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PREPACE 

!he genus Phlox (family Polemoniaceae) comprises some 60 &IlIlUal and 

perennial species, all of which are indigenous to the North American continent. 

The only annual species in cultivation is Phlox drummondii Book. which 1s very 

popular as an ornamental in temp.erate climate.. Seed of the wild form of 

this IIpecies vas sent to England from Texas by Drummond in 1 835, and later 

that year vas described by W.J. Hooker as Phlox drummondU sp.nov. (Hay, 1 931). 

Today the species has been extensively modified by domestication and dozena of 

named, true breeding Tarieties differing in stature, colour, size and shape of 

flowers are listed in t:l'acle catalogue • •  

In Hew Zealand!. clrummondU i. v.ry popular in hOlle garden. as a spring 

bedding species and for many years has b.en one of the main selling lines of 

commercial nurseries specialising in the production of annual seedlings. In 

the Manavatu first sovings are usually made early in September and thereafter 

at two week intenals -througb until November. Tbe seed is mainly of European 

ori,in, vi'th small importations from the United States and Canada. 

P. drummondii seed is Dot commercially produced in Nw Zealand. - . 

During the spring of 1 953 the author investigated a S8'Yere outbreak in 

two Palmeraton North nurseries of a foliage disease ot pricked-out !. 

drummondii seedlings which had been experienced in the Manawatu for several 

years, but had not previously been as severe. !he symptoms of the disease 

11e1"8 severe leat Iesioning vi th the production of pycnidia on necrotic 

tissues. Microscopic examination revealed large numbers of pycnidiospores 

typical of the form-genus Septoria and on the basis of spore and pycnidial 

dimensions the pathogen vas identified as Septoria drummondii Bll. and Ev. 

'fhis fungus had previously been recorded in New Zealand OD l. drummondii by 

Brien (1 939) . 
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Several features aasociated vi th the disease and it. a .... elopnent in the 

two nurserie. suggested the po •• ibili ty of seed being the source of primary 

inoculum, viz: 

(a) a characteristic ot the genus Septoria is that conidia are not 

adapted to wind dispersal. spread of spore inoculum being strictly 

localised and largely dependent on vater splashing; 

(b) a perfect stage, invol Ti.ng the production of air-borne sexual 

spores had not been reported for Septoria isolates from Phlox spp; 

(c) both nurseymen followd the practice of st.am sterilising all soil 

used in .eed .ovin.g and prieking-out mixes; 

(d) where the same .eed line vas used in both nurseries in no instance 

vera the r •• ul tant seedlings infected ill oue nursery but not ill the 

other; 

(e) •• veral aeptoria di ....... are known to be .eed-borne. 

A Septori. di.ease of 1. drummonclii wa.a fir.t recorded iD lforth America 

by 111is &D4 "hart (1892). Subsequent literature ha. been confiDed to 

brief reporis of the di.ease &8 a new record tor aD area 01" to brief descript-

ions of symptoma in establi.hed plantings vi th sugge,.tion. tor control by the 

application of fungicide.. All reterences to the disease are ot a .emi­

popular nature, there being no detailed studie. of the morphology, taxonOlllY', 

etiology and epidemiology of the pathogen and the disease it cau.e •• 

During the period 1954<-56 a study satistied the vri tar that the disease 

was in tact seeel-borne and caused by Septoria drummondii Ell. and Rv. A 

short paper vas prepared at that time and submitted tor publication in 

"Plant Pathology", a quarterly journal publishea for the Ministry of Agri­

culture, fisheries and Food, England. In a reply dated 7 January 1957, the 

Editor ot the journal advised that the paper had been referred to W.C . Moore, 

then Director of the Plant Pathology Laboratory, Harpenden, England, whot 
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1 • considered the evidence provided vas insut"ficient tor a first 

assertion that the disease vas .eed-home; &Dd 

2. commenwd that more than one species of Septoria has been reported 

aa pathogenic to P. clruDmondii anel that the assumption that -
!. drwmnondii BIl. and ET. vas in this instance the pathogen vas 

umrarranted. 

This YOrk is a study ot the disease and it.. causal o%pnism, with 

particular emphasis on the two contentious issues, D8IIMtly, the seed-borne 

Dature of the disease, and taxonomy of the pathogen. As DO detaUed study 

had previously been made -ot the c1.iseaae i taelt, couiderations ot lie14. aur-

vival ot the pathogen, lIode ot secondary spread, and host-parasite re1atioJ1ll 

have also been included. 



I TAXONOMY OF THE PATHOGEN 

A. Introduction 

Al though the PH sent atudJ' is primarily concernea vi th the Septoria 

disease 01 l. drummondii a decision a.s to the correct nomenclature of the 

causal organism could not be reac hed without consideration of the total 

problem of the taxonolDiY of Septoria species pathogenic to the genus Phlox. 

lour species ot the lo�us Saptoria haw been recorded as foliage 

pathogens of Phlox drWllDOndii, namely. 

Septoria phlegi,s Sacc. • Spe,. 

Septoria diTaricata Ell. & BY .. 

Septona drummond11 Ell. • EY. 

Septoria ,"sliniana Saac. 11 bott. 

I. !. ;phlogls vaa originally de scr ibed in 1879 by Saccario o n the 

peremdal species Phlox paniculata Linn. Bis aescription 01 the disease 

aDd the causal arrani. at that time is as tollovst 

Septoria phlsa!s Saoe • •  Speg . (Mlehelia, 1819, Vol.1, p.l84). 

Maculis au bcircularib1l8 aiDut!a albis, late tuligineo-ruto­

marginatis J peritheaiis sparsia paucis, puactltormibulI, lenticular­

ibus, 1 50-200 IU diam., pertusis, laxa ochraceo parenchymaticis; 

speftl&tiia bacillarlbtls, flexuoaia, 40-60 x 1-2 /u, tenuiter 1-3 

septa.tis., hyalinia. Dab. - in lolUs Phlocia paniculatae, a 

Conegliano , I taliae, October 1877 (Spegazzini). 

'fl-a.nslation: 

Spots small, more or less circular and white, later becoming 

smoky to brownish-Hd at the 1Dal"giD. Pyenidia scattered, tft in 

number, punctate� lenticular, 1 50-200 IU i n diameter, ostiolate, 

ochraceous, loosely pseudoparenchymatous in texture. Spores rod­

shaped, tlexu ous, 40-60 It 1-2 IU' hyaline and usually 1-3 septate. 

On foliage of Phlox paniculata, from C onegliano , Italy, October 1877 

(Spegazzind.). 
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In the aboTe original description the .pecie. epithet vas giTen a.s 

·phlocisft but later in his Sylloge Pungorum, Saccardo ( 1 884) modified the 

spelling to !. phlogis, by which name the organism ha. sinee been known. 

In the International Rule. of Botanical lIomenclature (lAnjouv et al .. , 1 961), 

under the section OD: Orthography of .amea and Epithets it is stated that -

"the original spelling of a name or epithet .uat be retained, except for 

typographic or orthographi<f errors" • The spellina "phlocistt could be a 

typographic elTor by the printer, the letter ',' being incorrectly c0118idered 

'c', or orthographic if Saccardo did not at the time know or remember the 

genitive of Phlox. A typographic error can be presumed since the spellin, 

on the enTelope containing the type material (Plate 1 ) ,  considered to be in 

the writing of Saccudo (Bugbe.t pers. 00l1li1.), is clearly 'phlogist. In 

either case the correction to !. phlogis is justified since the intended 

sense was obTioualy 'of Phlox' .. 

!he disease vas later identified in North America on Phlox diTaricata 

Linn. by fre1ease ( 1 885) who clescribed the spots. as up to 5 DIll in diameter 

and often confluent. Pycnidia vere numerous and the co10r1e.s, filiform 

pycnidiospores measured 30-40 x 2 tU, and were usually 2 septate. 

Martin (1887) recorded what he considered to be the same clisea.e on 

l.. dinricata, and described the apots as amph!genous, oliTaceous below, 

dirt,. white abo .... , 1 -3 111& in diameter 01', by confluence· larger, with a purp-

lish shaded border. Pycnidia vere numerous, epipbyllous, lenticular, dull 

black and 100-120 /u in diameter, and the spores ven 1 8-30 x 0.75 - 1 /u, 

faintly nucleolate, nearly straight and hyaline. 

GroTe (1 935) reported the species in England and recorded p,ycnidia as 

1<>0-200 /u in diameter,. and spores 1 -3 septate, 40-60 x 1 -2 tU. 
In a brier note Pape (1 935) reported the pathogen as pr.Talent in 
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Germany and described pycDidia as black and spherical, produced in the 

centre ot lesions, 100-200 IU in diameter, and containing curved, 1-5 celled 

hyaline spores measuring 40-60 .x 1-2 IU. 
The above is the total recorded mycological information on!. pblogis 

but the host range has been enlarged to include !. drwnmondii. 1.. reptans, 

and 1. Tirginiaca (Pape, 193 5), l. � (Grove, 193 5), and l. glaberrina 

(SHeIl e, 1953 ). 

11. BlU. and Everhart (1889 ) reported a. Septor!a foliage di.eas8 ot the 

perennial species 1_ divaricata which they believed to b. identical with 

that de.cl'ibedearlier by Hart-in (1887) on this hoat. However, they con-

.i4ered teature. ot spor •• and pycnidia to be dittereut trom!. phlogis and 

elnated. the fwagua to neY species status, naming it Septoria diTal"icata 

8JMlC. nov. their description ot the di.ease and oausal fungus is as 

t.Uows, 

S'eptoria divaricata BlI • •  BY. (Jour. Mycology, 1889, Yol. 5, p.151·). 

·Spots vhi te" spore. 15-35 x 1 fI' mostly 20-25 f1 10111, 

nearly straight., very taintly nucleolate, non-septate" .. 

"On living leave. ot 1.. divaricata, Lyndonville, New lork, 

Hay, 1889 ". 

the only other �ological account ot this species is that by Grove 

(19 3 5) who records pycnidia as 1.<>0-200 f1 in diameter" and spores aaeptate, 

18-3 0 .x 0 . 75 - .. IU' but variable in length, mostly 20-25 IU. !he 

organism has siDce been reported oD .. -!.paniculata (Seymour, 1929 ). !. 

drummondii (Toms. 19 49) and.l. amoena (Greene, 1951). 

Ill. Ellis and Everhart (189 2) erected a further specie., Septoria drummondii 

apec. nov. citing it as the causal organism ot a toliage disease ot the 

annual species.l. drummondii. '!heir description is as tollowu 
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Septoria drummondii Ell. & ·Ev. (Jour. �cology, 1892, Yol.7� p.133). 

-Differs from!. divaricata on�. divaricata in the pycDi.dia 

being scattered thickly over the entire surface of the leat, and not 

being on � definite spots. Pycnidia black, sub-prominent, 100 IU 
in diameter. Spores nearly straight, nucleate, 35-50 x 1.5-2.0 IU' 
rather narrower at one end. 

On leaves of l. drummondii, London, Canada, September, 1891-. 

!his binomial ha. since been widely a.c.cepted for the Septoria species 011 

l. drummondii but has DeTer been used for Septoria infections of peremdal 

Phlox species, the implication being, presumably, that!. drummondU is not 

pathogenic to perennial specias of Phlox. 

IV. Vowlino (1907) erected the speciea Septoria longiapora apec. nov. on 

leaves of �. drummondii from northern Italy. His original Latin diapoais 

and translation ia as follows: 

Septoria longiapora YogI. (.tti � Acad. Sc. Torino XLJII, 1907-08). 

-Maculis exaridis iDdeterminatis, irregularibus, saepe con­

fluentibus, castaneis, picnidiis epiphyllis, minutis, innato-prominul18, 

oliv&ceo-tusci8� sphaeroideis., 100-130-150 IU latis, sporulia 

cylindricis, subflex.uosis, utrinque rotundatia, hyalinis, distinct • . ,.., 
septatis, 70 -80-120 x 3 IU. 

Bab.- in toliis Phlogis drummondii, quae maxime vexantur 

(Torino, Lucento, novembre 1907). 

Ma:Jtimtwline sporarum Septoria phlogis Sacc . & Speg. ana 
!. divaricata Ell. & Ev. bene distincta". 

Translation: 

"Spota are indeterminate and somewhat dry a:ad irregula.r, often 

confluent, chestnut coloured; pyenidia OD upper side ot leaf and 

minute, immersed becoming erumpent, olivaceous to smokey, spherical, 

100-130-150 IU in diameter. Conidia cylindrical and subflexuous, 

somewhat rounded at the ends, hyaline, distinctly 5-9 septate, from 

70-80-120 x 3 IU. 
On leaves of Phlox drummondii, from North Italy, November 

1907 • Beadily distinguished from!. phlogis aud!. di varicata by 

the size of spores". 
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In his 8ylloge Pungorum, Saecardo ( 1 91 3) changed the binomial to 

Septoria vogliniana Sacc. 8: !rott. as the spe'cies epithet -longispora" had 

previously been used for a species of Septoria on Convolvulus arvensis. 

Although spore dimensions and septation would suggest a clearly defined 

species the only other mention of this tungus is by Oudemans (1923) who 

lists it under the name of !. vogliniana as a record on l.. drummondii, and 

citing Voglino's original paper as his authority. !hat ia, this species is 

known only from the original diagnosis. 

Other than the aboTe cited references the only reported study of a 

��ptoria disea.e ot Phlox is that by Bond (1941), who gives a descriptive, 

semi-popular account ot a Septoria leafspot ot 1. drUlllllOndii in Ceylon. 

In considering the identity of the pathogen Bond concluded that it vas 

.imilar'to!. clruaaondii. and ln new ot its occurrence OD the same host 

pronslonally applied that name to it. Ue cODlnented however, that the wide 

variability ln the spore. ot the Ceylon fungus (17-66.5 x 1.5-3 IUt mem 

43 x 2 IU)' and the tact that!. drummondii as originally published vas more 

or l •• s intermediate b.tw.en!. phloli. and!.. divaricata suggesteel that the 

distinction between th •• e three species was hypothetical, and that they 

should theretore be combined. Gcrove (1935) had already questioned the 

specie. distinction by stating - "!_ phlogis is doubtle •• nothing more than 

an advanced stage ot this fungus (1_ divaricata). It is said to difter by 

having white spots and tlexuous, 1-3 8eptate spores, 40-60 x 1-2 ;U' but 

this ditterence is no greater than can often be found between mature and im-

mature specimens on the 88JlLe plant". Support for Bond' s sugg.estion YU 

provided by Saville ( 1 952) who noted that - "there are n.rious records 

ot Septoria leaf spots on this plant (!_ drummondii) under!. drummondii, 

which is certainly synonymous with!. phlogisJ or under 1. divaricata, 

which supposedly has much smaller spor&s. Specimens sugge.st that there is 
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a complete integration in spore size-. 

There is no evidence ot the perfect stage being found tor any ot the 

above species of Septoria. However Oudemans (1901) erected the ascomycetous 

species Leptosphaeria phloBis .pec. nov. on leave. of Phlox deeussata (= 1. 

paniculata). !he original Latin description and translation is as. tollow •• 

Leptosphaeria phloBis Oud. spec. nov. - on leaves of· Phlox aecussat. 

cultivated at Dedemsvaart, 10 November, 1898. Sent by Prot� Bit.zema 

Bos. 

·Pel'ithecia parn., aparaa. A.sci cylindraceo - olavati. curvull, 

.essUe, � x 9.3 IU. Sporidia c1istic�" cylil!ldracea, cunula, ad 
polos obtusa, 3 septata, loculo penul timo antico c'etaris ampl1;Ore, 

tuscidula, 23-25 x 4-5 IU". 
Translation I 

"Perlthecb. small and scattered. Asci cylindrical-el&ftM, 

curved, sessile, 46 x 9.3 IU. ,Ascospore. 2- nnked, cylindrical, 

curved, blunt at both ends, 3 septate, thepenultima�e antedor cell 

larger than the others and somewhat cla.rkened, 23-25 x 4-5 IU-. 

According to Grove (1935), _ It!. phlogts is said. to haTe an aseophorous 

stage, Leptosphaerta phloBis·, - but there appears � �e no justific ation 

tor this latter statement. Nowhere in the literature is there aDY sugge.t-

ion ot a relationship between the.e two fungi. hrtbermore, other than the 

above original record and description by Oudemans (1901) there i. in fact, 

no evidence ot this organism subsequently being found. 

'!'he above review reveals the unsatistactory state ot knowledge regarding 

the taxonomy and nomenclature of Septoria specie. pathogenic to the genus 

Phlox. It is apparent that in each instance the four species were ere�ted 

solely on the basis of study of one colleotion , with the crite�ia tor taxo-

nomic difterentiation being host spec1ticity, slight ditterence. in symptom 

expression and features ot pycnidi a and pyonidi08pores (Table 1) . In view 



TABLE 1 

Distinguishing Characters in the Original 

Descriptions of Four Species of Septoria on Phlox spp. 

Patho�en Authori� Host SEecies SEots on Folia�e �cnidia SEores. 

Small and more or Scattered, few Filiform, flex-
s. Ehl�is Saeoardo (1879) .E. Eaniculata less circular • in number uous, hyaline. 

Whi te at first punctate lenti- Usually 1-3 
later becoming cular, ostiolate, Septate. Size 
smoky to browni sh clear brown in 40-60 x 1-2 ;u. 
red at margin. colour. 

Size 15Q..200 ;u. 

Olivaceous below, Epiphyllous, Filiform, merely 
s. divaricata Ellis and .E. divari c at a whitish above 1-3 numerous,erump- straight, asept-

Everhart (1889 ) mm diam. or ent dull black. ate . 

larger by con- Size 1OQ..120;U. Size 18-:30 x 
fluence, with 0.75 - 1 jU. 
purplish border. 

.. 
o 

Round in shap e. 

Densely gregari - Straight or 
S. drunmondii Ellis and f· drummondii ous over entire slightly bent, 

Everhart ( 1892) leaf surfaoe, acicular. 
not confined to Size 35-50 x 

defini te spots. 1.5 - 2 ;u. 
Black, sub-
prominent. 
Size 100 jU. 

Indeterminate and Epiphyllous, Cylindrical and 
i· voglinianll Vo£;lino (1907) .E. drummondii irregular, often minute, immersed sub-fJexuous 

confluent,chestnut becoming erumpent hyaline, di st- , 

I 
coloured. olivaeeous to inctly 5-9 I 

smoky; spherical, s eptate, 7o-PO 
1 OQ..13Q..150 ;U 
diem • 

-120 x 3 ;u. 
. 
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of the expressed beli.f that only one real sp.cies may be involTecl and in the 

absence of critical studies pertaining to this subj ect the author has attempt-

ed to resolve the problem aa follows . 

( 1 )  type collections and other herbarium material wa s  a.sembled 

and critically examined; and 

(it)  the alleged species in fi.ld collections from seY8ral 

countries w.re compared vi th particular attention giTeD to 

variability of morphological characters both on host .tartal 

and in pure cul ture , and the extent ot host specitici ty. 

B. Consideration of Herbarium Material 

1 • 'fXpe Collections 

the type material ot � f)t the tour e:rected species ot Septol'ia OD 

Phlox spp. vas assembled and examined. !. phlogis vas obtained hom the 

Institute ad Orto Botanic'() Della Univ.rsita di PadOTa, Italy, and !.. 

diTaricata and S.  drummondii from the Hew York Botanical Garden, New York. -
In each ease the mat.rial vas euminec1 for aymptoma , prevalence ot pycnidia, 

shape, septation and dimenaions of' pycnldiospores.  All measurements were 

mad. atter mounting in lactoph.nol cotton blue . 

!'he type material of !. voc1iniana vas Dot examined. SeTeral 

European inati tutioD8 consider.a likely to hold Toglino t s original collection 

vere approached, but the material 'could not be located. For this r.aaon, 

plus the tact that tield material ot !. vogliniana has since n .... r �.n 

located no further consideration is given this species in the present study. 

(a) Septor!a phlogis Sacc . a Speg. 

the material consisted of fragments ot two l.aves enclosed in a 

small envelope to which vas affixed a small piece ot note paper vi th ui ting 
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ancl a sketch of 4 spores and a pycnidium (Plate 1 ) . The leat material 

exhibi ted numerous distinct, small (1-3 _), circular spots vi th vb! te 

cent.re. and a darkened border. .u1 tissue pieces vere carefully examined 

and fOUlld to be quite Amid ot pynidia. ne surface ot s"era! ot the 

larger lestonJI , considered more likely to haft pyenidia present, vere 

punctured as though pycnic11a pre'rioualy present had been remoT8d by earlier 

examiners . !hat i s ,  in ita present state the 1 .... .  vere- quit. useless as 

providing a mean. ot re-detel'Dlining the myeological t.tuns ot the tungua. 

(b) S. ptoria divaricata Ell . A Bv. 

the material consisted of tive inteeted leav •• contained in an 

enTelope (Plate 2) . the information on the ennlope ad4itional to that in 

the original a8-scription stated that pycnidia vere 90-1 1 2  /u in diameter, 

eruapent, and present on the upper s ide of the leat. 

Each leat exhibited 8 .... raJ. circular lesions up to 4 DID in diameter , 

mostly on the upper surface , wi.th pycnidia present OD both leat surfaces but 

only on the lar,8%" lesions . Pycnidia vere erumpent ,  several with c1nhi 

still present. Pive pycnidia "ere IDOUJlted .eparately ani measured , and the 

dillenaioDs of 1 00  spores trom each recorded ·(fable 2) . Shape ot the spores 

ranged trom straight to flu-uous " and 8evenl vere obsernd to be 3 .eptate . 

the number ot cell. pre.ent in the maj-ori ty ot spores could Dot be d.termined 

because of the density of the spores content. . 

!he observations of Ellie and Everhart Yere thus inaccurate , &. pycniclia 

wen present on both leaf surtac-es and spores vere Tariable in shape and in 

80me cases quite detinitely septate . 

( c )  Septoria drummondii Ell . & Ev. 

'!'he material consisted of parts ot 4 leaves enclosed in a captioned 
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Plate 1 Type material ot Stptoria phlogis Saec . & Speg. 

Top inscription on the envelope cover 

Bottom - contained leaves 



- 1 4  -

,..:.:=�-'--"-""-"-;.;..;.----------� , --- � �,� -

. 
, 

Plate 2 Type material of Septoria divaricata Ell .  & Ev. 
Top - inscription on the envelope cover 

Bottom - c ontained leaves , and inscription 
on the inside ot the envelope 
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TABLE 2 Dimensions of pycnidiospores and pycnic1ia from type material 
of S .  di variea ta. BlI. " BY. -

Pycnidio.spore Dimensions a. 
Pycnidium (in microu) PYenidium 

No. Diameter 
LeDgtb Width 

Range . Mean Range (in IDiCroDs ) 

1 1 9. 2-32.0 + 27.2 - 0.18  1 .0-2. 5  1 05 

2 20.8-40.0 + 
lO .... - 0.l1 1 .0-2. 5 1 02 

1 20.8-l3.6 + 28.4 - 0.l9 1 .0-2. 5  96 

4 30.4-45.8 + 38.4 - 0.77 1 .0-2. 5 1 41 

5 22.4-l5.2 + 28.8 - 0.28 1 .0-2. 5  1 20 

Overall 19.2-45.8  + lQ.6 - .2 .• 01 1 .o-�. 5  1 1 6  

a. 
Sample size of 100 spores 
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enTelope (Plate ' ) . Several large , irregular lesions vere present on both 

surtaces of each leat speciJlHJn.. Pycnidia vere brown to black in colour , 

erumpent , and crowded on the lesioned areas , more particularly on the upper 

leaf surface. . Cirrhi vera not observed. Symptoms appeared identical to 

the Septoda ti ...... of .f. drumondH present in the Manavatu. Eight pycnidia 

vere mounted "parately and meaaured� and the dimensions ot 1 00  spores from 

each recorded ( Table 3 ) .  Pycmidiospores vere acicular, straight to flexuoua 

and som8 were obsUTed to be septate. 'lbe ' s.eptate condition vu IDO.� 

common , but spore. with one and 2 septa were located. More than 3 .epta vfte 

not observed. The percentage of spore. in each septate class could not. be 

d.termined as the .epta in approximately 2� ot the apore. vere obscured by 

the dense c ell contents . 

(4) Discussion 

The type material vas examined with a view to determining the 

accuracy of the original descriptions and evaluating the collections con­

sidered by EUis and Bverhart t.o va.:nant the erection of two furth.r specie ••  

In all three cases symptoms yere as originally describ.ed. On l.. 

paniculata ancl I_ divaricata le .. ions vere very similar, being smal l ,  circular 

and typical of the disea.e as it develops on !_ paniculata in the Manavatu . 

Symptoms on I. druDnondii vere id.ntical vi th those of the disease on this 

host in New Zealand and the large irregular areas of dead tissue v1 th crowded 

conspicuous pycnidia were quite distinct trom those on the other host species . 

Bow..-r . symptom differences in themselves provide little of taxonomic 

Significance , particularly when thr.e host species are involved as in this 

case. It has be.n demonstrated many times that disease characters on the 

one host species vary vi th the variety involved and vi th the age of host 

tissues , and are also subj ect to Tariation with climatic changes . �urther , 
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.' 

Plate ) 'fype material of Septoria. drummondii Rll . & Ev. 
Led material , and attached inscription 
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!ABLE 3 Dimensions ot pycnidiospores and pycnidia from �e material 
of !. drummondii Ell .  a Ev. 

P,ycnidiospore Dimensions a. 
Pycnidium (in microns ) P:vcnidium 

No . Diameter 
Length Width 

Range Mean Bange ( in micrOBs ) 

1 17.6-35 .2  + 25 .6 - 0.31 1 .0-2. 5  75 

2 20.8-36.8 + 27.2 - 0.41 1 .0-2 . 5  84 

3 1 7.6-48 .0 + 35 .2 - 0.39 . 1 .0-2 . 5  90 

4 25 .6-43.2  
+ 36.8 - 0.53 1 .0-2 . 5  93 

5 22.4-41 .6 + 33. 6  - 0.47 1 .0-2 . 5  78 

6 25.6-43.2 + 38 .4 - 0.55 1 .0-2 . 5  1 05 

7 t7.6-46.4 + 35 . 2  - 1 .02 1 .0-2. 5  1 02  

8 1 9 .2-43.2  + 32.0 - 0.34 1 .0-2. 5  96 

Overall 1 7.6-48.0 + 33 .0 - 1 .6 1 .0-2. 5  90 

a. 
Sample size of 100 spores 
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since the development of lesions i s  a reaction on the part ot the host to 

the presence of the pathogen and not an attribute of the fungus itaelf it 

is at least questionable whether symptoms warrant consideration as a cri-

tarion for delimiting species . Certainly in this case a,ymptoms are of no 

signiticance in the matter of vbethe,r DIOre than one morphological specie8 

of pathogen i8 involvecl. 

Contrary to the claim of Illis aDd EYerhar� , 1. diftJ."icata anc1 !. 

drummondii could not be .eparated on the basis of 8pore morphology. 

According to the original desoripti0D8 8pOres of !. di'ftricata. an .. eptate , 

but. in all preparations ot this species sapt. were unquestionably present 

in 80me apore. ,  and in thi8 regarcl vere identical with those of !. druaIIlondii .  

Spore shape vas a highly variable teatue , ranging frOll 8traight to dia-

tinatly curved in all apon preparations ot both specie • •  

Aa regards spore dimensions , whereas Elli. and Everhart recorded a 

range in lencth o f  18-30 IU for !. di varicata and 15-50 f1 tor !. drummondii 

( !able 1 )  in the present atudy they were tound to be 19.2 - 45.8 IU and 

17.6 - 48.0 IU respectively_ Spore width in both eoUections vas 1 .0 -
2 . 5  IU. !hat i s �  there vas considerable overlapping in the range of spore 

length thus making separation of these two speci e. on this basis quite 1m-

possibl e . Likewi8e the diameter of p,ycnidia from the two collections so 

overlapped a8 to be valuel.ss in diagnosis (Iables 2 and 3 ) .  

the absence of pycnidia on the type material of !. phlogis prevented 

morphological comparison with the Elli s  and Everh&rt collections . Aasuminl 

Saccardo ' .  figures to be correct then his pycnidial diameters ( 1 50-200 IU) 
&1'e considerably grea.ter than those found tor both !. divarica.t& (96-1 41 IU) 
and !_ drummondii (75-1 05 IU) ' and h i s  range i n  spore length (40-60 IU) ' 
although overla.pping that of the other two speci es ( 1 7.6-48.0 IU) neverthele •• 
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indicates a mean aTerage distinctly greater than that of the othe� fungi . 

HoweT.r , this in itselt is not sufficient grounds tor regarding Saccardo t 8  

!. phlogis &s a distinct species . Th. type material of all three speci •• 

each represent a single tield collection and therefore do not take into 

account either stage of maturf ty or fi.ld TU'iabili ty. Purtb.r collections 

of each und.r diTer •• enTiroumental conditions could well haTe produced cam-

plet. integration in pycnidial diameter and spore size. 

!h. only firm conclusion that :re-examination ot the type material 

allows is that !. diTaricata &Dd !. c1rwIImondii are morphologically indi.-

tinguiahable .  

2 .  other Herbarium Material 

(a) Material Studied 

Eight coll.ctions of Septoria species en Phlox drummondii were 

receiTed trom the Herbarium of the UniTersi ty of California, Berkeley, of 

which fiTe were purported to be !.. drummondii. two !. diTaricata, and one 

!. phIogis (Table 4) . Each collection was examined tor symptoms , pr .... 

atence of pycnidia, and shape , s.ptation and dimensions of pyenidiospores. 

In each case alide preparations of spores were prepared by ruptving 

aeTeral pyenidia in lactophenol cotton blu • •  

(b) Results and Discus.ion 

At though ther. were difter.nc.s in the siz. , shape ancl pre'Valence 

of l •• ion. the •• vere no more diTers. than could be found on infected p. 

drummondii plants in the Manavatu during any on. 8eason. Specimens 

-

numb.r 3 and 4 (Table 4) v.re least typical in that all lesions were _all 

and circular, but in .ach case with many erumpent, golden-brown to black 

pycnidia present. In the remaining collections , lesions ranged trom small 
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TABlE \ 
CHpari son of Spore Dflltftstons and Pycnt dtUII Dt 8ll.t.r of HerbartUII 

Spect.ens on f!!.W d",..,ndU and labelled IS �. d".ndH, �. 
Gfii __ ....... ir1 __ ... c ... lt ... a and �. phLogft 

S P 0 R E D I H E N S I O N S  

Plac. of CgLLator l delltfflld I 
PVC N I  n i l  0 I IM lE' 

� .!!g. I E!!!1t Hean �ablLLld as 
CoLLection CftUecttOll -IX s=g: Rang. 

l E N G!!U 
HllSyrld 

�.dMlMOndff 

1.drueondl f 

�.dO/!!IOndt f 

1.dO/.!Ondlf 

�.dOll!llOndJf 

�.dtyarfcah 

�.dfyarfClta 

�. 2hLog!s 

Note : 

S .pt.1 897 london, 
C anada. 

J.  D um.ss J.Dtlrn •• ' 1 20 32.0-59 . 2  44.8 .! 0.43 1 .5-3.0 1 5 75-1 25 95 .! 4.45 

Apr. 1 936 Gatn.svt ll., 
F lortda. 

G .F. V.ber G.F. IItb.r 1 00  28.8-44.8 36.8 .! 0. 26 1 . 5-2.5 1 5  70-1 20 90 .! 6.1 1 

Hay , 1 9oo l ake Ctty, 
U.S.A.  

H.Harold Hu.a H.Harold Hu.a 100 20.8-40.0 3 2.0 .! 0.34 1 . 5-2. 5  1 0  75-1 30 95 .! 6. 7B 

Har. 1 963  Gafntsvf ll., W.B. T f sdal. E dllon Hest 70 20.8-44 . 8  2 8 . 8  .! 0. 22 1 . 5-2.5 22 65-1 1 5  80 .! 5 .61 
Florfda. 

Apr.1 957 Kansas, O.H. n .. r C .  T .Rog,rson 70 20.8-38.4 3 2.0 .!: 0. 1 8  1 .5-2.5 20 80-00 1 05 ,: 4 . 1 9  
U.S • •  

J an.1 940 Ontart o, K.F. Bak.r K.F. Baker 1 00 25.6-41 .6 32.0 .! 0.23 1 .5-2.5 1 5  70-1 1 0  85 .! 5 . 8 3  
C aUf. 

Hay ,1 956 J ackson C i ty C .T . Rogerson C .  T • Rogerson 70 1 4.4-3 3.6 22.4 .! 0. 36 1 .5-2.0 1 5  75-1 1 5  90 .! 5.91  
Kan •••• 

7 7 p,trak p,trak 1 00  28.8-48.0 38.1. .! 2. 1 1  1 . 5-3.0  1 5  60-1 J5 PO .! 4.6 3 

An analysi s  of vari anc e gave no signi ficant difference in the mean l ength of pycnidiospores 
from different spec imens ( Appendix 2 ) .  

IV ... 
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circular areas approximately 3 mm in diameter through to extensi.,.e 11"-

regular areas of dead tissue densely cOTered with conspicuous pycnidia. 

A feature of all collections vas the prevalence of p'ycnidi�, particularly 

on the upper surface of le&ns . 

Nothing dbtinctiTe Y&S obsernd &s regards spore nape and septation. 

Spore shape vas very Tal"iable l"&DgiDg in all coU.ctions hom .traight to 

distinctly curved and bent. Plate . shoys pycnidiosporea repr •• entati.,.. 

ot the thre. .pecies and s.J'Tes to illustrate the sim11ari ty in gross 

app.aranc. of the spore. . Some spores in all collections y.r. obserT8d 

to be septate but the a.nse nature of the c.ll contents in many cas.s 

prevented an a •••• ament ot the degre. of septation. 

!he dimensions of spores and pycnidia fJ'ODl each collection are 

pre.ented in Table 4. 

It ia difficult to determine why the collections wer. originally 

identified as eith.r !. drummondii ,  !. divaricata or !. phlosi.·. As the 

host in .ach iDstance vas !_ drummondii , ho.t .peciticity is ruled out , 

and symptom. in DO vay servect to differentiate the three .peci... It would 

appear th .• refore , that spore dimensions were the IDOst important aingl. 

criterion considered. HoweTar , .peci� 3 and 4 vere both labelled as 

s .  drunlnondii but on the basis of spore dimensions identification as S. - -

divaricat& would be more justified. Aa mentioned earlier,  lesioM on 

both these specimens vere small and this fact coupled with the re1ati"1y 

small size of the spores suggests early-stage idection. the spore 

measurement. from Petrak' . collection (specimen 8) suggests this species 

to be also incorrectly identified; the range in spore length of 28.8  -

48.0 IU and mean of 28.4 IU warrants the fungus b.ing identified as !. 

drwmnondii rath.r than !. :ehlogi8 . 
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Plate 4 Photomicrograph (phase contrast )  ot pycnidiospores trom 
herbarium collections ot l. drummondii ( see Table 4) . 

Top 
Middle 
Bottom 

- !. phlocis 
- !. dinzieata 
- !. drummondii 
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C .  Study ot Field Collections 

Currently all three species epithets are in use for Septoria infections 

of Phlox. Thus according to Large ( 1 957) - "British material all tits !. 

drummondii Ell .  81 Ev. and .!. phlogis Sacc . &I Speg. does not occur here" . 

In Holland, according to Briejer ( 1 965) - ·only !. plogis Sacc . 8: Speg. 

is recorded on Phlox species" . In recent Annual Report.s of the Canadian 

Plant Disease Surrey ( 1 952, 1 960 ,  1 96t ) all three s.pecies are recorded, 

0.1 though according to Thompson ( 1 964) - "the species of Septocla most Ire-

quently reported as the cause of Septoria leat spot in Canada is !. 

divaricata, Ell . A Ev.... In New Zealand Brien ( 1 939) recorded !. clrummondii 

Ell .  «1 Ev. on !. drummondii , and!. phlogis m .  " Iv. OD !. paniculata. 

Infected tield material representative of the three species ot pathogen 

as present in the United Kingdom, Holland, Canada and New Zealand vas 

a.ssembled, and comparative studies made to determine whether separation vas 

in fact possible on the basis ot criteria generally regarded as ot taxonomic 

significanc e .  Peatures considered were disease symptoms , and morphology ot 

tb,e pathogen in host tissues . 

1 .  Materials and Methods 

Collections of the three alleged specie. of pathogen were available as 

follovs s. 

(a) Septoria pblogis Sae.c . " Speg. 

1 .  In viev of the seed-bo·rne nature of the disease in .Eo. ctrummondii 

(p�t III ) it may be assumed that seedling infections in New 
Zealand arising from use of imported infected seed are cansed 
by the Septoria species considered present in the source 

countr,y. Each year infected material vas available from 

crops raised from infected seed imported from Holland, where 

only !. phlogis is recorded on Phlox species (Briejer ,  1 965 ) . 
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In the table. which 10110v these collections are coded 

2 .  Five collections o f  infected l. paniculata labelled as !. 

phlogis vere rec .. ived from Dr D. Leblond, DiTision 01 

Research, Department of Agriculture, Quebec , Ca.nada 

(coded a8 Q.pan ) .  

3 .  TWo collections of lnfected 1.. pa.niculata. labelled. a8 1. 

phlogis were received from Br Br1ejer, Plant Di8ea8e Serrice,. 

Holland ( coded a8 H.pan) . 

4.  !he Septoria dlse8.808 of !.. paniculata is very prft'8.lent in 

the Hanavatu, the maj ol'ity of cOlllD8rcial and holle garden 

plantings examined over several ,.eU's being infected to SGM 

extent.. !. @locis i.I the ODly SpeOie8 recorded on this 

host in -New Z.alanc1 (Brien, 1 939) . Such 'coUectiou are 

coded as M. pan. 

(b) Septoria divaricata BlI . & lW. 

!hree colleotioJl8 ot infected !. paniculata label Id &8 1_ 
di'Val'icata vere received from Dr LG. AtldB8OD, Canac1ian Department of 

Agriculture, Saanichton, British C-olumbia (cocled as B.e .pan} . 

(c ) Septoria drummon<!ii Ell . & Ev. 

Diseased P. drummondii plants ariSing from use of infected seed -

imported trom England may be assumed to be caused by !. drummondii , SiDC. 

thi8 is the only species recorded in the United Kingdom (Large, 1957') . 

Such collections are cocled as U.K. dr • .3d. 

In studying spore features only conidia releasecl trom pycnidia vere 

used as they were considered more likely to be mature . Leaves were aubjected 

to high humidity in petri-dishes tor 36 hours and cirrhi transterred to drops 

of lactophenol cotton blut . That i s ,  all spore preparations were a blend of 

several cirrhi . Lactophenol cotton blue vas preferred as a stain as it vas 
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found to prevent eveUing ot the spores and accentuated the presence ot .. epta. 

In detendning pycnidial dimensiona small piece. ot Wected leav •• vere 

left in absolute alcohol and glacial acetic acid (1 a 1 ) to �ourage remon.l 

ot chlorophyll , gently boiled for a tev minutes in lactophenol ,  cooled, lett 

in a .aturated aqueous solution of chloral hydrate until clear , and mountec1 

in lactophenol cotton blue. B,y first clearing ti.sues in this vay the total 

c1iameter ot pycnidia rather than just the exposed lurface area could be 

measured. 

The morphology ot pycnidia in leaves vas determined trom aerial .ections 

prepared by the paraftin Ilethod. Leaves were kill.cl and fixed in formalinl 

acetic acids alcohol , dehydrated vi th tertiary butyl alcohol ., embedded in 

paratfin, cut with a rotary microtome , and mounted in lactophenol cotton bllM. 

2 .  aesults 

.ul collections on the one host species , irrespective ot source, vere 

very aimilar to each other but as a group differed somewhat from those on 

the other host species . Aecordingly �tom. and pathDgen morphology are 

considerea on the basis of host species involved, rather than specie. ot 

pathogen purported to be present. Hovever ,  data relating to the dimensions 

of pycnidioapores and pycn1dia are also presentec1 for each of the three 

apeeies ot Septoria. 

(a) Phlox drummondii 

( i) S:ymptOlU 

!he disease first attracts attention in Manawatu commercial 

nurseries after seedlings have been pricked-out and before the boxes are 

transferred to cold frames (Plates 5 & 6) . Earliest evidence is the 

drrelopment of small ,  circular, diffuse , chlorotic spots approximately 3 DID 
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Plate 5 Box of commercially raised !. drummondii seedlings shoving 
severe infection. 
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Plate 6 Severe infection in pricked-out , commercially raised 
�. drummoDdii seedlinp . 
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in diameter which vi thin three days become distinct , light brown lesions on 

the surface of vhich , crowded brovn pycnidia are readily discernible . With 

the enlargement and coalescing of lesions the dead tissues l ighten in colour 

and pycnidia darken and stand out prominently against the lighter background 

(Plate 7) . Spore horns ( c irrhi ) may be macroscopically discernible on 

close examination. At this stage 1esiol1.8 are irregular in shape , appearing 

more as dead patches and frequently extending to the tip and edges of lea.ves . 

Usually the lower leaves are more severely infected and soon become curled -.ad 

bri ttle a.nd di e .  Some a.bsci ssion of dead leaT8 .. occurs but this is not a 

characteristic feature of the disease. Only rarely has seedling death been 

observed , but because practically a.ll plants in So box become infectec1 as a 

result of secondary spread the over-all effect i s  extreme 1JJ1Sightliness a:aa 

pronounced stunting, and complete plantings a�e eommonly discarded at this 

stage . 

Nurserymen have learnft: to oheck the disease to some extent by Hmi ting 

the applica.tion of  va.ter and reducing humidity by tl'ansf&ning plants to cold 

frames as so.on as possible . In thia way some plants are salvaged tor sale. 

Such plants bave been studied in the field and further symptom development 

observed. It is most noticea.ble that the extent of subsequent disease de­

velopment and spread is a direct reflection ot climatic conditions . It the 

late spring and summer is dry there is li ttl. progress in the disease but 

after periods of rain more lesions rapidly appear on new growth. These 

treq�ently remain small and discrete and only after continued dull vet weather 

do they enlarge and c·oa.lesc e .  A t  the height ot summer , l esions are notice-

ably different trom those developed at the seedling stage . There is 

tr.equently no sharp demarkation between dead and living tissues . The centres 

of lesions may be dull white , passing through golden brown areas to living but 
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Plate 7 

Infected leaT.. from !. 

cbuamondii seedlings , 

shovi.q nature -of the l •• ions 

&Dd profuse production ot 
pycnidia. 

I 
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yellowed , chlorotic ti ssues . Pycnidia. &.re usually less dark. In other 

cases there may be some purplish-black concentric circling which separa.tes 

necrotic areas trom the chlorotic tissues (Plate 8) . The lesions usually 

extend through to the loyer leaf surface, but pycniclia. production there is 
I 

considerably less. 

Lesions 0 n the leaves cODsti tut.e the most striking disease symptom in 

garden plantings , but lesions vi th pycnidia are not uncommon on stems , 

petioles , peduncles and sepals (Plate,s 39,40 & 44) . .LesiODS or pycnidia 

have not been obse.rved on the walls ot oTaries . 

'rh.e above account applies to the Septoria leat spot disease of l. 

drummondii irrespective ot seed source . There vas no variation in the 

pattern of disease development on this host t.o suggest. DIOre than species of 

pathogen was involTed. 

(i1) Pathogen Morpholo&y 

Pycnidia are produced only on necrotic tissues . They are 

densely crowded, at. first. light brown.,. later darkening with maturity and 

then clearly visible to the naked eye (Plate 1) . In shape they are mo!ltly 

globose but BometJ:nes slightly pyriform, imme:rsed at first. later becoming 

erumpent� but never superficial . The ostiol. is round, occasionally -oval , 

usually clearly visible, and in diameter about one quarter that of the 

pyenidium. the pycnidial vall is smooth and composed of three to eight 

layers of very dense pseudoparenchymatous cells which are isodiametric to 

elongate in shape. Pycnidiospores are produced from short , hyaline , sporo-

genous cells lining the inner wall of the pycnidium and come tree to fill 

the cavity of the pycnidium (Plates 9 a 1 0) . It would appear that pressure 

of the large numbers of spores fill ing pycnidia orientates spores towards 

the ostiole . Cirrhi are frequently found exuded trom ostiole s .  they are 
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Pla.te 8 Infeoted leaTes collec ted in late summer from naturally 
infected l.. clrummondii plants. 
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. (b) 

• 

1/ 
Pla.te 9 Asexual r�oc1ucti .. structures o� §eptoria ap. on !.. clrumIIondii 

.eec1linp dne-lopecl fro. i�"tec1 Uui tec1 KiD«c1om seeds 

(a) transver.e seotion of a. p,ycnidium; 

Cb)  pycnidiosPOl'88 . 
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/ 

, (b) . 

Plate 1 0  Asexual reproduct.ive structures of' Sept.oria sp. on 1. druanondti 
seedlinas de�eloped from infect.ed Dutch '"c h 

(a) t.ransverse section of a p,rcnidium; 

(b) pycnidiospore • •  
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light gold iD colour, Ta.ry considerably in length, but usually are long, 

curled &Dd twisted, o.tten adhering to neighbouring .pore horns .  When 

eirrhi are transferred to drop. of vater spores immediately separate from 

each other. The pycmidiospores &:I'e hyaline , pttulate , filiform straight 

to slightly curt'ed, 8lightly at'\enuatec1 at one end ,  with rounded ends , ana 

indistinctly saptate (Plates ., • 10) . 

The diJDenaions of pycn1dlosporea and pycntc1ia were I'HOried trom 1 2  

Manavatu collections of 1. drummondii (co.4ad ... H.ar) . !he oollacti0D8 for 

each year vere made from ditterent home garden planting.s , and in all cas._ 

the country of origin of the seed vas unknown. Sinn 1. drummoDdii 1_ the 

species of pathogen cO.naidered present in I..., Zealand (Brien, 1 939) tor the 

purpose of discu8sion this identification is assumed. !be results are 

presented in Table 5 .  !he importance of coUection date on both spore length 

and pycnidia diameter vas evaluated in an analysis of '91Lriance (Appendice. 

1 . ..  ) . In DO instanc.e Y&8 there a Significant difference .  

There are reports o f  the morphology of Septoria .pp. being appreciably 

affected by ehanga:. in envirolUllental cond! tiou (Beach. 1 91 9 ;  Hughes, 1 949" 

Sprague , 1 944) .. 'The tolloving experiment vas conducted to determine the 

extent of variation in apore length and pycnidia diameter a. HTealed by re­

peated collections troll known infections throughout. one 1l'0Ying 8ea.on. 

In the spring of 1961 two outbreak8 of the di8ease originating from 

U8e of imported infected Dutch ana BDgliah !. dl'UllllDOndii s.ed vere tolloved 

from the time first symptoms appeared in seed boxes through until plants were 

mature the following autumn. Each 8eea line .... SOVJ1 thinly in tour boxes 

of steriliseel soil and the emerging seedlings permitted to develop vi thollt 

subsequent pricking-out uutil mature some months later . After hardening­

off in cold trames the two 8erie8 of boxes were set out veIl spaced from each 
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tABLE 5 Dimensions ot pycnidiospores and pycnidi& trom 1 2  MaDavatu 
collections of !. drummondii J seed ot unknown origin in each instance 
( see Appendices 3 & 4) 

Pycnidiospore Length a. Pycnidia Diameter 
Collection ( in microns) ( in microns ) 

Date 

7 . 3  .. 56 

7.3 .. 56 

7 . 3 . 56 

Overall 

to.10.57 

1 0 . 1 0 . 57 

Overall 

1 9.4. 58 

1 9 .4.58 

1 9 .4 . 58 

Overall 

1 9 . 5 .62 

1 9 . 5 .62 

1 9 . 5 .62 

1 9 . 5 .62 

Overall 

Bange Mean No 
�sured 

24.7-60.8 46.5 ! 0 .63 23 

22 .. 8-57.0 7
+ 

41 . - 0.33 36 

1 7 . 1 -30.4 
+ 

22 .9 - 0 . 53 25 

1 7. 1 -60.8 
+ 

37.0 - 4 . 5  

24 .7-43 . 9  
+ 

34. 6  - 0.61 43 

1 9.()..41 .8 
+ 31, .2 - 0.41 1 9  

1 9.0-43 . 9  
+ 

32 .9 - 5 . 5  

24.7-49.4 
+ 

37. 8  - 0.83 26 

24.7-58. 9  
... 

54.1  - 0.87 25 

30.4-66 . 5  
+ 46 .. 2 - 1 . 1 1  50 

24.7-66. 5  
... 

46.0 - 4 . 5  

22 .8-47. 5  
+ 

33 . 6  - 0 ..... 25 

1 9 .0-45 . 6  
... 

31 .0 - 0 . 38 25 

1 7 . 1 -39.9 
+ 

26.4 - 0. 26 25 

1 9 .0-43 .7 
... 

29.9 - 0 .71 25 

1 7.1-47 . 5  30. 2  :t 3 .9 

a. Each collection ot 100 spores . 

Bange 

70.3-1 40. 5 

66.5-1 42.4 

41.5-1 23 .4 

47. 5-1 42 .4 

49.4-1 1 9. 6 

55 . 1 -1 3· •• 8 

49.4-1 34. 8  

49 .4-1 1 2 .0 

47.4-1 17.7 

60.8-1 32 .. 9 

47. 5-1 32 . 9  

68.4-1 .2 .4 

57 .. 00-1 1 9.6 

5 5 . 1 -1 23 . 4  

49 .4-1 27.2 

49.4-1 42 .4 

Hean 

+ 
1 02 .2 - 2.41 

+ 96 •• - 3 . 36 

+ 
73 . 1  - 2 . 93 

+ 
90.6. - 6.9 

+ 
66.6 - 4.10 

+ . 
86. 9  - 3 . 71 

+ 
16. 8  - 8 . 5  

+ 
75.4 - 4.6) 

+ 
69. 9  - 3 . 22 

... 
1 00 . 5  - 1 .98 

+ 
81 .9 - 6 . 9  

+ 
94.7 - 3 .43 

... 
87.0 - 3 . 50 

+ 
91 . 3  - 4.04 

+ 
86. 9  - 2 . 1 6  

+ 
90.0 - 6.0 

Pyenidiospore width throughout ranged between 1 .. '7 - 2 . 5 /u. 
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other in a farm area di8tant from other ornamental planting. . Be,uulina 

in October 1 961 t pycnidia diameter, spore length and percentage of spor •• 

in the various septate classes vere recorded, first using bfeeted. aotyl.­

dons, then primary leaves from plants tour weeka later when boxe8 1I&re in 

cold tl'8lDe's. 'the study was continued at four week intervals until .,. 1962, 

at which time plants were dying oft. 

the dimensions ot spores and pycnidta are shown · in Tables 6 ancl 7,  

and information on the extent o f  spore septation in the two sme-s is · re­

c�r4ec1 in '!able 8. An BDa1.yais ot ftrlanc·e ot pycnidiospore length &Dd 

p;ycnidia diameter revealed there vas no significant ditterence between the 

two series , and :10 significant ditterenee betveen the rGpeated aollectiona 

within each serie. (Appendices 5 a 6) . 

!he data from tables 5 , 6  and 7 covering all 1. drummondii infections 

are presented in summarised tom in Table 9. 

(b) Phlox paniculata 

(1)  SJ!PtOlDS 

In t.he Manawatu, tirst symptoms appear in the spring on nnly 

developed leaves as minute, circular, uniformly reddish-brown spote which � 

be present in numbers suffici ent to give a distinctive speckled appearanc:. to 

the young toliage (Plate 1 1 ) .  Onr 200 lesions each less than 2 l1li1 cliameWr 

may be present on young l eaves less than 3 inches long.. With leaf matura­

tion the lesions enlarge , usually remain circular and frequently reach 8 DIll 

diameter without change in color. On the oldft' lover leaves the necrotic 

spots commonly coalesce and the c,entres may lighten to pa.le brown or dull 

vhi te (Plate 12) . In the advanced stages leaves droop and finally abscise . 

SeTerely diseased plants are stripped of their lower leaves , noticaoably 
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TABLE 6 Compa.;riaon ot spore length trom l.. drUllJllondii plants raised from 
imported infected Dutch and English seed; collections taken at. 
tour week intervals ( see Appendix 5 ) .  

, , 

Collection 
Date 

1 7.10..61 

13.1 1 .61 

1 2 . 1 2.61 

9 . 1  .. ,62 

6.2.62 

6.3.62 

4.4.62 

1 . 5.62 

Overall 

a .  

Length in Microns 
a. 

Dutch Seed U,.lC. Seed 

Bange 

27.7-49.4 

24.7-49.4, 

1 9.,<>-41 .8  

1 9.<>-45 .6 " 

20.9-38.0 

2O.g....38.0 

1 9.0-41 .8 

20.9-43.1 

19  .. 0-49 ... 4 

Mean 

+ 
40 .... - 0. .. 58 

+ 
40.2 - 0,.47 

+ 30.4 - 0.44 

+ 
31 .1 - 0.38 

' + 
31 .9  - 0.71 

+ 
29.2 - 0.46 

+ 
31 .0 - 0 .. 54 

33:. 2  ! 0..59 

.. :U. 5  - 1 ,.78 

Bange 

1 9.0-39.9 

. 22.,8-47.5 

22 .8-51 . 3  

22.8-43.7 

26.6-38.0 

22.8-41 .8 

19.0...36.1 

24.7-47. 5 

1 9  .. <>-51 .3 

Mean 

28.7 ! 0.56 

+ 
41 .2 - 0.32 

+ 
42.8 - 0 .. 41 

33. 3  ! 0.46, 

+ :n . 5  - 0 .. 88 ' 

+ ' 
34.7 ' . 0..74 

+ 
26.6 - 0.83 

... 
30.2 - 0..41 

+ 
33.6 - 1 ,  .. 78 

P1cnidio8pore 'width ; throughou� ranged from 
1 .5 - 2.5 r" , 
Each ,collection of 100 spore,s. 
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TABLE 7 Compari son of pycnidial diameter trom .f. drummondii plants raised 
from imported Dutch and Unite� Kingdom •• ed ; coUaetians taken 
at four waek intenala ( •• e appendix 6) 

Collection Diameter ia Microns &. 
Date 

Dutch Seed 11.(. S..a 

BaDge Mean Range MeaD 

17.10.61 53.2-1 23.4 
+ 

94.3 - 2.66 51 .3-1 27 .2  + 8 89. 1  - 3.  3 

1 3. 11 .61 66.5-1 31 .0 + 1 1 1 .7 - 3 • •  1 51.0-1 36.7 
+ 

1 12.3  - 4.24 

1 2. 1 2 .61 57.0-1 27.2 
+ 

81 .7 - 2.71 47.5-140.5 
+ 93.7 ... 4.48 

9 . 1 .62 47. 5-102.6  +-
16.2 ..;. 1 .41 55. 1-1 29.1  

+ 
95 .2 - 3 . 63 

6,.2.62 58 .9-1 32.9 +-
95.9 - 2 .7 47.5-1 1 5 .8  

+ 
8·3. 3  - 3 .47 

6 . 3 . 62 68.4-1 38.6 + 1 01.4 - 3 .4 60.8-1 29 . 1  
+ 

1 01 .3 - 5.01 

4.4.62 51 .3-1 21 . 5  
... 

86.0 - 5 .4 51 .3-108.3 71.7 ! 3.43 ' 

1 . 5 .62 49.4-1 1 5.8 
+ 

83. 5  - 4.7 53.2-1 27.2  
+ 

1 02.6 - 3 . 67 

Overall 41.5-1 38.6 
+-

92.1  - 3 .2 "7.5-140.5 94.4 ! 3.2  

a. 
Sampl. 8ize of 25 wenidia in each case . 
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'fABLE 8 Septation ot spores trom P. drUIIIDondi i plant. rai .ecl trom infectecl 
Dutch ancl Engli sh seed; ;ollections taken at 4 week intenals 

Collection 
Date 

0 

1'7 .1 0.61 -

1' 3 . 1 1 �61 -

1 2 .1 2 .61 1 

9 . 1 .62 l' 

6 •. 2 .. 62 l' 

6.3 .62 2 

4 .. 4.62 -

1 .,5 .62 2 

a. 

Percentage ot Spore. in Various Septate Classes &. 

Dutch Seeel U .I:. Seed 

1 2 3 .. 5 Not De-., 0 1 2 3 4 5 lot � 
�rminecl , terminecl 

7 2 78 - 2 1 1  - 5 - S4 - 3 .( 

.. 14  72 t 2 7 1 10  6 76 - 3 4 

1 5  1 61 - 1 21 2 1 4  6 65 1 - 1 2  

1 6  9 56 2 - 1 6  4 9 4 69 3 2 9 

9 1 81 - 4 4 - 21 1 62 - 1 1 5  

4 2t 59 - 1 1 3  4 9 3 59 1 2 22 

7 10  64 - 2 17  - 1 1  2 74 - 2 1 1  

8 7 75 1 7 - 4 8 3 74 1 3 7 

Samp,le size ot 1 00  spores in each caae .. 

Percentage ot spore. in sample where .epta coulcl not b. 
di scerned. 
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fABLE 9 Fycmidiospore and pycnidia dimensions trom Septoria infections 
ot P. drummoDdii ; collected data from Table. 5",6 and 7 -. 

PycDidiospore Length Pycnidia Diameter 

Collections 
( in microns ) (in microns ) 

Bange ot OYera.ll Range ot Overall 
Sample Means Means Sample Means Means 

V .I..dr.ad 1 9 .0-51 . 3  :33.6  47.5-140.5 94.4 

B.dr.sd 1 9.0-49.4 33 .5  41. 5-1 38. 6  92.1 

M.dr 17.1 -66. 5  34.4 41.5-142.4 85.9 



Plate 1 1  
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Infected shoot ot �. paniculata showing tield symptoms 
(Manawatu collection) . 

= 
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Plate 1 2  Early (top) and late (bottom) stages in the developaent 
of symptom. on !. paniculata (Mana.vatu collections ) .  
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stunted and flower poorly. Unlike Septoria infections of fo. drummondii , 

pycnidia are not macroscopically discernible but may be located on both leat 

surfaces vi th the aid of a hand lens . 

The collections of !.. paniculata receiTed from Holland and Canada ex­

hibited symptoms essentially similar to those ot infected plants in New Zealand , 

as described aboTe . 

(ii)  Pathogen Morppology 

On all collections the production ot pycnidia was scanty and 

confined to small areas of large lesions on the older lesTes , and their presence 

diffi cult to locate even with the aid of a steroscopic micros-cope . this vas 

partly because they are usually golden-brown rather than black when mature and 

thus do not stand out prominently. but mainly because of their deep location 

in host tis sues . Usually they a.re immersed, rarely erumpent , with little more 

than the ostiole area penetrating the leaf surtace-. The- presence ot pycnidia 

was best revealed by subj ecting severely infected l eaves to high humidity in 

petri-dishes for at leas-t 36 haurs , by which tim& light-colored, twisted cirrhi 

could be c learly seen. '!he structure of pycnidia in microtome sec.tions was 

essentially similar to those on P. drummondH infecti.ons in that the pycnidial -

wall vas smooth, firm ,  ps.udopa:renc�atous , and composed ot four to six 

l ayers of e longate cells . !he 'Wall cells were conspicuously less dense hew, 

ever , causing the pycnidia to be dark brown rather than black when mature . 

The filiform pycnidiospores were mostly flexuous., occasiona.lly stra.ight, eften 

prominently guttulate, and indistinctly septate (Platea 13,14,15 & 1 6) .  
Yi th many !.. paniculata collections it was found that severely infec·ted 

fall en leaves exposed to high humidity in petri-dishes for three or more �s 

devel oped a rather distinctiTe type of pycnidium in groups ot up to twenty. 
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fa) 

(b)  

Plate 13  AaeX11&l reproductive structur • •  ot S.ptoria sp. on 1. paniculata 
(Hanavatu collection) . 

(a) tra.Daver •• section ot a pycnidium; 

(b) pyonidiospor.8 . 
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(a) 

(b) 

Pla.te 1 4  Asexual reproductive structures of Septoria ap . on !. paniculata 
(received from Holland as !. phlogiS). 

(a)  transverse section of a pycnidium; 

(b) pycnidiospores . 
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(a) 

(b) 

Plate 1 5  .Asexual reproductive structures of Septgrb, 8p. on !_ wmiculata 
( reeeiTed from Quebec, Canada as 1_ phlosia) . 

(a ) transverse section of a pycnidiUlll, 

(b)  pyenidioaporea . 

". 
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(a) 

· (b ) 

Asexua.l. reproductiTe structurea of S.ptoda ap_ on l.. ;:r.cul&ta. 
(received from Britisb ColWDbia; Canada. as 1_ diq,rica!!:. • 

(a) t1'&Jl8Verse seotion of a pycnidiimlJ 

(b) pycnicUospor.s . 
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'!hese were at first light brown and immersed, but became clearly erumpent 

and gradually darkened to black. !hey tinally became totally superficial , 

at which stage they could be readily flicked tree vi th a seeker needle 

leanng a distinct depression in the l eat surfac e .  Cirrhi yere distinct­

iTe , being rela-tiTely short and only slightly curlecl. Microscopic exam­

ination of cirrhi .from such pycnidia reTealed scolecosporous, pycnidiospore. 

typical of the genus Septoria and essentially 8imilar to tho .. e releaaea 

from immersed p,ycnidia. Isolates to agar vere in no � atypical and 

proyed pathogenic in !. paniculata inoculations . 

'1'he dimensions of pycnidiospores and pycnidia yere recoraea tor 1 4  

collections of !. paniculata made in the Mana,vatu oyer .. years (coded &8 

M.pan) ,  the coll ections tor each year being trom difterent home prclen 

plantings . 4fhe data are pre sented in Table 1 0 .  !h e  importanc.e of 

collection date on both spore l ength and pycnidium diameter was evaluated 

in an analysis ot variance (Appendices 7 a 8) . In neither case Yer,e there 

significant difterences . the �rcent.age of spores in the various septate 

clas8e8 for fiTe of the above Manawatu collections in presented in fable 1 1 . 

Data rela.ting to the dimensions of P.1cDi.diospores and pycnidia from 

!. paniculata.. specimens received trom Holland , �ebec and Britiah Columbia 

are presented in Tables 1 2 , 1 3  and 1 4. 

The data from Tables 1 0, 1 2 , 1 3  and 1 4  covering all l. paniculata 

collecti ons are presented in summarised form in Table 1 5 .  

All collections from both E,. drummondii and !.. pa.niculata were grouped 

according to origin and the groups compared by an ane.lysis o f  variance. 

!he group means and their standard errors are presented in Table t6. Sig­

nificant differences vere determined using a -t- test (Appendices 9 I: 1 0 ) . 

In figures 1 and 2 data on pycnidiospore l ength and pycnidial diameter' 
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'fABLE 1 0  Dimensions ot pycnidiospore. and pycnidia trom 1 4  collections ot 
!.. paniculata in the Manavatu 

Pycnidiospore Lengtha .. Pyanidia Diameter 
Collection (iD microns ) (in microns) 

Date 
No 

Bange Mean 
Measured 

BaDge Mean 

1 5 . 1 1 .61 22.8-57.0 
... 

42. t - 0.98 1 5  76.6-238.3  
+ 

1 87.4 - 2.4 

1 5 . 1 1 .61 19.0-45.6 
+ 

30.8 - 0 .63 23 91 .2-221 .2 
+ 

1 43 . 1  - 1 . 36 

1 5 . 1 1 .61 22.8-41 .8 
... 

32.8 - 1 .22 1 2  68.4-179.4 
+ 

1 27.4 - 3 .. 1 1  

1 5. 1 1 .61 20.9-38.0 
+ 

29.1  - 0.34 25 57.0-1 61 .. 4 
+ 

1 31 .0 - 2.83 

. Ovenl.l 1 9.0-57.0 
+ 

33 .7 - 2.0 51.6-2)3.3 
+ 

1 47.2 - 9·.7 

7.5.62 1 9 .0-39.9 
... 

31 . 5  � 0.26 25 66. 5-217.4 
... 

1 24.8 - 1 .1 6  

7 . 5.62 20.9-43 .7 
+ 

32.8 - 0.49 25 70.3-274.4 1 56.1 :!: 0.98 

7.5.62 20.9-39 .9 
+ 

30.7 - 0.38 20 85.5-1 96. 5  
+ 

1 1 3.6  - 3-.14 

7.5 .62 22.3-47.5 
+ 

35.1  - 0.41 20 74. 1-21 3.6 
+ 

1 23.5  - 2 ... 61 

0gerall 19.0-41 . 5  
+ 

32. 5  - 2 .0 66.5-274.4 
... 

1 29.5  - 9.7 

1 5.10.63 22.8-43.1 
+ 

34. 2  - 0.31 25 68,.4-1 32.9 
+ 

104.5  - 3.88 

t 5.10.61 22 .. 8-43.7 
+ 

32.8 .. 0.29 25 68.4-200.3 
+ 

1 14.0 - 3 .41 

1 5.10.63 20.9-47.5 
+ 

33. 1  - 0.44 35 81 .7-21 3.6 
+ 

1 27.6 - 3 .45 

4.9.65 28.5-49.4 
... 

37.7 - 0.36 25 70.3-1 8.3.2 1 38.4 :!: 2.10 

4.9.65 22.8-60. 5  
+ 

44.7 - 0.38 25 89 .. 3-285 .7 
+ 

· 1 45 .4 - 2.96 

4.9.65 22.,8-43.7 
+ 

34.6 - 0.42 25 91 .2-238.3  1 27.1 : 3.14  

Overall 22.8-60.5 
+ 

39.0 - 2 .4 70.3-285.7 
+ 

1 37.2  - 11.2 

a'Bacth collection of 100 .pores. 

Pyenidiospore width throughout ranged from 1 .5 - 2 . 5  JU' 
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TABLE 1 1  Se ptation of spores from 5 collections of !. paniculata in 
the Manavatu a.. 

Col lection 
Date 

1 5 . 11' .61 

1 5 .1 1 .61 

7 . 5 . 62 

4.9.65 

4.9 .65 
I 

Perc entage of Spore s in Various Septate C lasses 

0 1 2 3 4 5 
Rot 

Determined b .  

4 '1 2  3 64 1 4 1 2  

2 1 2 4 73 1 - 8 

4 20 .. 54 - 1 1 7  

5 1 2 - 68 1 - 14 

- ) 2 79 2 ) 1 1  

a·Sample size of 1 00  spores at each collection. 

b. 
Percentage ot spore s  in sample where .epta oould not 
be discerned .. 

I 
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TABLE 1 2  Dimensions of pycnidiospore. and pycnidia from two collectiollS of 
!. paniculata from Holland; specimens recei .... ed a8 !. phlogis 

Pycnidiospore Length a. Pycnidia Diameter 
Collection (in micron8) (in microns) 

Jrumber Wo 
Bange Mean leasured Rang. Mean 

1 30.4-73.6 
+ 

46.4 - 0.41 25 12.0-288. 3  1 38.6 ! 2.43 

2 27.2-68.8 
+ 

51 .2 - 0.34 20 83.2-257.9 
+ 

1 64. 1  - 1 .11 

Overall 27 .2-73.6 48.8  12.0-288.3  1 51 .4 

a·Pycnidiospore width throughout nmged from 1 . 5 - 3 .0 /u 
Sample size of 100 spore. in each case . 
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TABLE 1 3  Dimensions of pycnidiospor-es and pycnidia. trom five collections 
ot !. panieulata from Quebec , Canada; specimens received as 

.[. phlogis 

Pycnidioapore Length a• 

I 
1'yenidia Diameter 

Collection (in mi:crons) ( in mierons ) 
Jfumbe? Ho 

Bang. Mean �a.sured Range Mean 

1 28.8-59.2 + 51 .4 - 0.63 25 89.6-256.0 + 1 24 .8 - 2.46 

2 25.6-64.0 
+ ,4.2  - 1 .21 25 81· .. 6-227.2 + 1 47.0 - 3.17  

3 27.2-65.6 
+ 55 .8 - 0.41 35 73 .6-286.4 1 33 . 6  ! 4.00 

4 28.8-65.6 + 55.8 - 0.57 25 97�6-233. 6  
+ 1 53.1  - 2 .. :31 

5 24.<>-56.0 4ij.0 ! 0.43 50 84. 8-224.0 + 1 63.4 - 3.<49 

Overall 24.0-65.6 53.0 73.6-286.4 144.4 

a·Pycnidiospore width throughout ranged hom 1 . 5 - 3.0  IU. 
Sample size of 100 spores in each case. 
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!ABLE 14  Dimensions of pycnidiospores and pyenidia. from three collections 
of Eo. paniculata from British Columbia, Canada; speoimens 
received as S .  divaricata -

Pycnidiospore Length a. P;;renidia Diameter 
Collection (in microns ) (in microns) 

Number tio 
laDge Mean Measured 

Range Mean 

1 24 .. 0-54.4 
+ 

38.6 - 0.70 30 62.4-221 .2 
+ 

1 31 .7 - 1 .15 

2 19.2-49.6 
+ 

33 .9 - 0.41 30 70.4-235 .2 
+ 

1 36.6 - 2.21 

3 20.8-56.0 36.1  ! 0.22 25 78.4-228 .6 
+ 

1 27.5 - 1 .82 

Overall 19.2-56.() 36.2 62.4-235. 2  1 31. .9  

a·Pycnidiospore width throughout ranged hom 1 .. 5 - 3 .• 0 /u,. 
Sample size of 1 00  spores iD. each c&se ... 
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'fABLE 1 5  Pycnidiospore length and pycnidia diameter from Sepwria infections 
ef l. paniculataJ collected data from Tables 1 0, 1 2, 1 3  • 14  

Pycnidioapol'e Length Pycnidia Diameter 

Collections ( in microns ) (in microns ) 

Bange of OTerall Range of Overall 
Sample Mean. Means Sample Meana Mees 

M.p&! 1 9.0-60.5 34.4 51.0-285.1 1 33 .2 

Q.pan 24.0-65 .6 53 .0 73� 6-286.4 144 •• 

H. paD 27.2-73. 6  48 .8 72.0-288 .. 3 1 '1 .4 

B.e .pan 1 9 .2-56.0 36. 2  62.4-235.2  1 31 .9 
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!ABLE 1 6  Means and standard errol's of means of seven group colleottons 
troll !. drummondii &Dd !. paniculata ( .ee Appendices 9 • 10)  

Pyonidiospore Length Pycnidium Diameter 
Group (in miorons) (in I1i cnu) 

Origins 
Mean S .E. Signit. .Mean S .E. Sigrdf. 

of Ditt. ot Ditt • 

M.clr - 36. 3  
... 
- 1 .7 .l 85.9 

+ - 4.4 .l 

B.b.sd 33. 5  
+ 
- 2.1  A 92. 1  

+ 
- 5.4 A 

U.I.dr.ad 33. 6  
... 

. - 2 .. 1 A 94.4 
... 
.. 5 .4 Ai. 

M.pan 34.4 
+ 
- 1 .. 6 .l 1 33 . 2  

+ 
- 4. 1  B 

H.pe.n 48.8 ... 
- 4.2 B 1 51 .4 

+ 
-10.8  B 

A.pan 53.0 
... 
- 2.7 B 1 44.� 

+ 
- 6.8  B 

B.C.1)&D. 36.2 
+ 
- 3 . 5  A 1 11 .9 

+ 
- 8 . 8  B 

!2!!. - those means vi th a letter in common are not significantly 
ditterent. Means vi th no letter in cODIDOn are significantly 
difterent at the 1� 1e.,e1 . 
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H .d r. sd  
O. p a n 
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, U K. d r. s d  

M . d r  

S. djvarjcata 
5.drummood i i  
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I ,' 

Le n g t  h - }J 
�igure 1 Range and mean of the length of pycnidiospores trom !. 

drummondii and �. paniculata collections grouped according to 
species of pathogen and compared with data in the original 
descriptions of type material . 
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Figure 2 Range and mean ot �he diameter of pycnidia from �. drummondii and ZD Raniculata collections 
grouped according to spec i e s  of pathogen and c ompared wi�h data in the original de8crip�i ons 
of type material . . 
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from all coll.c�iona are grouped according � .pecie. of pathogen and compared 

with similar data from the three type descriptions . 

J .  Discussion 

!he abOTe results 8h� that collectiou prellUMCl to be Hpresentati ... e 

-
of the three IIpecies of S'eptoria could not be identified on the but s  of 

their gross morphology in host tissues ., Pycnidio8porell were similu tbJ'Ough-

out in shape and •• ptation ,  the little Tariation obaervecl between collections 

being no greater than could be found vi thin any one collection . Likewise 

the morphology of pyenidia, as revealed by study of microtome sections , proTed 

to be very similar for all collections .  

It vas also shown that aepara.tion of the three species va s  not possible 

on the ba.sis of pycnidiospore and pycnidium dimensions . As regards pycnidium 

diameter , the statistical comparisons of collections from both host 'species 

and representing the three species of fungus , shcnrecl the material could be 

arranged in two groups corresponding to the two host speci.s (Table 1 6) .  

That is , there vas a host eff-Ht , the p,.cnid!a from !. drwIaondii oollections 

in all case. being significantly smaller on average than those from !. 

pani aulata. In contras�. vi thin each host species there ,vere. no �lear 

differences between collections , even though different species 0' Septoria 

&re alleged to be involved . In the cue of spore length .. thAt statistical 

analysis showed that collections could likewise be &rr8D4led in two poups " 

there being no differences vi thin the two groups but a signitica.nt difference 

between groups . !hus pycDidiospore length from the !. paniculata material 

received from Holland and Quebec and both identified as �. phlogis vas 

significantly greater than those from all other collections . However these 

latter represent collecti ons from both host species and include all three 
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specie.s of pathogen. '!hat is,  in respect 01 both pycniclia diameter and 

pycnidiospore length. consistent identification of all collections on the 

basis of these criteria was not possible . 

Results of the experim.nt where repeated collections vere made from 

plants raised from infected .Dutch and Bnglish L. drummondii seed are of 

particular interest as they clearly demonstra.te the dangers inherent in 

the practioe ot basing diagnoses upon a single collection. Although in 

both lJ�iea the range of spore length and pycnidiUII c1iameter at different 

coll.ction dates was so great &8 to varrant identification as all three 

speci.s , statistical veatment ot the data r .... ealed no significant differ­

enc.s to exist (AppeDd1c.s 5 and 6) . Since the two se'r18s of plants vere 

raised in compl.te isolation tbe variation could possibly be attributed to 

enTironmental influences. DOV8'Ver as there were vide fluctuations betvHn 

oollection de. tes wi thin any one seri.s vi thout a corr.spondiDg trend iD the 

other seriea . this vas probably not the cause . It i a  more likely that the 

Tariation is simply a.n expression of the gen.tic Tariabili ty inher.nt in 

each coll.ction. 

!he conclusion to be clrawn from the above studies is that th.re vas DO 

convincing evidence of more than on. species of Septoria causing the disease 

on the two species of Phlox. On the other hand. the detailed atudie. of 

Tariation in spore length and pyuidia diamet.r do indicate how infrequent 

collections of fi.ld mate-rial in a limited environment has encouraged the 

continued recognition of three species ot Septoria pathogenic on :Phlox app. 
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D. CUI tural Stud!" 

As tar as the authol' ia awa:re �eJ'e an no "porta at "uti .. OD the eul­

tural featur •• at s.pt.o.ria lsolate-a from the ,-u- Phlox. In the pres.t work 

eampan.t.ift studie. were made of &flU' isolate. fI'01I llw f.ealuul aDd overae .. 

eaUectiona of 1._ �ii aDd 1. wwieula.ta aocl npre80ntiq the thrM tea 

apeciea o� p.:thocu. !he object! .... ad to ohanoWrise the O&WIal orpnt_ 

OD cv.l t.. media, aml 'to clet.zomine vlWther aped.. ..puatioa vas pouible OD 

the hasie of C\1l tural ehanct.eri.,\ica. !het Mln ,.tuns eonaider.a "" po.a 

col0D7 Cha.nctel'1sU4a such .a aha:pe·, 8ize .. 10010, au4 growth rate,. and tile 

morpholo.,. of ...... _tin lZI¥OeliUQ" pyonicll&y J',1ftidiospor .. , ana nconcla:r7 

conidia. fte po.tt.rn ot spore gftIIlinatiOD vu &1so Itmt8tigated aiDe. 'f&1'iOU1J 

vorltera have followed DHelullu- (1923) iD r.copJ.stur two _jo� I'1'OUP8 of 

apeei •• vi thiD the genua Uel!!inthospol'iUII tiat.lnpishecl OD the bu1a of tU 

cella tI'OIl which the .gem tube 82'1 ..... 

Isolation. t.rom the field eolleetiona listed on pa .. � 24 aDd 25 were ..a-

te agar by two .. tho4.e. ID the f1r ... ,. leaioaed leafts vttb wcnidia wen 

h.ld in • 8terile pei.1"I . ...a1.h l1ne4 vi th moistened t11 t.eJo paper to� 2 ... 36 houra, 

'by which 'time spofta bad UJI1I&lly •• caped to tos cirrhi. Lo .. u... "" 

uually neoeuuy tor 1_ ... 8 ot 1_ J!M1mata:o !be lea ..... ........ exaa.1atH1 v1 tit 

• at.no8Copi,o lcroscope and singl. cirrhi tre'r. trauterrtcl 1d. th • aterile 

needle to drops of .'\e;rUe water in petrf.-d.1sh.. . Plate. of a.pr iDoculaW 

w1 th the resultant spore auspensioas by streakiDg vi th a platitmm loop Vft'e 

incubated at 24
°C. 

!he ahOY. methoa was tollOWGd for all .f. aru.tondii specimens, and on 

" 
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tboH '00 .. 10118 where pycnidla "." loeatec1 OIl !. J8!!iculata I...... . Vi th 

tbia latter hoat, tisne pla.tinc had. to be resortecl to iD thoa. instances 

where pycnidia were not. obaern4. Small pieoes ot leaf approximately 3 _ 

�uan lI'OID the ec1p of YCNDI les10na _re iaDeraec1 tft one lI1Butlt iD iD.' 

alcohol , Wendene4 to h1000 eueurio ehluiu aolut!oD tor 30 .ec'CJDH , 

.. bed by ri .... 8l1ft ... ift t.1wulfen tUough ...... rll. _tu u4 plated to 

prune ...... this _thod .. cmq lIOduat.17 aueceea1Ul beoauae ot the 

8low povth 01 the patho,. 

trequntly pnact. 

&iDgle spore eul tuns _re pnpuoe4 by rinald.q a week apore auapeaaion 

o .... r a limited ana of potato .. tiro .. .... (PD.l). pla..... Uter lBcnrbaUOD 

tor 24 hour. wll-laolaW gend_tt'llI .pona ".re wanafurecl to .1 ther 

agu platea or _n.1iube alopes. 

In ,"11 __ ..,. cui tuftl nWli. the "uti .... 1Ift1 ta for .povth amd 

8pOJ'UlattOD ot the tollmna 9 aca:r MClia were c1.etend.ne4. J'JlA.., 001" 'Ill t 

·po_to. ourot, vater, Q juice (aU laboratory prepanct) . aM tomato jui08, 

PIA, malt. aD4 prune (all Oxoict. Oso Ltd • •  Lon4oD) . Of the .. labol'atory-

prepared PDA proftc1. _at aatiafutory ill Vft3 ftapen. be1Dg easy to pRpUe 

iDa.peuift ana conairiently eupporllng gooct poowtIl and sporuation. tlDl ••• 

othervt.. stated. all cuI tunl .tudl •• vu • ..a. OD this mec1.ium. 

P,yoniCUo.po .... produed OD ap1" were collect.<! tor � by tnDa­

torriD« to slid •• the apon ... 'Which ooll6CIted Oftr tile oaUole ...... . 1 
o 

pyenidia OD cultur..es incubatec1. at 24 C. . wtopbeaol eo.ton bl_ .. uaec1. _ 

throughout .s • ata.lD. 

!he procluc�ion of .econc1ary c.,nidia. the manneZ' o� pyenidiua fonat.ioll 

aDd the pattem of spore gel'Olination vas followed 011 PDA slide c.ultun_ 

incubated at 24°C. !he.e ".re Pl'spored by POUl'iac a fev c1J'ope of .... onto 

sinale alides in sterile petri-4ish$B tilled with moistened filter paper. 
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The slide. were 1Doculated by atreaking with • clilute apon 8Uspenaion. iD 

each ease prepared from a single cirrl_. holD naturally dihased I ...... . 

By microscopically following •• lnted spor •• at int.nal. of ) - 6 hoUft 

the pneral pattnn of gendnation vas aetera1De4. 'the detail. 01 bnbal 

septation vere ohaerY8d after the Application of a 4rep ot lactopheao1 cotton 

blue to the ap.r 8Ul"tace of 80me .liel .. at each iupectioa. 

BraDCato aDd Goldina (1953) .. tabu .abea that iD culiianl atucll •• _10113' 

cliametu ta a T&1id. un of the effect ot envi.rOlllefttal factoS'e. this 

c.ri terloll .. used in the pr •• ent study vhen aeterlliDinc the .ttect ot 

tamperatur. OD povth of iaolatea fI'Om the ,...,.ious fi.1d 4011""0118 . PI .... 

wen laooulatea either vith 81ng1e &PO". , .. prniou8l1' a .. cribed. or .". 

__ traDafer :f1"GlD •• ta.bliahec1 co1oDiea .  la thi. lat:ter .. ihocl equal ueUou 

01 a 10 aa.v old fIODOaporcma oolou;y were cut wt. th a eo* bore (3  _ diameter) 

aDd trautuna upper 8Ul'fac. clown to the centn of apr platea. 

2. Btsulta 

Aa ieolation of the path.,. tr. field colleri:1mu1 propesaed it wae 

evident that DO cofttlation .mated 'betveft eultural , .. tur.s aDd the colleet-

10n .ource or speci •• of pa'thoPl1 purported to b. luYo1ftCl. In pmeral , all 

tiret generation IIlOlldpOl'OUS i obtes , irreapectift 'Of origin, vue sufficient­

ly aWlar in appearuce tc g1 .... the impression ot a si.18 , cultural type. 

Difterencea in colony shape, colony colour and pcnrth rate were ftoequontly 

obse1'Ved between collecticma, but these were no greater than could be "ouod 

within &ny one eollection, parlicularly when th iIloculUlll vas spores dftincl 

from cirrbi trom dilterent l •• ioDS. 

The term trvild type" is henceforth used to designate tbe characteristic , 

naturally-occurring cuI tural type which appeared in first genera..tion iaolationa , 
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the upH .• sion heiDg used iD the same sense as propoS" by Hiller (1945) tor 

the Pusari1p of flIWIkmelon vUt. Wild type 1801a"'8 aft to be distinguiehed 

trom cuI tUftl ftriants which subsequently developed from the in1 t.iel field 

moD08p01'0WI cuI tur8 • •  

( 1 )  Colosy Chaneters cd the wna ;tme 
on platea of PDA incubaMc! at 24°<: coloDie. vere fil'8t macro­

acopical17 diacemible at t.bI! •• Uy.. .. ..,. IIQO(J" aDd 4ul1 viii t. at 

first vi th • IIIIOOth, meiat 8lD'facte and en entin ..tge.. Onr the .t rour 

claya colonies 8'J."84ua11y darken_, iaenaaed iD dt.ame .... to approximat.ly 8 IIIlI 

Imd tb4t cerrtr.,. became slightly n.1nd (Plate 17) . !he F&MDCe � �dia 

.... indicated within 10 cla.ys frorI inooulation by Iany cream eolond • •  him .... 

spherical ..... of eecapeel p,yenitioapOftS locaW mon particularly towa.rdII 

the centre ot colonies. It vaa at this atase that colom •• from 1. 

fru!teondii collectiona l.ut resembled thos. from the peNDDial bon speci .. , 
in general, 1:... equlata i.ol .... s ¥fte lighter in colour bec&use 01 & f'iM 

tomentum of obort urial hypbae 1Ibieh gaTe a distin.cUft mouae .... ,. appeu-­

anCe and tended to -..k the pJ'W8ence '01 tU pycnidiospoft maane (Plate 18) . 
Prom the tenth Cbtq th re was couiderable 'YU'iatioD in "he a-elopaent of 

coloniea trom all collections. Some became '"r.J �lu in outline while 

others remained .,..'b-ical . Many a...loped a distincti .... ¥hit. peripheral 

bord� whereas others remained unit�rm in color. 1ft all caae& the colOQy 

eenu-ea tiBBlly baeaIDo rais�, lm&'ftn , ear�OOU8, frequently vi. th patches 

of course, vhlte aerial hyphae (Plate 1 9 ) .  

(i1 ) Cult�l VHiante 

Wild � isolates fro all collections se140m remaiDed constant 

in cul ture. Vi th time tbere vu cultural degradation in the s&nso that 
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Plate 1 8  Wild type mono.porous isolates trom naturally inteeted 
�. drummondii ( top) and �. R!ldeulata plants (bottom) 
on P.D • .l .  plates incubated at 240C. tor 22 days . 



Pla� 19 
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S�ae. topopoapby of eaecl P. drummondii 1801ate OJl 
P.D.A. and incubated at 24°C. 
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numerous variant strains aPl,)ee.red. which in many cases overgrew and re.pla.cod 

tho parent wild type co1on,y. Cut tural variation was Dot studied as a 

specific topic but the following observations are relevant in indicating the 

limitAd. "I8lue of cultural featlU"eS in ta.:wnomic eonaideration.e . 

Sectors or patches difteriB! f"rom the parent colony appeared flt arq 

stage of growth and in poai tions varying from near the e:ent1"8 to the outer 

border (Plate 20) .  !hey wore obsenec\ as early as f1" daya in lIJonGSpcn!OWl 

isolates 01 the ¥ild �e and in some instances erovtlecl ou.t the parent coloD\Y. 

more usually there vas a gradual ehange in colony features to a stage vb .. 

the isolate bore little resemblance to thAt original thallus. Cultural 

variants retained iD pure cui tuN and perpei.na-ted by hrther subcu1 turing 

ehovecl far V'eater a-tability than parent wild type isolates (Plates 21 & 22).  

produced the intend ty of sporulat.ion W.8 eonsic1erably less than wild type 

isolates CJ:OVD �mder identica.l conditions .  In a limited aerie. of inocu-

1ation tests selected cultural variants Wft'e vithou� exception markedly les8 

pathogenic than wild t� isolatea . 

(Hi ) r'forpholopJ of the YUd !rP! 
The features o:lrlbit.G4 by colonien which developGd on PM plates 

o incubated at 24 C a.:re described bolov: 
(a.) 't:rcelium 

The bypha.e ct young actively growing colonitls vu slender , 

1 - 3 /1 in diemeter , $ftpt6te , ffte-bl-aIlebing, �line at rust but 

quickly IlcquiT.ing pigmentation (Pla.te 29) .  Wi t.u agct �a.e became 

cocrser, up to 6 IQ in diameter, more closely sEtptaw, dark in color 
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Plate 20 Cultural degradation in mono.porous wild type i801ates 
derived from infected f. drummondii seedlings . 



Plate 21 
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Cul tural variants aubcul tured bolD IIlODosporoWl wild type 
isolates derived from infected l. drummondii .eedlings . 



Plate 22 
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Cultural variants subcultured from monosporou8 wild type 
isolates derived from infected �. paniculata plants 
(Manawatu collections ) .  
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and often da:laely tilled with oil globules. !be ham, crust-like 

crown of mature colonies consisted of closely packed hyphae with sh-ori, 

thick walled., rDllDded colla :reminiscent ot chlamydospores. Similu 

merpi hyphae. 

(b) fyonidia 

Pyaidia vue uaually produeed by isolates vi thin ab: claya. 

!lhose :from P. drummondii collecti.ou were black, erowdecl, spherical - . 

aDd .1 the!' superficial 01" .embec1ded in 'the niseel crova ana o.f aoloni .... 

'!he all avt •• vas loosely p8ew1ope;.N�towt aDd e1ten COTRM with 

abort, daJok grey, eto.ely septate hy,pbu. In ... cultune trut 11ft .... 

• t pycmld1a was masked by a 100.8 mat of light grey aerial hnhae. 

Pycnitioapores wen released .. .  arly as fi ... day. 1a 1. � 
isolates to �orm d.ns., stiek7. pale Cft8l'l " •• ' Oftr the 08,\1018 .. 

1. pmicul.&ta iso1a,," 41fterec1 iD that pycnidial production .... 
frequently delayed, and not. a.s in�. .. !hey van consistent iD shape 
and structure �ing crovdec1 awl spherical. vi th a firm ps.ewioponnchy.D­

a10ua wall. Pycniclia transferred to $licle8 vere more difficult to 

nptul.-e than those bom r.� drummondij, isolat.ea. Spore masses released. 

lrom, pyenidia. wee only ranly present. vi thin two welts 01 isolation. 

Th. method ot pyenidium tOl!'Jlla.tiOD by isolates trom both host 

species was of the type dNCrlbGd by Kemptom (1919)  as meristogeDOlUJ 

and was the same tor all isolates examined. Sta,88 in the formation 

of pycnidi.a on PDA slide cultures or a P. drummondii isolate are depicted -

in Pl�tes 2) and 24. Primordia develop trom adjacent cells of a single 
hypha, or more commonly trom �acent cells ot two or more neighbouring 
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Stages in the formation of pycnidia by a .l. drummondii 
isolate , on P.D.A. slide culture. ( se. next Plate). 
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\ 

Plate 24 Stages in the formation of pycnidia by a Z. drummondii 
isolate , On P.D.A. 8lide cultures (continued). 
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hyphu. !heae ceUa firat dal'iteft and olarae, become thick vallecl., 

ctivide in .everal planes and padually IDU',. to fom a small bot- o' 

tightly intuvcmtft hyphae. he. araaatoIDoaia be ...... - neigbbouriDa eel1. 

follows , the .ff.c� thea bel. a CCD�, spherical ,. black, paeu4o­

�toU8 maaa . Subaequent deftlopment leadin, to the t01'll&tloo 

of pycnidiophona and sporee could DOt be followed OD qar m.aia. 

(c) l)ynid1oapom 
!here Wft DO cliatinctift spon , .. tun_ to typif,y � OM 

collection. Shape W8B similu tor all 11IOlate. and ra.aced boil .thigh" 

to .. lightly coned. S.ptaUOIl Vd .. 'ftIry ftriabl. f .. tun nnaiDc inII 

o - 1 with the J-aeptaw state moat caamn. 

1!h. leagtb ot pycaidl.apon8 produced by wild type. i80lawa fI'OII 

!. 4rgaIgcmdii aD4 E.- paniculeta fi.14 colleetiona following povtb OD 

PM at UoC tor 1 2  days are pna .. W iD �abl •• 1 1  eII4 18. AD analyst. 

01 ftftaaoe ab0w4 there .... 110 81pitioant cUffueaee iD mean 

lencth of spona .b'oID the tour Mri .. ot 1.- p.pi!!le" 'aola'" 

(Appen4D t 1 ) . !he data bom all 1_ cl!:,ympc!!ti:l aocl 1_ enlculata 

1aolates 'Rn grouped eccoriJ.ng to oria.ln aDd the poupe COIIpanc1 by aD 

analysia of "l8ria.ne.; theft vas DO .ipitic ..... dittereae. (Appeadh 1 2 ) .  

(a) Secoo4aU Coldc11a 

!be production OD apr of asuual apore. OD floe • ..,.tat.ift 

hyphae has been repoz-tecl tor B8VU'&l speci.. of Septoria (Weber. 1 922; 

Spraaue, 1944; Bugbea, 1949, Bond, 1952, alair, 1 962 ) .  Theae an 

aimilar iD appeuance and atwotun to pycnidiospor .. and &re variously 

relerrea to a8 mcroconidla 01' 8eeowlar.y conidia. 

A c&PfLCity for intense production of secondary c.onidia vaa a 

feature 1:01llllO1l to all isolates , more pGrtic.u1arly those t�om 1. pe.rdculata 
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'tABLE 11 t.ugth of pyeuidi08pores produced by lIODOaporous wild type 
isolates from Z. c1rummond1i field collections .t 12 days OD 
P])A and incubated at 24°C; le aize ot 50 .1'88 in 
each inlttance 

S.ouree of CollectiOll Collect10� RaW lE. lfumber (in 1liCl"GU ) 

1 26·.6-66.5 3 + �.4 - 0.41 

I·dr.ad. a 22.8-.51 .3 
+ :M.2 - 0.34 

ONnll 22.8-66.5 35.8 

1; 24.1 ... 55.1 33.8 ! 0.36 

U.Keclr.acl. 2 1 9 .0-62.1 
+ 

39.8 - 0.1 9  

Onnll 1 9.0-62.1 + 36.8 - 2.7 

I � 
I 
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!ABLE 1 8  Leaath 01 pyenicliospcwea produced by IDDIlO8po1'OUIt wild type 
i solate. trom 14  �. napicu1ata fi&ld collaci..iona at 12  days OD 
PDA &Dd 1Dcubaf.ecl at UGC, sample ai.a of 50 apcn-ea in 
each iDsto.nce 

. 

Collection Collection paye 
!hMl' (in alcrou) 

1 22.8-49.4 

2. 22.8-55-.. 1 M.pan 
3 t9·.o-36.t 

• 20.9-5'.1 

Onrall 19.6-55 .. 1 

H·mn 1 26.6-49 •• 

2 22.8-62.7 

Onrall 22.8-62.7 

1 22,..8-41 .8 

!rC·pen 2. t9 • .0-4J.7 

3 22..8-41.5 

OYerall 19.0-41.5 

1 28.5-45.6 

2. 26.6-57.0 

g.l!!! 3 26.6-49.4 

4 24.7-39.9 

5 24,.7-55._ 

Ontrall 24�7-S7�O 

!1!!!! 
+ 31 .2 - C.M 
+ 

36.0 - 0. 26 

+ 23.6 - 0.29 

+ 
«1.7 - 0.34 

+ 
12.9 - l.l 

37.1 :. O.A13 
+ 

46.,6 - 0.23 

+ 
41 .9 � 4.5 

+ 
31.3 - 0.45 

+ 
21.3 - 0.31 

+ 37.6 - 0.36 

33 .. 1 ! 3.7 

+ 36.1 - 0.27 

+ 
47.7 - 0.18 

... 41 .4 - 0.25 

+ 32.6 - 0.34 
+ 33.8 - 0.)3 

+ 
38.3 - 2 .• 8 
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eollMtiona. 
o OD PDA allele cultm-•• incubated at 24 C CODidiopbona 

appearec1 .ingly vi thin tot.Jr days .. 81lOrt, obel.vate projectioa. ari.1nI 

at right aagl •• trell parent 't'Itptative hypbae. !hey ..... usually 

at the tip 1 .6 - ).5 jA iD cliameter at the beN aM up to 1 8  r 1.,.­

the MCondary oonidia numbl. pycJddioltpOft& b'ei.Da filifoa, 0-5 

Mptai.e, aligbUy aciruu. moatly .1inight, and bone siDe1,. aau1 

bola_ . &Dd ranged frfIII 31 to 107.5 r by' 1 .6 io l.' � 
Plate. 25 and 26 clepiet .tap. lD the production of -.conc1&l7 

conidia on PIll .lide out tuna by .!. ctru.Kmtii &Dd 1. EIUliClllata isolate •• 

t.) SllOI'! G.meUOD 

!b. ,eneftl pattaD an4 nu of geTlllinati.OD .. iclefttioal tn 

all c:oUeo,\iou and i. illustrated OD Platu 27 .28,29, lO and )1 .. lA De 

tutaDe.. wen terminal or lat.1'al ,... tube. disc_nibl. during the lirat 

1 0  house Bowonr during that time tb. oYft'all bo� length .t l...t 

douhled ana thia ... aaaumH t;o be t.h. result o� cell divi.ioll aDd gnvth 

holD .... call.. Slid •• a1elDed at this ataae nftal.a 110" Ift'IIIiatea 

apGn. -.0 be ,.. or 7-eep1ate vbenaa tlw maj ority of UIIpI'lld-.tecl spo .... 

we. :t-•• pta_. Pi"" lateral hyphae WP ......... at 1 5  hove aDd 

Prom here OD close .eptation OCCUft'ed. older cella .nlargec1 in 41 ......... , 

aad tirst formed latel'&l branahea SOIIletilles d ..... loped aeconcJar.y hypha •• 

PycDidi&l primordia were lo:rmod at about 64 bouzos by L. a,ummondil 
isolates and iJIIllature aocondlU'Y cGDi.dia va-a tD eridence at 72 hours. 

the absence of any readily recotpliaable atructural change in apores 
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Plate 25 Secondar,y conidia production on P.D.A.  slide cultures by 
!. drummondii isolate • •  
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Plate 26 S .. ondary conidia PJ"OChIc-tlon on P.D .A . 81ide C1I:ltur 8 .. 
l.. m!dculate isolates. 
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hours 

26 hours 

Plate_ n Stage. in 'the .endDatio:ra of p,ya141ospore-s on P.D.A. slide 
cultures incubated &t 24°0. Inoculum from an iDtected 
l. �D4U seeclling. 



Pl,te 28 
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Stages in the g.ermination o� pycnicliospores on P.D.A. 
slide oultures incubated at 24°0 . Inoculum trom an 
i�.ct.d !. druDlnondii seecUina. 

38t hrs 

43 hrs 



Plate 29 
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Vepta"ti .... myeelium ot a aonospol'0U8 1._ �xulil iaola.te 
on .. P.D.A_ slid. culture ineuba-ted. at 24F.tor 68 houra . 
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Plate 30 Stagers in the germblaftion of �nidiospo"s OD P.D.A. 
slide oulture. heubated a" 2401. Inoculum bom & 

1 5  hours 

36 hours 

field inteoted !.� papieulata plaJrl (Hanawatu coUeot.ion) . 
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Plate 31 Stages in the germination of pycnidioepores on P.D.A. 
slide cultures incubated at 24OC. Inoculum bOlD a 

43 hours 

48 hours 

tield infected ,l. nan1cul&ta plan't (MaDawatu coUee-tlon) . 
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dU2'ing the early stage of germination pn'ftllted studies on the effect of 

temperature on porcenta.ge spore germination, and the time requirement 

for the onset of germination a.t different temperatures . Ilrmriably 

germination began vi th a considerable increase in averall body length 

and this vas revealed only by following growth d selected spor�s against 

t.b.e graduations of the eyepiece mic�. 

(iv) Growth in Relation to hm];!!ntllft 

!he .tf.t of temperature on porib vas doterrained for isolates 

from all collections in tbzooe experiments usq single spores aDd �1ia1 

di8" (3 _ d181D. ) 88 inoeullllD (Pla.:t. 32) .  1'Mll" . ... a similar respolYle a.t 

&:l1Y one temperature by all colleoUoIUJ but SOH nriation betveen collection 

in ih.e extent of growth at some temperatuna (Tabu '19). !hua tlW all 

collMtions the minimum and maxiaJIIl tempemtuns fU' srovtb ftft approximately 

6° aoc1 )O°e respec:tiftly, with maxilDUlD poyth at 27°C. 

Pol' all collecUODS pyeD1d1os'POre production. occurred O'ftr the UmpeJ'a-
0 .....0 ' . 0 

t ... r.a:DCe 9' �( e but vas most intense a" 24 C. �dia "... n6ftr 
o 0 

obs:ernt4 at 30 C. Although grea.te-S't myc.li,al poovth ,oecuued ,d 21 C 1'.1 .... 

tively 1ft pyenidia vel'e produced at this tempera.ture. 

colonies,. even when the inoculum was sinele spoftS tl'Om � one pycn1dium 

(Plate 33) . 

l .  Discussion 

Cultural studies are of value in clarifying the tuonomy ot related 

groups of fungi where one 01" more te.a. tures associa. ted vi th growth on agar 

are 80 distinct e.nc1 stable Q.S 'to cl early chara.cwrise a particular species. 

However , there are dangers inherent in the use of cuI tural features in thi 8 
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Plate 32 Itt:teet o:t temperature on growth rate o-:t Septoria isolates from 
!. drumDlondii (above) and !. paniculata plants (below) . In 
each instanc. inoculwn was a IQ"Celial 418C (3  DID diam. ) cut 
trom the periphery o-:t 7-day-old monosporous wild type isolates 
grown Oil P.D.A. at 24°C . Note the d ...... lopment of cultural 
variants at se?eral temperatures in both seri.s . 
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'fABLE 19 Eftect o� temperature on colony diameter (mm) ot monosporous wild 
type isola.tes from !. �rummondi:1 (2) end !� apicul!!;t,a. {4} 
collections at 24 days on PDA, pl a .... s .  (Mean ot 1 rep1i.cationa 
at each tewllera.ture for oach collection) 

�oll�tion tEMl'EIU.TWB (oC) 
Soute. '- 6 9 1. 2  t.5 13 21 24 21 30 )1 

U.�.drs8d: - 2 8. 9 9 10 14 24 21 20 -

l!sEssd;: - l'  , 1 9 1-0 17 22 28 22 2 
. 

MtD':! - '. 6 1 1  1 1  16 24 25 .34- 26 -

Ht PS: 
- 2 5 9 1 1  1 3  17 23 30 25 -

J!t,C.pag - 1 3 1 1 2  . 5  20 28 l§ 21 -

2·e - 2 6 8 l '  17 22. 2. 31 20 -
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Plate 33 '1'ha intluence of temperature OD macroscopic feature. ot 
mono.porous wild 'type isolate8 tl'()m a l.. <b-ummond&i (left) and 
l.. pniculata plan� (right) . Inoculum in each in:lttanc uriyed 
trom a single pycnidium. !remperature range from 60 to )30C.  in 
30 intervals . 



• 
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way. !here is tirst the ditficul ty of aaselllbling a population sufficiently 

.... presentative to cover the range 'of genetic vutabili ty watina in the field. 

Only vi th a truly representative collection ta it po.aible to define the 8peCi •• 

limi ta vi thin which 1ao13 tea can be placed vi tb any degree of cOZ'tainty. 

Vben cultural degradation is a feature of collections then comparisona mu" 

be mada 6. soon as posaible e.:tt.r isolation to· ensure employment of chara.cten 

which are u.clusJ.ftly those of the wild. type. Ju.riber, CGIIIparisona rauat be 

made UDde unttOftl condi tiona siDee ..... 0 adnor ohanps ia th exierDal 

errri.romaent ma..Y sign1ficontly influence both poss colcm,y teat.urea aDd 

morp..'tology. Por __ pIe, YUIiama (1959 ) haa adlovn t.bat the spo" 41menHcma 

ot fou fungal species representing . wid. range of' lIIOrpholog1oal type. wn 

aip1tio6Dtly a.ltctred by slight cbanges in temperature, pta aD4 light. MoR 

recently Jta.nguwomi • � (1960) t1emoDstntea t.ha� the nutrit1cma1 

COIlWnt of tbe lJUbrirate significantly reduced the 1", 01 coD14ia of 

A11!r!:!sia !!l!Pl'!!!8. Obviously the liDdiqa tJoom cultural atuai •• IlUst 

be used vi t.h greai. cariion. aDd at beat can ..... anly &11' supportilla eridece 

tew any taxonomic decision. In � tuat iD8'taDca- tuonom;y IllWit be eoDCttme4 

with and " based on .table morpho1oaical criteria ot tile fuDci aa the7 .. at 

in the field. 

In the PHaent study, cQllectiena eould DOt M distlnguiah.ed OD the 

bui. of cuI tare.l teatm'ea. In ,....at , the pos. colony appeannoe of 

acmoaporo:ua i.o1ates from !. drua!!on4i!, collections wren iBi tia117 DlOft a11_ 

than tho.. from the wrioWt 1.. pa!!iculata oolleef,iona aDd .. .  poup ... ,... 

1IIiOZ'e di.tincU .... during the tint 20 4q1t of growth. How"er .. the dqne 

of ftriatioD in !. '2@1ieula.!l eoUections. ".. 8UCh that tao1&: s vere often 

iDdUitingui8hable from those from g,. drw1I:1ODdii collections. DiatiDcuiebina 

oolleetions 011 .. basis of the alleged speci. of patbogea iawlftd ana 
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usina areas colcmy leatures as the criterion vu 1ikevi .. impossible. ID 

particular the range of �1atioll among the H-Callecl !.. di'fU'icata isolates 

vas ao great as to proTide cultur.s macroscopically identical with .... tram 

each of the other collectiona . 

ill isolatea vare morphologically unitom. A atcroscopic cOlllpaJ"i80n 

of aIOIlO8pOr0ue isolates ot the same age and grown 1IDdft identical eODdi tiona 

cUd DO'\ "fta1 conelsteot ditte'l"8nC88 in the atruetun and d1menaiona 01 

pyen1c1ioaporea , the method 01 pycnidium prod.uct-iOll 01' the pat'hn 01 spore 

l.naiDa'tiOD.. DistiDguiahiDg collMtiou OD the baala of '\be •• leatu .. .... 

al80 impossible. !hat 1., relults tzolD the eultuJ'&l studi.s ill DO .,.,. P"­

Tidec1 support tor the ecmtentioD that _re tbaD ODe pod speei .. of fur.lgu 

vas invol:'f'WCl. 

!he ready pnductioa of secondary c.oniclia OD ap2' was till outstuairc 

teatuft 01 isolatea from all 001100'\10l1li. It ia pHtula.tecJ that s.coDdal'y 

conitia &re produceel in the field functiOD1Dg tb4tr. .. • tu:rther loa 01 

inoculum fol' aeconc1ary dispersal of the patbopn. .la stated earlier, 

pycnidia could be located on intected l.. peioulat§ plants oBly vi til 4111i­

cul tJ' yet .... t n�" of diaare'te le.ions OD 1ufts iDdicate4 an abuDc1.aDce 

of inoculU11 in the illlllediate environment. 'there i. also the posaibi1i trY' 

that perithecia .&I'e produced, but a Banal stage ot the pathogen .... neYft' 

located. ID a.n attempt to demonstnte aecon&t.ry conidia production OD 

hos'" tiSSU4J8 , infected leaves 01 both specie. we .. subjected to ftl'yina 

periods 01 higb InDid! ty in petri-dishe. incubated at temperatv .. nngina 

tl'OID 1 ,0 to )O°C. On two oceaaiona ..... 1y infected .l. panieulste 1 ... fl8 

(Manavatu collectioDs) were loc.aW vi tb a fine tomentum ot short erect 

conidiophore. bearing conidia in a meum.r identical to that ob •• 1"ftd OD 

apr alid. col tu... In both instances the fungus vas isolated to apt" 
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amI Ulleel as inoculUII to induce infectlou typieal 01 the .useaae on this 

host. This prOTided p%OOI that the fungus has the genetic capacity to 

produce secondal'y conidia on host tissue. but it would be umri... to asaume 

this occurs to any peat extent in the tield . Bownel', thare remaiDJI the 

c1istinct poaa1bility that under the right en'9'iJooDllental coDditlou pycnldlo-

.pore tnoculUID may be supplemented by uexual spores pJ>oduceti directly tram 

.... ".tatift myceliua. 

B. PathQl!D1clty Studi.s 

. tb .... Phloll am. Septoria isolates. Pathogenio! '1,7 studie. "" � 

tore conducted first to ._10 the requiremen.ts ot Koch' .  Postulates. Crou 

inoculation. we,. &1.80 made with isolate. from boa P. dJouaImoDdii ana p. - . --

Reirnata and representinl th. tbne &peel •• et pathopn, to d.tel'lDine 

vhethft eoUectlou could be diff.rentiated on tU basia ot Hatrictea patho­

puie1t,'. I t  vaa the practiee ot ... lin myeologiau to aplit elaarly 

basis ot hoat apeoificlty. Cross inocu1atiOll8 _rs ma.cte with what are pur-

portec1 to " representatives at thAt tbfte s-pecie. ot Septoria to d.tnmine 

whether a:tf3 of the pre_.t iao1a tea wre host apecitic aDCl wh.ther they 

could be differentiated on thi. basia .  

MateriAls aDd Methods 

Plan". ot L. divaricata were not available .s seed could not be pl'OC.ure4 

ot this weeel species, wbieb i s  c,ontined to North Al'Ia&rica. Inoculation trials 

vere thua reatricted to use ot the species l. clrummondii Md !.. paniculata. 

Plants of the formel' vue raised from pa.thogen-t.r.e a.ed. !be latter ¥ere 
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propagated by r-Oot cuttings from established disease-tree plants . 

The inoculum in all cases was a spore suspension prepueQ. from wild­

o 
type cul tares grown at 24 C on PDA. The atreDgth ot tb.e inoculum nrie4 

between eXpelI'imenta bu't was identical tor all i801 tea used in any one trial . 

Plants vel'. inoculated by painting both l.at surface. or bY' spraying vi th the 

spore suspension. Pollonag laocul.a.tion, plants vere subj ectad to high 

humidi ty ia p. glaas humid! ty cabinet, or by coved. vi � cellophaJre bags. 

In all experiments precautions were taken tIJ Pl'event UDintended in-

fecti.ou. and adequate controls vare always pl'O'rlded. 

B.esults 

The :requinments ot Koch' " fos't.ulate. ,nz. successfUlly fulfilled on 

Il\IIDarOU8 oceuiona vi tb isolates floom Hauavatu fie14 collfttiona of both 1.. 

druaIDoupJ.l ama 1_ peieulata (Pla:tes )4 • 35) . In the _. ot the tonu 

s8ri.. symptoms usuaU,. fJ:rst appeared vi thiD ..... n days, aDd vore followed by 

abundant production ot pycn.idia en lesions vi thin a turther 56 h4JUH. S,mptoJu 

vera alover to chmtlop in 1. peioulata 1nooulat!olDa. uauoll,y taking' at least. 

1 0 .cla;ya, aDi .as in field int .. tecl plants" relati'ftly EfffI pymddia YeN t01'Hd. 

In both inoculation .. �i •• re-iaolation to agar vaa achie.a by atinaking 

spores from & suspension pr8i'&1'ed t� 'cb'l'hi . Colonlea which aeveloped wen 

essentially similar to those tro.' which tbe pa.:rent. inoculum 'VaS prepared. 

2. CroBS Inoculations 

(a) SuscepUbili ty of !. drummondii to iaolates from !. J!!l!!iculata 

In preliminar,y experiments the ausceptibilit,y of the host �pec1.8 

l. drummondii to Septoda isolates: from Jlanawatu collections of !. mnlculata 
vas domonstra.ted on sevoral occasions . On receipt of collections of in-
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Plat.e ).4 Proot ot pa;thogenieity& a.rtiticially inoculated 
1_ ch-ummoJJ.ClU pla.nt. at. 1 )  da.ya . 
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Plate 35 Proof ot pathogenicity! !. paniculata plant ( rai sed 
trom seed) at 21 days fol lowing inoculation .  
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feot.e4 !.. p!Diculata lrom RollaDd , British Colurabia and Quebec, the l"elatiYe 

patho,euiel ty to !.. ar..-nondii was deteratined on tOlD' po�ted plants vi tb 

isolatea from this material aDd _ isolate hom • Manavatu collection of P. -

R!"!culata. In each iDataDc. the inoculum vas a 8pOre 8u8penaloD prepared 

bolD 20 day old PDA cul tuna incubated at 240C ana adjusted to approxila .... ly 

28,000 spores/Ill. Con,"ls "... pro'ri.decl by _ plants 1Dooulated with 8Il 

i&rolate trCII 1. dwmmontlii (approa. 28,000 spon8/ml ) ,  and two planta 8pnyK 

vi th sterile _t.r. All plants wre subjected to high humi4i ty tor 56 ho1.1l'8 

following inoculation aDd theft "� to ,lushoue benches. Beeulw 

r oorded at 25 de.ya &Ta ariaeel in lahl. 20. 

.All isolatea prowd pa.tilol&nie to l. drummondU. but there .. considerable 

ftl'iaUOD betwm isolatd 1n ayeptoa expr"SiOD aDd the ate and _tent of' 

d1""8 d.velopaen.t. Whereas vi 1hiD six 4aya veil d .... lope4 1eaioo typical 

ot field i�ectiona vere present on both plant. iDOCulated with th. 1-
c1z;ummondti 'solate, aymptotu ftI"e not Fe .... t until 1 1  46,.. in the caN ot 

Maaavatu and Dutch l!. paeioulata i8Olate& (Pl ..... 36) , a.ncl 1 3  clap in the ca .. 

01 th .ltiab Columbia and 2uebec 1eol.'\.8 (Plate 31) , cuu1 1n each 1nstaDcle 

bore 1t tt-le 8imilar! ty to ti_Id infections of oi tMr 1. druaDoodii or !!. 

pMleulata. Pirst evidence of iD:tection ... the appearance on the 10Vft', 

older i.ay" of miDU� .  circ"Lda.J!, cJ.uok brown le.iona ¥blch , dvinc the tolloviD« 

three daya t became 110ft distinct and enlarged to approximately 5 

ID the Nov Zealand &Dd Dutcb .eries eom. fev lesiema reac:hed 8-10 mIlD di8lll8ter. 

the losion centres lightened YVy 11 ttle in colour and only when the dead 

ueas "'1'8 very C108. together vas there any coaleAence. a." •• st infection 

in all eases V8.8 OIl the older leaves. particularly towards the leaf tip. ana 

associated vi th this tllfte vas uilUally a gre.dual yellowing of ti88U8t1 between 

lesions . At 25 days a ttN pycnidia VGre pr.sent but only OD the lar.ft' 
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'fADLE 20 IDtecrtion 01 !. cil"tUllDondii plants inoculated vith Septoria 
isolates trolll !.. panieu1;atft oollections, rasul ts t&lten .a.t 
25 days 

Source of Disease Pxcnidial 
Inoculum &"\tw

a
• Prod -t '  b .  . ne 100 

KIP¥! 3 + 

ft."!! 2 ... 

1 •. C.J)QJl 1 0 

ise!! t 0 

ecmtal'� 

!!drz 5 +t+ 

Sterile 
vater 0 0 

a.  
Subjective scale 01 0-5 , with 5 being severe infection. 

b. + = very fcnr pyenidia pres-ent.. 

++ = moderate numbers 01 .pycnidia present •. 

+++ = large numbers of' pycnidia present. 



- 98 -

Plate 36 Infected leaves from P. drummondii plants artifi cial ly bloculated 
with : a Manawatu !. P!mculata isolate ( top ) , and an i solate from 
a .!. ;eaniculata collection ree-eived trom Holland (bottom ) . 



Plate 31 Infected leaTes from P. drummondii plants artificially inoculated 
U8ing isolates from p7 paniculata collections r eeiTed from Quebeo 
( top) , and British C-lumbia (bo�tom) .  

MASSH UN IV!:RSITY 
UBftAAy 
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188i0118 on the lower leaves of plants inocula.ted vi th the Jila.na.vatu and Dutch 

isolates. However, when the more severely infected leaves of each series 

were subjected to high humidity in petri-diBhes tor three days pyenid.1a cle.ve­

loped in all Cas.s . 

All control plants spra.;yed vi th sterile water remained disease free . 

'lbe fMt. that plants inoculated with an isolate from !. drummondii beea.me 

severely inteet9Cl indicated 'that the 8llyiromnental coOO1 Uona aaaociated vi th 

the experiment were 'Ayourabl. tor infection. 

(b) Susceptibility of 1..- J?8;!1iculata to isolates from ,t. drummondii 

Septoria isolates from !.. drtmlL.'1Ondii aeecUinp raised from I.nteeted 

seed of Dutch and English origin pl'o:nd weGkly pathogenic to pcttted 1_ 
panieulata plants . lnoculwa waa a 8pore 8upenaion pl"epued fJ'Om ten day old 

PM cuI tv08, and inoculation was by aprayi.ng to I"Wl-Off point. Controls 

were provided by two groups ot four poottecl l,. drUlilllon.c1ii plan-b inoculated 

vi th the f.wo spore suspensions , and a f1:1rthH four plants ap� vi th sterile 

distilled. ·waW2-. All plants vere subjected "to high humidity tor 56 houn 

following inoculation and then set out weU.-spaced on glasshouse benche • •  

'ihft'e was very poor development. ot symptoms on Z. pEtDiculata plant. 

inocula.ted vi tb the 1;vo .R. drwnmondii isolates . In both series scattered 

black lesions les8 than one mill�rG in diameter and of irregular outline 

were first obSfl'Y8d at 1 1  c1qa on the upper surface ot I2I6Di1 leavee.. By 

the fifteenth day a small percentage of lesions had enlarpcl to 3-5 mm 

diameter and in somo fev instances had coaleseed. Vi th age there vas some 

l ightening in color of the larger lesions but pycnidia. were not observed. 

Pycnidia yere also not produced when the older larg� lesions were subjected 

to prolonged high humidity in petri-dishes. The spotting ot the leaves vas 

shown to result trom SeIltoria inf·ection by plating leat tissues to PDA 
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following IlUl'ta.ce awriliaatiOD with O. 1s' mereur-le chloride for 30 seecmda .  

Control plauta sprayea witJl aterile vater nae:1ned . cliaeaae-trM . vb ..... 

pensions became aeVU'ely lDf'eeted. 

The ausceptibili ty o� L. eiculata to Seutoria isolates tJoom z. 

tlE'!!!ffiODdii plan'ts ".. turtbeI" i1l'ftatipt.ed iD • s8ri.e. of experimeDta aina 

ahoot. exeiaed tl"GGl heal thy plants and heU in bottles of tap ".ter. P. -
peioula1! I ....... 8ft ctecu ... tely �. ID each inocul •• tcm eapuiMnt 

all exoept the top tour or :t.f;'ft pairs of loa .... wr. sWlppe4 floom each ahoot. 

and. both wrtaeee of OBe 1eat of e.ach pair inoculated b;y wiping 1Pi th • apo" 

vided by BOOY similarly inoculated with a &pOre euspenaioa f1"Oll a l!. me1eu­
lata isolate. 'ollowing inoculation all shoot. .... covered with cellopbau 

bags for -rar:viq period&-. 

Reaulte conti1"Bll84 that Septoria isolates trom L. 4ru!mtmti1 an only 

weakly pathogenic to !. RQ!iculata.. Severest intectiora VU induced wbeD the 

1nac�lU11l potential vas inerea.sed. to 220,.000 spona/ml.,  the period of buBd.d.it,. 

with cello:phaDe bans vb. tirat symp-to_ ..... apparent (Plate 38 ) .  1'0110.-

ing such b tment lar,er losions developed which frequently coal.-aeed.. aD4 

groups ot up to 1 3  pycnicl1a ven locaWd hom which the pathOpD vas readily 

re-isolated to agar. 

Discu • •  ion 

In the Sacca.rdian system of Deute�.te owsiticatiOJl the two _la 

criteria tor spod .. delimitation uoe patbog n morphology, and ban specificity. 

It a.ppears that e.rlier �ologista Tievod hoat apeeltici ty vi thin the genua 

SeRtoria a8 of conaiderable importance lIince w11 over 1 .000 specie-a ha.,.. been 
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c1dcribed, prlaarily on the basis ot the bost OD which they wen toUDd. 

The tact that the 8pOH length ot 100 of the Seetori& ·�peci •• ft in Saceario ' .  

tfSylloge J!\mgor." tall vi thill the limi ts of 20-50 f1 (Beach. 1 91 9 )  further 

emphasises the importance prft'ioualy at.tec�d to bost apecificity in thia 

1811118. The tbree specie. of Septori& at present under consideration vue 

oxoig:ina.l1y ascribed on l,. R!!licula:Mh l. AAvnricata &Dd l. drt:mnondii re­

apeo-tiy.ly. v1tb 0'ft:ra11 8pOft length falUng vithiD the limits of 1 5-60  1"_ 
One MY concluc:t. tba t here also , host speoific! V play. ... pari in the cem-

81dention that tbr.. specie. of flmaus verG involwcl. 

The above pn.thogaicity studi8. have ahOVll that ilolatee trOll .!. 

R!Y:BFWatg., regarded aa !.. DbloSis and 1_ divari!,!t! Wft pathopuic to l; .. 

d1'Ulll1Ondii. Similarly, 1-.,latel 1'1"01& l. c1rnumond.ii .  reprdeil .. A. @oaia 
an4 !.. c1l1!1!92ndii Rn pathogenio to 1.. neniculatA. Altbotlgb iD all .... 

collection. wen Mr. pathogenic to the hOlt bOlD 'Which the i.law vu obtaiuec1 

it wu cl.ar that fnII tu standpoint of asaociatiOD vi th bost specie. then 
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Plate 38 Excised ,f,. paniculata shoot artificially inoculated 
vi th an isolate from a ,f,. drummondii seedUng (see text ) . 
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11 SEED TRANSMISSION STUDn� 

A. Introduction 

Seed-borne dis eases are those which may result trom the use ot seed 

cal'l"Ying viable inoculum of a pathogenic micro-organism ; that i8 , is such 

instances the seed functions as a source of primary inoculum . Depending on 

the nature of the association between seed and inoculum .so two broad situs.-

tiona are recognised;1 

(1 )  Seed Contaminations yhere bee propogules of the pathogen are 

present as superficial adherents , or where minute fragments ot 

crop detritus bearing viable inoC'Ulum aecompa.nies the seed and 

are sown vi th it. 

(u) Seed Infection: where the pathogen is established as vegetative 

mycelium in the testa anii/or embr,yo of the seed. 

Xnowledge of the manner O'f .seed dissemination ot pathogens is at importance 

since trea.tments adopted tor control of specific seed-borne diseases are based 

on :pl."ede'termination ot whether seed cO'ntamination and/or seed intection is 

involved. 

The recently published annotated list ot known seed-bome diseases compiled 

by Noble , de Tempe and Neergaard ( 1 959) emphasi ses the extent to which seed 

pathology has developed. in recent years . Included are fifteen seed-borne 

diseases caused by species of Septoria. ot which eight are considered to be ot 

economic importance .  I n  each of these diseases both seced c.ontamination and 

seed. intection are involved , with the former of minor significance because 

the free conidia associated with seed are relatively short-lived. Where seed 

infection i s  involved, vegeta.tive mycelium, and in some few cases pycnidia 

(Gloyer 1 931 J Maude 1 964) , are present on and beneath the seed surtace. 

Spores within pycnidia and sub-surtace mycelium in the testa are of considerable 
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importance in initiating infection because both may remain viable tor 

some months . 

Pield observations in the present study suggested that both seed contam­

ination and seed infection occur in diseased P .  drwmnondii s eed crops . 

Disease development had been followed in several Manawatu field plantings and 

in late autumn le,sions vi th abWlda.nt pycnidia were frequently obserTed on 

leaves , stems , petio le s ,  pecticels and sepals in the immediate vicinity of 

maturing ovaries (Plate 39) . Because of the p;roximi ty of pyenidi80 to the 

fiower bead there i5 ample opportunity tor infe-ctea. tis sues to be inclucled 

with the seed during barve·sting. During threshing ,. pyeDidiospores " drrhi 

and pycnidi80 would be liberated from thi s  material to eontaminate the seed. 

The close il'el8otion ef pycnidia to inflorescences would also l800Ui tate spore 

dispersal by splashing during wet veather. Gel'Dlinatiug spores could then 

infect developing s eed within ovarie s .  I t  wa s  postulated., therefore , that 

both scted contaminat·ion and seed infection could be involved in diss .. mination 

of the Septoria leaf blotch disease of ,E.. drummondii . 

B.. Initial Evidence of Seed Transmission in Commercial Seed Lines 

Evidence of seed transmission vas first obtained in October 1 953 , using 

three United Kingdom lines of l. drummondii each of which had produced iJl;­

fected seedlin,s in two local commercial nurseries . Your new boxes of 

sterilised soil were sow with each seed line at the rate of 1 . 5 grams (approx. 

800 seeds ) per box and set out veIl-spaced in a. glasshouse which had not 

previously held !. drummondii plants . As controls ,  tour boxes were similarly 

sown with seed of two further lines which in both nurseries bad p?oduced only 

disease-free seedl ings . 

At 45 days from sowing a. count was made of the number of s eedlings in 
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Plate 39 Lesions vi th pycnidia on stems and leaves in the 
Tie!ni ty o� maturing oTaries ot E,. drunmondii. 
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.&eh box with lesiona and pyenidia on one or both cotyledons . SeTenl 

diseased seedlings vere removed trom each box and the pathogen i sola�ed to 

agar . The results are giTen in 'fable 21 . 

TABLE 21 Seedling infection resultant on use of cOllllerclal seed. 

Percent- No . of No . of Infected " Infected Ibera.a 
Seed Line ase Germ- mnemect See41inp Seedlinas 

ination '11. Seedlings � Box Box Box � Box � - - - -
! B � D A B Cl - - - - -

1 82 577 5 2 2 3 0.85 0.34 0.34 

2 91 612 - :3 1 1 - 0.48 0. 1 6  

:3 87 558 7 3 5 2 1 .26 0.54 0.9  

Control 1 95 701 - - - • - - -

Control 2 8) 547 - - - - - - -

a. Determined by the Government Seed Testing Station , Department of 
Agriculture , Palmerston North. 

Box -
D -

0 . 51 

0 . 1 6  

0 . 36 

-

-

As aeedlings in the control boxes were disea.e tree , infection clearly 

resulted from viable inoculWD as80ciated with the aeed at the time of sowing. 

Kowever, these results provided no evidence of whether seed contamination or 

seed infection vas involved. 

C .  Studies Relating to Seed Contamination 

1 .  Detection ot Surtace-Bome Inoculum 

The technique tor detecting surface contamination of !. cirummondii seed 

was based on that developed by Bolley ( 1 902 )  tor detecting spores ot Tilletia 

toetida (Vallr. ) Liro and Fusarium oxY;.porum f • .!!!! (Bolley) Sny. and Bans .  
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on .eed of wheat and lin.eed re.pectiv.ly. 

Thre. grams ot the three United Kingdom .eed line •. which preTiously had 

given ri.e to infected .eedlings vere added to 1 5  ml . ot distilled water in 

aD Erlenmeyer flask and vigorously shaken. The vaah water trom each tla.k 

YlUI centrituged tor 10  minutes at 3 ,000 r.p.m. and the .upernatant di.card .... 

Slide. vere prepared by adding aome ot the etepod t in each tube to drop. of 

lactophenol cotton blue . 

Pycnitio.pores typical ot the cauaal ttmgu. vere ob.erved on ...... ral 

slide. trom each of the three .eries. In preparation. trom two ot the .eea 

line. small ti.sue pieces vi th pycnidia vere also ob.erTed. In both cas •• 

pressure applied to the COTer slip induced rupt.ure of the pycnidia and release 

of Septoria type conidia. 

It vas thus established that cOIIDercial seed ot l. drummondii may include 

conidia of the causal organism either in tree form, or in pycnidia a.sociated 

vi th crop debris .  

2.  Viabili ty ot Inoculum Contaminating Seecl 

The following experiments vere conducted using the three commercial seed 

lin •• referred to above, which at the time vere not more than eleveD months 

old. 

Cruikshank ( 1 954) demonstrated the viability ot conidia ot Septoria 

linieola (Speg. ) G. Boc1a associated vi th seed ot linseea by observing spore 

germination in Van !ieghem cells . Bi. method involved preparing a concentrate 

ot conidia from seed using Bolley' s centrituge technique, transterring .pore. 

o 
to Van Tteghem cells and incubating at 23 C tor 24 hour.. Preparations vere 

then stained with lactophenol cotton blue and examined tor germ tubes . This 

method vas tried in the present study but found. to be unsati.tacto:ry as heavy 
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bacterial growth made examination of the conidia ex.tremely c1ifficu! t and those 

few observed showed no evidence of germination although observations continued 

until 56 hours . This lack of evidence of germination did not necessarily 

imply non-viability of the observed spores as germination could veIl haTe been 

inhibited by the high concentration of a8sociatecl. saprophytic bacteria and 

tungi . 

In a tu:rtheJ" attempt to obserYe germination .• plates of prune scar and 

malt agar vere streakecl vi th the centrifuged deposit trom the thr •• ••• d line., 

o 
and incubated at 24 C .  Vi thin three days however all plates were COTered with 

J"apidly groving saprophytes which .ffectively masked � development of the 

slaver growing Sapteri •• 

The 'riability of tree inoeulum u.ocieted vi'th aeed vas tinally a..o-n-

str&ted by un of a plant inoculation method. A 10 arsm s8I:%ple ot each ot the 

tu •• seed lines vas shaken in 50 Ill . ot aterile vater and the wash vater 

centrifuged at 3 ,000 r.p.m. tor 1 0  minutes.  The superDatant vaa d.i.Bc:ari.ed 

and the sediment :re-auapended in 30 1Dl .  ot swrile vater and painteci O'Y81' 

eight leaTes ot tour potted, disease-tree aeedli. plants using a camel hair 

brush. .A.s controls , another tour plants vere similarly inoculated vi'th a 

spore suspension (1 1 3 ,000 spores/ml . )  prepared from a stock culture , and tour 

plants were inoculated with distilled water. . All plants were subjeoted to 

high humidity for 72 hours to facilitate infection. Subsequent watering va.a 

by steeping in trays. Where lesions and pycnidia developed identification 

of the pathogen vas confirmed by isolating to &gaz. 

!he results , recorded at 28 days following inoculation, are presented 

in Table 22. 
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'!ABLE 22 Tiabili'ty ot inocullDD in tree association vi th commercial seed . 

No . ot LeaTes Infected 
Source of Inoculum 

Plant .1 Plant B Plant C Plant D 

Seed Line 1 2 1 0 1 

Seed Line 2 0 0 0 0 

Seed Line 3 0 0 0 0 

Stock Culture 8 8 8 8 

Sterile Vater 0 0 0 0 

The above results show that viable inoculum is carried OD the surface of 

.1. drummondii seed imported to New Zealand ,  and thus allows the hypothesiS 

that seedling inf-ktions in DlU'series may originate from this inoculum. .la 

the seed at the time of testing vas eleven months old � re suI ts imply � 

ahility of pyenicliospores to remain viable for at least that length ot time , 

more probably when aa-soeiated vith cirrhi or pycnidia. The ability of spore. 

to remain viable in .ciub! and pycnidia tor 10111 periods vas investigated as 

tolloys, 

(a) Viability ot Spores in Cirrhi 

Naturally infected leaves bearing abundant pycnidia were subjected 

to high humidi'ty at 240C in petri-dishes lined with moistened filter paper to 

induce the production of cirrhi . Atter 24 hoUl's the lids vere removed to 

allOY leaves and ti1 ter paper to dry, and the leaYes vere then transterred. to 

sterile petri-dishes for storage at room temperature . To dete-rmine survival 

ot p,ycnidiospores with time , sample leaves vere removed at 3 d� interTals tor 

69 days and not less than ten cirrhi transferred to a drop ot sterile va.ter to 
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produce a dense spore suspension, Tvelve plates ot PDA vere then streaked 

with this inoculum . and incubated. at 240C tor 10 days. _ The production ot 

colonies ot the fungus vas the cri tarion indicating spore riabili ty. 

Up until 27 days little loss in Tiability occuned , as evidenced by large 

numbers of' colonies which appeared on all streaked plateil . Thereafter a 

gradual reduction in colOllY numbers occurred until the fitty--e8'ftllth day- when 

only three colonies developed on the twelve plates . .ul plates streaked 

using inoculum prepared. at 60, 66 and 69 days tailed to produce colonies . 

Seven colonies grew from the 63 day inoculum. 

In a second experiment colonies tail.d to appear after 51 days. 

Spores in acervuli and pyenidia are held together by a gelatinous matrix 

which i s  believed to protect and prolong their via.bil i  ty (Lllly & Bun.tt, 1 951 ) .  

In the above experiment , the outer spore. of each cirrhus probably died J'I'&Clu&lly 

and after 50 da3s only a tffY more deeply located spores remained. viable. 

!hi s  suggests that spores trftd trom pycnidia cannot remain viable tor periods 

in excess of three months . .Aa imported EJ.Jropean s.ed spring sovn in Bev 

lealancl is at least 1 0  months old it follows that disease outbreaks in thia 

country do not arise trom conidia in eirrhi present as superficial contaa­

!nut. on s .. ad. 

(b )  Viability ot Spores in Pxcnidia 

Spores in pycnidia of some sphaeropsidaceou8 pathogen8 may remain 

viable tor periods in exceS8 ot one year (Macbacek 1 945 , MoKay 1 946, 

Gabrielson 1 962 ) .  Microscopic examination of the detritus concentrate from 

imported E,. drummondii seed had revealed not only Septoria 8pores but also 

leaf fragments bearing pycnidia of the pathogen. There vas thus the possi­

bili ty of spores vi thin such pycnidia functioning as primary inoculum in New 

lealand . 
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Naturally infected leaves bearing pycnidia were stored in petri-

dishe.s at room temperature. At monthly intervals a spore suspension vas 

prepared from at least twelve pyenidia and streaked over not less than six 

plo. tea ot PDA. 

Until the eighth month large numbers ot colonies developed on 11.11 plates 

but thereatt.r thare vas an obvious decline in D.WIbe-rs until growth ceased at 

fourteen months. !he results thu8 indicat. the possibility of European seed 

being contaminated vi th viable inoculum in the form of spores vi thin pycldclia 
It 

at the time of spring .owing in Nw Zee.land .  In the experiment above (S;action 
e ( 2 )  ) where infection re suI ted. from inoculatiBg twal thy plants with the 

centrifuged concentrate from year-old seed the' inoculum was probably spores 

released at that time from pycnidia associated vith minute pieces of host 

tissue included with the seed. 

3 .  Seedlinc Infection from Contaminated Seed 

The above trials had done DO more than to demonstrate the tact of imported 

seed being contaminated with viable inoculum ,. and to reveal the probable tOZ'Ul 

in 'Which that t1lOculum occurred. The following two experiments were conducted 

to investiga.te whether see41ing infection could in fact re8ult from use of seed 

so contamiuated. 

1 .  Six grams ot pathogen-free seed (8'" germination) vas add:ed to a 

suspension ot spores ( 1 1 0,OOO/ml . )  prepared from a ten day old PDA culture . 

After thorough agitation the seed vas removec1. and dried between blotting paper 

101' 24 hours at room temperature and SOVIl as follows l 

( a )  400 seeds were s e t  out i n  a Copenhagen germinator. 

As a control ,  400 untrea. ted seeds of the same line were 

similarly sown. 
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(b ) !wo new boxes of sterilized soil vere each sown with two 

grams (approx. 1 ,1 00  seeds ) of the artificially contaminated 

seed. la. similar box sown vi th the untreated seed sen-ed 

as a control . 

Watering of seed boxes vas by ste.ping in trays , thereby reducing 

the possibility of secondar,y spread from the first exposed infected cotyledons . 

In both .eries infected seedlings vere l'elDOT8d as they appearecl, aDd the ex-

periment concluded at 50 days from soviDg. Confirmation of infection vas by 

microscopic examination ot cirrhi from pycnidia d ..... lopecl on cotyledons. 

In the Copenhagen geJ'lllinator 'test fi�st infection vas apparent at 21 clays , 

and the last positiv.e record was at )6 days.� at vbieh stage 1 1 6 seedlings (2� 

of SO'VD seed) veTe infected. In all cases infection vas severe , there being 

abundant pycnidial production on one or both cotyledons , frequently followed 

by death of the seedling. .111 seedlings from untreated seed .ere di.e ... e tree . 

Results of the seed box sowings are presented in Table 23 .. 

!ABLE 2) Seedling infection from box sown artificial ly contaminated seed 

Ho . of Imlersecl 50'1 of Infected � of Emerpc} 
Seed Source See4112£. Seedlms Seedli!!!s Infected 

Box 1 768 51 6 .• 6 

Box 2 81 4 36 4.4 

Control 841 ... -

2.  The circumstances under which commercial aeed may become contam-

inatea with the pathogen at harvest vas simulated by crushing naturally 

infected lea.ves bearing ma.ny pycnidia. and adding them to six 500 ml. .  flasks 
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each with six grams of pathogen-free seed. Following vigorous shaking and 

removal of the larger leaf fragments the seed vas bul�d. Each month this 

seed was used to sow one box at the rate of two grams per box . Watering 

throu.ghout was by steeping in trays , and DJ.1 infected seedlings were removed 

as they a.ppeared during the first 50 days from sowing . Conth"Dlation of 

infection vas by microscopic examination of cirrhi from lesioned cotyledons . 

Infection was recorded only in boxes sown at one . two and five months 

with four , six and two seedlings respectively being found . The experiment 

vas repeated on tvn subsequent occasions with essentially similar results .  

Infected. seedlings failed to appear i n  the majority of boxes and in no 

instance later than four months from commencement of the experiment . 

From these experiments it i s coneluded that seedling infection can 

result trom viable inoculum in loose form 8$societed with seed at the time 

of sowing . 
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Results from the above experiments probably overstate the case for seed 

eontamination as a source of pri:ma.ry inoculwn in New Zealand sown seed. 

The contamination of imported seed with viable surface inoculum is reTealed, 

and the posaibili ty of seedling infection arising from use of e.rtificially 

contaminated seed demonstrated , but it does not necessa.rily follow that ini­

tiation of the disease in commercial nurseries is from viable inoculum 

loosely associated with seed. 

fh. concept of an ' inoculum potential · ha.b beem discussed .at ltmgth by 

Dimond and Hors:tall ( 1 959 ) , and Garrett (1960) and its signifieooce demon­

strated by several workers (Cole and Oouch 1958., Garrett 1 959, and Goodinc • 

Lucas 1 959) . The cone-ept is that under fa.vourable field cOllClitions there 

is a minimum spore density or numerical spore threshold which is nec88.ary to 

establish infection . At though the concept has been developed only &s 1 t 

relates to a1r-borne and aoil-borne pathogens , support for its application to 

the situation of seed-borne contamination ls provided by Heald (1 921 ) .  In 

studying the !"eh.ti�n be'WeA.J1 the numbers ot sel'!d-borne chl:unydospore.s and 

field establishment of covered smu't of 'U'iloa:t caused l>y !i,l.letia. SJ!.l":f.8,!J (D.e. ) 

Tul . e.nd 1. !oeti� (lh,11r. )  Liro , II.,a.ld found. t.b.et for e'!len low percentage. 

of infect-ioD high numbers of viabla spores must be presen.t on seGd. In the 

above experiment where seedling infect.ion resulted from sowing !. drwmnondii 

seed artificially eontamina.ted by dipping in a strong spo(l"e suspension, an 

inoculum potential vas proTided far in excess of  that likely to occur in the 

field. And in the case of seed line .0 .. 1 ,  it may be asSl.1llHtd that by centri�­

uging the wash water the viable spore load from all seed was concentrated to 

a level sufficient to ensure infection when leaves were painted Yith this 

preparation. 'or seedling infection to be a consequence of lield sowing of 
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that particular seed requires that in the soil , i� the iIIInediate vicinity of 

at least one seea, sufficient viable spores must escape trom pycnidia to reach 

the minimum density required tor infection. Since imported seed is at least 

10 months old at the time of sowing , anc1 since the Tiabili ty ot spores in 

pycnidia decreases rapidly from the eighth month , it is unlikely that the 

minimwn inoculum potential required tor infection vould be reached . Accord­

ingly it is unlikely that seed contamination is ot significance in accounting 

for initiation of infection in seedlings in Hew Zealand. 

D. Studies Relating to Seed Infection 

1 • Detection of Infected Seed 

Mature OTaries with the associated sepals densely co .. red with pycnidia 

may be readily located in diseased garden planting. ot �. drummondii throughout 

the Manavatu during the months ot March and April (Plate 40) . Seed harvested 

trOll such O"hl'ie. vas screenea tor infection in the tollowing maDner. 

IndiYidual crn.ries vere broken open under aseptic condi tion8 &Dd the 

three .eea. they each contained bulked in a sterile test-tube . Atter washing 

in four changes ot aterile "..ter to remove possible .urface contaminant. the 

.eeel was dried between sterile blotting paper and tranaferred" one each , to 

prune agar slopes . Checking seed individually in this way vas a precaution 

intended to prevent contaminant saprophytes from groviDg over neighbouring 

seeds and masking the presence of the slover growing Septoria colonies . The 

slopes vere incubated at 240C and those colonies oonsidered typical ot the 

pathogen on this medium were microscopically examined. This experiment vas 

repeated on two subsequent occasions vith seed harvested trom similarly 

diseased crops . Resul ts are presented in Table 24. 
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Plate 40 Mature oTaries ot P. druanondii with sepals bearing 
pycnidia ot the oa�.al organi8lll . 
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TABLE 24 Percent of infected seed from mature ovari es vi th the associa.ted 
sepals and pedicels infected 

Trial No . Ho . of Seeds 
No . of Seeds Percent of 

Yieldiag SeEtoria Seed Infected 

1 1 28 1 6  12.4  

2 208 21 10. 1  

3 75 5 6.6 

In those cases where the pathogen YB.8 th e  only fungus present , 

mycelium could be observed vi. thin 48 hours and by four clays covered the seed 

and adjacent agar to form a dense , dark-grey colony. Pycnidia vere usually 

apparent within six days and by eight daya shiny, moi st, crea.m-colored 

masses of released pycnidiospores were ,clearly visible (Plate 41 ). .  

The above figures tor number of infected seed may be regarded as 

minima.l a;s dense mycelium of contaminant fungi grev out trom many seeds , 

effectively preventing detection of the pathogen. 

2 .  Seedling Infection from Infeeted Seed 

EVidence indicating that seedling infection ma.y arise from use of fi eld-

infected seed was provided by two trial s in which seed haryested by hand trom 

ovaries with sevsre infection o£ the sepals vere set out in a Copenhagen 

germinator, and box-sown in steri l ised soil . Resul ts are recorded in fable 

25 . In each case the tria.l vas �ontinued for 50 days , during which time 

infected seedlings vere removed as they appeared. 
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Colony ot the pathogen arising trom infected !. drummondii 
seed plated to P . D . A .  Note �nidia and released spores . 
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TABLE 25 Seedling infection resul ting from sowing seed from ovaries vi th the 
associa.ted s epal s and pedic.el s  infected. . 

AI!I!earance Appearance 
No . of Percentase No . of of First of Last 

Test Method Seeds � Infected Infected Intec,ted 

� Germination SeedUngs Seedlil's S eedlings 
(days (days� 

Copenh. Test. 1 21 39 5 26 33 

Soil Test 214 31 :3 31 39 

In both trials first evidence of i,nteetion vas the lightening in color of 

the upper surra-ce of the cotyledon to which the testa was still affixed, 

followed vi thin 36 hours by the appearance of light brown pycnidia.. Usually 

a lesion vas produced on only one cotyl edon ot a seedling (Plate 42) but in a 

1811' instances symptoms bad developed on the othel' cotyledon within a further 

two or three days. 

Microscopic examination ot the 74 ungerndna"ted seeds in the Copenhagen 

trial revealed 8 ..... n to have the pathogen presen't. In each cas,e the seeds 

yere small ,  shrivelled and partly coverecl by a.ssociated saprophytic fungi . 

Positive identification of the pathogen was by pycnidia on the seed and by 

masses ot released crea.m-colored pycnidiospores,. Dense mycelium of con-
taminant fungi masked the possible pres.ence ot the pathogen on other nOll-

germinated seed . 

3 .  Pa.thogen Survival in Naturally Infected Seed 

Seed harvested by hand trom ovaries with infected sepal s and free of 

surface contaminants was held at room temperature in a steri le Erlenmeyer 

flask. At interval s of three calendar months for 1 5  months seed vas removed , 
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Plate 42 Infected seedling shoving cotylHonary lesion and pycn1clia. 
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va.shed in 4 changes of sterile water and pl&ted to prune agar at the rate of 

10 seeds per petri-dish . J1esults are presented in �ble  26. 

TABLE 26 Survival of the pa.thogen in naturally inteeted seed. 

. Seed !as No . of Seeds No . of Seeds Percent of Seed 
from Harvest Plated Yieldiy the Infected 

(months) Pathogen 

3 75 to 1 3.3 

6 84 1 1- 1 1  . • 9 

9 102 6 5 . 9  

1 2  74 7 9.4 

1 5  63 4 6 .. 3 

These results clearly indica..te that the pathogen may be nable in imported 

European seed a.t. -the time ot sowing in Ney Zealand. Since at 'the end ot the· 

experiment some ot the seeds yielding the pathogen vere observed to be ge:rmin-

ating it may be concluded that seedling inlection in eommercial nurseries m� 

arise from use of imported, infected seed sown vi thin 1 5  months of harvest. 

4. Method of Seed Infection 

Although lesions and pycnidia. ma.y be located on lea.ves ,  stems , petioles , 

pedicels , and sepals they vere never observed on the walls ot ovaries.  Even 

in cases where all sepals of  a calyx were liberally covered with pycnidia and 

the seed on pla.ting yi elded the pathogen ,  no symptoms vere observed �lat 

suggested direct penetration ot the ovary wall and seed infection by that 

path. Further , plating ot ovary walls  to a range ot media a.fter various 
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surface steril ization treatments in no case yielded Septoria colonie s .  In 

a fev instances ovaries were located with infected sepals c losely adhering 

to the ovary surface ,  giving the impression that at least some of the pycnidia 

present had aris en from ovary tissues (Plate 43 ) .  In these cases infection 

ot the contained seed could conceivably have occurred directly through the 

ovary val l .  However ,  close s tudy of each example shoved pycnidia rto be 

present only OD sepal tissue s .  Infection o f  the ovary vall is thus not .,. 

feature of this disease and seed infection IIIUSt occur iD some other' mannar. 

Louglmane , McKa.y and Lafferty ( 1 946) provided proof that infection of 

flax Seed vi th Septoria 1inico1a was achie .. ea by mycelium advancing from in-

fected sepals to the pedicel at its junction yi th the base of the oVary" thence 

up through placental tissues to the immature seed . !hey found that when 

bolla borne on diseased pedicels were broken open many' of them had pycnidia 

developed: in profusion along the placenta . When seed from such balls was 

microscopically exam,ined , incipient pycnidia vere obsel"'f'ed on the testa in 

the region of the hilum. 

In the present investigation it vas noted tha.t where sepal infection 

occurred pycnidia were almost invariably present OD the pedicel as ... ell 

(Plat,e 44) . This tact .  plus the lack of evidence of penetration through the 

ovary vsll suggested the po ssibility of seed infection in P. drummoIldii occur-
- i 

ring in a manner similar to tha.t of flax seed by !. linicols.. Experiments 

designed to substantiate this hypothesis were conducted as follows . In each 

ca.se mature ovaries wi th the associated calyx and pedicel severely lesioned 

and covered with pycnidia yere used . 

(a) 
* 

S eed was harvested by hand and the pla.centa removed from the 

crushed ovary a.nd examined for pycnidia under a stereoscopic 

* 
S ee footnote p. 1 25 .  
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Plate 43 Sepals bearing pycnidia adhe:riq to the surfa.ce of 
matured ovaries trom &dui t .l. druDnondii plants . 



Plate 44 
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Continuous production of pycnidia on sepals and pedicels 
from £. drummondii inflorescences . 
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microscope . In some instances pycnidia were clearly observed 

(Plate 45 ) .  When subjected to high humidity in petri-dishes 

these pycnidia readily produced cirrhi . Isolates resul ting from 

transfer of such cirrhi to agar vere shown to be pathogenic in 
inoculation trial s .  

(b)  The placentas and seed were removed from 74 ovaries and bulked 

se�at.ly in two sterili sed test tubes . Following washlng in 
three changes of sterile �ter and drying between s1ierile blotting 
paper the placentas and sMd were plated to prune agar, and in­

cubated at 24°C .  Septoria colonies were positively identified 

trem 1 8  (24.)%) of the 74 plated placentas , and from 21 (9.4�) of 

the 222 plated seeds . 

( c )  In a subsequent experiment th e  placenta and three seeds from each 

of 41 ovaries were �bed separately in two changes ot sterilised 

water ana plated to prune &gru" (Plate 46) with the following results :  

Plates free of Septoria colonies 1 9  
Septoria. from the placenta only 12 

Septoria trom the placenta and one seed 6 

Septoria from the placenta. and two seeds 3 
Septoria from one seed only .- 1 

!he above results substantiate the hypothesis that in !_ dt'UJIIIlondii 
the path of seed infection is b.Y way of the pedicel to the placenta wi thin 

the ovary f and thenc'8 to the developing seed. 

* 
In P. drummondii the ovaries are dis't,inctly trilocula.te , a.na pla.centation 
is ;xile with one seed developing in each locule. During maturation of 
the seed the three interlocular septa remain j oined at the centre but 
individually come tree from the outer wall of the ovary. In strict 
definition the term placenta applies to the area where the funicles are 
attached but hereafter i s used in the expanded sense to denote the total. 
structure consisting of the joined remains of the three interlocular septa 
and that area where the developing seeds are attached (Fig. 3) . 
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.. 

Plate 45 Pl&ceatBa from two matured o'fU'ie. ahovi.ac prea ce 01 
P1'CDitia of the patho .. n . 
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• 

Plate 46 Colonies ot the pathogen cleveloping on P.D.A .  
trom th e  placenta and one o t  the three seeds trom 
a matured ovary. 
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rIGtlRE 3 Dia,rams ot & ma'ture o� of !. drummonclii shovill8 

loca�ion ot the seed in relation to the inte�locular 
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Se.d infection as it is beli8Ted to occur in the field was experimentally 

&Chi eYed in the following manner . A series of potted, disease-fr.e plants in 

full flover vere selected after fertilisation had occurred and when seed vi th­

in the ovaries vere at various stages of development. Using a tine camel 

hair brush the lover surtace of the sepals of 37 calyxes vere painted vi th a 

spore suspension (385 ,000 spores/ml . )  prepared from a ten day old PDJ. cuI tue ,. 

The plants were then held in a humidity cabinet for three days before setting 

out on a glasshouse bench. Care was taken to apply the spore suspension only 

to the sepals .  

IDfec,tion was apparent at twelve days with the appearance o f  lesions and 

pycnidia. on the great majority of sepals , which soon died. In no instance 

vas there evidence ot infection of ovary valls.  Porty-seven days following 

inocula.tion sennteen ovaries which had matured vere removed. 'The placenta 

and three seeds f-rom each vas washed in three changes of sterile water and 

plated to prune agar. 

On thirteen of the petri-diah.. profuse growth of saprophytic fungi 

arising trom the placenta and seeds was so great as to mask the growth of 

any Septoria which may have been present. However, the remaining tour plates 

gave positive evidence of seed and placental infection, as follows :  

Plate 1 - Septoria trom the placenta and two seeels . 

Plate 2 Septoria trom the placenta only. 

Plate '3 - Septoria trom the placenta and one seed. 

Plate 4 - Septoria from the placenta and one seed. 

These results further support the contention that seed infection in the 

tield is by the way ot the pedicel to the pla.centa wi thin the ovary and thence 
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6. Discussion 
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'rhe ahove studies have establi shed the fact that seed infection may 

occur in the tield in crops infected vi th the Septoria leaf b lotch disease . 

Purther, it has been shown that when sown, such infected seed may give rise 

to diseased seedlings . Ob.ervations indicate that the transterence at in­

tection from seed. to seedling i s  associated vi th the epigea! manner of 

germination. During emergence ,  as the testa is borne alott the mycelium 

in the testa resumes growth and inT8.des ti ssues ot the cotyledons. Evidence 

that intection has occurred is provided by the appearance of lesiona beariq 

pycnidia on one or both of the expanded cotyledons .. 

The studies on the c1ecline ot fuDgal viability vi th time in naturally 

infected seed indicate the pathogen may survive in seeel for at least 1 5  

aonths following harvest ,  and further, that seed of thi s  age may germinate 

to produce infected seedlings . !hat i s ,  the tact that European seed is 

approximately 10 months old at the time of soving in New Zealand cannot be 

used as an argument against the contention that primary infections in New 

Zealand nurseries may arise trom use of infected imported European seed. 

'!he way in which seed comes to be infected in the field has also been 

established.. Observations and experimentation have shown that the pathogen 

penetrates the oTary via the pedicel , infecting first the placenta and then 

the deTeloping seed. While this phase of the disease cycle is of considerable 

importance in that it ensures perpetuation of the tisease and its likely 

establishment in new areas , observations also suggest that the pathogen at 

this stage may have a considerable adverse effect on seed yield. In experi­

ments where seed harvested from ovaries vi th sepal lesions and pycnidia vere 
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ei ther sown in Copenhagen germinators or plated to agar the percent ot seed 

germinating vas consistently very low, with most ot th� non-germinating seed 

being shrivelled and ot small S-ize. Purther, in agar platillg teats it was 

noted that colonies deTelopecl from these non-germinating se ads rather than 

trom the larger ,. fully developed seeds . Asauming that im"a8i on of aD o'ftZ'Y 

may occur in the fiald any time between anthesis and se" maturity then there 

must be conaiderabl . ... riation in the s� ot a8ed d.,"lopment &t the ti.e 

of infection 'by the pathogen. In the ca.e ot iDlDature .eed, penet.rati on 

of the testa and invasion o f  the .mryo would .e-em likely, resulting in death 

ot the embryo at thia atage. In more mature aeed only testa iD"f'asion would 

occur vi th seed development in no way impairecl.. Durina Hed-elea.ning opera­

tions the light infected seed vould b. dressed out. '!he remainiDg seed 

would be fully developec1 and ot high germination capacity, but vould include 

a few seeds with the pathogen established in the teaiia.. It i s  this latter 

seed which is believed to initiate epiclemic outbreaks of the cliseaae in 

Hew Zealand nurseries each spriDg. 

B. Brlent ot Disease 'l'ransmission in Commercial Seed Line. 

Appreciation of the significance of aeed-borne inoculum in in! tiatiq 

primary infections has in recent yeare stimulated interest in methocla tor 

evaluating seed health. A considerable number of techniques have been devised, 

the usetulness of e&eh being clependent on the specific obj ectives � the study 

a.nd the peculiar circumstances associa-ted vi th the pathogen/host a.ad relation­

ship. The sui tabili ty of the following methods tor screening E.. druDmondii 

seed was inTastigated. 

1 .  Visual Recognition of Infected. Seeds 

Celery seed infected with Septoria apiicola Speg. may be visually detected. 
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by the presence ot pycnidia on the seed surface. . Subjecting infected seed 

to high humidity in petri-dishes lined vi th damp fil tar paper cause. pycnidia 

to awell and thereby allows ready recognition under a stereoscopic mi'cl"Oacope 

(Marshall , 1 960) .  Phlox drummondii seed considered likely to be infected 

vas carefully scrutinised on ma.ny oc-c&sions , but pycnidia vere ne .... r observed. 

Seed of this specie. is dark grey to black and of r.lati .... l,. small size 

(2 mm. diam. approx. )  and pycnidia would be difficult to loCate , particularly 

if 111111ersed or poorly &rumpent. 

Seed harYested by band trom o'Yarles where pycnidia yeN present ,on the 

placenta were subjected to high humidity for periods up to ti .... days to 

induce production of the more readily discernible cirrhi . lIovever , on DO 

Oc-caaiOD vere cirrhi obserYed. Seed hoaa the same source .... bleached in a 

solution of sodium b;ypochlorite (10.� a.ulahle chlorine )  for five minutes , 

soaked OTernight iD lactoph-enol cot.ton blue and micrOscopieally exaJRined tor 

pycnidia. lone were, observed. In haDd-preparec1 sectioDtS of thes8 s.eel. 

only rree-branching:,. septate hyphae were located. '!'he testas retrieved from 

seedlings vi th lesioned cotyledons haT. ne't'8r been obsenecl to have pycnidia 

present. During CopenhageD germinator tests pycnidia have been obaen-ed on 

s-MCls , but in all instance. this vas following at least 20 da,ya incubation 

and then only on poorly developed shriTelled seed. these seeds shoved no 

evidence of germination and would not normally be present in machine dressed 

commercial seed lines . 

Froduction ot pycnidia in the testa does not appear to be a normal 

conaequenee of seed infection, and therefore, recognition of infected seed 

lines by this means is not possible. 
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!hie method pn'riou.,ly IIleIltioned OD p.106 � a means of nmoriDl 

and idtmtitying aurface-bol'lUt .1eateDts of patho,.. and thon'!on haS applica­

tion only iD tb4I � of ...a conturiDatlOD. !be method b&a the a4V8D ..... 

of speed � doea not ftft8l the �ilit,. .. pathogenicity O'f the tuDgal 

e1-._. !hie la"tter nabie1.iou may be Oyenome by auppl_tiDt vi tJl • 

pathogenioity teat in w11ich the apon conc .. tnt.e ia applied to healt.b7 plan"-. 

1nd eftD then tbe naulta are ef limiW ftlue. 8uee ... tu1 iDtec.ioo ... 1� 

indicates that loose, viable inocul_ vaa aaaociatei1 vi th � .... ancl in DO 

""'" implies that HOdling ildection voulcl ineri. tably naul to boa Wle O'f this 

•• ed. 

3. AIM' 'l,st 

the first edenalft use O'f aD ...,.. pla.te meth04 to ct ... t aeec1-boae 

pathogens vu by Christensen ana SiaJrmaa (1935 ) ..  Seecl8 ere � oat OD 

.8ifIID" aDCl the pa.thogena ftCognised by thebt cul tunl ebuaetel'iaua ..wiDe 

CGloniz&tioa f1f the media.. In caau ... the pathogen le .1ow grov1Dc, as 

iD the pnaeDt hmt.ance, heel ia aurfao .... t.rilisecl pr!. .. to pl.at.ing to a-

110ft the BlOft rap1cl1y grow1n3 lUlaociatea saprophyte.. ftDa .... _tIioa la 

vaetul for testing tor seed .Infection, -.tbu tbaa IIHd eontamlnaUcm. !!ut 

actw.ntaaes ef pl.tiDe an that tot eoati"1ona be contnllea, nsul,.. an 

quicldy obtaiIled, and relat1 ... 17 li 1,1,1e apace. la utl11aec1. Ibe IIl4fihoc1 has 

Hmi ted w.lue in that it ia BOt a J}8tho&enici ty teat, tbe total DUIIIbel" 01 

bai'ected aeed8 in a  aGed aam.ple . whether ali .... or aeaa. 1s alo lDd1catecl. 

!hua the actual pathogenic w.ht4 of the aeed-borDe. iDoculum 18 Dot r...-le4 

and 6 foncaat of the field perfo:rmance of the ...et i8 therefore not possible. 

a. method was not used in the present study because ot the time required � 

plate out sufficient 8e84'8 to deteot the low percentage infection iD many 
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4. 112111£ !ID 
!Ma ..thod bmrIlvu epac1JJI ...aa cm Mt •• blcrtte.. ia an � 

of blab lmaIicHty t� wMcb • ..a anA ..u1:ap an lDtrpeo'Md for iD­

feottOD �" mrl t • .. patbopD 1tsell. enat.-" 't'alee la ... .. 

,. .... iDdJtc .. ebancteiaUo dt ..... � on tU ...alilrc . .. 

� e. becomiq • pa'tlloaao1.e me""· ID ..... __ , d.pen4i. _ 

....... 'Ol' DOt 'tile .... h lint etII"facae ,.telll .. ao __ .. thoi :protfl4ell . 

�U(lll OD total i.DOeal., · _ .... lufeetion ..". ' 

tJI tbe pr...n � to� pat. __ }IH'ftI4 euitald. iD hl# .... 

..... for ...a :lbt .. _.. s..a .. e1t1afw' tlnt ....... iD � ..... fw 

... hGura 01' euzofaoe .terilisad fa aodbD �lori_ (." pail_le eblo.riD'e) 
to. 30 MOOI.ld.. lDfecW .. ecn.iDga .... :readily 1dent:1ftel by co1I1� 

luiona u4 PJODitia whldl wmall,. 4eftlopot! "J tbID 30 ..,. f:roa 8w.b ... 

!lie Miho4 1. DOt used ill I'Oldiae � of cc.aeitCial ue4 lu.. 1)1' __ 

of the 1 ..... DJIl!!IfMaw of ...aa _tCh ftqai8 to .,. _t t.o ..... a. .... 

teeU_ of ..... lDlactiOUll. 

,. !Id 9!!!¥!;MoD ;la s;W!uet Sa!I 

Aa • _tb04 �_ J'o� _ .... ;heralth � th1. 'approach la ..... t.l 

..... of apu., lrOl(lviHtlllmb eo4 'the length of u.. bef .. "aul . ..  

aft11ab1e.. I. ia. howeftr .• ft� -.i_te la .... !'Cb at:uai .. .... the 

....... d seed l.tnea to be tu:M:eI ia lW't04. I. !tu ... �1. 

adftntap of 801_ '-111.# • pa.thopuidta' te ... eft4 tbea ... · nfl __ lie14 

"J'� fd the sua. and allows a quanti_Un BV'a.lua�loa of ... lat�OIb 

Haalth teats ¥Oft e:a;ndueted DD 38 1tlporW Qvopeu Heel tu.. 01 

.t. �, �reielly I.'liwlla.'bl. tor .�.t1'inl aoviDg in the ,.... 1951. 195' 

aDii t961 , using the tellovl!lg _thotllU 



- 13' .. 

(.) .... .... of' ech 1S_ .. vleoroual:f .eh __ la 15  Ql .  eteril. • 

• _ anA the wash __ .c:.rRritupcJ ., 3.000 ZO.P". ta. te 

!llli.Dutea. Se'ftmll elWe preJ'UaUou of the conowtft.wa ..u­

t .... aicJ'OalCOpieally aaat .... tu apone P4 pycal4ia. of the 

pathogen. 

eupendac1 1D 20 as. atedl. __ and patntect Q1I8r .1_. 1 na 

ot , ... potW. 4i .... f:Ne p1 • �1. "" liNv1dG4 

bJ' plea: ahd.13rly 1DDauJ.aW v.Ub atull . .. _.. All pI 

an .ulJj ,tocl to hiab buat:i.41 t7 '  � ha • to encm.rraae mhotlOil. 

'SUbaeq -'te:rin& or plaata .. 1J7 n.epina iD �. .-lie 

.... � ,20 fh\ys �llovina i.J1oculati • 

• or ateriU-a Il1011 . WH .... out; wIl � OD 

...... � an« ir&feeW aedU .... ftIllOVe4 .. ...., � mrt.il 1b 

fiftieth aa;r !rem 1I:CVf.ns .. 

!he ftaulta ot 
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TABLE 21 BKtent of seed traIlSllission in cOIIIIlercial .eed line. ot !. drUJIIIlOndii 

hperimental Method 
Ca) (b) (c ) 

S.ed Variety Ge�. Centrif.  Patho- S.o·il SOft] � T •• t 
l!.!! 27. " Infected -

Ca�- lenic;" .0.Infected Sample 
�eedlinga �-'I ity'f !jz S.ecUbas 

!!!! 
1 958 1 Dervent strain, mixed 76 + - - -

2 Haua compacta, mixed 87 + - - -
3 Alba oculata 63 - - - -
• GraDd1flora, mixed 91 ++ - - -
5 »ana compacta, ·1IIiud 86 - - 3 0 . 1 .  
6 Cuapidata 75 - - - -
7 RaDa oOllp8Ota, beauty 53 + - - -
8 Cbaadiflora, mixed 94 ++to - • 0. 1 8  
9 .ermil11on, red 63 - - - -

10 Atropurpurea 58 - - - -
1 1  CiDnabar 67 + - 3 0. 1 8  
1 2  .ana compaeta, aixed 89 - - - -
1 3  Coccinea 73 - - - -
t4 Scarlet beauty 79 + + 1 0.05 

1 959 1 Cizmabar 89 - - 3 0 . 1 .  
2 Orandifiora, mixed 93 - - 1 0.04 
3 Atropurpurea 95 ++ - - -
.. Grandiflora, mixe4 96 + - 1 0.04 
5 I'aDa OOlllp8Ota, mixed 82 - - 4 0.20 
6 Dervent strain, mixed 89 + - 7 0.32 
7 Grandiflora, mixed 74 + - - -
8 Chamois roae 63 - - 1 0.06 
9 Searle" beauty 92 - - - -

1 0  Dart globe 86 +to + 1 0.05 
1 1 RaDa CGIIIp&Ota,. mixec1 79 - - 3 0.1 6 
1 2  IfaDa compacta, mixed 73 + - 6 0.35 
1 3  Cocainea 64 + - - -
1 4  Dernnt strain, mixed 92 - - 2 0.09 
1 5  Cuapidata 87 ++ - 2 0.09 
1 6  'rwink1 e  atellata 71 - - - -

1 961 1 GraDdiflora, m1xet\ 92 - - - -
2 Dwarf globe , mixed 63 - - - -
3 Twinkle stellata 51 - - - -
4 Vermillion, red 88 + - 3 0.14 
5 Oranclifiora, mixed 14 - - - -
6 Rana compacta, mixed 83 - - - -
7 Ifana compacta, mixed 93 + - 5 0.22 
8 So�let beauty 91 + - - -

1 /. Determined by the Seed Testing Station, Department of Agriculture, Palm. Nth. 
2/. Subj ectiYe evaluation of apo.re numbers obserYec1. 
3/. This figure is approximate only, being based on predicted emergence as 

suggested by the germination oapacity test of the .eed. 
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TABLE 28 Summarised data from Table 27 

No . of Number of 
Year Seed Lines Lines with 

Tested Pree Conidia 

1 958 1 4  7 

1 959 1 6  8 

1 961 8 3 

Totals 38 1 8  
(47.4�) 

Pathosenici!z Soil Sony 
'lest Positive Test Positive 

2 4 

1 1 1  

- 2 

3 1 7  
(O.O8�) (44.7�) 

Thes8 results provide further mdence of tbe Septoria leat blotch 

disease of ,t. drummondii being transmitted. by imported seeel, to the extent 

, 

of 44)< of the 38 seed lines tested for the years 1 958, 1 959 and 1 961 . .As the 

sterilised-soil method for screening vas essentially similar to the manner in 

which seedlings are produced commercially the results � be considered to 

accurately reflect likely perlormance -of the •• ed ia nurseries. Seed in-

fection levels vere low. in all cases less  than 1".. HoveTer, because seedlings 

are densely crowded prior to pricking-out &Dd becauae the practice of daily 

overhead watering ensures effective secondary spread of inoculum, one estab-

lished infection centre in a seecl box at this stage is  of great significanc • •  

Seed carrying only surface contaminants may be regarded &8 playing little 

if any part in transmitting the disease to New Zealand. Al though three seed 

lines vere shown to have viable inoculum present in loose form, seedling 

infection from this source i s  not likely, for reasons discussed earlier (p. 1 14) . 

A particularly significant point revealed by the above results is  the fut 

that 26 (68.4") of the 38 seed lines vere harvested from infected parent crops , 
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&s mcienced .i ther by spores present in the wash .vater or by the d8Telopaent 

of infected seedlings . 'l'his figure is minilll8l. &8 in 80me lines SpOre:8 were 

probably overloo1«td because they were present in very loy numbers . Since 

harvesting seed trom intected crops seems to be an accepted practice in 

Europe , .eed transmission of the disease may be viewed &s & continuing problem 

in commercial nurseries in Hey Zealand .0 lon, as seed trom this source is 

used 



- 1 39 -

III EPIDEMIOLOGY 
'vJ �fi 

the present Btu� . �pri1Darily cGncerned vi th taxonGmy Gf the causal 

organism Gf the SeptGria leat blGtch disease Gt 1:. drummGndi i ,  and the questiGn 

Gf its �ransmissiGn by means Gf seed. However th� tollGving studies Gn 

aspects Gf the epidemiGlogy Gf the disease vere necessary as a prerequisi � 

fGr patho.genici ty experiments t and to further explain the appearance and de-

velGpment Gf the disease under Nev Zealand cGnditions. 

A. Bumidi t.y and Establ ishment o.t InfectiGn 

Early obsenations indicated �hat a period o.t high humidity followina 

inGculation was ess.ntial for es'tablishment o.f infectiGn. !he fGllo.ring 

experiment was designed to. determine the length -o.f time plants need be expoae4 

to a saturated atmo.sphere follGwing ino.culatio.n to.r intectiGn to. result. 

Sixteen - 5 inch pGts each containing three !. drummo.ndii plants .... re 

sprayed to run-ott point with a spore suspension o.f strength ·57,000 spores/ml . , 

the inGculum being prepared from POA first generatiGn cultures . Polloving 

inoculatio.n all except. two pots were placed in a humidity cabinet. 1hereatter 

at 1 2  bour intervals and until 84 hours the high humidity treatment of two 

further Po.ts vas terminated by removing them to the glassho.use bench. PGr 

- each series a recGrd was taken o.f when symptoms first appeared , and OD the 

twentieth day fo.llowing ino.culation all plants were indexed tor intectio.n. 

leaul ts are presented in Table 29 . 

The results indicate that plants exposed to high humid! ty following 

ino.cu1ation tor 1e8s than 36 hours tailed to deTelop symptoms , and that there 

was a gradual increase in the severity of infection as the exposure time vas 

increased from 36 to 60 hours . Exposure to high humidity also markedly 
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'fABLE 22 Etfec·t of humidity following inGeulation on infeotion and disea.ae 
s .... erity 

I 

r:osure Time Di •• ase Sft'eri tx Ro. of Da.� Pollovina . :ea in houra) Bati!!l a. Inoculation tor Pirst 
SY1JI1)toms 

0 0 .. 

12  0 .. 

24 0 -

)6 + 11' 

48 ++ 14 

60 +++ 10 

72 +Ho · to 

84 +++ 7 

a. . . &eY8rity ratings taken at 20 days after inoculation, 
and baaed on the following subjecti ... scale. 

0 11: DO iDteetion 

+ == Vac8- :In.tection 

...... -= moderate infection 

+++ == '8eft1'e 1nfeetion 

intluencutd the length of the incubation period. loncer exposures haTing the 

eftect of shortenina the time interval between inooulation and disease ex-

presaion .• 

In subsequent glasshouse pathogenic! ty trials plants were subjected to 

continuous high humidity tor 21- - 3 c1.a.ys following inoculation. 

.: 
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B. Jnocult.llJl Potential 

The concept of a.n inoculum potential has been :tul�y r.n.ewed in reo.nt . 

years (Dimond I: Borsfall 1 959 , Garrett" 1 960) .  The basic thought is that 

there i s  a minimum spore density, the. so-ea.llecl numerical threshold to%' 

infection which is necessary ferr diaea.ae establishment under ta-.owrabl,. con-

ditions. Sinee environmental conditions in the field are rarely stable this 

threshold 1"e1 will vary considerably. Ideally, glasshouse experiments 'on 

this subj ect should be conducted with strict control ot humidity and tempera-

ture , with the inoculum density the only varia.ble . As controlled olimate 

facilities ver& not available precise exporim.ntation vas not possible. HOYe't'8I', 

one trial was conducted with the obj,ective of identifying the minilll'Qlll spore 

strength necessary for routine inoculation experimenta . Observations ".re 

alao made on the ildluenee ot inoculum atrenath OD diHue seTerlty ,and symptom 

expression. 

A bulk spore suspenaion ot strength 1 1 1 ,000 spores/ml vas prepared from 

first gen�ration P.DA isolates from tield diseased �. drummondii plants . fen 

suspensioDS ot va.ryi.ng $trengtha vere prepa.red from this parent suspension, 

the lowest concentration being 1 20 spons/ml. Using each concentration Dine, 

tive week old potted plants 'Vu .. sprayed to run-otf point, and all pots placed 
. . . 

in a hUDddi'ty cabi,n.et tor 3 days betore returning ·to the ,la.sshous. bench. 

At 20 days following inoculation ea.oh aeries "was indexed. for intection. 

The experiment was conducted during the month of July in a heated glaashous. 

o 0 
where temperatures ranged from 52 to 73 F. Results are presented in fable 30. 

Al though a concentration ot 1 ,,000 spores/ml vas sufficient to establish 

infection, at this strength les8 than 1 0  lesions developed on any ot the nine 

inoculated plants . Aa the inoculum concentration increasea so the number ot 
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TABLE 30 Influence ot spore eoncentration on infection 

Inoculum Densi� S.veri� ot Infection 

( spores/ml ) 

1 1 1 ,000 Very SR'8re 

57 ,000 Very severe 

33 ,000 Very severe 

17,000 SeTen 

1 3 ,000 Severe 

6.,000 Moderate 

3,000 Moderate 

1 ,000 Trace 

500 -

1 20 -

lesions, per plant increased lDlt:U at 33,000 apore.s/ml spots readily coaleaeed, 

followed by death ot � ot the leaves. Symptoms vere slover appearing at 

the lower concentrations but le.ions were larger in size than those at the 

higher concentrations. Other -than this influence on lesion size the inocu-

lum strength did not at�ect the nature ot symptoms . 

In subsequent work involving plant inoculations a minimum inoculum 

density ot 20,000 spore./ml was used. 
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c. Host Penetration 

The manner of lea.:t penetration in P. drummondii was investigated by the 

excised leaf method. Young leaves from disease-free plants were inoculated 

by painting Hmi ted areas of both the lover and upper surface vi th a concen­

trated spore suspension prepared from field diseased plants . A. saturated 

atmosphere was maintained by placing the leaTes on slides in petri-di shes 

lined with moistened filter paper. At inte!"Y&l s leaves vere removed, cleared 

and stained. Of the several methods and modification tried for clearing and. 

sta.ining the following proved highly satisfactory, the spores ,  germ tubes and 

young hyphae being veIl stainecl and readily observable against the cleared­

leaf background. Leaves vere first gently boilecl in a 1 r 1  solution of 

glacial acetic acid and 9� alcohol (Latch & Banson, 1 962) until the chloro­

phyll va.s lost and they became semi-opaque . !he leaves were the'n rinsed by 

gently agitating iD a beaker of wa�er to which a few drops o f  alcohol had been 

added to encourage release of trapped air bubbles and ensure- cOJllplete ve·tting 

o� the leaf surface .  Pina1l,- the cleared le·aves vere transterred to slides 

and stained for approximately fi ..... minutes by flooding with lac.tophenol .acid 

fuchsin. 

Leaf penetration occun'ed only by way of stomata , and without the forma­

tion of appressoria (Plate 47) . In no instance v&s there evidence of direct 

penetration of the epidermis .  During the initial stages the pattern o f  spore 

germination was similar to that observed on agar slides . Germ tubes invari­

ably deTeloped. from one or both end cells of spores , vere of the same diameter 

as the spores and did not br�ch until se .... eral times the length of the parent 

spore .  Growth seemed to be indiscriminate in that germ tubes apP'ared not 

to be attra.cted to the s tomata. Frequently hyphae grew aIongside_ ()r over 
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Plate 47 Stomatal penetration .t a !. d..ruaDon4ii leat by hyphae 
trom gel'llliDa't.iDa pyenidio.pore. 
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stomata without entering. Only rarely vas growth ot germ tubes or young 

hyphae terminated by entering a stoma. More usually entry vas by a pene­

tration �. developed tram a main hypha which continued growth on the 

leat surtace. 

D. Spread at Intection 

Yide cUspersal of species of Septoria by air-bol'D8 asexual spore. doe. 

not occur beGause released pycnidiospore. are held together in a gelat1noua , 

vater-soluble matrix. BoweT8r, dissemination to cUatant localities has 

been shOV'll te occur by vind blovn infected debris bearing pycnicUa (Yeber 

1 922 , Lutey � Pezar 1 960) . Once interiioD ia established leaf-vettiq or 

persistent high hlDllidi ty induces the produc:tion ot cirrhi and thereafter 

localised. spread is by pycnidiospores disp81'"sed bT UJiY mechanical means. 

ChristenseB, .!! .!:l .. ( 1 953) for example ,  aemonstrated in MiDBesota that at 

least 20 species of insects vere important scent8 in the di8semination of 

Septer!a linieola and concluded that - ·� creature that walks, runs , jumps 

or cra.vls through infected field8 when plants are wet i. an agent iD the 

spread of the fungus , because animals such as spiders , mice, frogs , birds anc1 

40gs have been shown to disseminate spore." . !he ·eftectivene.s of raiD in 

localised spread of Septoria chrysanthemi has been demonstrated. by DilllOck ( 19-42) 

who found that direct splashing of p,yaDidiospores trom Boil may reach a height 

ot 1 8  inches .  Dimock ( 1 951 ) also tound that pycnic11ospores o t  this sp"ie. 

wers readily dispersed by insecticidal 8pra� . IIlOst of which had little or no 

ettect on the viability ot the spores . 

Ob.erTations on the cOlllJll8roial production at bedding plants iD the 

Manawatu pointed to the probable importanc,e of vater splaShing in local spread 

of Septoria infections ot 1. 4rummondii in nurseries. Seedlings are in close 
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proximi ty to each other and the practice of daily overhead vatering aeemecl 

likely to ensure free movement of pycnidiospores to ne� infection courts. 

!his subj ect vas investigated as follOYS in a glas.house which had not pre.riously 

held !. drummondii plants . 

Sixteen boxes vere each pricked-out vi th 72 heal thy seedlings from a 

sovina 01 seed preTiously shown to be pathog-en-Iree. One seecllinc towards 

the centre 01 1 2  boxes Y&8 then replaced by an infected seedliDg vi th .o ne or 

both cotyledons lesioned and bearing pycDic1ia. '!he remaining tour boxes were 

used as controls .  All boxes vere. aet out .on glasshouse benchea a o  that at 

least 1 0  yards .eparated any two boxe.,. and thereafter vel'. watered daily. In 

the cue ot the four control box.s aDd s-ix ot the remainiDg box.s watering vaa 

by o'Yerhead application using a fine apn.y hos_. tollowing COlllDlOD nursery 

practice .  !he remainiDg six boxea were watered by steepine in traya. .At 

1 5 ,  30 and 45 days a count vu made of the number of lntee:tea plants in each 

box. 'lb. presence ot one lesion bearing pycnidia Y&8 sutficient to rate a 

plant as being inteeted. Resul ts sr,e pres.n'te4 in 'fable 31 .• 

ft.. importance of ov:&rhead watering in local dispersal 01 inoculum is 

veIl demonstrated in the above experiment. In the six boxes vatered in this 

way all plants vere in:fected vi thin 45 days. Growth was noticeably arrested 

and at the conclusion of the experiment all plants vere quite unlit for sale .  

On the other hand there vas relatively little development 01 infection in 

those boxes vatered by steeping in trays , and most of this occurred when plan'b 

ver. well advanced. At that stage the croriing ot the plants ensured high 

localised humidity which in turn favoured infection trom the relatiy�ly few 

spore. which may have been mechanically dispersed. 

It is not known by vbat means inoculum reached the one cont1!'ol box in 

which symptoms appeared. 
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TABLE )1 Ibe etfect ot vateriDg method on spread ot infect.ion among .eedlings 
in .eed boxes 

Box Jlo. Wa.terina No . ot Infected Pla.nts 

Method 1� c1al! 30 claX,! 42 da.;Is 
1 ) 1 8  6) 72 

) 
2 ) 1 3  71 72 

) ) ) o ... rhead 1 7  66 72 
) 

4 ) hoaina 31 76 72 
) 

5 ) 21 72 72 
) 

6 ) t)  58 72 

7 ) .. 1 0  31 
) 

8 ) 6 1 7  26 
) 

9 � .t •• ping 3 1 2  19 
, in 

10 ) t.ra.ys 8 21, 33 
) 

1 1  ) .. 1 4  25 
) 

1 2  ) 2 20 53 

Centrol Box 

- .\ ) steeping 0 0 0 
) in 

B ) tra.ys 0 0 0 
) 

C ) 0 0 1 2  
) 

D ) 0 0 0 
f 



B .  Pield Survi'Yal Betften Season. 

Intected volunteer seedlings vere frequently observed in the early spring 

in flow.r bec1.a which had supported infected plants during the prfl'ious autumn. 

!he fact that first symptoms appeared on cotyledons strongly suggested such 

seedlings had arisen trom fallen infected s.ed. Ther. vas also the possi­

bility however, of survival as vegetativ. mycelium in soil , or as -riable 

pycnidiospores in pycnidia associated vi th crop debris , and that primary 

infections Mong volunt.er seedlings vas hom this source .  

The que.tion o t  field aurTiTal of the fungus and possible sources ot 

primary inoculum vas innstigated &8 followst 

(a> Survival as Seed-borne Inoculmn 

fen boxes ot infected pricked-out seedling. were p.rm1 tted to flower 

and s.t .eed during the SUJlllllft' and the dis .... ene-ourag.cl by regular ov.rhead 

wa'Mring'. In all boxes lesions vi th pyenidia d ..... loped on l.av.. in the 

iDlllediate vicinity of the flov.r head. and matured o'9'8.ries v.re obsarTea to 

shatter. vi th the seed falling to the soil . In March all plants were, remond 

and the boxes ot soil staeked in a glasshous. . Piv.' months later (August) and 

thereafter at interTal s of one month one box vaa steeped in a tray o� vater. 

Subsequent vatering vas always by steeping in 'bays. 'or each box a count 

vas taken ot heal thy and infected l. drummondii .eedlings that emerged during 

the first. sixty days following initial watering . Once positively identified 

infected seedlings vere carefully removed. Beaul ta are 8WDID8.rised in 

'lable 32 . 

The results ahOY that following removal ot an infeoted crop the pathogen 

can persist in soil and in the absence of groving plants tor at least 1 4  

months. The tact that in al l  cases intection was tirst apparent on cotyledons 
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'fJ.B1:..E 32 Seedling ini.a-tion ftaul tin, fl'OQ intecWcl seed beld 0ft1" in Hil 

Seed .Dos No I 
TUne in S1iof'e ;1'0.1 Qler,1!!! NC)! 2! IL�£t4d . kgdliaa8 . Sfgdliaas (taontba. 

1 5 64 9 

2 6 1 1  2 

) 7 56 11  

4 8 49 5 

, 9 n 5 

6 to 66 1 

7 1 \  121 18 

a 1 2  '52 1 

9 13  60 ) 

10 t. wr 5 

tho Bpring tolloving It. cna0ue4 crop indiCft,_ tb. gl�ae comI! t.iou of ta. 

p1"es.urt cr�t did no'\ nec .. aarUy �. the change. 01 c� 
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( b )  Survi'fal as Pre. Living Mycelium in Soil 

During periods of rain large numbers ot spor�s released from 

pycnidia on infected plants are washed to the soil . As spores no longer 

associated with pycnidia are abort liTed such spores may not function aa 

primary inoculum the fol lowing spring. ConceiTably however , pycnidiospores 

reaching the soil in the autumn could germinate , the ftmgus then becoming 

established as a tree-living soil saprophyte not in association with host 

tissues. In the eTent of this occurrina primary infections the following 

spring could well originate trom rain splashed inoculum in the soil reaching 

the lower leaT.s. !his possibility vas investigated in the follOYing manner. 
Six JlitY seed boxe. of field soil vere each in1>Culated by addina spores 

produced OD eight PDA cultures incubated at 24°C for 1 5  days. The inoculum 

vas prepared by flooding the plates with sterile dis-tilled water, gently 

distu1-bing the surface vi th a glass rod to enCOllrage spore dispersal , a.nd 

passing the liquid through three layers of DIWJlin. The soil was garden loam 

.collected mm an area vhich had not previously supported ornamental plants . 

three boxes similarly prepared were inoculated vi th sterile vater. All 

boxes vere set out well spaced in a farm area and allowed to weather through 

the winter . Six months later (September ) each box vas thickly sown with 

seed previously shown to be pathogen-free . Throughout the winter and sub­

sequent to seed soving seedlings other than £,. drwmnondii vere removed. 

In all boxes there vas good establishment of £,. drwmnondii plants all of 

which remained disease free until termination of the experiment .  A similar 

experiment the following winte-r using three seed. boxes and inoculum from 

double the number of plates gave identical results . 

Prom the above results it is concluded that free- pycnidiospores reaching 

the 80i1 are of no significance in survival of the pathogen between seasons . 
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( c )  Survival in Plant Debri s in Soil 

A previous experiment had shown that some spores in pycnidia on 

leaves could remain nable for at least 1 5  months when stored in the labora­

tory . '.rhe fol1owing experiment was designed to reveal not only whether 

similar survival could occur in the field but al so whether seedling infection 

could arise from such inoculum. 

'fhe dry lover leaves of heavily infected !. druDIlIondii pla.ni.s vere 

collected in March , crumbled, and mixed with field soil. !his mixture vas 

then used to form the uppe inch of soil in six nev seed: boxes previously 

tilled with lield soil from ano ther location. !brae boxes of the same field 

soil but vi thout the addition of infected material were used as controls. 

lil boxes were then set out at least 50 yards apart in an area remote from 

ornamental ple.ntings and all ewed to weather through the winter. The tolloviDg 

August each vas thickly sown vi th !. clrummonc1ii .eed previously show. to ". 

pathogen-fre • •  

Thirty-two days from sowing the di sease vas positi'Yely identified by the 

appearance ot lesions and pycnidia on one plant in each of four ot the inocu­

lat.ed boxes. S..,.en days later the disea'se was identified in the remaining 

two inoculated boxes . In no instance were c:otyledonary lesions observed. 

Within three months from sowing all plants in all six inocula.ted boxes vere 

heavily infected . Plants in the control boxes remained disease free. 

'rhese reBul ts indicate that viable inoculum may persist through the 

winter as spores in pycnidia. associated vi th crop debris .  The following 

spring, with production of cirrhi during periods of high humidity. primary 

infections could result from spla.shed spores rea.ching the lower les.'Yes .  

However, debris from an infected crop will b e  vetted many times through the 
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winter. possibly exhausting the inoculum supply by .the spring . there i s  

thus the question o f  vnether pycnidia i n  infected debris can i n  fact 

liberate spores after repeated wetting over a period of several months .  

!his point vas investigated as follows .  

(d) Release of Spores from Pycnidia Wintered in Soil 

Severely infected !_ drummondii l eaves coll ected in )larch vere 

subjected to high humidity for 36 hours , agitated in running water to remove 

eirrhi , air dried and stored in envelopes in the laboratory. One calendar 

month later the leaves were again subj ected to high humidity for 2. hours , 

and a spore suspension prepared from cirrhi which deYeloped V&S used to 

inocula:te heal thy glasshouse plants . The stock leaves vere washed vi th vat.r 

again to remove remaining sp4l'e horns p air dried and stored as before . This 

procedure va s  continued a�. monthly intenals through until NO"f'ember, using 

the original infected leaves throughout . 

Some c irrhi vere produced following each higb-humidi ty treatment; a.nd. 

symptoms typical of the di sease developed on plants fol lowing each inoculation.. 

whereas control plants remained di seas. free . I t  seems clear therefore that 

under fi eld conditions th� pathogen may persi st through the winter in crop 

debris even after repeated vetting over a period of seven months , and that 

releltSed pycnidiospores may function a.s primary inocullDD to initiate infections 

in the following growing s eason. 

A recent report by Scharen ( 1 966) discusses the ability of Septoria 

modorum Berk. to produce pycnidia and spores in dead tissue . Scharen found 

that following repeated wetting and drying ot naturally infected wheat. leaves 

collected several months earlier there was replenishing of spores in the older 

pycnidia so that additional spores wera produced each day. Purther wetting 

at the leaves at intervals induced the formation of new pycnidia . Thus i t  
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vas shown that plant debris left in the field after ba-n'est not O'nly 

harboured the fungus but alsO' served as a medium ter growth with a result­

ing increase in the ineculum potential . A similar situation oould well 

exist in the case cf infected !. drummondi i  plants . !bat i s ,  not cnly 

may the pathO'gen surri,Ye between seascns a.s pycnidiespcres in pyenidia 

asseciated vi th crop debris ,  but there i s  alsO' the possibility ot an 

increatile in the inoculWll juat 80' IO'ng as the debris remains intact. HoveTer 

tGr new season infectic,n t-o resul t from this souree requires that plants b. 

available in the immediate vicinity, since 'spere dispersal i8 mainly by 

splashing during wet weather. 
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IV DISCUSSION AND CONCLUSIONS 

In attempting to identify the species ot Septoria causing the leat blotch 

disease ot 1. drmmnondii it became necessary to consider the taxonomic status 

ot all described Septoria 8pecies pathogenic to the genus Phlox, regardless 

ot the host species involved. The problem vas approached by critically 

examining the type coUe.ctions and other herbarium material , and studying New 

Zealand and oyez-seas collect.ions ot both !. drummondii and !.. paniculata pur-

port.ec1 to be infected by one or other ot the three erected species ot Septoria. 

!he possibility ot aeparating species on the basis ot cultural characters vaa 

also investigated by a 8eries ot comparative studies ot isolaws trom the 

abovs mentioned tield collections . Morphology ot the pathogen in host tissues 

and dimensions ot pycnidia and pycnidioSPOH8 vere the features particularly 

considered. 

The findings have already been discussed, and in eftect previde DO ni-

dence ot the exiswnce ot more than one species ot Septeria. It is considered 

that collectively the material examined represents a completely integrating 

series which cannot be morphologically separated. Accordingly, it is recom-

mended that a single species be recognized pathogenic to the genus Phlox and 

that on the basis of priority this be 

Septoria phlogis Sacc. 8: Speg. , Michelia .1 s 1 84  ( 1 879 ) , 

vi th synonymy as follows I 

Beptoria divaricata Ell . 8: EY�I Jour . Jotycology .2. : 1 51 ( 1 889) 

Septoria drummondii Ell . 8: EY/, Jour. Mycology 1. : 1 33 ( 1 892) 

Septoria longispora Vogl � Atti . R • .lead. Se . Torino XLIII 
( 1 907-08) 

According to Disby ( 1 945) the task of the taxonomist is  to -
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(a) arrange categories of species t genera and families so as to 

facili taw identification ; and 

(b) present a ' natural ' arrangement on the basis of phylogenetic 

relationships .  

Septoria is a Deute-romycete genus and as such cons'ti tutes a convenie-nt 

grouping of orgu.niS1ll8 showing morphological similarity of their conidial stages ,  

but which are unrelated . That is,  classification vi thin the Deuteromyeetes is 

wholly artificial and the s.ole objecti,.e in any taxonomic treatment of a 

member genus must therefore be that of providing a. practical , convenient system 

.o·f species deHmi tation so a.s to enable ready identification. The present 

arrangement of Septoria. species falls tar short of this idea.l . More than 

1 ,000 species have been erected. and in most cases the origina.l descriptions are 

of single field collections vi th DO allowance made for either inhe-rent or en-

�ronmentally i��ced variabilit.y. Separations have been made primarily .on 

the basis of slight difterences in �1. dimensions and septations of spores , with 

host association also extensively used. tn the earlier days of d.scripti.,... 

mycology a widely held concept vas that fungi belonging to the same genus but 

pBrasitising different host genera or specifts were ot necessity distinct 

species of pathogen. As a conseq uenee a multiplicity of "species" were erected, 

separated on a host basis and correlated. wi th only minGr morphological differ-

ences . Thus species of Beptoria as presently defined so overlap one- another 

in mGrphological features as to prohibit determination from the descriptions 

avai lable . !his becomes evident vben one inspects Saocardo t s ttSylloge 

Pungorum" , where the spore length ot nearl y 700 of th.e Septoria spec ies de-scribed 

fa.ll ",i thin the limits ot 20 to 50 u (Beach , 1 91 9 ) . 

Although there i s  freq uent reference to the cha.otic state of spec ies 

differentia.tion in Deuteromycete genera. it i s  only the genus Pusarium which 
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has been critically revised in the light of twentieth century knowledge of 

fungal genetics and variability. In a series of three - papers Snyder and 

Hansen ( 1 940, 1 941 , 1 945 ) forcefully advocated acceptance of a nine species 

scheme based strictly on morphological features to replace that of Vollenveber 

and R&1nlting ( 1 935)  which involved 65 spocies and 55 varieties and which had 

proved to be largely unworkable . By use of the single spore technique Snyder 

and &neen determined the extent of variability in Fusa.rium populations and 

concluded the only characters suffic iently stable to serve as taxonomic 

cri teria vere shape of IDaCroconidia. " presence of mioroconidia, and pres'ence 

of chlamydospo-res. On such morphological criteria they differentiate their 

nine species . Physiological characters were recognised also , but used only 

to indicate intra.-specific categories . Thus formae speciale. are dia.gJlosed. 

solely by pathogenicity tests , and physiological races vi thin formae are 

identified on the basis of their relative pathogenic capabil i ties to a series 

of differential varieties of the host species . The wide acceptance of this 

scheme over the past 20 years without significant changes i s  evidence of the 

simplicity and convenience of the scheme . The only refinement has been the 

employment of " cultivar" names at the sub-specific l evel to accommodate clonal 

groups that show some distinctive features that are of importance to the plant 

pathologist (Snycler , Hansen and Osvald, 1 957) . 

The Snyder and llanSGn classification of the fusaria has relevance to 

the present study as it provides a working example of the current trend 

towarda consolida.tion of species and suggests the pattern tha.t could veI l be 

followed in revision of the whole genus Septoria. The first step would be 

an experimental analysis of varia.bility in field collections , and the id�nti­

fication of those morphological characters least prone to genetic variation 
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and most stable under changing environmental conditions . Species differen­

tiation would be stri ctly on the basis of such BlOl"phologica.l criteria, and 

this would inevitably lead to consolidation of � previously erected " species· 

and necessitate changes in taxono� and nomenclature . As regards categories 

below the species level , these could be differentiated on the basis ot their 

restricted pathogenicity and be designated as trinomials , as Snyder and 

Hansen have done tor the fusaria. There would appear to be no ditficul ty 

in thi s  since in his studies on biological specialization in 1 5  species ot 

Septoria Beach ( 1 91 9 )  found that the host range did not usually extend beyond 

the limits of a genus ,  or in some cases included only two or three g-eneft. 

The studies on seed transmission have shown that the Septoria l eaf 

blotch disease i.s transmitted in commercial lines of !. drummondii seed 

imported from Europe . Purther, it has been es-tablishea that; epidemic out­

breaks regularly experienced in local nurseries are a direct, consequence of 

soving such infected seed . These studies have also provided other essential 

information on the disease cycle, which i s  now eonsidered to be as follows . 

�ansmis sion of the disease by seed may oCC1l1" when seed is harvested 

from an infected crop. Inoculum may be associated vi �h the seeel either in 

tree form ( seed contamination) or as vegetative mycelium establi shed within 

seed tis sues ( seed infection) . Seed contamination occurs during harvesting 

and thre,shing in the course of which both spores and pycnidia are released 

from infected tissues and become effectively distributed among the seed. 

Although inoculum of this type is frequently present in commercial seed lines 

it is ot no significance in accounting for seedling infections in New Zealand . 

The time lapse of approximately 1 0  months between harvesting in Europe and 
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sowing in Nev Zealand is in excess of the maximum time that spores freecl 

from pycnidia can remain viable .  Some spores within pycniclia in crop 

detritus associated with seed may remain viable tor 1 0  monthB following 

harvest but the decline in viabi lit.y i s  so rapid atter eight months as to 

make it extremely unlikely that an inoculum load nec.essary for infection will 

be present. 

Seed i�ec:tion may occur at any stage between anthesis and seed mat.uri ty, 

vi th entry of the avary being ac:hieved by mycelial growth trom the infected 

pedicel to th1t placenta ,. and thence to the developing seeds . As a co.nsequence 

there may be considerable aeed 108s at thi.s time, the loss. depending upon the 

extent to which the disease i s  establi shed throughout the seft crop and the 

sta.ge reached in seed development at the time cO'nta.ct is ma.cle with the tungua .. 

It the pathogen reaches the seed early in its development the embryo i s  in­

-.a.ded and the seed killed betore attaining normal size... Such seed i s  l ight 

and is removed during seed-cleaning processe s .  On th e  other hand, fully 

developed seed vi th the pathogen established in the testa is not dressed out. 

It is such infected aeed that provides primary infection toei in nurserie s .  

Appreciation o t  the significance o t  even very l ow  levels o f  seed infection 

requires an understanding ot the procedures and c ircumstances associated with 

the commercial production ot seedlings . E,. drummondii i s  llSed as a spring 

bedding species in the Ma.na.wa.tu, first sovings usually being made in early 

S eptember. Seed is sown in boxes (20" x 1 5" )  and tilo seedlings prickecl-out 

approximately 30 days later to boxes of the same size a.t the rate of 56-80 

plants per box. Vi thin wo weeks the boxes aJ;'a transferred to cold frame·s tor 

hardening-off and at r.i!l.e weeks trom sowing are no!"mally ready for sn-le. Seed 

sowing rates are excessively high . In tests it was determined that approxim­

ately 3�OOO seeds are sown per box, and assuming a 75% emergence,  a dense 
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sta.ncl of some 2 ,,000 seedlings occupies a soil surface a.r0a of only 300 square 

inches .  This intense crowding inevi ta.bly causes seedlings to be drawn and 

soft , and. the practi se of daily overhead watering ensures high localised 

humidi ty among seedlings at all times . 

first infections are in endente a.t about )0 days hom sowing, which 

coincides vi th the time seedlings are pricked-out. Symptoms are lesions -vi � 

pycnidia OD one or both ,cotyledons and are the resul t of mycelial infection 

from the testa during epigesl germination.. Since ov-er 70 pycnidia are tre­

quently present on one infected cotyledon at this stage, each producing many 

hundreds of spores " a. high inoculum potential is immediately available .  The 

persistent high humidity causes spores to be rele-ased in cirrhi and overhea.cl 

watering ensures 10c&1 di sper'sd of the inoculum by splashing. The close 

proximi ty of seedlings reaul ts in spores reaching many plants and the establi sh­

ment of numerous secondary infections. '!'hat i s ,. at the time of pricking -out 

many of the young plants are infected , although 0.8 yet there is no expression 

ot symptoms . However. lesions and pycnidia. soon develop and with further 

disease cycles the stage i s  reached where· all plants of a box are' sev�ely 

infected. 

It must be stressed that the actual level 01 infection in eormnercial se$d 

is relatively unimportant in that the presence of one inf'e.c..ted seedling 

iulnediately prior to pricking-out is sufficient to enable epiphytotic development 

of the disease within a nursery. Further it should be noted that the presence 

of inoculum vi th seed is  o f  significance only as a means of providing initial 

infection foe! for secondary spread. '!'hat is , seed-borne inoculum does not 

affect stand establishment by inducing either pre-emergence or post-emergence 

damping-oft. 

In the Manawatu the disease is of only minor importance in established 
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garden plantings . primarily because of the restrictive influence of the 

summer c l imate . Following prolonged wet weather there may be a temporar,y 

build-up ot infection but only rarely is the dama.ge sufficient to. varrant the 

application ot protective tungicides . This i s  in direct contrast to the 

situation in nurseries where l osses are such that control of the dis·ease i s  

a recurring problem each year . 

A first principle of plant pathology is that only pathogen-free seed be 

used in establ ishing crops . While this statement has general a.pplica.tion it 

is particularly true in those eases where other s ources 01 primary inoculum 

do not exist or a.re extremely uncommon, and where the pathogen has only & 

limited capac ity for secondary spread between crops. In such instances break­

ing the d isease cycle by the simple expedient of using only heal� seed is 

likely to provide the most practica.l me&n& of control . Septoria lea.£ blo'tch 

of !. d.rurmnondii is a. disease in this la.tter category. other than by means 

of infected seed ,  survival between seasons i s  known to occur only in intact 

crop debri s .  However this i s  l"egarded as 0·1 minor importance as a source of 

inoculum in the following season beca.use of the limited distance over which 

rain-splashed spores can be di spersed... Unless new season plantings are in 

the immedia:f;e vi cinity of infec ted crop debris such inoculum will not be 

effective. 

Theoretically, air-borne sexua.l spores may be produced and serve as an 

alternate form of primary inoculum, but no evidence has been :found to suggest 

that thi s fungus re-produces in this way. In spite of a. thorough search extend­

ing over several years a perfect stage vas not found . Thus it may be safely 

assumed that ei ther a sexual stage is not produced, or is so rare as to be of 

no significance in the di sease cyc l e .  That i s ,  the pathogen is adapted to 

survival by way of seed ,  and any consideration of disease prevention and control 



- 1 61 -

must therefore initially centre on the question of pathogen-tree seed. 

Seed will in fact be disease-tree- if hazve-ste-d from heal thy crops , or 

i-t' treated in some way to inactivate the associated pathogens . Various seed 

treatments have been devised tor specific diseases , of which the hot water 

method is the most cOlllDOnly used in cues ot seed infection. 1. temperature/ 

time combination could probably be detennined tor treating !. drurnmondii seed , 

but there i s  sti l l  the problem ot identifying infected seed lines requiring 

treatmen't.. Visual examina:tion ot seed lots is of no help, and routine geftlina.­

tion tests give no indication ot the health condition of a s&ed line. .1 

laboratory method tor seeel indexing could possibly be devised but to be reliable 

the sample size would need to be large since the level s  of infection are iD­

variably low. 

Control by seed treatment is o.nly a means to an end however "  and avoids 

the real issue , namely, the production and ue ot seeil harvested only from 

disease-free crops . This ot courae i.s the ideal and in effect requires that 

seed crops be raised in areas where the- climate i s  such that the disease cannot 

flourish. In this regard it is perhap's significant that 1 8 .1_ drummoDdii 

seed lines of North American origin haTe been tested oyer s�ra.l years by the 
soil soving method and found to be :tree from intection. Further, during 

September and October 1 964 the vri tar inspected se,ed crops in Santa Barbara 

Coun-ty, Ca.lifornia of seTeral maj or American seed houses and found no evidence 
of Septoria led blotch. It. is not suggested that ilDlDediate control of the 

disease will result from uS'G ot only American seed, but since 26 (68.4") of 

38 seed l ines ot European origin screened over a. three year period vere shovn 

t.o be harvested from infected crops it would se-em a logical precaution in i.Jle 

meantime tor New Zealand seed firms to impOl-t !_ .drummondii seed from America ,  

rather than Europe. 
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1 .  .l Septoria leat blotch disease of Eo. druDIDondii is pr8ftlent in the 

Hanawatu but economically important -only in commercial nurseries. 

2. Experimental eTidence ha. established that the causal fungus is .eed­

borne in 1_ druamondii .eed line8 imported from Europe, and that .eedling 

infections in commercial nurseries are consequent 011 the use of such .eeel. 

3 .  Although vorld-vide in distribution the disease has not previously be8Jl 

reported as seed-borne . 

4. Both seed infection and seed contamination occurs but only the former i. 

of significance in New Zealand . 

5.  In infected seed the pathogen is  established as vegeta.ti ... e mycelium, 

pycnidia are not produced in seed tissues . 

6 .  In •• ed crops the path o f  seed infection is by vay o f  th e  pedicel to 

the placenta vi thin the 0'YU'Y and thence to the de ... eloping •• ed. 

7. Cotyledonary lesions are the result of mycelial inTasion from the testa 

of infected seed during epigeal germination. 

8. Infected. seed. vas present in 17 (44.1") of 38 European .eed lines ot 

lO' drummondii indexed ove-r a three year period. '1'nnty-six (68.4�) 

of the seed lines vere harTested from infected crops. 

9. In the Manavatu the fungus can persist through the vinter in intact 

debris and this constitutes a possible source of primary inoculum for 

field infections . 
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1 0. !he question ot controlling seed-borne inoculum is discussed. 

1 1  • The morphology ot the 1'ungua in culture and in tissue. ot Hew Zealand 

and overseas !. drummondii and !. Eaniculata collections is described. 

in detail . Pycnidia are dark-brown to black, globose to pyriform, 

clearly ostiolate, 47-288 IU in diameter1 pycnidiospores are hyaline, 

filiform, usually guttulate,. 0-5 septate (mostly 3) , 1 7-73 x 1-3 IU. 

1 2 . On P.DA. secondary conidia (macroconidia) are produced in profusion. 

The possible role of secondary conidia in the dise.ase cycle is discussed. 

1 3 .  The taxonomic status of Septoria species pathogenic to the ganna Phlox 

vas investigated. A comparative stwly ot type collections, herbarium 

collections and field material indicated that on the basis of IIOrpho-

logical criteria only one species should be recognised. 

1.. Septoria �logis Sacc • •  Speg. , published in 1 879 has priori� over 

other species epi theta and is proposed as the correct name .  
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APJENDIX 1 -

.ualy.ri.a of variance of the mean length of py-cnidiospor9s 
from �yp. material of !. �ivaricata Ell. and Ev. SDd 

1. drwlInondii Ell. and Rv. (see Tabl •• 2 and 3 )  

-

Souree d . f .  S . • S .  M.S .  F .  Result 

CollectiOll. 1 17. 14  17.14 <-- 1 N . • B .  

Error 1 1  223. 55 20 .. 32 

TOTAL 7 314.56 



Source 

Collection 

Error 

!O'lJ.L 
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.APPENDIX 2 

J;naJ.ysis of v.ario.nee of the l ength of pycnidiosporea 
from herbarium collections ( aee Table 4)  

d.t. S .S .  H.S . P .  

2 1 1 �. 83 56.42 1 .40 

5 201 .13 40 . 35 

7 :J14;.56 

lesult 

N . S . 



i 
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APPENDIX 3 

Analysis ot ft.ria.nce ot the length ot pyunidioaporea from 
Wel" Mana:wa.tu collectiol18 ot !. druumOlldii ( se. !able 5 )  

Souree d.t. S.S.  M.S . P .  Result 

Col leeti OD 3 456 . 55 1 52.18  2 . 55 If.S . 
Dates 

Brror 8 476.55 59. 57 

TO'fAL 1 1  933.10  

APPENDIX 4 

Analysis of variance ot the diameteJ' of pycnidia from 1 2  Manavatu 
collectiOlls ot !. clrurJJnondii (see Table 5 )  

Source d.t. S .S .  M.S.  P .  Beaul. t  

Collection 3 346.40 1 1 5 .47 ( 1 1I.S. 
Dates 

Error 8 1 1 55 .09 1 44 . 39 

TOTAL 1 1  1 501 .49 



SOlUce 
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APPENDIX 5 

Analysis ot Yariance ot the length ot pycnidiospore. from 
Manavatu p. drummondii collections raised trom intect.d 

DUtch and English .eed ( see Table 6 )  

d.t. S .S .  M.S . P .  Result 

Collection 1 0.06 0.06 ,/ 1 B . S .  

t'1me 7 1 88.99 26.99 1 .<Yn lI.S . 

Error 7 176.43 25. 20 

TOTAL 1 5  265.48 

APPDmIX 6 

ADalysis ot �ianc. ot the di�ter ot pycnidia from Manavatu 
P. drummondii collectiolLS rai sed trom intectecl Dutch and 

Souree 

-
English •• ed ( s  •• Table 6) 

d . t .  S . S .  M.S . 

Collection 1 21 . 1 6  21 . 1 6  

Time 7 1 41 6. 30 202 �33 

Error 7 560.40 80.06 

TOTAL 1 5  1 997 .86 

P .  Result 

.-' 
<-... 1 li.S . 

2 . 527 Ii.S .  
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APPENDIX 7 

.lna.lyais of n.rianee of pycnidiospore length froJll 14  Manawatu 
collections of !. paniculata. ( see Table 1 0) 

Souree d.t. S . S .  M.S . P.  Result 

Collect.ioD 3 82. 69 27. 56 1 .65 N . S .  
Date 

Bnor 1 0  1 66..66 1 6.67 

TOTAL 1 3  249 . 35 

APPENDIX 8 

ADalysis ot '9'ariance of pycnidium diameter from 1 4  Manawatu 
collections of L. paniculata ( se. Table 10)  

Souree d.f.  S . S .  M.S . P. Re8Ult 

Collection 3 1 842.84 614.28 1 .64 M.S. 
Date 

Error 1 0  3734.32 373.43 

TOTAL 1 3  5577 . 1 6  
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APPENDIX 9 

Analysis of variance of the length of pyenidiospores from 
s .... en group collections ot !. drummondii aDd 

!. paniculata ( see Table 1 6 )  

Source d.f. S .S .  M.S. P.  'I .  Iq.t. 

Collections 6 1 854.05 309 .01 8.61 2.31 ( 3.24) 

Error 

TOTAL 

45 1 614.94- 35 .89 

51 3468.99 

APPENDIX 1 0  

Analysis ot variance of the diameter of pycnidia from S8T8n 
group collections of Eo. drummondii and Eo. paniculata 

( see Table 1 6) 

Source d . f .  S . S .. M..,s,. P .. P. Iqd. -

Collec tions 6 29674.96 4945 .. 83 21 .. 37 2 .. 31 ( 3..24) 

Error 

TOTAL 

HOTE : 

45 1 041 5.76 231 .• 46 

51 40090.72 

Vi th regard. to Appendices 9 a.nd 1 0 ,  those means dittering from each 
other vere located by the -t- test where 

dO•05 - to•05 
(45 dJ. ) 

-E-.K-. • -s.�(�:r"

1

-+---:�'--h 

= difference required for significance at the 5� level of 
probability 

B.K. S .  = error mean square 

� + n
2

= number in the two groups being compared 



- 116 -

APPENDIX 1 1  

.ABalysis 01 Tal'iance of t.he l.ngth of pycnidiospore. proc1uc.ed 
on agar by i80lates from Manawat.u 8.I'1d overseas oollections of" 

l;. paniculata ( ••• fable 1 8 )  

Source d.f. S .S .  M.S., P .  aesult 

Collec�ion 3 1 59.94 53.31 t . 32 li.S . 

Error 1 0  403..83 40,.38 

fO'l'AL 1 3  563 .77 

• 
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APPalDll 1 2  

Analysis of 'Variance of the length of pyenidiospores produced 
on agar by isola.tes from l. drummondii and Eo. pa.nieulata. col1ectiolUl 

( see Tables 1 7  and 1 8 )  

Soure. el.t. S . S .  M.S . P. 

,Cc>lleetion .. 0.08 0.08 Z 1 

Error 1 6  587.89 36.74 

TOTAL 1 7  587. 97 
! 
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