on plants sprayed st 

\ 
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. Figure 1. Led lesio~, eaused by .Ascochyta hyalQspora, on .. 
Chenopodium album (lamb"'s-quarters). 

f' 
{ 

-
,F i g ure 2. C 108 e - u p v 1 e W 0 f l e a f les ion 1 n F 1 g ure l, s ho win g 

,pycnidia on necrotic tissue. ' Leaf was placed in' 
m:oist: ehamber for 1/2 hour bef~)t'e photographing the 
leston. 

" } 

tI 

o 
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~a mature stage of growth (beginning of flowering) (See also 

Section 4.2 and Secti'on 4~6). 

The eontinuous survey of field bindweed at the campus 

site during the summer of 1985, provided evidence of the , 
, 

presence of a Colletotrichum-1nduced d1sease 1n early July. The 

fungus w~a isolated from leaf les10ns dur1ng four subsequent 

collection dates,. 1nclud1ng the last survey date at the end of 

Sep,tember. 

Re~ults ~rom the continuous survey~ of lamb's-quarters 

during the summer of 198~ at the Lods Research Sta~10n site 

ind1..c...ated that AscDchyta was present in mid-summer _(July) and 
, , 

rema1ned present until the survey ended in the autu~n (end of 
f 

Phoma pycnidia and conidia were prevalent on the 

at the fi~st survey jate (Ju~y 4) in 1986, and rema1ned 

t e remainder of the growing season. Phoma pycnidia and 

were also more numerous on leaves that were surveyed 

(beginning in early June) during the 1987 growing season. 

2.1.4 Discussion 

Based on the above results, research work w1th ~ll but 

• one of the isolates was discontinued. Work with the fungi 

isolated from dandelion, plantain, green foxtail, and yellow 

fox t ail w a s no t pur sue d fur t 'h e r due t a the a b sen c e 0 f 

sporulation in culture. Curvularia sp. was dropp-ed from further 
-, 

eonsideration due to its weak, virulence on barnyard grasse 

Testing with Colletotrichum sp. on field bindweed was 

discont1nued d~e ta the difficul~y in obtaining inoculum and the 

Itmixed" results in the pathogenicity tests. Further work with 

Phoma sp. on lamb'a-quarters ~as ~ostponed because of lts weaker 

virulence on the plant 1n comparison with Ascochyta hyalospora. 
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The best pathosystem for further work appeared to be 
-,--

the Aseochyta hyalospora - Chenopodium album system. This 

decision was based on two reasons: the pathogenicity and 

virulence of Ascochyta -on lamb's-qua~ters, and an adequate 

amount of Ascochyta inoculum that could be produced in culture. 

Templeton & Trujillo "s assertion 0.981) that chances 
, ~, 

of finding disease are greatest at the mature or senescent stage 

of plant growth was confirmed by the resu~ts of the continuous 

survey for Ascochyta. The-largest number of pathogens on 

lamb's-quarters was found in the autumn (Ascochyta, 

and Ce rcos po ra sp.). Ascochyta and Phoma s p., 

also found throughdut the summer on both mature 

plants. 

No conclusions aboQt the distribution of 

homa sp., Il 

were 

immature 

hyalospora through time can be made since only one complete 

season ."of surveys was conducted. The pattern observed in the 

continuous survey, where Phoma was more prevalent than 

Ascochyta, may have been due to climatic factors, or it may have 

1 
been due to the apparently more active dispersal of Phoma 

conidia in water. When pieces of leaves wit~ lesions were 

placed in water ..and observed under a microscope, it was noticed 

t~at Phoma conidia appeared to disperse much more readl1y 1n the 

water than did Ascochyta coni~ia. This observation mlg~t 

indicate that dispersal of Ascochyta conidia in the field 1s 

more limited than dispersal of Phoma conidia, resulting in more 

widespread disease '.ca.f'JI.ed °by the Phoma pathogen (See AscoChyttt -

Phoma compariso~tn Section 4.6). Templeton et al. (1979) 

suggested that poor dispersal mechanisms fo~ conidia of 
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Colletotrichum gloeosporioides f. sp. aeschynomene are part of 

the reason for ~he disease of northern jointvetch remaining at 

an endemic level. Further studies are 

distribution of Ascochyta hyalospora -

required to evaluat~ 

induced di~ease through 

time. 

2.2 81010gy and Control of Chenopod1ua albu. L. 

2.2.1 Distribution and extent of weed p~blea 
t v 

L.) is an annual 

.. 

weed 

, La,b"s-quarters (Chenopodium album 

apecies'with a world-wide distribution, ranging from lat 
" . 

7 0 0 N t o. lat 50 0 S ( Ho 1 m ~ .!.!., 1 9 77 ) • Ac cor d i n g toC 0 qui Il a t 

(1951), tbe weed 18 one of tbe Bve most Wi~ely d1,tribute~ 
\... plants. It ls a successful colonizer of disturbecl soi1 and ja a 

serious weed problem in many different crops including sugat 

beets, corn, soybeans, and cereal crops (Bassett & Crompton, 

1978; (Holm.!.E.. .!.l., 1977). 

Â The primary detrimental aspect associat.ed with lamb"'s-

quartera inf.atations is rêdu<ed <top yieIds, panitar1Y if 

the infestation is heavy. Minor problems caused by lamb's-
~ 

quarters include crop seed contamination, livestock poisoning if 

large quantities are consumed, and human allergenic reactions to 

the pollen (Holm !!~., 1977; WOdehouse, 1971). 
'4 

2.2.2 Deacr:lptloQ 

The morphologieal features of the plant a're quite 

variable .. The plant is an erect annual he~ th~t grows up to 

2.5 metres in height. The ridged, branchlng stems often have 

red'dish parallel stripes arranged length-wise. The simple, 

alternate leaves have shapes that range from ovate-lanceolate to 

rhombic-l anceo l ate. The leaves can hiive up to 10 .shallow lobes 

but these are not distinct. The leaf surface is glabrous with 

----------~-~---~----------------
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mealy, farinose texture. No s,tipules are present" The 

inflorèscence is a spike pannlcle and has green perfect flowera 

with five sepals and no petals. The sepals nearly cover the 
" 

fruit (utricle) at maturity. The seeds are usually shin)' black, 

lens-shaped, and about 2 mm in diameter (Bassett & Crompton, , 

1978; Holm.!! al., 1977). 

2.2:3 Laab'a-quarters: tbe veed 
r 

Several characteristics, such as abundant seed 

• production, seed dor~ancy, and competitive ability, contribute 

to, the suc cess of lamb's-quarters as a crop weed. Reports on, 

seed' yield .vary widely. Stevens (1932) reported that an 

average-sized plant produced up to 72,000 seeds, whereas Holm!! . 

.!.!.. (1977) stated that large plants have _-p~oduced up to 500,000 

seeds. 

plant, 

Ervio (1971) reported_ a maximum" 42,000 seeds per 

with an average of -8,300 seeds pef plant over three 

yea~s. This variability likely depends\on the conditions under 

'!\ . 
which the plants are growing (Bassett & Crompton, 1978). 

Several studies have shown that the seeds of lamb's-quarters are 

capable of long dormancy in the soil due to physiologiesl and 

external (soil burial) factors (Williams. & Harper, 1965). Lewis 

(1973) reported up to 23~ v1ability of lamb's-quarters seeds 

af ter 20 years 0 f soi 1 buri al. Lamb's-q uarte r s seed ge rm1 na t 10n 

also exhibits wide variability in responae to variou8 

environmenta\1-st1muli (Williams & Harper, 1965). Other 

advantageous characteristics cited for lamb's-quarters include. . ' 

phenotypic plastic!ty which enables the plant to g~ow rapidly to 

positions where it can effectivel)' tra~ light, and aggress1ve 

compètit~on for nutrients w1th rap1d growth 1n s011s w1thC~igh 

" 
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,. 
. nltrogen content (Glauninger & Holzner, 1982; Williams, 1964). 

Thick, uniform patches of the ~eed commonly develop in 

an 1nfested field since the plant has no special method of 

dispersal other than the sheddlng of seeds around the mother 

plant. If not controlled, the weed can quickly become 

troublesome and competitive in the crop (Bassett & Crompton, 
. 

1978; Holm ~ !.!., 1977). In one exper1ment, lamb's-quarters at 

densities up to 277 plants/m2 , reduced grain corn yield up to 

58% (Sibuga & Bandeen, 1980). 

2.2.4 Control of laab's-quarters 

Normally, lamb's-quarters 1s read1ly contro lled -through 

cultural afld chem1cal methods. For example, prepl,ant 

ineorporated, pre-em~~gence, and post-emergence,applications of 

atrazine generally provide excellent control of lamb's-quarters 

in corn. Shallow ~echanical cultivation is also recommended to 

help control small seedllngs (Ontario Ministry of Agriculture 

and Food [OMAF], 1986). 

There are problems, however, with some of the control 
/ 

Apart from the general concern with chemical pesticide 
J--

contamination of the e,nvironment, there is. a more specifie 

concern with triaz1ne resistant lamb's-quarters plants. These 

resistant plants have become a problem in North America and 

western Europe. In western Europe, triazine resistance has ~lso 

been reported in the related species, ~ polyspermum L. and C. 

f1cifo11um Smith (Bandeen et aL, 1982; Gressel et al., 1982). . -- --
When this res1s~an~e appears, other control measures 

are necessarly 8uch as alternative herbicides, greater use of 

crop rotation, and mechanieal cultivation (Parochetti, 1980). 

Theae other control measures, however, are not always poss1ble 
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or not always desirable, With increas~d use of reduced till.ge 
'.f> 

techniques, less reliance is placed on mechan~cal cultivation 

and cf op rotation. Therefore, inereased rates or increa8ed 

numbers of applications of chemical herbicides are often 

neeessary for weed control in reduced tillage systems. 

2~3 The Genus Aacochyta Lib. 

2.3.1 Taxonoay and description , 
The genus Ascochyta Lib. is a member of the Fungi 

Imperfecti, a 'misce llaneou~ grouping of anamorphic fungi. The 

taxon, Fu~gi Imperfecti (Deuteromycotina), i8 often tre~éed aa a 

Subdivision, although this is not strictly correct (Rawksworth 
~ 

e~ al., 1983). Classification above the rànk of genua remaina 

disputed. Sutton (1980) provided the fOllowing description of 

the Genus Ascochyta Lib.: 

My ce li u m i mm ers e d , b r an che d, sep t a te, h Y a 1:, i ne,.. top ale 
brown. Conidiomata pyenidial, amphigenous, separate, 
globose, b-rown~ imthersed, unilocular, thin-walled, of 
textùra angularis. Ostiole central, c1rcular, s11ghtly 
pap111ate. Conidiophores absent. Conidiogenous cells 
enteroblastie, phialidic, determinate, diserete, 
doliiform to lageniform, hyaline, amooth, formed 'f!iom 
the inner cells of the pycnidial wall. Con1dia 
hyaline, ~edianly 1 septate, continuous or constrictey, thin-walled, smooth, +guttulate, cylindrical to 
irregular. - ."_ 'j 

This description conflicts with the description by Boerema & \1 
, 

Bollen (1975) who describe conidiogenesis as annel11die. They 

also allowed for a mueh broader conid1al deser1ptlôn by 

deseri~ing the conidia &s hav1ng two, occasionally three, but 

rarel~ur cel'la. 

~ Several teleoœorpha have bee'n as':oe1a! with A8eOehyta 

,species. Pleospora Rabenh. ex Ces. & de Not. has beeu 

associated with Ascochyta-induced diseases of Chenopodium 
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(Menzles t 1966; van -der.Aa & van Kesteren, 1979; Webster & 

~ast 1959). For example, Pleos.pora calvescens (Fr. ex Desm.) 

~'hàs been identified' as the teleomorphic sOtage of Ascochytii 

~.! 1 n a (P. Ka r st.) v. d • A a & v.. K est. (B 0 e rem a ~ !..!.., 1 9 8 7 ) • , 

• Mycosphaere l ~ Jo~anson has been ide~tif i'ed as the tde l eomorphic 
& 

stage of Ascochyta pinodes Jones (Martens !! al., 1984) as weIl 

as Ascochyta chrysanthemi F. Stevens, althou~h the teleomo~phic 
1 

stage of the latter has recently been ,reclassified as Didyme!.!..! 
• / 

Sac,c. ex Sacco (Wal ke r & "Baker, 1983). 

suggested that Dldymosphaerla Fuckel is 

stage of Ascochyta. 

punit~alin~(1979) 

also a teBomorPhiC 

has 

The genus Ascochyta Lib. was first described in 1830, 

There are now with Ascochyta ~ Lib~ as the type species. 

over 600 formally described specles in the genus. Most of these 

species are plant pathogens with restricted host ranges 

(Punlthalingam, 1979). 

2.3.2 Diseases inci ted ~Y Âscochyta spp. 

Ascochyta lncites diseases on many different c~ops 

worldwide,. 1ncluding !!. rab1ei (Pass.)" Labrousse on ch,ickpea 

(Cicer ari~tinum L.), !:.. oryzae Catt. on ri ce (oryza sativa L.), 

!:. ttJitici Hor1 & Enjoji on wheat (Tr1ticum aestivum L.), !!. 

avenae (Petr.) Sprague & Johnson on oats (Avena sativa L.), !:.. 

sorgh! Sacco on sorghum (Sorghum Pers.),; A. gossypii 

Woron. on cotton (Gossypium hirsutum L caulicola Laub. on 

clover (Trifolium L.), A. fab-ae Speg. 0 broad bean (Vicia faba 

L.), !:.. lentis Vassil. on lent!l (Lens culinaris Medic.), !:.. 

adzamethica Schoschiaschvili on peanuts (Arachis hypogaea L.), 

and 'A. pinodes Jones on pea (Pisum sativum L.). Blight and foot 

rot of peas 1s one of the Most serious Ascochyta-induced 

1 
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dlseases ln Canada\ (Martens et .!..!,.,1984' liene, 1982 Ou, 

1972 ; 'Rossman ~ !.!., 1987). 

There are several Aseochyta pathogens t~at Inélte 

dlseases w~thln the famlly Cheno~odiaeeae, including ~ betae 

Prlll. et. D~l. and ~ choehrjakovli Meln. on beet (!!!! 
.. 

vUftgarls ,t.), A. spinaciâe Bond.-Mont. and A. spinacl:Lcola Help. 

on spinach (Spinaeia ole'racea L.), (j~ h,aloxyll (Syd.)Jacz. on 
~ , . 

the genus Haloxylon Bunge, and ~ boni-henriei Ranoj. on 
( 

Atrlplex sp., Spinaeia oletac~a and several Chenopodium species 
il 

(.9,:. ambrosloides L.; .f:. bonus-henricus L., .f.:. foliasum Asehers, 

and f.:. ~! ys p e r m u mL.) (, Mel n i k, 1 9? 7) • h ~!.!!!!. ( P. Ka r st. ) 

v.d. Aa & v.d. Kest. is a Eurasian p&thogen thât incites disease 

on Chenopodium and-Atriplex spe'cies. !:. hyalospora (Cooke & . 
Ellis) B?erema .!! !.!.., oecurring ln North and South America, 

1 n c 1 tes dis e as e son s e ver a 1 s p e cie s ,0 f C h én 0 P 0 dia c e a e • The 

s pee 1 es 1 s ver y sim i 1 art 0 A. ~!!!!.!. (van der A a & van 

Kesteren, 1979). 

2.3.3 Potentia8- Ascochyta aycoherbicidea 

. At least two As'cochyta weed pathogens have Ibeen 
9 

1 Drv est 1 g a t e d for use a s b i 0 con t roI age n t's. S che e pen san d Van 

Zon (1981) have examined the possibility of us1ng A. eau~ina for 
-v 

control of Chenopodium and Atriplex weed species in Europe. 

Studies of the potential of Ascochyta spp. as blocontrols of 

r 
bracken fern havé been conducted in California and Great Brirain 

\ \ 

(Burge ~ I!,vine, 1985; Webb and Lindow, 1987). }n addition, a 

~ 

toxin of the Ascochyta pathoge~which causes systemic 

necrotic~spots on bracken fern; has been examined for potential 

use as a herbicide (Lindow, 1985). 
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III BIOLOGY OF A!?OCHYTA HYAL~SPORA 

3.1 Introduction 
, 

The fungal pl~nt pathogen isolated from diseased 

.lamb"'s-quarters at Ste-Anne-de-Bellevue was identifil~d as .. 

23 

Ascochyta hyalospora (Cooke & Ellis) Bo~rema ~ al.. by Dr. E. 

Punitba11ngam of the Commonwealth Mycological Inst1tute (Herb. 
J 

lM l (1 jo 2 7 70). The name, a new c'ombi na tion propo s ed by Boerema 
... {f 

et al. (1977), replaces three syno,nyms previously used: -- . Diplodia 

'" 
hyal 0 s po ra Coo ke 

Sacco (Saccardo, 

& Ell. (~ooke &(E~l'i~, 18'78), Diplodina ellisi1 

9 , 

1884), and Ph'leospora Ichel,lopodii Ell.' & Kell. 

were constr1cte~ at the septa (Cook~ & 
l 

Ell~s, 1818). The '" 
, .' .. 

con!dia ôfo Phleospora chenolodii" f.trom le4ves of Chenopodium 

album collected in Kansas, had dimension,s of 20-35(mostl'y 20-25) 

X 8-1/1 plll lnd were described as 3-septate. Constricti9ns were 
-.,.., ~-

a180 present at the se, (Ellis & Kelfërman,' 1888). Boerema"et 

.!l. (1977) 1;eported thay ~~onidia from C~lonies, grow~ on oatmeal 

agar had an ellips04.'a'llf or\~ylindrical shape with dimensions of 
,'r 

20-30 X 8-12 pm. The conidia had one or so.me~imes two septa. 
\17 

Con id i a f r 0 ~ 1 e a v e s 0 f Che n 0 p 0 d i u mal bu m 0 f 1: en h a dl t loT 0 0, r t h r, e e. ,...., __ _ 

septa. Ascochyta hyalospora colonies grown on o~meal Agar 

cons1s-ted of a dark myeelial mat w1th seattered pyenidia 

measuring approx1mately 175-250 pm in diameter. Short dark 

hyphae were ~~mmonly obse~ed growing 

~ ~ 
pyeni,dia. 

opening of the 

~. ' 
There' appears ta be no inf.ormatlon in 'the l,iterature 

8peC~iCailY relati:ng to Ascochyta ~yalospora or its synonyms 
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'concerning 'the cardinal temperature points for growth on media. 

Nor does there app~ar to be any information on the infection 

process and mode of penetration Qf the fungus. Previous reporta 
1 

:rndieate that Aseochyta pisi Lib. aad Ascoèhyta rabie1 (Pass.) 

Labrouss~ usually penettate directly through the cuticle (Brewer' 
,r-' 

" & MacNei1:l, 1953J Heath & Wood, 1969; tPandey .!:!. .!..l., 1987). 

) 

·0 

0,' 

" 
, Heath & Wood (1969) observed thât a small proportion of 

r . 
penet ra t ions 4>y A. .2!.!.!. occ uIjred t hrough a tomata. A maj 0 rit Y 0 f 

. 
the penetrating germ tubes J.nvaded through epidermal cella 

(especially guard'cells)" cwhile a 10we'I:' p~oP'ortion of germ tubea 
• <> 

[J , 

penetrated'between cens. pandey ~ .!.!. (1987), work.1ng with !!:. 

rab i e i 0 ~ chi. cl p e a à t e m s 'v 0 b s e r v e d t ha t p e!l e t rat ion d 1 d no t 

occur through stomata ~ut .oceurred directly through the cut1cle. 

·H~phae penetra ted tlh~ough t he· ce 11 j unct10ns of the epide rm'is 

and through the junction of tlle subsidiary cella and ~uard cella. 

of the stomatal complex~ 

The first objective of this section was to comparfil thè 

morphological and cultural characteristica of Ascochyta 

hyalospora c~lleeted fr6m the Ste-Anne-de-Bellevue site with 

des crip t:['o~s present ed in t he" li u~sture: The sec&nd obj octi v 0 

was to determine the effect of iifferent media and temperatures 

<> n colon y gr 0 w th. The t hi rd 0 b j e c t ive w"a s t 0 0 b s e r ve the fi r s t 

Il few hours of the 1nfection,r procéss on the leaf 8ur~L using 

t i me - s"e rie s photography. 

3.2 Methods 

Descript~on of Ascocbyta bya1ospora fro. Ste
& Anne-\«!.e-B~11evue site 

Lamb's-quarters plants at the 4- to 6-1eaf growth stage 

were inoculated with Ascochyta hyalospora conid1a at a rate of 

• 
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1 x·, lO~d·1a/ .. 2 •. After 0 disea.e had\ developed on the pianu, 

d18ea~~d ~t~4s and. leaves were excised iJ.nd place.d on moist 

f1)-"t~r pape~o 1~ petri plates. The pycnidia or conidia ~hat 
de v e 1 0 p e don the pla n t par t s , we r ~ pla c e d ~ n a c w a ter d rOI? l,e ton a 

gla8s slide and e~aminéd with a Reichert Diavar microscope under 

125 and 500 X magni fi ca tion. The dimensions of the pycnidia and 
D 

conHiia were measured using an eyepiece microm<eter. Ten 

pycnidia were selected from the stem and 10 from the..-'leaves. 

Twenty-five conidia orig1nating from the stem and 25 from the 

leaves wer)i! selected for measurement. 

AscQchyta hralospora cultures were grown on oatmeal 

aga); [30 g oatmeal boiled in 1 L water for one hour, then 

f11tered; 20 g Agar added to remaining liq~id; autociave~] and 

malt Agar [Difco brand]' for eight days at 27C. Characteristics 

and colour of the cultur~s were desc~ibed using a mycological 
.-

colour cha~t (Rayne~, 19?0). 
'. 

Bffect of agar .ed~ua and teaperature on colony gr9wth 

Three tests were set up wher~by Ascochtta hyalospora 

WU grown on sever:al media at 'different temperatûres. In the 

first test, the fungus was grown on three media: ,-potato dextrose 

agar (PDA) (Difco brand], Czapek-Dox Agar (CDA) [sodium nitrate, 

3.0 gj dipdtassium phosphate, 1.0 g; Magnesium sulfate, 0.5 g; 
J , 

potassi~m chloride, 0.5 g;..'ferrou-s sulfate, 0.01 g; Agar, 20.0 

gt distilled water, t L}, and oatmeal ~gar (DA)'! T,hree 

day/night temperatute reg1mes were used (16/10C, 22/16C, and 

,28/22C) with a 14 hr.l'ight/10 hr dark photoperiod regime (light 

1ntensity 135 to 185 microeinste1ns m- 2 ~sec-1). A #2 cork borer 
o • 

, 
wa@ uaed to cut out 6-m. diameter plugs of the- fungu~ (grown on 

" 
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1/2PDA;1/2TYA at 24/22C light/dark temperature), w 

transfen:ed and inverted onto _the centre of a. Petri 0& one 

of the three media. 
/u 

Four plates of each medium were pla d in 

growth c~~inets at each tempe\rature 

radial measurements were made ight 

regime. Two perpendicu r 

days after the start of the, 

èxperiment. 6 

The materials and methods for the second test were the 

same except for the addition of another medium, torul-' yeast 

agar .(TYA) [torula yeast, 15 gj potassium phosphate monobaslc, 1 

gj magnesium sulfate, 0.5 gj àgar, 20 gj water, 1 Ll. In the 
, 

third test
d 

the procedures weI'e similar to those of the first 

!?wo tests with colo~y growth being evaluated on PQ,A, CDA,~TYA, 

, 
and 1I2PDA:l/2TYA [one half strength PDA plus half welght of the 

" 
ingredients l~sted for TYA ln 1 L water] media.kept at 

constant temperature (5C, 13C, 23C, and 33C) in the dark. 

Trea~ment combinations were replicated three tlmes ln the test. 
a (j 

Infection proces8 on tbe leaf surf ace 

An,exper~ment was·set up to observe the ~ermination, 

germ tube growth, and appressorium formation of Ascochyta 

hyalospora conidia on the leaf surface of lamb"s-quarters;" 
• 

Leaves. of lamb"s-quarters pl~nts at, the a-leaf stage of gro~th 
" 

1 were sprayed to wetness using a spray suspension of 1.6 X lq6 

conidi,!-/ml. The suspension a1so contained 20% (v/v) sorbo 

(ATKEM IX INC., Brant ford ~ Ont.). 
(, 
After inoculat1pn, the 'plants 

were placed in a dark de~ chamber at 22C for time periode of 

3.5, 6.5, 17.5,24, 30, and 42 hours. Leaves were exc1se,d and 

eut into secrions of approximately l-cIl2• The sections were 

fixed in Farme't'''s solution (two parts absolute ethsJlol: one part 

glacial acetic acid) for 24 hours, then plaeed in lactophenol 
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(equal parts of distilled water, glycerin, laetic acid, and 

melted phenol) for 24 hours, and then transferred t8 0.1% acid . " 

f u ch sin in lac t 0 p'h e n 0 1 (1 par t 0 f 1 g a c 1 d f u c h sin in 99 ml 0 f 

95% et~~nol: 9 parts lactophenol) for approximately five minutes 

to obtain adequate staining. Excess stain was, temoved by 

dipping the sections in lactophenol f r approximaiely one , 
minute. Sections were mQunted on gla s slides in 50% ~ycerin, 

surrounded w~th a ring of permoun~ isher ScientifICCo), and 

covered with a glass caver-slip. St ined material was examined 
o 

with a R~ichert Diavar m~croscope (125 ~ and 500 X 

ma g"n i fic a t ion) • 

3.3 Results 

Description of "Ascoehyta byalospora fro. Ste
Anne-de-Bellevue site " 

All pycnidia that 'developed on leaves and on steDls of 

lamb's-quarters were dark brown to black. The conidial matrix 

was dark brown and had a granular appearance under 

8tereoDlicroscope magnification of SOX. The immersed to 

superficial pycnidia on the leaves we~e mainly glabrous, whereas 

the partly immersed pycnidia on the stem had many hair-l1ke 
, ,~ 

,:hyphae present. Pycnid1a and conidia f rom the stem w"ereo (198-) 

248(-327) pm in diameter and (15.0-)22.3(-27.5) pm X 0.5-) 

8.8(-10.0) }lm, respective1y. Pycnidia and conidia from leaves 

were 068-)199 (-243) pm in diameter and (20.0-)24.5(-33.0) }lm X 
" J , 

" (7.5:"')8.5(-1~.O) }lm, respectivel.y. Conidia from both plant 

structures commo~ly had one ta t~ree septa. 
" , 

Ascochyta htalospora colonies attained diameters of 39 

40 1111 on. oatmeal agar and 27 - 29 mm on malt agar after eight 

day. (Table 1). On oatmeal agar, the fungus appeared as a dark 

_____ .~-----'-__L_j _______ _ 
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l mat of appressed mycelium with dark pycnidia scattered ab'out 'tne 

centre,of the colony. The obverse side of th~ colony nad an 

olivaceous colour while the reverse was ,greenisn-glaucou$ to 
" '; . 

olivaceous in colour. T~e appearance on malt agar was similar ... 

TABLE i. Descri~tion of Ascochyta byalospora growth on oatmeal 
and malt Agar. 

------------~------------------------~---------------~----------

CHÀRACTER 

COLOUR 

TEXTURE 

SHAPE IN 
SECT lON 

Oatmeal Agar Malt Agar 

----------------------------------------------~--------

a)obverse side-Qlivaceous 
b)reverse sid~-greenish 

glaucmus in centr~l 
zone, olivac~ous around 
the edge. 

outer edge of" colony 
appressed, s?dden. 
central zone of colony 
has cobwepby hyphal 
growth with dark 
~ycnidia scattered 
throughout. 

flat 

l 
a)obverse side-olivaceoua 
b)reverse side-olivaceous 

appressed growth, sodden 
much cobwebby aerial 
mycelium, with 
pycnidia scattered 
t~rougnout both central 
and' outer zones of 
colony. 

conVex to flat ,. 

MARGIN 

COLONY' 
DIA!{~TER 
(8 DAYS) 

entire unev.en crenate .~ 

\ 
39 - 40 mm 27 - 29 mm 

-----~---------------------------~----------------------~-----~-

Bffec~ of agar aedlu. and te.perature on colony 
growtb 

, 
Table 2 shows the overall treatœent means for the three 

tests. In test Il, 22/16C produced 'the most growth on the thtee 

media, whereas in test .12 the most growt'h,occurred at 28/22C for 

the same th~~ Colo~ies grown on TYA in test 112 had a 

temperature optimum for growth at 22/l6C. In test #3, the 

temperature optimum for colony growth on thef four media tested 
'. 

was 23C. Law temperatures iQ, the three tests 06/10C, 13C, and 

\ 
\ 

"-., 

l ' 
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TABLE 2. Ef fect of --fIledi um and tempe rature on the eo l ony 
diameter (am) of Ascoehyta hyalospora after 
eight days growth. • 

------------~-------------------------------------------------~-

PDA 

Czapek.-Dox agar 

oat~eal agar 

Temperatu!=,e Regime(C)* 
-----------------------------------------

16/10 22/16 28/22 

--------------------------------~-------~ 
17.25+4.05 23.63+3.07 -
12.13+0.95 . 16.00+2.16 

19.87+4.01 27.50~6.70 

23.00+2.27 -
15.63+4.15 

20.25:t,10.81 

----------~-~---~-----------------------------------------------
, 

/ 
\ ' 

Test #2 (means+s.e. of 4 replieations). 
, -

-----------------~----------------------------------------------t' Temperature Regime(C)* 
Medium -.---------------------------------------

16/10 22/16 28/22 
,-" 

------------------------------------~----
PDA 13.75+4.33 19.75+1.85 23 01 3:t,1.03 

-13.00+ 1 .78 15.25+2.02 18.25+2.40 -( " ') Czapek-Dox ag .. 

. -

Ci~'" 
~' , 

oatmeal agar 21.88+6.25 25.50+ 1 0 • 61 27.37+5.20 -
torula yeast agar 27.87+3.09 33.38+4.23 26.50+9.16 - , 

~-----------------~---------------------------------------------

Test #3 (means.:!:8.e. of 3 .. replieat1ons). 

----~--------------------~--------------~--~--------------------

Medium 

. torula yeaat 
agar 

PDA 

1/2PDA: 1/2TYA-

Czapek-Dox 
agar 

Temperature "Regime(C)** . ------------------------------------------------
5 13 23 33 

------------------------------------------------
6. Q.O.:!:O 18.17+2.36 37.00+1.50 8.50+0.87 

6.00.:!:0 11.67+1.04 22.00+0.87 11.67+1.'26 

6.00.:!:0 16.00+1.80 30.50+2.78 8 .,67:t,0. 76 

6.00+0 6.17.:!:0.29 13.83+0.76 6.17+0.29 
---------------------.------------------------------------------* . **light/dark tempe rature J 14-hour photoperiod 

eontinuous darkness . 
# 

, 
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5C) produced the l east amount of growth. A high tempe rature of 

33C in test #3 was detrimental. to growth. The effect of media 

on radial growth can be summed up by ranking them in the arder 

~ 
of most to ,least radial growth (some exceptions present): TYA > 

Oatmeal > PDA > CDA • 
., 

Infection proces8 on the 1eaf surface 

Germinated conidla were observed on the leaf surface 

after 3.~ --hours of leaf wetness at 22C (Figure 3). More than 

one germ tube was commonly produced from multiple celleA conldia 

(Figures 3, 4, and 5). After a 6.5 hour incubation period, germ 

tube l.ength increased (Figure 4). Swellings at the tips of the 

germ tubes were probably appressoria. No penet~ation of cuticle 

- .. 
or ep:Ldermal ce Il,s by the appre ssor i a was 0 bse r v ed ln Any 

stained leaf section after Any incubation periode Appressorium 

't 
formation commonly occurred on or near anticlinal cell junctions 

(Figure 5). One incidence was observed of appressorium 

formation on a stomatal complexe In that case the appres80rium 

formed,over the junction of the guard cell with another celle 

Forty-two hours after inoculation, infected areas were readily 

noticed when the leaf section was cleared and stained (Figure 

6). Presumably this was the react10n of the plant; cells to 

fungal infection, but there was no further investigation ta 

confirm this conjecture. 

3.4 D1.8cuss1.on 

The p~cnidium and conidium dimensions of the Ste-Anne~ 

1 

de-Bellevue fungus were similar to those repor~ed 1n the ' 

literature for Ascochyta hyalospora. The cultural 

characterist:Lcs of the Ste-Anne-de-Bellevue fungus also resemble 

the description of a closely related fungus, Ascochyta caulina 
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Germinated 'con1dia on leaf surface ~fter' 3, 1/2 hour 
wetness pe r iod. 

r 

, , 

, 

F1gure 4. Continued growth of germ tubes (GT) alter 6 1/2 hour 
wetnes8 period. Note formation of swollen tips- (8) 
on germ tubes. 
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Figure 5. Conid1a with two germ tubes after 24 hour wetness 
periode - Note 8wollen tips 'CS) formed near or on 
anticlinal cell divisions (CD), but not stoma (ST). 

/ 

vi 

Dark spots with a dis crete outline hàve formed on 
leaf (OS) -after 42 llour-wetnes8 periode 
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.. (Van der Aa & Van Kesteren, 1979), in add,ition to _the 

description of Ascochyta hyalospora given by Boerema ~ !l. 

(1977). These results confirm the CMI identification of the 

isolate as Ascochyta hyalospora. 

The best temperature range for max1mum radial growth on 

agar medium was 20 - 25C. Growth was greatly reduced at colder 

temperatures (e.g .. 13C) ànd at warmer temperatures (e.g. 33C). 

!:.. hya l ospora. 1s mesophili c (Haw'k8w~rt h .!E. .!l., 
\ , 

1983) but 
..) 

a_d.ditional studies are needed to determine cardinal 

temperatures. 

The infection proces8 was sim1lar to that descr1bed for 

other Ascochyta pathogens mentioned in Sect10n 3.1, paft1cularly 

Ascochyta rabiei. The majority of thJ~ ~enetrations -of !:. 
"'-, , 

hyalospora app~ared to be directly through~~e cuticle. 

"--) 
Invasion into the epidermis often appeared to occur through cell 

junct10ns (as8uming that the swelling at tip of germ tube was an 
". 1 

appressorium and that penetration occurred there). Development 
j 

of Ascochyta hyalospora in this test appeared to progress more 

that reported for Ascochyta rab1ei on chickpea 

stems where conidia began to germinate 12 hours after 

inoculation. The rapidity of !:.. hyalospora germinatio~is more 

similar to that of_Colletotrichum gloeosporioides f. sp • . 
aeschynomene (C.g.a), the pa thogen us ed for cont ro l of nort he rt~ 

» 

jointvetch. The con1dia of C.g.a. were observed to germinate ,. 
and produce appressoria within five hours of inoculation. 

Although the precise time of penetration for A. hyalospora was 

not determined, there were changes in plant cells within 48 
, 

hours of inoculation, which ~ould seem to indicate successful 

infection. lt is not known whether appressorium formation 
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always t~ok place before penetration and colonization of the 1 

plant. 1 

that 62~ % of the 

of !!!.. .E.!.!.!. developed appressoria.' Basad 

t on the results of this section, it would seem that infection 

~benopodium album leav.s by Ascochlta hIalospora can proce.d 

rapidly under op~imal conditions. 

Pree ce (1976) has commented on the need to study pre~ 

7 0 

penetration stages on the leaf surface, with a special emphasis 

~ 1 
ons t u d yin g wh e r eth est age s a -'e m 0 s t l i k e l y toC? c C ur, the. t i m e 

of ,development, and the surrounding environment.At each stage. 

The pathogen i8 probably most vulnerable td changes in'the . 

'" envlronment' (temperature, m01stur"é, 
1 

in Its ;development (Preece, 1976). 

fungic~des) at this per10d 
~ 

Slmilarly, this 'stage of the 

disease cycle is also a vulnerable period for a mycoherblc1de 
\J 

agent. Further studies should be carried out to examine the 

effect of external environmental factors (temp&rature, moistu~e, 

'light, nutrients on leaf surface, etc.) on tl1é pre-penetration 

stages of Ascochyta" hyalospora. 
J .r 

IV EVALUATION OF THE POTENTIAL OF ASCOCHYTA BYALOSPORA AS A 
MYCOHERBICIDE POR CHENOPODIUM ALBUM 

4.1 General Materials and Methoda 

4.1.1 laolation of Aacochyta hyaloappra and use of 
subcultures 

The Ascochyta hyalospora"isolate (CH-l) was o~iglnally 

obtained from diseased leaf tissue. Pieces of diseased leaf 

tissue were immersed in 70% ethanol for 30 ieconds,.transferred 

to 2% sodium ~ypochlor~te for ~pproximately 60.seconds, and 

rinsed twlce wlth sterile dlstilled water. After~ diying on 
'.. - "., 

filter paper, the le:f pieces were pl;aced on PD)medium. For 
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storage, the g r 0 w non P Q A :1 n aQ
, g las s s t 0 ~ age 

vial. When the colony had grown to cover the agar surface, 
or ' 

culture enough ste~iie mineial o~l was added t: jfflers(e the 

surface in oil. The storage v~~~s were-tlaced in a refrigerator 

1 

, at 4C. 1 

Two subcultures, ,H-lb and CH-lc (both subcultures of 

CH-l), were used in th!,.. studies ~ with CH-l. The su'l:!culture 

CH-lb, was begun through single cOnidium isolation of ·CH-l ' 

eonidia. CH-le was a myeeli~l transfer from the advancing -, 
margin of an Ascocliyta colony growing from a piece of stem 

tissue infeeted' with CH-l. The ,isolate CH-l was useô in Section 

4 • 2 C.J.' e 8 t s III & IJ 2), Sec t ion 4 ~ 4 (i n !..!.!. 0 t e 8 t s ), p a r,_t s 0 f 

Section 4.5, and in part of Section 4.6 (Aseochyta-Phoma 

Comparison Test). Subculture CH-lb was used in parts bf Section~ 
'. 

Subculture CH-le was used in Section 4.2 (Test 13), 

Sec t ion 4.3, Sec t ion 4.4 (in vi tro tes't), parts of S~c tion 4.5, < 

and parts of Section 4.6. There was no indlcati~n that the .. - . 
su bc u 1 tu r e 8 ve re pysio 1 ogica 11 y o~ morpho 1 ogica lly di f feren t 

from CH-l. 

4.1.2 Preparation of test plants 

Tw 0 met h 0 d s we r e u 8 e d top r e par e pla n t s f o,r the 

exp e r i men t s: the fil ter p'a p e r met h 0 dan d the soi' 1 met h 0 d • In 

the filter paper method, seeds of lamb's-quarters were 

germinated by p1acin. them ~n moistened filter paper in Petri 
, . 

, . ' ... ~ . 
. plates. The plates were pl~ce4 'in an inc~bator (Hot pack Model 

,~ . 
525-2, Hotpaek Canada. Ltd, Waterloo, Ontario) with a 12-hour " 

ph 0 top e rio dan d 2 4/2 2 C d a y / ni,g h t te m p e rat ure. A f ter s e ven t 0 1 0 
.. .1' ~ \ li Q 

. ' 

d a ys, 0 n e 0 r t w 0 se e d 1 in g s a t' the co t: Y 1 e don st age ver e 

tran8plan~ed to Pro-Mix (proMix BX, Premier Branda, Inc., New 
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York, N.Y.) in }.5-cm pots. 

" ( ---

Qne day af~er tranaplantina, 30 ml 

of 1D-52-10 fertiliz~r solution (1.25 ,/L) vere app1ied to the 

plants. The soil method was an improve.ent over the fllter 

paper method, aince it produced more robust seedlinal. In thf, 

method, seeds were sown" in a 12.S-cm pot and covered vith a thin 

layer of Pro-MIxe Seven seedlings at the coty~edon or early 2-,.,. 
"1.eaf 'stage were transferred to a 12.S-cm pot to be uaed for 

- -
experimental purposes. One day after transplantlng into Pro-

Mix, 80 ml of 10-.52-10 fer'tilizer solution (1.25 aIL) w;s added' - . 
, .. 

to each pot. Once the plants becsme established, they were 
1 

ihinned to five plants per pot. 

AlI plants were maintained in growth cabinets 

(Sherer C~ntrolled Environment Lab., Model CEL 37-14, Sherer-

.i! • Gilett Co., Marshall, Michigan; Model EY 1~ and Model E1S, 

.' 
Controloled E~vironments, Ltd., Winnipeg, Manitoba) vith a 14-hr 

photop~riod and 22/r6C day/night temperature. The average light 

intensity at the pottom of the growth cabinets ranaed from 134 
o 

to 21U microeinsteins m- 2 sec- 1 • 

4.1.3 Production and preparation of inoculua 

Fot each experiment, "starter", cultures .were begun by 

piacing a smaii piece of mycelium from the s~ock (storage) 

- 'il 
culture onto the centre of a Petri plate. The medium used for" 

the starter culture was either torula yeast. Agar (TYA) or a 
# 

mixture of 1/2 strength TYA and 1/2 strength PDA. One to three 

week old statter cultures wewe then used to start additional 

plates upon which inoculum fo~ experiments was produced. A 

mixture of pycnidia and conidia ~rom t~e starter culture was 

, .l 

transferred with a needle to the inoculum produotion plate. To 
~ . 

facilitate better ~overage of the plate, separate coloni •• vere 
1.'\:,-
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'" begun a t three loca tions on the The produc t Ion pla tes 
o 

were Incubated for two to th~ee in an incubator (12 hr 
./ 

photoperiod with 24/22C day/n;:.stt; temperature). 
{li 

_" éonidia- were harvested by scraping, with a spatula, the' 

funga! ~rowth from the surfa,ce of the inoculum product,"on 

plates. The mycelium, pycnidia, ~nd conidie w~re tran~ferred 

a beaker of water and the. mixture was stirred on a màgnetlc 

stirrer for 15 to 30 minutes. The stirr~ material,was filte 

ttlrough severa1 layers of cheesecloth. Wu large number of 

pla tes we r e ha r v est e d , a nu m ber 60s 0 11 ~ i e v e ( 2 5 0 uf'l d 1 am ete r ) 

was usedo ln addition to cheesecloth. Conidia were washed twice 
~ 4 

b,! cencurifugation (once~~~OO rpm andoa second time at/p3000 

rpm) and resuspended in dis~t-l1ed water. lnoculum denslty was 

determined with the aid of a hemacytometer and adjusted to the 

desired leve1 by adding distilled water. 

4.1.4 IDoculat~oD techniques 
o • 

Plants were sprayed using a DeVi1biss atomizer. 

Application rates were calculated on the ba-sis of n~mber of 

conidia per unit area of soil surface with a spray volume of 

SOOL/lia. Two methods of spraying were used, depend1ng on the 

experiment. For some experiments, plant-s were placed on a tray 

and m 0 v e d ben e a t h a 8 p r,a y n z z l'e a t a rat e r e qui r e d t 0 g ive the 

proper spray volume (laborato .... ->r-_n:::nch inoculation m~thod). For 

other experiment8, -plants in pots were plaeed on a turntabl~ 

(approximat~ll ~3 rpm) and the proper spray volume waa applled 

by adjusting the height of the nozzle (turntable method) • 
. 

Un1e8s otherwlse Indicated, a standard rate of 1 X 108 

conidla/m2Q w~s app lied to the- p.lante. 

" 
,. 

---~~-~--~-~--------------



o 

o 

o 40 

Aft..:r inoculation. the plants were placed ln one of two 

dew chambe rs (Mode 1 E- 54UDL and Mod,.e 1 De 20 Perclval 
. , 

Manuf~ctur1ng Compan!, Boone, Iowa). Unless otherwlse noted" 

the standard wet~ess per10d conditions were 20 hours of vetness 

in a dark dew chamber ac o 22C. After the lesf wetnese period, 

the'plants wer.e k-ept in the gr.owth cabinets and under the 
, ... 

" conditions. ~reviou8ly described in Section 4.1.2. 

4.1.5 Ile.pouae aeaa,reaeut lo 

7 d 

Depending on the experlment, three plant' re.ponaea to 

the treatments were measured: mortality, height, and dry weight. 

In addit"'lon, percent 1eaf area affected by diseaile was rated in 

some exper1me1ts. Mortality was e'xpressed as a pereentase, and 

was recorded it the time of disease ratins and at harvest. 

He i g h t wa s me a sur e d a s the v e"l' t i ca 1 di a tance f rom t he S 0 il 

surface to t·he growing point and was recorded at the time of 

plant harvesting. The above-ground por~i?n of the plants were' 

-harvested for ,dry welght measurements • After harvestins, the 

. plants were p1aced in a 70C oven for at lesst three day., and 

t~~ weighed. 

At the time of, disease r~@.tlng, the four oldest leave. 

(t he four 1.owe st lea ves) 0 f ther 8 p rayed plant a, .ware ra ted 

aceording to the 

Barratt, 1945). 

Barratt-Horsfal1 rating sca1e (Horafall & 

~ 
Either, one of two methods vaa used for 

( 

ana 1 yzing the Barrat t -Hors fa 11 grades. Analya1e ln the fir.t 

mett~ (See Section 4.6) involved analysia of variauee for 

rating~ rec:orded on a single date- Defore aoalyl18 the grade. 

were converted to mid-point perceotases and one averase percant 

leaf .di8ease value was ca1eulated for each pot (experiaental 

uni.t). These averages were tranaformed uli'ng the angul.,r 
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transformation. 

The second method, area-under-the-disease-progress~ 

\curve (AUDPC) procedure, 'required ratings at severaI dates (at . . 
least three). The Barra tt-Hors f a Il grades were con verted to 

D 
mid-point percentages and an average ~p'ercent lea! disease at 

each ratiog date was calculaùd for each expe;rimental unit. The 

fo llowing formu la lias used' to obtain an AUDPC value for each 

ex perimen\al uni t: 
0-1 

l [(Yi+1+Yi)/2) [Xi+1-X i ], 
1-1 

where Yi ls the % di,.sease at the ith rating date, Xi is the time 

'( (days) after inoculation of the ith rating date, and n is the 

tota! number of rating dates (Shaner & ,Finney, 19'77). 

AUDPC, the Integral over time of percent, dlseased 

foliage, is thought to be a good measurement since It indicates 

the amount of dlseasè present over time and not just at a single 

rating datei AUD~l'Dleasur-ements are probably m~re clos 

re latad. to heigh(d dry weight th'n are single-date d 

measurements, ainee duration of healthy leaf area is re ated to 

.the amount of photosynthate that ls produced ~(waggoner,r 1.~86; 
Watson, 1947). \ 

4.2 Bffect of lnoculua Dose and Plant Ale OD Dieease De 
and Subsequent Plant Da.age 

,4.2.1 lntroductf.on 

Two important aspects in determining whether ~a pathogen , 

will make a good mycoherbicide are the spray rate and t1:)e stage 
t;> 

of weed growQh at time of inocul~tion. lt i8' commonly observed .. 

f 

in mycoherbicide research that increasing inoculum dose '\promotes ' 

weed damage, wheraas increased weed development stage at\ èlme ~f' 
inoculation hlnders disease development on the weed. Sc eepens 
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an~ van Zon (1981) found that young lamb""s-quartera plants were 

suscept1b~e to Ascochyta caullna whereas older plant:.a were môr:: e 

res1.stant. Boyette !! al. ~1979), wor~ing wlth ~letotr1chum 

gloeospo'rioides f. sp. jussiaeae on Jusa1aea decurrens (Walt.) 
, 

DC (winged water primrose), found that doses of 5 X 106, 1 X 

107 t and 2 X ,10 7 spores/ml produced weed mortalitlea of 67,87, 

and 100%, resp~tively. Scheepena (1987), work1ng wlth 

Cochl1obolus lunatus Nelson & ~aasi8 on EChlnochloa crusga1ll 

(L.) Beauv., provlded an example of decreasing percentage 

necrosis as an inoculum dose of 0.4 X 106 spores/ml was applied 

to 22-, 30-, and 47-day old plants. Webb and Llndow (1987) 

found ,that the~ was d-ecreaslng disease development on Pteriaium 

aqui.linum (L.) Kuhn (brackeJ?, fern) when Ascochyta pteridls 

(Bres.) Sacc. was ap lied to fronds of Increaslng age. In order 

to obtain ~n,equival nt 50% disease incidence, the inoculum 

be hlgher as the age of the frond~ • concentration 

increased. 
o 

Whiie the previous e.xampl~s illustrate planta having 
",:il 

incr~ased resistance to/pathogens with Increasing age, thls 
o 

situation is oot necessarily typlca,l. Populer (1978) has 

propos.ed four patterns of susceptlbility "to pathogens based on 

age of plant or plant part. One pattern (Type lB) ·ls 
\ 

illustratea by the previous examples where there is d~creaslng 

susceptlbll1ty wlth Increaslng age. \ Other patterns are: early 

fuvenile re~lstance followed by-a per10d of susceptlbillty that 

endures ~nt11 the plant entera a more resistant phase dur1ng the 

adult~growth stage (Type lA), Increas1ng susceptlb111ty w1th 

tncreaa1ng age (Type II), and Juvenile suscept1b11ity followed 

by some type of res1stance wlth sU8ceptibility reappearlng aga1n 

.. 
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at a later mature stage (Type III). Thes e res is tall_ce pat te rns 

cay be applicable for age of plant, age of plant part, or botn. 
" -

: 1 

There i8 ~imited information to ind1cate the type of pattern 

that woûld descr~ be the Ascochyta d1sease of lamb"s-qu,arters. 

; Boerema et .!l. (1977) isolated Ascochyta hyalospora from 

contaminated seed and seedlings of Chenopodium quinoa Willd., 

the South American crop plant that 1s closely related to C. 

album. There is nb indication in their paper that epidemics 
. 

occur on mature crop plant$. At Ste-Anne-de-Be llevue, Ascochyta 
e 

, \ hyalospora was often obtained from lamb's-quarters plants 

growi ng in l a te Summer or esr l y fall. Les ions coul d be found on 

mature leaves. It is not known., however, when the leaves were 

first infected. 

It is important to de~ermine the olde$t stage of 

lamb's-quarters development that cao be éffectively controlled 

by Ascochyta hyalospora. For effective use in crops such as 

80ybeans and c~rn~ eff\ctive weed control should be possible 

f =om an ear l y seed ling stage of l amb's-q uart ers to a mo re mature 

stage of weed development. Corn cao be used to illu$trate this 

point. 'Corn exhibits slow early development, and therefore can 

be affected by severe competition from lamb's-quarters that may 

germinate early under the normally cool temperature conditions 

of spring (Gl~uninger & Holzner, 1982). Therefore, from a 

competitive standpoint the field should be free from weeds for 

everal weeks. One set of recommendations for corn (Upfold & 

orris, 1987) indicates that the six to eight weeks following 
\:::':-" 

orn emergence is the most crucial time period for weed control. ' 

eed competition at this time can be harmful. During this six 

/' 
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410 

to eigbt week period lamb's-quarters plants w1th a wide range -of 

sizes could develop in the field. 

In addition to efficacy over a wide range of waed 

growth stages, the pathogen should be effective with a spray 

rate as low as possible to reduce costs. Currently, 1.9 X 107 

conidia/m2 is the recommended rate for COLLEG~, ihe commerc:lally 

available biohetbicide used to control northern jointvetch in 

rice. This rate is applied in July or August when the wee~ ia 

at the mid-to-llate ~tages of vegetative growth and 

above the rice crop canopy,(Smith, 1986; TeBeest & 

1985) • 
1 .. 

r 

ia emerging 

Templeton, 

jective of this section was to detetmine the 

effect asing inoculum and increasing weed maturity on 

disease devel pment and on plant mortality, heignt, and dry 

weight. The experiments were carried out as growth chamber 

studie..s only. 

4.2.2 Hetbods 

Test Il 

The response of plants at three growth stages to five 

application rates of Ascochyta hyalospora inoculum were observed 

in an experiment set up as a randomized complet~ block. de,s.tgn 

1 
(RCB~). The experimental unit, replicate~ 10 cimes, consir ced 

of 'one plant in a 7.5-cm pot. The plants were prepared JuJ the 

filter paper germination method (See Section 4.2.2). 

The~preparation of test plants was coordinated to 

provide three growth stages (cotyledon, 2- to 4-leaf, and >8-

leaf) at the time of inoculation. Inoculum of
e 
~ hyaloépora wes 

applied ~t five rates: 0 conidia/m2, lXl0 5 conidia/m2 , lXI0 6 

conidia/m2 , lXI0 7 conidia/m2 , and IXlo 8 .conidia/m2• Plants were 
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inoculated using the laboratory bench inoculation method, and 

8ubjected to the standarel wetness period (See Section 4.1.4). 

Height, dr,y we1ght, and mortality data were recorded 22 day's 
r 

after spraying. 

Teec #2 

This test was similar to Test Il, except that plants 

we re inocul ated at 3, 13, and 23 days. The three· transplant 

ages corresponded approximately to the cotyledon, 4- to 6-leaf • 

stage, and the 8-. to 10-leaf stage of growth." 

Disease ratings were begun two days after inoculation 

and conti:nued every other day for 12 days to g1ve six rating 

da tes. Us ing t he Bar ra tt-Horsf a 11 sca 1 e, ra tings were re corded 

for the four oldest leaves of the 13- and 23-day old 

transplants. The 3-day old plants had to be exclud~d, since no 

leaves were present for rating. Height, dry weight, and 

mortality data wete recorded 22 days after spraying. 

Test #3 
, 

In the third experiment, the response of plants, at 

th~~e transplant ages, to eight rates of Ascocbyta hYTIOSPOra 

inocul ~I.!!. ~JU st udied in an experiment set up as an RCBD. The 

experimental unit, replicated six times, consisted of five 

plants in a 12.5-cm pot. The plants were prepared by 

ge rmina t ing' the seed in so 11 (Sec tion 4.2.2). At the time of 

spraying, the three transplant ages were 5 (2-leaf), 10 (4- to 

6-1eaf), and 15 (6- to 8-leaf) days. The 8;pplication rates were 

0, 1.6XI07 t 3.1XI0 7 , 6.3x'I.?17, 1.3XI08, 2.5XI08, 5XI08, and lXl0 9 

conidia/m 2 • Plants W'ere inoculated using the turn(table metho"d 

(Section 4.2.4).. Fifteen days after inoculation, ~ortality data 
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we re reco d. Heigh t, dry veight, and aorta li ty da ta ve re 

recorded 1 days after spraying. 

of dry weisht and height from test Il and #2 

are presented in Figures 7 to 10. For each grovth stage in both 

experiments, height and dry weight generally d~crease vith the 

application of higher rates of conid:l.a. There vas, hovever, a 

noticeable difference in the rate of helght and dry veight 

decrease among the grovth stases. At the oldest growth Btagea, 

the rate of decrease in height and dry weight, vith increasing 

inoculum from zero to 1 X 10 8 conldia/m 2 , vas much lover than at 

the mi d dIe and y 0 u n g~ s t gr 0 w t h s t age s • For e x a m pIe, i n F 1 g ure 

10, 23-day o.1d transplants suffered a 56.9 :t decrease vhen dry 

veight for treatments of 0 and 1 X 108 conidia/m2' are compared. 

Over the same rates, l3-day old transplants suffered a 98.9 % 

decreaàe ln dry weight and 3-day old transplants suffered a 

decrease of essentially 100 % (no plant tissue could be found 

for measurement). 

Analysis of log AUDPC values (Table 3) for' 13- and 23-

day old transplants at the four levels of spray rate in test D2 

(see means in Table 4), showed interaction to be present (P • 

0.0361). The AUDPC values were log transformed to maintaln 

homogenel t Y of variance. Fit ted orthogo na l'po l ynomia ls (Ta b le 

5) for 13- and 23-day old transplants are shown in Pigure 

This figure shows that at the middle spray rates there vas 

11. 
. , 

o 
, , 

8reater disease development otl the leaves of the 23-day old 

transplants compared to the 13- day old transplants. At lov and 

high spray rates, disease developaent vas approxlaately .qual. 
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Figure 7. Effect of spray rate and growth stage on keight of 
lamb"s-quarters (test Ill) .. 

. 
spray rate (log conidia/m 2 ) 1 

~ control ~ 5 ~ 7 ~ 8 

\ 

,-

8; Effect of spray rate and g~owth stage on dry weight 
of lamb'-s-quarters (test #1). 

spra rate (log con~dia/t1l2) 
-~ .. '" 

lZ2J control rs:st 5 

" 
" -::'. 
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Figure 9. lUfect of spray 
lam""s-quartérs 
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Figure 10. Effect of spray -ra,te 'and {lIant age on dry wel-ght of 
Iamb"'s-ttuarters (test: 112) •. 
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1\ "-
TABLE 3. Analysie of variance on the effectsl>f plant age and 

spray rate on disease de,velopmen1: on 1amb's-quarters in 
test d2, 

" , . 
-------------------------------------------~-----------------~--

Source~ - df Mean Square Pr > F 

--------~---------~---------------&-----------------------------
R 9 0.1906 0.1626 

• 
A 1 1~4193 0.001,3 \ 

, ' 

D 3 15.0555 0.0001 

A '" D 3 0.3806 0.0361 

Brror 63 0.1259 

-----------------------~----------------------------~-----~-----« ' 
R-blo~k, A-age, D-spray rate 

TABLE 4. Effect of plant age and spray rate pn disease 
devèlopment (log AUDPC/pot) ln test #2. "'. 

Age 
(days) 

13 

23 

Spray Ra~ (log conldia/~2) 

-------------------------------------------------~---5 • . 6 7. 8 
----~--~----------------------------------~-----~----

0.92 2.05 2.61 3.00 

1.14 2.69 2.85 2.0 7 . 

st and a rd e r r 0 r - +0. 11 
----------------------------------------------------------------* ' means of ten repllcates 

Beeause of the different procedures (frve plants/pot 

and 2-lf growth stage)~used ln test 13, the,dry weight and 

height (few or no zero values) could be analyzed for the 
'/.)\,~ 

presence of trends. Height data for rates Of(;t!~ 108 and 1 X 
t"',\'~:1 ( 
~' 

10 9 eonldia/m2 were not used in the anslysis sinee many zeros 
.; 

were present due to mortality at these rates. In addition, - t,he 

helght and dry welght' were log transformed to maintain 

homogenelty of variance (Tabl'es 6 & 7'). Interaction (Table 8) 

between spray rate and age was found to be present for both 

height and dry weight responses (P "" 0.0001 for both r,esponsu). 

F 1. t t e d 0 r t h 0 g 0 n a 1 pol y nom 1 a 1 s (T ab les 9 & 1 0 ) for the th r e e a g'e 

groups are shawn in Figures 12 & 13. No signlfieant trend was 

.. ) 
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TABLE 5. Orthogonal polynomial contrasts and fl~ted regresslon equat1ons' for dlsease . 

de ve 1 O\; e nt (log AU D pel pot· ) 1 n tes t '2. - . , 
--------------- ----------------------------~----------~----------------------------------
CONTRAST* df MEAN SQUA~E Pr > 'F FITTED EQUATION. ., > ~2 
~-.~;-~----------~ï--------------.-----,------------~-----;------------ ....... ----.-------,-----.-:.---

D in A 1 3 8 • 14 83 0 • 0 ra t .. , "110 g AU D pela - 9. 8425 + 3. 0816 * D '-0 • 91 
D llnear 1 23.0.061 0.0 01 .,;;L 0.1849*D2 

D quadratlc 1 1.3&10 0.0016' 
D cubic 1 0.0717 0.4532 

D in A2 ) 3 7.2877 0.0001 Lo'g AUDP'C, - -7,3.3258 +332.6149*n 0.15 
, D linear l 15..8943 0.0001 . 4.6432*D~ +'0.2198*D 

o ' 

~- D quadrat1c 1 5.0993 0.'0001 . , 
D cublc 1 0.8696 0~0108 

" ERROR 63 0.1259 
----------------------~-~----------------------------------------------------------------- ~ *. . 

D-spray rate, Al-13-day old plani., A2-23-day old plants 
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TAB~E 6. Effect of p1ant age and spray rate on height (log 
< CID/pot) of 1amb"s-.quarters in test 13.* r-

---------~-~~--~------------------------~-----------------------

Age 
(days) 

5 

10 

15 

Spr$y aa'te( log conidia/m2 ) 

----------------------------------~-------------------
7.2 7.5 rt 7.8 8.1 8.4 

, " ____ , ______ c ___ __ .... ___________________________________ _ 

.0 

1.63 1.53 1.47 1.17 0.53 

- 1.95 C;3 1.93 1.86 l.73 ;J 

2.16 • 8 2.10 . 2.04 1.94 

standardferror - +0.06 ________________ • ___ ~ _________ 4 ________________________________ _ 

~ * means of six replieates 

TABLE 7. Effect of plant age and spray ~ate on dry weight (log 
s/pot) of la~b .. s-quarter8 in test .13.* . 

---.-_.~--------------------------------------------------------
Spray Rate(log conid1a/m2 ) 

, ' 
------------------------~-----------------------------
7.2 7.5 7.8 8.1 8.4 8.7 9.0 Age 

(days) ,-_ .. _..;;.------------_ .. _----------- .... ---------~,,------------
t 

5 0.21 0.18 0.15 0.09 0.03 0.01 0.01 

10 0.52 0.48 0.5.0 0.43 0.37 0.19 0.07 
'6. 

15 0.69 0.66 0.61 0.57 , 0.-48 0.42 0.38 
. -

8 t'Andard • +0.025 
,-

error -
.--------------~-------~---------~---~-----~~--~-------------;--

means of six, repliea tes '. 0' 

TAB~E 8. Ana~f variance on t:he·e~fects of plant age and 
spray rate Qn height and dry weight of lamb's-quarters 
in test 13. 

---~-------------~----------------------------------------------

·D 

2 

4 

5.4420 
4 

0.7943 

0.0001 

0.0001 

.. 
2 0.0001 

6 0.0001 

A- * D' 8 0 • 2487 0 • 0001 . 1 2 0 • 0 ~ 88 t f 0.000 1 

-Erro r 70 0.-0232 100 0.0037 
, < 

-~-----~------~~~------------~---------------~------- ---------* -U.-block.. _A-age, D-spray rate 

l 
• 0 
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TABLE 9. Orthogonal polynomial contrasts ,and fitted regression equations for height 
(log cm/pot) in test #3. 

o 

--------~-----------------------------------------------------------------~---------------
CONTRAST* 'd! MEAN SQUARE Pr '> F FITTED EQUATION ' R2 

---------~~----------------------------------- -------------------------------------------
D IN A 

log ht = -54.8346-+ lS.2835*D 0.71 
- 1.0342*D2 

D in A5 4 ,~ 1.1835 0.0001 
D 1inear l 3.9115 0.0001' 
D quadratic 1- 0.7278 0.0001 
D cublc 1 0.0921 0.0504 

"l 
D quartico' 1 0.0495 0.7438 

D in AIO 4 0;0495 0.0863 
J 

J 

4 0.5885 0.0479 . log ht - 3.611 0.1958*D 0.59 
D 1inear 1 0.2071 0.0039 
D quadratic 1 0.0233 0.3206 
D cubic l 0.0027 0.7347 
D quarttc l '0.0024 '0.7497 

ERROR 70 0.0232 /' . 
~~-----~-------------------------------------------------------------------------~---------* D-spray rate. A5-5-day old plants. A10 a lO-day old plants. A15 a 15-day old plants 

~ 
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.Figure 11. Effact of spray rate and 
\ 

j"volOPlDent. (ust #2). 

Age 
1 

plant age on disease 

, 
c ~3 days .0 23 days 

\ 

Figure 12. Effact of spray rate and plant age on helght of 
l a m.b'" s - qua' t i ars ( tes t , 3 ) • 

a 5 d'ays .0 1S days 
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TABLE ~O. Orthogona1 polynom~al c 
(log g/pot) ~n t~ 

6 and f~tted r~gre88ion equat~on8 for dry we~ght 

----------------------------------------------------------~---~~---

- MEAN SQUARE Pr ) F 0 FITTED EQUATION a2 
1 

\CONTRAST* __ .a... ______ _ 

------------------------------------------------------------------------------
D IN 

D in A5 4 
D linear 1 
D quadratic 1 
D cubic 1 
D quartic 1 

D in AIO 4 
D linear 1 
D quadratic 1 
D cubic 1 
D quartic 1 

D in AI5 , 4 
D I1near 1 
D quadratic 1 
n cubic 1 
D quartic 1 

ERROR 100 

0.0647 
.0.0454 
0.1268 
0.0779 . 
0.0088 . 

0.2634 
0.00000~8 
0.8475 
0.1070 
0.0990 

0.1267 .-
0.0343 
0.3283 
<t.1101 
0.0340 

0.0037 

0·9001 
0.0007 
0 •. 0001 
0.0001 
0.1246 

0.0001 
0.9744 
0.0001 
0.0001 
0.0001 

0.0001 
0.0029 
0.0001 
0.0001 
0.0030 

o 

log dry wt a -45.45333314 0.78 
+ 17.470î2997*~ - 2.20825405*n2 
+ 0.0920404}*D 

log dry wt - 9.651854297 O.7~ 
- 4.429154089*D + 0.699739476*D2 -

0.036232-855*D3 

log dry wt - -34.03406422 - . 
+ I3.04I86948*~ - 1.61090675*D2 

+ 0.06518502*D 

0.85 

Î 
-----------~--------------------------------------------------------~--------------~------* D-spray rate, A5-S-day old plants, AIO=lO-day old plants, A15=15-day old plants 
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, \, 
found in tbe heigbt respons~ of 10-day old transplants w~ereaa a 

decreasing linear trend was found f~r 15-day old transplants and 
/ 

a decreasing quadratic trend was found for 5-day old' 

transp lants. A~alysis of dry weight trends included the 

responses at spray rates of 5 X 108 and 1 X 10 9 conidia/m 2, The 

fitted equations of dry weight responae for aIl tnree age groups 

include cubic terms but the predicted responses plotted in 

Figure 13 do not show th1s in all cases. There was a 

~ecelerat'ing rate of dry weight decrease for 5- and 15-day old • 

transplants as the spray ~ate was increased fro~ appr~x1mately 
\)Ija 

1.3 X 10 8 to 1 X 10 9 conidia/m 2 • On the other hand, the dry 

weight res~onse of 'the 10 day old transplants d1splayed an 

aecelerating rate of decrease as t~e spray rate was increased to 

1 X 109 conidia/m 2 J, 

The mortality patterns were similar for all three 

exper1.ments, although the spray rate needed to obtain equivalent 

mortality varied from one experiment ta another. In test #1 

(Figure 14), 100% mortality for cotyledon and 2- to 4-leaf 

stages occurred at spray rates of 1 X 10 7 conidia/m 2 and 1 X 10 8 

conid1.a/m2 , respectively. No mortality was ,ecorded for plants 

having more than eight leaves at 

A1though the pattern was simi1ar 

the time of ino~ulatio~. . \J 
in teat H2 (Figure 15), h1gher 

-~K 

spray rates were general1y needed to obtain mortality similar to 

that obtatned with lower rates in test #1. For tesf #3 (Figure 

16), minimum rates neede~ to obtain at least 80me mortality were 

1 X 107 conidia/m2 for the 2-lea1 stage, and 1 X 10 8 conidia/m 2 

for the 4-leaf and .6- to 8-leaf stages. The highe$t mortalities 

in the three age groups occurred at the highest rate. At that 

s pra y rat e , m Q r t al i t tes 0 f 96.7 %, 66.7 % , and 1 3.3 % ace u r r e d 
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Figure 13. Effect of spray rate and plant age on dry weight of 
lalllb's-quarters (test '3) . ~ 

Age. 

C 5 days ~ 10 days b. 15 days 
~ 

) 

Figure 14. Effect of spraY,rat~ and growth stàge on morta11ty 
of lamb's-quarters (test #1). Note; Zero rate on 
horizontal axis was Dot log traDsformed. 
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Figure 15. Effact of spray rate and plant age on mortality of 

, Age 

• < 

lamb'a-quartera (test #2). Note: Zero rate OD. 

horizontal axis .was Dot log ~raDaformed. 
/ 

, 
a 3 days o 13 days A 23 days 

\ 

Figure 16. Effect of spray rate and plant age on the mortality 
of 1amb's-quarters (~e8t 13). Note: Zero rate on 
horizontal axis ~as Dot log transfor,ed~ 
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j 

in the S-day oid, 10~day old, and 15-day old age groups, 

respectively. 

At younger growth stages (4- to 6-leaf stage or less), 

death of the plant often occurred within five days of 
( 

inoculation when inoculated with a high spray rate (i.e. 1 X 108 

or higher). At thJ! time of death" pycnidia had usually 

developed on stems of the plant (Figure 17), even if the stem 

was not directly exposed to moisture. Heavy defoliation 
o 

typlcally occurred on more mature pla~ts when inoculated with a 

high spray ~ate and kep~ in a dew chamber for 20 h~urs (Figure 
, . 

18): In addition to desiecation of the sprayed leaves, stem 

epinasty often occurred. No plants at this stage of growth were 

killed at spray rates of 1 ~ IOB/m2• 

-4.2.4 Discussion 

• The results of ~.~ experiments reported in tbis section 

generally show results qUit~ similar to the results of previous 
. 

bioherbicide research. Increasin~ inoculum do~e results in • 
increased disease development, whe~eas increasing maturity of 

, 
plant generally results in less disease development (Boyette et 

" ----
.!l., 1979; Scheepens, 1987; Webb & Lindow, 1987). There is a 

discrepancy in the results of the present studies, however. 

lncreasing maturity resulted in less damage to the plant °as 

measured by mortality, height and dry weight, but there was not, 

however, decreased disease development of leaves witn advancing 
, . 

maturity. AUDPC measurements. which provide a direct 

measurement of disease development on leaves, showed more 

disease development on the oldest growth stages except at the 

hlghest spray rate where d~sease development appeared to be 
1 

approxlmately equal. ~he remaining response measurements, which 
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Figù-"te 17. 

Fi'gure. 18. 

. . 

... _ .... ~. , ... . , ... .. • ~{" ............ '! , .. . .. /.\ .. r,r-"" . ~,t"~ ... 
~. , 1 

Stem of dead plant inoculat-ed at approx'imately 4 .. 
le.f grow~h stage. At iime of death, pycnidla Cp} 
appeared on stem. ' ~ 

... , 

Lamb's-quarters plants_ five days after inocu,lation 
wi t h wate r or 1 X 108 eonidia/m2• At t ime, of 
inoculation the pla~t~ had reached the ~- to 10-1ea~ 
st age • 

(' 

,; .•. -, ~ .::: ..... -:r .... _ . 
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provfde indirect measurements of damage due to disease 

development on leaves as well as o,ther plant parts.snd 
, ) 

:u~tion8, showed the more typical r~spon~of decrea~ini 
susceptib,ility with increasing age of plant. - ln this ~.e , it 

would appear that measurement of disease,~evelopment on leavas' 
. ' 

was not a good lndicato~ of the effect of the pathogen ~n other 

responses such as mort,s li t Y '. height, an~ dry weightoi' The 1 eaf 
/ 

, ~ , 

ti_sue was equally (or even more) susceptible to infection at , 
older ages, but the plant càn tolerate infection at older ages. 

The mortality; height, and dry weight responses provide 

an indication of the pathogen~s potential for use as a 

mycoherbicide. D'isease development on the stem correlated much 
!\i.. 

bett~r with the ind~rect measurements of mortality, height, and 

dr.y weight. S tre"m in f e c t ion ( Fig ure Il' 0 f Sec t ion 4.3 • 3) wa s 

observed ta be greater at the
o 

cotyledon to 4- to" 6- leaf growth 
1 ,-) 

stage. AUDPC meas ure ment s were onl y ~-1)/11 ec ted and re po'r ted for . - , 

t e"8 t Il 2. 
< 
\ 

More evidence is need.ad fo\l:' s more firm conclusion as 
\ ' . '" ,~ 

to how disease developmeOl&: on leaves 18 relàted to the age of 
b 

the leaves and Wh\t effect this ~aa onQ.~verall ptpant -health. 

Based on the results of the growth chamber experlments 

presented in thls section and tne report 'by Boerema et al. 

(1977) findlng Ascochyt,a hyalospora à seed contamina.nt and cause 
l 

~ r 
of a seedling disease o'~' Chenopodium quinoa, lt would apPpesr 

• 5 

that the disea~e incited by inundative inoculatlôn of 

Chenopodium album w.ith !!.. hyalospora fol.lowa a Type lB age 
1 

resistarice pattern (Populer, 1978). The resistance pattern, 
1 

, 'f 0" 

illustratedoby the .ortality, height, and dry weight responsee, 

would appear to be more related to disease development ~n the 

stem rather than disease development on the leaf. 
" 

The stem 
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appeared to become less suaceptible to infec~1on with increased 

maturi ty. ,.. 
The apparent difference in stem disease development 

betwee'n young plants and older plants bears further 
'/. 

inve-stigat1on to determine the basis for ~th~ difference. la 

there some type of res1stance mechanism present in the older 

stem that 18 not present in younger stems? Goodman ~ !!. 
, t '3 

(1986) list several possible factors involved in resiatance 

inc 1 uding pre- and pos t-in v asion structura l barrie r s (e.g. 

'l~gnlficationJ ~la formation), alreadyexisting 

antlmlcroblal substances (e.g. phenollc compound~), an,d 
, , 

po~tln~ectlonal resistance (e.g. ,phytoalexi~s, hypersensltiv~ 

react1ons) • 

The minimum spray rate needeq for good efficacy was 

1 X 108 conidia/m2 • This 1s five times the recommended rate of 

approximately 1.9 X 10 7 conidia/m 2 for COLLEG~ (TeBeest & 

Templeton, 198~). Field testing would provide mor~ real1stic -
ind~at1o~s of the optimum Ascochyta spray'rate, since pl~nt 

, ' 

v1tal1,ty and method of spray application (particularly n,o.zzltl 

type) would be dlfferent. 
i, 

The results of' the age-rat~ experlme,nts, if verified by 

field testing, would indi~ate that weed control can be obtained 

by apraylng' ~l'snts st th. B~don to 6-1 •• f stage of growth. 

One cff the 'keys in,controlling /weeds at older growth ~tages 

would appear ta be in flndlng a way to increase disease 

'deve loplll~nt 1n aIder stems. 

" 

/ 

-1 
/ 

/ ' 

1"'" 

f' 

, . 
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4.3 Effect of Ve~Des. Period Te.per.~ut •• ad W.~D ••• Perlod 
Dur.~ion oa Dise.ae DeYelop.eD~ sad Sub ••••• Dt PlaDt 
Da •• ge 

4~3.1 ID~roduction 

The most important environmental facto.ra affectins 
. / , -~ 

plant disease areybabl Y moisture, and to a lea8er exteit, 

temperature. y'e molsture on ,the leaf 8urface 18 needed for 

the germinat(o~,an~ penetratio'n by infective propagules of most 1 

foliar Plant~athOgenS (Rotem, 1978; Zadoks & Schein, 1979). ln 
~ C_-

the field, the free 'mo!sture may be provided by several natu'ral 

and man-made processes such as rain, dew, fog, and irrigation 

(Miller, 1969; Wallin,. 1963). The duration of leaf surface 

. moisture is more important than thé amount that is present 
~ 

(Rote~, 1978; Van der Wal, 1978). 
, 

In-bioherbicide research, determination of 

enviro,nmen,tal re,quirements for disease deve.lopmeont is important 

'\. 
for establishing the bioherbiclde's potential for weed control. 

<:1 

'" These environmental requirements include wetnes8 period (WP) 
~ 

temperature and WP duration. TeBeest et al. (1978) found that 

disease on ~orthern jointvetch plant8~cu1ated wlth 

~let.()trictïum gloeosporloides ·f. 8p:~eschynOmene (~.g.a.) and 

- ~, 

kept at a WP (12 hours) temperature of 28C, devi!loped more 

l ,~ 

rapldly than for plants kept; at high.er (32C or 36C) and lower 

(20C or 24C) temperatures. ln a .separate experiment, they 
. 

e x ami n e d the e f f e C ,t 0 f W P dur a t Ion and fou n d t h a t a t l e a 8 t 1 2 

hours of moisture <at 28C) were required ln order to obtain 100% 

inf ec t ion. #- Less di seas e deve 1 opmen t and slowcr d iseas e 

development occurred at shorter wetness periods. 

The previous example i1lustrates the effect of 

temperature and wetness period, tested separately, 9n disease 
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development. Other experiments, nowever" have shown tha~ an 

interaction often exists between WP temperature and WP duration. 

In tllese studies the minimum WP duration required for infection 

is dependent on the WP temperature. Hence, most experiments 

that are set up to study leaf surface" wetness also must take 

into ac count the re 1 ations hip or interaction between the 

duration and the temperatur'e (Jones, 1986; Rotem ~ .!l., 1971). 

This was ilrustrated by Rotem et al. (1971) wh~ worked with 

il!' • 
Phrtophthora infestans (Mont.) De Baryon potato leaves.~ The 

maximum, optimum, and minimum levels of WP tellperature, WP , 

duration, and inoculum concentration were highly dependent on 
, 

the" combination of the levels of each individual factor. 

Seyeral studies in bioherbicide research, with-'WP temperature 

and WP duration as factors, aLso showed "this to be true (Boyette 

& .Walker, 1985; ~979; Webb & Lindow, 1987). ' 

The objec1;.ive of this. experiment was to 'eval~ate the-o. 

joint effect of wetness périod ,temperature and wetness 'period 

",d'uration on the infection of lamb"'s-qua-rters by Ascochyta 

hyalospora, 

4.3.2 Ket:boda 

Lamb"'s-qu-arters plants were prepared 'by the soil 

germination method (See Section 4.1.2). Standard harves-ting 

procedures (See Section 4~1.3) were used to collect the required 

amount of inoculum for spray application onto the plants. The 

two factors comprising the experiment were WP duratio~ and WP 

• 
tempera tu re. Five WP durations (0 hr' 6 hr, 12 hr, 1'8 hr, and 

24 hr) and four temperatures (I2C, l8C, 24C, and 30C) were 

- tested in aIl combinations for a 5 X 4 factorial. The 

.. 
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expérlment was a randomized complete block design (RCBD) wlth 

the treatment comblnations blocke~in time. 
~ 

Each t reatmen t 

combina t ion was rep l ica ted four t imes. Since the experiment wa. 

blocked in time, plant growth and inoculum production were 

synchronized to obtain similar sets of experlmental materials 

• for each block. An experimental unit consisted of a l2.S-cm pot 

con t a in i n g fi v e pla nt s a t the 4 - 1 e a f s't age 0 f gr 0 w th. The 

different te~peratur~s were achieved by sett~~8 each of four 

growth,cabinets to the required temperature. Temperature was 

adjusted and rotated among the cabinets for each new block of 

"treatment combinations. DIfferent WP -durations were achieved by 

~ 

, placing the recently sprayed pot in a humid plastic bag. The 
, . 

covered potes were th en placed hi the growth cabinets. 

Appro~imately every six hours, the plants that remained in the 

plastic bags were lightly misted with water. At the end of each 

weiness period duration. the pot of plants at each temperature 

was unbagged, but left in the growth cabinet with the other 

plants. The growth cabinets were kept dark for the entire 24-
.. 

hour perio,d. At the end of this 24-h~ur period the planta were 

removed from the growth cabi~ets and placed in a growth, c.blnet 

set at standard conditions (See Section 4.1.2). 

Four, eight, and 12 days after inoculation, the area 

affected by disease on t'he four oidest leaves of each plant wa. 

scored using the, Barrett-Horsfall rating system. Area-under-

the-disease-progress-curve (AUDPC) values were ca1culated bS8ed 

on the scores from the three rating dates. 'Since no dlsease was 
~ -

present at 0 WP, the values were analyzed as a 4 X 4 factorial. 

Significant interaction between WP temperature and WP duration 

'was examined further by uslng orthogonal polynomial regreasio,n 

'\ 

" 
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(PC- SAS GL M.). 

Each blSck was harvested separately two weeks after 

ino~ulation·. The total heigllt of plants ln each experimental 

unit (pot) was measured, the plants harvested, dried ln 70C 

ovens for sever~l days, and then welghed. The procedure was 

repeated for each block. Analysis of the helght (cm/pot) and 

dry weight (g/pot) means was similar to that of log AUDPC. 

4.4.3 Re8ulta 

A three-dimensional presentation of AUDPC me~ns .. 
(disease, development) ln Figure 19'0 Indicates that there is ,a 

convex-shaped response surface with the hlghest value occurring 

at l8C tempe rature and 24 hour duration. The lowest mean value .. 
was the treatment combinat ion of 30C tempe rature and six ho ur 

duration. Duê to the wide1y varying responses to the effect of 

.the treatment combinations, the assumption o~ ~omogeneous 

variance was not met. Therefore, the data were transformed 

using th'e logarithmlc transformation [log(y+l)]. The mea'ns of 

tKe disease development data (log AUDPC/pot) can be found in 

~ble 11. The responses of dry wei~ght and height were q.uite 

, 

simi 1ar to each other (Figures 20 & 21). The three-dimensional" 

presentation of the means shows concave relationships. At each 

temperature, the dry weight and height means generally decreased 

with inereasing length of WP duration. The decrease in dry 
\ 

weight and heig~t with inereasing WP duration was greater at l8C 

Using a control of WpaO hours 
.rif' 

ged over aIl temperatures, the largest decrease in dry 

t (60%) oecurred after a 12 hour WP at 24C. T~e largest 

decreas'e in height was also 60% but this occurred after an 18 

= 
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Figure 19. 

\ . 

( 

Figure 20. 

, - "-,; ~ 2'~:'~ -..... ~f?'" >/!","- ~ k, "'~ -.... _ ,..~ \~,,~ 

Effect of wetness period temperature and wetneas 
period duration on disease development of lamb"'s
quarters (me ans of four rep li ca tes). 

( -

• 

Effect of wetness period temperature and wetness 
period durat10n on dry weight of lamb's-quar1:ers 
(mearts of four replicates). 

) 
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Figure 21. 

; t 

, \ ' 

\ 

Effect: of wet:ness period temperature and wetna.s 
period durat:1on on height of lamb's-quarters 
(means qf-four replicates). 

/ 

o 

/ 
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hour WP at 24C and after 'a ~4 bour WP .at 18C.' The dry lI'llht 

and belght means are shown 1n Tables 12 & 13. 

" 

TABLE 11. Effect of wetness per10d temperature and, wetn ••• 
period duration on dlsease development (101 AUDPC/pot) 
in lamb's-quarters inoeulated with A.cochlta 
hyalospora.* . 

-------------------------------------------------~--------------
Temperature(C) 

Wetness 
Period 

(hrs) 

--------------------~---~--------~-----------------

12 18 24 30 

-------------------------------~--------~----------
6 , 1. 57 2.34 1.11 0.46 

12 2.42 2.59 2.44 1.79 

\J' 18 

24 

2.36 2.64 2.63 2.28 

2.58 2.67 2.54 ' 2~39 

standard error -+0.14 
" -, 

-------------------~-----------~--------------------------~-----'* means of four replieates 

TABLE 12. Effect of wetness per10d temperature and wetnla. 
pe r i od, du ra t ion on dry weight (g/ pot) 0 f lamb'.
quarters inoculated with Ascochyta hyal·o.pora.· 

----------------------~--------------------------------------~--

,,' Wetness 
~eriod 

(firs) 12 

Temp,era tÜ re (C) 

18 24 30 
----------~-------------------------------------_.-o 

6 

12 

18 

24 

j 1.43 

1.49 

1.11 

0.80 

0.79 

1. 27 
, ----.. 
1. 25 

0.78 

0.64 

0.63 

standard error 

1.50 1.19 .-

0.74, 1.20 

0.54 0.9~ 

0.55 0.93 

0 •. 65 0.81 
c.. 

• +0.11 

, --~--~-----------------------------------~-----~-~--~-----~~----* means of four replieat~8 L \ 1 
"t) . 

i ' 
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TABLE 13. Effect of vetness perlod tempe rature and wetnes8 
period duration on heigbt (cm/pot) of lamb's-quarters 
inoeulated ~ith A.coehyta llyalospora.* 

---------------------~------------------------------------------
Temperature (C) 

Wetne88 ---------------------------------------------------
Period 

(hrs) 12 18 24 ~O 
---------------------------------------------------

0 52 • S4 57 47 

6 56 45 29 48 

12 42 32 22 41 
,. 

" --18 30 24 21 ,37 .' 
-24 30 21 \ 23 27 

j 

standard error - +4 
, 'l 

----------------------------------------------~-----------------... . , 
means of four replicates 

Interaction between WP temperature and WP duration was 

present CP • 0.0001) in the analysis of variance of dise'&se 

development (Table 14). Using orthogonal polynomial contrasts, 

the response of dlseas~ developme~t to ~p temperature was 

'investigated at ach WP duration (T'in WP, Tabl"e 15). . 

Differences among means were found at six ho:rs (P-~l) and 

12 hours (P-O.O whereas no significant differences \ere 

,found among the means acros~ the temperature levele at 18 houre 
{ 

èp-0.1849) and 24 hours (P-0.5724). When the fitted equations 

were plotted. a quadratic trend was evident at six houre and to 

a lesser extent at 12 hours (Figure 22). ' 

The disease development responee can also be evaluated 

by considering the effect of WP duration at each WP temperature 

(WP in T. Table 15). Differences among the means were found at 
~,. 

T-12C (PaO.OOO 1), T""24C (PaO.OOO 1), and T:a30C (PaO.OOOl). The re 

were no signiflcant differences for T""18C (P-0.3349). AIl three 

),l tempera tures 
/( 

(l2C, 

\\ 
18C, and 30C) had a quadrat1c component 

\ 
\ " 
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"(Table 15, Figure Z3). These response curves in Figure 23 show 

a large difference betwj!en 3.oC and the other tempe ratures d'ter 

six hours of wetness. After 24 hours of wetness -the differences 

are much less. 

TABLE 14. Analysis of variance on the effects of' wetnes8 period 
tempe rature and wetness period duration on dise&se 
development in lamb"s-quarters inoculated with 
Ascochyta hyalospora. 

------------------------------~--------------------,------._---~ 
Source *, df Mean Square P > F 

-----------------------------~-~~-------------------*-----------
R 3 o .4581 0.0019 

T 

f 
-1.8787 0.0001 

\ 
WP 4.16945 0.0001 

T X WP 9 0.3951 0.0001 

Error 45 0.0791 i _____________________ t _' _______ ... _________________ .... _____ ... _______ _ 
." .,... .-

a-block, T-temperat ure, WP-duration . 
> \ 

\ 
\ 

Analyses of the sources of variation for dry ie1ght and 

height responses showed that, as with disease developlllent, the 

T X WP interaction exi~ted ~or both response~ (P-0.0170 and 

P-0.OI03, respectively)(Table 16). For dry weight, partit10ning 
. ., 

the S5 for WP temperature at each WP-duratlon (T in WP, Table 
r.> 

17)ind1cated that there were no sign1ficant differences between 

temperatures at WP-O hours (P-0.2015), WP-18 hours, (P-O.0970), 

and WP-24 (P-0.5697). There were, however, differences among 

the means at WP-6 ho urs (p-o.0001) and WP-12 hour s (p-O.OO 39). 

A cubic trend was found to be present at WP-6 houra, whereas a 
~\ 

quadratie trend was present at WP-12 hours (Figure 24). 

Investigating the dry weight responses to WP duratlon 

at each temperature level (WP ln T, Table 17), all telllperature, 

levels were found to have significant d1fferences between WP 

durations (p-O.OOOI for each tempe rature level). The level 

i 
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TABLE 15. Orthogonal polynomial contrasts and f'ltted regression equatlons for disea'se 
development (log AUDPC/pot). 

6 ------------------------------------------------------------------------------------------
CONTRAST* df MEAN SQUARE Pr > F 

" 
FITTED EQUATION . a2 

------------------------------------------------------------------------------------------
T IN WP 

T ln WP6 3 2.3745 0.0001 Log AUDPC - - Il.817 + 2.055*T O~71 
T linear 1 ] 3.6161 0.0,001 - 0.094*T 2.+ 0.0013*T3 
T quadratic 1 2.9383 0.0001 
T cublc 1 0.5690' 0.0102 

\ 

T in WP12 3 0.5034 O.OOlr Log AUDPC.· 0.749 + 0.207*T 0.;59 
T 'linear 1 0.8215 0.0024 - 0.0057*T 2 

'-T quadrati,c 1 0.6822 0.0052 
T cubic 1 0.0066 0.7737 

T in WP18 3 0.1328 0.1849 

\ T in WP24 3 " 0.0533 0.5724 . 
---------------------------------------------------------------~-------------------~-~----

" 
~ 

.~ 
<> 

~ 

" 

., \ 

..... 
\0 

: ~I 
,,1 

" 
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TABLE 15. (continued) , J 

~ . . ----------------------------r-------------------------------------------------------------
CONTRAST* df M~AN SQUARE Pr > F' . ~I~TED EQUATION - R2 

~ ------~--~~~----------------~--.----_._-------~------------------~---~-------~--~---------• l '" ~ 

WP IN T 
WP in Tl2 3 

WP line~r 1 
WP quadrat1c 1 
WP cublc l 

. WP 1n Tl8 ~ 

WP in T2!. 3 
WP I1near. 1 
WP quadrat1c 1 
WP cublc ,1 

WP 1n T30 3 
WP I1near 1 
WP quadrat1c l, 
WP cublC '1',-

0.8153 o :.0-001.--
1.7693 0.0001 
0.4019 0."1291 
0.2747 0.0689 

0.0918 0.3349 

1.3036 0..0001 
2.~5890 - 0.0001 
1.2532 0.0002 
0.0685 0.3568 

3,.144~. 0.0001 
7.8970 0 .. 0001 
1. 4947 0.0001 
0.0404 0.4785 

Log AU D.P C = o. 696 + o. 1816 *W P 
- O.0044*Wp 2 

./ 

Log AUDPC = - 0.043 + 0.293*WP 
-\ 0.007 8*Wp 2 

~ 

Log AUDPC = ~ 1.367 + 0.359*WP 
O.00849*Wp 2 

0.57 

0.73 

0.85 

ERROR 45 0.0791 0 ....... '. , -, . , 'a,. ,. ~ 1" ~ 
---------------------~------------------------------------------------~-----~-------------* T-teœperature, WP-duratlon, WP6-6 br, Wtt2~12 br, WP18= 18 br, WP24-24 br, ~ 
TI2-12C, TI8-18C, T24-24C, T30-30C . 

~J .. 1 
i~ 

C> 

f ... ~ 

" 
_e -

-. 

o 
1 

----":' 

/: 

'CD 
o 

"'~~ 



~ . 
1 

. , 

o 

o \ 

o 

81 

... 
T-24C exhibited a quadratie reaponse while th'. reaalnlnl level' • 

..... 
showed strong 1inear ,reeponeea (Figure 25). Ther. "a8 a 

, '. 
sig'nificant cubic trend -a-t T-12C (P~O.~445) but a cubic tera wal t. 

not inc1'uded 1n t~e regr~on equatio~ since a' larae proportion 
" 

of the SS belonged to the 1inear component (88 %)'. Onlf a small 

proporti,on of the S8 (12%) could be attributed to the· cublc 

t; e'rm. " 

" .? 
TABLE 16. Ana!i'sia of variance on the effects of· vetn· ••• period 

.. ' temperature and wetne.s8 period duration on dry welaht 
.... lr;" '~..IJIl,d he~,~ù of l'\llb'a-qu,arrerl~~noculatéd ,!lth 

, Aacoc"t1yta flya1.o-spora'.' ~... • Il • 
~ ____________________ -" ________ __ L_::.:. ____ '!..p __ .. ___ .,,: _ ________ ~ ___ _ 

\ l "'1.- ... 
, . 

So'urce * df 
Dry Weigh t 
Mean"" Square P > F 

Relght ,. 
Mean Square P"> Il 

-------------------------------~---~------_._-------------------

--------------------------------------------------~-------------*, . 
: R .. ~l?-ek, T-temp~ra~ure. WP-duration. , 

\ 
Height was qui te siml1ar to dry welght. in both the , 

. response to WP at each' ~emperature (WP ln T .• Table 18) and the 
l '11 , 

, " 
reaponse tOJtemperature at each WP duration (T ln WP. T'able 18)_, 

There was, however, one additional equation added to the ' 

response to -temperat~re (WP-18 ,h~ura at ',P-O.0321)(T in WP, Table 
", 

18 ). 
1 ~ 

The response àt this level was quadratic in nature. Th. 

other levels had trend~ similar to tho~e in dry weight (Figure. 

<26 & 27). 
,-
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figure 22", ~ Effect of wetness per,iod temperature and we-tness 
, ,'" period durat1on' on aisease devel,opm.eIl't with data 

""1 arranged as tempe rature w1thin duration (T in Wp)'. 

Wetness Period Duration 

a 6--hrs ~ 1 ~ hrs 

" "<\ -

.. 
" t 

, . 
F1g~ra 23. Ef f e c t of we tnes s p/r i od temp e rat ure and wetne ss 

per1:od duration on disease development with data 
arranged as dUtt'at1on within temp_~rature (WP in T). 

Temperature 
~ 

o 12C 

\ 
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~ 24C A 30C 
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TABLE 17. Orthogonal polyngmial contrasts and fitted regression equatiQns fo~ dry 
wèight (g/pot). 

0' 

---------------------------~--------------------------------------------------------------
~ONTRAST* df MEAN SQUARE .Pr) F ~ FITTED EQUATION. R2 

------------------------~----------------~----------7--------------------------~---------• ~ If 

T IN WP , 
T'in WPO_ 3 0.0808 0.2015 . ' " , 

T in WP6 3 0.3900 0.0002 dry wt - -3.87775 + 0.97958j3*T D.47 
T linear 1 0.3696 0.g091 - ,ci,. <l55965l*T2 + 9.0009653*T3 
T quadratlc 1 0.4812 o. 030 
T cubic 1 0.3130 -' 0.0160 , 

dry wt - 3.21086 - 0.237~146*/ T in WP12 3 0.2523 0.0039 J.... 0.35 ' 
T linear 1 0.0706. 0.2430 + O. 005.4288*T 2· 

_ T quadratic~ 1 0.6111 0.0010 
T cubic 1 0.0751 0.2289 -. 

T in WP18 3 0.1121 0.097p \ 
F i 

1 

~ .. .. ~ 

-------------------------------------------------------------- ---------------~-----------

T in WP24 3 0.0344 0.5697 . .~ ~ . ~ . 
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TABLE 17. (~ontinued) l o 

-------------------------.---------------------------------------------~------------------
CONTRAST* df MEAN SQUARE Pr > 'F FITTED EQUATION R2 

-----------~~-~-----------------------------------------~-----------~---------------------
WP IN T , 

WP in T12 4 0.4405 '0. ~01 
WP line~r 1 1.5421 O • ..QOOI 

dry ~t ~ 1.5159 - 0.032725*WP o. 50 ~ 

WP quadratlc 1 0.0009 0.8929 
WP cu bic 1 0.2143 0.0445 
WP quart~c 1 0.0046 0.76f.2 

: 
fi 

" 0.006i WP in T18 4 0.-4110 
WP linear 1 1.4183 0.0001 
WP quadratlc 1 0.0347 0.~118 

dry wt = 1.291-8.~ 0 .. 0313833*WP , 0.55 
;' 

WP cublc 1 0.1333 0.1106 
WP quartic 1 0.0571 0'.2906 " 

~ . 
WP in T24 . 4 0.6453 > ;~.OOOI 

WP linear 1 1.4236 0.0001 
dry wt • 1.4488 - 0.1233464*WP 0.59 
+ O.OO382937*Wp 2 

",WP quadratic 1 1.0'43 0.00'01 
WP cublc L 0.0915 0.1847 "'" ") 

WP quartic 1 0.0020 0.8440 

WP in T30 4 0.6453 0.0001 dry wt =.1.23215 - \.0172667*WP· 0.13 
WP linear 1 0.4293 0.0052 
WP quadratic 1 0.0039 0.7823 
WP cubic 1 0.0103 r 0.6535 
WP quartic 1 0.0208 0.5250 • 

0 
" ERROR 57 0.0508 

r - -

.-~:~~~;~~~~:~~~-~~:~:~:~~~~~r~;~:~-~~~-;;;:;-~~~-;;î~:î~-~~~-;;î;:î;-~~~-;;~4:;4-~;------
Tl2-12C, Tl8-18C, T24=24C, TJO=30C , 
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Flgure 24~· Eifec~ ~f wetness period temperatu~e and wetness 

period duration on dry welght wlth da~a arranged 
6. as temperature withln duration (T in. w,?). 

~'~ness period Dura,tion 

CI 6 hrs ~ 12 hrs 

" 

,. 
o .... 

F1gur,e 25. 

Temperature 

o 

, . ..... 

, , 

é, 

" 

.. , 

{ 
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Effect of wetness period tempe rature and wetness 
perlod durat10n on dry weight ~ith,data arranged 
aS,duratlon within tempe rature (WP in,T). 
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TABLE 18. Orthogonal polynomial contrasts and fltted regresslon equationa for ~ 
~ height (cm/pot).. ._ . 
~---------------------------------------------~-------------------------------~-------~---
CONTRAST* df MEAN SQUARE Pr > F FITTED EQ'UATION R2 -

-------------------------------------------------------------------------~--~~~~---------
T IN WP 

T in WPO ~ 3 

T 1,n W'P6 3 
'f linear 1 
T quadratic! 1 
T cu.bic 1 

T in WP12 3 
T llnear 1 , 

T quadratic 1 
T cubic 1 

74.7500 

529.0833 
304.2000 
930.2500 
352.8000 

335.0000 <1 

i8.8000 
784.0000 
192.2000 

: 

0.3503 

0.0002 
0.0374 
0.0.004 
0.0255 

0.0038 
0.5147 
0.001'2 
0.0958 

ht a - 107.75 + 30.9375*T • 
1.8298611*T2 + 0.~124014*T~ 

ht a 115.45 ~ 8.366667*T 
+ 0.1944444*T 2 . 

-_/- . 

,0.55 
~ 

0.36 

~ 

\ ' 

T in WP18 3 210.5000 0.0321 ht - - 85.475 -.:' -6. 43333.l.3*.'1' ~--~.;- Off7~-
+ 0.lS972U*T2- ~sd'"~,.' ~-: ---T linear 1 54.4500 0.3-711 

. . 
T quadratlc 1 529.0000 q.OO68 
T cublc 1 48.0500 0.4006 

".: '-

~ , 

T ~n WP24 t" ,61.8958 0.4352 #'. :' , l '. 
- _____________________________ ~---------------------~ _ _________________ L ________________ _ , 
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TABLE 18. (continued) 

Jo 

;1 

r 
.,k' 
~ 

" 
0_, 

-----------------~-----~-------------------------------------------~---------------------~~ 
CONTRAST * d,f MEAN SQUARE Pr > F , ~ FITTED EQUATIO'N' , • 'R 2 

----------------------------~----------------~~----------------------------------~-------
WP IN T _ ," 7 

WP in Tl2 4 572.5000' 0.0001 ht =< 55.90 - 1.1583333*WP , 0.48 
J - ~ WP linear 1 1932.1000 0.0001 ~ 

~p quadratic 1 8.6429. 0.7208 
WP cubic 1 33~.4000 0.0290:- • Il 
WP quartic 1 12.8571 0.6630 

-", 

WP in T18 4 
WP linear 1 

79b.7000 O.OOO~ 
3062.5000 0.0001 

ht"a 52.90-- 1.4583333*WP 0.71 
~ 

WP quadrati.c 1 
WP cublc 1 
WP quartic "1 

WP ln T24 4 
WP linear 1 

82.5714 0.2716' 
40.0000 0.4429' 

1. 7286 0.8730 

938.45~ 0.0001 
2310.4000 0.0001 

a , 
'" .. 

ht - 55.2428 - 4.4809524*~P 0."64 
+ 0.1339286*Wp 2 , 

WF quadratlc 1 1301.7857 0.0001 
WP cublc 1 129.6000 0.1697 
WP quartic 1 

• <-
12.0143 0.6736- .. 

WP in T-30 4 938.4500 0.0001 ht 3·5,0.35 O.85*JiP 0.34 
WP l~ear 1 
WP quadratlc 1 

...... \tIP cublc 1 

1040.4000 0,.0002 
103.1429 0.2-198 

4.2250 0.8026 

.. ).' 
~ 

.. 
WP quartic .1 27.0321 0.5278 

• . 
ERROR 57 66.9985, " / 

;--------------7------~---------------------~-~-----~-----~----~~-~----------------------
T-temperature. WP=duratlon. WPO=O hr, WP6=6 hr, WP12=12 hr~ WP18=lS hr, WP24-24 br 

T12=I2C, T18=18C, T24=24C, T30=jOC ~" 0 ' ~ .... 
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Effect of wetnesi per10d temperature and wetness 
per10d duratron on he1ght w1th data arranged 
as temperature w1thin durat10n (T in WP)~ 

( 

Wétness Per10d Duratton 

CI 6 hrs o 12' "hrs .A 18 hrs 

F1,gure 27. 

~ 

T.empe rature 
"" 

< f, 

.f., 

, . 

E.ffect of wetness per10d temperature and wetness' 
period duration on he1ght with data arranged 
as' duration 'Ilithin temperature (WP in T). 

CI I2C o l8C A 24C v 30C 
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4.3.4 Di.cassian ~ 
" , 

• 

there 

Similar to other hoat-patnogen studies (Sec ion 4.3.1), 

was interaction between WP temperature and WP d1uration in 

this experiment. The WP duration needed to obtain a certain 
,. 

fe v e lof infee t ion was depe nden t on tempera tu re. Th mini mum WP 

" duration for infection to occur eould be obtained on y w~,th an 

optimum temperature. Ther!ljefore, longer period: of w1tness were 

required when temperatures were higher or' lower than the optimum 

te~perature. In general, the longer, the WP duration~ the 
: 

gr.eater the amount of disease and the greater the dehrease in 
1 

Th~ rate at 
, 

he ig ht and dry welgh t of. l amb~s-q uarte r s pl an t S. 

1 • 
which this ·occurred depended on th,e temperature. T~ere d~d, 

however, appear to be a maximum amount of disease. +ere were no 

larg( increases in disease beyond this maxiqiUm amounlt, e"ven with 

. ~ 1 
we t nesa pe r iods of ~l onge r dura tian. Fo r examp 1 e, t l'le maximum 

, log AUDPC for 18C.~ppeared to have been reached aft~r on1y a six 

hour wetness periode In addition, the quadratic trJnd of the 
-

other three temperatures indicated a slowing down or levelling 

off of increase 1,n log AUDPC, particularly after 18 hours of 

l.eaf wet ness. 

1 

lt ia 1,mportant to note that at the wetnes~ per'iod of 0 
~ 1 

hours there. were no signifieant differences among tl,e means of 

dry weight lnd hei.ght. This i,z;tdicates the importance of a 
! 

wetness period of a minimum length in arder for infFction to 

1 

occur. The result at,WP"O hours also serves as a control, 
1 , 

indieating that the brief time (24 hours) spent: at different 

t ... par.tures in the dark growth cabinets. by i tael fi did not 

1 

'affect the plant helght and dry weight. 1 

The effect !lf tempe rature on disease deve~opment, 

1 

WP 

.. 
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, 
\ 

indlcated by aIl three response variables (log AUDPC, 

weight, and height), wa's most apparent' after a wetness perlod--'~f 

~ six hours. At this point, there was a quadratic response which 

could indicaOt,e a faster rate of infection st optimum 
j~ 

temperatures (lSe for -log AUDP& and 24c for height and dry 

wei g h t ). 0 At w: e t ne s s p e rio d s 0 f Ion g e r dur a t i 0 no, ~ the responae 
o 

~ 

~, flattened and beca,me mol"e hor~zontal1y linear ln character, 

until 18 hours (24 hours for height) where there were no 
,>-

, s i g~ 1 fic an t di f f e ree n ces am 0 n g the me' Il n s a t the fou r 

temperatures. This indicated that infection levels at other 

suboptimal temperatures eventua1ly became more equal to those at 

the .0 pt i ID U m te m p e rat ure wh en the we t ne B s p e rio d wa s 1.0 n g en 0 u g h. 

The appar~,nt incrèase' ln height and dry weight f-rom 18 

to 24 hours WP at 24C was unexpected. This phenomenon, however, 

has been noted before in other experiments. Rotem et al. 

( l 9 7 l ), su g g est e d th a t d e cre a s e d 1 n f e c t ion 1 e v ~l..~, a t 1 0 n g e r 
........... ) 

durations of leaf wetness mlght be due to poor gas exchange~, 

during an extended period of incubation ln a plastic bag. They 

found the phenomenon at a1l temperatures tested. In the 

êxperiment report!!d here, the phenomenon was only present at 24C

for the fitted responae curves of dry w~ig.bi"a:hd helght. The 

fitted response _~urves for the other temperat~res were st.ill 

..-""""'-- ~ \ 
decreasing at the 24 hour WP. The lncresse of\ the response 

variables at 24 hours WP and 24C may a180 be an artefact due to 

the large amount of variabillty in the data. 

l t. i s di f fi cu 1 t. if no t lm p 0 s s i b 1 e • t 0 rel a t eth e 

performance (disease development, dry welght and helght 

decrease) of the pathogen in this experiment vith It8 possible 
D 

) 
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performance in the field as a bioherbiclde. This 18 due, ln 

p'art, to th' fact tbat there ari! 11ke 1y t~o- be lIore ~han Just 

• 

;- --- - ~\ ' 

temperature and wetness perlod factors lnteracting °ln tbe field. 
, .-

Taklng this i nto account, 1t can be s tated tbat tbe oFtimum - -

fLeld temperatures would probably lie between 18C - 24C, an" 
1 

that tbe durati~n of tbe minim~m wetnees period fequlred ln the 

fi ~ l d &wou 1 d" p'r~ba b 1 Y 1 i e between 12 - 18 bours. 

4~4 Bffect of Interrupted Vet~e •• Periods on Dise.se Dev.lopaent 
and Subsequent Plant Da.aa~ 

4.4.1 Introduction 

In mycoherblcide research, wetness periods, (WP) of 

short duration can be a cons~raint on d18ease development. 

Andersen and' Lindow (1984), working with Alternaria sp. on 
i 

Ca rduus pycno ceaha '1 us L. (1 ta 1 ian thi s t le), f ound that 100% ' • 
• 

mortality occurred after a 24 hour wetness'period if an âdequaté 

allÎount ,of inocu'l'um was applied. A four hour WP was needed for 

infection to _~ltur~ They recognized t~at jDost, dew-forming 

conditions ln tje field were, not long enough f~r optimum 

infection, ev\en :hough some infection wou1d likely occur. The 
~ . 

WP re'!uireme.lts for anot.her 'potential myaoherbicide, Fusarium 

lateritium Nees ex Fr. on Abut'ilo'n theorhrasti Medic. 

(velvetleaf) and !.!!!.' splnosa L. (pric'kIy sida), were 
4 . . 

restrictive. Boyette and Walker (1985), however, conclu~ed that 

thee e, res tri c tions wou 1 d nct be too st ringent fq r "the typica 1 
z. ~ \ >'" 

" 
summer wea the r of the 'southeastern O.S. TeBeest et al. (1978), 

---"" 

,working w.1th Colletotrichum 810eosporloides (Penz.) Sacco f. sp • 
• 

aeschynomene on' Aeschynomene virginica (L.) B.S.P. (northern 

'i,oin t v e tch" f~und ,tha t d iseas e deve 1 opmer~ was rapid a t the 

optlm\lm tem"e.~ature. They 8ug est dt h,,Jever,, tbat illlmedia'te 

D 

.. 
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penetration might Dot be necessary since the apprelsoria for.ed 

by ColletotrJchum would be able to re.ain dormant under adverse 

conditions. 

The standard WP duration uaed in ~~e preèant etudi.1 on 
Il 

Ascochyta hyalospora (20 ,ho-urs) ia longer than the WP mCi8t 

likely to ~ccur in the field. Based o~.collected fl,ld 
0, 

evidence, WP's are rarely as long as 20 hours, although 8ho'rter-i 

~etness periods occur'frequently. A study of dew on wheat in .. 
England indicated that water is present at lea~ some time 

during' mOElt 2ft-hour periods. Night-time dew periods ranged from 

f-our to 14 hours (Burrage, 1972). In Quebec. during a six week 

period in ~une and July of 1987, WP's were recorded in 33 of t~e 
\ I~ 

42 24-hr pe~iods. The' WP's, a~eragihg app~oximately six hours 

in dur a t ion, ra n g e d f rom 5 min u tes t 0 3 1 hou r s ( A r mou r· & W;y m 0 r e • 

1987). Kolbe (1985) reported that at ~he Hofchen Experimental 

Station in West Germany. the average number of ~ights with dev 

• 
in June and July of the years 1966 -1983 were 11 and 12. 

respective!y. 

Wetn.ss periods are not always continuous ~ut are 

.- interrupted by -dry ~eriods ranging fro~ a few mindtes to a day 
l , , 1 

or more (Jones. 1986). These dry periods may increase the 

mortali~y of spores that have not comple~ed the germination 

process, but on the other hand the spores might 8urvive the dry 
. , 

p e rio d _i~ f 't hep r ev i 0 u s we t p e rio d wa s t 00 s ho r t for the 

g-ermination process to advance into a sensitive Itage. Thus the 

effect of each wetnes8 period can be cumu~atl~e. Accordina to 

Jones (1986), the extent to whlch each additiona1 WP, increase. 

the development of disea-se may depend on the .many 'facçors 

affecting the survival of the spores. 
cl \ 

\ 1 

-1 
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Baahi and Rotemu(1974) hav~ observed that plant 
1 

96 

pathogens are adap~ed tO,incit. disease under varying wet period 

conditions. Conidia of Stemphylium botryosum f. sp. lycopersici 
\ 

(R., s. & W.), under continuous wet period (CWp) or i/pterrupted 
1 • 

" wet period (IWP) conditions, infected tomatoes ~qually well. 

Alternaria porri f. sp. ~olani Neerg. was able to infect potato 

l~aves under.IWP with short first wetness periods (4 hrs) 

separated by long dry periQds (20 hrs) but did much better under 
t 

CWP condi tions. Phytophthora infestans (Mont.) De Bary infected 

poorly under IWP conditions where th.e first ,wetness period.. was \, 

short (4 hrs) but did much better when ih~ first wetness pe~iod 
t 

wa~a long.!!r (6 hrs) or continuous • Uromyces phaseoli (Reb.) 
. 

, liint. 'was affected similarly except it needed an even longer 
- ~.. t 

1 

first 'wetness period (8 hrs) to achieve some infection. 

Ot~er studies with several plant'pathogens have ~ls~ 

recorded varying reactions to the effect df CWP and IWP 

conditions on disease development. 'Studies with Coccomyces 

hiemalis,Higgins on Prunus cerasus L. 'Montmorency' (sourcherry) 

(E.ise-nsmith ~ !.l., 1982) and Glomerella cingulata (Stonem.) 

Spauld & Schrenk var. orbiculare S.F. Jenkins & Winstead on 

Cucumis sativus L. 'Green Prol,ific' (cucumber) indicate that IWP 

conditions reduce the amount of infection compared to a CWP with 
t 

an equivalent number of wet" hours. Studies with Stagonospora t;m 

maculata (G.) Sprague on Dactylis glomerata L. (orchardgrass) 

(Graham and Sprague, 1953) 
~, .. 

on Malus sYlvestris Mill. 

and Venturia inaequalis (Cke) Wint. 
c:::::;;;;:.-

(apple) (SÉhwabe, 1980) appeared to 

show approximately the same amount of infection whether the' 

wetness period was interrupted or continuous. Moore (1964) 
._, 
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found that long ,dry per,iods of, 24 hours or more reduêed tesf 
<) ~. .. , 

~ ~ 

infect!on caused by Venturia inaequalis. 

The effect of IWP on the conidia of several fungi has 

~ 

been shown in two in vitro jj,tudies. When conidia of 'Botrytis 

cinerea Pers. ex Fr., Cercospora musae Zinn., or Monilinia 

" (ructicola (Wint.) Boney were germinated on moiet dialyzing 

" 
membrane' and then exposed to dry periods of eight: to 12 hours, 

60 to 90 % of the conidia survived (Good and Zathureczky, 19&67). 

In a similar experi~ent~ Grindle and Good (1961) found that 

higher relative humidities and temperatures during the dry 
, 

pe,riod cJontriouted to increased mortality of conidia of 

Monilinia fructicola. 

The objectives of the tests in this section were to 

observe and measure the effects of interrupted wetness periods 

on Ascochyta hya10spora conidia on dialyzing membranes and on 

leaves of w~ole plants. 

4.4.2 Hethoda 

, 
" 

In vitro dlalyzlng .e.brane exper~.ent 

Dialyzing membrane was cut iuto l-cm squares and piaced 

'o'ûto water a'gar (WA) in plates. In order ~o re-photograph the 

same location, 
'li 

two perpendicu1ar lines were marked with a needle , 

onto the surface of eaeh membrane square. Twenty-five J.il of 

conidial suspension were p1aeed on the surface of each membrane 
"'-

square. The petri pla~es containing the squares were then 

p1aeed in darkness at approximately 23C foi' varying periods of 
~ 

time, dépending on the treatment. If the treatment requlred a 

dry p e rio d, the s q l\ are s we r e t r a n.s fer r e d for 14 hou r s" t 0 a g 1 a 8 8 

"\, 

desiccator eontaining CaS0 4 (Drierite). During the course of 

the dry period, the glass desiccator was kept in the dark st 

, . 
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room temperature. When the dry period ended, the squares were 

then transferred back to the petri plates. At the end of e~h 

moisture per~, photographs were tfken o.f ~re-marked locations 

on the membrane squares. There were three treatments: 1) 2 

ho urs on wate r agar (WA) --- pho tograp hed (PHOTO) --- 14 hours 

in desiccator --- 8 hours on WA --- PHOTO --- 14 hours in 

desiccator 2 hours on WA plus 12 ho urs on lamb's-quarters 

agar (L~A) PHOT, 21, 10 hours on WA --- PHOTO --- 14 hours 

in desiccator --- 2~ho rs on WA plus 12 hours on LQA PHOTO, 

and "3) 12 hours on W plus 8 hours on LQA PHOTO. A minimum 

of four squares were se~per treatment • 

.!!. vivo plant ino iation experi.ent: 

An expe riment (randomi z ed comp le te b 1 ock design) was 

set up to measure the effect of an IWP on area-under-the-

di se ase- p rogre s s-cur v e (AUDPC), height, and dry we ight 0 f 
.. 

lamb's-quartera plants. Four levels of wetness period 

conditions and two levels of inoculation were tested. The 
!, 

levels of the wetneaa period factor consisted of 0 hours wetness 
Il 

period, 10 hours continuous wetness period"(CWP)~ 10,hours 

wetness period --- 14 hours dry period --- 10 hours wetness 

period (interrupted wetness perio(Î or IWP), and 20 hour 

continuous wetness period (CWP). The wetness periods were timed 
----.-/ 

to coincide with the la hours of darkness during the usual 14 hr 

day/la hr night under which the plants were grb~n.~he dry 

/ 

cycle of the IWP treatment was obtained by placing the plants in 

the growth cabinet. Therefore, the firat three levels were 
. 

exposed to the same light/dark cycle. The plants i~ -4.e 20 hr 
... 

CWP level were kept in ,da'f-l4te s s for the fu Il 20 ho urs. Dew 

D 

1 
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cabinet and growth cabinet temperatures were kept at standard 

conditions (See Section 4.1). The two levels of the inoculation 
\ 

factor were -a control level <in which the plants were sprayed 

only with diqtilled water, and an inoculum level where a 
, 

suspension of conidia in distilled water was sprayed at a rate 

, of 1 X 10 8 conidia/m2 • The experiment was a 4' X 2 factorial 

with ten replications of the treatment combinations. For the 

f 4 J L' 
irst test, plants at the ~ to 6-leaf gr~wth stage were used. 

The ~xperiment was repeated~once with plants at the 6(leaf 

stage. 

Disease 'd,evelopment and the response of the, plants to 
'l> 

the disease were recorded by calculatingO the area-under-the-

di~ease-progress-curve (AUDPC) for those inoculated planta 

exposed to a wetness period, by measuring the height of the 

plants, and by dètermining the above-ground dry weight. ~UDPC 

values for the first experiment were calculated from the 

Barratt-Horsfall ratings t'5~t werè recorded two" four, six, 

e i g h t , 10, and 12 d a y s a f ter t.: no cul a t ion • Ra tin g~ for the 
, 

second experiment were recor ed two, four, and 10 days sfter 

o 
inoculation. Analysis of variance w~s carried out on log AUDPC 

values (AUDPC values were log transformed to stabilize the 

vaiiance), and the three tr~atment means of each exp~riment vere 

compared using an LSD test. ' 

. 
Height measurements, for both experiments were meaoured 

22 days after spraying. The plants were then eut at the solI ~ 
• 

surface, dried for, several days in a 70C oven, and welghed. 

Analyses of variance were carried out on the .height and dry 

weight measurements. Means within inoculated and uninoculated , 

treatment comb~nations were compared u~ing Tukey's test. Paired 
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• 
comparison~ of inocu1ated and·~ninocu1ated treatments at each 

wetness period 1eve1 were made ueing the LSD test. 
\. . 

4.4.3 Results 

.Time-course pWotographs jor two of the three treatments 

J of t.he in vitro test are shown in Figure 28 (Treatment .(11) and. 

Figure 29 (TreatIlfent 112). Figure 28a snows severa1 germinated 
, 

conidia. Figure 28b (after a dry period of 14 hours and an 
( --additiona1 wet yerio~ of eight hodrs) shows that the germ tubes 

\ 

~ 

present aiter two hours have growfi ,further and many more conidia' , 

have germinated. Aft~r a second 14 hour dry period and an 
, 

additiona1 14 hour wet peri,od, the germ tubes resumed growth 

1 (Figure 28c). Germination fo11owing an initial 10-hr WP iB 

!V-
/) shown in Figure 29a. After a 14 hour dry period, the Igerm tubes 

resumed growth ari~ more conidia germinated during a~ addit~ona1 

-14 hou r we t p e rio d (F i g u"r e 2 9 b) • 

The infection 1evel for the two ln Nivo tests was lower 

c 

than expected. The differences 'between some of the treatments 

were not as l,arge as might have been éxpected-based on previous 

work with Ascochyt~ hyalospora. The AUDPC measurements did 

~ -
show, however, differences between the treatments (Tablè 19 and 

Figure 30). In Test Ill, 20 hours CWP, produced a higher log AUDPC 

measurement than 10 hours CWP and 20' hour~ IWP. 
/ 

The log AUDPC 

~ measurements for the latter two treatments were not 

significantly different at LSD.OS' The results were different 

for Test #2, where\additional hours of moisture led to increased 

amounts of log AUDPC so that 10 hrs CWP ( 20 hours IWP ( 20 

hours CWP. According to the LSD test, 20 hours IWP was not \ 

si~nificantly different f~om 20 hours CWP. 

() \ 

\ 

\ 
1 

\ 
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a. Photographed aft'er 2 1/2 hours on 

., q 

- ... 
~ <t> 

-. 
b. Treatment #1. The s~e locat1on}8s in Figure 288 but 

'inte-rrupted by a 14-hr dry period followed by an 8-
hout' mois ture' pe r1od. p 

c. Treatment (il. Same location subjected to !1 fur'ther 
l4-hour dry period ,followed by a l~our mQ.ist~re 
per1.od. 1-

) 

l" 

'., ,(), 

1. 
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b. Treatment #2. The same location 8S 1n Figure 29a but 
in t e t' r u pte d b Y a 1 4 - hou r dry' p e r 1 0 d .f 0 11 0 W e d Ob Y a 
14-hour moisture periode 
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TABLE 19. Analysis of variance on the effects of wetness period 
regime on disease development in lamb""s-quarter's 

" inoculated with Ascochyta hyalospora. " 
~ -

------~---------------------------------~-----------------------.. li! 
Source df Mean Square P > F 

-------------------------------------~--------------------------
Test Il 1 

\ 
. Test #2 

R 

TRT ~

~ 
ERROR 

1 R 

TRT 

9 

2 

18 

. 2 

0.1910 

2.3815 

0.0476 

0.1295 

~.8762 

r 

0.0059 

0.0001 

"0.0879 
1. 

0.0002-

ERROR 18 0.0620 . , 
-------------------------------------~-----------------~----~--~ 
li! R-block, WP-wetness period condition ~ 

. The results of the analyses of variance ,tor the height 

and dry weight measurements of tests #1 and #2 are shown in 

Table 20. tInteraction between th\two faèto,rs was significant 

"at. the J O•05 level etxcept for the he1:ght measurement in test Ill. 

Mean compé\risons 'are shown in Tables 21 to 24. Overall, there 

were no significant differences among the height ~nd dry weight 

measurements of the uninoculated treatments but there was a 

decreasing-trend as cumulati~e wetness period iCll.creased. Among 

inoculated treatments, height and dry weight show ~ decreasing 

trend as the length of wetness period is increased. The 

differences, between 1~~WP and 20 hrs IWP are not as gr~t 

as the differences between 20 hr's IWP and 20 hrs CWP. This ls 

Most clearly demonstrated by Tukey""s test on dry weight and 

he i g h tin tes t Il 1 ( Ta b 1 e 2 1, and 2 3 ). The paired comparisons of 

the uninoculated treatments with the 1noculated treatments-

showed no 's1gnificant differences except ln 'the case of 20 hrs 

C W P (T a b l es 2 'l, 2 2, & 2 3 ) • .. 
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'( Figure 30. 
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Eff.ct of wetnes8 period conditions on disease 
development ln lamb~s-quarte~s lnoculated with 
Ascochyta hyalospora in test #1 and #2. , 

Wetness Peri~d Conditions , 

lZZl 10 hrs CWP 

Q 

, 

, 
" .. - "".-'. . 

ISSI 20 hrs IWP 

. -

r 

.. 

hrs 
t 

(. 

o 
WP 
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A~aly818 of variance 
acace (1noculaced or 
period regim~ on dry 
quartera. 

TesC #1 

,/,> ,,-..!' ,,-'(t'-! 

1080 

" 

on che effecCs of inocùlâtion 
noc 1noculaCed) and wecness 
weighc and heighC of lamb"s-

.. 

.' 

, 

--~~------~-----------------~--~-~---------~--------------------
'\. D.ry Weight I!î Heighc 

~urce* ".!. Mean Square P > F" Mean S'<}uare P > F __ ~ ____________ ~ __________________ 2 _______ ~ ________________ ~ 

R '--.) 9 0.0488 0.0035 208.4458 0.0008 ~ 

S 

W 

'-

1 0.1804 0.0012 738.1125 0.'0005 

3 0.1558 0.0001 644.6792 O.OQOL 

S,l'W, 3 D.0495 0:0298 75.3792 0.2642 
" 

ERROR 63 0.0155 ,55.5569 

- , 
~ 

Test 112 
--------~-------------~---~-------~-----~---------------~-------o ~ .. ~ . 

Dry Weight ~ Heighc 
Sourèe* df Mean Square ,P ) F Mean Square P > F 

. . " 
----------------~---~-----------~----------~----------~-----~---

R 9 0.0847 o.ooOi{] , 570.8458 O. OQ,Q 1 
0 

S ' 1 0.0405 0.05Z6 165.3125 0.1;342 
"-

·W \3- ' 0.1514 " 0.0001 ,831.0458 O.OOt)! 

~S*W 3 0.0589 0.0022' 252.1458 0.0202 
.. 

ElROR 63 0.0108 71.8014 

.----------------------~---~----------~-------~-------~---------
. R-block, S-inoculaCiotl staCe t' WP-weCness period condition 

:-. 

c 
, , 

1 ~'-. .. 

-', , 

, . 

" 
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\ 
TABLE 21.' 'Effect' of wetnes8 period condItion (continuoue or 

interrupted) and ~noeu1ated atate on tbe ~ry welaht 
(g/pot) of-lamb's-quarters in test Il. 

~ " 

-----------------------~------------------~------------------~--. , Plant Dry Weight (a/pot) 
Wetness. Period 
Condi tiona ----------------------~._-----~-------~-~-

Uninoculate~b lnoculated e Dlfference d ________________________ ~---------w----------~--------_~_~ __ ~~ __ 
o hours wet 0.755 0.784 a -0.029 ne 

10 hours wet 0.774 0.681 a 0.093 na 
..., 

10 hours wet - 14 .hours 0.768 0.666 a 0.102 ne 
dry - 10 hours wet 

--20 hours wet 0: 675 0.460 b 0.215 .... 
-------~--------------------------------------------------------
à Average of 10·replica~ij(ns. b No sign'Hieant differeneee,amona 
me ans accordina to Tukey's'Test at the'51 level. c Mean' 
:teparat'ion wit\lln eolumns by Tukey's Test at 5% level. 

Difference between uninocu1ated and lnoeulated. 
** • signifieant at 1% level, ns • not signlflcant. 

o 

c:) 
T.ABLE 22 .. Effect of' wetness period condltion (continuou8 or 

interrupted) -and lnoeulated state on the dry welaht 
(g/pot) of lamb's-quarters in test #2. 

- ' 
----------------------------------------~-----------------------

Wetness Period 
Condi t iona 

, -
Plant Dry Welght (g/pot) 

--~-------~----------------------------~-
Uninoculated b Inoculated C Dlfference d 

------------------------------------------------~---------------
0 hours wet .. 0.751 0.852 a -O.lQ1- * 
10 hours wet 0.779 0.747 'ab 0.032 ni , . 
10 hours wet - 14 hours 0.753 0.655 be 0.098 * 
dr~ - 10 hou-s wet 

0 
~ 

20 hours wet 0.677 0.526 c 0.151 .... 
-------------------------------------------------------~-------~ 
a Average of 10 replications. b No signifieant" differenee. 
means accord i ng.·.t 0 Tukey' sTes t a t the 5% le ve 1. cMean a e par a t ion w i ç b in col u Il n s b y Tu k e y' sTe s t a t 5,% 1 e v e 1. 

Dlfference between uninoculated and inoculated. 

a.ons 

l, 

" 
**. significant at 1% leve1, .. • sianificant at 5% level, 
significant. 

n. • Dot 



c 

TABLE 23. Effect of wetness period condi~ion (continuous or 
interrupted) and 1noculated state on the height 

'" . (cm/pot) of lamb~s-quarters in test #1. 

;;;;;; ;:;;:: ::--------~;;;;;;;; ;;~~~~~;~~~~~~;g ~~~~~~;; ;;;;; ;;V 
, - ' 

--~---~---------------------------~-----------------------------
0 hours w~t 49.9 47.4 a 2.5 ns 

10 hours wet 47.5 42.3 a 5.2 ns 

10 hours wet 14 hOurs 46.1 41. 1 a 5.0 ns 
dry - 10 houra wet 

20 hours wet 41.0 29.4 b ' 11.6 ** • 
---~~----------------------------------------------T------------a ' 

Average of 10 rep1icat1ons. b No s1gnificant d1fferences among 
means accordi ng to .. Tukey'" sTes t at 5% leve1. c Mean separat ton, 
wlthin columns by Tukey"'s Test at 5% 1eve1. d Difference between 
uninocu1ated and inoculated. **. significani at 1% level, 
ns • not significant. 

"-
~TABLE ""24'.' Efffct of wetness period condition (continuous or 

Interrupted) and inocu1ated state on the height 
\ (cm/pot) of lamb's-quarters in test 112. 

Plant Height (cm/pot) 
Wetness Period 
Conditiona U~1nocu~atedb Inocu1ated C Difference d 

~------~---------~~---------------------------------------------
-{}- hours- wet 56.8 63.5 a -6.7 ns 

10 hours wet 5~.4 53.3 ab 2! l' ns 

10 hours wet - 14 hours 55.5 45.8 b 9.7 * . 
dry - 10 hours wet 

" / 

20 hours wet 48~O 41.6 b 6.4 ns , 
-~----------------------------------------~---------------------
a Average of 10 rep1ications. b ~o signif~cant differences among 
means according to Tukey"'s Test at 5% leve1. ~ Mean separation 
vi thin columns by Tukey'" sTes t at 5% 1 eve'!:'. ,d Di f f erence bet ween 
uninocu1ated and inoculated. *. Significant at 5% level, 
ns • not significant. 

The in vitro dia1yzing membrane exper.iment s(howed that 

A.co~nyta conidia can germinate after exposure to IWP 

conditions, and ~alSd resume germ tube growth after this 

l 

.. 
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, 

expo~ure~lied on quali tati ve observations, IWP conditions 

would appear to ha,ve- little effect on conidium mortal1ty or 

con~dium survivability. This .experiment, -however, did not test 
~ 

the ab-ility of the conidia to inf'ect and penetrate the plant 

af.ter e·xposure to a dry periode 

The results of the in vivo p1.ant inoculation experiment 

indic~ted that IWP çonditions do reQuce ~ction by Ascochyta 

h~alospora conidia. The tests showed differences between 20 hrs 

CWP and 20 hrs IWP that are ~uch more apparent than. the 
... 

differepces between 20 hrs IWP and 10 hrs CWP. 

The apparent differences in the results of the in vitro 

...--
experlment and the in vivo experlment might be due to factors 

other than moisture conditions. As Jones (l986) .... has explained, 

i t i s di f fic u 1. t t 0 de ter min e h O'W mu che a ch we t 0 r dry p e rio d 

affects" t-he am~nt of infection since there is .poor 

understanding' of t'he other factors which might be involv,ed. For 
~ 

example, the apparent differences between the .!E. vivo and in 

vitro experiments might be due ta the fact thàt ,one experiment .. 
was carried out on dialyzi~g membrane whereas the other 

experiment ,was carried out on plant surfaces. Factors on the 
tI .~ ~, 

leaf surface such as nutrients, saprophytis microflora, physical 

features (periclinal and anticlinal cell walls), and pollen 

. grains havé bee~\ . .:.mPli';}~ having an effect on the pre-

p e n-e t rat ion s t age s a f a pat ho g e n ( C hou, 1 9 7 0; B 1 a k e man " 1 980 ; 

Fokkema, 1976; Preece, 1976; Preece ~ .!..!:.o, 1967). 
~ 

Another 

factor involved might be ligbt. 
" 

There was no light presént 

during the wet and dry periode of the in vitro experiment, - , 

whereas the 14-hr dry periods of t"he in .!i~ experlment oècurred 
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in the presence of growth chamber lighting. P~evious studies 

havi implicated light as having an effect on infection (Leach & 

Anderson, 1982; Rotem ~ .!.!.., 1985; Visser ~ .!.!:., 1961). 

Putur~ experiments examining the effect of IWP conditions on 

infection should be designed to examine the possible effects of 

other factors such as lig-ht and infection surfac'e. 

4.5 B08 t Range 

4.5.1 Introduct~on 

The determination of the hQst range for a potential 

biocontrol agent 1s an important compone~t of biologic,l weed 
, . 

control research with some authors claiming it to be the most 

important component (Schroeaèr, 1983; Leonard, 1982). This ls 

probably true in the classical method of biological weed 

control, where the usual requirement for exotic control agents 

is strict host specialization. Unllke the endemic pathogens 

used in the bio-herbicide method. exotic agents have not been 

expo8e~ to Many species or plants ~he area of introduction. 

1herefore,. extensive host range 'studies are requir-ed to 

determine whether or not an introduced biocontrol agen~ will 
f' 

, 
attack plants other than the target host in the areas~of 

introduction. In the bioherbicide method, strict host 

8 P e c i a l i z a t 10 n m a y no t b e a ses s'e nt i al. Endemic pathogens have ~ 

presumably co-evolved with indigenous or naturalized plant ,. 
species ln the region. There is little danger of the control 

? • 

1 
a,~nt becoming a pathogen o~ a prevlously unreported host, since 

~it has not already done so in nature (Leonard, 1982; Wapsherel) 

1982). 

These differences betwe'en' 'the two types of biological 

control approaches would 8uggest that a sl~ghtly. dlfferent 
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emphasis should be used in the host ~ange testing of 

bioherbic~des. Watson (1985) has suggested that host range 

testing of bioherbicides is comparable to crop safety testing 

for chemical herbicides •. Strict host specialization ls not 

required, since bioherbicides can be restricted to those crope 

where the response to the pathogen 1s not in doubt. 

Zherbele (1971) has stated thrt most Asc~chyt"a species 

have restricted host ranges. Some species are specifie to one 

host but can also be found on other members of the same genus • 

. Ascochyta hyalospora and its three synonyms (Diplodia 

h~alospo~~, Diplodina ~lisii, and F-hleospora chenopodii 

been observed on several Chenopodiaceae 'species. 

presented a list of at least six Chenopodiaceae species 

9291 

North America on which Ascochyta hyalospora or were 

found. Among these were Chenopodium album, C. capitatum (L.) 
, 

Ascherson, S hybridum L., f.:.. rubrum L., Spinacia oleracea L., 

and Atriplex patula L. Boerema!! ~. (1977) found that 

Ascochyta hyalospora, isolated from seeds of Chenopodium quinoa 

Willd. (from Bolivia), caused stem necroses and leaf spots on" 

mature plants of S quinoa and C. album. Con~ers (1967) listed 

the f~ngus as occurring on Chenopodium album, ~ capitatum, and 

.f.:. gigantospermq-m in Manitoba and Saskatchewan. Ellis & 

.~'" ~ 
Kellerman (1888) found the fungus on leaves o~ Chenopodium album 

, c 

from Kansas. Cooke & Ellis (1878) found the fung~s on stems of 

an unidentified Chenopodium species. 
Q-

The object~ve of ehis section wss to conduct host 

range testing of A~COChYta hyalospora under controlled 

environmerN: condi ions --4n the growth chamber 'Snd the greenhouse. 
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Test plants were selected primarily from the family 

Chenopodiaceae, aithough some species\ in other families were 
, 0 

also tested. 

4.5.2 Het:bods ~./ 

The selection of plant species for the host range ~est( 
W8S done in accordance with the centrifugaI phylogenetic system 

of Wapshere (1974) although in a much reduced forme Plants that 

r 
were tested i\ClUded selected spe~ies in the genus Chenopodium, 

eco~omic speeies in the family Chenopodiaceae, and common 

unre l ated 'c rop spe eies., 
" 

Seeds of each test species were sow~ in prepared soi 1 

mix (Pro-Mix) in 12.5-cm diameter pots and thinned ta three 

plants per pot after emergence. In s ome cases, the t hree pl :,s 

were transplanted into '.2.5-t'm pots. One pot of the test 

spec tes' was s praye_d w~ t l, the fungus whi l e a se cond po t 

eontaining,(the same species was sprayed with water. , In aIL but 

one test, a lamb"'s-quarters plant was included to check for the 
~ ~ / 

efftcacy of the inoculum. Standard inoculum concentratyns and' 
( / 

spray volumes were' us~d (Section 4.1.4) for inoculation. After 

inoculation aIL plants were subjec~ed to 'a period o~ leaf 

wetness rânging from 20 to 24 hours' at a temperature ranging 
{) 

from 20 to 24C. The plants were then placed in either a growt:h 

chamber (See Section 4.1.2) or the greenhouse. Seven to 14 days 

after inoculation, plants were scored suscep~ble" (S), resistant 
, 
(R), or immune 0) to !!.. hyalospora. A plant was scored 

susceptible when large spreading lesions developed. While smaii 
'Ir 

,spots developed on resist.ant plants, they did not expand beyoud 

their initial limita. Immune plants e~hibited no srmptoms. 

most cases where a susceptible response was observed, two ._-

In 
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additional tests were performed, to confirm infection by the 
.I~ • 

pathogen. A second inoculation test was carried out and an 

attempt was made to re-isolate ,the pathogen from surface 

disinfested' tissue collect~d fro.m diseased plattts. 

4.5.3 Resu1ts 

Most species belonging to the genus Chenopodium ahowe4 
. 

a susceptible reaetion (Table 25). The symptoms included' 

chlorotic spots, expanding necrotie lesions, and defoliation. 

Pycnidium formation was rare except in cases where the infected 

ttssue was touchins the moist s01l surface. Ascochyta 

hyalospora was re-isolated in most cases. Chenopodium 

fi cif oli um Sm., .f!. hybridum L., and C. sandwi c heum and C. al bum 

were Most susceptible. The species, .2.!. bonus-henricu8 L., .9.:. 

bot r y s L., and .f.:. r u b r' u mL,., we r e i mm une i ~ lOS t 0 J: the tes t 8 • 

C. slaucum, however, wa~ susceptible in one test but exhibited l 

no symptoms in two other tests. 

Many iconomic specles' in the famil y Chenopodiaceae 

exhibited a resistadt response (Table 26). Three days after 

inoculation in Test (1 2, red spots began to fopm on some 

varieties of beets. Within two weeks of ictloculation, aIl" 

varieties of beets tested displayed spotting" to some extent. 

The red spots did not expand but were still present one month 

after inoculation. No pycnidia developed 6n these spots. 

Although no quantitative measurements were taken, visual 

.) 
comparlsons with the control revealed no differences ln the size 

of the plants. One montn after inoculstion, Ase~chyta 

hyalospora could be re-isolated from surface dlslnfested red 

s pot son the l e a v e s 0 f sel e c te d pla n t s • Wh en ex c 1 s e d. 1 e a v e 8 '" 
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IIere placed on moist filter paper, pycnidia eventually developéd 

IIithin the tissue. Many more red spots fprmed on the leaves of 

plants sprayed at a later stage of growth (Test Il 2 of Table 

2:6) than on leaves of plants sprâyed while still young (Test /1 1 

of Table 26). 

Brown, necrotic-like"flecks formed on the leaves of 

man y spinach (Sp1nacea oleracea L.) and SWiS8 chard (~ , 
vulgaris L. var ciela) varieties. The flecks were not numerous 

A 

and did not expand. Ascochyta hyalospora was re-isolated from 

surface sterilized tissue and pycnidia formed on excised leaves 

incubated on moist filter paper. An~mune response was 

observed on the Swiss Chard varieties "Dorat" and "Common Green" 

( Ta b 1 e 26) • The 0 ne var i e t y 0 f s u g a r' b e e t s ( K·l e in W a n z l ~ ben) 

that was tested did not display symptoms (Table ~6). An immune 

. 
response .. (Test il 3, Table 26) was recorde~ for ItHybrid 

Melodie" spinach, but the variety was found to be resistant in 

the second test, since pycnid1a developed on ,fallen senescent 
1 

leaves. Plants in Test /1 3 & Il 4 were incubated in the 

- gree'nhouse after inoculation and leaf wetness peri'od. With one 
J-_ 

exception, no reactions to the fungus were observed in these two 

tests. The unrelated crop plants listed in Table 27 did not 

show Any reaction to inoculation with Ascochyta hyalospora. 

They were, therefore, labelled immune. 

/ 
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~~~~~-~~:_~~~~~~~~_:~-~~~~~~!:~-~!~:~~!~:~-~~-~~~~~~~-~~-~~~-~~~~~-~~~~~!~~~~~:_------~ 
TEST , l} TEST , 2 

, Growtb 2 Re-4 Growtb Re--

-----~~~~~---~-------~:~!~----~~~!~~~~~-~~~:~:~~~---~:~~~----~~~!~~~~~-~~~:~~~::_--
1,-' ". " "t! 

Chenopodiua murale L. >8 1 >6 S K* 

C. bonus-henrieus L. >8 I 

c. opulifolium Scrad., 4-6 S K* 

C. fieifolium 511. ~ 5 K* 2-4 S K* 
,\ -t 

.. 
c. h~ridu. L. >8 1 2-4 S lC* 

C. urbiculi L. 4 S K* 

c. Ilaueua L. 4 1 
~ 

C. polxsperaua- L. 4 S K* 

C. foliosua Aschers. >8 1 2L4 S K* 
.~ 

/ c. aaaranticolor Coste ~ 4 \ S 
/ & Reynier 

K* 
le 

" , 
c. rubrull L. .. 4-6 1 -

.c. foetidua; Schrad. >8 1 2-4 S -~ ~ .. K* 
'-' 

C. albua L. ? S ~ 4-6 S K*" .. 
C., polysperaua L. -.. .-
var spicatua Hog. ~8 S 

--...., 
.. ~ sandwicheua Kog. ~ >8 S K* -' - -' - . --------------------- - --------------~-------------------------------------------~-• 1 

'- -, 
") 

~\~ ~ .. 
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TABLE 25. (eontlnued) l' 

--~-----------------------------------------~-----------------------~----~----~--------
TEST 1 3 1 TBST , 4 b 

Growth 2 Re-4 Growch R~ ~ 
Halle [}, Stage Response 3 isolation Stage Response isolition 

-----------------------------------------------------------~---------------------------
C. glaueum L. >8 1 sature S 

C. amarantleolor Coste >8 S 1C.* sature S 
& Reynier 

C. album L. >8 S K* sature " 
C. g uiIlo_il Willd. >8 S '1.* ~_at.,ure S -.. 
C. capitatum (L.) Aschers >8 S K* sature . S 

C. botrys L. >8 . 1 mature 1 
------~--------------------------------------------------------------------------------
t Test Conditions 

Subeulture 

Wetness Period (WP) 
Durat~on~ 

WP air temperature 

p 

Post WP location 

Test Il 

CH-le 

20 hours in 
humid plastic 
bags 

approx. 20C 

greenhouse 

Test #2 

CH-le 

20 hours in 
dew chaaber 

22C 

growth 
chamber 

Test #3 

CH-lb 

20 hours in'" 
dew ehaaber 

22C 

growth 
ehaaber 

1 

Test 14 

CH-lb 
.~ 

20 hours in' . ~ 

dew chail ber 

22C 

growth 
chamber 

2 Growth stage/number of leaves at time of inoculatio~. 
o 

3 Response of inoculated plant. S a~usceptible, 1 - immune, R ·'resistant. 

4 Re-isolation of affected tiss~e. K ~ re-isolation attempted, * Ascochyta hyalospora 
su'ccessfully re-isolated J - no testing' •. 

t> 

,1 

...,/' 

.;. 

.-
00 
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TABLE 26. Response' to Ascochrta hyalospora of several econoaic species in~~he 

family Chenopodiacea~. .~ 

'" 
Growth2 

TEST' Il 
1 Re-4 

Name Stage Reâ ponse 3 1solat10n 
, , 

TEST , 2 
Growth Re-
Stage 0 Response isolation 

-----------------------------------------------------------------------------------------------
Swiaa Chard - Beta vulgaris L. 

(CIela gr,oup) 
"Common Green" -., 

"Sllver Giant" 

"Burgundy Crimson" 
... 

Spinaeh - Spinacia oleracea Mill. 
} 

"America" 

"Lon~ s~anding BloO:asdale ll 

.~"Tyee Hybrld" 
- ( ) 

Be~ts Beta vulgaris L. 

"Red Aee Bybrld" 

"Garnet" , 
"Detroit Dark Red" 

" 

,2 

V' 2 

2 

'2 

2 

2 

• 

cot 

coc' 

cot 

1 

R 11. 
j 

R J( 

R ~ 

R K* 

R 

tJl R. . " 
,R 

R. 

>'4. 

>4 

>'-4 

>4 

>4 
<:Il 

>4 

, .. 
>4 

>4 

1 

1 

R 

R K* 

'R K* 

Jt K* 

R K* ' 

R 

-------------------------------~-----------------~--------------------~------------------------~ 

,-
p 

, '1 
..... -\D 

~1 
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TAB~E 26. (cont:inued) .. 
~~-----------------------------~---------------------------------------------------------------

Raille 
Growt:b2... 
Stage 

TEST" -Il 
;. Re- 4 

Reaponse 3 1solation 
Growtb 
Stage, 

TEST , 2 
.. ,- Re-
Response isolation 

-----------------------------------------------~-----------------~-----------------------------
"Ruby Queen" 

"Bul'*pe~ GOlfJen" 

, 

"Tendersweet Cylindra" 

"Early 'Wonder" 

"Badger Baby" 

"Lutz Gre~ Le~f" 

cot ... 

2 " 
1 

cot-21 

~ cot 

;~ 
cot 

R' 

R 

R 

R 

R 

~ 

K* >4 R K* 

>4 R 

>4 R -K* 

" l{* >4 R l{* 

-K* 

>4 R 
...... e· \ 

"Sp1nacb Beet" 2 R -. >4 - R -

----------------------------------------------~~---~------------~-------------------~--------~ -.. ~ TEftT , 3 
(" '--- /' Growtb Reiaol-

Rame Stage Response ation . ~ 

Growth 
Stage 

TEST , 4 

,Response 

'" Reiaol
. atlon 

--~----------------------------~------------------------------------~-------------------
Swiss Chard Beta vulgaria L. . ' 

(Ciela grou~) ~ 
, 

Il Do rat Il 2-4 1 matur'e 1 
~ - ,.... 

Spi,*ch - Splnacia-oleracea-Ml-l-l.--~ _, ________ _ 

"Hybrld Melodie" ~ • 4 ~ 0 - mature S . , 
-----------------------------------------7------------------~---------~------------~----------

0--
~ .. 

~. 

(1 .. .. , ' .. 
" .. J 
" 

t 

l 

,; 

~ 

~ 

.... 
N 
o 
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TABLE 26. ~(continued) 
Go 

~) 

~ 

,; 

1-

0" 

'" 
î 

-----------------------------------------------------------------~---------------------------~-
TES! , 3 1 ' TEST # 4 

GrowCh 2 Re- 4 Growth Re-
Name Stage Response 3 fsolation Stage Response isolation 

----------------------------------------------------------~~-_.~----~--------------------------
Sugar ~eel - Beta vulgaris L. 
var rapa 

"Klei~ Wanzleben" 2-6 

~ 

1 

ô • 

• aature 1 

Kochia e 
~ '\ 

"Childsii" ~ saall' "1 • ature " J . . " , 
ï-l~~;-~~~~~;~~~:------------------------------------------------~-----------------------------Test #1 Test." '2 ~ Test 14 Test '3 

Subculture 

Wetness Period (WP) 
Duration 

WP air temperaCure 

Post WP location 

CH~c 

20 hours in 
dew cha_ber 

/ 
.22e 

growt:h 
cha.ber 

" 
CH-le 

20 hours in 
dew cha_ber 

22C 

growl:h 
cha_ber 

CH-lb 

20 hours in 
dew cha_ber 

22C 

g'reenbouse 

èH-'l b 

20 hours in 
dew cha_ber 

22C 

greenhouse 

2 Growth stage/number of leaves at ti_e of inoculation. 

3 Response of inoculated plant~ S - susceptible, 1 - ia_une, R - reslstant. 

4 Re-isolation of ~ff~cted tissue. K - re-isolation-~tte.pted. * Aacocbyta byaloapora 
~ auccessfuliy r~-lso1ateds no testing. 

s. 

, 
r 

"-

-N .... 
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TABLE 27. Keaponae to Aaeochyta byaloapora of severai unrelated eeonoaic spee~ea. 

" ,., 
') 

~~~----~--------------------------------------------------------------------------~~----~----~-
o' 1'" TE~T # 11 • TEST # 2 TEST # 3 . 

• . ' 1. Growth Growth Gr~wt!l-J, ____ ~ 

----------:---~!~~--------------------~~~~~----~~~~~~~~~-~:~~~----~~~~~~~~---~:~~~.--J~~: -~~~-
Soybean - Glycine .a~ 0 , ' .. c -

~ _ - 0 

""ap~e Arrow" cot. 1 2-4 ' 

Sweeteorn - Zea ~ays 

"E~rly Sunglow" 

Spring Wheat. - Tri tieu. aeat't,vEu" 1 

"Concorde" 
• 0 

.Oata Avena aat1v,a 

7 1 

;. 

shoot 1 
(atage 1) f,JF 

2-3 1 5 

2-3 1 

'" 

1 

"Scott" shoot 1 2 l '4-6 1 

Peas - Pisu. sativum 

o 

. '(atage 1) l ,'. 
_______ 0' ~ 

-~------------~----------_:=-------=----~----_:=~------~--~----------------~------~ 
.. 1 Test Condi ti~8 Tes t # 1 Test #2 'Test #3 

J 
Subculture 
Wetness Per10d (Wp) DUJ;at1on 

WP air ~empera~u~e 
Post WP location 

2 Growth stage/number of leaves at 

CH-l 
21ohours in 
dew chamber 
23C 
growth 
cham'ber 

'" CH-! 
24 hours in 
dew chamber 
24C 
greenhouae 

\. 

time of inoculation. 

. CH-=l b 
20 hours in 
dew chamber 
22C 
greenhouse 

3 Response of inoculated plant. S • susceptible, 1 = immune, R • reslstant. 
e 

... 

~ 
'~ 

.... 
N 
N 

.:0 

" 
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4.5.4 Discussion 

The results of the îtst range telt. presented 

showed that Ascocnyta hya!ospora was __ not limite-d 

species. The mos t se:}V ere ef fects, , howe ver, were 

genus Chenopodium. Some species were more heavi!y dama 

f:. album including .Q:. hybridum, f:.. s'andwicheum, and f:. 
" ficifolium. I.t:: should be~ that .Q:. ficifo!ium is a triaz ne 

resistant' weed in western Europe (Gresse! !! .!.!.., 1982). lt has 

al s 0 escaped into some areas of Que bec and the eas te rn sea board 

of the United States (Bouchard !! aL, '1978). Perhaps the re ia 

some potentia! use of ~ hyalospora as a bioherbicide for 
o 

'00ntrol of ..9.!. ficifolium, althougli at the present' time the weed 

is not a problem in North America. 

- The resistant spotting observe~ on beets, spinach, and 
, . 

swiss chard coul d prec 1 ude t he use of As cochyta hya! os por,a ~s a 

bioh~rbicide in these crops. The immune respo~s~ of sugar beets 

observed in the greenhouse tests is suspect! sinee the swiss chard 

and spinach in the greenhouse tests displayed immune respo-nses 

(~ith one s!1ght exception); but 1n the growth charnber tests the 

If 
majority of the swiss chard and spinaçh variet1es d1splayed 

- 0 

brown, necrot1c-like f~ecking. It 1s p'ossiole that ~ugar beet 

ma, have responded in the same mann'er if 1t had been used in the 

_ growth ch"mber tes ts. 

Based on the limited tes~ng that has been compl,eted., 

• 
there is no evidenc~ to dispu~e the claim of Zherbele (1971) 

t~at ~ost Ascochyta species have restricted host range,. More 

species" bowev;er, need ta be ,tes.ted in -ehe family 

Chenopod' .. ceae. In particular, closely related genera Buch as 

Atriplex, should be tested sinee,synonyms of Ascoehyta 
~ 
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hy.lospora have been listed as pathogens (Seymour, 1929). Thè, 

host r'ange tests should include field testing as weIl as growth 

chamber and greenhouse tests, since Watson (19-85) ha,s n,oted 

numerous examples from the literature where host ranges were 

extended in growth chamber and greenhouse condi tions. 

4.6,IntelratLon of Ascochyta hyalospora v~th Other Weed Control 
Techniques 

4.6.1 Int~oduct~on 

Many researchers have recognized that mycoherbicides 

need to be included in inte$tated pest management programs due .. . 
to factors such as narrow host specificity a d environmental and 

host constraints (Charudattan, 1985; Quimby & WalkeF, 1982; 

Smith .. 1986; Wymore ..!!. a~., 1987). This in egratïon may demand 

c~mpatibility with the various components in the prog~am such as 

chemical pesticide's, other biopesticides, an-a tre type and 
, 

timing of cultivation practices (Charudattan, 1985; Smitn, 

1986). 

The bioherbicide may be combined with a herbicide or 

chemical to enhaace the activity of both components. Scheepens 

(1987) found that there was positive interaction between 
6 

Cochliob~J.us lunatus Nelson & Haasis and a low rate of atrazine 
~ 

(2-chloro-4-ethylamino-6-isopropylamino-s-triaine) on the 

control of Echinochloa crus-galli (L.) Beauv. Mixtures of 

thiadiazuron, a plant growth regulator, and Colletottichum 

coccodes (Wallr.) Hughes acted synergistically to raise the 
l7 

lIlortality level of Abutilon theophrasti MeèUc. (Wymore (~ aï., 

1987). 

the commerCi,lly 

control of northern jOintvetc~has 

~ 

COLLEGd®, registered mycoherbicide for 

use restrictions with 



o 
• 

o 

. \ 

o 
chemical -l ' 
that the 

The technical label for COLLEG~ states 

i8 not compatible with fungicidea, 

insecticides, and some herbicides such as 2,4-D (2~4-dichloro 

Phenoxya~ acld) and 2',4,5-T (~t4,5-trlchlorOPhenO,Xyacetic 
aCid). ~ests have shown, however, that insecticides such as 

malathion (O,O-dlmethyl phosphorodlthloate of dlethyl 
, ' 

mercaptosucclnate) and carbofuran (2~3-dihydro-2t2-dimethyl-7-

benzoftr'ranyl methyl carbamat e), al ong wi th he rb! cid e s suc h as 
,; 

acifluorfen and bentazon, do not decrease disease development 

(Smith, 1986). 

SllDilarly, two or more fungl may be mlxed to provide 

control of two or more weeds. In field experiments, joint • .. 
application of Colletotrichum gloeosporioides (Penz.) Sace. f • 

. sp. ~eschynomene (COLLEG~) ;nd ~letotr~fhum gloeosporioldes 

(P~nz.) Sace. f. sp. Jussiaeae controlled Aeschynomene virginica 
... 

(L.) B.S.P. (northern jointvetch) an~ Jussiaea decurrens (Wa.lt.) 

D.C. (winged water prlmrose) (Boyette .=.! .!!.', 1979). 

The 0 bj ec ti ve of the r\searc h reported in t hi S""S ec ~ 10 n 

was to determine if Ascochyta hyalospora woùld grow and cause 

infection in the presence of herbicides. In addition, the 

efficacy on lamb's-quarters of Ascochyta alone was compared to 

lts efficacy when combined 'with Phoma sp.t a, pathogen c:ommo111y 

found on la~b's-quarters ~n the Ste-Anne-de-Bellevue area. 

4.6.2 Hethoda 

Bxperi.eut #1 Ascochyta - Pboa~ coab1nat1ou 
experi.ent 

The separat~ and comblned effects of Ascochyta 

hyalospora and Pho~a sp. ~n lamb's~quarters wete studied 

RCBD experiment.' Each e~erimental unit consistéd of â 
, . 

/ 
,/ 

in an 

12.5-cm 
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pot containlni flve plants that had been 

germination method (Section 4.2.2). When 

~repared using the solI 
'il 
'I!\." 

the plants reached the 

4-leaf stage of growth, flve r:eplications of ~he experlmental 

unit were inoculated with the treatments. The treatments were: 
1 

control (water only), Ascochyta hyalospor'a (I X 108 conidia/m2), 

~ 

A8cochyta hyalospora + Phoma sp. (5 X 10 7 conidia/m2 + 5 X 10 7 

conidia/m2), and Phoma sp. (1 X 10 8 conidia/m 2 ). Conidia 

prod~ction and harvesting for bath pathogens followed the 

standard procedures as out lined pre vious l y (Section 4.1.3). The 

plants wepe inoculated us'lng the turutable sprayer and placed 

undèr seandard wetness condi tions (Se ct ion 4~ 1.4). After 

the wetness period the 

period 

Pl~îts were placed 'in a growth chamber. 
~ 

Tel! days after inoculation, the_five blocks of treated 

')Plant~ 

)leaves 

were rated for disease development on the four bottom· 

\----
of each plant. The grades were converted to mid-point 

percentages and averaged to obtain one value for each 
1 

experimental unit. This value was transformed using the arcsin 

square root transformation. Analy~is of variance procedures 

were us~d to obtain main effect sum of squares. Tukey's 

" 
Studenti,ed Range Test wae used to compare the treatment means. 

Two weeks af,ter inoculation, the height of the firat 

four blacks (the fifth block was used in a destructive sampling 

~e8t) of plants was measured. The plants were harvested, placed 

in a 70C oven for at least three da}U!..a.. and then weighed t~ 

obtain dry weight measurements. Analysis of variance and 

Tukey's tes t we re used to de tec t' di f ferences among t he me ans. 

\ 
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•• , 1 
Bxperiaent 12 Bffect of herbicides on Aacochyta hyaloapora 

growth 

The effect of herbicide concentrations on the radial 

growth of Ascochyta colonies was measured in a replicated 
li 

e,xperiment. The Petri plates that were used were set up in a 

completely randomized design (CRD) with four replicates. Three 

herbicides -- DPX-F6025 (2-« [(4-chloro-6-methoxypyrimidine-2-

yl)amino carbonyl]amino sulfonyl»ben~oic acid, ethyl ester), AC 

263 499 (2-[4,S-dihydro-4-methyl-4-(1-methylethyl)-5-oxo-lH-

imidazol-2-yl]-5-ethyl-3-pyridinecarb9xylic aCid), and atrazine 

-- wert-mixed with PDA to form a~lOgJithmiC series (0, l, la, 

100, and 1000 ppm) of herbicide concentrations. An additional 

concentration of 10000 ppm was added for atrazine and AC 263 

499, but not for DPX-F6025 aince there was not enough material. 

An agar ,plug of Mycelium, from an Ascochyta hyalospora 

w colony growing on 1/2PDA:1/2TYA, was inverted and placed onto 

the centre of each petri plate. The plates were placed in an 

i.ncubator (12 hours darkness at 22C, 12 hours near UV & 

florescent at 24C) for 12 days before measuring the diameter of 

the colonies. An average of two pe~pendicular diam~ter 

measurements for each colony ~as calculated. Analysis of 

"-variance procedures were used to obtain main effect and 
1 

interaction sum of squares. Since DPX-F6025 did not have a 

concentration level of 10000 ppm, two analyses were done. 

~irst analysis consisted of the three herbic~des at four 

concentration levels (l, 10, 100, 1000) whereas the second 

analysis consisted of atrazine and AC 263,499 at five 

concentration levels 0, 10, 100, 1000, and 10000 

Orthogonal polynomial contrasts,were used~to fit 

.~, 

to 
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de8crlb~ the trends in the data. 

Exper1.eUE 13 Effect of atrazlne and Ascochyta on triazine ~\ 
resistant and triazine susceptIble laab's-- ~ , 
quart ers , 

An experlment was set up to observe the separate and 

eomblned effects of Ascochyta hyalospo~a an~ atrazine ~n 

trl,zlne reslstant and triazine susceptible lamb's-qua~ters 
, 

plant~. Triazine resistant lamb's-quarters seeds from Ripley, 
1 

Ontario, were Obtained from the University of Guelph. Plants , ~ 

ù 

were,;repared using t,he soil germination technique '(Section 

4.1.2~lnce trlazine resistant seeds were llmited in number, 

aIl seeds that germlnat~d over a peri1d of several day~ had to 

be used. The experimental units (7.S l cm pots containing one 

\ 
plant) were blocked according to stage of development. Plants 

having six to 12 leaves were placed in Block l, while plants 

..t. 
with four to six leaves were placed ln Block II, and plants with 

four leaves were placed in Block III. Sev~n treatments were 

evaluated in the experiment: 1) water, triazine susceptible 

plants (TSP)j 2) water, triazine resistant plants (TRP); 3) 

Ascochyta" TSP; 4) Ascoctlyta, TRP; 5) Ascochyta + atrazine, TRP; 

6) atrazine, TSP.; 7) atrazine, TRP. The atrazine was applied at 

a rate of 2.2 kg active ingredient/ha while Ascochyta was 

applied at 1 X 10 8 conidia/m 2 • The plants 'were placed in a 22C 

dew chamber after being sprayed using the turntable inoculation 

method (See Section 4.1.4). After a wetness period of 20 hours 

duration, the plants were placed in a growth chamber (See . .. 
Section 4.1.2). Visual observations were made eight days after 

inoculation. 
/ ( 

\ 

( 
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~6.3 Results 

E~aent Il Ascochyta - Phoa. co.biD~tlon e.perlaent 

App liea tion of the p,a thoJens had a signlf icant e f f fiC t 

on, disease severity, helght, and dry -welght (Table 28). 

Ascochyta and Ascochyta + Phoma treatments caused ~_~~hest 
disease severity and greatest decrease in helght and dry 

~eight wlth the Phoma tr~atmentJr81pne, causing les8 dlsflase and 
1 0 

1e88 height and dry weight reductlon (Table 29) . 

. TABLE 28. Analysis of variance on the effects of Aecochyta -
Phoma treatments on disease severlty, helght, an~ 
dry weigh t of 1 ambla-qua rte rs. 

-----------------------------------------------------------------
o S'everity 

\ 

Dlsease 

Source* f ~ MS Pr > F df 
Height 

MS Pr ). F df 

,ory 
Welght 

MS ,Pr > F , 
-----------------------------------~------~----------------------

R 4 53.8607 0.1595 3 8.1667 0.7367 3 0.0504 0.0552 
\ 

TRT 2 487.0608 0.0008 3 942.8333 0.0001 3 0.5051 0.0001 

ERROR 8 24.5151 9 19.0000 9 0.0136 . 
---------------~-------------------------------------------------* R=-block TRT-t rea tUlen t 8 

" 

TABLE, 29"f?, Effect of Ascochyta - Phoma treatmentB on disease 
-r-v... se ver 1 t Y ( % ) , he 19 h t ( cm / pot) , and dry we 19 h t ( g / pot r 

of lambls-quartera. 

Treatment 
Diseaae 

Severlty (%)8 
Height 

Mean (clD/pot)b 
Dry We1sht 
Mean (S/pot)b 

----------------------------------~----------------------------~ 
Water Control 53 a 1. 21 a 

Ascochyta 67.9 8 18 c 0.38 c 

A8cochyta 
+ Phoma 61.8 a 25 c 0.61 be 

Phoma 36.5 b 36 b 
~ 

0.84 b 

a Average of flve rep1icates. Mean separation by Tukey's 
Studentized Range Test at the 0.05 level. Untransforaed aean. 
presented ln the table. b Average ~f four replicaie.. Mean 
separation by Tukey's Studentized Range Test at the 0.05 level. 

~' 
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Experi.ent 12 Iffect of herbicides on Ascochyta< byalospora 
grOW1:b 

At ~erbicide concentrations of 100 ppm there was 

Increased growth in comparison to the lower rates and to the 

cQntrol (42.5 mm mean diameter). This was particularly true 

with DPX-F6025 (Figure 31). Analysis of variance (Table 30) of 

three herbicides at four concentration levels revealed the 

presence of interaction (p - 0.0001). Use of orthogonal 

polynomials indicated cubic trends for the thiee herbicides over 

the range of concentrations that were used (Table 31). On1y 

quadratic equatlons r howev~r, w;re fitted (Figure 31), since the 
/. 

me ans at the tested points suggested a quadratic response. 
/ 

Analysis of variance (Table 32) fur atrazine and AC 263,499/at 

1 
1 

five concentration levels indicated the presence of interaction 
1 

/ 
(p • 0.0001). The use of orthogonal polynomials (Tabl'e 33) 

indicated the presence of quartic trends but onl~ quadratic 
J\~j 

equations were fitted and shown in Figure 32. In the case of 

aIl three herbicides, pycnidium formation was observed to-

decrease as the herblcide concentration iucreased. 

TABLE 30. Analysis of vatiance on the effects of three 
herbicides (AC 263 499, atrazine, and DPX-F6025) and 
four herbicide concentrations 0,10,100, and 1000ppm) 
on colony diameter of Ascoch"yta hyalpspora. 

---------~------------------------------------~-----------------
Source· dt MS pr ~ F 

--~--------~----------------------------------------------------
H 2 0.0001 

C 3 660.7917 0.0001 

H·C 6 25J365 ~ 
ERROR r 36 1.'951 
----------------------------- ---------------------------------

0.0001 

* H-herbicide, C-concentration 

/ 
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TABLE 31. Orthogonal polynomial contrasts and fitted regression equations for colony 
diameter of AscocHyta hyalospora (mm). 

"'" 

----------------------------------------------------------------~-------------------------
CONTRAST* df MEAN SQUARE Pr > F· FITTED EQUATION R2 
------------------------------------------------------------------------------------------
C·IN H 

C in Hl 3 
C linear 1 
C quadratlc 1 
C cubic 1 

C in H2 3 
C linear 1 
C quadratlc 1 
C cubic 1 

" " , 
C in H3 3 

C linear 1 
C quadratlc 1 
C cubic 1 

EIlROR 36-

9' .• 0573 
0.0031 

13.1406 
14.0281 

~5.26S6 
17.5781 

153.1406 
85.0781 

1065.5417 
556,,5125 

1914.0625 
732.0S00 

1.'2951 

0.0008 
0.9611 
p.0030 
0.0022 

~0001 
0.0007 
0.0001 
0.0001 

0.0001 
0.0001 
0.0001 
0.0001 

diamet~r' - 42.25 - 3.8541667*C 
+ S.37S*C 2 ,- 1.3958333*C 3 

~ 

diaaeter - 39.625 - 7.~12S*C 
- 12.37S*c2 ~ 3.437S~C 

dlameter - 40.375 - 19.8S4~7*C 
+ 34.437S*C 2 - 10.083333*C 

0.68 

0 .. 90 

0.99 
.... 

-------------~---------------------------~---------------~--------------------------------* . \ C-concentration. Hl-AC 263 499. H2=acrazlne. H}=DPX-P6025 ' Co 
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.. 

,'Ana\Y8iS of vlriance on the ef f ec~s of two ....Jherbi cid'es 
(atrazine and\~_~63,499) and five herbicide 
concent rations Cl t 10, 100, 1000, and 10000 ppm) on 
colony d1ameter of Ascochyta hyalospora. ' 

----------------------------------------------------------------
df MS pr > F 

---~-------------------------------------------------~----------
H 1 255.0250 0.0001 , 
C 

----------
4 184.8-813 0.000'1 

H*C 4 83.7125 '0.0001 

ERROR 30 1.6667 
--------~---------------------------~----~-------------~--------* - ' a-herbicide, C-concentration Q 

f 

~ ' ... 
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TABLE 33. Orthogonal polynomial contraste and fitted regression equations for 
colony diameter of Ascochyta hyalospora (~m). 

--------------------------------------------_.-_--------------------------------------------, 
CONTRAST* df MEAN SQUARE Pr ) F FITTED EQUATION a 2 

----------------------------------------------------------------------~------~-----~~----
C in H 

C in Hl 

C 

C linear 
C quadratic 
C cubic 
C quartic 

in H2 
C linear 
C quadratic . 

.; 
C cubic ' 

, 
C quartic 

ERROR 

4 
1 
1 
1 
1 

4 
1 
1 
1 

- 1 

30 

11. 6'688" 
10.0000 
20.6429 
0.0000 

16.0321 
'--

256.9250 
511.2250 
429.0179 

3.3063 
84.1509 

1.6667 

0.0004 
0.0204 
0.0014 
1,.0000 
0.0042 

0.0001 
0.0001 
0.0001 
0.1693 
0.0001 

diameter ~ 42.25 - 8.041667*C 
+ 13.052083*C 2 - 5.583333*C3 

+ 0.69791667*C 4 v 

diameter • J9.625 - 17.4062~*C 
+ 29.96354~C2 - l3.03125*C 
+\1.~9895833*c4-

0.68 

0.97 ~\ 

-----------------------------------------------------------------------_._-~-------~------* C-concentration, Hl-AC 263 499, H2=atrazine .. 
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Effect of increasing concentration of three 
herbicides on co10ny diameter of Ascochyta "%: 

hyalospora on PDA. Symbo 1 s rep~~~t mean c010ny, 
diameter at e@ch con~ntration. _ ~ression " 
equations: AC 263,499 diameter - 41.83125 + . 
2.70625*C - 0.90625*C2 R2. 0.33, atrazine 
dia me ter • ~ 8. 593 7 5 + 8.34375 * C - 3.09375 * C 2 
R2 • 0.60 DPX-F6025 diameter - 37.35 + 27,.5375*C 
10.9375*C~ R2. 0.77 • 

Herbicide 1 

C AC 263,499 o atraz ine A DPX-F6025 

. , 

Figure 32. Effect of increasing concentration of rwo herbicides 
on co10ny di-ameter of Ascochyta hyalospora on PDA. 
Symbole represent mean co10ny diameter at each 
concentration. Regression equations: AC 263,499 
d1ameter - 42.01071429 + 1.92857143*C 
- O.60714286*C2 R2. 0.45, atrazine diameter • 
38 .. 789285 + 7.4964286,*C - 2.76785714*C2 R2 .0.89. 

Herbicide 

C~ AC 263,499 ~ atrazine 
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Bzperiaent 13 Bffeet of atrazine and A8cochyta on triazine 
re.istant and triazine sceptible laab'a-

• 
qu.rters~ 

As expected, the tr1az1ne reelstant p ants were aot 
. 

affeeted by atraz1ne
J 

whereas the_tr1azine suse ptible plants 

1" {1 
wère affected (Table 34~ Ascochyta hyalosp,9 a was 

) 
capable of infect1ng both triazine. res~arrt and susceptible 

lamb;s-quarters ~d was a1so capable of infecting the plant when 

ueed in combinatiJn with atrazine. 

Effect of atr~z1ne and 
triazine resietant and 
q uarters plants., 

-------~~-------------------------------------------------------
Treatment Ob~ervatlone (eight ~ays pos~-inoculation) -------------_ .. ---------,-------------------.. ---------------------
1. watet, 

TSP 

2. water, 
TRP 

3. As cochyta t 
TSP 

4. Ascochyta, '. 
TRP 

Block l, II, and III 

healthy 

healthy 

heavy A.coehY~ln~.ctlon 
he~Vy A~~oehlta l~.ctlon 

on 10we'r leaves 

on 10wer leaves 

5. Ascochyta+ heavy Aecochyta infection on lower ieaves 
at razine , TRP 

• 
6. atrazine. plant eeverely affected, leaves dry, 

TSP ~different from Ascochyta infection 

~~-~;~::~~:~------_:::~::~:_---- ~------------------------. - ~------
in block. II & III. there were two small 'lesions on· one leaf 

4.6.4 D~scu.s~on 
• 

Based on the experiment reported ~n this sectiOn, there 

la no ad'Vantage in combining Ascochlta hyalospora; and Phoma. The 

reluita of chis exper1m~nt contrast to observ~tin-s collected in 

1 

( 
," 

(f 
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o 0--

the field. 'Durit;lg 'field surveys, Phoma was found to occur more , 

frequently than Ascochyta; but in laboratory experlments , 

Ascochyta had a great~r effect on lamb"s-quarters. 

I~ appears thât 'Ascochyta is compatible with those 

herbicides tested and \j,nk mixes of Ascochyta and chemical 

herbicide's may be possible. °Colony gro'wth Increas'ed at lower 

'rates, part icu! ar 1 y' wi th DPX- F6025. At higher' ra tes, the 
~ -

herbicides decreased growth, but AC 263t49~ had minimal' effec~. 

r" The pattern of growth caused by the" other two herbicides has 

previously been shown to'occur ih other fungus-herbicide 

combinations. Atrazine was fOund to have opposite effects on 
, . 

Fusar i um so 1 ani (Hart.) App. & Wr. and Fus arium s poro-t: r i~h-i'o idés 
J t _ _ ' 

Sherb., by stimulating growth at low concentrations and 
r. ~t 

depr.es,sing the -growEh at high concentrations (Richardson, 1910) .. 
il /~~ 

Similarly HCPA (2-methyl-4-chlorophenoxyacetic acid) promoted 

growth of Aspergil.!..!!! niger van Tiegh. at low con('entr~lons but 

suppressed growth at high concentrations (Smith & Shennan, 

1"966). 

It appears that not only can A~cochyta hyalospora gro~ 

wel1 in~e presence of of sorie herbicides, b~t it can also 

infec t the p l,ant when nt ank-:mixed" and app li ed wi t h the 

1 
herh! c ide a t razine, as in Expe riment Il 3. The ot he r impo rtan t 

aspect of the 'atrazine experime~was the indication that . " 

Ascochyta hya.lospora was able to infeet both trlaz1ne resistant 

and triazine susceptible plants. 

These studies show the need for further research to 

ev,aluate the use of ~ hyalospora in integrated weed management. 

Hore 8peC1f1c{i~y. 1t .. ay be poss1bl e to t ank-aix the pathogen 

with atraz{ne (at 10w rates?) for control of triazine-res1stant 

,.. ~; 
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1 amb"~-quarte rs. In Expe riment '2, the abi 1 ity of the conidi a 
t 

to germinate in the herbicide concent ration s,erieé was not . , 
tested. Experiments w1th COLLEGdm, have indicated that ~ome 

~erb1cide8 can depress th-e
Q 

germination of the conidia (COLLEGc)Il) 

technical manual). Therefore, further studies should examine 
D 

the ef f ec t of herbi cides on germinati on~ Addi tional fie I d 
f 

experiment8 with Phoma-Ascochyta combinations would also_ he of 

interest in that it might help determine the reason for the 
, , 

disparity \etween the relatively weak effect of Phoma that was 

~J~s_erv ed in the growth chamber experiment and i t s apparent 

prevalence in the fi~ld compared t~ Ascochyta hyalospora. 

V CONCLUSIONS 

Several conclusions, and sugges.tions for future work, 

can be drawn from the results of the research: 

(1) Ascochyta hyalospora was found to be the best candidate 

/ 
for further testing as a bioherbicide for lamb's-quarters. This 

conclusion was based on i ts ~irule'nce and conidium production, 

which were found to b este rio r t 0 t h 0 seo f the 0 the r pla n t 

pathogens ~o llected durins 1surveys. Further surveYI;I, based on 

wider geographical areaa mi~ht be benef1cial in providing a 

wider genetic base for an Ascochyta hyalospora bioherbicide. 

(2) Ascochyta hyalospora would appear to be most virulent 
1 

on plants in the family Chenopodiaceae, especially the genus 

Chenopodi\1m. Although there was limited testing on plants 

OU t s ide the Chenopod iaceae, aIl plants tes t ed we re immune. 

Futurt8 host range testing shoul d Incl ude a lar,ge r number of 
.. 

species in thé Chenopodiaceae as weIl as other families. -

(3) Older plants ( >six leaves) were not damaged as mU,ch by 

( 

{P 
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disease as were younger plants ( <four leavea), but the amount 
, 0 

of damage could be increased by applying a higher concentratio~ 

'of conidia. The amount of damage sustained. by a p~an1: ap'peared 

to be more.rela~ed to stem infection rather than leaf infection. 

(4) Wetness' period' temperatures of 18C 'and 24C were found 

tOJ be optimum for disease development and supsequent damage to 

lamb"'s-quarters plants •. Plants at I2C and 30C needed longer' 

wetness periods to atta1n a similar amount of disease 
.~ 

development ~nd damage that was obtained with optimu~ 

temperatures (and shorter wetness periods). 

(5) ~ Interruption of a wetness perlod by a period Df dryness 

was found to g.in~ disease development and !Jubs~equent damage to 

1noculated'plants. Although the germination process on 
.... 

dlalyz1ng membrane c resumed after periods of dryne!ls, 

inoculated plants deve oped more disease (and susta1ned more' 

damage) after 20 hours o~ continuous wetness than plants kept 

under interrupted mois ure conditions for 20 hours. 

Modifications to the e experiments mig~t giv~ clearer resules. 

Quanti'tratlve measurements, in addition to qualitative 
1 

, 0 b s e r vat ion s , ml g h t s ho w t r e atm e n t d i f fer e n ces i If the td i a l y Z ,1 n g 

membrane expe r Iment. If further work ls done on the effect of 

interrupted wetnes~ periods on inoculated plants, trends might 

be indicated ~ore readily by us1ng treatments w1th increas1ng 

numbers of dry periods, initead of the single dry pei10d that 

was used ln the experlments reported here. 

(6) Ascochyta hyalospora grew on PDA mixed with atr~zine, 

AC 263 499, and DPX-F6025 herbicIdes. When "tank-mlxed" and 

sprayed with atraz1ne, the pathogen incited dlsease on trlazine 

reslstant la'lIÎ.b .... s~quarters. These prelimlnary resul ts would 
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.-
indicate that Ascochyta hya1ospora could be integrated into a 

weed management system where chemical herbicides are use~. 

More extensive testing with triazine and other typé~ of 

herbici,de,~ is needed. 
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