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agn •• has 1ona been oonuidared ~ major foliage disorder 

arfeoting winter lettuoe groduotion in this eoun.iry. nd.a 

disease is world wide i.n occurrence and has been 1hs eubjeet 

of considerable research. (Ohit~enden 1912, Salmon and 

Wormald 1923, Stevenson 1939, Taylor and Li 1944). 

Recently however Brooks (1958}* recorded Stemphyllum 

botrzo Wallr. in its sexual phase on lettuce crops in the 

Auck1and area, where large individual. losses have occurred 

du.ring tbe wet a.nd cool winter month•. This organ18JI 1s known 

to be pathogenic to a wide range of unrelated hosts (Neergaard 

1945) but oomparativel7 little has been published on this 

fungus as the ca.usual organism ot a leafspot of lettuce. 

We1Je:r and l'osiar (1928) in their bulletin on 'Disease of 

_Letmoe, Ro&aine, Exo!!\role and :Endive' state that a lea.t spot 

of a-oa.rola, (C , which is closely related to 

let'tuce), is caused by an~- they ntate, ttThere 

is~ po~s1b1lity that wi'tb t"ttrther study it will be found that 

1.his orga.nism is the same as the one that ca.uses a. similar lea£ 

apo~ on lettuce.• The deacrip'tion of the leaf spot on E■carole 

* see D1ngle7. Joan M. w.z. Journ.Agric.Res. 3(3) 461-467 1i60. 
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and the photograph of an intected leaf appear to be ver.,- sim1.lar 

10 the symp'tomt!I ot a .. bot ,: !!91\ on lettllce.. No tunber reports 

appear 'to br'l.ve been publiehed on subsequent work to determine 

-the oausual organism of this or the leafspot on leituce. 

Ogilvie and Mn.lligan (1951) were 'the :first -to describe a. 

leaf spot disease of lettuce, :f'roDI which they isolated~ 

sarcimua Berk. amend Bolle. ldentifioation waa corroborsted 

at -that time by s. P .. Wil:teb.ire. The ge:nu.s fiiiaorosporiwa waa 

later reduced to BJllODomy with Stempb,Yliwn by Wil~shire {1i3S). 

and M. aarcinula was thus epo1131DOus with S em liua bo"t oswa. 

O,c~ilvie and MUl.ligan a'iate -that thin pren.~!!11y l'!:~1~0 erib1!d 

lee~ epot, fro~ wh1oh they 1PG14~e4 ~ftd prove4 the pathogenicit7 

to lettuce of the above fungus, was tira1 no1ioed in April 1930. 

They la~er found the disease to be ao•on on lettuce planted 

in greenhouses and ou'l of doors in the Wes-t of England. !be 

e1ml)'lom.s they describe appear to be similar to those ca.used b.J 

s. boJnoSUJf on lettuce in ffew Zealand. 

While the diseaee was evidently not sut£icienU7 serious 

to lmrra.Dt control measurest they considered that under favourable 

envtro:mental oondi tions it ma;y become important. 

Dipienaar (1~3~) reports th~t in 1935 be discovered lettuce 

grown on the Cape .Flats, .j&t&"th J..trica to be a!!ected with 

a serious lea:f' spot disease previou.t:11,y i.Ul.reoorded. 1·.ro.a Sou~ll 

At'rica. Furiher inves11ga:tion abowed that tbis was one 
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and, prior to recording, arranged in the random order it1(licated 

by the DWabers. 

(e) Meaaureaen~ o~ 4ZTOrih ra~e on Artif1o1al Media 

llnncato and Golding ( 1 V53) at'ter testing and evalua;ting the 

efteo1 o ~- several enviromaetttal factors on colony diameter 

conoluded thq.t it may be used for measuring -ihe rate of growth 

of fungus, comp!lring the influence ot variously altered 

media on their growth, and investigsting the effects of other 

enviro:mnenta1 fac1ors. 

With the exception of the first twent7-four hours of growth, 

colony tia&eters increased at a constant and 11ne3r rate. Records 

of colony diameters were therefore made only onee, normally ten 

de.ya after inoculation. 

{f} lllC\l0&\9Eil 

0 -,, • . · • • + .• • * d . - 0 10° 1~ s0 1·;:;.0 nv:trl.g61"affQ. l.JlCUO::i.110J:'t) lUll.0.C. 0,P.Mv& &'G O I ' ;I i:.. , y 

and 20°~. were uget\ !o:e ta11pe:ratu.t'it studies or the ftW&Us on 

culture media. Unfo-rtuna:tely the 54'0 incubator failed to tu.notion 

correctly. Inouba1ors were also available opera.ting at intervals 

from 2t0c - so0c. The normal growth temperature of 24°0 was 

selected because it was the lowest temperature at which the 

incubators would tunotion without fluctu·:1.tions oocurring due to 

changes in room temperatures. All normal cul·tural. work was 

underiaken in ineuba.tors operating at this ~emperature. 

Artificial 116ht was not provided in the incu.bstors. 

At iimes mi·te became a problem,. frequenUy ca.using oonsidenble 
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roe~ the plate. 

Arter~ agar he.cl aoli.d1:f'ia'1 a.ad 00011:;!d to room <temperatur.a 

the plates were inoculated with S x Gmm squares of P.D.A. and 

myceliwa (See rraterials ~ Methode.·P 8 }~ 

Following inocula~ion 1he plates were incubated at 2,0c ~or 

10 days. fhe five plates w-.rs inapeoted and un1eas oonta.minaata 

were present. the :fifth plate was discarded. 

the diameter of the color.des wera meaau:red (as described 

:previously) and the a.nrage for 'th& tour oolonie s on eaoh aeclia 

calcula~ed. .ExperimGts were repeated until unifol:'Dl results 

were ob'tained. 
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aome studies when uni~ormi-ty and repea.tabilit7 were neoessar:, 

P.D.A., was :ivail.a.ble Bs a standard medium. 

Peritheoia were produced abundantly on Oxoid P.D.A., 

cornmeal agar, lettuce decoction agar, and autoclaved soil 

nutrient agar. While production of peritheoia on natural lledia 

appeared to be veey dense on parts of the plate, the total area 

1nw1Tet1 was gttne~lly Ver¥ small. 

In later studies, media U8e4 ~or production of pel'i.theoia 

inoluded F.D.A .. lettuce deooc1ion q,gar, and autocl&Ted ao11 

mitrient a.gar. 

In general the addition of natrients to 'the ~~~l 1i:18dfa 

induced increased colon7 ~12'a and •pore or perithecial production. 

However, contam1nante preaen't in the tumigs.ted natural. 11&'ierial 

were enaotU"&&ed to ooiffllance aot11,egrowth b7 these nutrients. 

Oom.peti'iion .trom these organieas reduced the colony si11e on the 

natural host ii12d.erial trea1;ed with Ohloropicria. 







Table 2 
.. 

2N 1101 

flask 1 20 2.a 
2 15 :s.o 
3 10 6.3 

4 Buffer Onl7 4.0 

2lf,l!aOR Po~ of drops 

5 5 4.5 
6 10 4.9 
7 12 5.3 

8 to s., 
9 1£ 5.'T 

10 21 ~.o 
11 24 a .. 2 

12 27 5.6 
15 ~3 1 .. o 
14 36 7.3 
15 40 7 .. 5 

1& 45 7#8 

1'1 50 8.1 
18 60 a.s 
19 ,o 9~0 
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FIGURE I. 
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A s'iuq ot "h• et.feet of temperature on colony size wa.11 

undertaken ad observs:t.ions made on --the growth ,tea"tar~s of th• 

colonies including the produatioa of comdia and peritheoia* 

to detel"llin• what the opii:mwa teap•rature, rang~ fo;r ~th on 

cul-tare media was. 

Incubators were set to run at s0
~ 10°, 12.5°. 15°, 20°; 2,0

• 

2a0 ~ 32° and z&0c. Ditficul'ty' was experienced in maintaining 

s0c due to the incubator functioning incorrectly. 

!wo 1sole.teai 4A and 4P were u.sed tor inoeulatl11g Difeo 

f.D.A. and three plates of each isolate were incubated at each 

temperature. !ha inocul.um consis1.ed of the noraal agar squares 

aeasuring 6 x 6ma. These squares were plaoed face down in the 

o•ntre of the medi&. Prior to placing the plates at the varioue 

temperatures they were held at 24 °c for tour hou:rB until some 

growth of 'the IS)"Celimll hRd occurred .. 

The 41aaeter ot the colonies were aeaeured atter ten days 

and the &Terag& for each tempera'ture oaloulaie4. 

llesul:ta. 

The differences in growth rate bcbeen Isolates U and 4P 

were not significant. The average size ot ten d9.7 old co1onies 
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are r•corded in Fig.II. The oardina.l t~e1"1!1:n:res :t'or g~b 

ca P.D.A. were below 10°e, io0o and between 318 
- 3&0e. 

Conidia were producea abu.ndantly at tempe:ra-t;uns between 

15° an4 2a0c., but only aparee}1' st other temperatures .. Irmnature 

peri~hecia were produced on the maJoM.t7 of the larger colonies, 

but maxillllJI production occurred at temperatures between 20° and 

2,0c. 

At optiJ&ua tempera~& for growth colonies were grq wi'tll 

a dark•~ grey oentral area and a white fringe. Higher or 

lower teapera~ea induced production of lighter coloured 

colonies whioh often possessed a wider whit• fringe ~han is 

typical at optimwa taapera'lures. 



FIGURE II 
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Refrigeration of cu.l.turee at t•pe%'1:lturee of froia-5°c to -10°0 

stopped 1be growth of th• colonies but failed to induce &JJT 

aorphologieal ohangee. Once tile colonies were rettt:rne4 to 

favourable teaperaturea no·rmal. growth oon1;1med. In e011te casea 

coni.disl. and perithecial production was iap&-oVed by ret'rigeration, 

lntt reaul.ts ware inconclusive. 
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ILLUSTRATION 7 DEVELOPMENT OF 
CONIDlA. 
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( 50 conidia measured.) 
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ILLUSTRATION 9 CONIDlOPHORES OF 
Stczmphylium botryosum WALLR 
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abU11danil7 a.n4 were oharaoterised b7 nWllerous whi1• tufts o~ 

'.191'celi1m. 

Characteristics ot the co1on.iea growing on Tariou.s mectia 

are described in !able I. Growth of ~ on P.D.A. ia 

identical 'to tbt deaoribe4 b7 1'eergaard (1945} tor piowth on 

"Su.ndard nu:trient agarU. 

Sal.tante oocasiona.11¥ occurred. Seo-tore of the colonies 

a't tiaes loat pipenta:"tion or became darkl7 pigmented, varied in 

iheir abili'I;: to produce spores, or 112 their abili-ty to produce 

peri theoia. Growth rate was not aJ:t;ered. 

Es:pfeure to ultra 'Yiol•t light or 8tlltl1ght uaually' stialatea 

production of spores and per11hecia. Pigmentation was uauall.7 

increased b) exposure to light. 
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Seedlings were grown in~" clay pots or small see4 tr&7s 

!llld later t.i-ansplanted into small see4 1xia7s or 5 - 4• o1q pota. 

One do1en plants were proYid•d for eaoh tee~. Eight plants 

were inoculated and tour were re-.ained sa controls. Pour le~tuce 

••re also inocala1ed as controls tor i~eotion. Inoculum 

consisted o• a 8Uepeneion o~ s.ooo conidia per ml. 

:Pollowing inoculation, the plants were placed in 1~ relative 

huaid1t7 for 2• hours before thq were re'illrned to the glasshouse 

bench. 

Experimentation: 

The hoete inooula~ed with isol~~ee from 1ettuce at vario\Uil 

period.a during "hese s"$ud1es, are tabula'ied in !fable a. If a 

host proTed auaoeptible after completing Kocka Poetula1•s with 

the iiolae, pathogenio1t7 teats were repeated on 1ettue• to 

ensure that a similar strain of -the f't1ngus was causing infec-tion. 

Isolates from crops other than lettuc& were inoculated on to 

letiuoe usi11g a oiailar method to 1bat described above. 

USULTS 

!he reBU.lts are tabulated in Tablea 5 and 4. 

LuPinus •PP• were only "infected" withs. bo;tqoswa when the 

plan't wae wounded. lleoause leaions failed to enlarg•, it was 

oonsideNd 'thats. botuo8Wll wa.e pre••nt as a sa.prop!JT'e on the 
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responsible for a large po.rt of this tronperature variation. 

Previous auth.ors have not made deta.ile.d studies of the 

. e:nvil"O:i:mtental condttions vmioh :ravour growth and develo:pmen-t o:f 

m1baequ0n1 phases o:f the hos·t pa.rasi te relationship. 

Due to ~he differences discussed above it appears doubtful 

that all iaolatoa of s,. botrzosu:m :from lettuce. in particular 

Pa.dbi,1. & Srqder' s ( 1 Q54) s. bo osum f. laotueum, are identical 

to isolates from lettuce iu New Zea.land. It would therefore 

be unwise to designate the fom pathogenic to lettuce in New 

Zeal.and with a similar epithet to that used by Padhi & Snyder. 

It is the present authors considered opinion that the 

existing genetic~l 1mderstar1ding of the genera Stemphylium and 

Pl.eospora is insufficient to enable forms or rcu"ieties o:f the 

speoie3 in question to be defined with accurac7. 

While cultures clarived :from single sporeu have been used 

throughout this study the reauJ .. ting colonies are not neoeesar117 

composed of the one gen@iype because commonly more than one cell 

of the apore may produce a gera tu.be and myaelium. No 

inf'orma:tion is available on the mu.tatton. rate o:f this species, 

although visible mn.tant ~orms were often observed on arti:fioial 

media. 

It is considered that a detailed s'tudy of the genetics of 

this species in relation to its host range and an assessment of 
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"lhe varia;~on whicm flJ&7 be expected due to the com'bina:tion or 

eegreptioa ot dif:taren-t geno'iypea~ (or mut9-IltsJ ~··; ~ is r.quired. 

!he stability of the forms :5hm'1ing host specificity oould thign 

be aaoertrdned and specialisation indicated in the nom.eno1ature 

of the patbogan if it was considered to be a otable en~ity 

wi -cbin ·the a_peoies. 
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pla.ced on a iO mm. filter paper lining the bot-tom of a ·sterile 

petri dish. B7 means o:f a. sterile 1 ml. pippette a small amount 

o~ molten P. D. A .. was run along the slide. !bis spread out 

evenly over the surface of the slide forming a uniform layer of 

agar suitabl.e for microscopic observation. finally, using a 

25 ml. pippette sufficient s~eril.e distilled water was added to 

the dish to ea-tu.rate the filter paper beneath the slide. Ueually 

2 - 5 ml. of water were required. Doran (1919) considered that 

when studying any one physiological agent, other conditions should 

be as near their optimum as possible to prevent them from 

becoming limiting factors. For this reason the filter paper was 

at all times kept saturated to maintain 10(),£ R. H. within the 

dish. At temperatures above 25°c it was f~nnd necessar., to add 

distilled water every Z4 hours to compensate for less from the 

petri dish. 

Slides prepared as described and placed inside a sterile 

petri dish were incubated a't the required temperature for one hour 

prior to inoeu.la1ion wi~h a spore suspension, to enable their 

-tempera-ture to reaoh an equilibrilllll with -vhat of the incubator. 

Spore suspensions were prepared by adding about 10 ml. of 

iterile distilled water to approximately six petri dish cultures, 

scraping off the aerial D17celilllll with a sterile scalpel and adding 

this to a 250 ml. flask containing a dozen small glass beads. 

After shaking vigorously :for a few minutes the m;roelium. suspension 

was :filtered through two layers of.oheese cloth. The f'il-;rate, 

a spore suspension, was uaed immediately, or if more than a few 

minutes was to Slapse a:N;c,r prepal"8'ti01t e,f the s-tttJpens'ion the 
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IL LUST RATION 14 
GERMINATII'' "T IOt OF )NIDIA 
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iL.LUSTRATIONS 15 & 16. 

GROWTH OF YOUNG HYPHAE 

FROM GERMINATED CONIDIA 

28°C observed after 10 hours 

15a} 15b and 15hours incubation: 

16 34°C observed after 11 hours 

and '1 6 hours incubation: 

on PD.A., relative humidity :OO°lo 

c.lrc:1'N 1n :3s rnaJcz with the 
aid of carn?r a 1uc .da. 

I 
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ILLUSTRATION 18 HOST PENETRATION 

I direct penetration . 

Il typical stomata! penetration. 

ill stomata! penetration 
occurring from 
hypha. 

0 50~ 
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THE EFFECT OF TEMPERATURE 
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temperatur<2 ° F 



" as 

D 

f 2 0 t 

1 ) 

0 1 

"QO li 

or 1 t 

- 135 -

&t Alli 

1 e ON 

t1 

mpl 

f 

1 

) 

1 

tlf 0 

~or nttnue 

ulLl~~~- gei1Sll1tlation 

• n • 

1 

er 

• 

uu 
'nr1ilttt-SDC>a1110 

, 

oU o1 (1 41) nsid r l h"t -t-o b 

e4 .. 



- -



-157-

) UW•'-""'""L~!Q. 

\ __ .,lifilt'J.L;A.!i'!IBl'Hil1[~ 

once 



- 138 -



- 139 -

) 



- 140 -

i 



- 141 -

suspension. ihus the nor.tna.l period for incubation at temperatures 

between 40° - 60°~ was approrlmateq 68 hours. Jlore critical 

trials revealed that the period of incubation in some eases 

was as Ehori as 32 hours.. At 70°¥ complete expression of 

symptoms occurred about 24 hours later than at 80°1, while 

ihe incubation period lasted for approximately five days when 
0 plants were held at 80 !. 

Soft plants or young leaves on plants were usuall7 the 

first to show symptoms, especially if 'the local inocu.lum load 

was high. Shortest incubation times were from soft leaves 

where heav., local inoculum rates occurred. 

(b) The Effect of Temperature on Size of ~esion~ 

( i) Preliminary Experiments 

These experiments indicated that so0 p was above the 

normal growth range for the fungus, and 50°P was not sutficientl7 

low to approach the other extreme of growth. Observations were 

made on the effect of 80°7 ~--tment on developing lesions and 

these are recorded in Table 13 • 

( 11¾ ) :Experiments to determine the optimum temperature 

for growth. 

The size ot lesions recorded from plants subjected 

to temperatures from 40°F - 70°7 during the incubation period 
. 14 

are presented in Appendix VIII and summarised in Table/and 

Figure ii: .. It is apparent thai the temperatures between 

10°7 - 60°~ favoured the development of larger lesions than the 
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FIGURE X RELATION OF TEMPERATURE 
TO LENGTH OF INCUBATION 
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suooesaful.; if' it were not expression would not have oocurretl 

at the tavourab1e t&lllperatu.rea. These temperattu.-es aoted 

af-ter wcoeestul intection was known to h:1;.ve oeeu.rred and -tbua 

a:ff'ec-ted the host-parasite re1!l.tionship during incubation. 

ft• looal inoculua load appeared to influence the le~b 

or ~e inouba.Uon period. Those leavea with high nwabera ot 

leeions record•d in Appendix IX were usually ~ho firs, to 

express syapw1318. Hicroecopic exaaina.tion ?'0'9'-.l.ed the 

higher 1nooulum loan on thit1 t,y .P$ of lMaf., 
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fhia was lqter confi11Dd by letting two seed ~rays con~aining 

32 diseased plMta, beeome very dry. (Another :pair were kepi. 

moie"t -tor tbie period.) Su1·t101eni water was applied to allow 

these pl8.nta, whiob all ~dl ted 6anng the day, to recover during 

night. !fheae pl:mta flre he1cl at 'tempe"tures favourable for 

manif'e~JtaUon in 'the gla.esbow,e. After ten dqs ot this 'treataent 

the sppwms expressed by the planie wbiob were allowed to wilt 

were n.oUoeabl.7 more severe than symp"tome ex.presae4 by ihe other 

group. 
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and in Appendix XI. 
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dispersal of spores appea.re to ba applicable to the conidia 

pfoduced bys, JN:lrrzosum on lettuce, where t.he conditions 

which favour spore libera~ion and dispersal are such tbt 

c~nidia are given a !air chance of continued develo,P211ent should 

the7 reach a suitable host plan-t. 
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individual capillary tubes was inv:estigated. Capillary 

~bes were prepared by drawing out¼" glass tubing over a 

bunaen burner. When cool these tu~es were filled with P. D. A •• 

using a vacuum pump, and plugged with cotton wool. 24 tubes 

were inserted into artificial:1.1' inoculated soil at depths of 

from 0:5 - 10.0 o.m. A similar set o~ tubes were inserted 

a~ varying depths into the soil sample from the Otaki property. 

Both soil samples were held in deep traye on the glasshouse 

bench. The capillary tu.bes were broken immediatel.7 before 

insertion into the soil to ensure that the P. D. A. was 

sterile. 

On every second day for one week, eight tubes were 

removed from the soil. ?he 1ips of these tubes were broken 

off and placed on Prune Agar. As fungi grew ou-t from the 

tubes hyphal tips were removed and transfer,red to P. D. A. 

for subsequent growth and identification. 

{vi) Hyphal IsolatioilTecbniaues 

1. From Soil Particles: 

Warcup (1955) developed this ~eohnique after 

observing that tungal byphae remain in assooia~ion 

with the larger soil particles after shaking a 

soil and water suspension together and removing 

the f'iner suspended material. Using a binoaalar 

microeeope and 90X magnification, soil particles 

were broken apart and byphae removed using a 

mounted needle and forceps with a very finely 

ground point. These hyphae were plated on to 
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prune agar until growth commenced. Hyphal tips 

of colonies considered to be similar to 

s. botrzosum were removed and plated on to P.D .. A. 

for subsequent growth and identification. 

Artificially inoculated soil was used. 

2. From organic matter: 

This was a modification of Warcup• s metho.d. It 

was observed that muoh of the organio material was 

lost when the suspended material was poured off 

.from the larg;,,,r soil particles,. The organic 

ma'terial was removed from the soil by shaking the 

soil with water and removing the material which 

:floated to the surface. This ma-terial, af-ter 

several washes in sterile water, was examined in 

a similar way to the soil particles described above. 

Both artificially inoculated soil and soil from 

the Otaki property sample were used. 

(vii) Isolation of Spores from Soil Samples from the Field: 

The method described by Ledingham and Chim (1955) was 

used to determine if the soils causing infection when dusted 

on to lettuce plants contained appreciable numbers of spores 

of the Stempb;Ylium type. A thiok paste of the air-dcy soil 

was prepared using a mineral oil of medium viscosity. This 

was shaken with water until an emulsion formed and then stood 

aside for several minutes. The larger spores present in 

the soil separated out with the oil ae it rose to the top of 

the test :tubes. Samples were pippetted on to Alides and 

microscopioally examined for spores of the Stemphylium type. 
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Table 16 

Date So 
Collect 

1 

2 

2 

4 

5 

6 ,, 
8 
Q 

10 

11 
1:! 

0 

(-) 
0 

2 

(-) 

0 

I<~> 
0 

0 

- H30 -

Infection Re•l Ung WheD Xa:turally tnreote4 Soil 
Was Dust-ed on to r..ea.vas of Heal tb7 I,ettttce Plants •. 

0 0 0 0 1 0 

0 (-) 0 1 1 0 0 2 3 0 

0 0 0 0 2-, 0 0 .. 2 3 0 0 

1 0 0 0 2 0 0 0 0 0 0 

0 0 0 2 0 1 Q 0 5 0 0 

.(-} 0 (-) (-) 0 .o I o 0 1 1 0 

0 (-) 0 1(-) 1 o 1 
0 'X 0 0 0 .., 

1 0 0 z 1 0 0 1 1 0 0 

0 0 • 0 1 0 0 0 
,,. 

0 0 -
0 0 0 (-) (- 0 0 3 () 0 1 
0 0 0 0 0 0 1 0 1 

0 0 7 9 1 0 12 14 1 

* Plarrt missing. 
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culturing ~o produce oonidia demon~trated that this fungus was 

morphologically similar . to the let·tuce isolates in every way ... 

It would also reinfect either lettuce OJ! s. n1&;;9!! plants. 

This obs~rvation led to a thorough examination ot weeds 

occurring on the headlands, as a separate project from the field 

surveys .. 

(iii) Headland Weeds: 

s. J>otrzo~ was isolated from lesions occurring on the 

weeds indicated in Table.20 which were found growing on 

headlands during January 1v61 and April 1~61 ... 

fable 20 

Host: 

anu.m nodifiorum Jaco 
Black l'lightshades 

Polzgonwa Rersioaria L 
(Ladyte thumb) " 

s L 

Pathogenie 
to Lettuce: 

Yes 

No 

No 

osnm Isolated from 
s 

Pa:\bogenic 
to RoB-t::_:-~ 

Yes 

Isolate 
No. 

lJ7)) 

U83 

U92 
U95 
U94 

U89 

U84 

During January, isola~es of S. botrzoBUlll were only obtained 

from s,.. nigrµm. Lesions were yre~ent on the older leaves olose 

to the ground ~d were small and .zonate, often without c'en:tres ... 

During April, s. bot zosum was recorded from two other weeds but 
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aboTe the peri~heoia. Jlaaae• ot spores merely eril"'1de4 from 

'lhe oatiola of -;he peri"hecia and reaa1ne4 'bound together in a 

mucilagenoua material, forming round shiny bl•ok balls on the 

tip of the neoks ot 'the per1theo1a. (See illustration 22·). 
or 

!heee disin1egra.~ed if they were allowed ~o drj out/when they 

were splashed with simu.la.~ed rain. 

All euspensions of aeoospores obtained from isolates fro• 

lettuce were pathogenic to lettuce. 

oultuns derive~ f'ro~ single &@coaporea a1so produced ty~ioa.l 

lesiO!ls on lettuoe plants. 

Peritheoia held at laboratory teapera~ea or at a,0o 
for periods of up to f'i Te mo:r.ths contained viable a.acosporaa, 

pi--ov1ding no deeiooa~ion or the colouiee b~d occurred. I~ 

~he cal~ became dehydrated, peri~heo1a collapsed and ascosporee 

were not viable~ or in lDaJl7 o~ses present. 



ILLUSTRATION 21 

infection due to aerial disper■al of conidia 
from smal 1 er 1 eaf. 

ILLUSTRATION 22 DISCHARGE OF ASCOS PORES 
FROM PERITHECIUM 

~ ::,.-"-\ ___ ascospores in mucila~e~ous matrix 
r-<-,-~: •. ,; ',, , 

nedc of peri theeium ofte; split s 

Mature Peritheoium. 1mm. 
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Seedlings, and plants wiih their lower six leaves st the 

'MA.ture' stage, were i:noou.la.1ed with the conidia of~• 

Beoa\18e emall differences ware noi impGrtan-t this experiment 

wa.s not treated b3 s-tatistical twi\'tho4s .. The aarieties were 

allocated oode numbers and tile boxes arrnn,ge4 at ra.ndom. It 

was cone!der!td that if any winter var1e1;J' of-lettuce was 

resis1a:a:t w ~ to ?..n extent likely ~o be of value to 

growers, the resistance would be demonstrated on the seedlinge 

in the pa.ire of 'tr,qe of each variety or or.. ~e eight~en p1ants 

j_noeulated wi 'th con1di.a. 

During 'ibese investigs.'lione the :tollowin~ v~rl eit-ias ei­

l•tttte-1 ~re- te~ted f'er ~':t!le~ptibility to ~. bo~ 

1 .. Great Lakes (ex Perry Morse) 

2. Ya.iesdale {ex Tates) 

3. Imperial 615 (ex Yates) 

4. lllperial 84'1 (ex Ya.tee) 

5. Nea.poli'tan (ex Yates) 

& .. ~lack Sae4ed Triuaph (ex Coopers) 

in th& districts eu:rveyed. Blt.ick Seeded 'lriuwph and Imperial 

~15 aecounta4 for the 11ajority- of winter let1ru.ee varieties 

encountered during field mll"Yeys except for one grower who was 

trying a new Wiater Gr94t Lak~& va.riat7. 
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et Iso atss 

Isolf¼tes from lettuce., uaed to inooula'le lettuce plants 

did not oonaietently show '\hat any one isolQte was more pathogenic 

than others. fllree experi•en~s were carried out on groups of 

tour plants bu't variatione whi~h. oeourred between these 

experiments exoeede4 'the variation between isolates. The.refen 

during the psthogenici~7 end 41e•ase oyc1e studies 11 was 

aoneidered sufficient i~ one isolate only w,:1s uee4, and when 

its abi11t,y to sporu1a.te diminished it was replaced w1.th anothe.r 

any one serles o.f exper.1.ir..ents 'Che same isolate •~!! ~!~!! used 

tn'en thoa,sh it 111RA neeegs"l!'Y Bt 't!!!ea to induce SPo:rulation with 

ultra-violet light. 
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CHAP'.?ER IV ER.lPmTIC OOffliOL OY 
LEAP SPOf OY LHTOCE. 

Growers rlait•d iuring the field earTe70 considered th~t lea~ 

spo't of let'tuce was one or the most dif!icu.lt foliage dia•ases 

the7 bad to control. Kost considered 'tha~ it was impossible to 

oon'trol in the weti weather of a a:l.ld spring. Dippenaar (1939) 
,,. 

howeYer, considered that copper o:qohloride and other eop~r 

based spraye or duets would oon1:rol th.ie leaf apo1 disease. 

UDrortlmately these ■ateriala leav• an esighil.Jr deposit on ~h• 

foliage. Today there are awilable a wide range o~ fungicides 

which may be aui table :for lea! spo't control Whioh do no-t leaYe 

hperimen:ts were oonttucted 1o t•st the 

effi.oaoy of sc,me ot 'these new tungio14es. 

Ma'teriala an4 lie eds. 

A glass slid• aesa,y described b7 Dlarbi.n et al. {1955), was 

used to find an etfec-tive tungicide .. 

Microscope slides lll&a81U"lng 25 x f5 -• were ihorougbl.7 

cleaned in concentrated ohromio acid, washed for an hour in 

running tap water, and 1'1ns1ly rinsed four times in distill•4 

water. !his prooeduN ooafletely eliaated 8?JY' chromic aoid ae 

indioa~•d ,, trial germination counts on slides cleaned in 'tb.i.a 

Pairs of slides were ooated with a aillila:r enn :f'il.Dl o~ 
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Table 24 

Time o~ application 4 hrs 24 hrs 72 b.rsj 16S hrs 
after coating slide 

Bordeaux ? - ? -
Ca.ptan ? ? + ? 

Oopper o:xyohl.oride + - + -
•CoP,t ✓ "MM' ? I - ? ? 

;: 

Dichlon.e ~ - ? 1 ; 
' 

Ialine - + - -
'l!hiraa - - - -
Zineb + ? + + 
Ziraa - ... - -
Control + + + + 

Assessment 

Some control 
Doub"tful 
Some oontrol 
Some c ontrol. 
Some control. 
Good control 
Very good control 
No control 
Very good control 
No eon"trol 

Ncte. Control of spore germination obtained, expressed:­
(+) More than 101, of spores germinated. 
(-) Less than 1oi of spores germinated. 
? Variable Reaul1s .. 

tenacity Tests I No St _f!ker Te1Jae - . 1
T.i m• 

tlndipped 
I 

di_ 1 ·: .. ditroed ditroed Undipped dinned 
Bordeaux - - - - - -
Captan - + - - - -
Copper oqohloride - + - - + + I Thiram. - - I - - - -
Ziram - - - - + -
Control I + + + +. + + 

.Notes& Bordeaux.was efteo-tive·with or without stiokera .. 
Ca:ptaa;, tenacity improved with sticker, Oopper O;x;y:chloride 
improved with Tenac, impaired by Casiell/Lime .. 
Thiram effective with or without sticker, as was ziram 
except it was not compatible with oasien/.l.ime sticker. 

I 
I 
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!he f'wJ,gieides applied "to gl&ss eliclea 414 BO't appear "o 

lose their efficaoy af-t•r l.lP to 7 days expostu-e on the lg,boratOrJ' 

beneh. 

{b) Tenaoi:t;f Studies: 

Copper o.x;rclilorid1t an! capto wan ttoth re'ldil:' removed 

from the g1-,111~ 1t1i~e" during the -.,,..itt'hi!'tg prooedun. 

111i.PJ:8V84 the tenacity of these depoaits. 

fenac 

Results suggested th~t the casien/11me 9tieker ma7 reduce 

'the efficacy o'L eopput' o:s;rc.b1or!<le and siram.. Wa.ehing the 

slides trea.te4 with ziram plus ca.sian/lime sticker• improved 

the contro1 of spore germine;tion preSUJlla bly due to the remoftl 

ot the i;1J k~l!ne portion of the sticker. Washin.r; did. not 

improve the action of copper oxyehloride - oas1en/liwe combin­

ation. The caeien/lime stick$'r was not compatible with 

pb,Tgon or captan and was not triad in combination with these 

ma.teriale .. 

Re19Ults of this s.nd pre'Yious exparlll8Jlts indioa:ted that 

eepper f>xyehlorlde + Tanac sticker. "'hira:m, borifJSt'lX, ziraaa, 

peygon and eaptan excluding combina:tions with Olllsien/111:te 

sticker .;ave promising control c-.r ~pore ge:minatia. 

Results a.re reoo~ded in Appendix xv an4 stUmaarised below 

in Table 25 • 001,per o:.r;7ohloride, thiram and oaptan, all. 

applied with Tenao 1:800 controlled the development of leaf 



I 

I 
I 

- 239 -

spot on the arlifioially inoculated lettuce plants in the glass 

house. The zineb treatment did not differ from the untreated 

control at 'the 1i level of· prpbal>il.itUl • 
1F.e 

However, atA5% level 

g inteution, zineb was significantly superior to the control, 

but inferior to the other three materials which gave effective 

control under glasshouse conditions. 

fable 25 Summarv ef Results: Glasshouse Con'trol Eroerimeat:; 

Materials* I Mean Number of I Result+ 
. 1Lesio!1e per plot p=:.V:> p=.01 

Captor~ 3 lb/100 gal. 42.5 C 11 
Ooppero:xychloride 5 lb(100 gal. 2'1 .. 3 C B 
!tiraa t lb/100 gal. 40 .. '1 C :B 

Zineb ! l'b/100 gal .. 212.0 b A 

Control St.erile Viater 507.2 .a A 

* all plus 1fenao) · (Shell Co~ Sticker) 1 :800 
+ Treatments with same letter do not differ signi~oa.ntly. 

Those wi1h different letters diff'er signifiee.xrtJ.y. (Analyses 
i'kutoe.ne (1953) Ynlti-ple R~ge ~eat.) 

I 
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of the loss of spring lettuce in this districi dtte ~o suspected 

lettuce mosaie rlrus and brown blight. 

Conclusions 

Tbiram 8~ w .. p .. a;t the rate of ~ lba/100 gals, oa.ptan 5°" 

w.p~ at 3 lb/100 gale and ziram at 2 lb~/100 gal.a when applied 

to glass slides prevented the germination of eonid1e. of 

&• .. botr:oaum.. 'Tenac' sticker 1mporved the tena.eity o~ 

oopper oxychloride and oapian on the glass elides. Copper 

oxyehloride, thiram and oaptan, all with ''l'enao• sticker gave 

sa;t1a~71' oontro1 of leaf spot in the glasshouse experime:n1. 

Zineo ga:7~ inferior control of spore germination. 

Sumwa:ry. 

A range o:f fungicides were e·11aluated for the eon-trol o'! 

germination of s. botrzosum oonidia,., 1-iaing a glass slide 

tecbttique. These experiments were followed DJ a test of a 

selected group of the fungicides on lettuce in the glasshouse. 

It is believed that the techniques used for laboratory 

eva.luatioll of the fwlg1o1des gave a good indioa'tion of whioh 

fangieidee were ef~ee~ive. It would be desirable to improve 

the method used for ooating the slides wi~h the fungicides, 

since it is consiaered some of the doubt:tul. re'&U.l.ts were due 

t0 un~ven rates 0£ applications of the fungicides to the slides. 

Copper oxycbloride, thiram, oaptan and ziram at norm.al 

commercial rates appeared to control snore ~e:rmina~io» and 

resulting infection. Zineb was not ef~•ctiTe. 
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IV 



1 



129 

1 



Pl.ant 1 2 5 4 

Leaf 1 117 4 B 0 

2 8 8 6 7 

3 4 2 13 0 

4 2 4 3 3 

5 79 25 6 0 

Plant · 
Total. 210 43 30 10 

- . 

Leaf 1 28 5& 32 109 

2 5 17 72 100 

3 32 14 8'1 144 

4 39 141 5 e 
5 7 55 15 0 

l?lant 
Total .. 111 283 211 359 

Results: 'it1'L ,. .. 

APPENDIX 
PART II 

VII ... 

Dark treatment following Inoculation 

5 6 7 8 9 10 11 12 

5 2 14 0 14 3 45 20 

23 2 0 2 2 2 5 3 

71 · 1 67 34 7 4 7 10 

19 49 0 5 3 10 0 3 

25 35 4 13 4 10 0 0 
.. 

143 SQ 85 54 30 29 57 36 

Light treatment following Inooulation 

1~ ~ 142 '1~ - 8 93 20 13 

54 104 161 59 30 .10 5 86 

138 141 19 7t " 4 47 9 154 

2 190 28 145 '18 4 ,, 90 

21 0 47 60 ~2 38 80 2 ' 
-

234 •44 39? rtttt 152 192 121 345 

. 

13 14 15 16 

4 3 16 2 

35 35 0 3 

7 26 1 3 

0 4 4 16 

101 4 6 4 

147 72 27 28 

6 2 105 38 

14 96 19 71 

150 35 127 91 
4~ 124 17 106 

0 .7:3 16 32 

213 330 284 338 

Treatment Averae;es: Dark treatment following Inoculation 68.1 + 37 . 9 
1 

Light ff " " 2'16 .7 + 26 . 1 -
Result of T test Differences between treatments significant a.t p ::::1 O. 01 

T 

' . 

·-·· 

1090 

' ' 
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-
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