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1. 

I !l T u O D U C T I O N. 

Tl-;.e f~ Alterrm'ia (Mooroaporiuo) oolnni is associated \11th n foliage 

disease of pot.: toe3 arrl tax.tooo t hrooghrut too \?Ol"ld. A1thaugb there 

are often aevoral pMSCS of atto.e: : OU tbeao bootU by too fuq;us e .g . tubGr 

damege in too potato ru-n ooodJ.iru loss with ta!ntoes, tl)e disaaoo has been 

Da03d on tho OOsis oi' the foliage ~ vtd.cll are obaraotoristio . TrJo 

names are oa:zrx>l'.Q.,y used (l) Target Spot, 

(2) ·1-Y nlie,bt, 

and of t.be we, 'Target Spot• io the mro doooriptive sinco tol.iego leaions 

are circular to irregular dark brorm o.rea.s with a vorg ebaracteristic 

zonation ef£Get c:llo to serie ~ mre or less -oonaentric rit{ts :ttdn the 

lesion. 

Ear}¥ i rivomigr:itors studied too diso:•oos or tbe rospectivo hosta frCXl n 

practical plant ~tbol~ standpoint, coa,erned, 1n the nein, vi th ~ 

too Disease Cycle am tOl'lillla~ nutbods ot control. 

A ru 1ber <1 iniependont. studies or the d.isease(s) consed by A. solan1 on 

pototoea and tcnotooo 8fl0'1G<l tmt the causal ~ a G&tretmq variable 

in pbenotypa an1 geno\VPE). Thi.G inberent variability- has o.ddod to the 

coof'usion an:t cmplad.tq surr~ the tml0Ill:!.Tl9' and mlaturo or the 

ftwf,rus tbztoogh t4o yoGl"lh An additioml. SOlt"CO of CO'J\)lication '71th ~ 

to taxorney' nm ntEJemlature 

the g ws ~Al~:tere!m!~ 

~C the .t\aqJ\ls in the ROBW !!e'J~~! tho m.ten.oter 

,Vaf.lA&'Q 1n 19-')• pl.Mo ace~ to nn:s.Gftl "V"IIR'l!R:I, as pm tanBld tu 

• 

, -

, 
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Uore p.?-rticularly in the U . s .A. and Au..--trtlia fl.J.terncr-ia eoleni seems capable at 

'causing' widespread epiph_vtotics of t-Earzy Blight' of potatoes, which result in 

heavy lo5s. In addition, ti1e sovoral phases of 2tt.a.ck, by the f ·~s, on tooetoes 

have proved very cost.1¥ <Her the ;yea:s due to seedl.ir'.g loss and reduction in fruit 

yield. In M.Z. in l9'Z/ •Ear4' Blight' was regarded as om of the I!¥)6t serious 

of potato diseases. latterly, however , the disease seems of no mtione.l importarx:e 

although in locelized areas it can cause heavy and often unsuspected loss e .g. the 

observation that 'Late Blight' resistant pot~to varieties Rua and Tahi in a recent 

season in the Yana,ratu were heavil,y affected with 'Early Blight' in later stage a or 

growth - sufficient to cause local growere to doubt the claimed resistame to 

'Late Blight' ! 

The consistent prev:ilenee of leaf spotting and Earl.¥ Blight on potatoes and 

tana.toes in the Uanawatu area (of the N • .Is ., N.Z. . ) over several seasons together 

with tl.e apparent absence of r ecords of a canprehensive stuey of tbis disease 

in N.Z . has led to tl,i s stuey-. 

At the outset a straightforward study of the disease in the field and in the 

glasshouse was envisaged . This them md to be considerably tOOdified however 

because regul-:i r inspection of a representative 8 - 10 crops in the Manavrc1tu 

showed that the incidence of 'Ear4' Blight' on potatoes am tanatoes was extreme4' 

low in the two seasons covered by t ic duration of the work . 

As a result the emphasis was shifted and the a:i.Jm of this study became : 

(1) To make a stuey or the chnracteristics of the disease under glasshouse 

conditions • 

( 2) To canpe.re isolates of the f'ungus fran three solanacerus hosts namely, 

Potato, Tanato and Black nightshade 'Ji th rererence to morphology, 

physiology am pathogenicity and t o gauge the extent cL variability 

between 'strains• am its ~nee in taxonc:m;y. 
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teric1s ani met!mdo spQOif'io to particulor p. rts of. tllis ~ are 

desoriued in detail in their rospeetiw ooctions. llatc1~ nnd mthods 

ap_ lloaalo to several sections or tb0 wo1'k aro, bollrovor, rutlLnod 1~. 

in tho LABOHATOiiT. 

( ~) ) Pl~ ~ UAT IOI'! Qi' )ml>I/1 • 

The detailed pro{m'ations of all a:;dia are desoriood in Apponclix I. Ol:oS.d 

potato~ agar {P .D.A. ) ws used far all OOlUll cul~ '101'k . This 

IOOdium was preixa-oo in 2 - 4 litre quQntities aa required, am star art.er 

autoolavi~ in partly filled 250 ml. flasks stopped with cot.too vool plug • 

( b ) IiJOOUUiTION CF i£DIA. 

Ioooulum discs 5 cm in ~tar, out vith a steril.0 oork 't)(rer fraa the 

edge c1 an activo'.cy grO\'Ji~ ColOt\V on P . O.A. ver0 uoed in a.l.l expe1.""i.r:ental \101'k:. 

The inooulum diSCJ s al.vroys placed J%\YO l.i.um-sido dom:i on the mdia te~ 

inocuJ.:;ted. l'be diamtor of tho inocu1llm disc i . • 5 nm. subt.rocted frCJn 

the masured ~ter <1 all colonies reoardod. 

(e) MEt.SUJ£MEr'11' Qi' G..:Ulffl1 BAT!:; or-1 A!:tl'!FICIAL MEDIA. 

ark ~ Bromato aDi ~ (1.953) 1nlicatea tbst coloqy di.oa)ter 1s a 

lid masure of too ett s ~ envircnoontal t tars such aa mdium constituents, 

pH, and tomporature . Tbrougbcut this stw,\v ~Pi'.\- colat\Y d:1.amters 

per tr , 2 CD,fjmn,eru at J'ight ~-

wwe recorded tor h eo&i°'lY' sul:t.e a1Dress• as on mrel1"nc!'A. 

growth Pl'(Jt'ed to be et cooatant and -- nta rec ot coloX\V' cWl.mD't.cs 

re made aoli1 ODCe, ~ 8 days aftel- inoculut • 
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( d) INOUCTI ·• CF .:iPOWJ./.TIQrJ JUID P itSPMU'l' I Cl7 ItK.CIJw~ . 

l>Pollfic sparul.ation r£ Altarmria sa1ani oo artificial. mdia is 

notoriwsJ.¥ difficult to obtain aoo a wide varioty of differont n»tJ~ 

invalvi~ various mdi.a, treatmrits with ultra Violot light and coo,binatio 

or light aoo high wmidi\v, appear in tht.3 litareturo. 

The tael..niquo usod in tl'lis at~ is an adaptation or a method described 

in l9G2 tu Ludwig, tlichardson ar.d Unw1n. The surface of a;,px·CSICil:mtely 

2 week old cultures or the i'wl,,us grorling on labcrator-J P.D.A., in petri dishes, 

•a ser"ped vi.th the end of a clean glas~ slide so tmt all the aerial 

r.ueel.iu:n s rea:nred. The plc-. tes were then tlQshed with lids removed• in 

runni tap tor fc:r 24 hours. To prevent tha agar fl.QQting n~ the 

pl~t os were covered withe tbin nuslin cloth. Following ssbi~ the 

plates were ata.cl~d in a..'1 irnrertod, slontod ?()Sition. The method or stac~ 

ensared t bot conditionD ar high lunidi cy 6bt;:>.l.ood t1t the eurfnee of all 

col onies . 

Thi s rJ10thod provided boavy and co..mstorrt:.4' rella.2..e crops of couidia 

tra:n all isolatua within i.i}3 hJ.Jra <:£. stao~. 

Spore suape ions usod in all. inocniwtion wri-: t10r0 obtn.iood c_µick1¥ 

alld easi~. 

A fina jot of distilloo water fran o plastic 'wsh ' bottle w.o directed 

onto tho aurfaco of tho sporult;tj_qJ eolony until there Wl'8 abc:ut 7-8 ml.of 

water in the petri dish. A trace ot T CL s added to improve wt.ting end 

a smooth glasa rod N t ced over the coloqy surface to i\u'tbor improve the 

rolea or cooidia into the tor. The cement.rated spare auspoooion 

po.ired int.o ~ oylln::ler to dote,mtne t vol.Ume Md than 

aetuc: l. ooroentmt, on TSoS DJ3e.surcd with the aid or Noubauer baO!IIOCytomater. 

Desired aonoentrationD wre obtained l:11 add~ tbo required voluims or 

distilled •tar. 



5. 
( e) EXAMI.Ni-TION CF DL'.lEASED MATElUAL AND ISWTION CF FUIOI FROll LESIONS. 

Lesions f :rcm diseased I1Bterial were placed on 2 glass slides in a petri 

dish containing a ooist filter paper . The petri dishes vere l eft on the 

laboratory ooooh . It' the fungus was viable within the lesion 24- 36 hours 

ns suff icient tine for production of conidia . 

Conidia were. identified by microscopic exa.rnioction cft-ict t hen single spore 

isolations were nad.e to laboratocy P .D. A. slopes prepnr"tory to subsequent 

culturing. 

Since too conidia of' Alternaria solani are comparativel.3 large and 

r eadi~ discernible Yi.th a binocular mioroacope the technique used for 

isolation and identification was both simpl.e and rapid . 

The min contaminates f ouni on natural]¥ infected mterial were species 

af' stempbylium and Alternaria tenuis . These were rea.di.q distinguishable and 

caused no coreern in making single spore transfers or t he conidia of Alternaria 

solani . 
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( a ) son. uu:ru .:iES • 

S&nd, loam arxi peat were used, in conjunction with chemical fertilizers and 

dried blood, to make up 2 different soil mmures. 

( i) Seedbax: soil llixture 2 Loam : 1 Peat : l Sand plus ¾ oo lime per bushel 

of soil mixture and lf30Z superphosphate per· 1:xJ.3h0l . 

(ii) Prickim out soil Mixture 7 Loam: .3 Peat: 2 Sand plus 4 oz per bushel 

of a basic fertilizer mix containing the following ingredients:-

1 part• by weight, Potas.sium sulphate; 2 pm-ts dried blood; 2 parts 

superpl,ospbate 1 oz per buahel of lime . 

The peat and loam were partially sterilized before use. A thin layer af the 

peat and/ or loam was spread on a concrete floor, dampened slightly, and covered 

rl t h a pol y t hei1e sheet which was SDcurel y held in position, around the edges, with 

heavy Yeights . Methyl bromide gas was t h Ell r eleased. un:ier t he sheeting wl.iiah was 

left in pl:, ce for 24 hours. Experience s howed that a 1 l b . tin of Methyl bromide 

prevented subsequent growth of all weed seeds in apprCJltimate~ a cubic yard of 

peat ar loam spread out in a thin layer . Arter treatment with Methyl bromide 

the peat and loam nra stored in separate bins am used as required . The sand 

used was deep river sand and heme did not need Deth¥l branide treatment to kill 

,reed seeds . 

(b) PRODUCTION CF PLAlll'S. 

Seeds of all plant species axcept potato nre sown in SIJBll seed bax:es 

( 18"x12''xJt•) . When the eedlings were suff icentq advanced they were pricked 

rut into pots. J.n most eases there was 1 plant per pot wt with plants such 

as Zinnia, Carrat. Ageratum and Godetia, used in boat-range studies. 3 seedlings 

were pricked out into each pot . 

Potato pl.Bnts were rai ed by p1anting seed potatoes in pots contai~ 

pricking out mix. 

Ylbere 1.t ns warr nted• especial.ly Yi.th tomatoes and b.1.ack nightshade 

plants , staking and tying or the plants wa carried oo.t . Thie prQduced a 
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better pl.ant and greatly facilitated movement of the pots plus plants 

together with econo:ni.zing on bench space . 

v'latering of pl.ants was ca::.·Tied out night and morni~ during the 3l1Illller 

months ( November to mid March . ) since the tanato and black nightshade plants 

especial.4' ,rere prone to wilting . .ll.iring coal.er weather however the pl.ants 

needed watering only f!'lery 2 - 3 days. 

Maximum temperatures record<ed in the glasshouse during hot weather were 

about 95°F rut only far short periods. ~ing the winter months an average 

temperature of apprCDCim:-tely 70°F was :mintained in the glasshruse by means 

of tbermostat·ica.lly controlled beaters placed under the beoobes . 

Sinee pota'i> seed proved diff icult to obtain, in quantity, when required, and 

even mor0 difficult to store in good condition most of the "Disease Cycle" 

studies ,rere carried out with tanato pl.ants. Hence, a constant supply 

of tooa to plants was maintained by sowing seed every 2 - 3 ,reeks and pricking 

out the seedlings into pots. 

( c ) CJNI' rtOL CF P~"'T8. 

Some troubl e was experienced with White Butterfly Caterpillar damage but good 

cootrol was obtained by dusting the plants with 'Derris Dust' • Cbcaaionally 

an aphid popul.ation started to ·build up and this was controlled t," shltting 

the glasshouse down at night arn ls1rn:ing a l'£XA strip inside. Carried out 

at weekly intervals this w-a s an efficient control measure. 

(d) INOCULATION CF PUNI'S . 

Plants were inoculated with spore suspensions sprayed onto the foliage 

in a fine misty spray frm a patent "\'lilUX" sprayer . 

Atter inoculation plants wwe placed in a high humidity chamber 

constructed cut ~ light, clear "Armatbene" sheeting . 



8 . 

d LECTION Al\J'D D£.:,IG.::F TION (}""' IJOLAT~.::> (J.::;£1) IN TL:W SfUDY. 

In April 1962 crops of potntoes and tanatoes and volunteer plants of black 

ni ghtshade , s hc,.ring syaptans t ypical of attack by Alternaria solani , were 

examined a nd single spore i~olatas obtained . 

Tbe isola t ~s were d'::.:Si gnat ed according to: 

(i) Tie host from wllich t hey 116r .; isolated . This vas indicated by usi~ 

2 capit;?l l et tGrs r ep:i:esenting t he botanica l name. Thus an isolate 

from potato (S·Jlanu:n tubcrosum) was desigrn: t ed sr -; from tomato 

(~per:;; icum escul entum) , LE - - - ; from Black nightshade ( Solanum nigrum), 

SN - - -. 

(ii) The date on wbicll t ho i solation was nade . T,1is was i .:1dicated by using 

t he ~ and t oo month . Hence an i solate ma.de on t he 8th . of April 

(iii) 

(4t'1 !!Onth ) becomes sr) 
LE) 84 -
SiJ) 

Tl.le locality «here t he diseased mat erial was obtained . Tllis was indicated 

oy a letter of t ho alphabet . Usually 5 single spore isolations were made 

from eacb diseased specimen . 

Eleven isolates were selected f or study. These were: 

ex ~lack nightshade ex Potato ex Tomato 

An additional isolate -was obtained £ran the Auckland area thrrugh the services 

of Dr .F . J .llorton of Plant Diseases Oivision D.S .&I.R. This isolate was off 

potato and desigmted A4,6. This isolate was i ncorporated into the work part ff¥ 

through the stw,\y and hence it was not used in all studies . 



TIIE DISEASED PUN!' . 
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Dd'RODUCTION. 

The first description of t he leaf spot on potato caused by Alternaria solani 

ns given by Galloway in 1$91. Jones (1$91,1893) extended this work and 

distinguised 'Early Blight~ symptoma and those of Late Blight and tiprurn. 

A major contribution to the understanding of the etiology of the disease was 

made by Bands in 19l7 in a detailed P.nd prolonged study at Wisconsin . 

Eason and Shapovator (1918) were:, the first to demonstrate that the fungus 

caused stem lesions on potato and tanato pl.P.nts as well as the typical leaf 

symptans. In 1925 Folsom and Bonde described a dry rot of potato tubers 

due to attack "tv the fungus and they demonstrated this pathogenic action by 

infection experiments. 

Since the early work there have been many studies an various aspects ar 

Early Blight as it affects potato and tomato crops and on the development of 

suita. ule control rooasures. 

In N.Z. Early might on potntoes waa first recarded by Kirk in 1895 am 

later by McAlpine (1903, l.911) in Australia and N.Z. 

Early .Bli ght occurs t hrooghrut the world where potatoes and tana.toes are 

grown but it only appears to have caused vonsistent aaj ar losses in the U .I.A., 

since tr.e l atter part c£ the 19th. century. In :&lropean countries attack by 

the fungus on potato leaves usual.41' is not of aI\Y' particular significance since 

the attack does not set in until relatively late - in contrast to the ear~ 

attacks in the U.S.A. Indeed, Stapel (1943) in Demark was able to shOIJ that 

even severe attacks on foliage resulted in only a small yield reduction probably 

because the attack did not becane severe until after tuber development was 

nearly complete. 

When an outbreak or EarlJr Blight does occur hOl8VW losses of up to 50% or more 

are common and to be expected. 

• .g. For outbreaks on potatoes in Vlisconsin Bands (1917) estimated losses between 10-25% 

" • n " " Sth.Ahica Wager (19)1.) 11 
" " 8-5°" 

" " " " Germ&I\V' Braun (19.38) " " " 2()-4qC 
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and on tam~ toes in Virginia, tu•cM[mti!n!it' (19Z'/) estim;-Jted losses to te 

II II 11 Denmark, Neergaard (1945) " ti II 

35% 

75% 

Although , in 19Z7, Early Bli.ght was one of the most serious potato foliage 

diseases iu N.Z. it is not reg rded as important now. Similarly, on tomatoes the 

disease bas never as3l1med large scale proportions in N.Z. One of the major reasons 

for this is th'..l t potatoes and tan!Jtoes arc rare!z attacked until very late in their 

growing season. and the marketaole crop is little affected. In addition, the 

regular sprays for late Blight, whero car-· ied out e.g. in the Pukekohe and 

Kanawatu areas, are effective against Alternaria sal.ani. Feddersen (1962), in South 

Australia found that Maneb sprays (2l.b./acre) applied to potatoes after floweri~, 

and contimed at fortnightly intervc:. ls until harvest, gave excellent control. in areas 

where the disease was common. 

Although Alternaria solani is a ca:nparatively weak pathogen in .European countries 

and in N.Z. it reacts differently in the U.S.A. and on t<mitoes, especial.4", it 

initiates sev0ral ph2ses of attack which fallOVi the mturity of the plant start~ 

rlth dampL1g off of seedlings then collar rots, foliage damage and finally fruit 

rotting. Uoore (1942) and Moore et al (1943) in the U.S.A. developed a seed 

treat!llent for tomatoes which contralJ.ed the initial phases of Alternaria solani 

attack fran se8d-uorne inoculum. They frond that prolonged storage ar seedlings 

arrl wilting increased the incidence of attack. This problem seems peculiar to 

parts of the U.S.A. wbera there is a large scale shipping of seedlings fran 

nursery areas to the ccmnercial growing areas. 



( A.) Healthy and 

diseased leaves. 
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( B.) Gradation of symptoms from healthy to severely diseased. 

FIG.1 SYMPTOMS OF EARLY BLIGHT ON POTATO 
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;;,YUPT~ CF EA.HIX BLIGirt ON POT f.TOES A.-JD TOM. TOES I N THE W.N;WATU . 

The disease is prodominantly one af the foliage of plants of both crops from 

wi .. en t hey are naar4' mture until senescence. 

for both pl ants . 

The syq>toms are very similar 

The fungu:; my attack t he leaves, petioles or stems . It is most common on l eaves 

c ausinf; circular to i r1·egular d.s.r :;: broi.:m l 0sion.; v1hich are cha r 2cterized by a series 

of concentr ic ridges which give t £1s so called Target Spot effect. Infection 

US'..ially occur;:; arwnd th8 margins af th;;: lower, older leaves . The lesions spread 

fairly rapidly on the older tissue and the leaves soon beecoe chlorotic and then 

brown a. d brittle . Leaf lesions on younger leav0s srn·ead slowly or else 'tfa3 

become i solated a.n:i die leaving a sinall brown area. . Lesions on the stem and 

petioles may be up to an inch lo~ nnd are dark bro.m and roore or less superficial. 

Fig shows t ypical foliage ~tans on potato. 

Infections of tomato seedlings i n the glasshouse did not produce severe danage 

of the leaves and stems and the majority af plants gre,.v out of the disease which 

was confined to the initial areas of infection. 

Sympto.:ns of Alternaria salani attack on Bl ack nightshade are more or leas 

similar to those on potato and tanato, however, the lesions are generally more 

irregular and lDve a. less prominent ridged or zorate appeararce . Also, the 

lesions ar e not restricted in developnent due to the absence of big veins in the 

leaf in contrast to the l eaves of pot;... to and tanato. 
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ABPECTJ CF THE DIS.&Af>E CYCLE ON TOM•'·1'0E.3 UNIIBR GLASSEOJ~'E CONDII'IOI'6 . 

There are several stages of host- parasite interaction in plants which are 

collectively knmv 1 as t he "Disease Cycle 11 viz : 

Stage 1: Penetration of host tissue am infection . 

Stage 2: An incubation period during which t he pathogen beca:nes esta..>lished 

i n t he ho:;t tissue . 

Stage 3: Appear ance of visible symptoms on the plant indicati~ t he 

'disturbi ng ' presence of t he pr•t hogen . 

Stage 4: Prcxiuction of ne infective particles by t he pathogen to pr wide 

f or secondary spread to fresh host material. 

St· .. ge 5: The patllogen goos i nto an 'overwintering' or r esistant stage, which may 

leave t he ilost , i n order to survi ve adverse conditions . 

Observations were mado, under gl assha.1se conditions , )f some of t he voria .Jles 

wbic: could af f eet st ::,ges of t i,0 Disease Cycle arrl t, ;~ E:3 develoµnent of Early i3light. 

Thr ,xig'..oui t hese studies tooiutous were used as the t est pl~nt because : 

(1) all tha oil1er i nocula tion work indicat ed t hnt potatoes and tcxnatoes 

r eactdd i dentic i:: lly to t he same tre ·· tments, 

(2) 1:omatoeplants were f c.i r easier to r aise arrl gave economies of glas s house 

space, time, mt t er:ii.s and labour . 

Spore suspensions used during this l!ork -.ere mde up with conidia £fan the 

following i solst es : 

SN84A, SN84J), SN2£:4A, ST84,C, sr2~, LE8t+E, lE84G and AJ.+6. It 1'88 hoped to 

cut down any variation due to strain effects (7,1' this method and thus get a more 

uniform idea of t he poss ible behaviour of the fungus in the field frClll glasshouse 

observ tions. 

PENb."'TRJ. TION and I lf'LCTION: 

Several tcmato pJ..::.nts were inoculated with a concentrated spore suspension and p.1t 

i n a high humidity chamber for 24 hours aft er which inoculated leaves were r emoved 

from t he plants • Small sections were cut cnt of the leaves and cl eared by warming 

in 70 per cent et hyl alcohol for l ½ - 2 hours . When clear t he sections ere stained 
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in 0.2% Cotton Blue until the desired contrast ns obtained. The sections wer.a 

mounted in lactopbenol on glass slides am examined under the microscope • 

. dESULT .3: 

The !!Bjority of conidia bad produced germ tubes hich grew out aver tho surface of 

the leaf. Many germ tubes appeared to be indetermina.te in growth and showed no 

sign of penetrating t he leaf. In qu:i.te a nur.iber of cases however the germ tubes 

had ceased growth arxi swollen at the ends to produce a. flat ped or appressorium-like 

structure. In a few cases, ey manipulating t he light intensity &nd focus of the 

microscope it was possible to trace a blue stained fungal thread from the appress­

orium into the cleared host tissue. 

Rands (1917) frund t hat germ tubes of .Alternaria solani penetrated either 

directly through the cuticle crr else through the stOOl3.ta and Angell (1929) observed 

t hat germ tubes of A.P9rri penetrated through the stem t a . In this work however 

penetr~tion wns oriJ¥ se,en to occur directly tlirougt the cuticle but t his was after 

a period of only 24 hoors and it is probable t hat l a t er germinating spores or more 

extensive4' r nm.fying germ tubes T!ll.y have penetrat ed via the stomc"lta. 

Fig 2. gives a semi diac;rtni"llltic picture of sporas gerr.tim.ting on host tissue and 

in sane cases producing th~ appressorium-liko structures ar.:d infection threads. 

DEVELCPMENr OF IfF.ECT ION: 

It was noticeable daring tho initial cross inoculations on the .3 hosts, Potato, 

Tanato and Black nightshade nth the freshly obtained isol.ates that symptoms of 

infection were evident within 48-72 b()lrs i£ t he temperatures er 24 °c or slightl.3 

above aIXi the relative humidity was kept high . Under tllese conditions leaf lesions 

extended r apidly and within a week most inoculated plants re severely diseased and 

dying . Ho.-ever if the plants r e re'IJlOV'ed from t he inoouls tion cabinet where 

conditions were kept opti.Imlm for in:f.'ection and disease development, leaf lesions nre 

slow to develop aIXi in many cases the plants continued active grori.h . 

When i solat es were several months old however up to 5 days elapsed before small 

lesions appeared on ;nooulat,ed plants even though the conditions for infection were 

optimum. 
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This o aervation fShowed tbe inlpol"taooe of •patt~en vigwr' in the dwelo{lUent 

ot the disease. An inoeulum potential aperbPnt. was oan,iJad Cllt to teat the 

effect or iooreasing dos~s of th~ pathogan oo dovol.opmmt or inf'octiQn. Four 

levels of sporo concant.:··- tion i •. 10.s x id+. 5 x i.J+, 1 x 1o3, am l x 102 

spares/ml wer0 used am 6 plants were iooeul.ated at o..--~cb level. (All the plant.a 

~ tha $me aga - 14 w :s fl"OOI. seed sowi~. ) A count at l'J.1.11.00rs c£ lesions in 

each grrup nfter 5 and 10 ·ti_ay~ i'l"Oll ioooulntioo elKNed tJ:iat there ws no cliff ereree 

between l evels or sporo cooo..;ot..:·ntion. Tb.is seEia'>d n aucmalo.is result until tbs 

resulte wer-3 ootsined from an experiment whiah showed the profauxi et.feet o£ age 

or tru:i plant or iooidenco arxt dovelOpMnt or int'eoticn. 

Su;: pJ.;,nts rroa each or 5 d.itfvent. sea groLtps wore 1noculat8d with a spore 

suepo ion containing l x 1c-fa &pores per ml.. ReaAl:t.3 
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by the fungus, were able to gro,r out of the disease sinoe the 6nviromental conditions 

were also optimum for rapid plant growth . 

The r esults of the inoculum potential and age predisposition experiments make 

it obvious that host vigour is the major fac t ar deterr-..ui niog development of Early 

Blight in the glas.:;house and very proba oly in the fiel.d. However, if the fungus 

gets firmly esta olished on a pknt it is capable at' causi~ oxtonsive danage to 

the leaves and ste:ns so it must be regarded as severely p:- t hogenic w t only weakly 

or moderately parasitic • 

.:)POiWL TION Oi'J TI--.ui: HOOT AND OVEH'NINl'EiiIID. 

Rands (1917) appee.rs to be the o~ worker to have investigat ed sporulation <:£ the 

fungus on the host and he frund that it produced only sparse crops at' coni.dia under 

field conditions bu.t even so these wre enough to initiate epidemics. 

Al.though a large 11.llli'oor of lesioned leaves fran diseased pl.ants in the glasshruse 

nre examined during the crurse of this study only r ar ely, were orops of conidie 

noted • 

.Hands also foond t h::.t t he c onidia at' Altcr nE') ria solani were abl e to r emain viable 

i n tha soil throughoot severe winters during which t he ground was covered with 

snow for l engthy periods. He considered t his to be the najor method of 'overwintering' 

for the fungus. 

Under conditions in t he Manawatu it seems f easible to suppose that t he fungus 

OYerwinters on Black nightshade plants since these aboum in potnto and tcn1to 

growing areas throughout the year . Spores aust also remain viable in the groom 

and on seed potatoes although tbe potato tuber phase of "Early Blight" very seldcm 

becomes noticeable. 

DISCUSSION; 

Early Blight is not a serious problem. on potatoes and tom,.toes , - _ the Kanawatu 

apart from infrequent isolated outbreaks . The weather is usual.17 excellent for 

maintaining crop vigour and the intansiye spray progranme against Late Blight is 

also effective in controlling Ear]$ Bµgbt. 

Overseas work iooicates that periods of high te ratura (2s0c -) combined with 

high b.lmidity or dew deposition on the leaves are prerequisites tor ablndant inteetion 1 

in the field. 
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OJ.e to t he varioos probable modes af overwintering of the fungus in the field it 

is safe to a ssume that vj_able spore or Alter~ria solani are always present about 

potato or tcm-: to cropping areas . The low i ncidence of Early Blight in the 

llanawatu and other areas of N.Z. indicates t hat envirornental conditions. in the main, D1•1.; 

such as to keep crops vigorous which is appa.:rcntly enrugh to keep the weakly parasitic 

fUr\,<7U :·, fro:n increasing. flowever, as soon as the crops begin to lose their vigrur, 

.for any r 8ason, (generally with senescence.) the fUiloOUS can infect and spread 

r al ~tively quicY..l.y. 



T HE F UNG U S. 
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I.ta f..oouaf ION. 

Twelve a~le opal'e isolates ot .µternai~ 9!W& re lected tar a 

0 ebensive stucw of their 1JlD1'pbol.ogy rrl pqysiolcgy on artiticial media . 

JtnOlfledge gain£d fron tbie tudy es C<lllbined witb that deri"ted rrm Cl'OSG­

inoculation and hoot l'QDge studies in ord r to arrive at cooclwsiom regardi~ 

the taxonoow and naneoolature of the rungua . 

It was necessary to inveatigat a tm cond:it101'13 required to iruuco a~ 

aporulation qf' tbe fungu6 on arti fioiG.l media s:lme thrut troatYrPrrt all 

•tr ins produced conidin e1,y s~. 
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A STUDY CF :tSOLATE.'.:i ON Airl'lF ICIAL MEDIA . 

MATEffIAIS AND :tm'IlODci: 

This study ns carried out in 2 Parts. 

In Pa.rt I the isolates were grown on a ra~e of 7 Media in order to compare 

cultural characteristics and variations in growth rate . In Part 2 the isolates 

SN84,A, SI'84B arrl LE2{:4B (Le. ooe isolate frCJ11 each host ) were grown on potato 

leaf extract agar, tomato leaf ertract agar arx:l for purposes ar comparison, on 

water agar. 

Preparati ons of the 1-oodia used ar a described in Appendix I. 3 plates per 

isolate were inoculated with 5mm discs of D\V'Celium taken tram the edge of an 

actively growing colony on laboratory P.D.A. for each medium. After 8 days 

incubation at 26°C the colony diameters ,rer recorded. 

RESULTS : 

Colon;.v di&meters fran Parts I and 2 are recorded in Tables I and 2 

respectively. 

AJ.l isolates grew most rapidJ¥ and luxuriantly on laboratory P.D.A. although 

growth on <koid P.D.A. was nearl3' as good. Althaigb individual isolates 

performed dif'ferentl3' on different media there was u~ uniformity in 

colony cbaracteristics of all isolates on arv given medium. 

One exception to this uniformity of isolates occurred on Tena.to Juice agar 

and VS Juice agar since the isolates fran :Slack nightshade a1ways grew slow]¥ 

and formed puckered• crinkled, very dense colonies in contrast to the regular 

colonies formed by the other isolates. 

The small trial of tbe 3 isolates. S.N84A, Sl'84B and LE26'.+B abond that pobt.o 

t.issue extract substantialq increased growth in campa.ri80ll with tanat.o ti..,sue 

extract.. Soimwbat surprisi~ bowv r was the greater radial growth made 

by all 3 isolates on wter agar in comparison with tcmato stract agar. 
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TABI.E II 

I 
COLONY DIIIMFJI'ER (mm.) OF 8 - DAY COlONIE6 EX DIF'FERENr MEDIA. 

Qmid Le.b Pruna Corn- Czapek TonBto V8Juice 
ISOLATE P.D • .A P.D.A. Agar meal Dalt Juice Agar 

Afl..a.r Agar Agar 

SN84,A 73.2 77 .5 57.1 53.0 53.3 32.5 41.4 

~N841) 74.5 78.5 51.0 65.5 56.0 32.0 54.2 

SN2(:4A 62.2 72.3 52.5 51.0 39.6 26.5 41.0 

SN2W) 71.0 73.2 59.6 58.7 36.0 

~"1'84,B 72.5 82.; 53.5 (R.O 68.; 55.0 57 .5 

srai.c 62.0 70.1 53.5 f:l).O 65 .0 53.0 55.0 

.'.>"T26J+B 65.6 71.3 48.5 59.0 51.5 48.0 49.0 

~'T2(4C 6).6 73.2 51.3 60.0 65.6 51.6 48.0 

AJ+6 so.; 54.5 62.0 (f/ .3 6J.0 

tLE$4E (R.8 7e.o 24.6 62.0 41.0 60.0 ;6.2 

LEBl+G 47.5 77.1 47.2 6.1.8 66.6 57.1 54.0 

J'.R">£1 R 70.s 75.7 49.0 58.l 62.5 56.0 53.0 

TABI.E DI 

COLON! DIAllETER (mm.) CF 8 - DAY COWNIE8 EX DlFFERSNr MEDIA • 

ISOLATE Water Tomato leaf Potato leaf' 
All8r -----~-t Al!8.r EEtract Atz.ar 

SN8Lt,A 22.3 llt,.S ~-6 

~a,.B s2.s 40.; 6S.8 

WW) 44.7 3;.s 61.0 
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DEX.tilPl'IO;l CF COLONY CHARACfZlUSl'ICS on SIWEH.AL UEDIA. 

laboratory P .D.A. Aerial rq,reelium loose and cottony, l-3mm high with a tam.ency 

Ol:oid P.D.A. 

Prune Agar. 

Czapek Dax: Agar. 

P IG -IENJ.' PRODUCT ION, 

to fl.atten out on the medium in older colonies. The colonies 

were usually regular and frequently t here were a nurnber at 

dark concent r ic rings. 

Colouration of tqy'Celium slight olive grey to dark bromisb 

grey . Pigment production by chromogenic isolates resulted 

in a range of medium colo.iration fran yellow red to a deep 

crimson. This colouration deepened with the ,~e of the 
I 

colony. 

Little ar no aerial l'I\VCelium and a f air]¥ sparse belOIJ 

surface groath or byphae . 1'3oelial growth was even and 

regular rut not dense. Hyphae were coloured a light to 

deop brown . 

Aerial rqycelium dense, l. - 2n:m high . Growth was 

irregular and eyphae t ended to b.mch together in strands 

below the surface . Colruration or eypbae was a dark 

brown. 

I al.ates fran Potato and Tanato when gram on P .D.A, produced 

an intense red colouration which becane mre pronwnced with age of the cQl.oru • 

Isolates f:ran Black nightshade however did not. produce arv pigmentation c4 the -
medium. 

The production or pigment •snot. noticeable on the other media used apart 

fran a yellowish cal.curation of tbe o<JrDDl!ml agar~ 

Pigment I)J'oduction •a greatest on P.J).A. when the conditions wre optimum 

tor grosth. 

SPORULATION. 

None at the isolat • produ.Ced conidia on arw- at the media under ordinary­

condi tiona . Laboratory P.D.A. was ~ far tbe best medium. tor supporting 

sporulation ome the c,pti.Dllm conditions were applied. 
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DTuCUd,:>ION :-

Apart from t he f inding that isolates from Black nightshade were not chranogenic 

t hL.::, study revealed that , with the exception of growth rate, there was a 

striking uniformity of cultural characteristic s both withi n and between isolates 

on a v :.1riet y of -::ulture roodia . 

The ma.:.-:irmlm growtll attained uy all i solat es on P.D.A. t ogether 1'li.th the perfonmnce 

of t he .3 i soLtes, SNB4A, ~'T84D arrl IE2t4}3 on potato leaf extro" t poi nts to the 

possibility of.' a growth factor from potato bei~,g important for optim.lm development 

of the fungus . F'urtt:iel· work on this aspect coold provide interesting inf ormat~n 

on inter- relations 1ips of host nrxi -'-ungus . 

Maximum pigm3!lt prod:.1cti0n occ1.1rred on P.D.A. when conditions were optimum 

for growth . This confirms t he f j.ndinrs at' Angell (1929 ) who ma.de an i.ntensive 

study of conditions affecting pigment prod4~tion b.i' Alterna.ria pon i. 

Heer gaard (1945) r eport ed t lJat isolates t endt:id t .. , chb.nge t l,a ir form after 

l ong periods i n cultura on ertificial zoodio. and i n some caoos the 'degeneration' 

was such t h;st ,fte.r 2 roontbs an i s ol::i t e woul d produce a t ypical spares . A t ,mdency 

towards l oss of vig,.iur of t he stock isol, t es was noticed i n t his study rut cultural 

characters r umained s t ar)le . 

Scme loss of p'..thogeDicity was , hooevor, quit e marked in all isolotes after 

several months on artificial medi a . 

It i s t eopting to attach special s ignificance to t he fact that isolat es from 

Black nir,ht5hade wer·" not chromogenic but withcut further isolations and more 

detailed work of a chemical w.t.ll'e it vould be umrl.se to specul.ate , despite the 

apparent s t a bility of t his char act er t hr ,1ugh i noculation and reisolations £ran 

other hosts. 



F l G. 3 SECTORING O AN I OL AT E 

ON TOMAT JUICE AGAR 
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THE EFl.<"'EC'r OF TE~EHATUB.E ON C<LONY GlOVTH CF ISCLA.TES ON 

OXOID P.D.A. 

MATE.dDill> AND 1,00'HODS: 

Three plates per isolate of eitoid P.D.A. were inoculated with 5 nm discs taken 

fran t he edge of an actively growing coloey on I.e.bor:;.tory P .D.A, ·rbis procedure 

was carried out for 11 i s ol::,t es over t he follmving r ango of temperatures: 

5°C, 1ooc, 17°c, 20°c, 24°c, 26°c, 213°c, 30°c, 3.3°c, JT0c. 

Colony diameters were recorded for each isolate at each temperature after 8 days 

incubation • 

.tt.EdUl:l' s : 

The average colony diamet ers are recorded for all isolates at all temperatures in 

Appendix II. In addition, the performance or each isolate aver the temperature 

range is shown i n histogram form. 

Prolonged exposure to 37°c was apparently lethal to 8 of the ll. isolates studied 

siree t hey f a iled to eanrnence growth when returned to the bench top after 8 ~s 

incubation at Yl°C. The 3 exceptions were: 3r2(4B, IE84E, and LE2(4B which made 

very slight growth during t heir incubation at 370c. 

Cultural characteristics rem- ined stable for al1 isolates thrcughout the 

temperature range. 

The optimum temperature for growth varied, for different isolates, from 24oC to 

300c although i.."1 severa1 cases a .g . lBSltG, STS!+B the optinum was !2,t clear)¥ 

differ ntiated. 

TART~ TIT 

TABLE SHQ'inG ISOUTES AND THEIR CPI'D&Dl TEMPERATURE 

ISCLATES 

SR8f+A, Sta.J), ~ 

SN2€4A, $T84B, sr94C, S1261,.B,sr261.C. 1.&261.B 

lE8l+G 

The mininum temperature for growth of the ll ~tas would probab~ be 
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betlf8en 3 - 5<>c. Prolonged storage of cultures at OOC did not affect their 

viability. 

DlliCUS::lION: 
Too follOW'ing table gives the optir.m.i.-n t emperuture for growth of 

A.porri f.sp.solani strains as determined by different workers . 

T.?.BLG V. 

AUTHOJi YEAit OP!' IlWU TEMPEHATURZ CULT Ullli ME.Dnn.L 

iANro 1917 2 6 - 28°C Unspecified agar medium 

ICLAW:i 1940 26.1 °c pot,., to agar 

!NiilliGAfaill 1945 z-,oe standard rutrient agar. 

The range in optimlm temperatw·es , for t ho isolates studied, from 24 °c to 'J(PC 

seems to be quite diff ,.:,rc.mt frcm t he close agreoioont obtained by the 3 overseas 

workers quoted in t he above table. Ther e arc however several contributing f actors 

whiclJ na."l<e the variability seem lage . 

The small t emperatur -c; intervals for 2'>C botween 24oc and 3(/'c tend to hc~;::: :ten 

any small diff ereoces botwe0n isol&tes whereas larger i nt ervals of, say 4cc or 5°6 , 

would t end to 1l ll!llp' t he isolFl t es into a sef:l!lingly more hanogeneous group . Further, 

it sho..tl.d be noted t lJ.G t t h,;1 temperatures were maintained to within only - loC 

and this coo.ld also servt:: to rullify tha usef .llness of small t emperature intervals. 

With t he exception of 8N2(4A arrl 1E26l+,B all isolates shC18 a definite plateau af' 

response to t emps r atures between 24° and 3r::Pc so the merit af' using small 

t emperature interval s with t he intention of diff erentiating between isolates 

,rould appear detatable. 

The variations in response to the temperature range by the 11 isolates are 

nevertheless good evideooe of the variability or the fungus and an indication that 

the preciseness of the figures for optimum temperature given tu ~us and Neergaard 

are misleading. 
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TIIE ~~~~ CF MEDrJY @ ON COt-ONY GHONI'H. 

A pH range from pH .3 . 5 to ·_iH O was obtai~cd by adding 2N llfdrochloric acid 

or sodium eydroxide t o buffered Cbtoid P.O.A. 

GLYCINE 
PorAS.:3IUM DilIYDtKUEN Pi·iOJPILl.TE 

CITri.IC ACID 
DL'.:>TII.J.Eil W/T.1!:R 

The blffer was Jlllde up as f ollows i-

3 .8 gm 
3.a gm 
2. 6 gm 
100 ml 

For each pll , 7 flasks eecii containing 100 ml Oxoid P.D.A. wero autoolaved and 

then placed in a 5cPc wster bath to keep the medium liquid . 

5 ml of buffer were added aseptically to each flask,. .Drops of sod:i.um hydroxide 

or hydrochloric acid wera then added with a standard dropper in accordance with the 

amounts stated in Table 

'T'A"RTF VT 

QUANI'TI'IZ.S CF ACID AND Al.Kt.LI ADDED TO BUFFERED 
OX.Olli P .O. A. TO 081' .:'.• IN A RArnE CF Ii! . 

NUM!L1t CF D.d0P8 CF 2NI! 01 APl'I.:OX nH 

16 - 17 3.5 
.::.RJFF:£ .. ?. ONLY 4 .1 

NUMBEfi CF DiiOPS CF 2N I-e OH 

12 J+. 6 
18 ;.1 
2.3 5.6 
25 6.1 
z:J - 30 6. 6 
4.3 7.0 
51 7 .. 5 
57 - 58 8.0 
62 8.6 
73 9 .0 

To determine the p-1 of each flask l ml or medium was withdrawn with a sterile 

pipette and added to 9 ml of distilled water am the pH or the reatlti~ mtx:ture 

me UX"ed with a Beckman glass electrode pH meter . QeneralJ¥, the required pi •s 

obtained in all flasks . Occaaiocally however it e necessary to add a few more 

drops of the alkali ( acid ) to b:'ing the pH to that required. {Particul.D.r care •s 

taken to use only t horoughly was ed and rinsed gla 

serioos diserepanoies in pH.) 

re am this prevented ai:v 

Each flask was used to poor 6 petri plates. The t lve isolates r e studied 

at each pH level - three plates per isolate were inoculated vi.th 5mn discs from the 
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edge of an ncti vely growing colony on LatX>rbtory P .D .A. 

Colony diameters wer e r0co1"<:ied e..fter 8 days inculxition at 26°c • 

.. tESULTS: 

The average colony diameters for e ,,ch isolr.: te over the rc:mge of pH are recorded 

in Appen:iix III. I n addition the performance of each isolate is shown in histogram 

form. 

Most of the i solates showed a fairly s harp optimum between Iii 6 .1 and pH 6. 6 with 

the range f rom "Eif 4 . 6 to pH 8 . 0 being satisfactocy for growth . 

The aµpeareme af colonies of all isou;.tes was sinilJ.r at each pH l evel. 

In addition• the chromogenicity, or othemse, af the isol;.tes was mainta ined 

throughout th~ p·; r ange . 

D LiC ~d I ON : 

Uo figures for the pl! range and optinum pH of atr:.: ina af A. solani have been ooted 

in the extensive liter8ture on the fungus so it is not possibl~ to make a comparison . 

Unfortun:=. toly only 10 of the original 12 isoJ.r.,tos \.79re recorded over the entire 

pli r1> 11fe since tbe iGol,:t 0s Sl~ and .::iN2(:4D h<::d both nr...itdod before this part or 

the study was completed . 

Isol::. tes varied in thoir response ovor the pH range and isolAtos SN84A, SN84J), 

~N2(:4A and sr2a.I3 were notic~•::rjly r.ao:rc sensitive to t he lcx,er pH's tha n other 

isolcites . 

For the 10 isolates studied• h0'\18Ver , all had an optimum pi between pH 6.1 an:i 

p-1 6. 6. This uniformity is a marked contrast to the variation obtained in the 

temper ature r ange stuey and gives a f air degree of certainty to the opti.Rum pH 

figures obtained . 
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SPOH.UL, TIOi'-1 ON Adl' lFICIAL MEDIA. 

Vecy sparse production of conidia by strains of t he fungus Alternaria solani 

on artificial mdia and often on nat ural host ne.terial i s a fact established 

by people worldng with t he fungus in cruntries t hroughout t ho world. A simple 

method of inducing arund~nt sporulation gr eatly facilitat es "Disease Cycle" 

studies and i s prerequisite to any study of conidial germin:,tion "in v i vo"or 

"in vitro" • 

.H.EVIEW OF LTfEliA1'Ulili . 

rlands (1917 ) r eported Sctcces,:;ful induction of sporulation in Alternaria 

salani following wounding the nvcelium of a 10-12 ~ old culture on bard 

P .D .A. by shredding too agar and t oon exposing to sunlight . .Moisture 

relations were controllvd s o t bat complet e drying out of t he agar was avoided . 

Sporulation was obtained wit hi n 24-48 hollrs . Hands stat ed t hat initial stilll..llus 

for sporulation, 

"seems to b8 t he result of wounding the Il\YCelium i n connection 

with changes in t he r~lative humidity of t he air i n hich it 

is exposed . " 

Unf ortun.: t el.y rlarxi ' s t echnique proved er, at ic and unrel iabl e in results when 

a pplied by otrar workers t o str.s ins of t he same fuil5US althoogh Angell (1929) 

and Neer gaard (Ult,5) both used t he met hod successful~. 

Hrunsey and Bailey (1930) stinw.;:: ted spore production i n an Alternaria species 

by irr~diating with ultra violet light (u.v .L.) a culture, grown on P.D.A. 

They found wavelengths between 25.35 and 2800 R produced greatest stitDUlation. 

Dillon Weston {19.36). found t hat high intensity vhite light and not U.V .L. -
inoreaaed sporulation . Because the m ite light produced a stiillllus to 

sporulat ion while acting t hrough the glass cover or a pet ri dish, Dillon 

Weston conclud~d that U.V . radiation was not the vital canponent. 
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Horst Klaus (194,0), a German worker, investigated vexy thoroughly the 

conditions for inducing sporulation o£ Altern~·ria solani and concluded th;:t 

optimm humidity (100%) and optimum temperature (26°c) were the main 

contz:ibuting tae~rs, \Yi.th strong light a1so playing a part siroe he found 

that given eptimm humidit y and temperature cultures failed to sparulate in 

the dark • 

. llcCallan and Chan (1945) investigated factors influencing sporulation of 

Alternaria solani and their results shoved that exposure of a scraped culture, 

of the fungus on P.D.A., to U.V .L. of 250 m.u wavelength for 20 seconds at a 

distance of 10 cm from the lamp gave excellent sporulation . Factors or 

secoooary i mportance were optim.lm te~erature (20°c for their strain) and 

optilillIIl humidity . 

Beecher (1945) found that light cy itself was often limited in its 

stimul.::.ting effect ey the D3dium used for cul-wring the fungua . Accordi~ 

he vai,ied t he culture imdiu.n and fourrl that irradiation for 30 minute .:; at a 

distance of .30 - 32 inches l'J'ith an S - I~ of cultures on BRAN E)Cl',.;ACT• 

medium was vecy good for producing sporulation. 

Johns on and Halpin (1952 ) in experiments investigating the effect of 

light on morphology a nd spore production at several species in the Den:fltiaceae 

found that light of intensity ~a.ter t.han 200 foot candles inhibit.ad 

sporulation l:u their strain or ~rn ___ a_r __ ia ___ sola ____ ni __ • 

A different approach to inducing sporulation was incorporated in a 

technique developed tu Ludwig, Richardson am Um1a (1962). These workers 

obtained • ~ porulation after eshillg scraped V-8 Juice agar oulturea 

of the fungus for 24 boors and t.be n stacldns the plat s in an invert d 

slanted positi,m und r labora'tory condit~ons of light and temperature . 

CoDidia were produced in l - 2 days nd several crops could · obtained 

before the agar ·oec:ame too dessicated. The wuhing s thought to eHmim.te 

an 'antisporulating .f'aotor' ~oh may be produced by the twgus in culture . 

~loz.bratVlitre, boiled 10-15 m.j.nut s , str:iined and decanted; lQnl/litre ot 
5% FeCl..3 solution; 2% agar . 
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gFO.'l.UUT ION TECHI:!19~ U$0 IN THIS STUDY. 

A technique which was virtually th&t of llaus was used t.rith onq mderate 

success. 

A la.rge nu.!llber of discs were cut, -r..th a 5nm. ciiamter oork borer. tran 7 - 8 

day old cultures of the fungus and transfer-red with a sto!'ile needle to t he inside 

aurface of a petri dish lid. T'ne di sea were placed with the nvcelium end 

uppermost • A p1eca of f il tar pa.per was pl&ccd in the batta:1 half of the pEit!'i 

dish and moistened with diatillad wate~. The lid was pl.aced in position and 

the di::3haa lc..ft on the bench at room temperature. 

Results from this metbod nre variable beti,een strains on the sam mediu::ii ~nd 

often there was no sporulation. A IlUJ"llber of different BWd1a nre trioo and only on 

P.D.A. did all isolates produce 11t learl a few oonidia within 1 or 2 days. 

The method was used, in the Ilfiin, for obtai~ conidia for measurement of 

isol,-t ;, s from 2 o:::· 3 different ::oodia . 

Tlie scraping a11d nshing technique of luchrlf;, Richardaon and Umrln described 

on page 4 was employed with great BUc~ess for all isolates. large crops of 

eonidia 1rere consistently obtained. 

DISCUS-:> ION: 

The factor ecmnon to all successful netbods of inducing sporul.ation in 

Alternaria solani is an initial moderate to severe wounding af the IJG'Celium. 

Rands accomplished this by shredding the P.D.A. culture whereas others such as 

lleCallan, Chan and lildwig et al scraped the a rial mycelium from oult.-ures 

before applpng other treatments. The aucc ss at Ramsq nd Bailey's met.bod 

imolTing U. V. irradiation ;y well be ttriw d to lethal action on the 

aerial iqcelium. ~laus inadverte~ wounded the iqycelium 03' cutti~ the 

P . D.A. cultures into pieces in order to su.bj ct them to high bumidity heme the 

initial stiDlll.us or 11pbysiolasical shock" provided by wounding was also ilJohlded 

in bis method. 
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Lilly and Barnett in their text on Physiology of Fungi note that a number of 

different fungal species can be induced to form stm.ial fruitiqg bodies if the 

mycelium is woumed. The explanation offa1·ed is that the products of autoJ.¥sis 

may be stim.llating or even vital to eexual reprodu~tion. Such a hypothesis could 

well be advanced to explain t he wounding stimuli.ls to ase.xual r eproduction which 

is evident with Alterra.ria salani . 

~econdar-J factors of light, culture medium, temperature am humidity play an 

i mportant part in obtaining prolific sporul ation in strains af Alternari::.. sol.ani. 
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SPORE GBI~TION. 

Five isolat es were used thrcu.ghout this work viz: SN84A, SN84D, ST84,B, IES4E 

and lB2 (4B • 

A preliminary trial was car1· ied rut with these isolates to obtain a rough idea 

of the temperature requirements for germination. Three substrat es were compared for 

suitability for germination tests, (i) Leaf tissue from tanato and black nightshade 

(iiO A thin film of P.D.A. placed on a slide 

(iii)A drop of distilled water. 

A spore suspension was imde up in distilled ·,1ater for each isolate,a drop put on the 

glass slide, on t he P.D.A. film and on the host tissue pieces. These were then 

0 incubated at 26 C and inspected after 3 hours. Germination of all isolates was near1¥ 

100% on P.D.A. and on the host tissue wt very slight or nil on the drops or spore 

suspension . 

The very low germination in distilled water was investigated in a second trial. 

Conidia from t he 5 isolates were placed on eoverslips (.3 ooverslips per isol~te) 

and on each cover slip was placed a drop of distilled water. The cover slips wre 

placed on glass slides 2.nd were incu~ ted in petri dishes containing a moist filter 

paper at 25°c and 30°c. The slides were e.."'C.Smined at intervals and it was found 

that alter 24 hours at 25°c t here s no germination of conidia tran 4 of the isolates, 

the exception being L&at+,E which ger :ainated well- At '3()°C SNSl+A, I.E84E and ST84,B 

gave very slight germination and t he ot~r 2 isolates failed to germinate. It was 

concluded that distilled water wae not a favoorable 8WIB'trate in ,rhicb to stimulate -
germination of the isol.Etes. 

Since the germination percentage almost identical on host tissue and P .D.A. 

1t ns decided to use P.J:>.A. films tor t he ~ st of t.be work. 

EFFECT OF TEMPE.aATUC\E ON GERMINATION; 

Comentrated spore suspen ions were made up far each isolate am a drop of 

auapension was placed on a P.D.A. fi.lm on a glass slide. The el ide was placed on 

a second slide which was restillg on a piece or moist tilter pe.pel' in the bottom 

ot a petri dish. 811: slides were put up tor each iaolate at each t.~ ture. 

O O O O O O O O 0 
Nine temperatures were usedt 5 ,.10 ,16 ;20 .25 ,30 ,JJ+ 1 37 t40 • Trial runs -.ere 
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carried out at each temperature to get a rough idea of the rapidity and extent at 

ge:rniination , As a result it na necessary t o take crunts of germinating spor es 

every half hour a ·t temperatures from 25°c upwards and every 4 hours for 5°,10° and 

16°C . 

At t .. e correct tiroo intervals tho slides '\Jere rerooved frcm the incubators and set 

up on the microsco~1e stace. Two 'Veeder' tnlly counters ware used to record t he 

low power fields of t '1e microscope . Apprald.motely 100 spores war·u count ad ea.ch time 

and too num,)c:l' of 1:;1:::.-111.inat ed s pores was expr cs:.;ed as a p~.rccrrtage of the total 

number of spores counted. Cou..•-rts were stopped wJ}en germination reached 95 - 100 

per cent. 

Criterion of Germination: 

A spore was considered to have germin ted when the germ tube(s) had parallel sides. 

This generally occured when t he germ tube was a ppI'02Ci.l'Detely t he ea.me l ength as the 

width of t bs spore . It was necessary to adopt this criteri on because et high'3r . 

t emperatur,;:15• more especia~· 37 and 40°c, ger ·1 tubes would push out from t he spore 

for a sli ght distance and then just r emai....-1 as 'bumps' on the spo:::e fO!.' quite sane 

ti.lJ¥! before contiruing elongation. 

These are presented in Table 7 which shows the time t~ken for germimtion percentage 

to reach several levels viz: 10.25, 50, 75 1 ani 95 - lOQt. The figures in t he 

table wer~ obtained from a graph of germination percentage ngainst tiIJle for each 

isolate at each temperatu:."'e . 

The optimum teIJl)erature fm- germimition for all 5 isolates was between jO and 34.0c. 

At 34 °c the tine taken for 95-1.00;( of the spores to germinate was between 1.5 hem's and 

2.2 hoors. Following an initial lag phase ich varied with ea.eh isol.Bte and was 

greater at the lower t emperatures , germination prooeeded almost linearly with respect 

to time. 

At 40°c spores at all isoL--::. tes wre either killed immediately or else they started 

to germinate before being killed by producing very short •knobbly' swollen germ tubes 

which quick3.¥ ceased to gr01r. Observations nre carried on far 2lt, hours after wbioh 

t he slides wre placed in a 3(/'c i11:ul:ator to test viability. In ea.eh case the sporea 



TABLE vn 
F lGURE.'.:) HEPR£3ENr HOURS TO REACH THE PEHCENI' AGE GEriMillAT ION TEA.PERATURE 0c. 

al 
.. . 

ISQlATl!, & ilM~ 5 ± 1 10 ± l 16 t l 20 ± l 25 t 1 30 ± 1 3la. ± 1 37 ± 1 40 i 1 

10 5.5 3.5 1.2 1.1 0.8 0.7 0.1 0.75 
25 8.5 5.5 1.5 1.4 1.1. 1.0 0.9 1.2 N 

SN84A 50 13.0 8.0 2.75 1.8 1.25 1.25 1.3 2.1 I 
75 19.0 10.5 4.25 2.4 1.75 l.6 1.75 2.5 L 

95-100 21...0 13.0 8.0 2.1 2.5 2.0 2.0 3.0 

10 3.2 1 .0 1 .0 1.1 0.6 0.6 o.6 0.8 N 
$N841) 25 4.6 1.6 1.8 1.4 1.2 1.2 l.l. 1.4 

50 5 .4 2.0 2.4 2.0 1.8 1.6 1.5 I 
75 6.) 2 .8 3.0 2.5 2.0 2.0 1.8 

95-100 7.8 i. .o 3.7 2.9 2.6 2.5 2.1 L 

10 i..3 1.5 1.6 1 ·3. N 
25 5.0 1.8 1.8 l-4. 

~~ 50 6.0 2.8 2.1 1.7 I 
75 7 .2 5.2 2.4 2.3 

95-100 8.2 7 . 6 2.6 2.7 1.5 1.5 1.5 1.5 L 

10 4 .2 2. 0 1.1 1.0 o.6 0.6 o.s N 
25 5.5 3.0 1.3 l.2 o.s D.8 l..O 1 .0 

-~°'-~ 50 6.2 4. 0 l.8 1.6 1.2 1.1 1.2 1.25 I 
75 7 .5 6. 0 2. 6 2.2 1 .8 1.5 1.3 1.7 

95-100 8 .5 8.0 4.0 2.8 2.4 2.0 1.5 2.4 L 

10 4.2 2.0 1.2 1.0 o.s 0.6 0.9 
25 5.0 2.3 1.5 1.4 1.2 0.9 1.4 N 

IE2(4B ;o 6.0 2.8 N . li. . 1.8 1.7 1.6 1.5 2.1 
75 7 .0 3.4 2.3 2.0 1.8 1.7 2.6 I 

95-100 8 .0 4 .2 2 .9 2.7 2.4 2.2 3.1 L 

N. R. :: Not recorded . 

• 
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wre killed by exposure to 40°c. Thus the ]IBXinum temperatur for germination or 

isolates lies between 37° and 1+0°c. The mininum temperature would be between 3° 

and 5oC. 

There \'f&S the usual variation of response between isolates although the .3 cardinal 

temperatures yere similar. Worth roting• perhaps, is the wide range of temperature 

(25 - 37°c) over which isoLte Sl'f3l.,.B gercinates equally rapidly a.nd also the faot 

that the opti~·rum temperature for germination (30 - .34oC) is some-what higher than the 

optimu.~ temperature far growth . 

DISCUSSION: 

The cardinal tE1.12peratures of germination for the fungus are 3 - 50c, 30 - 34°C, 

J7 - 40°c. These figures are very broed and this is an li.ndication of the variability 

of the fungus and also of a lack of precision in the temperature intervals . A 

smaller temperature interval however would lYcve been difficult to maintain and the 

results would, proba bly , not have been more mea~ul since the f'uIW,lS is capatil.e 

of rlde yariation between i solates . Tl-e isolate SNS/+D did not germinate beyond 

4.5% at Yf'c and after 4 hours the level remained ~t 45% although the spores remained 

viable since they continued growth when removed to a lower temperature . 

The very slight germination, in distilled water, of the isolates tested bes.re out 

Angell's(l929) r eport that germination ot Alternaria mri was very low in distilled 

water . Reasons for this type of behaviour ar e not fully understood rut it does se8ll1 

that any study ar conidial germination should be carried out on a mtrient medium to 

ensure repeatable results (Tanpldna. 1932). 

It •s noticeable that spores produced near~ twice a aru:v germ tubes at tho 

optircum temperatures (30 - 3'+°C) than at the extrems <1 the range. Also, germ 

tube~ ,J _ ~ength was about l timea greater at the optinua temperatures. 

All i solat.es germ,inat.ed i n aqueous 91.lspension oo a P .D.A. tllm and in one 8DBll 

expermnt it •s fourxl that dry pores placed on a P.D.A. film germimted in an 

atmosphere of high humidity (90 - l~ R. H.) whereas dl')" sporea plaoed on a glass 

slide and incubated at. optinlml temperatures with hi3h l)l1ndd1ty did~ germinat • 

Thi.a result indicates th t moisture 'kt, itself is inaltfioient io pr01110te germination 

in Alteniaria solani and that aane f act.or int.be mtri•nt •dium ia requ.ired in 

addition to moisture. 
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Tho optimm temperature for g ermination (JO - 34°c) is higher than t he optim.Jm 

t emperature f or growth (24 - 30°c). This contras ts with t he finding of both Rands 

(1917 ) and Angell (19~) who found t hat the optinum temperatures f or growth and 

ge:rr.,in::. tion were practically t he same e. g . Rands' figures for the cardinal 

temper ~tures of gernir.ation s.ro 1-3, 26-28, 37-45°0 . It seems thet figures far 

t he card:i.nal temperature of germination vary according to the method af recordir:@ 

resul t o . Angell found an optimum tempe!'ature for germination of 24-26oC for 

Alternaria parri ar:d t his lJ\l'aS baaed on rate of germ tube elongation. This 

eriterim1 however i s mor8 suited to a oom!)f1rison of conidia which have been sub­

jected to a variety of tr~t~nts and a r e then ger:nin:. ted uooer t he same conditions . 

In a t e::;:.>erature study of germination, rata of germ tube elongation is very simil.-r 

t o s. gro.rth r at e study of the fungus hence the close correlation between the 

ea.rdinal t emperatures of grooth and germination . 

The met.Lod of r ecording germin3t i on used i n t his stuey is more suitaule than 

gel"'C'.l tu.Je elongation with time since it shoos t he tre,1ds af germination percentage 

ri t h t iroo at t he differ ent t emperab-Ll.l·cs . 
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H<X>"'T SPEC IALJZ.AT I ON. 

To t est whether or not there vas aey difference beueen isolates i n degree of host 

specialization a host range study was carr ied out . 

The study was carried out in 2 parts viz~ 

Part I: 

Isolat es from Black nightshade ,rere inoculated onto potato and tomato . 

11 

It 

11 Potato 

" Tomato II 

Part II: 

n 

fl 

tt 

n 

Black nightshade and tomato . 

Black nightshade and potato . 

With t he exception of SN2t41) and LE84G the isolates wore inoculated onto a range 

of host plants given i n t he table belalr. Plants used in t he study were all mature 

and disease tree. 

T ARTR VIIT 

FPJLILY h~T SPECIE.::> COOMON NAME 

Compositae Ageratum baustoni anum Ageratum 
Lactuca aativum Lettuce 
Zinn1a ele~ns Zinnia 

Solanum~ Black Nightshade 
Sn1 n.1"1Att888D Potato Solanum "'u""'rosum 

jc;tersicum esculent.um Tomato 
co iana tabaoum Tobacco 

Oenotheraceae Godetia soo. Godetia 

lll.iWll Wild Onion 

tJmbelliferae Daucus oarota Carrot 

ME,THQDS: 
Part I was car i·ied rut fair13" soon after the isolations nre made fraa the field 

with the exception or isolates Sia.A and IBS4G. To make re8Ul.ts canp.rahle 

between isolates a standard inoculum dose o.r 5 x id+ spore&/ml as used for each 

isolate oo each host. Three pl.ante per isolate at each hot wwe inoculated with 

t he spore suapension and one plant ,aas sprayed with distilled water t.o serve as 

a control. Inoculated plants and controls nre placed in a high hwnidit..y- chamber 

constructed or clear plastic sheeting far 21+ - 48 hours and then removed io a 

bench in the glasshouse . Once lesions bad devel.Qped sicgl e spore reisolations 

were lDlde in the laboratory onto laboratory P .D.A, as a tinal check. 
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Part 2 was carried out along similar lines to Part l nth a standard inoculum 

dose or 5 x id+ spores / ml and three host plants plus a control for each isolate 

on each host. The results, however• praved to be very variable since the isol.ates 

bad been kept in culture for about 9 months and were possi~ losing pathogenioity . 

Because of this a second trial was carried out using high concentration spore 

suspensions inoculated onto unwounded leaves of the host and also onto leaves 

woumed by pric.ld.~ trith ..a needle. Reisolation of the fungus was attempted frcn aey 

lesions occuring on lDIWOJ.nded and/ar ,rounded leaves . As a check on pathogenicity of 

isolates in this 're-run' of the trial Black nightshade and tanato plants were 

included and inoculated in the sam manner as the host range plants . 

a:ESUU'.::>: 

The results frcn Parts I and 2 are canbined in Table 9 which also shaa-s details 

of symptom type . 

Hesults of Part I reveal that all isolates successfully cross-inoculated between 

the t hree hosts, Potato, TOOBto and Black nightshade. As a rul.e, bmvever, isolates 

from Black nightshade took 2-.3 days longer to produce sy:r.ptoms on potato and tomsto 

than isolates from potato and tanato i noculated onto Black nightshade and toDBto 

or potato respectively. In addition, although there \188 a standard inoculum doee 

uaed, Black nightshade isolates produced £ewer lesions on t he alternate hosts t han did 

isolates from potato and tanato on their alternate hosts. 

Symptcns of all isalatea on all .3 hosts -. re s1mJar Le. b:rnn irregular lesions 

u.p to 20 um in diameter with the corr:entric ridging giving the characteristic 

•target-spot• effect. 

The concurrent check on P"hogenicit.y in Part, 2 using Black nightshade and t01118to 

plants ab01Jed that !1:!. isa1at s were still capable ~ attacking tbeee 2 hosts so it 

is fair to assume that the l'esults r1 the host raage trial are valid. The results 

show a wide variation in host range between isol.a'\es and also a wide ~e of 

symptom types . In most ca es the isolates proved to be~ pathogenic aDi onl.3" 

produced infection on woo.nded l.eaves r1 the ts. Symptans ppeared on DDSt plants 

after 8-10 dllys wt in a few ~ 15 days elapsed before any lesions formed. 
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DISCU&>ION: 

Spontaneous attacks of .Alternaria solani have been recorded largely on members 

ot the Solanaoeaa although Neargaard (1945) reported finding a spontaneous attack on 

Ageratwu haustoniallllD or the Umoellif'era.e. , Nlmerous investigators have extended 

the host range of the rung.is by experimental inoculations onto wounded and un­

wou.nded hosts belongi~ to the Solanaceae e.g. aucce:::; aful. inoculations have been 

recorded on I. ariculare, S.melongca, S.giga.nteum, S. carolinensis, llyaeySII11s ni.ger, 

Capsicum anmm and C. gloootum. Neergaard (1945) obtained infection on seedlings 

at a number at non-sola.naceous hosts imludi~ All jnm cepa, Zinnia elegans, 

Godetia q,v rida, Brassica oleracea and lactuca sativum .. 

The usefulness of experimentally induced infections is definitely limited sime 

conditions are heavily bia s sed in favour of the fungus. The min justification for 

this type of work lies in the hope, often unfulfilled, ar distinguishing clearcut 

races ar a fungus l:u virtue of bast specialization. Neergaard (194-5) was able by 

this method to distinguish to bis satisfaction, 3 groops or 'f armae speciales' 

of the fungus A.porri of which strai ns of A.sol.am. l?Ede up one of the groops. 

No clearcut distinctions occured between iaal.ates in this stuey although the 

Wild onion and ca1Tot were not attacked by arv isolate which tends to give weight 

to Neergaard's differentiation of 3 groops namely, A.porri mainly attacking species 

~ Allium, A.porri f .sp.dauci mainly atta~ species of lhbelliferae and 

A.porri f .sp.salani mainly attacking species r1 So.1.anac ae. 

Whether or not a wider range of hosts would have shQIIIl up differences in host 

peciaH.zation is debatable. Probabl.¥, a greater variation between isolates is 

all that. Yoolci be revealed. 



H OSTS 

PA.111' ONE 
H I.Al:K. 

ISOLATES POI:AXO TOMATO NlGE'l'SHADE TOUACCO IEITUCE zrmm 
~ I\TOt. A xT xT xT xXS - -
q ... m, n ;a:T xT xT N.H. Xi xS 

~Ul''>~ A xT xT xT xXS XL XS 

BTatt.B xT xT xT xX S xXS -
ST&.C xT xT xT - xS xXS 

ST2~ xT xT xT xS xM X .X L 

.,__./1,. xT xT xT xS xXM Ml' ... L. ........ -
A.L.6 x ·T xT xT N. It. :z:M -z s 
T 1:'61 W. xT xT X 'I' N.R. xL -
T ll.,t.J,'R xT xT X T xX S x.XL ·~ A. 

SYUPTOM TYPES: 

T • Typical target spot lesions, brown with concentric rings up 
to 15mm in diameter. Coa.lescencirig of lesions. 

S • Small dark brown spots up to 5mn in d iamt3t,er. 

L • large, brown coalesced spots . 

1l • Brom irregular spots up to 10 mu in ~ter. 

AGERATUM 

-
xS 

xS 

-
xS 

-
X li 

XL 

xXS 

XS 

PAID' TVIO 

GO!EfIA \\'ILD ONION CARHOf 

X M - -
xs - -
xM - -
x M - N.R. 

xS - -
- - -
- - N.R. 

xM - N.H. 

- - -
- - --

x • Roisokt!.on from lesi on on 
wounded l.Ee.f. 

X = Reisol;ition frcm lesion on 
unwou.."'Xiad leaf. 

_ : lb infection. 

1--'1 

~ 
~ 

\µ 
~ . 



39. 

MORPHOI.mY CF THE FIDGUS . 

The morphology of the fungus is discussed under several headings which are 

similar to the diagnostic criteria listed by Neergaard (1945) as an aid to 

differentiati1ls between genera and/ O]· species. 

COtUDIA: 

Conidial neasurements were taken for all isolates fran their natural host 

i.e. Potato or Tanato or Black nightshade , am fran laboratory P.D.A. In 

addition, conidial neasurements Yere made for sane isolates on different 

culture media and for the following isolates S~, SN84J), sr84B, Sl'84C, I.EM 

and 1E2(4B, on all three hosts. 

The procedure for obtaining and measuring the con:i.dia was the same in all 

cases. The agar cul.tures, or infeoted host material, were wounded am given 

high humidity for 24 - 48 hours in a petri dish. The resulting crop at 

conidia was transferred to a drop of lactophenol on a microscope slide and 

measured as soon as was convenient. Some slides were ma.de i nto per11e.nent 

mounts to enable t he measuring to be spread aver a l - 2 veek period. Fif'ty 

spores were measured for all isolates off the 3 hosts and laboratory P.D.I\. and 

25 spores were measured for several isolates on several diff erent media . 

The foll.oaring measureroonts were msde on each spore, 

(a) Spore boo;y length. 

( b) Spore lx>dy width (maxi.irum) 

( c) Beak length• 

Detining wb re the beak began was not al._"'81's easy but several t t.ures wr taken 

into consid ration e.g. 

( i) the transition from coloured spore ~ to hyaline beak. 

(ii) the position where the tapering aides or the spore body 

were nearly parallel. 

(iii)tbe position where the distance betwen uiansverse aept.a 

increas d by 2 or .3 times. 

Drawings ot conidia at all isal.ates, off their natural h t and of laboratory 

PD.A. were made with the aid or a projection microscope giving a magnification 
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ot a pproaim·•tely 500 ti.ms. A representative set ar dratfil\l3 1G inol.llded fO'!!' 

soveml 1aalc-, taa on different media . (Figs 4 - 7.) 

in .App~rdi..x r.T. For purposos of e&5y re.feroooe tbo ~nts or ell 1eol.etes 

off their • tur:-'ll host am off P.D.A. aro given 1n Tabl0 lO am.. in addition, are 

present,~d dill.gr~. tiea Ll,y in Fi.go 7 - 10. 

Th0 result.a of thcso investi.'.:at,ions sh~1 the wido l'!lngo r::£ vari,,:iti 1n i n 

com.dial morphology ootL within and ootwen iaol.Dtos wner the some am differug 

condition~ . 

given t,✓ the ciif f eroooe between con.idia of isol.t1t0 sia..i, off P .D • .A . mxl off Tcnato 

Juice agar. As a general :rule booovor tllare 1f81'IJ no distinctivs ditf'eremoe for 

i solates between hosts or oot-.aen eultw-~ IOOdi.a - Beok l ~~h e more va1~ble 

than spore body 1engtlh wt it sb:uld be rotod th,t ooniclia tr<D isol ·! tes off 

Blac ~ nightshade genernlly had lo~er beaks than oonidiu of ot:.ber isol.et ea w:ner 

the same cooditiom. 

Norr!Jally • conidia were fOllz8d si~ly, and term1rllll.3', wt occasiom.lly hramhed 

COi71diophor-la "l8r«3 seen, in cultur-3• bearing 2 cooidia as sham in Fig . 17. all 

n and 

t endencies toward c r~terula.tion re practica1J¥ ID>-existent in all isol,'1t<3e. 

branch put out 1:u the pr·ront spare. ( Fig. 11..) This 

coni.dia orz cultw.-e madia, ood it 

or proliferetion. 

Qlldar.y conidium on a 

observed n ffJ'I timos in 
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TAJJLE X. 

NATUh.AL HCBI', 

SPO.ctE RAIDE WIDI'H 

71.8 -

- 23.6 

12. .6 

, .•. i). A. 

ISOLATE SPO,:lE WmrH RANJE 
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aep"t.2 au:i O - 6 1.at}f;i·wdL""DJ. ~opt.a; col.ow.• var-las tx•CJ'.!1 :i ligilt bu!'i'•brown to a 

dark olivv-:..:;.•u.n1. Tl;.o ~ le is :.~. futrorm nn:l q),-e.line \'1itJ1 sevoru t1·an::.vvae 

sopta; oct:asiormlly the lJeal · •1 b€: r ork~d. 

TA.til.E XI 

AJfliO. .. 'f..::J~ !k,JJlm.1 W:OT'rl includim beBk l.u'I WI!il'I: (U) 
-

ELLI.:; ~ ~i.tlf IN J.Da2 Potato 100-1.1..0 15 -18 
(tra1 eganiod) leaves 

?JUID.:, 1917 Patuto l.20 - 296 12--3> 
leaves 

.-J\I,IO:;, 191:{ P~to 1a., - 1.3;. ~- 18 
Aga'I 

d~Tl l9~ Oaio: 140 - 'JTO 14.5 - )) 
Age,~ 

:UA l.01:' l"JJ) ).•~ 85 - 2~ 13 - JO Cfrm r~eorgaard0 VA<l-t,,.,. 

:C,01.J~TE SNSl.,A Isl.eek fight• ade 125 - M-7 14 - 29 
lea• 

·- -· 
ISCLATE SI'a,.B Potat.0 'l.eeveE uo- 2IJJ 14 - a, 

n'W\T .ATE 1&(42 T to, 10)-aa 12-2, 
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ilEVELCPMEl-ll' CF CONIDIA. 

Growth and development of a conidium wre followed uzxier a microscope azxi 

microphotos wer~ used to record the principal stages. The rmthod used in these 

o·oservations was to mrunt a small piece or agar, cut from a laboratory P.D.A. 

culture or the fu.Ilslls, on the bottom or a petri dish which was placed on the 

microscope stage. The microscope was f ocusaed onto tl!e edge of the agar in order 

to examine conidium development against a clear lackgroum. Conidial production 

was ensured t hrough giving the agar piece high humidity 'in situ' by putting a 

moi st filter paper in tbe lid of the petri dish and placing this over the bottom 

section on the microscope stage. 

The sequence of photographs on the following pages illustrates the developnent. or 

a conidium quite clearly tut a few words of description will. also be useful. 

Conidiophores grew out quite rapidly fran the surface ar the agar and varied fran 

50 µ to 150_µ in length before they produced a conidium. The conidium first became 

apparent, on the tip of the conidiophore, as a bu.d which rapidly swelled into the 

basal portion of t he spo1·e . Growth slowed down thereafter while the spore oody 

slowly enlar ged, oecame septate , and too bea.¼: devoloped. Under conditions of 

high humidity and optimum t emperature (auoot 24<>c.) the development of a 

conidiophore plus conidium took aboot 18 - 20 hours on laboratory P.D.A. 

CONIDIOPl-10.rl.ES: 

Erect,nonbranching arising singly either as side branches or terminal]¥, fran 

hypbae. Dark brown in colour, septate arxi varying in length on laboratory P.D.A. 

tran SOJ-L to 200 p . Neergaard (1945) reporled that, on natural. J1!1!1terial,conidio­

pbores sometime arose in bundles from sclerotioii cell clusters, wt t hrooghout the 

study this phenomenon was not once observed. 

Frequently, i solates which sporula ted relatively weakly ven under eptiul.ml 

conditions produced Il1Il1bers ot conidiophores which grew to a length of up to 400).A, 

and then began to curl up without producing a spare. 

HYPHAE: 
The hyphae range in colour from }valine through to an 'olive-brown'. They are 

septate and up to l~µwide. 



FIG.12 
A YOUNG CONIDIOPHORE 

FIG.13 
FIRST ST AGES OF 

CONIDIUM DEVELOPMENT 

I' 



FIG.14 
A MATURE CONIDIUM 

l I 

FIG.15 
A MATURE CONIDIUM 

WITH A FORKED BEAK 
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FIG. 16 
BRANCH I NG CONIDIOPHORE 

FIG. 17 
CONIDIOPHORE BEARING 

TWO CONIDIA 
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TAXOtl>MY · AND NOMENJI.ATURE. -
The genus .AJ.ternaria is classified in the Fungi Imperfecti in the order 

Moniliales and the family Dema.tiaceae . 

1-iI~'TOHY CF TIIE GENUS All'.ERNAtlIA . 

In the course of time . a rumber of species have been described under Alterna.ria 

and Macrosporium. 

In 1817 Nees set up tile genus Alterm.ria with one species Alternaria tends 

in which the coni.dia were linked by 11fili.form connections" . Fries in 1832 set up 

the gems Macrosporium with .four species M1conve.llariae , :U:. tenuiasim.nn. 

ll. cheiranthi and :U:.caric inum., the first .3 of which are clearly shcnm by later 

workers to be co~eneric with Alternaria. Fries erronecusly regarded the 

conidial beak as a t.aaal stalk and this misconception was oontimed qy some 

later workers such aa Berkeley who set up the species K. sarcirul.a in 1838 . 

In 184,0 Corda publ i shed a n illustration of A. ielllis which deviated from that 

of Nees siooe the conidia were farmed into chains of up to 13 and the beaks 

were not filiform cut tapered gradually fran the conidial t:>cxzy. In addition, the 

beaks of most spores were hyal.ine in contrast to the dark brown of the spore 

body. Althrugh the fungus described by Corda was guL e different to that or 

Nees it bas nevertheless formed the basis of the modern conception of the gems . 

Corda rsgard~d Macroaporium Fr. as synonymous with Alternaria . 

Elliott in 1917 emphasized that obclavate conidia often with a long beak 

should be a generic criterion in Alternaria . It wae noted th:::.t chain f orrzetion 

y be suppressed under unfavourable conditions . Elliott as erted that species 

under the current conception of Me.erosporium ought to be transferred to 

st Fdv:lium as he ( ?) considered there was not~ in the morphology of species 

of »acrosporium which YCllld exclude them fran the gews ·Stempqylium. 

Balle 1924 subscribed to Elliott's conception of A).-t;.ernaria and suggested 

retaining the genus l&aCl'ospo.rium for forms with sarcinaetorm spores thus 

ruling out Bies and basing the genus on ~rkeley'a deacription of K.sarcinula . 



Tebon and Daniels 1925 set up the genus 1i1yrospora to which they suggested 

forms with sarcinaeform conidi.a be transferred. 

In 1929, A~ell, noted t hat f~ with obclavate conidia borne singly, or in 

chains and forms with sarcinaeform conidia could be placed with a less equal 

justification into the genus Macrosporium or the genus A1ternaria . Because 

fungi having obclavate conidia borne singly could, um.er certain circumstames 

bear thS!Il in chains Angell considered catenula.tion to be too unreliable to 

rate as a generic criterion. Hence he said t hat fungi in the 2 groops sh0.ll.d 

be i ncluded in the same genus - Macrosporiu.m Fr. in accordance with the e c1rliest 

description of the characters of the genus cu F1•ies in 18,32. 

In 193.3 'liltshire reviewed the evidence regarding the identity or the 

foundation speeies af Al ternaria and lfacrosporium. This meticuloos and lucid 

accoont correc~ed previous misconceptions and resolved the several different 

interpretations regarding tho importance of enulation as a generic character. 

Wiltshire found that the foundation species coold ~ grouped into 3 different 

t y pes : 

(a) t hose foming long chains of shortly or comparatively shortly beaked 

spores. 

( b ) t hose forming ch::: ins only rarely, the spores possess ing long filiforrn 

beaks . 

( c) those with spores normally borne singly ( thoo.gh occaaiona.11.y bearing 

secon:iary ones on short conidiopbores ), sarcinaeform, withrut aiv beak , 

usually with a major cross wall ace anpanied by a constriction. 

Group (a) is, by c01I1C1on consent, placed in the gems Alternaria. It imludes 

A. citri, A.Longpipes, A t enuis auct., A.i'ascicul.Dta am is clearly oongeneric vi.th 

Alternaria tenuis Nees . 

Alembere or group (b) are scmetimes placed in Alternaria and saaetimes in 

Macrosparium e.g . A. macrospora. A. solani, A.crassa . A. ta!8to (for long bas 

been llacrosporium tmat?), M.Porri, ll. sesami. 
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Group ( c ) is coor.oonly- placed in crosporium. Too typical mmber of this 

group is t he eonidial stage of Pleospora herba.rum which is usually regarded as 

M.sarcinula. other species include M.paresiticum, ll. sarcinaeform , stempbylium 

aolaAA etc. 

There are intergrading farms between groups (a) and ( b) but grrup (c) is 

sharply defined from the r est and in fact is identical with the origina1 concept 

of Stemphylium: S. botryosum (rallroth). 

Popularly• t he distinction between A1ternsria an:i Macrosporium is that the former 

has conidia borne in chains and t he la tter, conidia borne singly. Bolle and 

Elliott however give evidence shO\l'ing the v~riable nature of chain formation 

cul tu ·e media rut not in the natural host. SCD8 weight however mst be attached 

to the f act that group (a) has conidia usuall;r in long chains. 

The filiform beak of group (b) is also very variable e .g. in length and 

thickness. Furthermore, the ooak on natural host material may be quite different 

from that developed in culture e .g .Alternaria gossypina (Tht1tn) Hopkins on the 
I 

cotton plant bas only a short beak but in culture the beak is long. A.lo~pipes 

bas a hart beak on hot material and practically no beak at all in culture. 

The conidiq>hore in groups (a) and (b) consists al a brarr:h of 11\YCelium, which 

my be thickened and or a dark colour and may bear from one to several conidia 

in chains . The eonidiophore may bear a sive scar where the terminsl spore 

or spore chain was at t aebed but scmetimes there are several scare. 

The distinguishing character of groups (a) and (b) is the bealted spore. 

separating them fran all other genera in the Pbaedictyae. Associated with this 

characteristic ia either a marked development of chain formation or of the 

length and narrowness or the beaks; as the beaks get 101lg8r the spores per 

chain get teftl". 

In his st~ Wiltshire established tbat Alterneri'a Nees am llacroeporiwn Fries 

are based on eengeneric species since or the r~ species described tw" Fries, 

K.cbeiranthi and )(. temis iDalm. are cor,generic and are clearq species or 

Alternaru. in the current modern sense or the term. Although Wiltshire •s 

unable to study aqy type J11Lteria1 or Jl. conv!H,ariae Fries• description or the 



J+.tf. 
species made it reasona ble to a sume that it was conganeric with M.cheirantbi . 

The fourth species, M.caricirum bad no longitudina1 wall.a and beooe __ wa.s 

distinctly different and does not belong to the Pbaeddiotyae . 

Since Alternaria and Mscrosporium are based on congeneric species one or 

other of the names must be discarded . Wiltshire concluded t hat althrugb 

Maerosporium is the strictly legal rane ( being described by Fries in the "Systema.11 

whereas .Alternaria is not recognised ) it has consistently but erroneously been 

applied to species forming no chains of conidia - group (c) and, in part, group (b). 

Consequently, owing to the confusion associated with this name he suggested 

relegating it to the nonima ambigua and employing Al ternaria for groups (a) and (b) . 

Neergaard 1945 subscribes to this view since he sug . sts that employment of tbe 

n1_me M.e.crosporium in, strict accordame with the rules or nanenclature cool.d on'.1¥ 

lead to further CQQ£usion . 

A .JidEF REVIEW CF THE SPECIES JWrEHHARIA . 

First described by Ellis and Me.rtin i n 1882 and named1 Macrosporium solan1 . 

In 1896 Jones and Grout transferred the species to Altermria naming it 

A. sol.ani (E.&.M.) Jones and Groot . Fran. then on there -.ere two schools, one 

classifying the species in Macrosporium and the other classi.f'ying 1 t in 

Alternaria . 

In 1929, Angell made an extensive ccxnparative exam1DAtion of ll. solani (E .&.M.) 

am. U.porri Ell . He concluded that these species nre physiological mes or the 

sarae species since ( i ) morphological variation was s great between species as 

between isolates within either speci a . 

( ii) sPQrulation at both species in cul.ture was very di!n,.eult 

to ,obtain. 

( iii) cultural charact.ers or the 2 species grown c,n various 

media were practicaU, identical . 

One difference •s noticeabl;e bo,ever, M.porri forms attacked species of the 

Liliaeeae whereas K.solani tarms attacked species of Sola.nacea . 
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Neergaal"d' s (1945 ) investiga.tions led him to suPPort Angell and, i n addition) 

be found t hat there was another form which should ba considered a phyeiological 

ra.ce of the sa~ species, namely : Alternaria brassicae v dauci (ldihn ) Lindau 

found on carrot. 

Accordingly, Neergaard suggested that t he 3 forms be cla.ssif ied as one species 

i n whicli they constitute phyeiological r aces. In accordance with the rules af 

·ro-11Encl ture t he species name llll~t be that of the first daacriood ~pecies i.e . 

M. parri Ellis lf!79 . Thus t he name given the spc:cies was: 

Alterna.ria porri (Ell) Neergaard with 2 fornee speeiales. 

A.porri f . sp.dauci (ki.ihn ) and A.porri r .sp.solani (E.&.¥ ). 

Neerga ~1rd gives the follom.ng description of the morphologica1 ch::1rncters of A.PQrri . 

HYPEA.E : byaline to 'olive-buff' to dark 'olive-l>uff'; septate, l -10 p wide . 

C0NIOPi.0iLl : 
deep 'olive OJ.ff' to'buffy brown'; septate {6-39,i between septa) 

On natural media they are ,30 - lOO p in l ength am 4 - 9 )1 in width • 

• 
On a gar media t hey are JO - 200 fl i n l ength and 6 - 9 p in ndth . As B. rule 

they are non-braaching, erect rl th one or seldom 2 scars. 

On natural. mediu.!11 they form singly or in buniles, sanetimes from sclerotoid eell 

clusters. In agar cultures the conidiophores form singly either as side branches 

on eyphae or terminally on hypbae, the narrower am lighter hypha. gradually 

turning into the broader and darker conidiophore . 

CONIDIA: f orrm.lly formed sing]:y · ve,:y ocoa.sioMlly a secondary conidium 1 

formed in cultures . 

Smooth, obcl avate to elongated oval, constricted by eepta gradually tapering 

i nto a long filiform often bi or tri-forked beak, 

Dark 'ol.i ve-blff •, 'l:uffy br()',l?l' , 'alive brown• to natal brown• • 

Length of spore ~'.It 25 . 5 - l37p Width: 10.5 - 1'/ ,5 Jl 

Length of beak 1+,5 - 4.32]1 " s 2 - 4)l 

Total spore l ength 40.5 - 50lf 
The spqre may have fran .3 - 14 t ransverse se~ and O - S long! tudinal septa, 

The beak is l\yalin to eub hyal.ine and bas O - 7 traaverse septa • 

• 
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DThCU~IOi~ AND COI'CLU3ION3 . 

There a re many exampl es in fungal ta.x:01100\V where species, which were soundly . 

based on morphological criteria , have been fragroont0d into a rumber of •new• 

species on the oasis of host specialization characteristics. One ar the most 

extre:ne exa.mplos of this approach to taxonoot1 is given by Gaumann' s (1918 ex Yerkes 

& Shaw) creation of 49 new specties of Peronospora, from an origiilf-1 4 or 5 species 

of P .pai•asitica., following some }1oot range studies. The absurdity af creati,1.g species 

based 1 2:i:'gely on physiologi cal characteristic::. is oonatantls being exposed b-.f 

worke 1•s wh•:> study several closeJ,,.v related, s o o ·lled opecias of many genera, under 

unifoFm conditions and finJ t hat t hey form a groop of strains, of one morphologic 

s!)eeies , which intergrade in aqy 01• all characteristics t o such an axtont that, 

differentiation at species level is impossible and invalid e .g . the work of 

Yerkes a:id S ,!BY on the Peronospora species of Crucif erae and Chenopodiaceae. 

Ea.cl! genus bas its own peculiar· pr oblems which accentuata different f aat.ures 

as be:i.nt dia f;r;ostic cr iteria a.t t he species level . The importaooe of reliable 

r:iorpt olQfic criteri·-' and to a lesser •JXtent pqysiologic criteria is para.1ount . 

One of the more inter esting taxonomic debates in very recent times, comerning the 

identity of t he fungus c ausing the Spring Blackstem disease of al.f=!lia and 

redc l over, ha s arisen because of -two schools of thoo.ght about the importarx:e 

attached to t he production of uni- septate aonidia by t he fu~us to various degrees 

urrler va r ying corrlitions . The disparity i n think~ in this example is aaused by 

the gr eat similarity i n the descriptions of the 2 species suggested by the 

2 schools such t hat classification into one species or t he other is based very 

mch on an i nt erpretation of English r athe r than any cl earcut constant character . 

The ta.xonorey of t he genus Altermria is difficult sinoe constant morphological 

criteria are hard to find and it is onl'1 the vecy unwary who use con:i.dial 

me8surements by themselves ~a a means of diff erentiation. Several papers have 

been ?J,blished sLO\rlng the affect of changes in environment QD conidial 

morphology i n the genus Alternaris. e .g . the pa.par by Range.swami and Sambandam 

(1960) dealing with the influence of substrate on spore size of Alternaria 

malongenae . The results obtained, during this work, f or oonidj_al (Appendix J.V 

and %a ble X) size of isolates on several aubetrates indicate the degree ot 
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variability t hat can be expected within isol~ tes a nd between isolates of Al terl'llria 

solani e . g . i n Ta'ole X it is noticeable t hat spore body size is SIIBlle r on P.D.A. 

tbs n 0 :1 host IIBterial . Tbe st~ooard doviatio;1 :ls high for measurcmen-~s of spore 

body l ,.1gtl. an::l ooa~ length, aga i n empl.nsizing the varintion whici.1 occurs . 

It L:i r0latively simple liowever for any worker familiar with t he gems Altermttl.a 

to diffsr antiate a mim,:>er of 3p0ciss on th3 basis of collective conidial morphology 

r nth'-r t han on one isol .t ed c hc rr-ic t eristic sucli as size or dimensions . Ther ,: was 

a 'unifor:nity of v:.,rie.uility' wLic l.1 became qt.lite striking far the isolates of 

Altornari& solani used t iir oughout t his wo1•k &nd provided evidence that they all 

v..]loc>5od to the or.I(; mm•phol ogical sve<:ies. 

fleE;rgac;I'<i regards Alternaria salaui. to oo a physiologica l race of Alternaria porri 

sir..ce t ile two are .1torphologically similar a~ld reac t similarly in culture but the 

' aols.ni' fc,rui::. a1·0 pa1-asitic naainly on Solanacerus hosts and the 'polTi' forms 

a r~ pa.rasi tic ma.inJ..~, on Alliwn species. 

Even t h0ugh it i s possibl e to get i s oli.:. t as of one or other af these physiological 

for m.., to infect hoots froin other f cHnilies Wlder experimentr l conditions t his is 

artificial since everyt hi ng is heavily biassed in favoor of the fu~s . .Neergaard 

carr ied out extensive experimental i noculations on seedlings of host plants from. 

eeveral f amilies but t he infections were usually very slight with little affect on 

the pl :.. nt . 

Ther e is extensive evidence bowver , for t he occurrence of physiological strains 

within t he ' solani' race • Bonde (1929), Klaus (1940) and Rex- Thomas (1943) are 

.3 worker~ who no·Led differenc es bet ween isolates of Al.ternaria sol.ani they studied . 

One c onst ant diff ere nee between i sol;.;. tes s tudied in this work was in c:il'omogenioity. 

Isolat.as fran Black nightshade \?8re all non-chromogenic in coutrsst to the isolate s 

from Pata to and Tana to which wer e strongl,:,r c l.1r~cnic . 

There was no evidence i n t his stuey of ar.w n:ejor physiological difference such as 

extreme virulence or avi.:'Ulence of an i solate and taken as a group the isal.ates were 

sufficiently unil'ox to rerder aey .turther classification on physiological or 

morphological g:counds , into r aces or sub-forms, redundant . 

Neerga,.rd' s system of classification, therefore , seems 81!linent¼ suitable sin:e 
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i t is workaol e and while i t recognize s th-:. t variation may often aecur between iaolates 

this i s not allowed to assume .false importance . Sucli a system, ..itilizing 'f or·cree 

sr,eehles ' of a morphological .,pecies c culd well 1Je adopted with other genera of 

Imperfect Fungi . 

The name Altermria solani has been used t l1roughout t his work in preferenc e to 

Neer ga.ard' s A. porri f • sp • solani si nee t ho l atter name has a •1parerrtly not f oo nd 

accept ..-: nc0 with all workers in recent publica tions. However, provided th8 name 

Alt~rnaria solani is used toget her wit h t hat of t he host plant fran wbicb t he 

fungus vr::, s isolxted little confusion shool d r esult siree the specialization of 

Alternaria solani forms for Solanaceous hosts is a very uniform c llaracteristic. 

In conclusion, it ney be stated t hEit the variation whic h was frund between the 

12 i solr:·t es of Alternaria solani studied• provided insuff icient grounds for 

suggesting a further subdivision i n classification and i m,t ead, was in subst antial 

agr e~m~}.ot with overseas r esults , nota :Jl y t hose of Rando and Neerganrd. 
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APPENDIX I. 

COMPOOITIJN AND PHEPAH.ATI ON 

CF MEDIA . 

SI'E.i:i.ILIZAT ION : 
Unless otherwise stated media were autoclaved at 15 poonds per 

square inch for 20 mirutea imnediate13" after preparation. 

ARI'ICICIAL MEDIA : 

(a) Potato Dextrose Agar 

Potato infusion 
Ba.cto Dextrose 
Bacto agar 

(Oxoid) 

200 gm 
20gm 
15 gm 

Preparation: 39 gms of the above mixture were suspended in 1000 ml 

of distilled wat er t b:m heated to dissolve t he medium. The medium was poured 

into 7 - 8 250 ml. flasks which were stoppe ' -with cotton wool and autocl aved . 

( b ) Potato Dextrose Agar (Laboratory) 

Potatoes (peel ed and sliced ) 200 gm 
Dextrose l.O gm 
Agar 12 gm 

Prepar etion: The potatoes were ooared gently for an hour in 500 ml 

of distilled water. The liquid was strained through a cheesecloth and the 

filtrate added to the agar which had been melted in a f'urther 500 ml of 

distilled water. The volume was adjust ed to 1000 ml and the medium poured 

into 7 - 8 250 ml flasks which were stopped with cotton wool and autoclaved . 

( c) Cornmeal Agar 

Cornneal 
Agar 

20 gm 
r, gm 

Preparation: The corr:meal was suspended in 500 ml or distilled 

water and sim:nered gent~ for ll hours after which, the liquid was stained 

through a cheesecloth. The agar vas melted in 500 ml of distilled water 

ddad to the filtrate and the volume adjusted to 1000 ml. 



(d) Czapek-Dax Agar - Modified 

Agar 
NaN03 
Magnesium glycero-phosphate 
KCL. 
Fe3~. 7 H20 
Sucrose. 

(~oid) 

12 .00 gm 
2.00 gm 
0.50 gm 
0 . 50 gm 
0.01 gm 

.30.00 gm 

Preparation: 51 .4 ~ of the above mdium were added to lOOOnl 

of hot distilled water and allowed to diss olve for 15 - 20 miw.tes before 

pouring into flasks and autaclaviog . 

( e) Prune Agar 

Prune infusion 
Bacto a.gar 

(Difeo) 

36 gm 
15 gm 

Preparation: 24 gm of the medium were added to 1000 ml of 

distilled water the whale bei~ boiled to aid solution of the medium. The 

mediu.rn was poored into 7 - 8 250ml. flasks which were stopped with cotton wool 

and autoclaved . 

(f ) Water Agar 

Preparation: 12 gm of Davis Agar were boiled in 1000 ml or 

distilled water until the agar dissolved . The medium was poured into 

separate flasks arxi autoclaved. 

{g) Tanato Juice Agar 

<koid Tanato Juice Agar 
Davis agar 

52 gm 
7 gm 

Preparation: The above mixture na boiled in 1000 ml of distilled 

water to dissolve the medium which was then poored into a number ot flasks 

and autoclaved. 

(b) V8 ... Juice Agar 

VS juice 
Distilled water 
.Davis agar 

500 ml 
250 ml 
10 gm 

Preparation: The ingi, di nts were placed in a l litre flask and 

heated until the agar dissolved . The medium •s then paired into 250 ml flau;s 

and autoclaved. . 



Tomato) 
Potato) Leaf Extracts 

200 gm of mature leaves and petioles were ma.cerated with lCXX> ml 

of distilled water in a ''War:i.ng ill ender" . The resulting suspension was 

filtered through a pad of blotting paper. The filtrate was passed t hrough a 

"Seitz Filter" under aseptic oorrlitions to obt.lin a sterile extract. 

A solution of 4% Davia agar was ma.de up and held, together with 

the extract, in a 50°C water bat h . 

Platea were poured ~ pipetting 7 ,5 ml of 4% agar and 7 .5 ml of 

ext.re.ct i nto each plate arrl t hen agitating to ensure canplete miXing. 
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