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The symptoms of Stemphylium leaf spot of lucerne in
the “anawatu are éescribed.

Th~ morphological features of the imperfect and
perfect states of the pathogen on the host conformed
closely to those recorded overseas for Ctemphylium
botryogum “allre. on lucerne. Conidia were sub-
spherical to ovoid or oblong, light brown, echinulate,
1766 x 29,hu, muriform, and with a major conatriction
at the median transverse septume The globose, black
peseuvdothecia contained several large (30,2 x 18h,6u),
cylindrical to clavate asci, with an obtuse apex
tapering to a swollen or claw-like bare. Asconpores
were ellipsoid to clavate, yellow=brown, 16«3 X 37.2vu,
muriform, and with slight constrictions at all 7
tranaverse septa.

The cardinal temperatures for vegetative growth on
PDA; at 10 days were N, 2 and 36°C, Of 9 media
tented pgreatent growth at 2hOC occurred on 207 V-§

juice agare Oross colony characteristics changed
with temperature and media.

Maximum conidial production occurred on PDA; and 20%
V=8 juice agar cultures exposed to continuous NUV
light for 12 days at 23=27°C.

Greatest production of protopseudothecia occurred

following exposure of actively growing colonies to
NUV radiastion for a minimum of 5 days at 23=270C,

Protopseudothecia matured when such cultures were

incubated at 8-120C for a further 6 weeks.



6s Cerm-tubes produced from conidia streaked on PDA;
plides and incubated at 2h°C were first evident
within 2 hours, emerging initially from the lateral
cells and later from the terminal cells of the
muriform conidia. Within h hours 907 of the conidia
had germinated, each preoducing between ! and 10 germ=
tubes.

Te Conidium ontogeny and morphology of mature conidia of
an isolate initially identified as Stomphylium
veedcariug (Wallr.) Simmons and a typical isolate of
Se botryvosym were compared; both isolates were con-
sidered identical and typical of the latter species.

8e Incubation temperature of inolates grown on 207 V=8

Juice ager was ehown to considerably affect morphology
of mature conidia.

LEPTOSPHARRULINA DE"PER _SPQT

1, The symptoms of Leptosphaerulina pepper spot of lucerne
and red clover in the Manawatu are described.

20 isolates from natural infections on lucerne and red
clover were most readily obtained when infected tissue
pleces were water-washed for h=6 hours, plated to
antibiotic PDAy and incubated at 2h0C,

e Isolates from either host could not be differentiated
on the basis of pathogenicity since in reciprocal
cross=inoculations identical symptoms were produced.

A specles of ILgptosphaeruling has not previously been
recorded as a pathogen of red clover in New Zealand.

he Viadle inoculum was associated with two of 10 lucerne
seed=lines screened, at levels of Oh% and 1.2%,
Following germination of seed of these two lines in a
Copenhagen germinator, protopseudothecia of the pathogen
were located on ungerminated seed and infected seedlings.
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Protopseudothecia were not located in field
infections, but they were readily produced in 20%

V-8 juice agar or PDA; cultures incubated at 210C

in the dark for 10 days. Protopseudothecia matured
only after exposure to light for 5-7 days. Maturation
was moast intenme under eyclic fluorescent light (12
hour light/12 hour dark) and least under natural/
diurnal light.

Germ=tubes produced from ascospores naturally ejected
from lucerne agar isolates onto PDAy slidee and
incubated at 210C were first evident within 1 hour,
amerging from either the lateral or terminal cells of
the muriform ancosnores. After 3 houre all ascosnores
had germinnted, each producing between 3 and 7 germ=
tubese.

The morphological features of the perfect state of
imnlates on artificially inocuvlated excimed lucerne
leavee an? on agar were essentially similar, and
conformed with overseas descriptionn of the pathogen
on lucerne. On host tis~yue paseudnthecia were black,
globose, erument with several large (0.1 x 78.7u),
saccate, thick=-walled bitunicate asci. Ascospores
were oblong, ellipmsoid or clavate, hyaline, 1.2 x
3530, phragmosporous or muriform, and surrounded hy
a thin gelatinous sheath.

Tucerne and red clover inolates on agar could not be
sanarated on the basis of gross colony characteristics
or dimensions of pnseuvdothecia, asci and amcosnores.

The majority of ascospores from lucerne isolates were
transversely "=septate; those of red clover isolates
were predominantly 3-septate. Iowever,this distinction
in itselfl was considered insufficient to warrant
recognition of the two series of isolates as separate
snecies.



10, Leptosphaerulips trifolii (Roste.) Petr., published
in 1959, has priority over L. bricsiana (Poll.)
Graham & Luttrell and ies proposed as the correct
binomial for the species pathogenie to lucerne and

red clovere.
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INTRODUCTION

Nver recent years the area of lucerne (lledicago
sativa T.) grown in New Zealand has rapidly increased
(Table 1) as farmers and commereial firme have realiced
the many and varied virtues of this crop in farming
enterprises,

TAPLE 4. Areas of lucerne grown in llew Zealand used for
hay, silage and seed production.

Xear Area (acres) Authority

1958=59 A, 46 NeZe Year Rook, 1963
1963=6N 16N, 860 NeZ7s Year Rook, 1969
1968-69 202, 770 NeZas Year RBook, 197
1970-M 300,000 Meeklah & Allen, 1971

Lynch (1967) estimited that if the present trend
continued a lucerne area of at least 300,000 acres could be
expected by 1977. Hovever, this area was attained by 1970,
and the increaned rate of expansion can he accounted for in
several ways:

1. Due to its agronomic features lucerne is primarily
grown in free=draining soila subject to an unreliable summer
rainfall, eo ensuring a continued feed supply over this period.

2. Tucerne has a greater versatility than most crops
within a farming enterprise in that it can be utilised in
several waye; for example, hay and silage, grazing, seed
production, and more recently for lucerne meal or pellets,
and protein extraction.

3¢ A groes margin analysis of lucerne as a cash crop
indicates a return comparable with, or better than, such
other popular erops as wheat or peas (lamb, 1969; Tocker,
19703 Anon, 19703 Anom, 1972),

Because lucerne must be treated as a cash crop, factors
causing a decrease in roliage yield and quality must be
minimised to ensure the greatest gross returns, Factors im=-
plicated are:



1. Agronomic. In a survey of farmer practice in rela-
tion to lucerne, Plair (4965) found the average duration of
stands was nine yoears and that deterioration was mainly due
to grase and weed invasion. This can be encouraged by a soil
pl divergent from the optimum of 6.2, inefficient inoculation
of seed with Rhizoblun meliloti Dangeard, unsatisfactory
seed=bed conditions and poor crop management.

2e Tlseane. Thie factor aprears to operate in varying
degrees in the decline of older stands (Close, 1967).
Diseases can affect lucerne at all stages of development and
g0 influence establishment, herbage yields, seed quantity and
cuvality, and the longevity of stande.

Several roll and seed=borne fungi can cause pre- and
post=emergence damping—-off of seedlings, such as Phomg
medicaginia Malbr. and Toum., Thanateohorus gucumeris (Frank)
Donk, and species of Fyearium and Pythium (Close, 1967).
Foliage disecases primarily cause a reduction in herbage
cuality and premature leaf fall, especially when infections
are severe, thereby reducing the potential yield of a crope.
In a atudy in Canada to determine the effect of leaf an® stem
disecases on yield, defoliation, protein and carotene content,
¥11lis, “tuteville and “orensen (1969) found that plots
sprayed with mancozeb (Dithane M=h5) yielded up to 27% more
hay than unsprayed nlots, increased carotene content up to
h5% and decreased stem defoliation up to 27%. A similar
increase in yield (up to h2%) due to leaf disease control
was also demonstrated by Wilcoxmon and Rielenberg (1972).
Pecent work with lucerne (Loper and Hanson, 196"; Loper,
Hanson and Graham, 1967) and with white clover (Wong and
Latchy, 1971) indicated that an accumulation of coumestrol
was mere likely to occur in plants infected with foliar
pathogenns, with possible cestrogenic effects when fed to
livestocks All these reports serve to emphasise the potential
detrimental effects of foliar pathogens on both herbage yield
and herbage ouvality.

Dingley (1969) records eight foliar diseases of lucerne
in New Zealand (Table 2), of which common leaf spot
(Pgeudopeziza medicaginis (14b) Sacc.) and Stemphylium leaf
spot (Pleospora herbarum (Fre) Rabs.) are the most prevalent
(01“0. ‘967)0



The latter disease is world wide in distribution on
lucerne (Benedict, 1951; Nelson, 19553 Focke, 19663 Perisic
and Stojanovic, 1967) and the imperfect stage is invariably
referred to as Stemphylium botryogsum Wallroth. 1In the course
of preliminary studies an isolate considered by the author to
be S botryosum was tentatively identified by Laundon
(pers. comm.) as Stemphylium vesicarium (Wallr.) Simmons.

Thies information stimulated studies on the Stemphylium disease
in New Zealand, and mycological studies of the causal organism.

TABLE 2. A list of foliage pathogens recorded on lucerne
in New Zealand.

Pathogen Authority
(Colletotrichum trifolii Rain & Essary | Dingley, 4965
Leptosphaeria pratensis Sacce. & Briard Smith, 1955
Peronosporg trifoliorum de Bary Cunningham, 1922b
Phomg medicaginis Malbre & Roum. Cunningham, 1956
P herbarum (Fr.) Rab. Brien & Dingley, 1959

zg Jonesii Nannf. Cunningham, 1922b
Pseudopezizg medicaginis (Iib.) Sace. | Cunningham, 1922b
Uromyces stristus Schroet. Cunningham, 1922b

In reviewing the diseases of lucerne in New Zealand,
Close (1972) included a previously unreported disease first
located at Putaruru in 1969 and subsequently found at Murupara,
Hastings and in Mid-Canterbury. The causal organism he cited
as Leptosphaeruling trifolii (Rost.) Petr., and commented
that it 1is also common on white clover. What is apparently

-the same pathogen was located by the author in late 1971 in
an eight acre lucerne stand in the Manawatu. This disease,
commonly known overseas as pepper spot, is one of the major
diseases of lucerne in the humid, temperate areas of the
United States (Martinez and Hanson, 1963). Graham and
Luttrell (1961) in their study of Leptosphaerulina species
on forage plants considered that two distinet species existed
on the Leguminosae, namely L. briosiang (Poll.) Graham and
Luttrell and L. trifolii, both of which were pathogenic to
Medicago and Trifolium species. Subsequently Booth and
Pirozynski (1967a) listed L. briogsians as a synonym of L. trifolii



with the resulting confusion amongst nlant pathologists
as to the correct enithet to apply to the nathogen on

lucerne. This raises the cueation as to whether in fact
the diseases as »oresent on lucerne and clover species in
New Zealand are caused by the one morphological species.



STUDIES ON STEMPHYLIUM
LEAFSPOT OF LUCERNE



CHAPTER I
ZLNTRODUCTION

Neergaard (19:5) in summarising knowledge on the
pathogenicity of Jtemphylium botryogum “allre. stated that
it had been revorted from nearly every part of the world
on hundreds of plant species. IHe further commented that
"Se botryogug is a pronounced ubicquitous facultative parasite
whieh most of'ten is encountered on dead or greatly weakened
plant elements; less frecuently it may be demonstrated
as the direct cauvse of morbid phenomena”. The species has
been recorded as a primary rathogen on a diverse range of
hoste (Table 3), and reports indicate the existence of both
host specific and non=host specific strains (Smith, 19h0;
Neergaard, 195; Totem, Cohen and Wahl, 19663 Close, 1967).

The first record of Stemphylium leafspot of lucerne
war by Gentner (1918) in Germany. He cited Mggrosporium
sarcinaseforme Cave, as the causal organism but subsecuent
taxonomic studies by iltehire (1938) and “mith (19M0)
have shown the correct binomial of the pathogen to be
Stemphyliun botrvosum, a fungus characterised by
sarcinaeform, echinulate conidias The perfect state of this
species is Pleospora herbarum (Fr.) Rab.

Stemphylium leaf spot of lucerne was first recorded in
New Zealand by Brien and Dingley (1959). The disease is
regarded by Clonme (1967) aes being common and generally of
minor importance, but when severe, is capable of causing
considerable damage by indueing nremature defoliation.
Observations in the Hanawatu indicated the diseace to be
very common during the spring and autumn, and capable of
causing most severe defoliation when the crop was held
longer than the usuval =6 weeks between grazings or cuts,

In the UsSsAe, Nelson (1955) found that the fungus
overwintered as protopseudothecia in plant debris, with
ascospores functionins as the major source of primary
inoculum, In the present study the ascigerous stage was
not located in the field, although in the laboratory
pseudothecia developed on excised leaves spray inoculated with
a conidial suspension, Close (1967) comments that since in
New Zealand the pathogen also occurs on a wide range of
pasture legumes and other hosts, inoculum is available
throughout the year.




This suggestion of alternate hosts being a source of primary
inoculum pre=suppones that the pathogen on lucerne is not
host epecifiec.

TABLE 3. A partial 1list of hosts on which £. botrvoguy has
been recorded as a primary pathogen.

Host Authority
A111iun gepg .. (onion) Cunningham, 4922a
£ Dingley, 1969
E chrysanth emumi
Cucumis melg L. (muskmelon) Petzer, 1958
Jtuanmm mm Le Dingley, 1969
carnation .
gativa L. (lettuce) Padhi and “nyder, 4195h

Wmm Le Wella, Forbes, "ebb
ue lupin and Edwardson, 10563
. Tate, 1068

Hree Euping

7,

geculentum ¥4ill Dingley, 1960; Totem
omato Cohen a;lﬂ-'-.'f'ahi, 1966 ’
sativag L. Smith, 19103 Nelson,
iguceme) 1955; Prien and Dingl

1959; Foeke, 1966

W‘,ﬁ:ﬁlﬂﬂﬂn b Smith, 15h0

A seed=borne phase of the disease also existe. In the
UeBeAe Nelson (1955) frequently isolated the pathogen from
naturally=-infected seed and showed that the disease depressed
both seed yield and seed qualitys In sereening 86 New
Zealand produced lucerne seed~lines, Percival and Wenham
(1972) found that the incidence and level of infection of
S« botryosum was low, and that only a small percentage
of the isolates were pathogenic to seedlings, which in turn
suggests that the seed~borne phase is relatively unimportant
in this countrye.



In New Zealand, apart from a review by Close (1567)
wherein he describes eymptoms an’ commente on some aspects
of the direase cycle no detailed study of the disease or the
causal organiem has been reported. In the present study
specific torics inventigated were the pathogenicity of
Se botryogsum to lucerne, symptomatology, factors affecting
inoculun production and establishment of infection, and the
mycological features of the nathogen on the host and on agar.

In the cournse of the study it was found that isolates
from field infected plants varied considerably in conidial
characters. The majority broadly conformed to S. botryvosum,
but one cultural isolate in the opinion of Laundon (pers.
comm.) was more typical of S. ¥esicarium, suggesting that
both species may be present as pathogens of lucerne in
New Zealand. However, since thie particular isolate was
incubated at 89C it was possible the low temperature had
influenced the mornhology of the conidia in a manner similar
to that renorted by Leach and Aragaki (1970).

Accordingly, a comparison was made of the effect of
temperature on conidial morpholocy of a typical £. hotryosum
isolate and the atypical isolate. Further, since S. hotryosum
and S. yesicarium differ in the shape of juvenile conidia
and in the morphology of mature conidia (%immons, 1969), these
features of the two isolates were also studied,



CHAPTER II

PROOPR OT PATHOGENTICITY

Ae JINTRODUCTION

Bef'ore a specific organism can be cited as the cauvse of
a previously defined disease condition the connection between
the two must be established, thereby guaranteeing that the
organiem 1= the pathogen and not an associated saprophyte.
Thies recuirement is met by adhering to the Rules of Patho~
genicity, firet enunciated by Robert Yoch in 1882, DPriefly
stated these are!

1« the conntant association of the organiam with the
disease must be demonstrated,

2 the organism must be isolated and grown in pure
culture,

3s the isolated organism when used to inoculate
healthy host plants must produce symptoms tynical
of the dipease,

he the organism re=isolated from the inoculated plants
must be identical in all characters to the original
culture.

In the present study, the RPules of Pathogenicity were
completed as fcllows.

Be ISCLATIOK TQ PURT 1

Asexuval reproduction was induced by subjecting infected
leaflets to high humidity in petri dishes lined with moist-
ened Tilter paper. Using a sterile needle seeker, single
conidia were aseptically transferred to media in either petri
dishes or test tubes, and incubated at 2:°C.

The pathogen was also readily isolated to agar by the
tissue plating method, Infected tissue pieces (approximately
2mm square) transferred to a muslin bag were surface-steri-
lised by immersion in a 1:7 dilution of commercial Janola
(approximately 1.3% available chlorine) for 30 to 90 seconds,
rinsed in sterile distilled water, and aseptically trans-
ferred to potato=dextrose agar (PDA) plates to which the two
antibiotice penicillin (as erystalline benzyl penicillin)
and streptomycin sulphate had been incorporated, each at a
concentration of 50 ppms Ten tissue pleces were plated to
each petri dish, and incubated at 21°C,
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On the basis of conidial and conidiophore morphology the

isolatee were identified as Stemphylium botryosum "allr.
Stemphylium botryosum ie also known to have a seed=borne
phase (Nelson, 19553 Leach, 1960; Noble and Richardson, 1968).

Isolatee were prepared from infected lucerne seed following
the method of Percival (1972), which involved nlating of seed
to antibiotic malt agare.

Ce RTIFICIAL INQCULAT

Stemphyliun botryvoswys is known to exist in the Tield as
both pathogenic and non=pathogenic strains (Dingley, 1969;
Percival and Wenham, 1972). This fact required that isolates
from both lesioned leaflete and seed be tested for pathogen=-
icity before stock cultures were prepared.

Inoculations were condticted by spraying healthy potted
plante (var. 7airau) with a conidial suspension (37,000-
65,000 conidia/ml) prepared from PDA cultures incubated at
25=270C for 10 days under continuour near-ultraviolet licht
(nuv). Tollowing inoculation the plants were placed in a high
hunidity cabinet (90-100% R.H.) for 72 hours at 200C, after
which they were transferred to a glasshouse benche

Controls were provided by pnlants atomimed with distilled
water only, but othemwise given identical treatment.

Symptoms were first apparent within "8 hours of inocul=
ation as dark pin-=head sized necrotic srots which gradually
increased in size, became irregular in shape and tan in
colour, and often developed a darker margin. Thie latter
legion type was characteristic of those observed locally in
the field and waes typical of overseas descriptions, where the

causal organism is considered to be Stemphylium hotryosum
(Smith, 1910; TNelson, 1955).

Using both of the above described methods, the causal
organism war readily re-isolated to agare The colonies were
macroscopically similar to the original isolates, and on
microscopic examination were found to be morphologically
identical.
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Ry fulfillin- the requirements of Koch's Postulates as
described above, 1t was established that Stemphylium botryvosum
was the causal organism of a foliage leaf spot disease pre-
valent on lucerne in the Manawatu, and further, that the
pathogen wae ansociated with New Zealand produced lucerne
seed.



12

OMATOLOG

1. INTRODUCTION
Specific diseases are usually iderntified on the basis
of symptoms expreased by infected plants. lowever, in field
nractice thir can be extremely difficult, particularly when
several pathopgens causing similar symptoms are co—existent,
and where environmental variables influence the type of
symptom induced. Thie situation is well illustrated by the
work of Renfro anc Vernkamp (41963) who compared symptoms
on lucerne stems caused by six fungi. They found that only
alight differencees occurred and with so much overlapping
as to prevent ready identification of the snecific diseases.
The author experienced similar difficultiees in studying
the foliage disecases of lucerne present in the Manawatu.

Resides “temphylium leaf spot (Jtemphylium botryosuym) and
pepoer spot (Leptoaphaerulina trifolil), black stem (2homg

medicazinig) and common leaf spot (Dgeudopeziza medicaginis)
were located in local erops, and particularly in the initial

stagea of symptom expression accurate diagnosis was only
poasible following isolation of the causal fungi to agar.
Accordingly detailed field@ and glasshouse studies were made

of the symptomatology of both Stemphylium leaf spot and pepper
gspot. The following account relates to the former disease.

2e T K REETVA
In all crops the disease was widespread and most severe
during late soring/early summer, and again in the auvtum,
Symptoms were observed on leaves (Figure 1) and
occasionally on petioles, and were essentially similar to
those reported overseas (Table h). On leaves first evidence
was the development of black, circular, punctate spote with
a distinct margin which were randomly located over the upper
leaflet surface. It was at thies stage that the disease could
not be differentiated from others of the complex.
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W o fo ¥

FIGURE 1.

Symptoms on lucerne leaves naturally infected with

S. botryosum.

s te

FIGURE 2.
Lucerne leaves naturally infected with S. botryosum showing

atypical symptoms (left) and typical symptoms (right).
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TABLE e A sunmary of overseas descriptions of symptoms
caused by S. botryogsum on lucerne (Tehon and

Daniels, 19253
Neleon, 1955).

1« Partg infected

2. Leaf symptomg

Smith, 19103 Renedict, 195h;

Leaf, stem, petiole, peduncle, flower
and pod.

Numerous; initially punctate, 1=-2 mm
diameter, with a tan-coloured centre
and reddish-=brown margin. Become
larger, irregular in shape, the
reddish-brown margin becomins less
diatinet and with numerous, minute
black pseudothecia randomly located
over the greyish=tan centre; the
total lesion surrounded hy a straw-
coloured halo,

Under wet conditions enlarge rapidly
and coalesce to involve most of leaf;
become blackened due to intense prod=-
uction of conidia; leaves may shrivel
and abscise.

Small, black and linear; under wet
conditions will elongate and coalesce
to girdle and kill stem and petiole.

Symptome not obvious or conmon. From
floral infections can get subsequent
pod and seed infection; pods become
deformed} infected meed shrivelled
and dark coloured,
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However, further development produced the characteristic
mature field symptoms, namely, large (1=2 mm in diameter),
irregular lesions, with tan centres an' distinct reddish-
brown margins, in turn surrounded by a atraw=coloured halo,
and located on both leaflet surfaces. Thene latter symptoms
were so charaecteristic as to enable ready identification

of the disease.

A further lesion type was occasionally observed differing
from the typical situation in not having trhe characteristic
reddish=brown margin (Figure 2). Toth lesion types were
found randomly located on the same leaflets and the causal
organisms when isolated from each lesion type proved to be
morphologically identical. Further, when lucerne plants
were inoculated with isolates of each fungus similar symptoms
developed and with equal severity.

Although an oversess renrort (Nelson, 1955) indicated that
protopseuvdothecia * and pseudothecia were commonly found
within the tan centres of mature lesions and on infected
leaf debris, they were not located during this study.
However, in the laboratory protopseudothecia were readily
produced on artificially inoculated leaves (Chapter IV A 1),
but only in one experiment did they mature, to produce asci
and ascospores that conformed to the perfect state,
Rleosporg herbarum (Fr.) Rabe

Petiole symptoms were rarely observed and only appeared
as small, black, elongate lesions.

As the pathogen is associated with some New Zealand
seed=lines (Percival and Wenham, 1972), floral infections
must also occur in this country. lHowever, in the present
study symptoms on the reproductive structures of the host
were not observed.

* A protopseudothecium is a well developed ascostromatic
ascocarp in which asei and ascospores have not differentiated.
On maturity they develop bitunicate asel in clusters in one
or more unwalled locules in a large stroma (pseudothecium)
(Luttrell, 1965).
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3. QLAS SE_ORSE

Symptom development was observed in conjunction with
studies conducted to fulfil the requirements of Koch's
Postulates (Chapter II).

Symptoms first anpeared on leaves within h8 hours of
inoculation ars emall, black, circular necrotic areas,
surrounded by a yellow halo, and randomly located on the
upper leaf surface. 7y 10 days after inoculation lesions
were numerous and ranged in si2e from pin-point up to 41.5mm
in diameter (Figure 3), but with the majority remaining
amall (up to & mm diameter). These lesions were circular
to irregular in shape, black to brown in colour, aslightly
sunken, with a distinct margin and were often surrounded
by a yellow haloe. Lesions initially observed on the upper
leaf” surface were now also visible on the lower surfacees

Only a few spots developed into the typical, mature
symptom type as observed in the field and reported over=—
sean, and these were more of'ten located at the leaflet
margine In general, the glasshouse symptoms were similar
to the initial stages of field infectione, and only
occaesionally developed beyond this stape into the mature
lesion type. As with field infections, lesioned leaflets
failed to produce protopseudothecia when subjected to
conditiona of high humidity.

Symptoms on petioles similar to those found in the
field were occasionally observed.

of Koch's Poatulates wae the reluctance of isolates to
sporulate readily on cuvltural media. BRefore further
inoculation studies could be conducted there was need for
an investigation into those factors that would ensure ready
and intense sporulation on agar medias A survey of the
literature revealed that restricted conidial production on
agar is a common feature of Jtemphylium species, and that
several technigues have been used to overcome this problem.



FIGURE 3.
Symptoms on lucerne leaves artificially inoculated

with S. botryosum.

17
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“everal environmental factors are known to influence
the intensity of conidial »roduction of fungi on culture
media, including substrate, incubation temnerature, duration
of incubation and 1ight (1illy and Parnett, 1951). These
Tactors were investigated as follown.

In all experiments the plates were centrally inoculated
with an agar nlug (' mm diameter) taken from a ten day old
monosporous isolate growing on lab., PDA at 2110C,

The intensity of sporulation was determined ueing the
method desceribed by Tammen (1963) and Tate (1968). Thise
involved flooding the plates with a known volume of distilled
water, dislodging the eonidia, paesing the suspension of
conidia and mycelial fragments through cheese=cloth and then
ascertaining the conidial concentration using a Neubauer
haemocytometer.

(a) [Effect of substrate
The intensity of sporulation was determined following

growth on the fellowing mediat

Lab, potato-dextrose apar PDA;
Maknur potato—-dextrose agar PDAH
V=8 Juice agar V=8
Cornmeal agar CMA
Catmeal agar OMA
Yalt agar MA
Prune agar PraA
Water agar WA
Lucerne decoction agar IDA

The media were prepared as indicated in Appendix I,
The plates were incubated for ten days in the dark at 2hOC,
There were three replicates of eagch treatment.

The results (Table 5) show that with the exception of
WA some sporulation occurred on all media, with V=8 and PDAL
clearly the most satisfactory. However, the spore concentrat~
ion on these latter two media was insufficient for eritical
glasshouse inoculations, thus requiring further studies to
improve spore production. Labe. PDA was used in subsequent
work due to the regular availability of its conatituents
and ease of preparation.
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TAPLE 5, Effect of substrate on the intensity of
conidial »roduction.

Modiun Conidia/ml (xt 0"
1 2. . Average |
V-8 3 10 15 1247
PDA, 9 8 8 Ee3
OMA & 5 h "eO
IDA | 3 3 3.7
CMA 2 2 3 243
A 2 3 1 2,0
rA 0 2 1 1.0
DAM 1 0 1 0e7
A ] 0 0o 0

(b) Zffect of temperature

The influence of temperature on sporulation was
determined by incubating platea of PDAy for ten days in the
dark at the following temperatures:

hy 8, 12, 16, 20, 2, 28, 32 and 36 + 1°C
There were three replicates per treatment.

The results (Table 6) show that sporulation was most
intense following incubation at 2h0C. At 12, 16 and 200C
eporulation plateaued at a constant level of approximately
8 x 10* conidta/ml, with a gradual decrease below 120C
and above 219C. Sporulation did not occur at either hOC
or 36°9C, The greater sporulation at 219C may be partly
attributable to the more frequent use of this incubator,
and hence exposure of the cultures to irregular, short
periods of natural light, assuming of course that light
has a beneficial effect on sporulation.



TARLE 6. FEffect of temperature on the intensity

of conidial production.
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Temperature Conidia/m (x10")

(°c) Replicate

' 1 2 3 Average

h O O C 0

8 3 h b 33
12 7 40 8 8.3
16 9 6 6 70
20 8 8 9 8e3
2h 16 15 18 16.3
28 5 7 7 6e3
32 3 5 5 he3
36 0 0 0 0

(e) ZEifect of duration of incubation

Twenty-one inoculated PDAy plates were incubated in
the dark at 2090, At two day intervale three plates were
removed and the intensity of svorulation determined.

The results (Table 7) show that between the fourth
and twelfth day there was a gradual increare in sporulation
with a pronounced intensification over the next two dayse.
It would seem that these results are related to colony
sizes Twelve days were required for colonies to completely
cover the agar surface, and since conidia production lags
behind vegetative growth, high sporulation levels in each
plate were not attained until after this time; that is,

on the fourteenth day.

In subsequent work when requiring

a bulk supply of conidia plates were incubated at 21°C

for 12 days.
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TAPLE 7« Effect of duration of incubation on the
intensity of conidial oroduction.

Days after ) Gonidia/ml (X‘ d"‘) Average
inoculation R colony
diameter
1 2 3| Aver— (ma)
288
2 0 0 0 0 27«0
h 3 2 3 2.7 375
6 2 h 3] 3.0 h8.0
8 h 5 5 h 7 57«2
10 6 5 6 57 7240
12 6 6 7 6e3 82.5
1h 1 10 11 | 10.7 8540

(a) Iifect of 1ight

In recent years considerable research has been conducted
on the significance of 1light in inducing spore production
on culture media (Leach, 1961, 1962 3 Carlile, 1965).
Graham (1957) and Teach (41962) found that when they exposed
Stenphyliun trifoill Craham to diffuse 1light and continuous
near-ultravioclet radiation, respectively, it readily formed
conidia and sclerotial bodies on common laboratory media,
but would not do so in darkness. Hannon and Weber (4955)
reported that sporulation of §. Lloridanum Hannon and “eber
eould be stimulated by normal or artificial daylight. Diener
(1955) concluded from his experiments with 8. golgni "eber
that the optimm wavelengths of light that stimulated
conidial formation was between 312-5:6 nm,

The effect of light on sporulation was investigated hy
exposing PDAy, plates for ten days to the following treatments!

(1) Total darkness, provided by enclosing the plates in
a metal cylinder.

(11) Continuous near-ultraviolet (NUV) light provided by
a Phillipe hO0 watt black light blue tube held hO0 em
above the plates.

(111) Cyelie (12 hour ecycle) fluorescent light provided
by a Phillipe 80 watt cool white fluorescent tube
held 10 em above the plates,
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(iv) Natural diurnal periods of diffuse light provided
by placing the plates on a laboratory bench out of
direct sunlight.

There were four replicates per treatment,

The results are summarised in Table 8+ The fact that
sporvlation in all treatments exposed to a light source
war significantly higher than in total darknese clearly
demonstrated the beneficial effect of light on sporulation,
Createst sporulation occurred under NUV 1light and least
under natural diurnal light. These Tindings were in accord
with those of Diener (1955) working with 3. golani, and
Leach (1962, 1963, 1968) working with S. botrvosum.

It must be noted that although the culture medium
and source of inoculum were identical for all treatments,
comparisons between treatments were not strictly wvalid
since the plates of each series were not subjected to the
same incubation temperature. !However, the fact of
gporulation in the NUV treatment being substantially greater
than from the other treatments would suggest that this light
source was of considerable sipgnificance.s Accordingly, a
further experiment was conducted to determine the effect
on intensity of conidial production of different exposure
durations to NUV light.

Inoculated PDA;, plates were initially incubated in
the dark at 22=-210C for five dayse The plates were then
exposed to NUV 1light (at 22-210C) with four plates being
returned to the dark in the 22-2h9C incubators after each
of the following exposure periods:

Oy 4, 6, 12, 21, 72, 120 and 168 hours.

At the completion of the last treatment period (168 hours
= 7 days) the conidial concentration for all treatments
was determined.



TAPLE 8. Tffeet of light conditions on the
intensity of conidial production.
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Conidia/mi (x10*) .
Light treatment Teplicate
1 - - 7 Average
Darkness 10 8 7 5 75
Contimious NUV 78 62 68 65 28.2
Cyclic fluorescent| 27 30 32 33 3045
Natural/diurnal 10 21 35 19 21.2

The resulte (Table 9) clearly show the positive effect
of time of exposure to NUV light in stimulating conidial
production in cultures incubated at 22-2:10C, In continuous
darkness only sterile cultures were nroduced. Contrary to
the rfindings of Leach (1967, 1968) there was no further
increase in sporulation following return of the plates to
the dark after exposure to NUV light for 12 hours.

TABLE 9, Z=Effect of different exposure durations to NIV
light on intensity of conidial production.

Conidia/m1 (x10M)
Exposure time
(hrs) Replicate
1 2 3 h Average
0 0 0 0 ] 0
1 0 1 0 0 0.25
6 1 0 0 1 Oe5
12 0 0 1 1 0.5
2h 1 2 1 1 1.25
72 1 2 3 2 2.0
120 5 6 5 6 5¢5
168 8 7 8 8 775

In view of the results from the above experiments the
following procedure was adopted for obtaining large numbers
of conidias
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Plates of PDAy or V=8 juice agar (when available) were
centrally inoculated and exposed to a continuous NUV
light source for 12 daye at 23-270C. The conidia were
harvested as previously descridbed and the conildial
concentration determined. Freouently concentrations

of 150,000 conidia/ml were obtained and occasionally

up to 200,000 conidia/ml. Higher concentrations were
obtained by centrifugation followed by a haemocytometer
entimation of conidial numbers and then nimmle dilution
to the concentration required.

considerable variation in the extent to which plants became
infecteds It was considered that thie was due to variation
in such environmental variables as the incculum medium and
spore concentration used, the temperature prevailing Guring
the establishment of infection, and the length of time plants
were subject to a saturated environment following inoculation.
“xperiments were conducted to determine the best combination
of these factore required to produce consistent and tyrical
foliage lesioning. The experimente were conducted using
either execired leaves in the laboratory (Yarwood, 19%:), or
potted plants in the glasshouses In both experiments the
variety was airau.

In the former method, whole leaves of the same age Were
removed from lucerne plants., These were set out in high
humidity petri dishes (Tate, 1968) and epray inoculated to
the point of surface saturation with a conidial suspension.
Controls were provided by one replicate of leaves treated
identically te the inoculsted leaves (several replicates),
but inoculated only with the inoculum mediums The control
was essential to prevent any incorrect interpretation of
symptoms caused by conditions not related to the experiment
(for example, high temperatures). The results were recorded
at or before leaflet abscission occurred in the controls,
usuvally after h=G days at 20-2h0C,



Inoculated potted nlants were initially placed in a
high humidity cabinet under the required environmental
conditions and then transferred to a glasshouse bench where
the temnerature (18=229C) was thermostatically controlled.

(2) ZInogulum medium

The value of addings nutrients or other substances to
the inoculum sunpencion to increase the amount of infection
is well known (Vartinez and Haneon, 19633 Renfro and
Wilcoxson, 1963). “uch nutrients are considered to increase
the inoculum potential of the pathogen (Banttari and
wileoxson, 196:), Ty adding a sticker-spreader (unspecified)
to his inoculum suspension, Tenedict (195") obtained tynical
symptoms of Stemphylium leaf spot on lucerne.

In the present study the effect on the establishment
of infection of adding mutrients and stickers to the inoculum
wae determineds The nutrients an’ stickers used were as
follows$

1% dextrose

1% lactose

1% gelatin (Difco)

0+5% gelatin (Difco)

1% agar (pavis)

distilled water

The inoculum guspension was obtained by Tlooding two
plate cultures per treatment with the inoculum medium and
then harvesting the conidia. After adjusting the conidial
concentration of each treatment to approximately 90,000=
110,000 econidia/ml, two pots per treatment were inoculated.
At the time of inoculation the plants were 8+10 em high and
eight weeks olds The inoculated plants were held in a high
hunidity cabinet at 209C for 72 hours, and then transferred
to a glasshouse bench, Control plants were inoculated with
dietilled water only, but othermwise given identical condit ions
ae the test plants. The extent to which each treatment
affected the establishment of infection was determined hy
recording the number of lesions produced (expressed as a
disease intensity rating) seven days after inocculation.
The type of lesion produced was also recorded-.
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The results (Table 10; Figure ) show that all the
treatments, when compared with distilled woter, gave an
increased number of infections, with 1% gelatin and 1%
lactose the most effective.

In all treatments the majority of leesions were not
typical of those foum! in the field, being more typical of
pepper spot caused by L. Lrifolii. That is, lesions were
small, black, slightly sunken, occasionally surrounded
by a yellow halo and more rarely with a light=coloured
centre.

Although the addition of 1% gelatin provided the
greateat increase in infection, use of thie additive had
the distinct disadvantage of bleecking the atomiser and
causing lealflets to achere tcgether. Accordingly, in
subsequent exveriments 17 lactose was used.

(b) Inoculum concentration
The effect on disecase intennity and sympton expression
was determined by ueing the following inocculum concentrationss
190,000 conidia/ml

155,000 ™
400,000 "
58, 000 .
32,000 "
13,000 2

The inoculun concentrations were obtained by serial
@ilution of a conidial suspension harveated from ten plate
cultures floeded with a 1% lactose solution. Two pots of
young planta (approximately 12 em high) per treatment were
atomised to the point of run-off with each respective
conidial suspension, held in the high humidity cabinet for
72 hours at 20°C, and then transferred to a glasshouse
bench, Control plants were inoculated with 1% lactose
onlye The effect of eacn treatment wae assessed seven days
after inoculation.



TARLE 10.

Effect of inoculum media on disease intensity and symptom expression.

Inoculum
medium

Inoculun
concen tion
(conidia/ml)

Disease
intensity #

Symptom expression

4% dextrose

90, 000

2

Lesions on leaflets and petioles; pin=point to + mm dia;
majority brown to black, with indefinite margin and yellow
halo; typical lesions present. “ome leaflete chlorotic.

4% lactose

116,000

Lesions on leaflets and petioles; pin=noint to + mm diaj
majority brown to black, slightly sunken with indefinite
margin and yellow halo; in general, larger lesions more
typical.

1% gelatin

95, 000

Lesions on leaflets and petioles; on leaflets pin=noint

to 4 mm dia; majority black, irregular, slirhtly sunken,
with indefinite margin andi 1little local chlorosis; typical
lesions abundant. Many leaflets chlorotic, dve to lesion
coalescence. On petioles lesions emall, light-coloured,
elongate.

(¢ 8 ﬁ Sth in

105,000

Lesions on leaflets and petioles; on leaflets wide vari-
ation in size (pin-point to 1-1.5 mm dia), irregular,
black with indefinite margin and little local chlorosis;
larger lesions more typical.

1% agar

112,000

Lesions only on leaflete; pin=point to 1 mm dia; majority
large, irregular, with tan centre and darl:, definite margine.

distilled
kntcr

113,000

Lesions only on leaflets; pin—-roint to 1 mm dia; majority
emall, irregular, black, with a definite margin; larger

lesions more typicale.

Continued overeeess

Lz



TARLE 10. (conta)

Inoculum Inoculum Disease *
medium concentration intensity Sympiom exvression
(conidia/ml)
Control
(distilled - 0 Symptoms not produced.
Fator)
¢ 0 = no lesions
14 = glight lesioning
2 = moderate lesioning
’3 = gevere lesioning
1 = very severe lesioning

gec



FIGURE L.
Comparison of leaf symptoms after inoculation with
S. botryosum using different inoculum media.

A. 1% gelatin
B. 0.5% gelatin
Ca 1% dextrose
D. 1% lactose
E. 1% agar

F. distilled water

29
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The results (Table 143 Figure 5) show that a moderate
infection was obtained using Oonidial concentrations of
58,000 conidia/ml and aboves Hovever, in each instance
symptom expression was not typical of the disease in that
lesionn were devold of the characteristic tan centre and
reddigsh=brown margin. The heaviest concentration
(190,000 conidia/ml) resulted in some lesion coalescence
and chlorosis of leaflets not normally found in the field,
whereas the conidial concentrations of 58,000, 100,000,
and 155,000 conidia/ml produced degrees of foliage lesioning
commonly present under natural situations. Accordingly, in
subsequent inoculations a c¢onidial concentration between
60,000 and 150,000 conidia/ml was used.

The control plants remained healthy throughout the
experiment,

(e) Temperature

Temperature has a considerable effect on moet phases
of the disecase c¢cycle, especially the establishment of
infection and the incubation period. The present experiment
was conducted to detemine the optimum temperature for the
completion of the disease c¢ycle up until first evidence of
infection,

Excised leaves wWere subjected to an environment of
anproximately 1007 relative humidity by placing in petri
dishes lined with moistened filter paper. The leaves were
spray inoculated with a spore suspension (60,000 conidie/ml)
and the petri dishee incubated at a range of constant temp-
eratures (15, 20, 25 and 300C) for 72 hours. There were
four replicates per temperature. At 2, 148 and 72 hours
after inoculation the mean number of lesions per treatment
was recorded. This gave an indication of disease intensity
for each temperature at each point in time.



TARLE 11. Effect of inoculum concentration on disease intensity and symptom expression.

Inoculum
Concentration Disease Symptom expression
(conidia/ml) intensity *

490,000 I Lesions atypical; are large (up to # mm dia.), black, randomly
scattered over the leaflets; some lesion coalescence and chlorosi
of leaflets.

155,000 3 Lesiones atypical; are pin=point, black, with a definite margin and
little chlorosin; some lesion coalencence.

41 00, 000 2«3 Few typical lesions, majority stypical; small (1 mm dia.), blaek
and slightly sunken with l1ittle chlorosise.

58, 000 3 Few typical lesions, majority atypical; smell (4 mm d1a.), black
and slightly sunken with 1little chlorosis.
32,000 2 Lesione atypical; very small, dark-brown, with a definite margin
and slightly sunken; no chlorosis.
13,000 O Six leaves with lesions; atypical; very small, black, with an
indefinite margin; no chlorosis.
0 0 Lesions not produced.

¢ See Table 10



FIGURE 5.

Comparison of leaf symptoms and disease intensity after
inoculation with 8. botryosum using six conidial

concentrations.

A. 190,000 conidia/ml

B. 155,000
c. 400,000
D. 58, 000
E. 32,000
F. 13,000

n

32



The results (Table 12) show that at 72 hours from
the time of inoculation the greatest number of lesions
were produced at 250C, and least at 15°C. At 20, 25 and

300C lesions were visible within 2!y hours, indicating the

rapidity at which the disease cycle up pntil gymptom

expression can be cormpleted.
within 48 hours.
throughout the experiment.

At 150C thie stage was reached
The control leaves remained healthy

These results are similar to those of Nelson (1955)
and MeDonald (1958), but differ from tho= of Renfro and
Kernkamp (1963) who found S. hotrvosum on lucerne to be

most pathogenic at 300C,

In subsequent inoculations temperatures within the
inoculation cabinet were maintained between 20 and 250C.

TABLE 412. Effect of temperature on disease intensity
2h, 18 and 72 hours after inoculation.

[oont rol

Temperature Mean number of lesions/treatment
(°c) 21 hours 148 hours 72 hours
15 0 2.0 1;05

20 15 15«2 21.2
25 247 1840 2247
30 1.5 12,0 20,0

0 0 0




(4) Humidity
Following inoculation plante must be held under conditions

of high humidity for a period sufficient to ensure spore
germination, host penetration and the establishment of
infections The following experiment was aimed at determining
the length of time that both excised leaves and potted

plante need be held under high humidity conditions following
inoculation to produce moderate infection leveln.

(1) Excised lcaf method.

Excised leavee in petri dishes were spray inoculated
with a epore suspension (60,000 conidia/ml) and exposed
to 100% ReH, for O, 2", 36, h8, 60, 72 and 96 hours at
2h0C. After each exposure period the plate lids were
removed to reduce the relative humidity around the leaves.
The filter paper liners were kept moistened to prevent
dehydration and the effectiveness of the treatments was
measured af'ter 96 hours by recording the number of lesions
per leaf,

The results (Table 13) show that some infection occurred
without the provision of high humidity conditions. However,
for a mederate intensity of lesioning to result, at least
36 hours was recuired,

The control leaves were healthy at the time of
ansessment,

TABLE 13, Effect of high humidity duration following
inoculation on disease intensity.

High humidity Psder Jesions/Leaf

duration

(hours) Replicate. Treatment

1 2 3 L0 —h-s
0 > 3 i - «

2l 1 - b - 525
36 Z S (. . 16.5

L8 13 15 22 _ 36 220

60 16 N W 180
12 28 | T — 25
26 -+ AU | T . 1720

Icontrol " - - - -




35

(11) Pot plant method

Fight week 0ld plants were inoculated with a spore
suspension in 1% lactose (90,000 conidia/ml) to the noint
of run=off and then placed in a high humidity cabinet.

At 0, 21, 36, "8, 60, 72 and 96 hours two pots were removed
to a glasshouse benche Diseace intensity and symptom
expression of all treatments was recorded 96 hours from the
time of inoculation; that is, after removal of the last
treatment from the high humidity cabinet. Two pots
inoculated with 1% lactose and maintained under high humidity
for the longest duration served as controls.

The reesults (Table 1)) were essentially similar to
those of the previous experiment and show that to obtain
moderate disecane intensity plus the expression of typical
aymptoms, 21 houre high humidity duration is.required.
Nelson (1955) found that at 22=270C, 12 to 2h hours high
humidity was neecded for maximum infection. FHowever, in the
present study as lesions were still small in size, 36 hours
was considered to be the minimum to give consistent symptom
expression,

The control plants were healthy at the time of assessment.

A a result of the above experiments the following
procedure was adopted for use in later inoculation studiess

Conidial suspensions of aprroximately 60,000 =« 450,000
conidia/ml in a 1% lactose nutrient medium were atomised
on to foliage to the point of run-offs The potted
plants were then held in a high humidity cabinet for

at least 36 hours at 20=250C, and then transferred to

a glasshouse bench.



TABLE 1h, Effect of high humidity duwration following
inoculation on disease intensity and symptom

expreassion.
High humidity | DPisease
duration intensity * Aymptom expreesion
(hours)
0 1 Typical symptoms produced.

2h 2 Majority symptoms typical, but
aemall.

36 3 Symptome from small, black spots
to typical lesion type, i.c. tan
centre, reddish-hrown margin, and
surrounded by a ¥ellow halo.

I8 2 Symptoms similar in range to those
observed at 36 hours.

60 3 Symptoms similar in range to those
observed at 36 hours.

72 h Aymntoms from black, moderate
size lenions, with an indefinite
margin and chlorotic halo to
tyrical leeion type; severe
leaflet defoliation and chlor-
osis.

96 h Symptoms very similar in range to
those observed at 72 hours.

rontrol 0 Symptoms not produced.

* fee Table 10,
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Mycological featuree of the causal funpgus were studied
both on the hoat and on agar to determine whether the pathogen
as present in the Manawatu conformed@ with overseas descriptions,
Although the “temphylium leaf spot disease of lucerne was first
reported fifty=five years ago (Centner, 1918) an? has since
been recorded in many parts of the world (lelson, 19553 BPrien
and Dingley, 19593 TFocke, 419663 Perisic and “tojanovie, 1967),
the only account of the mycology of the pathogen is that by
Smith (19:0)., Isolates from lucerne have not previously been
studied in New Zealand,

The oaueal organism is chamcterised by both an imperfect
state (Ctemphylium botrvosum Wallr.) and a perfect state
(Plecsnorg herbarun (Fr.) Rabe). “hereas asexual reproduction
was readily produced in the field, pseuvdothecia were not en-
countered, Hovever, mature sexual fruiting bodies were formed
on excised leaflets in the laboratory enabling then the study
of the morphology of pseudothecia, asci and ascospores.

Abum!ant prodnction of' conid:lophorea and
conidia occurred within 2-3 days when infected leaflets
were subjected to conditions of high humidity in petri
dishes lined with moistened filter paper. Slides were
prepared by tranaferring conidiophores and conidia to a
drop of Shear's mounting fluid on a glass slide using a
flamed needle. The morphology of the conidiophores and
conidia were microscopically determined and measurements
made using an eye-piece micrometer.

(11) E

Pamdothoch were produced on autoclaved
excised leaflets in petri dishes, following the method of
MeDonald (1958)« This involved epray inoculating leaflets
in petri dishes with a conidial suspension and incubating
for four days at 210C, after which the petri dishes were



placed outgide the laboratory on & wall facing east. The
leavee were examined af'ter a further 7 and 17 days for the
presence of pseuvdothecia. The experiment was repeated several
times between April and Auvgust when air temperatures and
daylength were lowe

At 7 days protopseudothecia were in evidence, and by
17 days mature fruiting bodies were formed Slides were
prepared of pseudothecia, asei and ascospores and their
morphology determined under the high power (x :00) of a
compound microscope.

SODNQLON LS. S G RIS L)l QO AL i La LE
The morphology of conidiophores and conidia
of the fungus are sumarised and compared with those recorded
overseas in Table 15.

The morphological features as described correspond
closely with those recorded overseas for the species in
general (Pooth and Pirezynski, 1967b; Simmons, 1967), and
for the species on lucerne (Smith, 19:0). That is, the
conidiophores Were bdbrown, upright, with a darker, swollen
apical sporogenous cell which was slightly roughened at
ite apex, and were 1-9 septate and 5~6hu long. The 1light
brown, muriform conidia (Figure 6) were variously
subspherical to ovoid or oblong, echinulate, ani with a
‘major constriction at the median transverse septum. Their
average dimensions were 17.6 x 29.lu with a length/breadth
ratio of 1.67.

S4mmons (41969) deseribed the diagnostic features of
the type material of S. hotrrogum to include the maximum
conidial dimensions (23 x 33u), a length/breadth ratio in
the range of 1+0+1,5, and the conspicuous constriction
at the median transverse septums These features conform
very closely with the measurements and observations made
in the present study and help give confirmation of the

identity of the causal organism as Stemphylium botrvosume




TABLE 15.

from naturally infected host tissue.

Comparison of the morphological features of conidiophores and conidia of S. botrvosum

Fungal Structure

Author

Smith (19h0)

Booth and Pi

zynoki
(1967v

Simmons @ 969)

(1) Horphology

Brown, upright,
single with slight~-
ly darker, swollen
apical sporogencus
cell; slightly
roughened toward

Brown, upright, ei-
ther single or
grouped in fasci-
cles (rarely h
hyphae); bulbous

at base and apex.

Pale brown to brown,

erect, with swollen
apical eporogenous
cell; slightly
roughened toward
the apex. “everal

Dilute to medium olive-
brown, straight to
variously bent or cur-
ved, simple or cccas=
ionally 1-branched,
with swollen apiecal

the apex. Nodulose| Nedulose appear- succensive sporo=- cell; slightly rough=-
appearance due to ance duve to con=- genouve cells may ened toward the apexe.
proliferation tinued apical form by prolifer— Up to h successive
through apical pore| growthe. ation through the sporogenous cells pro=
or branching at or apical pore; 1-7 duced by renewal of
near apex; 1=9 septate. conidiophore growth
septate. through previously
formed apical pores;
1=7 septate.
f(ili Dimensions: . & o -
a) Length - Ghu - - - 72u
b) Diameter - 3¢5 = Sebu h - Z"‘:u h = 6u

Continued overecss




TABLE 15. (contd)

Fungal Structure

Author

smith (49:0)

Booth and Pirozynski
(1 %n{D

Simmons (4 969)

(1)

(11)
a)

b)

e)

Sonidla

Morphology

Dimensionst
Length=-

Breadth-
range

L/n ratio

Variously sub-
epherical to broad-
ly ovoid or oblong,

light brown
ulates 3(=5

verse, 1-2 complete
or near complete
peries of longitu-
dinal septa, with
major constriction
at median trans=-
verse seplume

22.3 = 33.hu
25.h # CuJhu
thel = 2he2vu
176 2 0O.3u

1467

echin=-
trans-

Oblong, clive-brown,
echinulate, and
muriform; constirict-
ed at median trans~
verse septume

2t = hou
3 2 Oiu
1 = 23u

19_: Oe2u
1463

Oblong to ovold or
subdoliiform, olive
to brown, with a
roughenad outer
wall; occasionally
constricted at

1=3 transverse
septa and at 1-3
longitudinal septa
if complete.

28.5“

19«5u
16

Oblong or brmdly

§T75te 2
ute
brown, u nulates
nlightly to conspic-
uously constricted
at 1=3(~1) comnlete
or nearly complete
series of longitud=
inal septa.

2h = 33y
23-3“ y
15 = 2hu

1950
150

o Hoep otive-"

G



(x LO00)

(x 900)

FIGURE 6.
Conidia of S. botryosum produced on a naturally infected
leaf subjected to high humidity conditions for three days.

144
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7ithin 21 daye after inoculation pseudo=
thecia had been produced over the surface of the excised
avtoclaved leaflets, Five to twenty asci per pseudothecium
in all stages of maturation were observed.

The morphological features of the perfect state of the
fungus are summarised and compared with those recorded
overseas in Table 16.

The black, giobose pseuvdothecia were erumpent in the
hoet tiesue and contained several bitunicate, narrowly
cylindrical to clavate ascis These asci were obtuse at
their apex, tapering to a swollen or claw-like base and
with average dimensions of 30,2 x 181.6u (Figure 7).

The yellow=-brown, muriform ascospores were ellipsoid to
clavate in shape with slight constrictions at all 7 trans=-
verse septa. Their average dimensions were 1643 x 37.2u
with a length/breadth ratio of 2,28,

Allowing for variability in environmental conditions
and between isolates of the pathogen, this description of
pseuvdothecia, ascil and ascoepores conforme closely to
that described by Imith (19h0) and Booth and Pirozynski

(1967v) for Plecsvora herbarum.

2. MYCOLOGICAL FEATURES ON AGAR

Cultural studies involving the observation of the
macroscopic and microscopic features of the fungus, its
rphysiologiecal behaviour with respect to temperature and
media, and the production of the perfect state were
ecarried outs The cultural characteristics studied were
gross colony features such as shape, colour and growth rate
(macroscopic features) and the morphology of conidiophores,
conidia, pseuvdothecia, asci, and ascospores (microscopie
features). In the physiological studies the effect of
temperature and media on gross colony features and growth
were also examined.



TABLE 416.

Comparison of the morphological features of the perfect state of S. botryvogum from infected
host tissue.

Fungal Structure

Author

amith (19:0)

Booth and Pirozynski
(1967D)

[Pseudothecia

(1) Morphology

(11) Diameter

Globose, black, randomly
scattered, erumpent in
tissue.

185-0 - ’.1_21 .Ou

Clobose, black, sometimes
posaese a slender neck.

Globose or somewhat flat-<
tened, scattered, immers+
ed to erumpent in host
tiesue.

100 = 5000

Asci
(1) Morphology

{11; Dimensions$
a) Length=range
-mean

b) PBreadth-range
-mean

Bitunicate, c¢ylindrical
to clavate, obtuse apex
and tapering to swollen
or claw=like base, with
8 ascospores.

12540 = 226,0u
18146 ¥ « 36u

302 > OJtu

Elongate, cylindrical and
typically 8-spored.

183 = 267u
239 + 0.2u
27 = 37u
y! _t 0.3“

Ritunicate, cylindrical
to clavate, with 8 frreg-
ularly distichous asco=-
spores.

90 = 250u

20 = 50u

Continued overeesess

£y



TARLE 16+ (contd)

Fungal Structure

Author

Smith (419h0)

Pooth and Pirozynski
(19671)

(1)

(11)

a)
b)
e)

Agcospores

Morphology

Dimensions:
Length=-range

Breadth=-range

L/B ratio

Fllipsoid to clavate, light
to dark yellow-brown, ends
obtuse, sub-apical guarter
more swollen, 7 trans-
verse septa, 1~ complete
or near complete series

of longitudinal septa,
slight constrictions at
all transverse septa.

2946 = hhe2u
3742 + Ouktu

11.6 = 19.!“'.1
’6.3 _‘t 0.3“

2.28

Founded at both ends,
yellow to brown, muri=
formy, 7 cross septa
and 3=5 longitudinal
aepta.

32 = h8u
39 # OJiu

1M - 29u
17 + O.2u

2430

Fllipsoid to clavate,
light to dark yellow=-
brown, 7-septate,
slightly constricted

at the 3 primary trans-
verse septa, finally
muriform.

10 = 20u

!
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FIGURE 7.
Mature asci of P. herbarum produced on artificially
inoculated lucerne leaflets. (x h00).
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The origin of the isolates utilised in this section of
the study were as follows!

Igolate dourge Locality
1 Lucerne leaves Kairanga
2 Tucerne leaves DeSe TeReyPalmerston North
3 Tucerne seed Christchurch

( var. ‘‘alra U)

(a) laterials and Nethods

(1) Cultural chargcterigtics

In the following investigation isolates 2 and 3
were grown on PDAy, at 2h0C, with each isoclate repliceted
on three platess The colony diameter was measured on the
fourth, seventh and tenth day hy taking the average of
two measurements at right angles to each cther., The
macrosconic features of the isolates were also observed
at these times.

To obtain sufficient production of conidia ten day
0ld cultures were placed under NIV light for four dayse.
The nroduction of pseudothecia was induced by transferring
some cultures to an 80C incubator. ILeach (1971) renorted
that protopseudothecia readily matured at thie temperature.

In the microscopic studies small portions of the
colonies were mounted in Chear's mounting fluid on glaes
slides and observed under a compound microscope. Uesing
an eye=piece micrometer the dimensions of conidia were
determined on the fourteenth day, and. peeuvdothecla, asci
and ascospores on the gixth week following transfer to
tne 80C incubator.

(11) Ehysiological features

The reaction of the fungus to temperature and
media was examined by recording its radial growth after
four, seven and ten days incubation and ite gross colony
characteristics after ten days.

a. Ihe effect of temperature
The effect of temperature on the gross

colony characteristics and growth on PDAp, of two isolates
(isolates 1 and 2) was examined. Each isolate was repli~-
cated on four plates at each of the following nine temp-
eratures! ‘
hy 8, 12, 16, 20, 2, 28, 32 and 36 + 1¢°,



h?

be The gf!ﬂ; of medig

The affect of media on the grose colony
characteristice an® thdiesl growth at 2h0C of two icolatss
(icolates 1 and 2) was examined. TFach imolate was repli-
cated on three plates for each of the following media:
Laboratory potato~dextrcose agar (PDAp), Yaknur notato=
dextrose agar (P2A;), oatmeal agar (OMA), cornmeal agar
(cvA), malt agar (MA), prune agar (PrA), V=8 juice egar
(v-8), water agar {"7A), an? lucerne decoction agar (IDA).
These were prepared as deceribed in Appendix I, The nH
of a molten sample of each mediun (at "50C) was also
determined.

(v) Results and Discussion
(1) Cultural characteristice
a. lMacroscoplc fegtures
The ensential macroscopic features of the
fungus on PDAy, after four, seven and ten days incubation
at 2hOoC are summrised in Table 17, and its gross coleny
characteristicn on V=8 juice agar after ten days incubation
at 2h0C 1s 1llustrated in Pigure 8. The average growth
rate of each isolate is 1llustrated graphically in Fipgure 9.

After ten days incubation at 219C on PDAy, colonies
were 50 mm in diameter, an’ were circular, flat, devoid of
aerial mycelium and had an entire margine Viewed from
above the colonles were olive-green at the centre and
surrounded by a 3~ mm wide white margin. In the older
central area of colonies abundant conidia and a few black
protopseudothecia were in evidence.

The maeroscopic features on culture media of S. botryogum
from lucerne have not been previously recorded, but they
esrentially agree with descriptions given for the species
from other hosts (Petzer, 1958; Rotem, Cohen and Wahl, 1966).

b. licrosconic features
The mieroscopic features of conidiophores,
conidia, pseudothecla, asci and ascospores are sumarised
in Table 48 and illustrated in Figures 10 = 12,



TABLE 17. The macroscopic colony characteristics of S. botryosum on PDA; after four, seven and
ten days at 2h°C.

Macrosconic features i ln

Eourth day

1« Colony shape Cirecular, flat with entire margine

2. Colony colour Centre and middle olive~green, margin white, some slight sectoring.

3e

!l.

Aerial mycelium
Spore body produvction

Absent.

Prom centre/middle moderate conidia production. o protopseuvdothecin.

1«
2,

3e
he

Seventh day

Colony shape
Colony colour

Aerial mycelium
Spore body production

Circular, flat with entire margine

Centre and middle olive-green, small margin (3—33 mm) white, sectoring
more prominent.

Absent.

From centre/middle greater conidia production than at fourth day.
Protopseuvdothecia being formed, few in number, black, carbonaceous,
scattered around colony centre.

o

Colony shape

Colony colour

Aerial mycelium
Spore body produection

Circular, flat with entire margine.
As on seventh day.
As on seventh daye

Abundant conidia production from centre/middle, pivine black tinge to

colony.
colonye.

A few protonseudothecia scattered randomly over centre/midile of

|

8



FIGURE 8.

Colony of S. botryosum (isolate 3) after ten days growth
on V-8 juice agar at 240C in the dark.

Note the intensity of protopseudothecia production.

L9



Colony diameter (mm)

60 =

@———@ |solate 2

D= Isolate 3

Time (days)

FIGURE 9. Growth rate of S. botryosum (isolates 2 and 3) on PDA| at 24 C.



TAEBLE 18.

Deacription of the microscopic structures produced by Se. bhotrvegum on culture media.

(e) Dimensions:

[Eungal Structure Degcrintion
f« Conidiophores
(a) Morphology Branching, erect, 0-5 septate, with swollen arical cell which is
slightly roughened toward the apex; sometimes nodulose duve to apiecal
proliferation.
(v) Colour

Rrown, darker towards apex.

12.6 - 91.211
5.9 = 7.6u Ave Gebu

2

Length
Diameter apical cell
Conldig
(a) Production
(p) Shape
(e) Colour
(d) Septation
(e) FEpispore sculpture

(£)

Dimensions:
Length
Breadth

ratio

Dorne on apex of swollen ariecal cell; production stimulated by NUV
light.

Variously subspherical to oblong or broadly ovoid, constricted at
medium transverse septum and occasionally at other transverse septa;
when immature spherical to oval.

TLight to dark olive~brown; when immature translucent yellow=brown to
olive=brown,

3(=5) transverse and 1=3 complete or incomplete series of longitud=-
inal senta.

Distinctly roughened or echinulate.

218 = i o 71 AVe 3372 .. 0e521u
18;8 - 3530 Ave 211,05 ¢ Q11 u
1.1t

Continued overeess

(54



TARLE 18. (contd)

Funeal Structure Descriotion
3. Pagudothecia
(a) Production Variable; induced by exnosure to NIV light for 7 daye followed by
incubation at 80C for ''=6 weeks.
(v) Dieposition Immersed, becoming erumpent as mature.
(e) Morphology Globose, black, ostiolated with a short apical beak being produced as
mature.
(@) Diameter:
F‘ngﬂ 2’!6.0 - 389.0\1
Average 30118 + 5.56u
e Ascd
(a) Morphology Narrowly cylindrical to clavate, bitunicate, with obtuse anical end
and tapering to & swollen or claw-like base. Contain 8 ascospores
arranged randomly in one obligue series.
(b) Dimensions
ngth 110,00 = 238.0\1 Ave 188.2" _"‘-2.%11
Breadth 212 = 3542u Ave 28,08 2 Ot u
P- Asgospores
(a) Shape Fllipsoid to clavate with ends obtusely rounded; slirht constrictions
at all transverse septa, sfub-apical quarter usually more swollen.
(v) Colour Tnitially pale yellow, deepening to translucent yellow=browne.
(e) ceptation 7 transverse septa,! complete longitudinal septum an? incomnlete series
across 1= of the transverse septa.
(a) Dimensions
TLength 28,2 = 38.9%u Ave 31" 4+ 0,.38u
Breadth 1247 = 1760 AVe 111450 # 0e15u
ratio 2.29

es



FIGURE 10.
Conidia produced by S. botryosum (isolate 2) after ten
days incubation on PDA1, at 24OC in the dark. (x4400)

55
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FIGURE 11.
Ascus containing eight ascospores from a P. herbarum colony

on V-8 juice agar after six weeks incubation at 80C in the
dark. (x500)

FIGURE 12.
Mature ascospores from a P. herbarum colony on V-8 juice agar
after six weeks incubation at 80C in the dark. (x900)
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These observations are essentially the same as those
deseribed overseas for the fungus on lucerne (%mith, 419103
Graham and Zeiders, 1960), and on other host species
(Croves and Skolko, 19")t3 Padhi and Snyder, 19513 Graham
and Zeiders, 19603 notem gt al, 1966). That is, the
conidiophores were erect, O-5 septate, brown, each with a
swollen anical sporogenous cell bearing a single conidium
which waes subspherical to oblong, olive to brown, echin-
ulate, muriform an? constricted at the median transverse
septume The black, globose pseudothecia contained
bitunicate asci which were narrowly eylindrical to clavate,
each with eight ancospores arranged in an oblique series.
When mature the ascospores were ellipsoid to clavate,
yellow=brown, muriform, with seven transverse septa.

It should be noted that depending on the isolates
under study so morphological features of fungi, in part-
icular spore dimensions, may vary under the one set of
environmertal conditionss Further spore dimensions of
any one isolate may vary with changes in environmental
coniitions (Williams, 19593 Teach and Aragaki, 1970).
Thus it must be recognised that the morphological features
as described above relate to isclates 2 and 3, and under
the cultural conditions as defined in the experiment.

(11) RPhysioclogical features
a. Ihe effect of temperature
The effect of temperature on radial growth
of Se hotrvogun 1o 1llustrated in Figure 13 and shown
graphically in Figure 15.

The cardinal temperatures for vegetative growth on
PDA;, at ten days were hy, 21 and 36°C, these closely
agreeing with the temperatures reported by other investi-
gators working with S. botrvosum (Padhi and Snyder, 195h;
Graham, 19573 TRotem gt agl, 1966). After four days
incubation greatest growth had occurred at 280C, but by the
tenth day the radial growth at both 20 and 2hOC had exceeded
that at 280C. It should be noted that these results only
refer to the average growth of two isolates, and that
individual isolates differed slightly from the above.



FIGURE 13.

Effect of temperature on the growth of S. botryosum (isolate 2)
on PDAj, after ten days incubation in the dark.

FIGURE 1lL.

Effect of media type on the growth and gross colony character-—

istics of 8. botryosum (isolate 2) after ten days at 240C
in the dark.
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37

70 = B——a Tenth day
——e seventh n
D] Fourth 0
60 —
50 =
40 —
30 —
20) ==
10 —
Y T T T T I | T T
0 4 8 12 16 20 24 28 32 36

Temperature (C)

FIGURE 15. Effect of temperature on radial growth of S. botryosum on PDA| after
four, seven and ten days incubation.
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CGrose colony characteristics changed with temperature,
with colonies beins generally darker below 200C, and

completely white at !t and 360C. Aerial mycelium was sparse
between 28 and 369C, and absent at all other temperatures.
"here present it was white and fluffy and econfined to the
colony centre. Protorseudothecia were produced in the
cultures only between 1¢ and 210C, whereas conidial prod=-
vetion occurred between 8 and 320C,with the maximum pro=-
duction at 2h0C,

There were also changes in the morphology of conidia
at the different temperatures. In general, there was
greater pnigmentation and echinulation with an increase in
temperature, but spore size remained corstant, Similar
gross changes in the morphology of conidia asnocinted with
different temperatures have been reported by lLeach and
Aragaki (1970) for S. L£loridanum 'annon and "ebers

be I L ! i
The effect of media type on the gross
colony characteristics is 1llustrated in Tigure 1 and
surmarised in Table 1%.

Crowth was dense on all media except PDAy and A,
where it was very eparse. “urface topograrhy and colour
of colonier were essentially the same or all nine media.

In general the culturee were circular, flat and when viewed
from above light olive to dark brown in colour. On PrA
and PDAy cultures were light olive to white, while on WA
they were completely white. Aerial mycelium was lacking
on all media except M¥A, where it was sparsely produced at
the colony centre.

On PDA‘, PrA and WA conidial production was either
poeor or lacking, whereas on all the other media moderate
to very dense production occurred. On those media where
conidia were observed production was over the total colony
surface, with greatest intensity at the centre. The prod=-
uction of protopseudothecia occurred only on PDAy, PrA and
IDA, and in each case was not intense.

The effect of media type on radial growth is illustrated
graphically in Figure 16, After ten days incubation at 2h©C
growth was greatest on V-8, PrA and PDAH. and least on MA,
It should be noted that the histogram only records the
average growth of two isolates, and that there was some
variation between isolates.



TABLE 19.
2hOC for ten days.

Effect of media type on the gross colony characteristics of J. botryogsum incubated at

OMA ILDA | V=8 CHMA PrA MA PDA;, PDA; WA
Imm m 6.30 50"21 6.22 5050 5.75 5.70 6.”1 5.80 6.90
sﬂpa“"lm - c c c ¢ c c c g Ir
Elevation Pt ¢ Ft et Ft rt Ft Ft Ft
Zonation NZ y A A Z NZ A NZ pA N2
ﬁ ' L 01 w L Pr w W w W W w
Midﬁ: L 01 Gn D Rr Pr w D Br w D Gn w
Centre L 01 Gn D Rp Ry L 01 D By L 01 D Gn W
Qm#ig 0 0 0 0 0 1 0 0 0
Morphology - - - - - ct - - -
2 2=3 h 2 1 2 1 3 0
Gen Gen Gen Gen Gen C=M Cen C=-1 -
Rl Bl Bl Bl Bl Bl Bl Bl -
0 1=2 0 0 2 0 2 0 0
Xey® Shape: C = circular Cuantity O - absent Soloup: T = 1licht Locatlion: C = centre
Ir=- irregular 1 = sparse D =~ dark M = middle
Flevationt Pt - flat 2 = moderate 01 - olive Gen = general
Zonation: NZ - no zomation 3 = dense Gn = green I- immersed
Z = zZonation h = very dense Br = brown - . 2
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FIGURE 16. Effect of media type on radial growth of S. botryosum after four,
seven and ten days incubation at 24 C.



? THZ Pl STATE ON AGAR
Evidence to confirm that the isolates causing
Stemphylium leaf spot in the lianawatu were in fact 2leosvorg
harbaprun required that the perfect stage be produced on
culture media. In preliminary cultural studies protonseudo=
thecia were sparingly nroduced by isolates incubated in the
dark at 2h0C, but in no instance did they mture, The follow~
ing experiments were conducted to determine means of indueing
firstly, abundant production of protonseuvdothecia, and
secondly, their maturation.

The method found by T.each (1 974) to affectively
stimulate vroduction of protopseuvdothecia was investipgated.
Forty-eight PDA; plates were inoculated, half with
isolate 2 and half with isolate 3. They were incubated
initially in the dark at 22-2h0C for five days and then
expored to a continuous NUV light socurce at 22-240C for
the following durations:
O, 4, 6, 12, 2, 72, 120 anc 158 hours.
After each exposure duration six plates were returned to
the dark incubator (22-=2"0C). The number of protonseudo-
thecia produced, expressed as an intensity rating, was
Cetermined at the completion of the last treatment
(168 nours = 7 days)e

The results (Table 20) show that for both isolates at
leact 12 hours exposure to NUV light was required te induce
production of a mederate number of protopseuvdothecia, and
that production was more intense as the duration of treat-
ment 1lncreased. Ilowever, there was a difference in the degree
of response by the two isolates to the NUV treatment. With
isolate 2 a Tew protopseudothecia were produced in the
absence of NUV radiation,whereas isolate 3 required at
least one hour of treatment for a similar number to be
produced. Further, compared with isoclate 2, preduction
of protopseudothecia by isolate 3 was considerably more
intense after 168 hours treatment,
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TABLE 20, Effect of exposure duration to NUV light on the
intensity of protopseuvdothecia development.

Isolate Exposure duration to NUV light (hours)
9 1 6 12 20 72 120 168
2 = 9 1 2 2 3 3 3
3 0o 1 1 2 2 3 h h

* 0 = no protopseudothecia
1 = few protopseudothecia
2 = moderate number of protopseudcthecia
3 = large number of protopseuvdothecia
b = very large number of protopseuvdothecia.

(Average of three replicates)

g &2 DIl O proLopaeudotneclia On agoe
Two methods have been reported that induce the
maturation of protopseudothecia of Plgospora herbarum on
culture media. 7sing an isolate from tomatoes Potem, Cohen
and 7¥ahl (1966) found that cultures containing protopseudo-
thecia maintained Tor two weeks at 10, 15 or 20°C produced
asgospores when exposed for an additional two weeks to
25, 20 and 25°C, respectively. Cimmons (1969) also found
that maturation of P. herbaruyp isolates occurred at 50C
within periode of time ranging from 2-12 monthse This
work was in effect confirmed by lLeach (19M) who found
that protopseuvdothecia matured when subjected to long
uninterrupted periods at low temperatures (e.ge 21 days
at 5-100C),

The relative effectiveness of the above two methods
was investipgated.

(1)

A D1 P e slgis

Thirty-two PDA; and V-8 juice agar plates
were inoculated, half with isolate 1 and the remainder with
isolate 2 and exposed for six days to contimous NUV light
(1 x hOw Phillips NUV lamp held hO em above the plates)

at 22-2140¢,
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They were then subjected to the following temperature
treatmentst

Half the plates (16 plates) were given

a temperature modification (two weeks

at 200C followed by two weeks at 250C)

and the other halfl no temperature

modification (four weeks at 200C),
The effect of bi-weekly temperature alterations on
protopseudothecia naturation wae assessed 30 days
after the nlates were subjected to their reanective temp-
erature regimes.

At the time of aspescment all treatments had failed
to induce the produection of pseudothecia. A characteristic
sign of protopseudothecia maturation in culture is that
they become erumment and form a short anical beak; neither
of these two featuree were observed. The protopseuvudothecia
remained immersed and only contained a muecous=granular
material. @o sipn of differentiation of the protopseudo—-
thecial contents inte aseci or paranhyse primordia was
observed.

FHence the results show that bi-weekly temperature
alterations were totally ineffective in inducing
protopseudothecia maturations These results are in
agreement with those of GCourley (1971) who found that
similar bi-weekly temperature alterations, either upward
or downward, failed to induce protopseudothecia maturation
of an imolate of P, herbarug from tomatoes.

(11) Z2Effect of constant low temperatures

Twenty~four PDA; plates were inoculated,

half with isolate 2 and the remainder with isolate 3, and
exposed to the NUV light at 22-2:0C to induce protopseudo-
thecia formations After five days of this treatment three
plates each of isolates 2 and 3 were transferred to incub~
ators held at 8, 12, 16 and 2000, yespectively. ©5ix weeks
later all culturee were examined for the presence of
pseudothecia.

The results (Table 21) show that mturation of proto-
pseudothecia only occurred in isolate 3. Exposure to low
temperatures favoured maturation of protopseudothecia, more
pseudothecia being produced at 8 and 12°C than at 16°C.,



Peeuvdothecia were not produced in the 20°C seriese.

TARILE 219. Effect of constant tenperatures on maturation
of protopseudothecia.

Presence of pseudothecia in
?am erature h8 day old colenies
oC
Isolate 2 Isolate 3
8 O = 2
0 3
16 0 1
0 0
* 0 = no pseudothecia
1 = very few pseudothecia with asci
2 = moderate number pseudothecia with aseci
3 = moat pseudothecia with asci

(Average of 3 renlicates)

On the basin of the abova experiments the following
pro¢adure war adopted to induce the development and
maturation of protopsevdothecia of 2. herbarum on agars

Actively growing colonles were initially exposed to
NUV radiation for a minimum of five daye at 23=-27°0C

to stimulate the formation of protopseudothecia.

The colonies were then subjected to long uninterrupted
periods at low temperatures (8+120C for six weeks)

to induce their meturation. It must be noted that

not all isolates of P. harbarum from lucerne will
form pseudothecia fellowing exposure to the above
treatment. '

he SPORE GERMINATION

The period between spore dispersal and the establishment
of a new parasitic relationship is a most vulnerable phase
in the life cyecle of a fungal pathogen, with spore germination
being one of the most critical stages over this period,
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In the present study the rapidity and pattern of germ—
ination of conidia was examined on apgar at 2h0C,and photo~
graphically recorded using a growth chamber similar to that
deseribed by Harvey and "enham (41971)s A sterilised coverslip
coated with a thin layer of PDAy was inoculated by streaking
with a conidial suspensions The inoculated coverslip was
then inverted over the nlastic growth chamber and the edges
scaled with paraffin waxe !Moist air was pumped through the
chamber to facilitate spore germination and prevent dehydration
of the thin layer of PDA. Germination patterns of one or more
conidia were periodically observed and photomicrographically
recorded under the high power (x h00) of a compound micro=
scope. Conidia were considered to have germinated when the
length of a germ~tube was equal to the breadth of the coni-
diuvme

Generally 5-10% of the conidia had germinated after
two hours, and by the fourth hour over 90% of the spores had
well developed germ=tubes.

The pattern of germination is shown in Figure 17. In
all cases there was an initial slight expansion of the
conidium, presumably cue to absorption of water from the
substrates Germ=tubes were in evidence within two hours,
usually originating initially from the lateral cells of
the muriform conidium, and followed soon after by emergence
from the terminal cells. Within four hours of firet
evidence of germination individual conidia had produced
between " and 10 germ~tubes. Once emerged germ=tubes
elongated rapidly, becoming septate within 12-1! hourn
and branched within 13+18 hours.

During cultural studies of isolates from field diseased
plants one isolate (isolate 3) was observed to produce
conidia which in septation and length/breadth ratio (1/B ratio)
were considered not to be typical of . hotrvogsume A culture
was forwarded to My G.F. Taundon, Plant Health and Diagnostic
ftationy Levin, who considered the isolate to be more typical
of Se yesicarium (¥allr.) Simmons (Laundon, pers. comm.).



FIGURE 17.

Pattern of conidium germination of S. botry@¥um on PDAp
at 2h0oC (x100).

(Left to right, top to bottom;
o, 2, 2%’ 3y 3'&" L hO'llI'B)-
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A further culture was forwarded to Dr R.C. Sirmonn, MNatiock,
Yassey UsSeAey Who in reply commented that it mipght be

Se xagsicarium and intimated that he would later advise me
of his conclusione* Thus there was the surgéstion that

S« Yegicariun may be coexistent with S. botryvosum as a
pathogen of lucerne in the Manawatu, However, conidia
produced on infected leaflete subsequently collected from
several local crope were in all instances tyrical of

S. hotryvosum.

Stemphyliun ygeicariun was erected by Simmons (4 969)
and differs from Z. hotryosym in the shape of juvenile
conidia, and in the morphology of both mature conidia and
immature and mature ascospores (7Tabdble 22), To determine
whether isolate 3 was in fact J. yesicarium the morphology
of juvenile and mature conidia were compared with those
of isolate 2, the latter being considered tynical of
Se botryosums Comparisons of the morphology of ascospores
were not ponsible because isolate 3 only produced pseuvdo=-
thecia.

i O Iid gz=

According to “immons (1969), juvenile conidia of
Se vesicarium are oblong almost from the time of initiation,
whereas those o S« boiryogup are usually spherical
(Figure 18)s Comparison of the two isolates in this regard
was nmade by following conidia ontogeny on agar using an
apparatus described by Harvey and Wenham (197).

An agar block from a PDA; plate was tranef'erred to a
sterile coverslip and inoculated with conidia and mycelial
fragments at points where the agar and coverslip met. The
coverslip was inverted over the aperture of the growth
chamber and sealed in place with paraffin wax.

¢To date (Septenber 1973) a further communication from
Dr Simmons on this matter has not been received.,



TABLE 22, Comparison of juvenile conidium shape, mature conidiun, and immture and mature
ascospore morphology of 9. botryosum and S. yesicarium (“immone, 1969).

|[shape

S. botryogun Se XYesicarium
Juvenile conidium Spherical almoat from time of Oblonge.

initiation.

Mature conidium
morphology

Once-constricted at median
transverse septum; 23 x 33uj
1/B rat1o 1.0 = 1.5

Constricted at 3 mjor trans=-
verse septa; 18 x h5u; 1./B
ratio 2.5 = 3.0

Immature and mature
rasaonporo morphology

Immature oblong, obtusely
rounded ends, constricted
at 1 or more of initial
transverse septa by time
longitudinal septa
produced.

Mature have broadly rounded
apex, flat base, 1 complete
series longitudinal septa
plus incomplete series.

Immature ellipsoidal, upper
hglf narrowly tapered, const-
ricted at initial 3 transverse
septa by time longitudinal
septa vproduced.

Mature have obtusely pointed
apex, broadly rounded base,

incomplete series longitud-

inal septa of different

lengths.
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Comparison of juvenile conidia from a culture of 8. botryosum
(upper)and 8. vesicarium (lower), after Simmons (1969).
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When sporulation was observed to occur close to the cover-
8lip (after 2=3 daye at 219C), a photogravhic sequence of
a suitable conidiophore and conidium was begune. Ilowever,
difficulty was experienced in obtaining a complete
sequence due to a combination of factors such as lack of
sporulation, water condensation on the coverslip, and dense
vegetative growth obscuring conidial develonment.
Accordingly a eceries of photomicrosraphe were taken of
several developing conidla selected to depict stages in
conidiun developments As the maturation process was
followed several times for both isolates the photogravhs
represent a typical ontogenetic secuence.

The results (Pigures 19 and 20) show that conidium
ontogeny in the two isolates were essentially similar,
and therefore falled to provide support for the contention
that 1solate 3 was S Yeslcariums 1In both eseries juvenile
conidia were spherical almoat from the time of initiation
(Figures 19b and 20b), and hence were typical of Z. hotivoaume
7ith time several transverse septa were produced by both
isolates, with only the median septum constricted, a
further feature connidered te be characteristic of
Se hotrvoasum isolates ("immons, 1969).

According to Simmons (1969) the conidia of S. vesicarium
from agar culturee are constricted at one or more commonly
three of the major tranaverse septa and have an 1/B ratio
ranging from 2.5 = 3.0, whereas conidia of . hotryosum
are constricted at the median transverse septum and have an
L/B ratio ranging from 1,0 = 1,5.

To determine whether the above stated differences in
the morphology of mature conidia applied to isolates 2 and 3,
each was grown on V-8 juice agar at 2h0C in the dark for ten
days, by which time both were sporulating profusely. Clide
preparations were then made and mature conidia compared.

The results recorded photographically in Figure 21 and
summarised in Table 23 further confirm that isolate 3 is

more typical of §. Dbotryogum than S. vesicarium.

2
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FIGURE 19.

Conidium ontogeny of isolate 2 on PDAp, at 240C.
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FIGURE 20.
Conidium ontogeny of isolate 3 on PDAp, at 21°C.
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FIGURE 21.

Comparison of conidia of isolate 2 (upper) and isolate 3
(lower) after incubation on V-8 juice agar at 240C for ten
days in the dark. (x100)
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TARLE 23. Comparison of meture conidia dimensions and 1/B
ratio of isolates 2 and 3, S. botryosusy and
S. ¥enicarium.
Tsolate or | Yean length| Yean breadth| L/P ratio Authority
Rpecies (u (u) ,
Teolate 2 33e7 2h o4 110 Author
Teolate 3 2549 1540 473 Author
5. botry- 3. - Simmons
Se Yeal- y Simnons
carium 1540 1840 | 2450 (4969)

From the photograrhs it is clear that the majority of
conidia of each imolate had a single median conetriction.
Am regarde the I/B ratio the isolates were similar (1.)0
isolate 2; 1.73 isolate 3), and most aporoximated that
recorded by Cimmons (1969) for S. hotrvosum (1.50).

Thene results, anc the studies on the ontogeny of
conidia of the two isolates fail to suvport the contention

that isolate 3 wan S. yesicariume

3. IFEECT OF TEMPTRATURE QN CONIDIUYM MORPHOJ.OGY

Since the culture of imolate 3 examined by Taundon had
been incubated at 809C for four weeks it waes posnible that
this low temperature hacd influenced the morphology of the
conidia to the extent that they resembled those of
S. yegicarfune That is, it was postulated that the
temperature at which cultures were incubated may influence
morphology of S. botryosum isolates from lucerne in a manner
eimilarly reported for Stemphyliun Lfloridanum Hannon and
Weber by Leach and Aragaki (1970)s This hypothesis was
investipgated as follows.

Duplicate plates of V=8 juice agar were centrally
inoculated with either isolate 2 eor 3 and incubated at the
following temperatures!

8, 12, 16, 20, 2h, 28 and 32¢C,

Four weeks later slides were pregared from all colonies
and the morphology of the conidia compareds The dimensions
of conidia were also recorded for each series, with the
exception of the 12 and 320C cultures.




TABLE 2h, Comparison of conidia dimensions of isolates 2 and 3 grown on V=8 juice agar at five

temperatures for four weeks.

Temper— Isolate 2 Isolate 3
gggo Length (u) Breadth (u) /B Tength (u) Rreadth (uv) | IL/P
'ﬁange Mean "~ range Mean | ratio Range Mean Range ean ratio

8 36.2"18.9 't0.0 33.3 26.” 1 051 28.2.’!1 06 37-6 1 9.8"‘30.6 22.5 1 067

16 31 .5-’1’[.0 37.2 21 .7-30-0 25.1 1 .'!3 30.'!“" 0.9 35.'7 : 8. 2-28.1 21 .8 1 062

20 30. 0""!!..0 39.7 21 .8‘32.9 25.6 1 .55 28. 6-39.7 35.8 1 ?. 8"2’3.9 29 .3 1 068

zl 25.9“'.0.0 32.5 16.0-2500 20.3 1 .60 25'2-38.6 30.’7 1 6.2"'2" .’i 1 9.3 1 .58

26 23.1""’36-1 3‘.'1 16.3-21 .6 19.6 1 063 23.9"‘3502 28.6 1".8"20.7 18.2 1 057

74



The dimensions of conidia are summarised in Table 2",

As regards isolate 2, at low temperatures (8 and 420C)
conidia were more septate, larger, less pigmented and lens
echinulate. As incubation temperatures increased conidia
were increasingly less septate, smaller, strongly pigmented
and more echinulates Conicdia of isolate 3 also chowed a
gimilar trend in morphology with increasing temperature,
but were smaller at all temperatures than conidia of
isolate 2.

Hence at 80C the conidia of isolate 3 were longer and
more septate than at 210C, and similar in many respects to
conidia of S« ¥vesicgrium. That 18, conidis produced at
80C could easily be misidentified as S. yeaicarium, Whereas
at a higher temperature (2" or 280C) they were more typical
of Z. hotryvoaum.

Pesulte of the above experiment serve to emphasize the
danger aseociated with identifying species on the basis of
study of one isolate. ©ince environmental factors can
significantly influence such morphological factors as spore
dimensione, colour and septation (Neergaard, 19h5; "illiams,
1959; Leach and Aragaki, 1970) it followe that any account
of the morphology of a fungus muet be accompanied by a
precise atatement of the environmental conditions under
which the orpganism was grown. Furthewr, in any taxonomic
study it is imperative that the variadbility of specific
morohological characters be tested by growth in controlled
environments or by extensive sampling of field collections.



STUDIE® ON ILEPTOSPHAERULINA
PEPPER SPOT OF LUCERNE
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The genus Leptoaphaeruling (= Ragudoples) includes

several species associated with leaf diseases of forage
plants, the most common of which are pepper spot of
lucerne cavsed by L. briosiana, and pepper spot of clovers
caused by L. trifolii. The two dipeases are so called

on account of the numerous, small brown to black sunken
lesions observed on leaves and petioles of host plants.
The diseases are widely distridbuted throughout the world
(Turope, North America, Australia, Praszil, Taiwan),
especially in humid, temperate areas (Oraham and Luttrell,
1961; Pooth and Pirozynski, 1967a).

In New Zealand pepper spot of lucerne was first
recorded from Putaruru in 1969, and was subsequently
found at Murupara, lastings and in ¥id=Canterbury
(Close, 1972)s According to Close (1972) the causal
organism in each instance was L. irifolil.

On clovers pepprer spot was first recorded in New
Zealand on white clover (Ipifolium repgns T.) by Brien
and Dingley (1955), and later on suffocated clover
(I guffogatum T.) by Dingley (1969)e The causal organism
in each case was cited by Dingley (4969) as Sphacrulina
4rifolil (= L. trifolii)s During the present study the
causal organism was also isolated from red clover
(T« pratense T.), this being a new host record for the
pathogen in New Zealand.

At the present time controversy exists as to whether
the pepper spot diseases of lucerne and clovers are caused
by the one species of Lgptosphaerulings OCGraham and Luttrell
(1961) when reviewing the taxonomy and morphology of the
legume~infecting species of Leptosvhaeruling considered
that the pathogens causing pepper epot of lucerne and
clovers were distinet, and should be named L. hricsiasns
and L, irifolil, respectively.
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They separated the two pathogens on the basis of
pathogenicity, cultural characteristics, ancospcre
septation, and dimensions of pseudothecla, acsci and
ascospores. However, Booth and Pirozynaki (1967a) consider
that only one species is the cauvsal agent of pepper spot

on lucerne and clovers, namely, L. trifolii. They commented
that although on hont material L. ftrifolij] exhibits wide
variation in spore size, isolates from the Leguminosae

grown on standardised potato-dextrose apgar under controlied
conditione produce ascosnores which are uniform in both

size and septations. Thue currently there exists two opposing
schoola of thought as to whether pepper spot of lucerne and
clovers is caused by the one morphological snecies.

To clarify the situation the pathogenicity, cultural
characteéristics, ascospore septation, and dimensions of
pseuvdothecia, asci and ascospores of isolates from lucerne
and red clover crops in the Manawatu were compared.
Preliminary results indicated that the two series of
isolates were morphologically very similar. Accordingly,
for reason of convenience, the tentative conclunion was
drawn that only one species of lLeptosphaerulina was involved,
vize Le trifolii. Throughout the present study this binomial
has been applied to all isolates, irrespective of the host
source.

Tn the course of screening New Zealand produced lucerne
seed=lines, Percival (pers. comm.) noted the development of
Lentosphaeruling colonies from seed plated on agar. Although
pepper spot of Medicago spp. and Iprifolium repens I.

(var. Tadino) caused by L. trifolil is listed as a seed=borne
dicease (Noble and Richardson, 1968), evidence has not been
provided which demonstrated unequivocably that seedling
infection may arise from use of seeds carrying viable
inoculums Hence, besides the above stated taxonomic consid-
erations, the question of pepper spot being a seed-borne
disease of lucerne wars also investipgated.
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CHAPTER VI

ol e, \ ATT

As with S. hotryosum the Rules of Pathogenicity were
completed by firstly isolating the organism to nure culture,
then artificially inoculating healthy hoat plants to produce
symptoms typical of the disease, and finally re-~isolating the
organiem Crom the inoculated plants and comaring it with
the original culture.

A. ISQLATION TO PURE CULTURE

As the pathogen is characterised only by an ascigerous
state and failed to readily produce pseudothecia on infected
leaflets, the only practical method of inolating the pathogen
to agar was by the tissuve plating method. Initial isolations
were made by surface-sterilising infected tissuve nieces
contained in a mualin bag by immersion in a 1:7 dilution of
cormercial Janola for three minutes,and then aseptically
transferring the tissue pleces to PDAy, or V-8 juice agar
plates. However, in these isolations contaminants were often
present and the resulte obtained were inconsistent. This
was considered to be in part consequent on the method of
surface=sterilising the tissue pleces.

Previous workers have cormonly utilised a 0.5% sodium
hypochlorite solution to surface-sterilise tissue pieces
infected with L« irifolils Martinez and Hanson (1963)
immersed tissue pieces for one minute, but neither Graham
and Luttrell (1961) nor Kreitlow and Kilpatrick (1967)
specified the treatment time. The latter workers also used
both O.1% mercury bichloride and washing in running tap
water for several hours.

In the present study surface-sterilising infected tissue
pieces by immersion in a sodium hypoehlorite solution and by
washing in running tap water were compared, with treatment
time in each instance a variable. Associated with this
experiment the effect of adding antibiotice to the plating
medium was also examined.
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Infected tissue pleces were loosely wrapped in muslin
bags and subjected to the following treatmentst

1+ Immersion in a 1817 dilution of commercial Janola
(aprroximately 1.3% available chlorine) for 0.5, 1.0, 1.5,

2, 3 and h minutes, The bags were conatantly agitated to
remove trapped air bubbles and ensure seraration of all
tisnue pieces, and on removal were rinsed in sterile
distilled water. -

2. vashing in running tap water for 1, 2, " and 6 hours.

The water was allowed to flow at a rate so as to provide
a constant agitation of the bags.

For each treatment there were 60 tissue pieces.

At the completion of each treatment the tissue pieces
were aseptically tranaferred to eix agar plates at the rate
of ten tissue pieces per plate. All plates were of PDAy, but
to three of them the antibiotics penicillin and streptomycin
sulphate had been incorporated, each at a concentration of
50 ppme All plates were then incubated in the dark at 2h°C
for six days.

As a control, infected tisoue pileces were plated directly
to PDA;, plates, with and without antibiotics added.

The results are presented in Table 25, and discussed as
followss

1. Al L) L L) | ot L4 2CE L ik V€ 00 LIS (LRI EL 1) SPRML hs _LIA03 L L]

In all treatments except two (treatments 8 and 22),
where antibiotics were incorporated into PDA; bacterial
contamination wae non-existent. The benefits were most
apparent in the series where tissue pieces had been water~
washeds BRoth control series showed a relatively high level
of bacterial contamination with only a slight reduction in
colony numbers in plates containing antibiotic medium. DNy
contrast, and as expected, incorporation of antibioties in

agar did not prevent growth of saprophytic fungi.
2. Janols veraun water-wagh

In all instances the water-wash was superior to the
Janola as a surface-sterilisation method,




TABLE 25. Effect of surface—-sterilisation treatment and addition of antibiotics to PDAy on isolation
of Le Lrifolii from infected lucerne leaflets.

Number of colonies on the 3 rerlicates
Treatment Duration |Antibiotic b
L. trifolil Other fungal |Bacterial| Total
127 dilution
Tanola Oe5 min. - 16 5 2 23 1
= 8 2 2 12 3
1.0 mine
T ) 2 0 10 T
1.5 mine - 2 1 0 3 5
¥ 1 3 0 h 6
- 2 1 3 3 g J
200 min.
+ 5 3 7 CH B
2 3 ) 5 9
300 min.
+ 0 2 0 2 70
heO min - I . 3 5 i
3 2 [ 0 B 12

Continued overeees
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TARLE 25, (contd).

- eol s the nlica
WL S kit Number of colonies on the 3 rer 8 Zgﬂt"‘”""
\Le trifolii Other fungal | Bacterial | Total
Water-wash 1 hy - 20 8 2 30 13
+ 23 ¥ | 0 30 1
~ b2 v 0 28 15
2 hr 3 33 7 ] 30 16
: ~ 19 1 0 30 17
k he + 25 7 0 30 KL
- 22 ) 0 30 19
6 hr 3 (F) T2 0} 0 ~20
- 3 KL 8 27 2
Control - " 7 18 z 25 22

c8
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In the water-wash series considerable numbern of L. trifolii
colonies developed,whereas in the Janola series colony
numbers were greatly reduced, especially at the lornger treat-
ment timees.s !Most satisfactory resulte were obtained where
tisgue pleces were water-washed for 2, ' or 6 hours and
plated to antibiotic agare.

In all treatments fungal contamination remained at
a relatively high level, whereas bacterial contamination was
suppressed in all treatments except one (treatment 8). Also
there wan a suppreasion in the nunber of colonies of the
pathogen which developed as the soaking duration increased
beyond one minute, whereas fungal contaminant numbers
remained static., This latter result would suggest that the
pathogen was more superficially located than the fungal
saprophytes. '
(v) 2lating to pon=antibiotic medium
At all soaking duwrations tested, moderate fungal
eontamination was nresent. Further, some bacterial
contamination was present in all treatmente except two
(treatments 5 and 9). This indicated the ineffectiveness of
the Janola soak treatment in eliminating saprophytic fungl
and bacteria, and also emphasised the neced for inclusion of
antibioties in the medium.

’l.

At all washing durations tested bacterial contam=-
inants were totally suppressed without any adverse effect on
pathogen colony numbers. The number of fungal contaminants
remained at a relatively high, consistent level, even after
a 6 hour water-wash (treatment 20).

(b) Rlating to nop=antibiotic medium
A similar trend in the number of pathogen, and
fungal and bacterial contaminant colonies to that just
described above was recordeds Only in treatment 413
(involving a 1 hour water-wash) were bacteria present.



FProm the above results it was concluded that surface
treating infected tissue pleces by washing in running tap
water for =6 houre, plating to antibiotic PDAy,and then
incubating at 2'9C was the most satisfactory method for
inolating the pathogen from infected lucerne foliages This
method was folloved in subsequent isclation work.

Using the above isolation method cultures were obtained
that macroscopically and microscopically were typrical of
Lentosohaeruling trifolii (Rost.) Petr.

Teolates of the pathogen were also obtained from infected
lucerne seed following the method of Perecivel (1972), which
involved the plating of seed to antibiotic malt agare

Re ARLIFICIAL LNOCULATIONS

Pseudothecia were readily produced on PDA;, or V=8
juice agar colonies incubated for 10 days at 23-270C under
12 hours per day of fluorescent light. lHealthy potted
plants (var. "airau) were inoculated by inverting sporulating
cultures over the plante for 2 hours in a high humidity
cabinet (90-100% P.il,) at 200C, The plants were held for
a Turther h8 hours under high humidity, and then transferred
to a glasshouse bench.

Controls were provided by plants not inoculeted but
otherwise given identicel treatment.

Symptoms were first apparent within 18 hours of
inoculation as numerous, black, mimite necrotic spots which
gradually inoreased to approximately & mm in diameter. They
were eircular to irregular in shape, became lighter in
colour with a dark margin, and were slightly sunken and
occasionally surrounded by a chlorotic areas This latter
lesion type was characteristic of those observed locally
in the field and was typical of overseas descriptions where
the causal organism is considered to be either L. trifolil
or L« briosiana (Craham and Tuttrell, 19613 Martinez and
Hanson, 19633 Booth amd Pirozynski, 1967a).
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Cs RE=ISOLATION OF THE CAUSAL ORGANISM AND CO!

The causal organism was readily re-isolated to agar
ueing the method previously describeds The colonien were
macroscopically similar to the original cultures, and on
microscopic examination were found to be morphologically
identical.

Dy fulfilling the recuirerments of Xoch's "ostulates it
was established that a Lgptosphaeruling spre. waes the causal
organism of a leaf spot of lucerne not previocusly reported
from the Manawatu.
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As S HMATO
1. LNTRODUCTION

Diseases referred to as TLeptosphaerulina leaf spot,
or pepper apot, have been reported on various legumes through-=
out the world since the latter part of the nineteenth
century (Grahem and Luttrell, 1961). From a study of the
literature there appear to be few differences in the
symptoms of the disease as described on lucerne ani clovers.
In discussing clover diseases, Dickson (1956) described
symptoms caused by Pseudooles trifolil (= L. trifolii) on
lucerne and clover that differed only in the final colour
and size of the lesions. Similarly, Graham and TLuttrell
(1961) who considered the two pathogens on lucerne and
clover to be distinet, gave deseriptions of the symptoms
that arain only differed in lesion colour.

One of the eriteria used by Graham and Luttrell (1964)
to justify separation of the two pathogens was based on the
results of croes~inoculation tests, They found that
L. briosigng end L. frifolil differed in severity of
infection and symptoms they produced on ledicago and
Irifolium specien, and on such other legumes as liglilotus
albg Yed. and Pisum gativum Le

In the present study the field and glasshouse symptoms
of pepper spot on lucerne and red clover were examined,
and eross~inoculation studies of lucerne and red clover
isolates to Y« gativa (lucerne), I. pratenge (red clover)
and P, gativup var. grvense (field pea) were conducted to
determine whether symptom expression and pathogenicity to
the respective hosts provided supporting evidence for
recognition of the two species.

2. FIELD ORSERVATIONS

Symptoms caused b Le Ltrifolil on lucerne and clover
erope in the lanawatu are compared with those reported
overseas in Table 26.



TABLE 26+

and overseas.

Comparison of symptoms caused by Le tprifolil on lucerne and clover crops in the “anawatu

Logal (Author) Dvergeas (Graham & Luttrell, 1961)
Lucerne Fed clover Tucerne Clover
On leaves. Lesions On leaves and petioles. On leaves and petiocles. | On leaves and petioles.

numerous, qimular.
sunken, 3=z mm dia.,
black to brown centre
nd occasionally with
darker margin;
surrounded by a
chlorotic halo.

Lesions numerous,
eireuvlar, sunten 1=l
mn dia., black to
dark-brown, with a
surrounding chlorotic
halo.

Teal symptoms are
irregular to round
eyespots, 1=3 mm dia.,
with light-=-brown to
bleached centres and
dark=brown margins,
often with surrounding
chlorotic haloe.

Tesions numerous,
eircvlar, smll, black
and sunken; under
favourable conditions
spote develop up %o

3 rm dia.

L8
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(a) Lucerne
The diseane in the lanawatu still appears to be
restricted in distribution. OFf several crons examined only
in one was the dimeasc observed, being present as a trace
infection., It was moat prevalent durinc early soring, and
to a leaser extent in the auvtumn,

Symptoms observed on leaves (Fipure 22) were esnentially
nimilar to those reported overseas (Table 26). ILesions were
numerous, cireular, black, slightly sunken, i=: mm in
diameter, occasionally with brown centres and dark margins,
and of'ten with a surrounding chlorotic area, The lesions
were randomly located predominantly on the upper leaflet
surface. I+ was this lesion type that was difficult to
distinguish from those caused hy other foliage pathogens of
lucerne present in the Manawatu.

Lesions on petioles were not found.

Aceording to Close (1972), in severe infections there 1s
a yellowish=brown burnt appearance of the leaf margine with
nome leaf shedding.

Althourh the production of pseuvdothecia on lemioned
tissues is regarded overseas as a comnon feature of the disease
(#eDonald, 4958; %1lliot and Wilcoxson, 196"), in no
inntance were they observed in local cropse However, by
inoculating excised leaves with ascospores in the laboratory
protopseudothecia were readily produced which matured to
produce aseil and ascospores typical of L. ixrifolidl
(Chapter VIII A).

(b) Red Clover

A surprising feature of the disease was the fact
that, although wideapread and severe in several red clover
pastures in the "anawatu, i1t had not been reported on thie
species in Yew “ealand prior to the present study.

Symptoms were observed on leaves (Figure 23) and
occasionally on petioles, and were essentially similar to
those reported overseas (Table 26)s On leaves the first
evidence was numerous, black, pin-point spots, occasionally
surrounded by a chlorotic area.
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(a) Lucerne
The diseace in the lManawatu still appears to be
restricted in distribution. Of several crops examined only
in one was the disease observed, being present as a trace
infection. It was moat prevalent duringc early soring, and
to a lesser extent in the autumn.

Symptome observed on leaves (Fipgure 22) were essentially
nimilar to those reported overseas (Table 26). ILesions were
numerous, cireular, black, slightly sunken, i=: mm in
diameter, occasionally with brown centres and dark margins,
and of'ten with a surrounding chlorotic areas The lesions
were randomly located predominantly on the upper leaflet
surface. I% was this lesion type that was difficult to
distinguish from those caused hy other foliage pathogens of
lucerne present in the Manawatu,.

Lesions on petioles were not found,

Aceording to Clone (1972), in severe infections there is
a yellowish-brown burnt appearance of the leaf margine with
some leaf sheddinge.

Althourh the production of pseuvdothecia on lesioned
tissues is regarded overseas as a common feature of the disease
(4eDonald, 19583 =Rlliot and Wilecoxsmon, 196"), in no
instance were they observed in local eropse. However, by
inoculating excismed leaves with ascospores in the laboratory
protopseudothecia were readily produced which matured to
produce asei and ascospores typiecal of L. irifolidl
(Chapter VIII A).

(b) Red Clover

A surprising feature of the disease was the fact
that, although widespread and severe in several red clover
pastures in the Manawatu, it had not been reported on this
species in New Zealand prior to the present study.

Symptoms were observed on leaves (Figure 23) and
occasionally on petiocles, and were essentially similar to
those reported overseas (Table 26)s On leaves the first
evidence was numerous, black, pin-point spote, occasionally
surrounded by a chlorotic area.



oo

FIGURE 22.

Symptoms on lucerne leaves naturally infected with L. trifolij.

| -

do
g

FIGURE 23.
Symptoms on red clover leaves naturally infected with
Le trifolii.



These spots were randomly located and were predominantly
on the upper leaflet surface. Pepper spot, the name
commonly applied to this disease aptly describes the symntoms
as expressed at this stage. 'ith time the lesions became
cireular, sunken, black to dark=brown, =1 mm in diameter,
with a surrounding chlorotic halos "hen infections were
severe, lesions had enlarged and coalesced causiny leaves
to wither and turn yellowish=brown. Apgain, neither
protopseudothecia nor pseudothecia were observed in mature
lesions or on host debris.

fmall, black, elongated lesions were also observed on
petioles.

In each instance symptom development was observed in
conjunction with studies condueted to fulfil the requirements
of Koch's Postulates.

(a) Lucerne -

Symptoms first appeared on leaves within "8 hours
of inoculation as numerous, black, mimate, circular, necrotic
spots which were randomly located, mainly on the upper
leaflet surface. At this stage there was no evidence of
petiole symptomss On the tenth day following inoculation
lesions ranged from pin=point up to ¥ mm in diameter, Were
circular to irregular in shape, slightly sunken, black,
occasionally with brown centres and dark margins, and of'ten
surrounded by a chlorotic area (Figure 21)s On the lower
leaflet surface faint, black, pin-point spots were now
apparent corresponding to well-developed lesions present on
the upper surface. "here infections were severe, lesions
coalesced causing the leaflet tips and margins to wither
and turn e¢hlorotic, '

Within 12 days of inoculation a few small, black,
elongated lesions had developed on petioles.

Protopseudothecia were not found on any lesioned
tiscue, even 20 daye after inoculation.

Although more severe infections were obtained on
artificially inoculated plants, the glasshouse symptoms were,
in general, characteristic of those observed loecally in the
field.

3




FIGURE 2.
Symptems on lucerne leaves artificially inoculated with a

Ls trifolii isolate from lucerne.

FIGURE 25.
Symptoms on red clover leaves artificially inoculated with
a L. trifolii isolate from red clover.



(b) Red Clover -
Aymptoms first apneared on leaves within 2h<h8

hours of inoculation as numerous, black, pin=point spots
which were rancdomly located, mainly on the upper lsaflet
surface. At this stage the lesions were very similar to those
observed on lucerne at a similar time interval following
inoculations On the tenth day lesions ranged from pin-
voint up to 1 mm in diameter, were circular, sunken, with
tan centres and dark-~brown margins, and surrounded by a
chlorotic halo (Figure 25)s Lesions initially observed
on the upner leaflet surface were now also visible on the
lover surfaces "here infection was severe lesions had
coalesced causing a yellowish-brown burnt appearance of
leaflets.

A relatively few lesions developed on petioles which
in aprearance were similar to those found in the field.

?rotopseudothecia in or around lesions were not
observed.

Symptoms exnreessed by artificially inoculated plants
differed from those of naturally infected pnlants only in
that the lesions were generally larger.

he 0=11 TION ¢

One of the criteria used by CGraham and Tuttrell (4964)
for the separation of L. brigsiang and L. trifolii was
differences in pathogenicity as evidenced by reciprocal
eross~inoculation studiess They observed that L. bricsiam
usually occurred only on lMedicaggo sppe. in the field, but
from artificial inoculations it was found to cause mild
infections on other legumes. Py contrast, L. trifolil
has only been reported from the field on Trifolium sSprPes
but their inoculation studies showed it had the greatest
potential hoat range, causing severe infectione on lelilotusg
alba and Pigsum gativum, plants on which L. briocsiana

produced little or no disease.
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Graham and Tuttrell (1961) also Tound that cross-
infection occurred with L. hricosiang and L. tpifolii on
e gativg and T. prgoenas, but when isolates were returned
to the original host the discase was more severe.

In the present study inoculations were carried out to
determine whether, in fact, isolates from lucerne and red
clover could be differentiated on the basis of symptomatology
and the severity of infection on X« gativa, T. pratcrse,
and P. gativuge.

Six potted plants of each host species Were inoculated,
three with isolaten from lucerne and the remainder with
isolates from red ¢lover, by inverting sporulating
cultures over the plants for 2! hours in a high humidity
cabinet (90«4 00% R.H.) at 20°C, The plants were held for a
further h8 hourz under high humidity, and then transferred
te a glasshouse benche The type of symptom and severity
of infection produced were recorded 10 days after inoculation.

The results are photogranrhically recorded in Fipgures
26=28.

(a) Lucerneg (l. sativa)

Lesiones caused by the lucerne isolates were
typlcal of those previously obtained in artificial inocul-
ations; that 1s, circular to irregular in shape, large,
black or with tan centres and dark marging, and in turn
surrounded by a chlorotic area. Tesions produced by the
red clover isolates were similar, being cirecular in shape,
small, mostly black but occasionally brown, but invariably
lacked the chlorotic area.

The severity of infection produced by all isolates
wae very similar. In general, it varied noc more between
isolates from Aifferent host species that it d4id between
isolates from the same host species.

The observation by Craham and Luttrell (1961) that
the disease was more severe on the original host when

L+ briosinng and L. frifolil were cross~inoculated to
¥. gativgy, was not substantiated. IHowever, the differences
they described in symptom type and also observed in this

study were essentially the pame.
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Key to Figures 26-28:

Isolate

N ONO
& ®

Red clover

(®
OJO,

FIGURE 26.

Comparison of symptoms on lucerne leaves artificially

inoculated with Leptosphagaeruling isolates from lucerne
and red clover.
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FIGURE 27.
Comparison of symptoms on red clover leaves artificially

inoculated with Leptosphaeruling isolates from lucerne
and red clover.

-

{ |

FIGURE 28.

Comparison of symptoms on pea leaves artificially
inoculated with Leptosphaerulina isolates from lucerne
and red clover.
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(b) Red Glover (I. pratense)

On this host the lucerne isolates oroduced circular,
pin=point, black spots with little or no chloronis, whereas
the red clover 1solates »nroduced circular to irregularly
shaped, large spots, with tan centres and dark margine,
and with a chlorotic area around each lesion.

The clover isolates caused a more severe infection than
the lucerne isolates, confirming the findinge of CGCraham and
Luttrell (1961) that the disease is more severe on the
origzinal host. Hovever, this contrasts with the results
produced by the two groups of isolates on lucerne, where
1little difference in neverity was noted,

(e) Eield Peg (R+ gativum)

Circular, pin-point, black lesions, thot develoned
no surrounding chlorotic area were produced by the lucerne
isolates, whereas circular, small, dark-brown lesions,
that also developed no chlorotic halo were produced by the
red clover isolates.

The clover isolates caused a more severe infection than
the luwcerne isolites, but the difference was not as great
as that indicated by Craham and Tauttrell (15964), who found
that L. trifolil caused severe infection on 2. gagtivum, a
plant on which L. brigsiana produced only slight disease.

In conclusion, small differences in severity of infection
and symptom type, particularly lesion size an’ the presence
of a c¢hlorotic halo were obaserved, but these were not
distinctive or substantial encugh to allow separation of the
two specien, as claimed by Graham and Luttrell (1961), Suech
differences that did exist are the result of a host=parasite
interaction and are not an attribute of the pathogen itself.
If the same fungus ies inoculated onto different host species
then such differences can occur even though the pathogens
are morphologically identical.

The traditional concept that fungi belonging to the
same genus could be separated by their distinctive
pathogenicity on different host genera or species is now
of questionable use in modern taxonomy.
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Thir practice leads to numerous 'apecies' being erected,
separated only on a hoast basie and correlated with minor
morphological differences. Pathogenicity should only be
used to differentiate categories below the species level
(formae gpecinles) and not as a criterion for the
separation of snecies, as proposed by Craham and Tuttrell
(1961), Cpecies separation should be based only on
morphologiec criteria, with due repard to genetically and
environmentally induced variation.

Be 8EE 3 T.UM

Claims have been made that pepper spot is secd=borne
in both Medicago spr. (Miles, 19253 Craham and Luttrell,
19643 Tooth and Pirozynski, 1967a; Noble and Richardson,
1968) and Trifolium sppe. (Hopkins, 419233 Kilpatrick, 41958),
but the evidence provided is not convinecing,.

Ry plating seeds of ledicago nolymorpha L. (bur clover)
with what he referred to as "sclerotia-like bodies"

(= protopseudothecia?), HMiles (1925) isoclated colonies
which in growth characteristics and pathogenicity were
identical with isolates of Dggudoples medicaginis

(= L. trifolil) from field infected plantse On the basis
of these results he commented!

"It is probable that they (infected seeds) may serve

as a capable and prolific agent in the spread of

thie disease in the field from one locality to
another”.

It should be noted that Miles provided no evidence to
support his suggestion that infected plants could arise
from use of such seed.

In elaiming that L. trifolil is seed~borne in lucerne
both Graham and Luttrell (1961) and Booth and Pirosynski
(1967a) cite as their authority a short note by Carr (1957)

reporting Paeudoples trdfolid (= L. trifolil) on lucerne as a
new record for Great Britain.



The relevant section of Carr's note reads:

"The apparent genetic difference between infected and
uninfected families is further substantiated by the
following observation. The families in trial on the
field were the progeny of a diallel cross in which
one parent was derived from a cross between a plant
of the Canadian variety Rhizoma and one of the
Aberystwyth bred S. 205, Only those Tamilies
derived from this particular parent were affected.

The Rhizoma material was imported aes seed. However,

these observations suggest that resistance and

susceptibility are under fairly strict genetic control”.

It is clear from the above cuotation that Carr makes
no direct claim of L. irifolii being seed~borne in lucerne.
Further, one must conclude that the information provided
by Carr does not Justify the c¢laim by Graham and Tuttrell
(1961) and Pooth and Pirozynski (1967a) that the pathogen
is peed=borne in this host snecies.

In their list of seed~borne diseases, Noble and
richardson (1968) stated that evidence concerning the seed-
borne nature of the organism was incomplete. The only
evidence rested on Yiles observation of "sclerotia" on seed
of bur clover, and as already noted above, he provided no
evidence to show that secdling infection could arise from
use of such seed.

In the course of screening 38 New Zealand produced
lucerne seed~lines for fungal pathogens, Percival and
Wenham (1972) found two to be infected with L. trifolii at
levels of 0.,h=5%, However, no attempt was made to demonstrate
whether when so seed=borne L. trifolil could induce seedling
infection.

In a study on Sphaerulina leaf spot of clover, Hopkins
(1923) found lesions of the disease on the calyx and corolla.
He suggested that thie was significant as it indicated that
secd infection may occur and thus account for the general
distribution of the pathogen.
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He further commented thats

"Of a large number of commercial samples of white clover
seed examined, mycelium was found in practically every
instance in some of the se~d coats. No suecessful
isclation cultures were obtained from these ceed to
establish the identity of the fungus although very
short periods of disinfection were used, It was
firally concluded that the samples were 0ld and the
mycelium was dead".

Hencey, as Hoplins failed to obtain viable cultures of
the pathogen from seed he was unable to demonstrate that
the disease was seed=bornee

In a survey of the kind and relative prevalence of
fungl isolated from secds of Trifolium penens, Kilpatrick
(1958) 1smolated L. Lrifolii from secds obtained from
naturally infected plantse No evidence was provided of the
establishment of infection in plants arising from use of
this secd.

From the above review it is avparent that the cuestion
of whether nepper spot is a seecd=borne diseane of lucerne
and clovers has not been resolved. For evidence to be
conclusive that a disecase is meed=borne in a epecified host
crop, the following two steps of study rmst be completed:

1« The presence of viable inoculum assoclated with

the seed must be demonstrated.

2 fSeedling infections rmust result from sowing such

seed.

The possibility of pepper epet being a seed=borne
disease of lucerne in New Zecland wae investigeated, as follows.

Two hundred and fifty seeds of 10 of the 38 lines
screened by Percival (1972) were re-screened for the presence
of Le irifolil, using the egar plate method as deseribed by
Percival and Wenhan (1972).
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Only four colonies of L. trifolii developed from the
total of 2,500 seeds plated, three from one seed-=line, and
a single colony from a second seed-line (Figure 29).
Following the preparation of pure cultures of each, the
nroduction of ascospores was induced by subjecting the
isolates to cyelic fluoreecent light (Chapter VIT C).

To determine the pathogenicity of each isclate the foliage
of healthy pottel lucerne plants in the glasrhouse was then
inoculated, by inverting the sporulating culturee over the
plantses In each case typical symptoms of the disease
subsequently developed.

Thus viable inoculum of L. trifoliil was found to be
associated with New "ealand produced lucerne seed-lines,
as shown by Percival and “enham (1972), and further its
pathogenicity wan established.

SEFDLING INFECTION 0} BEED R G AR T

Two exneriments were conducted to provide evidence that
seedling infection could result from use of lucerne seed
earrying viable incculum of L. trifolildl.

(a) Conenhaczen Test

In a Covenhagen germinator 250 seeds of the
heavier infected 1ine were prlaced on moist blotter pads
(25 seeds/pad) and incubated at 15-199C ynder natural
light conditions. TFleven days later seed and seedlings
were examined microscopically for the presence of
protopseudothecia of the pathogen.

In this test secds and seedlings infected with L, trifolil
were observed (Table 273 Pigures 30 and 31 ). The presence
of the pathogen wae seen as black protopseudothecia and
white mycelium on the seed testa and hypoeotyl. BSuech
protopseuvdothecia when transferred to PDAy plates produced
colonies of L. frifolils This demonstrated that viable
inoculum associated with seed could give rise to seedling
infection.
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FIGURE 29.
Colonies of L. trifolii (arrowed) growing from seeds plated
on antibiotic malt agar.
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FIGURE 30.
Ungerminated seed from Copenhagen germinator with
protopseudothecia of L. trifolii on the testa.

FIGURE 3.

Dead lucerne seedling from Copenhagen germinator with
protopseudothecia and mycelium of L. trifolii on the
testa and hypocotyl.
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(v) Glasshouse Test
In the glasshouse 500 seeds of the same seed=~

line were sown evenly in vermiculite in »nlastic trays.
fe~dlings were examined after three weeks for disease
symptoms cauvsed by the pathogen,

This experiment was unsuccessful in that seedling
infections were not observed (Table 27) due to the low
infection level of the seed-=line.

TARLE 27. Number of lucerne seeds and seedlings found
infected with L. tprifolil in the Copenhagen
and glasshouse tests.

Copenhagen Glasshouse
Test Test
o. seeds in test 250 500
No. needlings 197 h26
lloe infected seeds 2 o
No. infected seedlings h -

In conclusion, seedling infection can result from
seed infected with L. frifolil, but as the level of seed
infection is low the effect on seedling establishment of
sowing such seed would be minimal,

However, ac the seed csowing rate is very high only
an extremely low level of seed infection is required to
provide numerous primary infection foecii within a crop.
Further, due to the close proXimity of seedlings and the
faut that the pathogen is disseminated by air-borne
ascospores, rapid secondary spread and the establishment
of numerous secondary infections could readily occur.
Obviously then the presence of only a few infected seed-
lings within a crop, as in this instance, may be sufficient
to initiate an epidemic outbreak under favourable conditions.
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Although intense production of protopseudothecia
readily occurred on PDA; or V=8 juice agar plates when
incubated at 21°C, it was only on exposure to a light
source that a relatively few matured to form asci amd
apcospores. lience, before inocuvlation studies and
morpholorical studies of the pathogen on agar could be
conducted there was need for an investipgation into those
factore that would ensure ready and intense sporulation.
Several environmental factors are known to stimulate
maturation of protopseudothecia including substrate,
incubation terperature and light (Craham and Luttrell,
19613 WVartinez and Hanson, 1963; Leach, 1972). Of these,
light was investigated in the present study.

Oraham and Tuttrell (1961) reported that the majority
of their isolates of L. briosiang and L. trifolii oroduced
ascospores only when exposed to a continuous fluorescent
light sources Of their 11 isolates of L. briosiana, cnly
twvo, both of which were prolific snorulators, produced
ascospores in total darkness. A single isolate of
L. trifolii rroduced a very few ascospores in the absence
of light. These ascospores developed only in a sector of
one colony of this isolate. Martinez and Hanson (1963)
observed that an isolate of L. briosigng formed protopseud-
othecia in both darkness and light, but that cyeclic
fluorescent light was necessary for ascospore formation.
The effect of light quality on ascospore fornation was
investigated by Thomas and Halpin (496h) for L. trifolii
and L. gustralig McAlpe They observed that ascospore:
production was greatest under green and grey light and
absent in darkness or red light. Teath (197 ) reported
that of h9 isolates of L. bricsiana, all formed
protopeeudothecia in darkness or when wavelengths shorter
than 3:0nm (i.es NUV light) were excluded from fluorescent
light, and all, except one, only matured when exposed to
light of wavelengths less than 3:0nm,
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Teach (1972) found that protopseudothecia of L. trifolii

may develop in culture in darkness, but were usually more
abundant in colonies exposed to light, Further, he found
that nseudothecia formation in a cultural mutant was
stimulated only by UV wavelengths less than 370nm and that
longer wavelengths, including visible lisht, were ineffective.

Although the findings of Thomas and Halpin (196")
contradict the remsulte of Teath (1974) and Teach (4972),
the general trend is that protopseudothecia formation can
occur in either darkness or light, but that fluorescent
or more apecifically UV light is neceesary for thelr
maturation.

In the present experiment inoculated V-8 juice agar
plates were initially incubated in the dark at 22-2h°C
for 1h days to allow abundant production of protopseudothecia.
The plates were then exposed for seven days to the following
light treatmentst

(1) Total darknees, provided by enclosing the nlates in
a metal cylinder.

(41) Continuous near-ultraviolet ligsht provided by a
Phillips "0 watt black light blue tube held "0 em
above the plates.

(111) Cyeclic (12 hour cyele) fluorescent light provided
by a Phillips 80 watt cool white fluorescent tube
held "O cm above the plates.

(1v) ©Natural diurnal periods of diffuse light provided
by plaecing the plates on a laboratory bench out of
direct sunlight,.

There were four replicates per treatment, and the
intensity of sporulation was recorded at the completion
of the light treatments. This was carried out by
inverting each plate over a glass slide for one hour and
then counting, under the microscope, the number of
ascospores ejected onto a square centimetre.

The results are summarised in Table 28. All
Leptosnhaeruling isolates used in this study required light
for sporulation. This beneficial effect of light was
clearly demonstrated by the fact that ascospore production
in all treatments exposed to a light source was significantly
higher than in total darkness.
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Greatest sporulation occurred under fluorescent light and
least under natural/diurnal light. It thus appeared that

a wider range of wavelengthe was recuired for eporulation than
that »rovided by NUV light, Thus, this may be why the
fluorescent 1light rave a higher intensity of sporulation.
These Tindings are in agreement with those of Graham and
Tuttrell (1961), Martinez and Hanson (1963) and

Sundheim and “ilcoxson (1965), but in contrast with those

of Leath (1971) and Leach (1972) who both concluded that
sporulation was stimulated by NUV light,

TARLE 28, Fffect of light conditions on the intensity of
ancoapore production of L. trifolil.

Light treatment Ascospores/em®
Feplicate Average
1 2 3
Darkness 0 0 0 0 .0
Continuous NUV 33 3 15 1% 2h .2
Cyelic fluorescent | 37 20 55 I 3645
Natural/diurnal 7 8 3 6 640

On the basis of the above experiment the following
procedure was adopted to induce the development and
maturation of protopseudothecia of L. trifolil on agart

Colonies on V=8 juice agar (when available) or PDAj,

were initially incubated at 2:°C in the dark for ten

days to allow protopseuvdothecia formation. They were
then exposed to a cyclic fluoresecent light source

(12 hour cycle) for 5-7 daye to induce their matur-

ation.



CLAPTER VIIL
MYCOTLOGY _OF THE PATHOGEN

Since the present investigation constitutes the first
study of the pepper spot disease on lucerne in New “ealand
it was deemed necessary to determine whether isolates of
the causal organism in this country conformed with the
several overseas descriptione of the pathogen on hoest tinsue
(M4ller, 1925; ''1les, 1925; OCraham and Tuttrell, 1961 ;
Booth and Pirozynski, 1967a), and on culture media (iles,
4925; Graham and Tuttrell, 1961; ‘lartinez and Hanson, 1963).
The origin of the isolates studied were as follows!?

Isolate Jource Locality

1 Lucerne leaves DeSeTIeRe TLincoln

2 Tucerne leaves Kairanga

3 Lucerne seed (var. Christchurch

Yairau)
™ Red clover leaves Kairanga
R2 Red clover leaves DeReTePe Palmerston
North

R3 Ped clover leaves Yaraey Univeraity

Ae MYC AT g ON THE

Production of the perfect state of isolates 2 and 3 on
luwcerne was induced on autoclaved, excised leaven in petri
dishes, following the method of McDonald (1958). This
involved inoculation of the leaves by inverting sporulating
cultures over the petri dishes for 2" hours, and then trans-
ferring the dishes to an incubator (210C), Four days later
the petri dishes were placed outside the laboratory on a
wall facing easts The leaves were examined after a further
four, seven and seventeen days for the presence of pseudothecia.
The experiment was repeated several timees between April and
August when air temperatures and daylength were low,

At four days numerous protopseuvdothecia of both isolates
were in evidence, and by seven days the majority of proto-
pseudothecia of isolate 3 had matured, ejecting ascospores
onto the petri dish lids.
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By seventeen days isolate 2 had aleo formed pseudothecia,
81ides were prepared of nseudothecia, aseci and ascospores
and their morphology determined under the highpower {x h00)
of a compound microscore.

Tn Table 29 the morphological featurea of the perfect
state are summarised and compared with those recorded overseas.

The black, globoase pseudothecia were erumpent in the
hoet tissue and contained several bitunicate, saccate anci.
The aseil (Vigure 32) were thick=walled at the apex and had
average cdimensions of N"0.1 x 78,7u. The typically hyaline
ascospores were irregularly clustered in the ascus, were
oblong, ellipeoid or clavate in shane, phragmosporous or
muriform, and surrounded by a thin gelatinous sheath. Their
average dimennions were 1M1.2 x 35,3u with a length/breadth
ratio of 2,50,

Allowing for genetic and environmentally induced
variability between isolates the above descrintion of
nseudothecia, asci and ascosnoren conforma closely to that
of Miller (1925), Graham and Tuttrell (1961) and Tooth and

Pirozynski (1967a) for Leptosphaerulina trifolif.

B. HYCO ES _ON AG

Graham and Tuttrell (1961) claimed that L. briosisna
and L. tprifolil may be separated on the basis of such
cultural criteria as gross colony characteristice (including
growth rate), dimensions of pseuvdothecia, asci and ascosnores,
and ascospore septation. To confirm their conclusione, the
mycological features of lucerne and red clover isolates were
compared on culture media, as follows:

(a) Cultural characteristics-

Three isolates each from lucerne and red ciover
grown on 20% V-8 juice agar were compared, the specific
features studied being the shape, colour and growth rate of
colonies, and the morphology (including dimensions) of
pseudothecia, aseci and ascospores.

(v) Euysiolozical studics

The effect of temperature an® media type on the
growth rate and gross colony characteristics of two lucerne
isolates was determined. Three isolates each from lucerne
and red clover were similarly compared on five media at 2h°C,



TABLE 2%9.

Comparison of the morphological features of L. trifolii from infected lucerne tissue.

Pungal Structure

Author

uiller (1925)

Craham and Tuttrell
(1961)

Pooth and Tirozynaki
(1967a)

Cseudothecia
(1) Morphology

(11) Diameter

Globose, black,

with short necks

and ostiolate;

erumpent in
tissue.

Globose to pyri-
form, black carb-

onaceous with

short, thick necks

and ostiolate;

arise subepider-

mally, erumpent
when mature.

440 = 1h0Ou

Spherical, pale
brown, membranous,
with short necks
and ostiolate;
erumpent at apex.

83 = 152u

Clobese, male brown,

membranoun, ostiolate;

immersed in leaf
tissue, erumpent at
apex.

100 = 200u

(1) Morphology

(11) Dimensions
a) Length
-range
-mean

b) Breadth
-pange
~-mean

Bitunicate,
saccate, apex
thick=walled,
contain 8 asco—-
spores irregul-
arly clustered.

68.’1 - 92.6“
73.7 _t 0.8u

32.6 = 15,8
h 0.1 _*. O.hu

Eroadly clavate,

truncate, smooth
at apex, rounding
and narrowing to
pedicellate base,

thick=walled.

70 = 85u

30 = 38u

Bitunicate, saccate,
embedded in and
servarated by centr-

um parenchyma
tissuve.

53 98u

31 = h8u

Pitunicate, saccate,
thick-walled, em-
bedded in and
separated by thin-
walled, hyaline

parenchymae.
50 = 90u
hO = 60u

Continued overe.eee

60k



TARIE 29. (contd)

Fungal Structure

Author

Miller (1925)

Graham and Tuttrell
(1961)

Booth and Pirozynski
(1967a)

m

(1) Morphology

(11) Dimensions
a) Length
-range

~mean
b) Breadth
-range

~nean

e) L/B

ratio

Oblong, ellipsoid
or clavate;
typically hyaline;
3=5 x 0=3 septate;
surrounded by a
thin gelatinous
sheath.

272 = "4 .8u
35¢3 £ Ce3u

1246 = 17.5u
1h.2 _t Q.2u

2.50

Elliptical to
fusiform;
becoming smoky=
brown when
mature; 3" x
1=3 septate.

30-= hOu

11

1hu

Oblong, ellipsoid,
or short cylindri-
cal; hyaline but
often becoming
brown; 3-5 x 0=2
septate; surround-
ed by a thin
gelatinous sheath.

26 = h6u
322 = 39,7u

11 = 18u
1e3 = 164,20

2.27 - 2."5

Oval, clavate, or
ellipsoid; hyaline,
when mature often
become slightly
coloured; 3=h x

0=2 sentate.

Okk



FIGURE 32.

Asci and ascospores of L. trifolii produced on artificially
infected lucerne leaves (x L0O).

-

FIGURE 33.

Sporulation of a L. trifolii isolate from lucerne on V-8

juice agar after ten days incubation in the dark at 2L°C
and six days under cyclic fluorescent light.



12

1. MATERIALC AND METHODS
(a) Cultursl characteristics

All isolates from lucerne and red clover were
grown on 20% V-8 juice agar at 2h°C, with each isolate
replicated on three plates. The wlony diameters were
measured on the fourth, seventh, tenth ani fourteenth day
by taking the average of two measurements at right angles to
each others The macrosconic features of the isolates were
also recorded on the seventh and fourteenth day.

On completion of the above growth rate atudy the
oroduction of pseuvdothecia by each isolate was induced by
placing the cultures (all of which had produced protopseudo-
thecia) under a cyclic fluorercent light source (12 houre
1ight/42 hours dark) at 20-219C for six daye (Figure 33).
The esrential role of light in inducing maturation of
protopseudothecia had earlier been established in this study,
and also reported by CGraham and Luttrell (1964), “artinez and
Haneon (1963) and Pandey and Wilcoxson (4570).

To observe pseudothecia and asci, slide mounts were
prepared by transferring pseudothecia to a dron of Shear's
mounting fluid on a glass slide and squashing under a
coverslip. Slide mounts of mature ascospores were obtained
by inverting a sporulsting culture over a glass slide for
41=2 hours on the sixth day following tranmafer of cultures
to the fluorescent lights Using an eye-piece micrometer
the dimensions of pseudonthecis, aseil and ascospores were also
determined.

(v) Rhysiological studice

(1) ZIhe effect of temperatureg
The gross colony characteristics and growth
rate of lucerne isclates 1 and 3 on PDAj, were determined.
Each isolate was replicated on four plates at each of the
following nine temperatures:
hy B8y 12, 16, 20, 21, 28, 32 and 36 +1°C,
(11) The effect of media
The gross colony characteristies and growth
rate of lucerne icolates 1 and 3 incubated at 2hOC were
determined.
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Bach isolate was replicated on three plates for each of the
following nine media: Laboratory potato-dextrose agar (PDAy),
Maknur potato-dextrose agar (PDAy), oatmeal agar (0oMuA),
cornmeal agar (CMA), malt agar (MA), prune agar (Pra),
V-8 juice agar (V-8), water agar (7A), and lucerne decoction
agar (TDA).
(111) Comparison of lucerpe and red clover isolates

opn five medlg

The gross colony characteristics and growth
rate of the three luwerne and tiiree red clover isolates
incubated at 2'0C were compared on the following mediat
Laboratory potato=dextrose agar (PDAy), V-8 juice agar (V=3),
cornmeal agar (CMA), lucerne decoction agar (TDA) and water

aizar (WA). Fach isolate was replicated on three plates for
each mediume

In each of the above three exveriments growth ratese
were recorded after four, seven, ten and fourteen days
incubation; gross colony features were recorded only con the
fourteenth day. All mecdia were prepared as described in
Appendix T.

The essential macrosconic features of the
three luweerne and three red clover isolates on 20% V=8 juice
agar after seven and fourteen days incubation at 210C are
sumarised and compared in Table 30, The gross colony
characteristice of isolata 2 after fourteen days incubation
is {llustrated in Figure 3, and the average growth rates
of the three lucerne and three red clover isolates are
illustrated graphically in Figure 35.

When the maeroscopic colony characteristics of the lucePrne
and red clover isolates were compared after 1) days incubation
only minor differences were in evidence, such as the intensity
of protopseudothecia production.



TABLE 30.

Comparison of the macroscopic colony characteristice of lucerne and red clover isolates

on V=8 juice agar after seven and fourteen days at 2h©OC,

to brown mycelium and develop~-
ing blaek protopseudothecia;
margin{h=5 nm wide) white.

Macronconic features Lucerne igoljotes i lov, t

Seventh day

1. Colony shape Circular, flat with entire to Circular, flat with entire margin.
undulate margine

2. Colony colour Centre dark-brown to black due Centre black due to developing

protopseudothecia; margin (3=5 mm
wide) white. Yycelium alightly
browne.

ht -

Protopseudothecia
production

As on seventh daye.

3« Aeriasl mycelium Sparse, white and arising Sparse, white and arising from

: from whole of colonye. whole of colonye.

e Protopsevdothecia | Intemse production at Scattered over whole of colony,

production centre, with gradation to except to within 6=7 mm of margin;
within h mm of margin; are are black, submerged and svarser
black and submerged. than in the lucerne isolatese.

Fourteenth day

1« Colony shape As on seventh daye. Ae on seventh daye.

2. Colony colour As on seventh day. Except at very margin, mycelium
is olive-brown; otherwise same as
on seventh daye.

3¢ Aerial mycelium As on seventh daye. As on seventh daye.

As on seventh daye.

kL



FIGURE 3.
Colony of L. trifolii (isolate 2) after fourteen days
growth on V-8 juice agar at 210C in the dark.

1

—
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Otherwise colonies of both groupe of imolates were circular,
Tlat, with an entire margin and with aparse, white aerial
mycelium arising from the total colony surfaces. Viewed fryom
above the colonies were dark=brown to black at the centre
with a white margins In the older central area of the
colonies, intense production of black protopseudothecia was
evident, This description of the maecrosconic features of
both series of isolates in culture essentially agreee with
the descrintion piven overseas by Martinez and Hanson (41963)
for L. briocsiang.

The average growth rate of each group of isolates was
very similar (lucerne 5.t mm; red clover 51.8 mm)s Further,
the variation in growth rate between each group of isolater
wan just as great as within each groupe. Hence the finding
of Graham and Tuttrell (1964) that L. briosiapa isolates
(from lucerne) were faster growing than L. trifolii (from
red clover) was not substantiated., That is, sevnaration of
the two species on the basis of this character was not
roasible.

(11) lderesgonic features
On agar the mornhology of pseudothecia and
ascl of the lucerne ané red clover isolates were eassentially
similar. Ascospores of the two series were likewise
morphologically similar, except that they could be differ-
entiated on the basis of the degree of septation.

Pseudothecia were black, globose, erumpent and had a
well=defined apical beak. They contained several saccate,
bitunicate asci which had thickened apical walls penetrated
by a porey, and each with eipght ascospores arranged in an
irregular mamner (Figures 36 and 37). Mature ascospores were
oblong, ellipscid or short eylindrical, with obtusely rounded
ends, phragmosporous or muriform, rarely with 2 but usually
with 3=5 transverse septa and 0=3 longitudinal septa, typically
hyaline but often becoming brown, and surrounded by a thin
gelatinous sheath (Figure 38).

According to Craham and Tuttrell (19641), L. trifolii
in culture produced larger pseuvdothecia, asci and ascosnrores
than L. bricasiang, with ascospores of the former being
tyrically phragmosporous and predominantly with 3-transverse
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FIGURE 36.

Asci containing eight ascospores of a L. trifolii isolate from

lucerne on V-8 juice agar after five days incubation in the dark

at 210C and seven days under cyclic fluorescent light (x 100).

FIGURE 37.

Asci containing eight ascospores of a L. trifolii isolate from
red clover on V-8 juice agar after five days incubation in the
dark at 24°C and seven days under cyclic fluorescent 1light (x 500).



FIGURE 38.

Mature ascospores of a L. trifolii isolate from lucerne on
V-8 juice agar after five days incubation in the dark at
2110C and seven days under cyclic fluorescent light (x 900).

119
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septa, whereas ascospores of L. briosiang tended to be
muriform and with h=transverse septa. However, Booth and
Pirozynski (1967a) stated that if isolates from infected
hoste in the Teguminosae were grown under standardised
controlled conditions, the ascosnores produced would be
uniform in both aize and septation. These auvthors o»rovided
no evid=nce to support this prediction.

Collectively the lucerne and red clover isolates could
likewise not be separnted on the basin of pseudothecia, asci
and ancospore dimensions since, as shown in Table 3, the
degree of variation between each group of irolates was just
as great as within each groups, A possible exception was
isolate R which produced larger pseudothecia and ascospores
than any of the lucerne isolates,but similar sized asci, and
hence would perhaps justify being identified as L. trifolil.
Thus the claim by Graham and Tuttrell (1964) that lucerne
and red clover isolates could be differentinted by the size
of pseudothecia, asel and ascoapores was not confirmed in
thies study.

Ae stated above, the degree and type of ascospore
septation was another major criterion by which the two species
have been separated by Graham and Tuttrell (1961). During
thies study separation of the two groups of isolates only on
the degree of ascospore septation was found possible.
Ascosporee of the red clover isolates were typically 3-trans-
versely septate with a low percentage being "-septate, whereas
the lucerne isolatee had a high percentage of l=geptate with
a correspondingly lower vercentage of 3~septate ascospores.
This 4s shown graphically in Figure 39. Although the range
in septation shown by the red clover isolates was narrower it
still overlapped considerably with the range found within the
lucerne isolates (Figures 10 and 1), Further, the percentage
of muriform ascospores varied greatly between all isolates
and would prove to be an extremely unstable criterion on whiech
to separate the two speciles.

Hence the report by OGraham and Luttrell (1961) claiming
that L. trifolil and L. briosiasng have typically 3-septate and
h-geptate ascospores, respectively, was substantiated, whereas
their claim that the percentage of muriform ascospores could be
used to separate the two species was not proven.



TARLE 31, Comparison of dimensions of pseudothecia, ascl and ascospores of lucerne and red clover
inolates grown on V-8 juice agar.
Pseudothecia Asci Amcoeporee
Isolate Diameter (u) Length (u) Nreadth (u) Length (u) Breadth (u)
_'

Range Mean Range Vean Range ¥ean Range Mean Fange Yean
1 17640 | 266,66 725 | 10153 29.5 "heht7 20,0 32.60 10.2 12.32
-356.0 _:‘5.96 -135.2 _:2.13 =50, 2 _'H 22 ."3.8 10."2 “Ah .0 _fo.1’l
2 167.0 | 191.8n 83.3 | 109.52 35.6 h6.53 330 3773 13.7 161
-227.0 ﬂ .9‘! -i 27.7 _"H .-'17 "'59.2 10071 "'l'_' 07 1008’! -4 Q.S _:0.1 8
3 18h,0 | 228.5" 8846 100,58 353 "1 .68 a0 38465 13.2 15486
-29N1.0 3357 1159 0.8 -’17._7 N6 3.8 10.86 -10G.3 20,38
o] 2-'"1.0 301.36 9106 103'98 "2.’! 52.80 39.7 "5.9' 16-1 21 e 52
105,00 | #6.76 -122.5 M2 =679 30.76 =509 2081 -2548 0,17
R2 1 53.0 1 8’?.66 87.5 98.83 37.6 "5¢6’ 32.7 35."1 1".0 1 50"5
"230-0 -'!'_2. 50 11 2.8 :‘_‘O. 97 "56‘. 5 30059 -3900 :;0.‘1 g -4 ?.’.‘. 13.1 3
93 1'10.0 1&9.8"— gh.2 101.90 3503 ,’-30,18 33.6 38. 84 ﬁso"- 16.78
-286¢0 '_’!' .’!‘-1 -4 22 | _‘ﬂ .30 -50'.[.". 1‘0- 58 "'! 5.9 :’3. 3'! - 903 1‘3.1 2
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FIGURE 14O.

Range in ascopsore septation of a L. trifolii isolate from
lucerne on V-8 juice agar after five days incubation in the dark
at 249C and seven days under cyclic fluorescent light (x 900).



FIGURE h1.
Range in ascospore septation of a L. trifolii isolate from
red clover on V-8 juice agar after five days incubation in

the dark at 21°C and seven days under cyclic fluorescent
light (x 900).
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In general,the results did not directly support the
contention of Tooth and Pirozynski (4967a); although the
ascospores produced by all isolates under standardised,
controlled conditi one were similar in size and septation,
they still expressed conaiderable variation. However, as
only three isolates from each host were examined general
trende an provided by sampling large populations would not
be detected.

In conclusion, resulte of the present study mainly dia
not support the claims of Greham and Tuttrell (1964) in that
isolates from lucerne and red clover could not be separated
on the basis of the sige of their pseuvdothecia, asci and
ascospores, or type of ascospore septation. That is, the
preaent findings did not provide evidence to support the
contention that the two diseases under study are caused by
distinet morphological species of the genus Leptosphaeruling.

(v) Physiologigal studies

(1) ZIhe effect of temperature

The gross colony characteristice of lucerne
isolates 1 and 3 changed with temperature, with colonies
having a black centre and white margin between 16 and 32°0C,
and being completely white at 8 and 129C, "hite, fluffy aerial
mycelium was sparsely produced centrally on all colonies
incubated between & and 280°C,but was absent at all other
temperatures., Plack protopseudothecia were produced in
cultures between 8 and 32°C, with the most intense production
between 16 and 28°C, At these latter temperatures protopseudo-
thecia were produced at the colony centre, and were initinlly
submerged becoming erumpent with time.

The effect of temperature on radial growth of L. trifolil
from lucerne is illustrated in Figure 2, and shown graphically
in Figure 3.

The cardinal temperatures for vegetative growth of bhoth
isolates on PDA; after fourteen days were 1, 2h and 36°C,
these closely agreeing with the temperatures reported by
previous workers (Miles, 1925; Graham and Tuttrell, 1961}
Martinez and Hanson, 1963)s Orowth at all times wae greatest
at 2h°C, but nearly as great at 280C, especially by the
tenth daye.
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FIGURE Lh2.
Effect of temperature on the growth of L. trifolii from
lucerne (isolate 1) on PDAy, after fourteen days incubation

in the dark.
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FIGURE 43. Effect of temperature on radial growth of L. trifolii from lucerne on PDA
after four, seven, ten and fourteen days incubation.
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It should be noted that these results refer to the average
growth of two isolates, and that other individual isolates
would differ slightly from the above.
(11) TIhe effect of medig
The effect o7 media type on gross colony
characteristics is illustrated in Fipure "h and summarised
in Table 32.

Growth of both isolates was dense on LDA, V=8, PpraA, HA
and PDAy, but very sparse on WA. Surface topography and
colour of colonies were essentially the same on all mediae.

In general, the colonies were circular to slightly irregular,
flat, and when viewed from above light olive-green to black
in colour at the centre, with a white margin. On V-8 and
PDA7, the colony centres were black, while on WA they were
completely whites. Aerial mycelium was lacking on all media
except IDA, V=8, MA and PDA;, where it was sparsely produced
at the colony centre.

On LDA, V=8, A and PDA; production of black protopseudo=-
thecia was very intense, whereas on all other media only sparse
to moderate production occurred. Protopseudothecia were
produced at the colony centre, and were either submerged or
erumpent. Protopseudothecia production on CMA is illustrated
in Figure h5.

The effect of media type on radial growth is 1llustrated
graphically in Figure h6. After fourteen daye incubation at
2h0C growth was greatest on OMA, but nearly as great on
LDA, V=8 and PrA; it was least on WA. It should be noted
that the histograms record the average growth of two isolates,
and that some variation between isolates would exist.

(114)

The effect of each medium on the gross
colony characteristics of each isolate is illustrated in
"pgure "7, and their growth rates graphically illustrated in
Figures h8 and M9,

On PDA;, the lucerne isolates had a fast growth rate,
produeing circular colonies with an undulate margin, whereas
the red clover isolates had a elow growth rate, especially
isolate R1, and also formed circular colonies, but with an
entire margin,
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FIGURE lli.

Effect of media type on the growth and gross colony character-
istics of L. trifolii from lucerne (isolate 1) after fourteen
days incubation at 24°C in the dark.

(1-OMA, 2-LDA, 3-V-8, L4-CMA, 5-PrA, 6-MA, 7-PDAy, 8-PDAy 9-WA) .

FIGURE 5.

Protopseudothecia production of a L. trifolii isolate from

lucerne on CMA after fourteen days incubation at 24OC in the
dark.



TABLE 32. Effect of media type on the gross colony characteristices of L. trifolii from lucerne
incubated at 2h0C for fourteen days.

OMA | I.DA V=8 CHA PrA MA PD Aﬁ‘. PD .&T‘ WA

Medium pi 630 | 5."h 6e22 550 5¢ 75 570 6eM1 5¢80 6.90
Shape C Bl Ir PBlIr C c C Ir Ip Ir
Elevation rt Ft Ft Ft Pt Ft Ft t 7t
Zonation NZ A A 2 N7 / N7 N7, NZ
gringe W i W W I 01=Gn| W b W
Middle 1 01=Gn( D 01=Cn Bl [L 01=Cn |I 01=Cn|D 01=Gn | 01=Cn Bl v
Centre I O1=Gn({ D 01=Gn Bl T 01l=Cn |1 O1=Cn|D O1=Gn | 01=Cn Rl w
Ouantity 0 1 1=2 0 0 1 0 4=2 0
Location - C C=i - - £ - Q=i -
Morphology - Ct Ct - - Ct - ct -
Colour - w W - - w - W -
g. uanﬁty 1 h h 2 2 h 1 3= O~

Location C=M/B=I | C=4/1 {=M/F-I C=11/E~I| C-M/T |C=/% c/1 C=-M/E | C=u/T
Colour Bl Rl Bl Pl Rl Bl Bl n1 Bl

Key: See Table 19.
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FIGURE 46. Effect of media type on radial growth of L. trifolii from lucerne after
four, seven, ten and fourteen days incubation at 24 C.



FIGURE L47.
Comparison of growth and gross colony characteristics of

Leptosphaerulina isolates from lucerne and red clover on

five media after fourteen days incubation at 2Iit°C in the
dark.

A. PDAj,
B. V-8
C. CMA
D. 1DA
E. WA

LuC
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FIGURE 48. Effect of media type on radial growth of Leptosphaerulina isolates from

lucerne after four, seven, ten and fourteen days incubation at 24 C.
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FIGURE 49. Effect of media type on radial growth of Leptosphaerulina isolates from
red clover after four, seven, ten and fourteen days incubation at 24 C.
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Othemvise colony colour, the density, location and morphology
of aerial mycelium, and intensity and location of proto-.
pseudothecia were very similar for all isolates (Figure h7A).

On 20% V=8 juice agar the average radial growth for
both groups of isolates was very similar, with again few
differences being observed in colony c¢olour, aerial mycelium
and protonseuvdothecial features. The major differences,
however, wWere in colony morphology (as described above Tor
PDAT), and thut the red clover isolates developed proto-
pseudothecia in concentric circles, whereas in colonies of
the lucerne isolates they were randomly located (Figure h7R).

Both groupe of isolates on CMA had a similar radial
growth; the colonies produced were light olive-green in
colour and with a white margin, they lacked aerial mycelium,
and developed moderate numbers of black protopseudothecia
in concentric ringes. Again eimilar differences as above
were found in colony morphology (Fipure h7C).

The average radial growth, coleny colour, aerial mycelium
and protopseudothecial features on INA were ensentially the
eame for all isolates; the colony morpholory diff'ered, as
before, in the shape of the colony margin (Figure h7D).

Finally, on WA colonies of each group of isolates
remained emall in size (lucerne 13.i mmj red clover 419.6 mm),
and had similar colony characteristics. Colonies were circular,
flat, and with an undulate margin, completely white, lacked
aerial mycelium, and developed few or no protopseudothecia
(Figure 17%).

In conclusion, the above physiological studies did not
provide results which warranted deviation from the earlier
conclusion, that in the Manawatu pepper spot of lucerne and
red clover ies caused hy the one species, namely,L. trifolii.

Ce SDORE GERMINATION

In the present study the rapidity and pattern of
ascospore germination was examined on agar at 2h0C, and
photographically recorded uning a growth chamber esimilar to
that described by Harvey and Wenham (1971). After inverting
a sporulating culture of the fungus over a PDA; plate for 1-2
hours an? allowing natural ejection of ascospores onto the
agar surface, a square of agar was transferred to a sterile
coverslip.
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The coverslip was then inverted over the growth chamber, and
the edges sealed with paraffin wax. A moist air flow was
maintained through the chamber to prevent dessication of the
agar and ascosnores. OCermination patterns of one or more
ascosnores were periodically observed and photomicrographically
recorded under the high nower (x "00) of a compound microscopes
Ascospores were considered to have germinated when the length
of a germ~tube was equal to the breadth of the ascosnore.
Generally, 5=20% of the ascospores had germimated after
17 hours, and by 2% hours anproximately 80%¢ of the anores had
well developed germ=tubes. 7y the third hour 100% germination
was attained at this temperature (2/0C). A similar result was
renorted by Yartinez and Hanson (4963) who found the optimum
temperature for germination was 210C, with 9% of ascomsnores
germinating in three hours at this temperature.
The pattern of germination is shown in Vigure 50, 1In
all caser there was an initial expansion of the ascospore
(up to hu in length and 2u in breadth), presumably due to
absorption of water from the substrate. Cerm—-tudbes were
in evidence within one hour originating from either the
terminal or lateral cells of the ascospore. 'Within 3 hours
of Tfiret evidence of germination individusl ascospores had
produced between 3 and 7 germ—tubes. Once emerged, germ=tubes
elongated very rapidly (within h hours the germ=tube length
was seven times greater than its breadth), becoming septate
within 6 hours and branched within 10-12 hours.
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FIGURE 50.

Pattern of ascospore germination of L. trifolii from lucerne
on PDA; at 24°C (x 400).

(Left to right, top to bottom; O, 1%, 2, 2%, 3 hours).
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0 N P JON QF CULTURE M=DIA
The media were prepared as described below. They were

ptored in 250 ml Erlenmeyer Tlasks, after being autoclaved
at 15 neselse for 20 mimtes.

A DPotato=Dextrose Agar (labd PDA)
agar (Davis) 12 g
potatoes (eliced and peeled) 200 g
dextrose 10 g
distilled water 1000 ml

The sliced potatoes were cooked for aprroximately
one hour in 500 ml of distilled water and the filtrate
retained after straining through a clean cheesecloths The
agar and dextrose were melted in 500 ml of distilled water,
the notato filtrate added, and the whole then autoclaved.

Pe 0Ox01d PDA :
potato~dextrose agar (Oxoid) "o g
distilled water 1000 m1

The prepared dry medium is added to the distilled water,
and then autoclaved.

Ce lMaknur PDA
potato-dextrose agar (Maknur) 36 g
distilled water 4000 m1

The prepared dry medium is added to the distilled water,
and then autoclaved.

D. V=8 Juige Agar (20%)
agar (Davie) 15 g
CaCoO 15 g
V=8 iuicc 200 ml
distilled water 800 ml

The agar is melted in the 800 ml of distilled water, the
'CaCO3 and V-8 juice added, and the whole then autoclaveds.

B Corpmeal Agar

agar (Davis) 15 g
cornneal (erushed) 60 g
distilled water 1000 ml
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The cornmeal was cooked in 500 ml of distilled water
for one hour at 609C and then filtered through clean
cheese~cloths The filtrate wae then added to the agar
melted in 500 ml of distilled water, and the whole autoclaved.

F. Datmeal Agar

agar (Davia) 15 g
oatmeal 20 g
distilled water 1000 m1

The method of preparation is the same as for cornmeal
agar above.

Ge Malt Agar
agar (Davis) 15 g
malt extract (Oxoid) 20 g
distilled water 1000 m1

The malt extract was warmed for a few minutes in 500 ml
of distilled water, then added to the agar melted in the
renaining 500 ml of water, ard the whole autoclaved.

He PErune Agar -
pruns agar 2h g
distilled water 1000 ml

The prune agar was gently heated in the distilled water
to completely disnolve the medium, and then auvtoclaved.

T lgter Agar
agar (Davis) 12 g
Aistilled water 1000 ml

The agar was added to the distilled water, and then
autoclavaed.

J« Lucerne Degoction Agar

lucerne leaves 30 g
agar (Davis) 20 g
dextrose 20 g
distilled water 1000 ml

The leaves were comminuted in a Waring Plender with a
small volume of water, and cooked in a 500C water bath for
two hours. After filtering, the filtrate waes added to the
dextrose and agar dissolved in water, the total being made
up to 1000 ml, The whole is then autoclaved.
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