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PREFACE

The genus Phlox (family Polemoniaceae) comprises some 60 annual and
perennial species, all of which are indigenous to the North Ameriecan continent.

The only annual species in cultivation is Phlox drummondii Hook. vhich is very

popular as an ornamental in temperate climates. Seed of the wild form of
this species was sent to England from Texas by Drummond in 1835, and later
that year was described by V.J. Hooker as Phlox drummondii sp.nov. (Hay, 1937).
Today the species has been extensively modified by domestication and dozens of
named, true breeding varieties differing in stature, colour, size and shape of
flovers are listed in trade catalogues.

In Nev Zealand P. drummondii is very popular in home gardens as a spring
bedding species and for many years has been one of the main selling lines of
comnercial nurseries specialising in the production of annual seedlings. In
the Manawatu first sowings are usually made early in September and thereafter
at two week intervals through until November. The seed is mainly of European
origin, with small importations from the United States and Cansada.

P, drummondii seed is not commercially produced in New Zealand.

During the spring of 1953 the author investigated a severe outbreak in
two Palmerston North nurseries of a foliage disease of pricked-out P.
drummondii seedlings which had been experienced in the Manawatu for several
years, but had not previously been as severe. The symptoms of the disease
were severe leaf lesioning with the production of pyenidia on necrotic
tissues. Microscopic examination revealed large numbers of pycnidiospores
typiecal of the form-genus Septoria and on the basis of spore and pycnidial
dimensions the pathogen was identified as Septoria drummondii Ell. and Ev.
This fungus had previously been recorded in New Zealand on P. drummondii by

Brien (1939).



Several features associated with the disease and its development in the
twvo nurseries suggested the possibility of seed being the source of primary

inoculum, viz:

(a) a characteristic of the genus Septoria is that conidia are not
adapted to wind dispersal, spread of spore inoculum being strictly
localised and largely dependent on water splashing;

(b) a perfect stage, involving the production of air-borne sexual

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

(c) both nurseymen followed the practice of steam sterilising all soil
used in seed soving and pricking-—out mixes;

(d) where the mame seed line was used in both nurseries in no instance
were the resultant seedlings infected in one nursery but not in the
other;

(e) several Septoria diseases are known to be seed-borne.

A Septoria disease of P, drummondii was first recorded in North America
by Ellis and Evehart (1892). Subsequent literature has been confined te
brief reports of the disease as a new record for an area or to brief descript-
ions of symptoms in established plantings with suggestions for control by the
application of fungicides. All references to the disease are of a semi-
popular nature, there being no detailed studies of the morphology, texonomy,
etiology and epidemiology of the pathogen and the disease it causes.

During the period 1954-56 a study satisfied the writer that the disease

vas in fact seed-borne and caused by Septoria drummondii Ell. and Ev. A

short paper was prepared at that time and submitted for publication in

. "Plant Pathology®, a quarterly journal published for the Ministry of Agri-
culture, Fisheries and Food, England. In a reply dated 7 January 1957, the
Editor of the journal advised that the paper had been referred to W.C. Moore,

then Director of the Plant Pathology Laboratory, Harpenden, England, who:



1. considered the evidence provided was insufficient for a first
assertion that the disease was seed-borne; and

2., commented that more than one species of Septoria has been reported
as pathogenic to P, drummondii and that the assumption that
S. drummondii Ell. and Ev. was in this instance the pathogen was
unvarranted.

This work is a study of the disease and its causal organism, with
particular emphasis on the two contentious issues, namely, the seed-borne
nature of the disease, and taxonomy of the pathogen. As no detailed study
had previously been made of the disease itaself, considerations of field sur-

vival of the pathogen, mode of secondary spread, end host-parasite relations

have also been included.



I  TAXONOMY OF THE PATHOGEN

A, Introduction

Although the present study is primarily concerned with the Septoria
disease of P. drummondii a decision as to the correct nomenclature of the
causal organism could not be reached without consideration of the total
problem of the taxonomy of Septoria species pathogenic to the genus Phlox.

Pour species of the form-genus Septoria have been recorded as foliage
pathogens of Phlox drummondii, namely:

Septoria phlogis Sacc. & Speg.
Septoria divaricata Ell. & Ev.

Septoria drummondii Ell. & Ev.

Septoria vogliniana Sacc. & Trott.

I. 8. phlogis vas originally described in 1879 by Saccardo on the

perennial species Phlox paniculata Linn, His description of the disease

and the causal organism at that time is as followa:

Septoria phlocis Sacc. & Speg. (Michelia, 1879, Vol.1, p.184).

Maculis subcircularibus minutis albis, late fuligineo-rufo-
maerginatis; peritheciis sparsis paucis, punctiformibus, lenticular-
ibus, 150=200 /u diam,, pertusis, laxe ochraceo parenchymaticis;
spermatiis bacillaribus, flexuosis, 40-60 x 1-2 /u, tenuiter 1-3
septatis, hyalinis, Hab. = in foliis Phlocis culatae, a
Conegliano, Italiae, October 1877 (Spegazzini).

Translation:

Spots small, more or less circular and white, later becoming
smoky to brownish-red at the margin. Pycnidia scattered, few in
number, punctate, lenticular, 150-200 /u in diameter, ostiolate,
ochraceous, loosely pseudoparenchymatous in texture. Spores rod-
shaped, flexuous, 4060 x 1=2 /u, hyaline and usually 1-3 septate.
On foliage of Phlox paniculata, from Conegliano, Italy, October 1877
(Spegazzini).




In the above original description the species epithet was given as
"phlocis™ but later in his Sylloge Pungorum, Saccardo (1884) modified the
spelling to S. phlogis, by which name the organism has since been known.

In the International Rules of Botanical Nomenclature (Lanjouw et al., 1961),

under the section on Orthography of Names and Epithets it is stated that —
"the original spelling of a name or epithet must be retained, except for
typographic or orthographic errors". The spelling "phlocis" could be a
typographic error by the printer, the letter 'g' being incorrectly considered
'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 spelling
on the envelope containing the type material (Plate 1), considered to be in
the writing of Saccardo (Hughes, pers. comm.), is clearly 'phlogis'. In
either case the correction to S. phlogis is justified since the intended
sense was obviously ‘'of Phlox'.

The disease wvas later identified in North America on Phlox divaricata
Linn. by Trelease (1885) who described the spots as up to 5 mm in diameter
and often confluent. Pycnidia were numerous and the colorless, filiform
pycnidiospores measured 3040 x 2 /u, and wvere usually 2 septate.

Martin (1887) recorded wvhat he considered to be the same disease on
P, divaricata, and described the spots as amphigenous, olivaceous below,
dirty vhite above, 1-3 mr in diameter or, by confluence larger, with a purp-
lish shaded border. Pycnidia wvere numerous, epiphyllous, lenticular, dull
black and 100-120 /u in diameter, and the spores were 18-30 x 0,75 - 1 /u,
faintly nucleolate, nearly straight and hyaline. °

@rove (1935) reported the species in England and recorded pycnidia as
100=200 /u in diameter, and spores 1-3 septate, 4060 x 1-2 /u.

In a brief note Pape (1935) reported the pathogen as prevalent in



Germany and described pycnidia as black and spherical, produced in the
centre of lesions, 100-200 /u in diameter, and containing curved, 1-5 celled
hyaline spores measuring 40-60 x 1-=2 /u.

The above is the total recorded mycological information on S. phlogis
but the host range has been enlarged to include P. drummondii. P. reptans,
and P. virginiaca (Pape, 1935), P. alba (Grove, 1935), and P. glaberrina

(Greene, 1953).

II. Ellis and Everhart (1889) reported e Septoria foliage disease of the
perennial species P. divaricata which they believed to be identical with
that described earlier by Mertin (1887) on this host. However, they con-
sidered features of spores and pyenidia to be different from 8. phlogis and

elevated the fungus to new species status, naming it Septoria divaricata

spec. nov, Their description of the disease and causal fungus is as
followss

Septoria divaricata Ell. & Ev. (Jour. Mycology, 1889, Vol.5, p.151).
*Spots white, spores 15-35 x 1 /u, mostly 20=25 /u long,
nearly straight, very faintly nucleolate, non-septate®.
“On living leaves of P. divaricata, Lyndonville, New York,

May, 1889%,

The only other mycological account of this species is that by Grove
(1935) who records pycnidia as 100-200 /u in diameter, and spores aseptate,
18-30 x 0,75 - ¢ /u, but variable in length, mostly 20-25 /u. The
organism has since been reported on P, paniculata (Seymour, 1929), P.

drummondii (Toms, 1949) and P. amoena (Greene, 1951).

III. Ellis and Everhart (1892) erected a further species, Septoria drummondii
spec, nov, citing it as the causal organism of a foliage disease of the

annual species P. drummondii. Their description is as follows:



Septoria drummondii Ell. & Bv. (Jour. Mycology, 1892, Vol.7, p.133).

*Differs from S. divaricata on P. divaricata in the pycnidia
being scattered thickly over the entire surface of the leaf, and not
being on any definite spots. Pyecnidia black, sub-prominent, 100 /u
in diameter. Spores nearly straight, nucleate, 35-50 x 1.5-2.0 /u,
rather parrower at one end.

On leaves of P. drummondii, London, Cansda, September, 1891".

This binomial has since been widely accepted for the Septoria species on
P. drummondii but has never been used for Septoria infections of perennial
Phlox species, the implication being, presumably, that S. drummondii is not

pathogenic to perennial species of Phlox.

IV. Voglino (1907) erected the species Septoria longispora spec. nov. on
leaves of P. drummondii from northern Italy. His original Latin diagnosis
and translation is as follows:

Septoria longispora Vogl. (Atti R. Acad. S8c. Torino XLIII, 1907-08).
*Maculis exaridis indeterminatis, irregularibus, saepe con-
fluentibus, castaneis, picnidiis epiphyllis, minutis, innato-prominulis,
olivaceo-fuscis, sphaeroideis, 100-130-150 /u latis; sporulis
cylindricis, subflexuosis, utrinque rotundatis, hyalinis, distincta 5-9
septatis, 70-80-120 x 3 /u.
Hab.- in foliis Phlogis drummondii, quae maxime vexantur

(Torino, Lucento, novembre 1907).

Maximtudine sporarum Septoria phlogis Sacc. & Speg. and
8. divaricata Ell. & Ev. bene distincta®.

Translations
"Spots are indeterminate and somewhat dry and irregular, often
confluent, chestnut coloured; pycnidia on upper side of leaf and

minute, immersed becoming erumpent, olivaceous to smokey, spherical,
100-130-150 /u in diameter. Conidia cylindrical and subflexuous,
somevhat rounded at the ends, hyaline, distinctly 5-9 septate, from
70-80-120 x 3 /u.

On leaves of Phlox drummondii, from North Italy, November
1907. Readily distinguished from S. phlogis and S. divaricata by

the size of spores".
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In his Sylloge Pungorum, Saccardo (1913) changed the binomial to

Septoria vogliniana Sacc. & Trott. as the species 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 fungus is by Oudemans (1923) who
lists it under the name of S. vogliniana as a record on P. drummondii, and
citing Voglino's original paper as his authority., That is, this species is
known only from the original diagnosis,

Other than the above cited references the only reported study of a
Septoria disease of Phlox is that by Bond (1941), who gives a descriptive,
semi-popular account of a Septoria leafspot of P. drummondii in Ceylon.

In considering the identity of the pathogen Bond concluded that it was
similar to S. drummondii, and in view of its occurrence on the same host
provisionally applied that name to it. He commented however, that the wide
variability in the spores of the Ceylon fungus (17-66.5 x 1.5=3 /u, mean

43 x 2 /u), and the fact that S. drummondii as originally published was more
or less intermediate between S. phlogis and 8. divaricata suggested that the
distinction betwveen these three species was hypothetical, and that they
should therefore be combined. Grove (1935) had already questioned the
species distinction by stating - "S. phlogis is doubtless nothing more than
an advanced stage of this fungus (§. divaricata). It is said to differ by
having white spots and flexuous, 1-3 septate spores, 40-60 x 1-2 /u, but
this difference is no greater than can often be found between mature and im-

mature specimens on the same plant®, Support for Bond's suggestion was

provided by Saville (1952) who noted that "there are various records
of Septoria leaf spots on this plant (_1:. drummondii) under S. drummondii,
which is certainly synonymous with S. phlogis; or under S. divaricata,

vhich supposedly has much smaller spores. Specimens suggest that there is



a complete integration in spore size".

There is no evidence of the perfect stage being found for any of the
above species of Septoria. However Oudemans (1901) erected the ascomycetous
species Leptosphaeria phlogis spec. nov. on leaves of Phlox decussata (= P.
paniculata). The original Latin description and translation is as follows:

Leptosphaeria phlogis Oud. spec. nov., = on leaves of Phlox decussata

cultivated at Dedemsvaart, 10 November, 1898. 8Sent by Prof. Ritzema
Bos,

"Perithecia perva, sparsa. Asci cylindraceo - clavati, curvuli,
sessile, 46 x 9,3 /u. S8poridia disticha, cylindracea, curvula, ed
polos obtusa, 3 septata, loculo penultimo antico ceteris ampliore,
fuscidula, 23-25 x 4-5 /u".

Translation:

"Perithecia small and scattered. Asci cylindrical-clavate,
curved, sessile, 46 x 9.3 /u. Ascospores 2- ranked, cylindrical,
curved, blunt at both ends, 3 septate, the penultimate anterior cell
larger than the others and somewhat darkened, 23-25 x 4-5 /u'.
According to Grove (1935), - “S, phlogis is said to have an ascophorous

stage, Leptosphaeria phlogis", = but there appears to be no justification
for this latter statement, Nowhere in the literature is there any suggest-
ion of a relationship between these two fungi. Purthermore, other than the
above original record and description by Oudemans (1901) there is in fact,
no evidence of this organism subsequently being found.

The above review reveals the unsatisfactory state of knowledge regarding
the taxonomy and nomenclature of Septoria species pathogenic to the genus
Phlox. It is apparent that in each instance the four species were erected
solely on the basis of study of one collection, with the criteria for taxo-

nomic differentiation being host specificity, slight differences in symptom

expression and features of pycnidia and pycnidiospores (Table 1). In view



TABLE 1

Distinguishing Characters in the Original
Descriptions of FPour Species of Septoria on Phlox spp.

Pathogen Authori'r_,x Host Species Spots on Foliage nidia Spores.
Small and more or Scattered, few Filiform, flex-

S. phlogis Sacoardo (1879) P. paniculata less circular. in number uous, hyaline.
White at first punctate lenti- Usually 1-3
later becoming cular, ostiolate, Septate. Size
smoky to brownish clear brown in LO-60 x 1=2 /u.
red at margin. colour,

Size 150-200 /4

Olivaceous below, Epiphyllous, Filiform,merely
S. divaricata | Ellis and P, divaricata whitish above 1-3 numerous , erump- straight,asept-
Everhart (1889) mm diem. or ent dull black. ate.
larger by con- Size 100-1 20/u. Size 18-30 x
fluence, with 0.75 - 1 /U
purplish border.
Round in shape,
Densely gregari- Stralght or
S. drumrondii Ellis and P. drummondii ous over entire slightly bent,
Everhart (1892) leaf surface, acicular.
not confined to Size 35=50 x
definite spots. 1.5 =2 /9
Black, sub-
prominent.
Size 100 VAl
Indeterminate and Epiphyllous, Cylindrical and
S. vogliniana | Voglino (1907) P. drummondii irregular, often minute, immersed sub=f1exuous
- - confluent,chestnut becoming erumpent | hyaline, dist- |
coloured. olivaceous to inctly 5-9 :
smoky; spherical, | septate, 70-RC
100-130-150/\1 =120 x 3/\1.

di am,




of the expressed belief that only one real species may be involved and in the
absence of critical studies pertaining to this subject the author has attempt-
ed to resolve the problem as followss

(1) type collections and other herbarium material was assembled

and critically examined; and

(ii) the alleged species in field collections from several
countries vere compared with particular attention given to
variability of morphological characters both on host material
and in pure culture, and the extent of host specificity.

B. Consideration of !orbarim Material

1. Type Collections

The type material of three of the four erected species of Septoria on
Phlox spp. was assembled and examined. S. phlogis was obtained from the
Institute ed Orto Botenico Della Universita di Padova, Italy, and S.
divaricats and S. drummondii from the New York Botanical Garden, New York.
In each case the material was examined for symptoms, prevslence of pycnidia,
shape, septation and dimensions of pycnidiospores. All measurements were
made after mounting in lactophenol cotton blue,

The type material of S. vogliniana wvas not exemined. Several
European institutions considered likely to hold Voglino's original collection
were approached, but the material could not be located. For this reason,
plus the fact that field material of 8. vogliniana has since never been

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

(a) Septoria phlogis Sacc. & Speg.

The material eonsisted of fragments of two leaves enclosed in a

small envelope to which wvas affixed a small piece of note paper with writing



and a sketch of 4 spores and a pycnidium (Plate 1), The leaf material
exhibited numerous distinct, small (1-3 mm), ecircular spots with white
eentres and a darkened border. All tissue pieces were carefully examined
and found to be quite devoid of pycnidia. The surface of several of the
larger lesions, considered more likely to have pycnidia present, vere
punctured as though pycnidia previously present had been removed by earlier
examiners. That is, in its present state the leaves vere quite useless as

providing a means of re—determining the myecological features of the fungus.

(b) Septoria divaricata Ell. & Ev.

The material consisted of five infected leaves contained in an
envelope (Plate 2). The information on the envelope additional to that in
the original description stated that pyenidia vere 90-112 /u in diameter,
erumpent, and present on the upper side of the leaf.

Each leaf exhibited several circular lesions up to 4 mm in diameter,
mostly on the upper surface, with pycnidia present on both leaf surfaces but
only on the larger lesions. Pyenidia were erumpent, several with cirrhi
still present. Pive pycnidia were mounted separately end measured, and the
dimensions of 100 spores from each recorded (Table 2). Shape of the spores
ranged from straight to flexuous, and several were observed to be 3 septate.
The number of cells present in the majority of spores could not be determined
because of the density of the spores contents.

The observations of Ellis and Everhart were thus inaccurate, as pycnidia
wvere present on both leaf surfaces and spores were variable in shape and in

some cases quite definitely septate.

(¢) Septoria drummondii Ell. & Ev.

The material consisted of parts of 4 leaves enclosed in a captioned



Plate 1 Type material of Septoria phlogis Sacc. & Speg.

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

Bottom ~ contained leaves, and inscription
on the inside of the envelope
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TABLE 2 Dimensions of pycnidiospores and pyenidia from type material
of S. divaricata Ell. & Ev.

Pycnidiospore Dimensions fhe
Pyenidium (in microns) Pycnidium
No. Diameter
Length vidth
Range Mean Range (in wicrons)
1 19.2-32.0 27.2 2 0.18 | 1.0-2.5 105
2 20.8-40.0 30.4 £ 0.31 | 1.0-2.5 102
3 20,8-33.6 28.4 £ 0.39 | 1.0-2.5 96
4 30,4-45.8 38.4 2 0,77 | 1.0-2.5 141
5 22,4-35.2 28.8 X 0.28 | 1.0-2.5 120
Overall 19,2-45,8 30.6 £ 2,01 | 1.0-2.5 116

8
Sample size of 100 spores




envelope (Plate 3). Several large, irregular lesions were present on both
surfaces of each leaf specimen. Pycnidia were brown to black in eolour,
erumpent, and crowded on the lesioned areas, more particularly on the upper
leaf surfaces. Cirrhi were not observed. Symptoms appeared identical to
the Septoria disease of P. drummondii present in the Manawatu. Eight pyenidia
wvere mounted separstely and measured, and the dimensions of 100 spores from
each recorded (Table 3). Pyenidiospores were acicular, straight to flexuous
and some were observed to be septate. The 3 septate condition was most
common, but spores with one and 2 septa were located. More than 3 septa were
not observed. The percentage of spores in each septate class could not be
determined as the septa in approximately 20% of the &pores were obscured by

the dense cell contents.

(d) Discussion
The type material vas examined with a view to determining the

accuracy of the original descriptions and evaluating the collections con-
sidered by Ellis and Bverhart to varrant the erection of two further species.

In all three cases symptoms were as originally described. On P.
paniculata and P, divaricata lesions were very similar, being small, circular
and typical of the disease as it develops on P. paniculata in the Manawatu.
Symptoms on P. drummondii were identical with those of the disease on this
host in New Zealand and the large irregular areas of dead tissue with crowded
conspicuous pycnidia were quite distinct from those on the other host species.
However, symptom differences in themselves provide little of taxonomic
significance, particularly when three host species are involved as in this
case. It hes been demonstrated many times that disease characters on the
one host species vary with the variety involved and with the age of host

tissues, and are also subject to variation with climatic changes. Further,
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Plate 3 Type material of Septoria drummondii Ell. & Ev.
Leaf material, and attached inscription




TABLE 3 Dimensions of pycnidiospores and pycnidia from type material
of S. drummondii Ell. & Ev,
Pycnidiospore Dimensions 8.
Pycnidium (in microns) Pycnidium
No. Diameter
Length Vidth o
Range Mean Bange (in microns)
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 17.6-48.0 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 | 1.0-2.5 105
7 17.6—46.4 35.2 ¥ 1,02 1.0-2.5 102
8 19.2-43,2 32.0 ¥ 0.34 ]| 1.0-2.5 96
Overall 17.6-48.0 33.02 1.6 |1.0-2.5 90

8,

Sample size of 100 spores
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since the development of lesions is a reaction on the part of the host to
the presence of the pathogen and not an attribute of the fungus itself it
is at least questionable whether symptoms warrant consideration as a cri-
terion for delimiting species. Certainly in this case symptoms are of no
significance in the matter of whether more than one morphological species
of pathogen is involved.

Contrary to the claim of Ellis and Everhart, S. divaricata and S.
drummondii could not be separated on the basis of spore morphology.
According to the original dessriptions spores of 8. divaricata are aseptate,
but in all preparations of this species septa were unquestionably present
in some spores, and in this regard vere identical with those of S. drummondii.
Spore shape was a highly variable feature, ranging from straight to dis-
tinctly curved in all spore preparations of both species.

As regards spore dimensions, whereas Ellis and Everhart recorded a
range in length of 18-30 s for S. divaricata and 35-50 o for 8. drummondii
(Table 1) in the present study they were found to be 19.2 - 45.8 /u and
17.6 = 48,0 /u respectively, Spore width in both collections wvas 1.0 -
2.5 /B That is, there was considerable overlapping in the range of spore
length thus making separation of these two species on this basis quite im-
possible. Likewise the diameter of pyecnidia from the two collections so
overlapped as to be valueless in diagnosis (Tables 2 and 3).

The absence of pycnidia on the type material of S. phlogis prevented
rmorphological comparison with the Ellis and Everhart collections, Assuming
Saccardo's figures to be correct then his pycnidial diameters (150=200 /u)
are considerably greater than those found for both S. divaricata (96-141 /u)
and S, drummondii (75-105 /u), and his range in spore length (40~60 /n),

although overlapping that of the other two species (17.6=48.0 /u) nevertheless



indicates a mean average distinctly greater than that of the other fungi.
However, this in itself is not sufficient grounds for regarding Saccardo's
S. phlogis as a distinct species. The type material of all three species
each represent a single field collection and therefore do not take into
account either stage of maturity or field wvariability. Purther collections
of each under diverse environmental conditions could well have produced com-—
plete integration in pycnidial diameter and spore size.

The only firm conclusion that re—examination of the type material
allowvs is that S. divaricata and 8. drummondii are morphologically indis-

tinguishable.

2. Other Herbarium Material

(a) Material Studied

Eight collections of Septoria species on Phlox drummondii were

received from the Herbarium of the University of California, Berkeley, of
which five were purported to be S. drummondii, two S. divaricata, and one
8. phlogis (Table 4). Each collection was examined for symptoms, prev-
alence of pycnidia, and shape, septation and dimensions of pyenidiospores.
In each case slide proparat{ons of spores wvere prepared by rupturing
several pyenidia in lactophenol cotton blue.

(b) Results and Discussion

Although there were differences in the size, shape and prevalence
of lesions these were no more diverse than could be found on infected P.
drummondii plants in the Manawvatu during any one season. Specimens
number 3 and 4 (Table 4) wvere least typical in that all lesions were small
and circular, but in each case with many erumpent, golden=brown to black

pycnidia present. In the remaining collections, lesions ranged from small



IABLE Y

feensions and Pycnidium Diameter of Herbarfua

Coaparison of gﬁnn
n and Labelled as S, d
phlegis

]
Specimens o lox d » 3o

2 and S,
SPORE DIMENS IONS PYCNIDIA DIAMETER
Code | Labellod as 1Date of of Collector | d M ENGT Width | No. | Range E&D
¢ n g Spores | Range Hoasyre:
1o | S.drussondii| Sept.1897 Logdon, Jo Dearness JoDearness 120 32,0=59,2 | 44eB 3 0,43 | 1,5=3,0015 | 75=125 | 95 & L.A5
anada,
2, | Sedryssondii| Apr. 1936 | Gainesville, | G.F. Veber 6.F, Weber 100 28,8=L4,8 | 36,8 + 0,26 1,5=2,50 15 | 70=120 | 90 + 6,11
= Florida, -
3, | S.drysmondif | May,1900 | Lake City, | H.Harold Huse | H.Harold Hume | 100 20,8-40,0 | 32,0 1 0,34 | 1.5-2.5[ 10 | 75-130 | 95 + 6.78 :
UeSed, -
be | Sedrymmondif| Mar.1963 Gahlusvillo. W.8, Tisdale Edmnon West 70 20,8-44L,8 | 28,8 + 0,22 1,5=2,5] 22 | 65-115 | 80 + 5,61 !
= Florida,
5¢ | Sedrumsondii| Apre1957 l(ansasx 0.He Elmer C.T.Rogerson 70 20,8-38,4 | 32,0 # 0,18 | 1,5-2,5] 20 | 80-130 105 &+ L.19
= U.S. L]
6. | S.divaricatal Jan,1940 | Ontario, K.F. Baker K.F. Baker 100 25.,6=b1,6 | 32,0 + 0,23 1,5=2,50 15 | 70-110 | 85 + 5,83
= Calif,
7. | S.divaricata| May,1956 | Jackson City| C.T.Rogerson | C.T.Rogerson 70 1,4=33,6 | 22.4 & 0,36 | 1.5-2,0] 15 § 75-115 | 90 & 5.9
= Kansas,
8 Se phlogis ¢ i{ Petrak Petrak 100 28,8-48,0 | 38,4 + 2,11 1,5=3,0] 15 | 60-185 }120 + 4,63
Notes An analysis of variance gave no significant difference in the mean length of pycnidiospores

from different specimens (Appendix 2).
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circular areas approximately 3 mm in diameter through to extensive ir-
regular areas of dead tissue densely covered with conspicuous pyecnidia.

A feature of all collections was the prevalence of pycnidia, particularly
on the upper surface of leaves.

Nothing distinctive was observed as regards spore shape and septation.
Spore shape was very variable ranging in all collections from straight to
distinctly curved and bent. Plate 4 shows pycnidiospores representative
of the three species and serves to illustrate the similarity in gross
appearance of the spores. Some spores in all collections were observed
to be septate but the dense nature of the cell contents in many cases
prevented an assessment of the degree of septation.,

The dimensions of spores and pycnidia from each collection are
presented in Table 4.

It is difficult to determine why the collections were originally
identified as either S. drummondii, S. divaricata or S. phlogis. As the
host in each instance was P. drummondii, host specificity is ruled out,
and symptoms in no way served to differentiate the three species. It would
appear therefore, that spore dimensions were the most important single
criterion considered. However, specimens 3 and 4 were both labelled as
S. drummondii but on the basis of spore dimensions identification as S.
divaricata would be more justified. As mentioned earlier, lesions on
both these specimens were small and this fact coupled with the relatively
small size of the spores suggests early-stage infection. The spore
measurements from Petrak's eollection (specimen 8) suggests this species
4o be also inqomctly identified; the range in spore length of 28.8 -
48.0 /u and mean of 28.4 /u warrants the fungus being identified as S.

drummondii rather than S. phlogis.



Plate 4 Photomicrograph (phase contrast) of pycnidiospores from
herbarium collections of P. drummondii (see Table 4).

Middle - S. divarieata
Bottom - 8.



C. Study of Field Collections

Currently all three species epithets are in use for Septoria infections
of Phlox. Thus according to Large (1957) - "British material all fits S.
drummondii Ell. & Ev. and S. phlogis Sacc. & Speg. does not occur here".
In Holland, according to Briejer (1965) - "only S. phlogis Sacc. & Speg.
is recorded on Phlox species®™. In recent Annual Reports of the Caenadian
Plant Disease Survey (1952, 1960, 1961) all three species are recorded,
although according to Thompson (1964) - "the species of Septoria most fre-
quently reported as the cause of Septoria leaf spot in Canade is S.
divaricata Ell, & Ev." In New Zealand Brien (1939) recorded S. drummondii
Ell. & Ev., on P, drummondii, and S. phlogis Ell. & Ev. on P. paniculata.

Infected field material representative of the three species of pathogen
as present in the United Kingdom, Holland, Canada and New Zealand was
assembled, and comparative studies made to determine whether separation was
in fact possible on the basis of criteria generally regarded as of taxonomic
significance., Features considered were disease symptbms, and morphology of

the pathogen in host tissues.

1. Materials and Methods

Collections of the three alleged species of pathogen were available as

followss

(a) Septoria phlogis Sacc. & Speg.

1. In view of the seed-borme nature of the disease in P. drummondii
(Part III) it may be assumed that seedling infections in New
Zealand arising from use of imported infected seed are caused
by the Septoria species considered present in the source
country. Each year infected material was available from
crops raised from infected seed imported from Holland, where

only S. phlogis is recorded on Phlox species (Briejer, 1965).
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In the tables which follow these collections are coded

as H.dr.sd.

2. VFive collections of infected P. paniculata labelled as S.
phlogis were received from Dr D. Loblohd, Division of
Research, Department of Agriculture, Quebec, Canada

(coded as Q.pan).

3. Two collections of infected P. paniculata labelled as S.
phlogis were received from Dr Briejer, Plant Disease Service,
Holland (coded as H.pan).

4. The Septoria disease of P. paniculata is very prevalent in
the Manawvatu, the majority of commercial and home garden
plantings examined over several years being infected to some
extent. S. phlogis is the only species recorded on this
host in New Zealand (Briemn, 1939). Such collections are

coded as M, pan.

(b) Septoria divaricata Ell. & Ev,

Three collections of infected P. paniculata labelled as S.
divaricata were received from Dr R.G. Atkinson, Canadian Department of

Agriculture, Saanichton, British Columbia (coded as B.G.Eg].

(c¢) Septoria drummondii Ell. & Ev.

Diseased P. drummondii plants arising from use of infected seed
imported from England may be assumed to be caused by S. drummondii, since
this is the only species recorded in the United Kingdom (Large, 1957).

Such collections are coded as U.K. dr.8d.

In studying spore features only conidia released from pycnidia were
used as they were considered more likely to be mature. ILeaves were subjected
to high humidity in petri-dishes for 36 hours and cirrhi transferred to drops
of lactophenol cotton blue. That is, all spore preparations were a blend of

several cirrhi. Lactophenol cotton blue was preferred as a stain as it was



found to prevent swelling of the spores and accentuated the presence of septa.

In determining pycnidial dimensions small pieces of infected leaves vere
left in absolute alcohol and glacial acetic acid (1:1) to encourage removal
of chlorophyll, gently boiled for a few minutes in lactophenol, cooled, left
in a saturated aqueous solution of chloral hydrate until clear, and mounted
in lactophenol cotton blue. By first clearing tissues in this way the total
diameter of pycnidia rather than just the exposed surface area could be
measured.

The morphology of pycnidia in leaves was determined from serial sections
prepared by the paraffin method. Leaves were killed and fixed in formalin:
acetic acid: alcohol, dehydrated with tertiary butyl alcohol, embedded in

paraffin, cut with a rotary microtome, and mounted in lactophenol cotton blue.

2. Results

All collections on the one host species, irrespective of source, were
very similar to each other but as a group differed somewvhat from those on
the other host species. Accordingly symptoms end pathogen morphology are
considered on the basis of host species involved, rather than species of
pathogen purported to be present. However, data relating to the dimensions
of pycnidiospores and pyenidia are also presented for each of the three
species of Septoria.

(a) Phlox drummondii

(1) Symptoms
The 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). Barliest evidence is the

development of small, circular, diffuse, chlorotic spots approximately 3 mm



Plate 5 Box of commercially raised P. drummondii seedlings showing
severe infection.
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Plate 6 Severe infection in pricked-out, commercially raised
P. drumondii seedlings.
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in diameter which within three days become distinct, light browvn lesions on
the surface of which, crowded brown pycnidia are readily discernible. With
the enlargement and coalescing of lesions the dead tissues lighten in colour
and pycnidia darken and stand out prominently against the lighter background
(Plate 7). Spore horns (cirrhi) may be macroscopically discernible on
close examination., At this stage lesions are irregular in shape, appearing
more as dead patches and frequently extending to the tip and edges of leaves.
Usually the lower leaves are more severely infected and soon become curled and
brittle and die. ©Some abscission of dead leaves occurs but this is not a
characteristic feature of the disease. Only rarely has seedling death been
observed, but because practically all plants in & box become infected as a
result of secondary spread the over-all effect is extreme unsightliness and
pronounced stunting, and complete plantings are commonly discarded at this
stage.

Nurserymen have learned to check the disesse to some extent by limiting
the application of water and reducing humidity by transferring plants to cold
frames as soon as possible. In this way some plants are salvaged for sale.
Such plants have been studied in the field and further symptom development
observed. It is most noticeable that the extent of subsequent disease de-
velopment and spread is a direct reflection of climatic conditions. If the
late spring and summer is dry there is little progress in the disease but
after periods of rain more lesions rapidly appear on nev growth. These
frequently remain small and discrete and only after continued dull wet weather
do they enlarge and coalesce. At the height of summer, lesions are notice-
ably different from those developed at the seedling stage. There is
frequently no sharp demarkation between dead and living tissues. The centres

of lesions may be dull vhite, passing through golden brown areas to living but



Plate 7

Infected leaves from P,
drummondii seedlings,
shoving nature of the lesions
and profuse production of
pycnidia.
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yellowed, chlorotic tissues. Pycnidia are usually less dark. In other
cases there may be some purplish-black concentric circling which separates
necrotic areas from the chlorotic tissues (Plate 8). The lesions usually
extend through to the lower leaf surface, but pyenidia production there is
considerably less.

Lesions on the leaves constitute the most striking disease symptom in
garden plantings, but lesions with pycnidia are not uncommon on stems,
petioles, peduncles and sepals (Plates 39,40 & 44). Lesions or pyemnidia
have not been observed on the walls of ovaries.

The above account applies to the Septoria leaf spot disease of P.
drumuondii irrespective of seed source. There was no variation in the

pattern of disease development on this host to suggest more than species of

pathogen was involved.

(ii) Pathogen Morphology

Pycnidia are produced only on necrotic tissues. They are
densely erowvded, at first light brown, later darkening with maturity and
then clearly visible to the naked eye (Plate 7). In shape they are mostly
globose but sometimes slightly pyriform, immersed at first, later becoming
erumpent, but never superficial. The ostiole is round, occasionally oval,
usually clearly visible, and in diameter about one quarter that of the
pycnidium. The pycnidial wall is smooth and composed of three to eight
layers of very dense pseudopareachymatous 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 free to fill
the cavity of the pycnidium (Plates 9 & 10). It would appeer that pressure
of the large numbers of spores filling pycnidia orientates spores towards

the ostiole. Cirrhi are frequently found exuded from ostioles. They are
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Plate 8 Infeoted leaves collected in late summer from naturally
infected P. drummondii plants.



(a)

(b)

Plate 9 Asexual reproductive structures of Septoria sp. on P, drummondii
seedlings developed from infected United Kingdom seed:

(a) transverse section of a pycnidium;

(b) pycnidiospores.



-(b)

Plate 10 Asexual reproductive structures of Septoria sp. on P. drummondfi
seedlings developed from infected Dutch seed:

(a) transverse section of a pycnidium;

(b) pyenidiospores.
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light gold in colour, vary considerably in length, but ususrlly are long,
curled and twisted, often adhering to neighbouring spore horms. When
eirrhi are transferred to drops of water spores immediately separate from
each other. The pycnidiospores are hyaline, guttulate, filiform straight
to slightly curved, slightly attenuated at one end, vith rounded ends, and
indistinctly septate (Plates 9 & 10).

The dimensions of pyenidiospores and pycnidia were recorded from 12
Manawatu collections of P, drummondii (coded as M.dr). The collections for
each year were made from different home garden plantings, and in all cases
the country of origin of the seed vas unknown. Since S. drummondii is the
species of pathogen considered present in New Zealand (Brien, 1939) for the
purpose of discussion this identification is assumed. The results are
presented in Table 5. The importance of collection date on both spore length
and pycnidia diameter was evaluated in an analysis of variance (Appendices
3&4). Inno instance vas there a significant difference.

There are reports of the morphology of Septoria spp. being appreciably
affected by changes in environmental conditions (Beach, 1919; Hughes, 1949;
Sprague, 1944). The following experiment was conducted to determine the
extent of variation in spore length and pycnidia diameter as revealed by re-
peated collections from kmown infections throughout one growing season.

In the spring of 1961 twvo outbreaks of the disease originating from
use of imported infected Dutch and English P, drummondii seed were followed
from the time first symptoms appeared in seed boxes through until plants were
mature the following autumm. Each seed line was sown thinly in four boxes
of sterilised soil and the emerging seedlings permitted to develop without
subsequent pricking-—out until mature some months later. After hardening-

off in cold frames the two series of boxes were set out well spaced from each
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TABLE 5 Dimensions of pycnidiospores and pycnidia from 12 Manawatu
collections of P, drummondii; seed of unknown origin in each instance
(see Appendices 3 & 4
Pycnidiospore Lengtha" Pycnidia Diameter
Collection (in microns) (in microns)
Dat
) BRange Mean 3o Range Me
Measured an
7.3.56 24,7-60.8 46.5 £ 0.63 23 70.3-140.5 { 102.2 X 2,41
7.3.56 22.8-57.0 41.7 ¥ 0.33 36 66.5-142.4 | 96.4 £ 3.36
7.3.56 17.1-30.4 22,9 % 0.53 25 47.5-123.4 | 3.1 % 2.9
Overall 17.1-60.8 37.0 = 4.5 47.5-142.4 | 90.6 % 6.9
10.10.,57 | 24.7-43.9 34.6 £ 0.61 43 49.4=119.6 | 66.6 X 4.10
10.10.57 | 19.0-41.8 31.2 ¥ 0.41 19 55.1=134.8 | 86.9 % 3.7
Overall 19.043.9 32,9 ¥s.5 49.4-134.8 | 76.8 % 8.5
W
19.4.58 24.7-49.4 37.8 ¥ 0.83 26 49.4-112.0 | 75.4 % 4.63
19.4.58 24.7-58.9 54.1 ¥ 0.87 25 47.4-117.7 | 69.9 % 3.22
19.4.58 30,4665 46.2 ¥ 1.11 50 60.8-132.9 | 100.5 ¥ 1.98

Overall 24 ,7=66.5 46.0 ¥ 4.5 47.5-132.9 | 81.9 2 6.9

19.5.62 | 22.8-47.5 33.6 ¥ 0.44 25 | 68.4=142.4 | 94,7 % 3.43
19.5.62 | 19.045.6 31.0 ¥ 0.38 25 | 57.0-119.6 | 87.0 2 3.50
19.5.62 | 17.1-39.9 26.4 % 0,26 25 | 55.1-123.4 | 91.3 ¥ 4,04
19.5.62 | 19.0-43.7 29.9 £ 0.71 25 | 49.4-127.2 | 86.9 % 2.16

Overall

17.1-47.5

30.2 3.9

&+ Each collection of 100 spores.
Pycnidiospore width throughout ranged between 1.5 = 2.5 /u.

49,4-142.4

90.0 ¥ 6.0
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other in a farm area distant from other ornamental plantings. Begimning

in October 1961, pycnidia diameter, spore length and percentage of spores

in the various septate classes were recorded, first using infected cotyle-
dons, then primary leaves from plants four weeks later vhen boxes were in
cold frames. The study was continued at four week intervals until May 1962,
at vhich time plants were dying off.

The dimensions of spores and pycnidia are shown in Tables 6 and 7,
and information on the extent of spore septation in the two series is re-—
corded in Table 8. An analysis of variance of pyenidiospore length and
pycnidia diameter revealed there was no significant difference between the
tvo series, and 2o significant difference between the ropeated collections
vithin each series (Appendices 5 & 6).

The data from Tables 5,6 and 7 covering all P. drummondii infections

are presented in summarised form in Table 9.

(b) Phlox paniculata
(1) Symptoms
In the Manawatu, first symptoms appear in the spring on newly

developed leaves as minute, circular, uniformly reddish-browvn spots which may
be present in numbers sufficient to give a distinctive speckled appearance to
the young foliage (Plate 11). Over 200 lesions cach less than 2 mm diameter
may be present on young leaves less than 3 inches long. Witk leaf matura~
tion the lesions enlarge, usually remain circular and frequently reach 8 mm
diameter without change in color. On the older lower leaves the necrotic
spots commonly coalesce and the centres may lighten to pale brown or dull
vhite (Plate 12). In the advanced stages leaves droop and finally abscise.

Severely diseased plents are stripped of their lower leaves, noticeably



TABLE 6 Comparison of spore length from P. drummondii plants raised from
imported infected Dutch and English seed; collections taken at
four wveek intervals (see Appendix 5).
Colleetion Leagth in Micrans s
e Putch Seed U.K. Seed
Range Mean Range Mean
17.10.61 | 27.7-49.4 | 40.4 20,58 | 19.039.9 | 28.7 2 0.56
13.11.61 24,7-49.4 | 40.2 2 0.47 | 22.847.5 | 41.2 ¥ 0.32
12.12.61 19.041.8 | 30.4 2 0.44 | 22.851.3 | 42.32% 0.4
9.1.62 19,045.6 | 31.720.38 | 22.543.7 | 33.3 Z0.46
6.2.62 20.9-38.0 | 31.9 X 0.71 | 26.6-38.0 | 31.5 ¥ 0.88
6.3.62 20,9-38.0 | 29.2 2 0.46 | 22.8-41.8 | 34,72 0.74
4.4.62 19,041.8 | 31.0 2 0.54 | 19.0-36.1 | 26.6 £ 0.83
1.5.62 20.943.7 | 33.2%0.59 | 24.7-47.5 | 30.2 0.4
Overall 19.049.4 | 33.52 1,78 | 19.0-51.3 | 33.6 2 1.78

a,

Pycnidiospore width throughout ranged from

1.5"2.5 / »

Bach collection of 100 spores.
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TABLE 7 Comparison of pyenidial diameter from P. drummondii plants raised
from imported Dutch and United Kingdom seed; collections taken
at four week intervals (see appendix 6)

Collection Diameter in Microns s

Date

Duteh Seed U.K. Seed

Range Mean Range Mean

17.10.61 | 53.2-123.4 | 94,3 X 2,66 | 51.3-127.2 | 89.1 % 3.83

13.11.61 | 66.5-131.0 | 111.7 ¥ 3.41 | 57.0-136.7 | 112.3 ¥ 4.24

12.12.61 | 57.0-127.2 | 81.7 X 2.71 | 47.5-140.5 | 93.7 ¥ 4.48

9.1.62 | 47.5-102.6 | 76.2 £ 1.41 | 55.1-129.1 | 95.2 % 3,63
6.2.62 |58.9-132.9 | 95.9 % 2.7 | 47.5-115.8| 83.3 2 3.47
6.3.62 | 68.4-138.6 | 107.4 ¥ 3.4 | 60.8-129.1 | 101.3 ¥ 5.01
4.4.62 |51.3-121.5 | 86.0 2 5.4 | 51.3-108.3| 77.7 £ 3.43

1.5.62 | 49.4-115.8 | 83.52 4.7 | 53.2-127.2 | 102.6 £ 3.67

Overall | 47.5-138.6 | 92.1 £ 3.2 | 47.5-140.5 | 94.4 % 3.2

- 1Y
Sample size of 25 pycnidia in each case.



TABLE 8 Septation of spores from P. drummondii plants raised from infected
Dutch and English seed; collections taken at 4 week intervals

Percentage of Spores in Various Septate Classes

e T Dutch Seed U.K. Seed
ol 1 2] 3] 4]5|Not Do-b. O|1]12]3]4]5 |Bot
rmined termined
17.10,61 | -| 7| 2|78 | - | 2 11 -|5]|~-|84]-]3 4
13.11.61 j=-| 4|14 |T2 | 1 | 2 7 110 6 |76 | - | 3 4
12,12.61 1115 1|61 | - | 1 21 2|14 665 |1 | - 12
9.1.62 1116 | 9|56 | 2 | - 16 419|469 ]31]2 9
6.2.62 1] 91181 ]| -] 4 4 -=|21 | 1]62 | = |1 15
6.3.62 21 4121 |59 | - | 1 13 41913159 (|1]2 22
4.4.62 -| T|10]|64 | - | 2 17 -1 ] 2|74 | -2 1
1.5.62 21 8| T|7T5 )1 |7 - 4118|3741 |3 7
a.
Sample size of 100 spores in each case.
b.

Percentage of spores in sample wvhere septa could not be
discerned.




TABLE 9 Pycnidiospore and pyenidia dimensions from Septoria infections
of P, drummondii; collected data from Tables 5,6 and 7
Pycnidiospore Length Pycnidia Diameter
Collections (in microns) (in mierons)
Range of Overall Range of Overall
Sample Means Means Sample Means Means
U.X.dr.ad 19,0~51.3 33.6 4705‘14005 94.4
E.d.r.d 19.0-4904 3305 47'5-138.6 92.1
M.dr 17.1=-66.5 4.4 47.5=-142.4 85.9




Plate 11 Infected shoot of P. paniculata showing field symptoms
(Manawatu collection).



Plate 12 Early (top) and late (bottom) stages in the development
of symptoms on P. paniculata (Manawatu collections).



stunted and flover poorly. Unlike Septoria infections of P. drummondii,
pycnidia are not macroscopically discernible but may be located on both leaf
surfaces with the aid of a hand lens.

The collections of P, paniculata received from Holland and Canada ex-
hibited symptoms essentially similar to those of infected plants in New Zealand,

as described above.

(1i) Pathogen Morphology
On all collections the production of pycnidia was scanty and

confined to small areas of large lesions on the older leaves, and their presence
difficult to locate even with the aid of a steroscopic microscope. This wvas
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 tissues. Usually they are immersed, rarely erumpent, with little more
than the ostiole area penetrating the leaf surface. The presence of pycnidia
was best revealed by subjecting severely infected leaves to high humidity in
petri-dishes for at least 36 hours, by which time light-colored, twisted cirrhi
could be clearly seen. The structure of pycnidia in microtome sections was
essentially similar to those on P. drummondii infections in that the pycnidial
wall was smooth, firm, pseudoparenchymatous, and composed of four to six
layers of elongate cells. The wall cells were con‘spicuously less dense how,
ever, causing the pycnidia to be dark brown rather than black when mature.
The filiform pycnidiospores were mostly flexuous, occasionelly straight, often
prominently guttulate, and indistinctly septate (Plates 13,14,15 & 16).

Vith many P, paniculata collections it was found that severely infected
fallen leaves exposed to high humidity in petri-dishes for three or more days

developed a rather distinctive type of pycnidium in groups of up to twenty.
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(b)

Plate 13 Asexual reproductive structures of Septoria sp. on P. paniculata
(Manawatu collection).,

(a) transverse section of a pycnidium;
(b) pycnidiospores.
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(b)

Plate 14 Asexual reproductive structures of Septoria sp. on P. paniculata
(received from Holland as S. Ehlogisi.

(a) transverse section of a pycnidium;

(b) pycnidiospores.
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(a)

(b)

Plate 15 Asexual reproductive structures of Septoria sp. on P. paniculata
(received from Quebec, Cansda as 8. phlogis).

(a) trensverse section of a pycnidiumg

(b) pycnidiospores.



(a)

(b)

Plate 16 Asexual reproductive structures of Septoria sp. on P. ta
(received from British Columbia, Canada as §S. ata).
(a) transverse section of a pycnidium;

(b) pycnidiospores.
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These were at first light brown and immersed, but became clearly erumpent
and gradually darkened to black. They finally became totally superficial,
at vhich stage they could be readily flicked free with a seeker needle
leaving a distinct depression in the leaf surface. Cirrhi were distinct-
ive, being relatively short and only slightly curled. Microscopic exam-
ination of cirrhi from such pycnidia revealed scolecosporous pycnidiospores
typical of the genus Septoria and essentially similar to those released
from immersed pycnidia. Isolates to agar were in no way atypical and
proved pathogenic in P. paniculata inoculations.

The dimensions of pycnidiospores and pycnidia were recorded for 14
collections of P, paniculata made in the Manawatu over 4 years (coded as
ghggg), the colloctions for each year being from different home garden
plantings. The data are presented in Table 10. The importance of
collection date on both spore length and pycnidium diameter was evaluated
in an analysis of variance (Appendices 7 & 8). In neither case were there
significant differences. The percentage of spores in the various septate
classes for five of the above Manawatu collections in presented in Table 11.

Data relating to the dimensions of pycnidiospores and pycnidia from
P, paniculata specimens received from Holland, Quebec and British Columbia
are presented in Tabies 12,13 and 14,

The data from Tables 10,12,13 and 14 covering all P. paniculata
collections are presented in summarised form in Table 15.

All collections from both P. drummondii and P. paniculata were grouped
according to origin and the groups compared by an annlysis of variance.

The group means and their standard errors are presented in Table 16, Sig-
nificant differences were determined using a "t* test (Appendices 9 & 10).

In Pigures 1 and 2 data on pycnidiospore length and pycnidial diameter



TABLE 10 Dimensions of pyecnidiospores and pyenidia from 14 collections of
P, paniculata in the Manawatu
Pycnidiospore Length®* Pycnidia Diameter
Collection (in microns) (in microns)
Date ¥o
BRange Mean I Range Mean

15.11.61 | 22.8-57.0 | 42.1 £ 0.98 15 | 76.0-238.3 |187.4 ¥ 2.4
15.11.61 19.0-45,6 | 30.8 % 0.63 23 91.2=221.2 {143.1 4 1.36
15.11.61 22.8-41.8 | 32.8 £ 1.22 12 68,4=179.4 | 127.4 e 3.11
15.11.61 | 20.9-38.0 | 29.1 £ 0.34 25 57.0-161.4 [131.0 £ 2,83
Overall 19.0-57.0 | 33.7 £ 2.0 57.0-238.3 |147.2 £ 9.7

Overall

8*Bach collection of 100 spores.
Pyenidiospore width throughout ranged from 1.5 -« 2.5 /n.

7.5.62 |19.0-39.9 | 31.5 Z 0.26 25 | 66.5-217.4 |124.8 ¥ 1,16
7.5.62 | 20.943.7 | 32.8 £ 0.49 25 | 70.3-274.4 {156.1 £ 0.98
7.5.62 | 20.9-39.9 | 30.7  0.38 20 | 85.5-196.5 |113.6 ¥ 3.14
7.5.62 | 22.847.5 | 35.1 2 0.41 20 | 74.1-213.6 |123.5 ¥ 2.61
Overall | 19.0-47.5 | 32.5 ¥ 2.0 66.5-274.4 [129.5 ¥ 9,7
15.10.63 | 22.8—43.7 | 34.2 2 0,31 25 | 68.,4-132.9 | 104.5 * 3.88
15.10.63 | 22.843.7 | 32.8 £ 0.29 25 | 68.4-200.3 {114.0 I 3.41
15.10.63 | 20.9-47.5 | 33.1 2 0.44 35 | 81.7-213.6 {127.6 £ 3.45
4.9.65 | 28.549.4 | 37.7 £ 0.36 25 | 70.3-183.2 [138.4 ¥ 2,70
4.9.65 |22.8-60.5 | 44.7 2 0,38 25 | 89.3-285.7 | 145.4 ¥ 2.96
4.9.65 | 22.843.7 | 34.6 % 0.42 25 | 91.2-238.3 [127.7 ¥ 3.14
22,8-60.5 | 39.0 ¥ 2.4 70.3-285.7 {137.2 ¥ 1.2




TABLE 11 Septation of spores from 5 collections of P. paniculata in
the Manawatu 2°
Collection Percentage of Spores in Various Septate Classes
Date o | 1 2| 3| 4« | s notl::_;_in oo b
15.1 .61 4 12 3 64 1 4 12
15.11.61 2 12 4 73 1 - 8
T.5.62 4 20 4 54 - 1 17
4.9.65 5 12 - 68 1 - 14
4.9.65 - 3 2 79 2 3 1

"Samplo size of 100 spores at each collection,

b'Percentago of spores in sample where septa could not
be discerned.




TABLE 12 Dimensions of pycnidiospores and pycnidia from two collections of
P, paniculata from Holland; specimens received as S. phlogis

Pycnidiospore Length®* Pycnidia Diameter
Collection (in microns) (in microns)
Number Yo
Bange Mean ssured Range Mean
1 30.4-73.6 [46.4 L 0.41] 25 | 72.0-288.3 |138.6 1 2.43
2 27.2-68.8 |51.2 ¥ 0,34] 20 | 83.2-257.9 [164.1 ¥ 1.7
Overall 27.2=73.6 48.8 72.0-288.3 151.4

l‘'Pycnidios;{:oom width throughout ranged from 1.5 - 3.0 Vs

Sample size of 100 spores in each case.
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TABLE 13 Dimensions of pycnidiospores and pycnidia from five collections
of P, paniculata from Quebec, Canada; specimens received as

8. phlogis
Pycaidiospore Length e Pyenidia Diameter
Collection (in microns) (in microns)
Fumber Yo

Range Mean asured Range Mean
1 28.8-59.2 | 51.4 £ 0.63] 25 |[89.6-256.0 | 124.8 ¥ 2.46
2 25.664.0 | 54.2 2 1.21] 25 |81.6-227.2 | 147.0 L 3.17
3 27.2-65.6 | 55.8 £ 0.41] 35 |73.6-286.4 | 133.6 % 4.00
4 28.8-65.6 | 55.8 £ 0.57] 25 |97.6-233.6 | 153.1 ¥ 2.31
5 24,0-56.0 | 48.0 X 0.43| s0 |[84.8-224.0 | 163.4 £ 3,46

8<pycnidiospore width throughout ranged from 1.5 — 3.0 /o

Sample size of 100 spores in each case.
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TABLE 14 Dimensions of pycnidiospores and pycnidia from three collections
of P, paniculata from British Columbia, Canada;

received as 8. divaricata

specimens

Pycnidiospore Length s Pycnidia Diemeter
Collection (in microms) (in microns)
Number Yo
Range Mean Measured Range Mean
1 24.0-54,4 | 38.6 3 0.70 30 62,4-227.2 | 131.7 g 1.75
2 19.2-49.6 | 33.9 2 0.47] 30 70.4-235.2 [136.6 ¥ 2,21
3 20.8-56.0 | 36.1 & 0.22 25 78.4=228.6 [127.5 £ 1.82
Overall 19,2-56.0 36.2 62,4=-235,2 131.9

a''1>,y'cnid:i.ospore wvidth throughout ranged from 1.5 - 3.0 /u.

S8ample size of 100 spores in each case,




-5 =

TABLE 15 Pycnidiospore length and pycnidia diameter from Septoria infections
of P, paniculata; collected data from Tables 10,12,13 & 14

Pycnidiospore Length Pyenidia Diameter
Boilinsiiba (in microns) {(in microns)
Range of Overall Range of Overall
Sample Means Means Sample Means Means
M.pan 19.,0-60.5 4.4 57.0-285.7 133.2
m 24‘0'65.6 53.0 7306-286.4 1“04
n. EE 27.2"73.6 48.8 72.0-28803 151 04
B.C.pan 19.2-56.0 36.2 62.4-235.2 131.9
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TABLE 16 Means and standard errors of means of seven group collections
from P. drummondii and P. paniculata (see Appendices 9 & 10)
Pycnidiospore Length Pycenidium Diameter
Group (in microns) (in microns)
Origins
Mean S.E. Signif. Mean S.E. Signif.
of Diff. of Diff.
M.dr 363 | 217 A 85.9 244 A
H.dr.sd 33.5 | 2.1 A 92.1 25.4 A
U.Kdr.ad | 33.6 | %24 A 94.4 5.4 A
M,pan M4 | 1.6 A 133.2 Taa B
H.pan 8.8 | Ya.2 B 151.4 $10.8 B
Q.pan 53.0 | 2.7 B 144.4 te6.8 B
B.C.pan 6.2 | T3 A 131.9 8.8 B

Note = those means with a letter in common are not significantly
different.
different at the 1% level.

Means with no letter in common are significantly
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from all collections are grouped according to species of pathogen and compared

with similar data from the three type descriptions.

3. Discussion

The above results show that collections presumed to be representative
of the three species of Septoria could not be identified on the basis of
their gross morphology in host tissues. Pycnidiospores were similar through-
out in shape and septation, the little variation observed between collections
being no greater than could be found within any one collection. Likewise
the morphology of pyenidia, as revealed by study of microtome sections, proved
to be very similar for all collections.

It was also shown that separation of the three species was not pessible
on the basis of pycnidiospore and pycnidium dimensions, As regards pycnidium
diameter, the statistical comparisons of collections from both host species
and representing the three species of fumgus, showed the material could be
arranged in two groups corresponding to the two host species (Table 16).

That is, there was a host effect, the pycnidia from P. drummondii collections
in all cases being significantly smaller on average than those from P.
paniculata. In contrast, vithin each host species there were no clear
differences between collections, even though different species of Septoria
are alleged to be involved. In the case of spore length, the statistical
analysis shoved that collections could likewise be arranged in two groups,
there being no differences within the two groups but a significant difference
between groups., Thus pycnidiospore length from the P, paniculata material
received from Holland and Quebec and both identified as S. phlogis was
significantly greater than those from all other collections. However these

latter represent collections from both host species and include all three



species of pathogen. That is, in respect of both pycnidia diameter and
pycnidiospore length, consistent identification of all collections on the
basis of these criteria was not possible.

Results of the experiment wvhere repeated collections were made from
plants raised from infected Dutch and English P, drummondii seed are of
particular interest as they clearly demonstrate the dangers inherent in
the practice of basing diagnoses upon a single collection. Although in
both series the range of spore length and pycnidium diameter at different
collection dates wvas so great as to varrant identification as all three
species, statistical treatment of the data revealed no significant differ-
ences to exist (Appendices 5 and 6). Since the two series of plants were
raised in complete isolation the variation could possibly be attributed to
environmental influences. Howvever as there were wide fluctuations between
collection dates within any one series without a corresponding trend in the
other series, this was probably not the cause., It is more likely that the
variation is simply an expression of the genetic variability inherent in
each collection.

The conclusion to be drawn from the above studies is that there was no
convincing evidence of more than one species of Septoria causing the disease
on the two species of Fhlox. On the other hand, the detailed studies of
variation in spore length and pycnidia diameter do indicate how infrequent
collections of field material in a limited environment has encouraged the

continued recognition of three species of Septoria pathogenic on Phlox spp.



D. Cultural Studies

As far as the author is swvare there are no reports of studies on the cul-
tural features of Septoris isclates from the genus Phlox. In the present work
camperative studies were made of agar isolates from New Zeeland and overseas
eollections of P, drumordii end P. paniculata and represonting the three erected
species of pathogen. The objectives vere to charmcterise the cansgl orgeunism
on culture media, and to determine whether species separation vas possidble on
the basis of cultural charscteristics. The main features considered were gross
colony characteristics such as shape, aize and color, and growvth rate, and the
sorphology of vegetative mycelium, pyenidia, pyenidiosporea, and secondary
conidia, The pattern of spere germination was also investigated since wvarious
vorkers have folloved Drechaler (1923) in recognising two msjor groups of
species vithin the genus Helminthosporium distinguished on the besis of the

cells from vhich the germ tube arises.

1. Methods and Materials

Isolations from the field eclleotions listed on pages 24 and 25 vere =amde
40 agar by two methods. In the first, lesioned leaves vith pycnidia were
held in a sterile petri-dish lined with moistened filter paper for 24-36 hours,
by wvhich time spores had usually escaped to form cirrhi. Longer times were
usvaelly necessary for leaves of P. pnniculata. The leaves vere examined with
a stereoscopiec microscope and single cirrhi were transferred with a sterile
needle to drops of sterile vater in petri-dishes. Plates of agar inoculated
with the resultant spore suspensions by streaking with a platinum loop were
incubated at 24°C.

The ahove method was followed for all P. drummondii specimens, and on
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those occasions where pycnidia were located on P, paniculata leaves. Vith
this latter host, tisswe plating had to be resorted to in thoase instances
vhere pycnidia were not observed. Small pieces of leaf approximately 3 mm
squsre froo the edge of young lesions were immersed for one minute in 70%
aleohol, trensferrod to 131000 mercuriec chloride solution for 30 seconds,
wvashed by five successive transfers through sterile water and plated to
pTUNe agar. mé method was only moderately successful because of the
slov growth of the pathogen and because of the large number of contaminants
frequently present.

8ingle spore cultures were prepared by streaking a veek spore suspension
over a limited area of potato dextrose egar (PDA) plates. After incubation

for 24 hours well-isolated germinating spores vere tranasferred to either
agar plates or tesi~tube slopes.

In preliminary culturel studies the relative merits for grovth and
sporulastion of the folloving 9 agar media were determined: PFDA, cormmesl,
potats, carrot, water, V8 juice (all laboratory prepared), and tomato juioce,
PDA, malt and prune (all Oxoid, Oxo Ltd., London). Of these laboratory-
prepared PDA proved most satisfactory in every respeet, being easy to prepare

inaxpensive end consistently supporting good growth and sporulation. Unless
othervise stated, all cultural studies were made on this mediunm.

Pycnidiospores produced on agar were colleoted for measurigy by trans-
forring to slides the spore mass vhich eollected over the ostiole area of
pycnidia on cultures incubated at 24°c. Lactophenol cotton blue was used
throughout as a atain.

The production of secondary conidia, the manner of pyecnidium formation
and the pattern of spore germination vas folloved on FDA slide cultures
incubated at 24°C. These vere prepared by pouring a few drops of agar onto
single slides in sterile petri-dishes lined wvith moistened filter peper.
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The slides were inoculated by streaking with a dilute spore suspension, in
sach case prepared from a single eirrhus from naturally diseased leaves.,

By mieroscopically folloving selected spores at interwvsls of 3 -~ 6 hours

the general pattern of germination was determined. The details of hyphel
septation vere ohserved after the application of a drop of lactophenol cotton
blue to the agar surface of some slides at esch inspection.

Brancato and Golding (1953) established that in cultural studies colony
diameter is a valid measure of the effect of envircmmental factors. This
criterion was used in the present astudy vhen determining the effect of
teuperature on growth of isolates from the wvarious field collections. Plates
vere incculated either with single spores, as previously descrided, or by
mass transfer from established coloniea, In this latter method equal sections
of a 10 day old monosporons colony were cut wvith a cork borer (3 mm diameter)

and transferred upper surface down to the centre of agar plates.

2. Results

A8 isolation of the pathogen from field collectiona progressed it was
evident that no correlation existed betveen cultural feetures and the collect-
ion source or apecies of pathogen purported to be involved. In general, all
first generation monosporous isolates, irrespective of origin, were sufficient-
ly similar in appearance to give the impression of a single, cultural type.
Differences in colony shape, colony colour end growth rate were frequently
observed between collections, but these wvere no greater than could be found
within any one collection, particularly when the incculum vas spores derived
from cirrhi from different lesions.

The term ®"wild type" is henceforth used to designate the characteristic,

naturally-occurring cultural type which appeared in first genmeration isclations,



the expression being used in the same sense as proposed by Miller (1945) for
the Fusarium of mmsimelon wvilt., Wild type isclates are to be distinguished
from cultural wvariants vhich subsequently developed from the initial field

monosporous cul tures.

(1) Colony Characters of the Vild Type
On plates of PDA incubated at 24°C colonies were first macro-

scopically discernidble at thrse days. They vere mnoose and dull vhite at
first with a smooth, moist surface and an entire edge. Over the next four
days colonies gradimlly darkemned, increased in diaseter to approximately 8 mm
and the centres Locame slightly raised (Plate 17). The presence of pyenidia
vas indicated wvithin 10 days from inoculation by many cream colored, shining,
spherical masses of escaped pyenidioapores located more particularly tovards
the centre of colonies. It wvas at this stage thatl colonies from P.
drummondii collections least resembled those from the peremnial lhost species;
in general, P. peniculata isolates were lighter in colour because of a fine
tonentm of short aerial hyphae which gave a distinctive mouse grey appear-
ance and tended to mask the presence of the pycnidiosporo masses (Plate 18).
Prom the tenth day there was considersble variatisn in the development of
colonies from all collections. Some becawe very irregular in outline while
others remained symmetrical. Many developed e distinctive white peripheral
border whereas others remaived uniform in colur. In all ecases the colony
eentres finally becaze raised, uneven, carbanuce~us, frequently with patches

of course, vhite aerial hyphas (Plate 19).

(ii) Cultural Variants
Vild type isolates from sll collections seldom remained constant

in culture. Vith time there was culturasl degradation in the sense that
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Plate 18 Wild type monosporous isolates from naturally infected
P. drumwondii (top) and P. panieculata plants (bottom)
on P.D.A. plates incubated at 249C. for 22 days.
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Plate 19 Surfaee topography of aged P. drummondii isolate on
P.D.A. and incubated at 24°C.
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numsrous variant straiﬁs appeared, wvhich in vany cases overgrew and replaced
the parent wild type colony, Cultural variation was not studied as s
specific topic but the following observations are relevant in indicating the
limited value of cultural features in taxonomie considerations.

Sectors or patches differing from the parent colony appeared sl any
staga of grovth and in positions varying from near the centre to the outer
border (Plate 20). They wore observed as early as five days in wonpsporous
isolates of the wild type and in some instances crowded out the parent colony.
In a few ecases wild type isolates were stable through several transfers;
more usurlly there was a graduazl change in colony features to a stage where
the isolate bore little resemblance to the original thallus. Cultural
wvariants retained in pure culture and perpetuated by further subculturing
shoved far greater stability than parent wvild type isolates (Plates 21 & 22).
Many variant strains were sterile, and in all instences vhere pycnidia were
produced the intensity of sporulation was considerably 1ess than wild type
isolates grown under identical conditions. 1In a limited series of inocu~
lation tests selected cultural varients were without exception markedly less

pathogenic than wild type isolates.

{iii) Morphology of the Wild Type

The fentures exhiibited by colonies which developed on PDA plates
incubated at 24°C are described bolows
(a) Mycelium
The hyphae of young actively groving colonies was slender,
1~-3 /n in dismeter, saptate, free~branching, hyuline at first but
quickly acquiring pigmentation (Plate 29). With age hyphee became

coarser, up to 6 /u in diamseter, more closely sepiate, dark in color
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Plate 20 Cultural degradation in monosporous wild type isolates
derived from infected P. drummondii seedlings.



Plate 21 Cultural variants subcultured from monosporous wild type
isolates derived from infected P. drummondii seedlings.
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Plate 22 Cultural variants subcultured from monosporous wild type
isolates derived from infected P. paniculata plants
(Manawatu collections).
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and often densely filled with 0il globules. The hard, crust-like
crovn of mature colonies consisted of closely packed hyphae with short,
thick wvalled, rounded colls reminiscent of chlamydospores. Similar
dark, intercalary, chlamydospore-like bodies were present along sub-
merged hyphase.

(b) Pyenidia
Pycnidis were usually produced by isolates vithin six days.

Those from P. drumondii collections were black, ercwded, spherical

and either superficial or embedded in the raised crown aree of colonies.
The wall surface was loosely pseudoparenchymatous and often covezred with
short, dark grey, closely septate hyphase., In some cultures the presence
of pycnidia wns maaked by a loose mat of light grey eerial hyphse.
Pycnidiospores were reloased as early as five days in P. drummondii
isolates to form dense, sticky, pale cream masses over the ostiole.
Cirrhi were never observed in culture.

P, paniculata isolates differed in that pycnidial production was
frequently delayed, and not as intense. They were counsistent in shape
and structure being crowvded and spherical, with a fire pseudoparenchym-
atous wall, Pycnidia transferred to slides were more difficult to
rupture than those from P. drummondii isolates. Spore masses roleased
{rom pycnidia were only rarely present within two weeks of isolation.

The method of pycnidium formation by isolates from both host
species wvas of the type described by Kemptom (1919) as meristogencus
and vas the same for all isolates examined. Stages in the formation
of pyenidia on PDA slide cultures of a P. drunnondii isolate are depicted
in Plates 23 and 24. Primordia develop from adjacent cells of & single

hypha, or more commonly from ndjacent cells of two or more neighbouring
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Plate 2) Stages in the formation of pycnidia by a P. drummondii
isolate, on P.D.A. slide cultures (see next Plate).



Plate 24 Stages in the formation of pyenidia by a P. drummondii
isolate, on P.D.A. slide cultures (continued).
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hyphae. These cells first darken and enlarge, become thick walled,
divide in several planes and gradually merge to form a amall knot of
tightly intexrvoven hyphas. Pree anastomosis between neighbouring cells
follows, the effect then being a compact, spherical, black, pseudo-
parenchymntous mass, Subsequent development leading to the formation
of pycnidiophores and spores could not be followed on agar media.

(c¢) Pycnidiospores

There were no distinctive spore features to typify any one

collection, Shape wss similar for all isolatea and ranged from atraight
to slightly curved. Septation was a very wariable feature ranging froo
0 -« 7 with the 3-septate state most commn.

The length of pycnidicspores produced by wild type isolates fram
P. drummondii and P. paniculata field collections following growth on
FOA at 24°C for 12 days are presented in Tables 17 and 18. An analysis
of variance showed there was no significant difference in the mean
length of spores from the four series of P. paniculate isolates
(Appendix 11). The dete from all P, drummondii and P. paniculata
isolates were grouped according to origin and the groups compared by an
aenalysis of variance; there wvas no significant difference (Appendix 12).

(2) Secondary Conidia

The production on agar of asexual spores on free vegetative

hyphee has been reported for several species of Septoria (Weber, 1922;
Sprague, 1944; Hughes, 1949; Bond, 1952; Blair, 1962), These are
similar in appearancce and structure to pycnidiospores and are variocusly
referred to as macroconidia or secondary comidia.

A capacity for intense production of secandary conidia was a
feature comrzon to all isolates, more particularly those from P. paniculata
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TABLE 17 Length of pyvnidiospores produced by monosporous wild type
isolates from P. drummondii field collections at 12 days on
PDA and incubated at 24°C; sample size of SO spores in

each instance
R s Collection Range
Source of Collection N} {en mie ) Meen
1 26.666.5 | 37.4 X 0.47
H.dr.sd. 2 22.8-51.3 | 34.2 0.4
Overall 22,8-66.5 | 35.8
= ~ ———e —WI
1 24.7-55.1 | 33.8 X 0.36
+
u,xgﬂr.’d. 2 ‘9.M2c7 3908 - 0019
Overall 19.0-62.7 | 36.8 ¥ 2.7



TABLE 18 Length of pyenidiospores produced by monosporous wild type
isclates from 14 P, culata field collections at 12 day» on
PDA and incubated at 24°C; sample size of 50 spozres in
each instance '
Collection
Collection e (i ESonins) Yoso
1 22.3-49.4 31.2 2 0.4
2 22,8551 36.0 2 0.26
M.pan ‘ +
3 19.0~-36,1 23.6 = 0,29
4 20.9-55.1 40.7 ¥ 0.34

H,pan

Overall 19.0=55.1 32,9 X 3.3

1 26,6~49.4 37.1 £ 0.48
2 22.8-62.7 46,6 £ 0.23
Overall 22,8-62.7 41.9 £ 4.5

m

1 22.8-41.8 33.3  0.45
2 19.0-43.7 28.3 X 0.31
3 22,8-47.5 37.6  0.36
Overall 19,0-47.5 33.1 2 3.7
——_—__——-ﬁ
1 28.545.6 36.1 0,27
2 2646=57.0 47.7 2 0.18
3 26.6-49.4 41.4 X 0.25
4 24.7-39.9 32,6 % 0.34
5 24,7=55.1 33.8 2 0.33
Overall 24,7-57.0 38.3 % 2.8

W
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collections. On PDA slide cultures incubated at 24°C conidiophores
appeared singly within four days as short, obclavate projections arising
at right angles from parent vegetative hyphaes., They were usually
aseptate, rarely one or two septate, straight, non-branched, rounded
at the tip 1.6 - 3.5 /u in diameter at the base and up to 18 /u long.
The secondary conidia resembled pycnidiospores being filiform, 0-5
septate, slightly acicular, mostly straight, and dorne singly and
terminally on the cenidiophores. Dimensions varied greatly in any one
isolate, and ranged from 31 to 107.5 /n by 1.6 to 3.3 /u.

Plates 25 and 26 depict stages in the production of secondary
conidia on PDA slide cul tures by P. drummondii and P. paniculata isolates.

(e) Spore Germination

The general pattern and rate of germination was identioal for

all collections and is illustrated on Plates 27,28,29,30 and 31. In ne
instence vere terrmiinal or lateral germ tubes discernible during the first
10 hours. However during that 4ime the overall body length at least
doubled and this wvas assumed to be the result of cell division and grovth
from end cells, Slides stained at this stage revealed most germimated
spores tc be 3= or 7-septate whereas the majority of ungerminated spores
wvere J-septate. First lateral hyphas were observed at 15 hours and
invariably were formed from the larger middle cells of the original spore.
Froa here on close septation occurred, older cells enlarged in diameter,
and first forued lateral branches sometimes developed secondary hyphae.
Pycnidiel primordia were formod at about 64 hours by P, drummondii
izsolates and immature socondary conidia were in evidence at 72 hours.

The absence of any readily recognisable structural change in spores



Plate 25 Secondary conidia production on P.D.A. slide eultures by
P. drumsondii isolates.



Plate 26 Secondary conidia production on P.D.A. slide cultures by
P. paniculate isolates.
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104 hours

Stages in the germimation of pyenidiospores on P.D.A. slide
cultures incubated at 249C. Inoculum from an infected

2. drummondii seedling.
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Stages in the germination of pyenidiospores on P.D.A.

slide cultures incubated at 24°C.

Inoculum from an
infected P. drummondii seedling.

38% hrs

hrs
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Plate 29 Vegetative myeelium of a monosporous P. H isolate
on a P.D.A. slide culture incubated at . for 68 hours.



15 hours

36 hours

Plate 30 Stages in the germination of pyenidiospores on P.D.A.
slide cultures incubated at 24°C. Inoculum fram a
field infected P. paniculata plant (Manawatu colleetion).
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I.-‘i 43 hours

48 hours

Plate 31 S8tages in the germination of pycnidiospores en P.D.A.
slide cultures incubated at 24°C. Inoculum from a
field infected P. paniculata plant (Manawatu collection).



during the early stage of germination provented studies on the effect of
temperature on percentage spore germination, end the time requirement
for the onset of germination at different temperatures, Invariably
germination began with a considerable increese in cverall body length
and this was revealed only by following growth of selected sporos ageinst

the groduations of the eyepiece nicrometer.

(iv) Growth in Relation to Temperature

The effect of temperature on growth was dotermined for isolates
from all collections in three experiments using single spores and myeelial
discs (3 mn diam.) as inoculum (Plate 32). Thero was a similar response at
any one temperature by all collections but some variation betveen collections
in the extent of growi: at somp temperaturss (Table 19), Thus for all
collections the minimm and maximmm tesiperatures for grovth were approximately
6° and 30°C respectively, vith maximum growth at 27°C.

Por all collections pycnidiospore production occurred over the tempere~—
ture range 9%-27°C but was most intense at 24°C. Pyenidis vere never
obzerved at 3o°c. Although greatest mycelial growth occurred at 27°C rele~
tively few pycnidis wvere produced at this temperature.

Temperature greatly influenced the macroscopic features of wild type
colonies, even vhen the inoculum vas single spores from the ong pycnidium

(Plate 33).

3., Discussion

Cultural studies are of value in clarifying the taxzonomy of related
groups of fungi where one or more features associated with growth on sgar
are 8o distinct and stable as to clearly clharacterise a particular species.

llowvever, there are dangers inherent in the use of cultural features in this
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Plate 32 Effect of temperature on growth rate of Septoria isolates from
P. drummondii (above) and P. paniculata plants (below). 1In
each instence inoculum was a gycelial disc (3 mm diam.) eut
from the periphery of 7-day-o0ld monosporous wild type isolates
growvn on P.D.A. at 24°C. Note the development of cultural
variants at several temperatures im both series.



TABLE 19 Effect of temperature on colony diameter (mn) of momosporous wild
type isocletos from P. drumwondii (2) end P. paniculata (4)
collections at 24 days on PDA plates. (Mean of 3 replications
at each temperature for oach collection)

Collection TRIPERATURE (°C)

Source

SOuICse 3 |6 9 |12 115 1 18 | 21 | 24 | 27 | 30 | 33
U.E.dr,.sd. - 2 8 9 9 |10} 14} 24} 27| 20| -~
H.dr,sd, - 13 3 7 9 10 | 17 22 28 22 2
M.pean - ] 6 |1 13 J16 | 24 | 25 | 34 | 26 | =
H,pan - 2 5 9 |11 13| 17| 23] 3] 25| -
B,C.pan - 1 3 7 112 15| 20| 28} 35| 21 | -
Q.pan - 2 6 8 |13 |17} 2] 24 1| 20} =~
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Plate 33 The influence of temperature on macroscopic features of
monosporous wild type isolates from a P. drummondii (left) and
P, paniculata plant (right). Inoculum in each instance derived
from a single pycnidium. Temperature range from 6° to 33°C. in
3° interwvals.



vay. There is first the difficulty of essembling a population sufficiently
representative to cover the range of genetic varisbility existing in the field.
Only with @ truly represeatative collection is it possible to define the species
limits within which iasolates can be placed wvith any degroe of cortainty.

Vhen cultural degradation is a feature of collecticns then comparisons must

bo made as soon as possible after isolation to ensure employment of charectars
vhich are exclusively those of the wild type. Further, comparisons must be
made under uniform conditions since even minor changes in the oxternal
environnent may significantly influence both gross colomy features and
morphology. For example, Williams (1959) has shown that the spore dimensions
of four fungal species representing a wide range of morphologicsl types wvere
significantly altered by alight changes in temperature, p/H and 1ight. More
roecently Rangaswami & Secbardan (1960) demonstrated that the nutritional
content of the substrate significantly reduced the length of conidis of
Alternaria melongenae. Obvicusly the findings from cultural studies must

be used with great caution, and at hest can serve anly as supporting evidence
for any taxonomic decision. In the first instence taxzonomy wust be concerned
with and be based on stable morphologicel criteria of the fimgi as they exist
in the field.

In the present study, collections eould not be distinguished on the
basis of cultural features. In general, the gross colony appearance of
monosporous isolates from P. drummondii collections were initially more alike
than those from the various P, paniculata collections and as a group vere
aore distinctive during the first 20 days of grovth. Hovever, the degree
of variation in P, paniculate collections was such that isclates vere often
indistinguishable from those from P. drummondii collections. Distinguishing

collections on the basis of the alleged species of pathogen involved and



using gross colony features as the criterion was likevise impossible. In
particular the range of variation among the so—called 8. divaricata isolates
wvas 80 great as to provide cultures macroscopically identical with some from
each of the other collections,

All isolates were morphologically uniform. A microscopic couparison
of monosporous isolates of the same age and growvn under identicel conditions
did not reveal consistent differences in the structure and dimensions of
pycnidiospores, the method of pycnidium production or the pattern of spore
germination. Distinguishing collecstions on the basis of these features wvas
also impessible. That is, results from the cultural studies in no wvay pro-
vided support for the contention that more than ome good species of fungus
vas involved.

The ready production of secondary conidia on agar was an cuistanding
feature of isclates from all collections., It is postulated that secondary
conidia are produced in the field functioning there as a further form of
inoculum for secondary dispersal of the pathogen. As stated earlier,
pycnidia could be located on infected P. paniculata plants only with diffi-
culty yet vast numbers of discrete lesions on leaves indicated an abundance
of inoculum in the imnediate environmment. There is also the possidbility
that perithecia are produced, but a sexual stage of the pathogen was never
located. In an attempt to demonstrate secondary conidia production on
host tissues, infected leaves of both species were subjected to varying
periods of high humidity in petri-dishes incubated at temperatures ranging
from 15° t0 30°C. On two occasions severely infected 2. paniculata leaves
(Manavatn collections) were located with a fine tomentum of short erect
conidiophores bearing conidia in a mamner identical to that observed on

agar slide cultures. In both instances the fungus wvas isolated to agar



-92 -

and used as inoculum to induce infections typieal of the disease on this
host. This provided proof that the fungus has the genstic capacity to
produce secondary conidia on host tissues but it would be unvise to assume
this occurs to any great extent in the field. However, there remains the
distinct possibility that under the right envirommental conditions pyenidio-
spore inoculum may be supplemented by asexual spores produced direetly from

vogetative mycelium.

E. Pathogenicity Studies

There are no records in the literature of pathogenicity tests within

. the genus Phlox using Septoria isolates. Pathogenicity studies were there-
fore conducted first to meet the requirsments of Koch's Postulates. Cross
inoculations vere also made with isolates from both P. drumondii and P.
paniculata and representing the three species of pathogen, to determine
vhether collections could be differentiated on the basis of restricted patho-
genicity. It vas the practice of earlier mycologists to split elearly
defined morphological species into a multiplieity of "species" merely on the
basis of host specificity. Cross inoculations were made wvith vhat are pur-
ported to be representatives of the three species of Septoria to determine
vhether any of the present isolates were host specific and whether they

could be differentiated on this basis.

Materials and Methods

Plants of P, divaricata were not availeble as seed could not be procured
of this weed species, which is confined to North America. Inoculation trials
vere thus restricted to use of the species P. drummondii end P. paniculata.

Plants of the former wore raised from pathogen-free seed. The latter vere



propagated by root cuttings from established disease-froe plants.

The inoculum in all cases vas a spore suspension prepared from wild-
type cultures growvn at 24°C on PDA. The strength of the inoculum waried
betveen experiments but wvas identieal for all isolates used in any ono trial.
Flants were inoculated by peinting both leaf surfaces or by spraying with the
spore suspension. Folloving inoculation, plants were subjected to high
humidity in a glass hmidity cabinet, or by covering with cellophane bags.

In all experiments procautiops were taken to prevent unintended in-

fections, and adequate controls were alvays provided.

Results
1. Proof of Pathogenicity

The requirements of Koch's Postulates were successfully fulfilled on
numgrous occasions wvith isolates fram Manavatu field collections of both P.
drumnondii and P. paniculata (Plates 34 & 35). In the case of the former
seriee symptoms usually first appeared within seven days, and were folloved by
abundent production of pycnidia on lesions within e further 56 hours. Symptoums
were slower to develop in P. paniculata incculations, ususlly taking at least
10 days, and a3 in field infected plants, relatively few pyvunidis vere formed.
In both inoculation series re=isolation to agar was achieved by atreaking
spores froam a suspension prepared from cirrhi. Colonies which developed were

essentially similar to those from which the parent inoculum was prepared.

2. Croas Inoculations

(a) Susceptibility of P, dmmrondii to isolates from P. paniculata
In preliminary experiments the susceptibility of the host species

P. drummondii to_Septoria isolates from Manawatu collections of P. paniculata

vas demonstrated on several occasions. On receipt of collections of in-



Plate 34 Proof of psthogenicity: artificially inoculated
P. drumondii plant at 13 days.
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Plate 35 Proof of pathogenicity: P. paniculata plant (raised
from seed) at 21 days following inoculation.
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fected P. paniculata from Holland, British Columbia and Quebec, the relative
pathogenicity to P, drumrondii was determined on four potted plants with
isolates from this weterial and sn isolate fyom a Manawatu collection of P.
paniculata. In each instance the inoculum was a spore suspension prepared
from 20 day old PDA cultures incubated at 24°C and adjusted to approxirately
28,000 spores/ml. Controls were provided by two planta inoculated with an
isolate from P. drummondii (approxz. 28,000 spores/ml), and two plants sprayed
vith aterile water. All plants were subjected to high bumidity for 56 hours
followving inoculation end then retwrned to glasshouse benches. Besults
recorded at 25 days are summarised in Table 20,

All isolates proved pathogenic to P. drummondii but there was considerable
variation between isolates in symptoa expression and the rate and extent of
disease develoment. Vhereas within six days well developed lesions typieal
of field infections vere present on both plants inoculated with the P.
drunnondii isolate, symptoms were not present until 11 days in the case of
¥anszwvetu and Dutch P. paniculata isolates (Plate 36), and 13 days in the case
of the British Columbia and Quebec isolates (Plate 37), and in each instance
bore little similarity to field infections of either P. drummondii or P.
paniculata. PFirst evidence of infection was the appearance on the lover,
older leaves of minmute, circular, dark browvn lesions which, during the following
three days, became more distinct and enlarged to approximately S sm in diameter.
In the Nov Zealand and Dutch series some few lesions reached 8-10 :m diameter.
The losion centres lightened very little in colour and only when the dead
areas were very close together was there any coalescence. Severest infection
in all cases wvas on the older leaves, particularly townrds the leaf tip, and
associated with this there was usually a gradusl yellowing of tissues between

lesions, At 25 days a fow pycnidia were present but only on the larger



TABLE 20 Infection of P. drummondii planis ipoculated with Septoria
isolates from P. paniculata collections; results talken at

25 days
Scurce of Disease Pyenidial
Inoculun Rating Production
M,pan 3 *
Hopan 2 *
B.C.pan 1 [
Q.pan 1 8
Controls
H.dr, 5 a
Sterile
water 0] 0

®* Subjective scale of 0-5, vith 5 being severe infection.

b. + = very few pycnidia present.

++ = moderate mumbers of pycnidia present.

+++ = large numbers of pycnidia present.
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Plate 36 Infected leaves from P. drummondii plants artificially inoculated
with a Manawvetu P. paniculata isolate (top), and an isolate from
a P. paniculata collection received from Holland (bottom).



Plate 37 Infected leaves from P. drummondii plants artificially inoculated
using isolates from P, culata collections reeceived from Quebec
(top), and British Columbia (bottom).

MASSEY UNIVERSITY
(ABRARY
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lesions on the lower leaves of plants inoculated with the Manawntu and Dutch
isolates., Illowever, when the more severely infected leaves of each series
were subjected tc high hunidity in petri-dishes for three days pycnidia deve—
loped in all cases.

All coantrol plants sprayed with sterile water remained disease free.
The fact that plants inoculated with an isolate from P. drummondii became
severely infected indicated that the environmental conditions associated with

the experiment were favourmble for infeetion.

(b) Susceptibility of P. paniculata to isolates from P. drummondii
Septoria isolates from P, drum:ondii seedlings raised from infected

seed of Dutch and English origin proved weakly pathogenic to potted P.
paniculata plants. Inoculum was a spore suspersion prepared from ten day old
PDA cultures, and incculation was by spraying to run-off point. Controls
vere provided by two groups of four potted P. drumpondii plants inoculated
with the two spore suspensions, and a further four plants aprayed with sterile
distilled water. All plants were subjected to high bumidity for 56 hours
following inoculation and then set out weli-spaced on glasshouse benches.

There was very poor development of symptous on P. paniculata plants
inoculated vith the two P. drumomiii isolates. In both series scattered
black lesions less than onme millimetre in diameter and of irregular outline
vore first observed at 11 days on the upper surface of many leaves. By
the fifteenth day a small perceatage of lesions had enlarged to 3-5 mm
diasmeter and in some fewv inatances had coalesced. VWith age there was soue
lightening in color of the larger leaions but pyenidia were not observed.
Pycnidia were also not produced vhen the older larger lesions were subjected
to prolonged high humidity in petri-dishes., The spoiting of the leaves vas

shown to result from Septoria infection by plating leaf tissues to FDA
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following surface sterilisation with 0,1% mereuric chloride for 30 seeconds.

Control plants sprayed with sterile water remmined. disesse—free, vhereas
the two series of P. drummondii plants inoculated with the two spore sus-
pensions became severely infected.

The susceptibility of P. paniculata to Septoria isolates from P.
drunmondii plants was further investigated in a series of experiments using
shoots excised from healthy plants and held in bottles of tap water. P.
paniculata leaves sro decussately arranged. In each inoculation experiment
all except the top four or five pairs of loaves were stripped from each shoot
and both surfaces of one leaf of each pair inoculated by viping with a spore
suspension, the other leaf serving as a control. Further controls were pro-
vided by shoots similarly inoculated with a spore suspension from a P. panicu-
lata isolate. Polloving inoculation all shoots were covered vith cellophane
bags for varying periods.

Resulte confirmed that Septoria isolates from P. drummondii ere only
weakly pathogenic to P. paniculata. Severest infection was induced when the
ingcnlum potential was increased to 220,000 spores/ml., the period of humidity
following inoculation extended to five days, and shoots were again covered
with cellophsne bags when first symptoms became apparent (Plate 38)., Follow-
ing such treatment larger lesions developed wvhich frequently coalesced, and
groupe of up to 13 pyenidia were located from which the pathogen vas readily

re—isolated to ager.

Discussion

In the Saccardian system of Deuteromycete classification the two main
criteria for species delimitation are pathogen morpholegy, and host specificity.
It appears that earlier mycologists vieved host specificity within the gents

Septoria as of considerable importance since well over 1,000 species have been



described, primarily on the basis of the host on which they were found.

The fact that the spore length of 700 of the Septoria "species” in Saccardo's
®Sylloge FPungorum® fall vithin the limits of 20~50 /B (Beach, 1919) further
esplasises the importance previously attached to host specificity in this
genus. The three species of Septoria at present under consideration vere
originally described on P. paniculata, P. divaricata and P, drummondii re-
spectively, with overall spore length falling within the limits of 15-60 /u.
One may conclude that here also, host specificity played some part in the con-
sideration that three species of fungus vere involved.

The ebove pathogenicity studies have shown that isolates from P.
paniculeta, regarded as S. phlogis and 8. divaricata were pathogenic to P.
Grummondii., Similarly, isclates from P. drummondii, regarded as S. phlogis
and S, drummondii were pathogenic to P. paniculata. Although in all cases
collections were more pathogenic to the host from vhich the isclate was obtained
it vas clear that from the standpoint of association with host species there

wvere no essential differences of taxonomic wvslue.
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Plate 38 Excised P. paniculata shoot artificially inoculated
wvith an isolate from a P. drummondii seedling (see text).
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II SEED TRANSMISSION STUDIES

A. Introduction

Seed-borne diseases are those which may result from the use of seed
carrying viable inoculum of a pathogenic micro-organism; that is, 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 broed situa-

tions are recognised:

(i) Seed Contamination: where free propogules of the pathogen are

present as superficial adherents, or where minute fragments of
crop detritus bearing viable inoculum accompanies the seed and
are sowvn vith it.

(ii) Seed Infection: where the pathogen is established as vegetative
mycelium in the testa and/or embryo of the seed.

Knowledge of the menner of seed dissemination of pathogens is of importance
since treatments adopted for control of specific seed-borme diseases are based
on predetermination of whether seed contamination and/or seed infection is
involved.

The recently published amnotated list of known seed~borne diseases compiled
by Noble, de Tempe and Neergaard (1959) emphasises the extent to which seed
pathology has developed in recent years, Included are fifteen seed-borne
diseases caused by species of Septoria, of which eight are considered to be of
economic importance. In each of these diseases both seed contamination and
seed infection are involved, with the former of minor significance because
the free conidia associated with seed are relatively short~lived. Where seed
infection is involved, vegetative mycelium, and in some few cases pyecnidia
(Gloyer 1931, Maude 1964), are present on and beneath the seed surface.

Spores within pycnidia and sub-surface mycelium in the testa are of considerable



- 105 -

importance in initiating infection because both may remain wviable for
some months,

Pield observations in the present study suggested that both seed contam-
ination and seed infection occur in diseased P. drummondii seed crops.
Disease development had been followed in several Manavatu field plantings and
in late autumn lesions with abundant pycnidia were frequently observed on
leaves, stems, petioles, pedicels and sepals in the immediate vieinity of
maturing ovaries (Plate 39). Because of the proximity of pycnidia to the
flower head there is ample opportunity for infected tissues to be included
vith the seed during harvesting. During threshing, pyenidiospores, eirrhi
and pycnidia would be liberated from this material to contaminate the seed.
The close relation of pycnidie to inflorescences would also facilitate spore
dispersal by splashing during wet weather. Germinating spores could then
infect developing seed within ovaries. It was postulated, therefore, that
both sesed contamination and seed infection could be involved in dissemination

of the Seploria leaf blotch disease of P. drummondii.

B. Initial Evidence of Seed Transmission in Commercial Seed Lines

Evidence of seed transmission was first obtained in October 1953, using
three United Kingdom lines of P. drummondii each of which had produced in-
fected seedlings in two local commercial nurseries. PFPour nev boxes of
sterilised 20il were sown with each seed line at the rate of 1.5 grams (approx.
800 seeds) per box and set out well-spaced in & glasshouse which had not
previously held P. drummondii plants. As controls, four boxes were similarly
sown with seed of two further lines which in both nurseries had produced only
disease-free seedlings.

At 45 days from sowing a count was made of the number of seedlings in
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Plate 39 Lesions with pycnidia on stems and leaves in the
vicinity of maturing overies of P. drummondii.



each box with lesions and pycnidia on one or both cotyledons.

diseased seedlings were removed from each box and the pathogen isolated to

Several

agar. The results are given in Table 21.
TABLE 21 Seedling infection resultant on use of commercial seed.
Percent- No., of No. of Infected ﬁ_ Infected Emerged
Seed Line |age Germ- | Emerged Seedlings Seedlings
ination °* Seedlings |Box , Box , Box , Box | Box , Box , Box, Box
A|B| | D] A} B]C} D
1 82 5T7 5 2 2 3 ]0.85 }0.34 |0.34 | 0,51
2 91 612 - 3 1 1 - 10.48 |0,16 | 0,16
3 87 558 7 3 5 2 |1.26 {0.54 |0.9 |0.36
Control 1 95 701 - - - - - - - -
Control 2 83 547 - - - - - - - &

&+ Determined by the Government Seed Testing Station, Department of

Agriculture, Palmerston North.

A3 seedlings in the control boxes were disease free, infection clearly

resulted from viable inoculum associated with the seed at the time of sowing.

However, these results provided no evidence of whether seed contamination or

seed infection wvas involved.

1.

C.

Studies Relating to Seed Contamination

Detection of Surface-Borne Inoculum

The technique for detecting surface contamination of P. drummondii seed

was based on that developed by Bolley (1902) for detecting spores of Tilletia

foetida (Wallr.) Liro and Fusarium oxysporum f. lini (Bolley) Sny. and Hans.
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on seed of vheat and linseed respectively.

Three grams of the three United Kingdom seed lines which previously had
given rise to infected seedlings were added to 15 ml. of distilled water in
an Erlenmeyer flask and vigorously shaken. The vash water from each flask
was centrifuged for 10 minutes at 3,000 r.p.m. and the supernatant disearded.
Slides were prepared by adding some of the deposit in each tube to drops of
lactophenol cotton blue.

Pyenidiospores typical of the causal fungus were observed on several
slides from each of the three series. 1In preparations from two of the seed
lines small tissue pieces wvith pycnidia were also observed. 1In both cases
pressure applied to the cover slip induced rupture of the pycnidia and release
of Septoria type conidia.

It was thus established that commercial seed of P. drummondii may include
conidia of the causal organism either in free form, or in pycnidia associated

wvith crop debris.

2. Viability of Inoculum Contaminating Seed

The following experiments were conducted using the three commercial seed
lines referred to above, vhich at the time were not more than eleven months
old.

Cruikshank (1954) demonstrated the viability of conidia of Septoria
linicola (Speg.) G. Roda associated with seed of linseed by observing spore
germination in Van Tieghem cells., His method involved preparing a concentrate
of conidia from seed using Bolley's centrifuge technique, transferring spores
to Van Tieghem cells and incubating at 23°C for 24 hours, Preparations were
then stained with lactophenol cotton blue and examined for germ tubes. This

method was tried in the present study but found to be unsatisfactory as heavy
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bacterial growvth made examination of the conidia extremely difficult 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 well have been
inhibited by the high concentration of associated saprophytic bacteria and
fungi.

In e further attempt to observe germination, plates of prume agar and
malt agar vere streaked with the centrifuged deposit from the three seed lines,
and incubated at 24°C. Within three days hovever all plates were covered with
rapidly growing saprophytes which effectively masked any development of the
slower growing Septoria.

The viability of free inoculum essociated with seed was finally demon-—
strated by use of a plant inoculation methode A 10 gram sample of each of the
three seed lines wvas shaken in 50 ml. of sterile water and the wash water
centrifuged at 3,000 r.p.m. for 10 minutes., The supernatant wvas discarded
and the sediment re-suspended in 30 ml. of sierile water and painted over
eight leaves of four potted, disease~free seedling plants using a camel hair
brush. As controls, another four plants were similarly inoculated with a
spore suspension (113,000 spores/ml.) prepared from a stock culture, and four
plants were inoculated with distilled water. - All plants were subjected to
high humidity for 72 hours to facilitate infection. Subsequent watering was
by steeping in trays. Where lesions and pycnidia developed identifieation
of the pathogen was confirmed by isolating to agar.

The results, recorded at 28 days following inoculation, are presented

in Table 22,



TABLE 22 Viability of inoculum in free association with commercial seed.

No. of Leaves Infected
Source of Inoculud | p),ny o | Plant B | Plant € | Plant D
8eed Line 1 2 1 o 1
Seed Line 2 o o o o
Seed Line 3 o o o o
Stock Culture 8 8 8 8
Sterile Vater (0 o o 0

The above results show that viable inoculum is carried on the surface of
2. drumuondii seed imported to New Zealand, and thus allows the hypothesis
that seedling infections in nurseries may originate from this inoculum. As
the seed at the time of testing was eleven months old the results imply the
ability of pycnidiospores to remsin viable for at least that length of time,
more probably when associated with cirrhi or pycnidia. The ability of spores
to remain viable in cirrhi and pycnidia for long periods wes investigated as
follows:

(a) Viability of Spores in Cirrhi

Naturally infected leaves bearing abundant pycnidia were subjected
to high humidity at 24°C in petri-dishes lined with moistened filter paper to
induce the production of cirrhi. After 24 hours the lids were removed to
allov leaves and filter paper to dry, and the leaves were then transferred to
sterile petri-dishes for storage at room temperature. To determine survival
of pycnidiospores with time, sample leaves were removed at 3 day intervals for

69 days and not less than ten cirrhi transferred to a drop of sterile water to
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produce a dense spore suspension, Twelve plates of PDA were then streaked
with this inoculum and incubated at 24°¢ for 10 days.. The production of
colonied of the fungus was the criterion indicating spore viability.

Up until 27 days little loss in viability occurred, as evidenced by large
nunbers of colonies which appeared on all streaked plates. Thereafter a
gradual reduction in colony numbers occurred until the fifty-seventh day when
only three colonies developed on the twelve plates. All plates streaked
using inoculum prepared at 60, 66 and 69 days failed to produce colonies.

Seven colonies grew from the 63 day inoculum,

In a second experiment colonies failed to appear after 51 days.

Spores in acervuli and pyenidia are held together by a gelatinous matrix
vwhich is believed to protect and prolong their viability (Lilly & Barnmett, 1951).
In the ebove experiment, the outer spores of each cirrhus probably died gradually
and after 50 days only a few more deeply located spores remained viable.

This suggests that spores freed from pycnidia cannot remain viable for periods
in excess of three months. As imported Enropean seed spring sown in New
Zealand is at least 10 months old it follows that disease outbreaks in this
country do not arise from conidia in cirrhi present as superficial contam-

inants on seed.

(b) Viability of Spores in Pycnidia

S8pores in pycnidia of some sphaeropsidaceous pathogens may remain
viable for periods in excess of one year (Machacek 1945, McKay 1946,
Gabrielson 1962). Microscopic examination of the detritus concentrate from
imported P. drummondii seed had revealed not only Septoria spores but also
leaf fragments bearing pycnidia of the pathogen. There was thus the possi-
bility of spores within such pycnidia functioning as primary inoculum in New

Zealand,
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Naturally infected leaves bearing pycnidia were stored in petri-
dishes at room temperature. At monthly intervals a spore suspension vas
prepared from at least twelve pycnidia and streaked over not less than six
plates of PDA.

Until the eighth month large numbers of colonies develored on all plates
but thereafter there was an obvious decline in numbers until growth ceased at
fourteen months, The results thus indicate the possibility of European seed
being contaminated with viable inoculum in the form of spores wvithin pycnidia
at the time of spring sowing in New Zealand. In the ex;oriment above (Section
C (2) ) where infection resulted from inoculating healthy plants with the
centrifuged concentrate from year-ocld seed the inoculum was probably spores
released at that time from pycnidia associated with minute pieces of host

tissue included with the seed.

3. Seedling Infection from Contaminated Seed

The above trials had done no more than to demonstrate the fact of imported
seed being contaminated wvith viable inoculum, and to reveal the probable form
in which that inoculum occurred. The following two experiments were conducted
to investigate whather seedling infection could in fact result from use of seed

so conteminated.

1. Six grams of pathogen-free seed (83% germination) was added to a
suspension of spores (110,000/ml.) prepared from a ten day old PDA culture.
After thorough agitation the seed was removed and dried between blotting paper
for 24 hours at room temperature and sown as follows:

{a) 400 seeds were set out in a Copenhagen germinator.
As a control, 400 untreated seeds of the same line were

similarly sown.
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(b) Two new boxes of sterilized soil were each sown with two
grams (approx. 1,100 seeds) of the artificially contaminated
seed. A similar box sown with the untreated seed served

as a control,

Vatering of seed boxes was by steeping in trays, thereby reducing
the possibility of secondary spread from the first exposed infected cotyledons.

In both series infected seedlings were removed as they appeared, and the ex-
periment concluded at 50 days from sowing. Confirmation of infection was by
microscopic examination of cirrhi from pycnidia developed on cotyledoms.

In the Copenhagen germinator test first infection wvas apparent at 21 days,
and the last positive record was at 36 days, at vhich stage 116 seedlings (29%
of sown seed) were infected. In all cases infection was severe, there being
abundant pycnidial production on one or both cotyledons, frequently followved
by death of the seedling. All seedlings from untreated seed were disease free.

Results of the seed box sowings are presented in Table 23.

TABLE 23 Seedling infection from box sown artificially contaminated seed

No. of Emerged No, of Infected | % of Emerged
Seed Source Seedlings Seedlings Seedlings Infected
Box 1 768 b1 6.6
Box 2 814 36 4.4
Control 841 - -

2. The ecircumstances under which commercial seed may become contam-
inated with the pathogen at Larvest was simulated by crushing naturally

infected leaves bearing wmany 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 was bulked. Each month this
seed was used to sow one box at the rate of two grams per box. Watering
throughout was by steeping in trays, and all infected seedlings were removed
as they appeared during the first 50 days from sowing. Confirmation of
infection was 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
was rereated on two subsequent occasions with essentially similar resultis.
Infected seedlings failed to appear in the majority of boxes and in no
instance later than four months from commencement of the experiment.

Prom these experiments it is conecluded that seedling infection ecan
result from viable inoculum in loose form essocieted with seed at the time

of sowing.
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4, Discussion

Resulta from the above experiments probably overstate the case for seed
contamination as a source of primary inoculum in Newv Zealand sown seed.

The contamination of imported seed with viable surface inoculum is revealed,
and the possibility of seedling infection arising from use of artificially
contaminated seed demonstrated, but it does not necessarily follow that ini~
tiation of the disease in commercial nurseries is from viable inoculum
loosely associated with seed.

The concept of an 'inoculum potential' has heem discussed at length by
Dimond and Horsfall (1959), and Garrott (1960) and its significance demon-
strated by several workers (Cole and Couch 1958, Garrett 1959, and Gooding &
Lucas 1959). The concept is that under favourable field cowlitions there
is a minimm spore density or numerical spore threshold wbich is necessary to
establish infection. Although the concept has been developed only s it
relates to air-borne and goil-borme pathogens, suppert for its application to
the situation of seed-borne contamination is provided by Heald (1921). Imn
studying the relatinn between the murbers of seed-horne chlamydospores and

field establishment of covered smut of wheat czused by Tilletia caries (p.C.)

Tul. and T. foetida (Wallr.) Liro, Haald found that for even low percentages
of infection high numbers of viable spores must be present on seed. In the
above experiment where scedling infection resulted from sowing B. drummondii
seed artificially conteminated by dipping in a strong spore suspension, an
inoculum potential was provided far in excess of that likely to occur in the
field. And in the case of seed line No.1, it may be assumed that by centrif-
uging the wash water the viable spore load from all seed was concentrated to

a level sufficient to ensure infection when leeves were painted with this

preparation. For seedling infection to be a consequence of field sowing of
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that particular seed requires that in the soil, in the immediate vieinity of
at least one seed, sufficient viable spores must escape from pycnidia to reach
the minimum density required for infection. Since imported seed is at least
10 months old at the time of soving, and since the viability of spores in
pycnidia decreases rapidly from the eighth month, it is unlikely that the
minimum inoculum potential required for infection would be reached. Accord-
ingly it is unlikely that seed contamination is of significance in accounting

for initiation of infection in seedlings in New Zealand.

D. Studies Relating to Seed Infection

1. Detection of Infected Seed

Mature ovaries with the associated sepals densely covered with pycnidia
may be readily located in diseased garden plantings of P. drummondii throughout
the Manawatu during the months of March and April (Plate 40). Seed harvested
from such ovaries was screened for infection in the following manner.

Individual ovaries were broken open under aseptic conditions and the
three seeds they each contained bulked in a sterile test-tube. After washing
in four changes of sterile water to remove possible surface contaminants the
seed was dried between sterile blotting paper and transferred, one each, to
prune agar slopes. Checking seed individually in this way was a precaution
intended to prevent contaminant saprophytes from growing over neighbouring
seeds and masking the presence of the slower growing Septoria colonies. The
slopes were incubated at 24°C and those colonies considered typical of the
pathogen on this medium were microscopically examined. This experiment was
repeated on two subsequent occasions with seed harvested from similarly

diseased crops. Results are presented in Table 24.
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Plate 40 Mature ovaries of P. drummondii with sepals bearing
pycnidia of the causal organism.



- 117 =

TABLE 24 Percent of infected seed from mature ovaries with the associated
sepals and pedicels infected

No. of Seeds Percent of
Irial No,, No. of Seeds |  yyo1ding Septorie | Seed Infected

1 128 16 12.4
2 208 21 10.1
3 75 5 6.6

In those cases where the pathogen was the only fungus present,
mycelium could be observed within 48 hours and by four days covered the seed
and adjacent agar to form a dense, dark-grey colony. Pycnidia were usually
apparent within six days and by eight days shiny, moist, eream-colored
masses of released pycnidiospores were clearly visible (Plate 41).

The above figures for number of infected seed may be regarded as
minimal as dense mycelium of contaminant fungi grew out from many seeds,

effectively preventing detection of the pathogen.

2, Seedling Infection from Infected Seed

Evidence indicating that seedling infection may arise from use of field-
infected seed was provided by two trials in which seed harvested by hand from
ovaries with sevsre infection of the sepals were set out in a Copenhagen
germinator, and box-sown in sterilised soil. Results are recorded in Table
25. In each case the trial was continued for 50 days, during which time

infected seedlings were removed as they appeared.
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Plate 41 Colony of the pathogen arising from infected P. drummondii
seed plated to P.D.A. Note pycnidia and released spores.
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TABLE 25 Seedling infection resulting from soving seed from ovaries with the
associsted sepala and pedicels infected

Appearance | Appearance
. No. of Percentage No. of of First of Last
Test Method | Seeds Seed Infected Infected Infected
Sown Germination | Seedlings Seedlings Seedlings
== o e =
Copenh. Test 121 39 5 26 33
So0il Test 214 31 3 31 39

In both trials first evidence of infection was the lightening in color of
the upper surface of the cotyledon to which the testa was still affixed,
followed within 36 hours by the appearance of light brown pycnidia. Usually
8 lesion vas produced on only one cotyledon of a seedling (Plate 42) but in a
few instances symptoms had developed on the other cotyledon within a further
two or three days.

Microscopic examination of the 74 ungerminated seeds in the Copenhagen
trial revealed seven to have the pathogen present. In each case the seeds
were small, shrivelled and partly covered by associated saprophytic fungi.
Positive identification of the pathogen was by pyenidia on the seed and by
masses of released cream—colored pycnidiospores. Dense mycelium of con-
taminant fungi masked the possible presence of the pathogen on other non-

germinated seed.

3. Pathogen Survival in Naturally Infected Seed

Seed harvested by hand from ovaries with infected sepals and free of
surface contaminants was held at room temperature in a sterile Erlenmeyer

flask, At intervels of three calendar months for 15 months seed was removed,
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Plate 42 Infected seedling showing cotyledonary lesion and pyenidia.
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vashed in 4 changes of sterile water and plated to prune agar at the rate of

10 seeds per petri-dish. Results are presented in Table 26.

TABLE 26 Survival of the pathogen in naturally infected seed

Seed Age No, of Seeds No. of Seeds Percent of Seed
from Harvest Plated Yielding the Infected
(months) Pathogen
3 75 10 13.3
6 84 11 11.9
9 102 6 5.9
12 74 7 9.4
15 63 4 6.3

These results clearly indicate that the pathogen may be viable in imporxrted
European seed a2t the time of sowing in New Zealand. Since at the end of the
experiment some of the seeds yielding the pathogen were observed to be germin-
ating it may be concluded that seedling infection in commercial nurseries mey

arise from use of imported, infected seed sown within 15 months of harvest.

4, Method of Seed Infection

Although lesions and pycnidia may be located on leaves, stems, petioles,
pedicels, and sepals they were never observed on the walls of ovaries. Even
in cases where all sepals of a calyx were liberally covered with pycnidia and
the seed on plating yielded the pathogen, no symptoms were observed that
suggested direct penetration of the ovary wall and seed infection by that

path. Further, plating of ovary walls to a range of media after various
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surface sterilization treatments in no case yielded Septoria colonies. In
a few instances ovaries were located with infected sepals closely adhering
to the ovary surface, giving the impression that at least some of the pycnidia
present had arisen from ovary tissues (Plate 43), In these cases infection
of the contained seed could conceivably have occurred directly through the
ovary wall, However, close study of each example showed pycnidia to be
present only on sepal tissues. Infection of the ovary wall is thus not a
feature of this disease and seed infection must occur in some other manner.
Loughnane, McKay and Lafferty (1946) provided proof that infeetion of

flax seed with Septoria linicola was achieved by mycelium advancing from in-

fected sepals to the pedicel at its junction with the base of the overy, thence
up through placental tissues to the immature seed. They found that when
bolls borne on diseased pedicels were broken open many of them had pyenidia
developed in profusion along the placenta. VWhen seed from such bolls was
mieroscopically examined, incipient pycnidisa were observed on the testa in
the region of the hilum.

In the present investigation it was nqted that where sepal infection
occurred pycnidia were almost invariably present on the pedicel as well
(Plate 44). This fact, plus the lack of evidence of penetration through the
ovary wall suggested the possibility of seed infection in P. drummondii occur-
ring in a manner similar to that of flax seed by S. linicola. Experiments
designed to substentiate this hypothesis were conducted as follows. In eech
case mature ovaries with the associated calyx and pedicel severely lesioned
and covered with pycnidia were used.

*
(a) Seed was harvested by hand and the placenta removed from the

crushed ovary and examined for pycnidia under a stereoscopic

*
See footnote p.125.



Plate 43 Sepals bearing pyenidia adhering to the surface of
matured ovaries from adult P. drummondii plents.
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Plate 44 Continuous production of pycnidia on sepals and pedicels
from P. 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 resulting from
transfer of such cirrhi to agar were shown to be pathogenic in

inoculation trials.

(b) The placentes and seed were removed from 74 ovaries and bulked
separately in two sterilised test tubes. Following washing ir
three changes of sterile water and drying between sterile blotting
paper the placentas and seed were plated to prune agar, and in-
cubated at 24°C. Septoria colonies were positively identified
from 18 (24.3%) of the 74 plated placentes, and from 21 (9.4%) of
the 222 plated seeds.

(c) In a subsequent experiment the placenta and three seeds from each
of 41 ovaries were vashed separately in two changes of sterilised
water and plated to prune agar (Plate 46) with the following results:

Plates free of Sepioria colonies - 19
Septoria from the placenta orly - 12

Septoria from the placenta and one seed -
Septoria from the placenta and two seeds

Septoria from one seed only -

The above results substantiate the hypothesis that in P, drummondii
the path of seed infection is by way of the pedicel to the placenta within

the ovary, and thence to the developing seed.

In P, drummondii the ovaries are distinctly triloculate, and placentation
i8 exile wvith one seed developing in each locule. During maturation of
the seed the three interlocular septa remain joined at the centre but
individuslly come free from the outer wall of the ovary. In strict
definition the term placenta applies to the area where the fumicles are
attached but hereafter is 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 Placentas from two wmatured ovaries showvimg presence of
pycnidia of the pathogen.
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Plate 46 Colonies of the pathogen developing on P.D.A.
from the placenta and one of the three seeds from
a matured ovary.
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PIGURE 3 Diagrams of a mature ovary of P, drummondii showving
location of the seed in relation to the interlocular

septa.

Top - longitudinal section

Bottom = +{ransverse section

A - remains of stigma and style
B o ovary wall

c - seed

D - interlocular septa

B - sepals

P - pedicel



O
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S« Artificial Infection of Seed

Seed infection as it is believed to occur in the field was experimentally
achieved in the followving manner. A series of potted, disease—free plants in
full flowver vere selected after fertilisation had occurred and wvhen seed vith-
in the ovaries were at various stages of development. Using a fine camel
hair brush the lower surface of the sepals of 37 calyxes were painted with a
spore suspension (385,000 spores/ml,) prepared from a ten day old PDA culture.
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.

Infection wvas apparent at twelve days with the appearance of lesions and
pycnidia on the great majority of sepals, vhich seon died. In no instance
vas there evidence of infection of ovary walls., PForty-seven days following
inoculation seventeen ovaries wvhich had matured were removed. The placenta
and three seeds from each was washed in three changes of sterile water and
plated to prune agar.

On thirteen of the petri-dishes profuse grovth of saprophytic fungi
arising from the placenta and seeds was so great as to mask the growth of
any Septoria which may have been present. However, the remaining four plates

gave positive evidence of seed and placental infection, as follows:

Plate 1

Septoria from the placenta and two seeds.
Plate 2 -~ Septoria from the placenta only.
Plate 3 -~ Septoria from 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

field is by the way of the pedicel to the placenta within the ovary and thence
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to the developing seed.

6. Discussion

The above studies have established the fact that seed infection may
occur in the field in crops infected with the Septoria leaf blotch disease.
Purther, it has been shown that when sown, such infected seed may give rise
to diseased seedlings. Observations indicate that the transference of in-
fection from seed to seedling is associated with the epigeal manner of
germination. During emergence, as the testa is borne aloft the mycelium
in the testa resumes growth and invades tissues of the cotyledons. Evidence
that infection has occurred is provided by the appearance of lesions bearing
pycnidia on one or both of the expanded cotyledons,

The studies on the decline of fungal viability with time in naturally
infected seed indicate the pathogen may survive in seed for at least 15
months following harvest, and further, that seed of this age may germinate
to produce infected seedlings. That is, the fact that European seed is
approximately 10 months old at the time of sowing in New Zealand camnnot be
used as an argument against the contention that primary infections in New
Zealand nurseries may arise from use of infected imported European seed.

The vay in which seed comes to be infected in the field has also been
established., Observations and experimentation have shown that the pathogen
penetrates the ovary via the pedicel, infecting first the placenta and then
the developing seed. VWhile this phase of the disease cycle is of considerable
importance in that it ensures perpetuation of the disease 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 with sepal lesions and pycnidia were
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either sown in Copenhagen germinators or plated to agar the percent of seed
germinating wves consistently very low, with most of the non-germinating seed
being shrivelled and of small size. Purther, in agar plating tests it was
noted that colonies developed from these non-germinating seeds rather than
from the larger, fully developed seeds. Assuming that invasion of an ovary
may occur in the field any time between anthesis and seed maturity then there
must be considerable variation in the stage of seed development at the time
of infection by the pathogen. In the case of immature seed, penetration

of the testa and invasion of the embryo would seem likely, resulting in death
of the embryo at this stage. In more mature seed only testa inwvasion would
occur with seed development in no vay impaired. During seed-cleaning opera-
tions the light infected seed would be dressed out. The remaining seed
would be fully developed and of high germination ecapacity, but would include
a fev seeds with the pathogen established in the testa. It is this latter
seed wvhich is believed to initiate epidemic outbreaks of the disease in

Nev Zealand nurseries each spring.

E. Extent of Disease Transmission in Commercial Seed Lines

Appreciation of the significance of seed-borme inoculum in initiating
primary infections has in recent years stimulated interest in methods for
evaluating seed health. A considerable number of techniques have been devised,
the usefulness of each being dependent on the specific objectives of the study
and the peculiar circumstances associated with the pathogen/host seed relation-
ship. The suitability of the folloving methods for screening P, drummondii

seed wes investigated.

1. Visual Recognition of Infected Seeds
Celery seed infected with Septoria apiicola Speg. may be visually detected




- 132 -

by the presence of pycnidia on the seed surface. Subjecting infected seed
to high humidity in petri-dishes lined with damp filter paper causes pycnidia
to swell and thereby allows ready recogniﬁon under a stereoscopic microscope

(Marshall, 1960), Phlox drummondii seed considered likely to be infected

vas carefully scrutinised on many occasions, but pycnidia were never observed.
Seed of this species is dark grey to black and of relatively small size

(2 mm, diam, approx.) and pycnidia would be difficult to locate, particularly
if immersed or poorly erumpent.

S8eed harvested by hand from ovaries where pycnidia were present on the
placenta were subjected to high humidity for periods up to five days to
induce production of the more readily discernible cirrhi. However, on no
occasion were cirrhi observed. Seed from the same source was bleached in a
solution of sodium hypochlorite (10.2% available chlorine) for five minutes,
soaked overnight in lactophenol cotton blue and microscopically examined for
pycnidia. None were observed. In hand-prepared sections of these seeds
only free-branching, septate hyphae were located. The testas retrieved from
seedlings vith lesioned cotyledons have never been observed to have pyenidia
present. During Copenhagen germinator tests pycnidia have been observed on
seeds, but in all instances this was following at least 20 days incubation
and then only on poorly developed shrivelled seed. These seeds showed no
evidence of germination and would not normally be present in machine dressed
comnercial seed lines.

Production of pycnidia in the testa does not appear to be a normal
consaequence of seed infection, and therefore, recognition of infected seed

lines by this means is not possible.
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2. Bolley's Centrifuge Technique
This method previously mentioned on p.106 provides a means of removing

and identifying surface-dborne elements of pathogens and thorefore has applica-
tion only in the stady of seed contamination. The method has the advantage
of speed but does not reveal the viability or pathogenicity of the fumngml
elesants, This latter restriction may be overcams by supplementing wvith a
pathogenicity teat in which the spore concentrate is applied to healthy plants,
but even then the results are of limited value. Suecessful infection merely
indicates that loose, viable inoculum vas associated with the seed and in no
way implies that secdling infection would inevitebly result from use of this

seed.

3.  Agar Test

The first extensive use of an agar plate method to detect seed-borme
pathagens wes by Christensen and Stakman (1935). Seeds are set out on
agar and the pathogens recognised by their cultursl characteristics during
colonization of the media. In cases vhere the pathogen is slow groving, as
in the present instance, seed is surZace-sterilised prior to plating to re-
move the more rapidly groving asscciated saprophytes. Thms the method is
useful for testing for seed infection, rather than seed contamination. The
advantages of plating are that test conditions can be controlled, results are
quickly obtained, and relatively little space is utilised. 7The method has
limited value in that it ia not a pathogenicity test; the total mumber of
infected seeds in a 3eed sample, vhether alive or dead, 1s alone indicated.
Thus the actusl pathogenic value of the seed<barne inoculum is not revealed
and a forecast of the field performance of the eeed is therefore not poasible.
The method was not used in the present study because of the time required to

plate out sufficient seeds to detect the low percentage infeetion in many
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seed lines under test.

4. [Blotter Test
This method {nvolves specing eseds on moist blotters in en eovirunment

of high bumidity following which seed and Scedlings are inspeoted for in-
foction symptams, and for the pathogen itsplf. Grectost value is where the
pathogen induces characteristio disease symptoms on the seedling, the
tegbnique then decoming a pathogenic method, In such cases, depanding on
vhether or not the seed is first mmface sterilised so the methed provides
informmtion on total inoculmm, or w¢ed infection only.

In the present study Copenbegen germinators pruved suitable in dDletter
tesis for seced infection. Seed was eithor first veshed in rumning wnter for
some hours or surface sterilised in sodium hypochlorite {14 svuilabls chlavine)
for 30 secands, Infected seedlings ware readily identified by cotyledonary
lesions and pycnidia which usually dewoloped vithin 30 days from sowing.

The method £s not used in routine screwning of commercizl seed lines because
of the large mumbers of seeds vhich require to De set cut to ensuse the de-
tection of trace infections,

Se 4 Sterilis oi

A% o oethod for roatine sced health surveys this epproach is impractical
becaunss of apace rogquirements and the length of time before results are
available. It is, howevor, gxtrenely walusbdle in resserch studies where the
number of seed lines to be indaxed is limited. 1t has the cansiderable
advantage of alsc being a pathogonicity test and ihorefore reflects field
performance of the seed, end allowe a quentitative evaluation of seed infection.

flealth tests wers conducted on 38 imported Enropean seed lines of

P. drummondi{ commsrcinlly aveilable for spring soving in the yeurs 1958, 1959
and 1961, using the folloving methods:s
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() Tiree grazs of each line was vigorously shaken in 15 ml, sterile
wvater and the vazh water centrifuged st 3,000 r.p.w. for ten
uirutes, Several slide preparations of the coocsntrated sedi-
meat were microecopically examined for spores and pycnidia of the

pathogen.

(b) The sediment from each of the sbove preparations was reo-
saspendad in 20 ml, sterile vater and painted over eight leaves
of four potted, disease-free planis. Controls vere provided
by plants similarly inoculated with sterfile water. All planis
were subjected to high bunidity fer 56 houys to encourage infestiocn.
Subsequent watering of plants was by steeping in 4rays., Resulis
vere recorded 20 days following inoculation.

{e) 4.5 grans (approx. 2,400 seeds) of cach seed line was continuously
washed in tap water for at least four hours, air dried and sown in
& box of sterilised soil, Duxes vere set out well spaced on
banches, and infected seedlings renoved ss they appeared until the
fittieth azy from svving.

The resulta of these throe experiments are presented in Table 27, and
tho data are sumcarised in Table 28.
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TABLE 27 [Extent of seed transmission in commercial seed lines of P, drummwondii
_Experimental Method
(a) (b) (e)
Seed Varie Germn.| Centrif. | Patho- Soil Sowing Test |
Sample Sapoes Test </« | genic—| Mo,Infected M‘
ity '/ ity | "Seedlings [Seedlings
Test
1958 1 | Derwvent strain, mixed 76 + - - -
2 | Nana compacta, mixed 87 + - - -
3 | Alba oculata 63 - - - =
4 | Grandiflora, mixed 91 ++ - - -
5 | Nana compaecta, wuixed 86 - - 3 0.14
6 | Cuspidata 75 - - - %
7 | Nana compacta, beauty 53 + - = -
8 | Grandiflora, mixed 94 ++ - 4 0.18
9| Vermillion, red 63 - - - -
10 | Atroparpurea 58 - - = -
11 | Cionabar 67 + - 3 0.18
12 | Nana compacta, mixed 89 - - - =
13 | Coccinea (£ - - - -
14 | Scarlet beauty (4] + + 1 0.05
1959 1 | Cinnabar 89 - - 3 0.14
2 | Grandiflora, mixed 93 - - 1 0.04
3 | Atropurpurea 95 ++ - = =
4 | Grendiflora, mixed 96 + - 1 0.04
5 | Nana compacta, mixed 82 - - 4 0.20
6 | Dervent strain, mixed 89 + - 7 0.32
7 | Grandiflora, mixed T4 + - - -
8 | Chamois rose 63 - - 1 0.06
9 | Scarlet beauty 92 - - - -
10 | Dwarf globe 86 ++ + 1 0.05
11 | Nana compeeta, mixed 79 B - 3 0.16
12 | Nana compacta, mixed 73 + - 6 0.35
13 | Coccinea 64 + - - -
14 | Dervent strain, mixed 92 - - 2 0.09
15 | Cuspidata 87 + - 2 0.09
16 | Tvinkle stellata T - - - -
1961 1 | Grandiflora, mixed 92 - - - -
2 | Dvarf globe, mixed 63 - - - -
3 | Tvinkle stellata 51 - - - -
4 | Vermillion, red 88 + - 3 0.14
5 | Grandiflora, mixed 74 - - - -
6 | Nana compacta, mixed 83 - - - -
7 | Nana compacta, mixed 93 + - 5 0.22
8 | Scarlet beauty 91 + - - -
1/. Determined by the Seed Testing Station, Department of Agriculture, Palm. Nth,
2/. Subjective evaluation of spore numbers observed.
3/, This figure is approximate only, being based on predicted emergence as

suggested by the germination capacity test of the seed.
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TABLE 28 Sumnarised data from Table 27

No. of Number of Pathogenicity Soil Sowing
Year Seed Lines Lines with Test Positive Test Positive
Tested Pree Conidia
1958 14 7 2 4
1959 16 8 1 1"
1961 8 3 - 2
Totals 38 18 3 17
(47.4%) (0.08%) (44.7%)
| sl e e

These results provide further evidence of the Septoria leaf blotch
disease of P. drummondii being transmitted by imported seed, to the extent
of 44% of the 38 seed lines tested for the years 1958, 1959 and 1961. As the
sterilised-soil method for screening was essentially similar to the manner in
vhich seedlings are produced commercially the results may be considered to
accurately reflect likely performance of the seed in nurseries. Seed in-
fection levels were low, in all cases less than 1%. However, because seedlings
are densely crowded prior to pricking-out and because the practice of daily
overhead watering ensures effective secondary spread of inoculum, one estab-
lished infection centre in a seed box at this stage is of great significance.

Seed carrying only surface contaminants msy be regarded as playing little
if any part in transmitting the disease to New Zealand. Although three seed
lines were shown to have viable inoculum present in loose form, seedling
infection from this source is not likely, for reasons discussed earlier (p.114).

A particularly significant point revealed by the above results is the faect

that 26 (68.4%) of the 38 seed lines were harvested from infected parent erops,
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as evidenced either by spores present in the wash water or by the development
of infected seedlings., This figure is minimal as in some lines spores were
probably overlooked because they were present in very low numbers., Since
harvesting seed from infected crops seems to be an accepted practice in
Europe, seed transmission of the disease mey be viewed as a continuing problem
in commercial nurseries in New Zealand so long as seed from this source is

used.
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III EPIDEMIOLOGY

| niw
"

The present studyfisf?rimarily'concerned with taxonomy of the causal
organism of the Septoria leaf blotch disease of P. drummondii, and the question
of its transmission by means of seed., However the following studies on
aspects of the epidemiology of the disease were necessary as a prerequisite
for pathogenicity experiments, and to further explain the appearance and de-~

velopment of the disease under New Zealand conditions.

A. Bumidity and Establishment of Infection

Early observations indicated that a period of high humidity following
inoculation was essential for establishment of infection. The following
experiment was designed to determine the length of time plants need be exposed
to a saturated atmosphere following inoculation for infection to result.

Sixteen 5 inch pots each containing three P. drummondii plants were
sprayed to run-off point with a spore suspension of strength 57,000 spores/ml.,
the inoculum being prepared from PDA first generation cultures. Following
inoculation all except two pots were placed in a humidity cabinet. Thereafter
at 12 hour intervals and until 84 hours the high humidity treatment of two
further pots was terminated by removing them to the glasshouse bench. For
each series a record was taken of when symptoms first appeared, and on the
twentieth day following inoculation all plants were indexed for infection.
Results are presented in Table 29.

The results indicate that plants exposed to high humidity following
inoculation for less than 36 hours failed to develop symptoms, and that there
vas a gradual increase in the severity of infection as the exposure time was

increased from 36 to 60 hours, Exposure to high humidity also markedly



TABLE 29 Effect of humidity following inoculation on infection and disease

severity
%osm Time Disease Severity No. of Days Following
= in hours Rat LD Inoculation for Pirst
Symptoms

0 0 -

12 0 -

24 0 -

36 + 17

438 + 14

60 +++ 10

72 +H+ 10

84 ++ 7

a‘801’0r:lty ratings taken at 20 days after inoeulation,
and based on the following subjective scales

= no infection
= trace infection

= moderate infection

o

= severe infection

influenced the length of the incubation periocd, longer exposures having the
effect of shortening the time interval between inoculation and disease ex~
pression.

In subsequent glasshouse pathogenicity trials plants were subjected to

continuous high humidity for 2} - 3 days following inoculation,
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B, Inoculum Potential

The concept of an inoculum potential has been fully reviewed in recent.
years (Dimond & Borsfall 1959, Garrett, 1960). The basic thought is that
there is a minimum spore density, the so—called numerical threshold for
infection which is necessary for disease establishment under favourable eon-
ditions, Since environmental conditions in the field are rarely stable this
threshold level will wvary considerably., Ideally, glasshouse experiments on
this subject should be conducted with strict control of humridity and tempera~
ture, with the inoculum density the onlyv variable. As controlled climate
facilities were not available precise exporimentation was not possible. Howvever,
one trial was conducted with the objective of identifying the minimum spore
strength necessary for routine inoculation experiments. Observations were
also made on the influence of inoculum strength on disease severity and symptom
expression.

A bulk spore suspension of strength 111,000 spores/ml wvas prepared from
first generation PDA isolates from field diseased P, drummondii plants. Ten
suspensions of varying strengths were prepared from this parent suspension,
the lowest concentration being 120 spores/ml. Using each concentration mnine,
five week old potted plants wvere sprayed to run-off point, and all pots placed
in a humidity cubinef for 3 days before returning to the glasshouse bench,

At 20 days folloving inoculation each series was indexed for infection.
The experiment was conducted during the month of July in a heated glasshouse
vhere temperatures ranged from 52° to 73°%. Results are presented in Table 30.

Although a concentration of 1,000 spores/ml was sufficient to establish

infection, at this strength less than 10 lesions developed on any of the nine

inoculated plants. As the inoculum concentration increased so the number of
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TABLE 30 Influence of spore concentration on infection

Inoculum Density Severity of Iunfection
(spores/ml)

111,000 Very severe
57,000 Yery severe
33,000 Very severe
17,000 Severe
13,000 Severe

6,000 Moderate
3,000 Moderate
1,000 Trace
500 -
120 -

lesions per plant increased until at 33,000 spores/ml spots readily coalesced,
followved by death of many of the leaves. Symptoms were slower appearing at
the lower concentrations but lesions were larger in size than those at the
higher concentrations. Other than this influence on lesion size the inocu-
lum strength did not affect the nature of symptoms.

In subsequent work involving plant inoculations a minimum inoculum

density of 20,000 spores/ml was used.
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C. Host Penetration

The manner of leaf penetration in P, drummondii ias investigated by the
excised leaf method. Young leaves from disease-free plants were inoculated
by painting limited areas of both the lower and upper surface with a concen-
trated spore suspension prepared from field diseased plants. A saturated
atmosphere was maintained by placing the leaves on slides in petri-dishes
lined with moistened filter paper. At intervals leaves were removed, cleared
and stained. Of the several methods and modification tried for elearing and
staining the following proved highly satisfactory, the spores, germ tubes and
young hyphae being well stained and readily observable against the cleared-
leaf background. Leaves were first gently boiled in a 1:1 solution of
glacial acetic acid and 95% alcohol (Latch & Hanson, 1962) until the chloro-
pbyll wves lost and they became semi-opaque. The leaves were then rinsed by
gently agitating in a beaker of water to which a few drops of alcohol had been
added to encourage release of trapped air bubbles and ensure compiete vetting
of the leaf surface. Finally the cleared leaves were transferred to slides
and stained for approximately five minutes by flooding with lactephenol acid
fuchsin,

Leaf penetration occurred only by way of stomata, and without the forma-
tion of appressoria (Plate 47). In no instance was there evidence of direct
penetration of the epidermis. During the initial stages the pattern of spore
germination was similar to that observed on agar slides. Germ tubes invari-
ably developed from one or both end cells of spores, were of the same diameter
as the spores and did not branch until several times the length of the parent
spore. Growth seemed to be indiscriminate in that germ tubes appeared not

to be attracted to the stomata. Frequently hyphae grew alongside or over



Plate 47 Stematal penetration ef a P, drummondii leaf by hyphae
from germinating pycnidiospores
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stomata without entering. Only rarely was growth of germ tubes or young
hyphae terminated by entering a stoma. More usually entry was by a pene-
tration hyphae developed from a main hypha which continued growth on the

leaf surface.

D. Spread of Infection

Vide dispersal of species of Septoria by air-borne asexual spores does
not occur because released pycnidiospores are held together in a gelatinous,
vater-soluble matrix. However, dissemination to distant localities has
been shown to occur by wind blown infected debris bearing pycnidia (Weber
1922, Lutey & Fezar 1960). Once infection is established leaf-wetting or
persistent high humidity induces the production of cirrhi and thereafter
localised spread is by pycnidiospores dispersed by any mechanical means,
Christensen, et a8l. (1953) for example, demonstrated in Minnesota that at
least 20 species of insects were important agents in the dissemination of
Septoria linicola and concluded that = "any creature that walks, runs, jumps
or cravls through infected fields when plants are wet is an #gent in the
spread of the fungus, because animals such as spiders, mice, frogs, birds and
dogs have been shown to disseminate spores™. The effectiveness of raim in
localised spread of Septoria chrysanthemi has been demonstrated by Dimock (1942)
vho found that direct splashing of pyunidiospores from soil may reach a height
of 18 inches. Dimock (1951) also found that pycnidiospores of this species
were readily dispersed by insecticidal sprays, most of which had little or no
effect on the viability of the spores.

Observations on the commercial production of bedding plants in the
Manawvatu pointed to the probable importance of water splashing in local spread

of Septoria infections of P. drummondii in nurseries. Seedlings are in close
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proximity to each other and the practice of daily overhead wvatering seemed
likely to ensure free movement of pycnidiospores to new infection courts.

This subject was investigated as follovs in a glasshouse which had not previously
held P, drummondii plants,

S8ixteen boxes were each pricked-out with 72 healthy seedlings from a
soving of seed previously shown to be pathogen-free. One seedling towsrds
the centre of 12 boxes was then replaced by an infected seedling with gne or
both cotyledons lesioned and bearing pyecnidia. The remaining four boxes were
used as controls, All boxes were set out on glasshouse benches so that at
least 10 yards separated any two boxes, and thereafter were watered daily. 1In
the case of the four control boxes and six of the remaining boxes watering was
by overhead application using a fine spray hose, following ecommon nursery
practice. The remaining six boxes were wvatered by steeping in trays. At
15, 30 and 45 days a count wvas made of the number of infected plants in each
box. The presence of one lesion bearing pycnidia was sufficient to rate a
plant as being infected. Results sre presented in Table 31.

The importance of overhead watering in local dispersal of inoculum is
wvell demonstrated in the above experiment. In the six boxes watered in this
vay all plants were infected within 45 days. Growth vas noticeably arrested
and at the conclusion of the experiment all plants were quite unfit for sale.
On the other hand there was relatively little development of infection in
those boxes wvatered by steeping in trays, and most of this occurred wvhen plants
were vol]. advanced. At that stage the crowding of the plants ensured high
localised humidity which in turm favoured infection from the relativaly few
spores vhich may have been mechanically dispersed.

It is not known by vhat means inoculum reached the one control box in

vhich symptoms appeared.
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TABLE 31 The effect of watering method on spread of infection among seedlings

Box No. Vatering No. of Infected Plants
Method 15 days 30 days 45 days
1 ) 18 63 72
2 ; 13 71 72
3 ; overhead 17 66 72
4 ; hosing 11 76 T2
5 ; 21 72 72
6 ; 13 58 72
7 ) 4 10 1
8 ; 6 17 26
9 ; steeping 3 12 19
) in
10 ) trays 8 21 33
1 ; % 1 -
12 ) : 20 B
Control Box
A ) steeping 0 0 0
) in
B ) trays 0 0 0
€ ; Y o 12
D ; 0 ) 0
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E. Pield Survivsl Between Seasons

Infected volunteer seedlings were frequently observed in the early spring
in flover beds which had supported infected plants during the previous autumm.
The fact that first symptoms appeared on cotyledons strongly suggested such
seedlings had arisen from fallen infected seed. There was also the possi-
bility however, of survival as vegetative mycelium in soil, or as viable
pycnidiospores in pycnidia associated wvith crop debris, and that primary
infections among volunteer seedlings was from this source.

The question of field survival of the fungus and possible sources of
primary inoculum vas investigated as followss

(a) Survival as Seed-borne Inoculum

Ten boxes of infected pricked-out seedlings were permitted to flower
and set seed during the summer and the disease encouraged by regular overhead
vatering. In all boxes lesions with pyenidia developed on leaves in the
immediate vicinity of the flower heads and matured ovaries vere observed to
shatter, vith the seed falling to the soil. 1In March all plants were removed
and the boxes of soil stacked in a glasshouse. Five months later (August) and
thereafter at intervals of one month one box wvas steeped in a tray of water.
Subsequent watering vas always by steeping in trays. For each box a count
was taken of healthy and infected P. drummondii seedlings that emerged during
the first sixty days following initial watering. Once positively identified
infected seedlings were carefully removed. Results are summarised in
Table 32,

The results show that following removal of an infected crop the pathogen
can persist in soil and in the absence of growing plants for at least 14

months, The fact that in all cases infection was first apparent on cotyledons
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TABLE Seedling infection resulting frox infected seed held over in soil
O e e e
1 5 64 9
2 6 11 2
3 7 56 11
4 8 49 5
5 9 (F) 5
6 10 66 7
7 1 121 13
3 12 52 7
9 19 60 J
10 14 87 5

agnin strongly suggosts survival during this period was by meens of infectod
seed which fell townrds the end of the previous season. The circumstances

of this experiment do not reflect field conditions in that boxes were permitted
%o dry out and soil temperatures in the glasshouse were higher than outside.
Dowever, the observations mentioned earlier of infected seedlings appearing in
the spring following a diseased crop indicate the glasshouse conditions of the
present axperinment did oot necessarily enhanee the ¢hanges of carry-over
between seasons in this way.



(b) Survival as Free Living Mycelium in Soil

During periods of rain large numbers of spores released from

pycnidia on infected plants are washed to the soil., As spores no longer
associated with pycnidia are short lived such spores may not function as
primary inoculum the following spring. Conceivably however, pyenidiospores
reaching the soil in the autumm could germinate, the fungus then becoming
established as a free-living soil saprophyte not in association with host
tissues, In the event of this occurring primary infections the following
spring could well originate from rain splashed inoculum in the soil reaching
the lower leaves, This possibility vas investigated in the following manner.

Six new seed boxes of field soil were each inoculated by adding spores
produced on eight PDA cultures incubated at 24%C for 15 days. The inoculum
was prepared by flooding the plates with sterile distilled water, gently
disturbing the surface with a glass rod to encourage spore dispersal, and
passing the liquid through three layers of muslin, The soil was garden loam
collected from an area which had not previously supported ornamental plants.
Three boxes similarly prepared were inoculated with sterile water. All
boxes were set out well spaced in a farm area and allowed to weather through
the winter. Six months later (September) each box was thickly sown with
seed previously shown to be pathogen-free. Throughout the winter and sub-
sequent to seed sowing seedlings other than P, drummondii were removed.

In all boxes there was good establishment of P, drummondii plants all of
which remained disease free until termination of the experiment. A similar
experiment the following winter using three seed boxes and inoculum from
double the number of plates gave identical results.

From the above results it is concluded that free pycnidiospores reaching

the soil are of no significance in survival of the pathogen between seasons,
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(c) Survival in Plant Debris in Soil

A previous experiment had shown that some spores in pycnidia on
leaves could remain viable for at least 15 months vhen stored in the labora-
tory. The following experiment was designed to reveal not only vhether
similar survival could occur in the field but also whether seedling infection
could arise from such inoculum.

The dry lower leaves of heavily infected P. drummondii plentis were
collected in March, crumbled, and mixed with field soil. This mixture was
then used to form the upper inch of soil in six new seed boxes previously
filled with field soil from another location. Three boxes of the same field
soil but without the addition of infected material were used as controls.

All boxes were then set out at leest 50 yards apart in an area remote from
ornamental plantings and allowed to weather through the winter. The following
August each was thickly sown with P. drummondii seed previously shown to be
pathogen—free.

Thirty-two days from sowing the disease wes positively identified by the
appearance of lesions and pycnidia on one plant in each of four of the inocu-
lated boxes. Seven days later the disease was identified in the remaining
two inoculated boxes. In no instance were cotyledonary lesions observed.
Within three months from sowing all plants in all six inoculated boxes were
heavily infected. Plants in the control boxes remained disease free.

These results indicate that viable inoculum may persist through the
winter as spores in pycnidia associated with crop debris. The following
spring, with production of cirrhi during periods of high humidity, primary
infections could result from splashed spores reaching the lower leaves.

However, debris from an infected crop will be wetted many times through the
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vinter, possibly exhausting the inoculun supply by the spring. There is
thus the question of whether pycnidia in infected debris can in fact
liberate snores after repeated wetting over a period of several months,
This point was investigated as follows.

(d) Release of Spores from Pycnidia Wintered in Soil

Severely infected P?. drummondii leaves collected in March were
subjected to high humidity for 36 hours, agitated in running water to remove
cirrhi, air dried and stored in envelopes in the laboratory. One calendar
month later the leaves were again subjected to high humidity for 24 hours,
and a spore suspension prepared from ¢irrhi vhich developed was used to
.inoculata healthy glasshouse plants., The stock leaves were wvashed with water
again to remove remaining spore horms, air dried and stored as before. This
procedure vas continued a& monthly intervals through until November, using
the original infected leaves throughout,

Some cirrhi were produced following each high-humidity treatment; and
symptoms typical of the disease developed on plants following each inoculation,
vhereas control plants remained disease free. It seems clear therefore that
under field corditions the pathogen may persist through the winter in erop
debris even after repeated wetting over a period of seven months, and that
releesed pycnidiospores mey function as primery inoculum to initiate infections
in the following growing season.

A recent report by Scharen (1966) discusses the ability of Septoria
modorum Berk. to produce pycnidia and spores in dead tissue. Scharen found
that following repeated wetting and drying of naturally infected wheat leaves
collected several months earlier there was replenishing of spores in the older
pycnidia so that additional spores were prcduced each day. Purther wetting

of the leaves at interwvals induced the formation of new pycnidia. Thus it
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wvas shown that plant debris left in the field after harvest not only
harboured the fungus but also served as a medium for growth with a result-
ing increase in the inoculum potential, A similar situation could well
exist in the case of infected P. drummondii plants. That is, not only

may the pathogen survive between seasons as pycnidiospores in pyecnidia
associated vith crop debris, but there is also the possibility of an
increase in the inoculum just so long as the debris remains intact. However
for new season infection to result from this source requires that plants be
available in the immediate vicinity, since spore dispersal is meinly by

splashing during wet weather.
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IV  DISCUSSION AND CONCLUSIONS

In attempting to identify the species of Septoria causing the leaf blotch
disease of P, drummondii it became necessary to consider the taxonomic status
of all described Septoria species pathogenic to the genus Phlox, regardless
of the host species involved. The problem was approached by critically
examining the type collections and other herbarium material, and studying New
Zealand and overseas collections of both P. drummondii and P. paniculata pur-
ported to be infected by one or other of the three erected species of Septoria.
The possibility of separating species on the basis of cultural characters vas
also investigated by a series of comparative studies of isolates from the
above mentioned field collections., Morphology of the pathogen in host tissues
and dimensions of pycnidia and pycnidiospores were the features particularly
considered.

The findings have already been discussed, and in effect provide no evi-
dence of the existence of more than one species of Septoria. 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. & Speg., Michelia 1 : 184 (1879),
with synonymy a3 follows:

Septoria divaricata Ell, & Ev./ Jour. Mycology 5 : 151 (1889)

Septoria drummondii Ell. & Ev, Jour. Mycology 7 : 133 (1892)

Septoria longispora Vogl. Atti. R. Acad. Sec. Torino XLIII
(1907-08)

According to Bisby (1945) the task of the taxonomist is to -
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(a) arrange categories of species, genera and families so as to
facilitate identification; and

(b) present a 'natural' arrangement on the basis of phylogenetic
relationships,

Septoria is a Deuteromycete genus and as such constitutes a convenient
grouping of organisms showing morphological similarity of their conidial stages,
but which are unrelated. That is, classification within the Deuteromycetes is
vholly artificial and the sole objective in any taxonomic treatment of a
member genus must therefore be that of prcviding a practical, convenient system
of species delimitation so as to enable ready identification. The present
arrangement of Septoria species falls far short of this ideal. More than
1,000 species have been erected and in most cases the original descriptions are
of single field collections with no allowvance made for either inherent or en-
vironmentally izduced variebility. Separations have been made primarily on
the basis of slight differences in the dimensions and septations of spores, with
host association also extensively used. In the earlier days of descriptive
mycology a widely held concept was that fungi belonging to the same genus but
parasitising different host genera or species were of necessity distinct
species of pathogen. As a consequence a multiplicity of "species®™ were erected,
separated on a host basis and correlated with only minor morphologicael differ-
ences. Thus species of Septoria as presently defined so overlap one another
in morphological featuras as to prohibit determination from the descriptions
available. This becomes evident when one inspects Saccardo's "Sylloge
Pungorum", where the spore length of nearly 700 of the Septoria species described
fall within the limits of 20 to 50 u (Beach, 1919).

Although there is frequent reference to the chaotic state of species

differentiation in Deuteromycete genera it is only the genus Fusarium which
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has been critically revised in the light of twentieth century knowledge of
fungal genetics and variability. 1In a series of three papers Snyder and
Hansen (1940, 1941, 1945) forcefully advocated acceptance of a nine species
scheme based strictly on morphological features to replace that of Wollenweber
and Reinking (1935) which involved 65 species and 55 varieties and which had
proved to be largely unworkable. By use of the single spore technique Snyder
and Hansen determined the extent of wvariability in Fusarium populations and
concluded the only characters sufficiently stable to serve as taxonomic
criteria were shape of macroconidia, presence of microconidia, and presence

of chlamydospores., On such morphological criteria they differentiate their
nine species. Physiological characters were recognised also, but used only

to indicate intra-specific categories. Thus formae speciales are diagnosed

solely by pathogenicity tests, and physiological races within formae are

identified on the basis of their relative pathogenic capabilities to a series
of differential varieties of the host species. The wide acceptance of this
scheme over the past 20 years without significant changes is evidence of the
simplicity and convenience of the scheme. The only refinement has been the
employment of "cultivar™ names at the sub-specific level to accommodate clonal
groups that show some distinctive features that are of importance to the plant
pathologist (Snyder, Hansen and Oswald, 1957).

The Snyder and Hansen classification of the fusaria has relevance to
the present study as it provides a working exarmple of the current trend
towards consolidation of species and suggests the pattern that could well be
followed in revision of the whole genus Septoria. The first step would be
an experimental analysis of variability in field collections, and the identi-

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 strictly on the basis of such morphological criteria, and

this would inevitebly lead to consolidation of many previously erected "species"®
and necessitate changes in taxonomy and nomenclature. As regards categories
below the species level, these could be differentiated on the basis of their
restricted pathogenicity end be designated as trinomials, as Snyder and

Hansen have done for the fusaria. There would appear to be no difficulty

in this since in his studies on biological specialization in 15 species of
Septoria Beach (1919) found that the host range did not usually extend beyond

the 1limits of a genus, or in some cases included only two or three genera.

The studies on seed transmission have shown that the Septoria leaf
blotch disease is transmitted in commercial lines of P, drummondii seed
imported from Europe. Further, it has been established 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 is now considered to be as follows.

Transpission of the disease by seed may occur when seed is harvested
from an infected erop. Inoculum may be associated with the seed either in
free form (seed contamination) or as vegetative mycelium established within
s;ed tissues (seed infection). Seed contamination occurs during harvesting
and threshing 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 of no significance in accounting for seedling infections in New Zealand.

The time lapse of approximately 10 months between harvesting in Europe and
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soving in New Zealand is in excess of the aaximum time that spores freed
from pycnidia can remain viable, Some spores within pycnidia in crop
detritus associated with seed may remain viable for 10 months followving
harvest but the decline in viability is so rapid after eight months as to
make it extremely unlikely that an inoculum load necessary for infection will
be present.

Seed infection may occur at any stage between anthesis and seed maturity,
with entry of the ovary being achieved by mycelial growth from the infected
pedicel to the placenta, and thence to the developing seeds. As a consequence
there may be considerable seed loss at this time, the loss depending upon the
extent to which the disease is established throughout the seed crop and the
stage reached in seed development at the time contact is mede with the fungus.
If the pethogen reaches the seed early in its development the embryo is in-
vaded and the seed killed before attaining normal size. Such seed is light
and is removed during seed-cleaning processes. On the other hand, fully
developed seed vith the pathogen established in the testa is not dressed out.
It is such infected seed that provides primary infection foei in nurseries.

Appreciation of the significance of even very low levels of seed infection
requires an understanding of the procedures and circumstances associated with
the commercial production of seedlings. P. drummondii is used as a spring
bedding species in the Manawatu, first sowings usually being made in early
September. Seed is sown in boxes (20" x 15") and the seedlings pricked-out
approximately 30 days later to boxes of the same size at the rate of 56-30
plants per box. VWithin two weeks the boxes are transferred to cold frames for
hardening-—off and at rnine weeks from sowing are normally ready for sale. Seed
sowing rates are excessively high, In tests it was determined that approxim-

ately 3,000 seeds are sown per box, and assuming a 75% emergence, a dense



- 159 -

stand of some 2,000 seedlings occupies a soil surface arca of only 300 square
inches., This intense crowding inevitably causes seedlings to be drawn and
soft, and the practise of daily overhead watering ensures high localised
humidity among seedlings at all times.

Pirst infections are in evidence at about 30 days from sowing, which
coincides with the time seedlings are pricked-out. Symptoms are lesions with
pycnidia on one or both cotyledons and are the result of mycelial infection
from the testa during epigeal germination. Since over 70 pycnidia are fre-
quently present on one infected cotyledon at this stage, each producing many
hundreds of spores, & high inoculum potential is immediately available. The
persistent high humidity causes spores to be released in cirrhi and overhead
watering ensures local dispersal of the inoculum by splashing. The close
proximity of seedlings results in spores reaching many plants and the establish-
ment of numerous secondary infections, That is, at the time of pricking-out
mony of the young plants are infected, although as yet there is no expression
of symptoms. However, lesions and pycnidia soon develop and with further
disease cycles the stage is reached where all plants of a box are severely
infected.

It must be stressed that the actual level of infection in commercial seed
is relatively unimportant in that the presence of one infected seedling
immediately 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 with seced is of significance only as a means of providing initial
infection foci for secondary spread. That is, seed-borne inoculum does not
affect stand establishment by inducing either pre-emergence or post—emergence
damping-off.

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
sumrer climate. Following prolonged wet weather there may be a temporary
build-up of infection but only rarely is the damage sufficient to warrant the
application of protective fungicides. This is in direct contrast to the
situation in nurseries where losses are such that control of the disease is
a recurring problem each year.

A first principle of plant pathology is that only pathogen-free seed be
used in establishing crops. While this statement has general application it
is particularly true in those cases where other sources of primary inoculum
do not exist or are extremely uncommon, and where the pathogen has only a
limited capacity for secondary spread between crops. 1In such instances bresk-
ing the disease cycle by the simple expedient of using only healthy seed is
likely to provide the most practical means of control. Septoria leaf blotch
of P, drummondii is e disease in this latter category. Other than by means
of infected seed, survival between seasons is kmown to occur only in intact
crop debris. However this is regarded as of minor importance as a source of
inoculum in the following season because of the limited distance over which
rain-splashed spores can be dispersed. Unless new season plantings are in
the immediate vicinity of infected crop debris such inoculum will not be
effective.

Theoretically, air-borne sexual spores may be produced and serve as an
alternete form of primary inoculum, but no evidence has been found to suggest
that this fungus reprcduces in this way. 1In spite of a thorough search extend-
ing over several years a perfect stage was not found. Thus it may be safely
assumed that either a sexual stege is not produced, or is so rare as to be of
no significance in the disease cycle. That is, the pathogen is adapted to

survival by way of seed, and any consideration of disease prevention and control
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must therefore initially centre on the question of pathogen-—free seed.

Seed will in fact be disease~free if harvested from healthy crops, or
i¥ treated in some way to inactivate the associated pathogens. Various seed
treatments have been devised for specific diseases, of which the hot water
method is the most commonly used in cases of seed infection. A texmperature/
time combinatiion could probably be determined for treating P. drummondii seed,
but there is still the problem of identifying infected seed lines requiring
treatment. Visual examination of seed lots is of no help, end routine germina-
tion tests give no indication of the health condition of a seed line. A
laboratory method for seed indexing could possibly be devised but to be reliable
the sample size would need to be large since the levels of infection are in-
variably low.

Control by seed treatment is only a means to an end however, and avoids
the real issue, namely, the production and use of seed harvested only from
disease—free crops. This of course is the idesl and in effect requires that
seed crops be raised in areas where the climate is such that the disease cannot
flourish, In this regard it is perhaps significant that 18 P. drummondii
seed lines of North American origin have been tested over several years by the
80il sowing method and found to be free from infection. Further, during
September and October 1964 the writer inspected seed crops in Santa Berbara
County, California of several major American seed houses and found no evidence
of Septoria leaf blotch. It is not suggested that immediate control of the
disease will result from use of only American seed, but since 26 (68.4%) of
38 seed lines of European origin screened over a three year period were shown
to be harvested from infected crops it would seem a logical precaution in the
meantime for New Zealand seed firms to import P. drummondii seed from America,

rather than Europe.
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SUMMARY

A Septoria leaf blotch disease of P. drummondii is prevalent in the

Manawvatu but economically important omly in commercial nurseries.

Experimental evidence has established that the causal fungus is seed-
borne in P. drummondii seed lines imported from Europe, and that seedling

infections in commercial nurseries are consequent on the use of such seed.

Although world-wvide in distribution the disease has not previously been

reported as seed-borme.

Both seed infection and seed contamination occurs but only the former is

of significance in Nev Zealand.

In infected seed the pathogen is established as vegetative mycelium;

pycnidia are not produced in seed tissues.

In seed crops the path of seed infection is by wvay of the pedicel to

the placenta within the ovary and thence to the developing seed.

Cotyledonary lesions are the result of mycelial invasion from the testa

of infected seed during epigeal germination.

Infected seed vas present in 17 (44.7%4) of 38 European seed lines of

P. drummondii indexed over a three year period. Twenty-six (68.4%)

of the seed lines were harvested from infected crops.

In the Manawatu the fungus can persist through the winter in intact
debris and this constitutes a possible source of primary inoculum for

field infections.
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The question of controlling seed-borne inoculum is discussed.

The morphology of the fungus in culture and in tissues of New Zealand
and overseas P, drummondii and P. paniculata collections is described
in detail. Pycnidia are dark-brown to black, globose to pyriform,

clearly ostiolate, 47-288 /u in diemeter; pycnidiospores are hyaline,

filiform, usually guttulate, 0-5 septate (mostly 3), 17-73 x 1-3 /u.

On PDA secondary conidia (macroconidia) are produced in profusion.

The possible role of secondary conidia in the disease cycle is discussed.

The taxonomic status of Septoria species pathogenic to the genus Phlox
vas investigated. A comparative study of type collections, herbarium
collections and field material indicated that on the basis of morpho-

logical criteria only one species should be recognised.

Septoria phlogis Sacc. & Speg., published in 1879 has priority over

other species epithets and is proposed as the correct name.
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APPENDIX 1

Ana)ysis of variance of the mean leangth of pycnidiospores

from type material of S. divaricata Ell. and Ev. and
S. drummondii Ell. and Ev, (see Tables 2 and 3)

Source d.f. S.S. M.S. F. Result
Collection 8 17.14 17.14 <1 N.S.
ErTor 1" 223,55 20,32
TOTAL 7 314.56
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APPENDIX 2

Apalysis of variance of the length of pycnidiospores
from herbarium ecollections (see Table 4)

Source def. S.S. M.S. F. Result
Collection 2 1" 2. 83 56042 1.40 l.S.
Error 5 201.73 40.35
TOTAL 7 314,56
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APPENDIX 3

Analysis of variance of the length of pycnidiospores from
twelve Manowatu collections of P, drummondii (see Table 5)

Source d.f. soso H.s. ) Result
Collection 3 456 .55 152.18 2.55 N.S.
Dates
TOTAL 1 933.10
APPENDIX 4

Analysis of variance of the diameter of pycnidia from 12 Manawatu

collections of P, drumwondii (see Table 5)

Source d.f. S.S. M.S. P. Result

Collection 3 346.40 115.47 4.4 N.S.
Dates

Error 8 1155.09 144.39

TOTAL 1 1501.49
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APPENDIX 5

Analysis of wvariance of the length of pycnidiospores from

Manawatu P, drummondii collections raised from infected
Dutch and English seed (see Table 6)

saul'co d.f. S os . “os . P . Result
Collection 1 0.06 0.06 Pl | N.S.
Time 7 188.99 26.99 1.071 N.S.
Error 7 176.43 25.20
TOTAL 15 265.48

APPENDIX 6

Analysis of wvariance of the diameter of pycnidia from Manawatu
P. drummondii collections raised from infected Dutch and

English seed (see Table 6)

Source

d.f.

SOSO Hoso Po Besult
Collection 1 21.16 21.16 <1 N.S.
Time 7 1416.30 202.33 2.527 K.S.
Error 7 560.40 80,06
TOTAL 15 1997.86




- 174 ~

APPENDIX 7

Analysis of variance of pycnidiospore length from 14 Manawatu
collections of P, paniculata (see Table 10)

source d.t. S.S. M.S. F. Result
Collection 3 82.69 27.56 1.65 N.S.
Date
Error 10 166.66 16.67
TOTAL 13 249.35
APPENDIX 8

Analysis of variance of pycnidium diameter from 14 Manawatu
collections of P, paniculata (see Table 10)

Source d.f. s.S. M.S. P. Result
Collection 3 1842.84 614.28 1.64 N.S.
Date
Error 10 3734.32 373.43

TOTAL 13 5577.16
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APPENDIX 9

Analysis of variance of the length of pycnidiospores from
seven group collections of P, drummondii and

P, paniculata (see Table 16

Source d.f. S.S. M.S. P. P. Rqd,
Collections 6 1854.05 309.01 8.61 2.31(3.24)
Error 45 1614,94 35.89
TOTAL 51 3468.99

APPENDIX 10

Analysis of variance of the diameter of pycnidia from seven
group collections of P, drummondii and P. paniculata
(see Table 16)

Source d.f. S.S. M.S. P. F. qu.
Collections 6 29674.96 4945.83 21.37 2.31(3.24)
Error 45 10415.76 231.46
TOTAL 51 40090.72

NOTE: With regard to Appendices 9 end 10, those means differing from each

other were located by the "t" test where

1 1,
do.os = to‘os (45 dofc) El“nS. (n + nz)’
1
d.o 05 = difference required for significance at the 5% level of
* probability
E.M.S. = error mean Rquare

n, + n,= number in the two groups being compared
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APPENDIX 11

Analysis of variance of the length of pycnidiospores produced
on agar by isolates from Manawatu and overseas collections of

P. paniculata (see Table 18)

Source d.f. S.S. M.S. F. Result
Colleetion 3 1 59094 5’3&3‘ 1.32 N.S.
Error 10 403.83 40,38
TOTAL 13 563.T7
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APPENDIY. 12

Analysis of variance of the length of pycnidiospores produced
on agar by isolates from P. drummondii and P. paniculata collections
(see Tables 17 and 18)

sme. dofo s.s- Mos. Po
Collection 1 0.08 0.08 =, 1
Error 16 587.89 36.74

l TOTAL 17 587.97
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