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IN ANCTHER GENUSI®
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IUT wuODUGCT IO

The fungus Alternaria (Macrosporiun) golani is associated with a foliage

disease of pot toes and tortoes tlwroughout tho world. Although there
arc often sevoral phuscs of attoe': on these hoots by tho fungus e.g. tubar
damage in the pototo and secdling loss with tomtoes, tle disease has bLeen
paxed on the basis of the foliage symptoms widch are claractoristic. Two
names are comorly used (1) Tarpet Spot

(2) Early Might,
and of tle two, 'Target Spot' is the rore descriptive since folisge lesions
are circular to irregulsr dark trown arces with 2 vory cheracteristic
soration effoct due to & series of more or less comgentric rings witidn the
lesion.

Early invegtigotors studied tie disorses of the rogpective hosts {rom o
practical plant pathology standpoimt, concerned, in the mein, with tracing
tho Disease Cyele and farmilating methods of comtrol.

A nasber of indepondent studies of the disease(s) coused by A.sdlani on
potatoss and tomctoes showed tint the causal fungus wos extremoly varisble
in phonotype and genotype. This inberent verisbility has added to the
confusion and coplexity swrounding the tesonoy and nomenclature of the
fungus through tlio yeers. An additiomnl sowco of complication with respoct
to taxonony and nomenclature bas arisen from thoe glowly evolved congception of
the gemus Altermeria to its present day delimitations e.g. early workers
ploced the fungus in the gemus Macrosporium on the bmsis of eharscters vuieh,
according to modern views, as put forword Ly Wiltsbire in 1933, place the
fungus in the gerus Alterreria. .
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Hore perticularly in the U.S.A. and fustrelie Alterneris colsni seems capable of

'ecausing' widesprsad epiphytotics of 'Barly Blight' of potatoes, which result in
heavy loss. In addition, the scveral phases of cttack, by the fungus, on tomatoes
lave proved very costly owver the years due to secdling loss and reduction in fruit
yield. In N.Z. in 1927 ‘Early Blight' was regarded as one of the most serious

of potsto diseases, latterly, however, the disease seems of no mational importance
although in locelized areas it can cause heavy amd often unsuspected loss e.g. the
obgervation that 'lLoete Blight' resistant poteto varicties Rua and Tahi in a rocent
season in the Manawatu were heavily affected with 'Barly Blight' in later stages of
growth - sufficient to cause local growers to doubt the claimed resistance to

'Llate Blight' !

The consistent prevalence of leaf spotting and Barly Blight on potatoes 2and
tomrtoes in the Manawatu arca (of the N.Is.,N.Z,) over several seasons together
with thie apparent absence of records of a comprehensive study of this disease
in N.Z, has led to tiids study.

At the outset & strzightforwerd study of the diseasc in the field and in the
glasshouse was envisaged. This theme had to be considerably modified however
because regul-r inspection of a representative 8 = 10 crops in the Mamaw:tu
showed that the incidence of 'Barly Blight' on potetoes and tamotoes was extremely
low in the two seasons covered by the duration of the work.

As 2 result the emphasis was shifted and the aims of this study beceme:

(1) To muke & study of the characteristics of the disease under glasshouse

conditions.

(2) To compere isolates of the fungus from three solenaccous hosts namely,
Potato, Tomsto and Black nightshade with reference to marphology,
physiology and pathogenicity and to geuge the extent of variability
between 'strains' and its importance in taxonomy.
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WTedl'Ls and METIQDS.

Materirls and motiiods specific to particular prts of this study are
descrived in detail in their rospective gcetions. Materials and methods
applicanle to several sections of the work arc, howover, ocutlinod Lelow.

AMTE AL gnd  MELLQOL USED

in the LABOUATOIY.
(2) PEPATION GF MEDIA,

The detailed proparations of all modis are described in Appendix I. Qeodd -
potato dextrose agar (P.D.A.) was used for all nomel culturing work. This
medium was propered in 2 - 4 litre quambities s required, and stored after
autoclaving in partly filled 250 ml. flasis stopped with cotton wool plugs.

(b) LOCULATION OF iEDIA.

Inoculun discs 5 ma in diameter, cut with a sterile cork borer fram the
edge of au actively growing colony on P.D.A. ware used in all experimental work.
The inoculum disec was alwrys placed myceliumeside down on the media being
inocul-tads Tho diameter of the inoculum dise i.e. 5 mm, was subtrceted from
the measured diamcter of all colonios recorded.

(¢) MEASUCMEIT OF GuOWTI RATE QI AWTIPICIAL MEDIA,

Work Yy Bronceto and Golding (1953) indicates thet golony diometer is a
valid measure of tio effects of environmental factors such as medium constituents,
pH, and temporature. Throughout this study wherc golony diamsters were to e
measured 3 - 4 colonies were used per trestment, 2 dismeters at right angles
were recorded for each colony and results axpressed as on aversge. Slge
growth proved to be st & constant and linear rate records of colony diamsters
were made only once, narmally 8 days after inosulstion.




55
(d) LDUCTION G SPORULATION AMD Py uTIGN OF IiOCULJH.

Prolific sparulation of Alternaria solani on artificinl media is
notoriausly difficult to obtain and a wide varicty of different methods
invalving verious media, treatments with ultra violot light and combinations
of light and ldgh umidity, appcar in the litereturc.

The teclique used in this study is an adaptation of a method described
in 1942 by ludwig, diclisrdson ard Umwin. The surface of appraximtely
2 weelk old cultures of the fungus growing on laborstory P.D.A., in petri dishes,
was scroped with the end of a clean glas: slide so tlat all the aerial
yeeliun was removed. The pl-tes were then weshed with lids removed, in
runming tap wator far 2, hours. To prevent the agar floating away the
platos were covered with e thin muslin cloth. Following washidng the
plates were stacled in an inverted, slonted position. The method of stacking
ensured tlot conditions of ligh apnidity obtoined at the swrface of all
ecolondes.

This methiod providod heavy and consistomtly relia lc crops of conidis
from all isaolatos within 48 Loars of staci<ing.

Spore suspensions used in all inoculstion wvorik vore obtained quickly
and cagily.

A fine jot of distillod water from ¢ ploestic ‘wash' bottle was directod
onto tho surface of the sporul ting eolony until there were avcut 7=-8 ml.of
water in the petri dish. A trace of TELPOL was added to improve wetting and
a smooth glass rod rub.ed over the colony surface to further improve the
relcase of conidis into the water. The concentrated spore suspension wes
poured into & meesuring cylinder to determins the volume and then the
actucl eomcentrat on was measurcd with the aid of a Neubsuer heemocytometer.
Desired concentrstions were obtained by adding tho required volumes of
distilled water.



5.
(e) EXAMIN TION QF DISEASED MATERIAL AND ISQL/TION OF FUNGI FROM LESIONS.

Lesions from diseased material werd placed on 2 glass slides in a petri
dish containing a moist filter paper. The petri dishes were left on the
laboratory bench. If the fungus was viable within the lesion 24=36 hours
wag sufficient time for production of conidia.

Conidia were identified Wy microscopic exauinction #hid then single spore
isolations werc made to laboratory P.D.A. slopes preporstory to subsequent
culturing.

Since the conidia of Alternaria solani are comparatively large and

readily discernible with & binocular mieroscope the technique used for
isolation and identification was both simple and rapid.

The main contaminotes found on naturally infected meterial were species
of Stemphylium and Alternaria temuis. These were readily distinguishable and

caused no concern in meking single spore transfers of the conidia of Alternsria

solani.
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USED in the GLASUIIQUSE.

(a) SOIL MIXTUZES.

Sand, loam and peat were used, in conjunction with chemical fertilizers and
dried blood, to make up 2 different soil mixtures.

(i) Seedbax soil Mixture 2 Loam : 1 Peat : 1 Sand plus 3 oz lime per bushel
of soil mixture and l}oz superphosphate per bushel.

(ii) Priciking out scil Mixture 7 Loam: 3 Peat: 2 Sand plus 4 oz per bushel

of & basic fertilizer mix containing the following ingredients:-
1 part, by weight, Potas.ium sulphats; 2 parts dried btlcod; 2 parts
superpliosphate 1 oz per bushel of lime.

The peat and loam were partially sterilized before use. A thin layer of the
peat and/or loem was spread on 2 concrete fioor, dampened slightly, and covered
with a polythene sheet which was sccurely held in position, around the edges, with
Leavy weights. Metlyl bromide gas was tha rcleased under the sheeting which was
left in plsce for 2, hours. Experience siuowed that 2 1 1b, tin of Methyl bromide

prevented suovsequent growth of all weed seeds in appraximately a2 cubic yard of
peat ar loaﬁ spread out in a thin layer. After treatment with Methyl bromide
the peat and loam were stored in separate bins and used as required. The sand
used was deep river sand and hence did not need methyl bromide treatment to kill
weed seeds.

(b) PHODUCTION OF PLANTS.

Seeds of all plant species except potato were sown in small seed baxes
(18"x12"x3"). When the seedlings were sufficently advanced they were pricked
out into pots. In most cases there was 1 plant per pot but with plants such
as Zinnia, Carrot, Ageratum and Godetia, used in host-range studies, 3 seedlings
were pricked out into each pot.

Potato plants were raised by pleanting seed potatoes in pots containing
pricking out mix.

Where it was warranted, especially with tomatoes and black nightshade
plants, staking and tying of the plants was carried out. This produced a
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better plant and greatly facilitated movement of the pots plus plants

together with economizing on beach spece.

Watering of plants was ca:rried ocut night and morning during the summer
months (November to mid March.) since the tomato and black nightshade plants
especially were prone to wilting. During cooler weather however the plants
needed watering only every 2 - 3 days.

Maximum temperaturcs recorded in the glasshouse during hot weather were
about 95% ut only for short periods. During the winter momths an average
temperature of spproxim-tely 70% was maintained in the glasshouse by means
of thermosteticaily controlled heaters placed under the benches,

Since pota® secd proved difficult to obtain, in quantity, when required, and
even morc difficult to store in good condition most of the "Disease Cycle"
studies were carried out with tomato plants. Hence, a constant supply
of tomto plants was maintained by sowing seed every 2 - 3 weeks and pricking
out ths scedlings into pots.

(¢) CONTZOL QF PESTS.

Some troublc was experienced with White Butterfly Caterpillar damage but good
control was obtained by dusting the plants with "Derris Dust'. QOccasionally
an aphid populztion sterted to build up and this was controlled by sutting
the glasshouse down at night and burming a (EXA strip inside. Carried out
at weekly intervals this w:s an efficient control measure.

(d) INCCULATION OF PLANTS.

Plants werc inoculated with spore suspensions sprayed onto the foliage
in a fine misty spray from a patent "WINDEX" sprayer.

After inoculation plants were placed in a high humidity chamber
constructed out of light, clear "Armathene" sheeting.



SLLeCTION AND DESIGHW TION F ITOOLATas UokpD IN THIs STUDY.

In April 1962 ecrops of potatoes and tomatoes and voluntecr plants of black

nightshade, showing symptoms typical of attack by Alternariz solani, were

examined and single spore isoletes obtained.

The isolates were deusignated according to:

(i) Tie host from wiich tiiey wer: isolated. This was indicated oy using
2 capitel letters representing thie votanical name. Thus an isolate

fron potato (Solamum tubcrosum) was designated ST ——=; from tomato

(l_-mc_Oper:;icum asculentum), LE - - -=; from Black nightshade (Solanum nigrum),

SN = = =,

(11) The date on whiclh tho isolation was made. Tuis was iadicated by using
the day and the momth. Hence an isolote made on the 8th. of April
(4t nonth) becomes  ST)

LE) 84 =
SNJ

(1ii)
The locality where the diseased materizl was obtained. This was indicated
oy a letter of thic alphabet. Usually 5 single spore isolations were made
from eacli diseased specimen.

Eleven isclates were selected for study. These were:

ex JSlack nightshade ex Potato «x Tometo
SNaLA STa3 Leay s
SNED STEL0 LEQ,G
SIREA ST2648 1E26,B.
SIRE,D ST264,C

An additional isolate was obtained from the Auckland area through the services
of Dr.F.J.Morton of Plant Diseases Division D.S.%I.R, This isclate was off
potato and designated AL6. This isolate was incorporated into the work part way
through the study and hence it was not used in all studies.



TIE  DISEASED PL/INT.
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INT HODUCT ION.

The first description of the leafspot on potato caused by Alternaria solani

was given by Galloway in 1891. Jones (1891,1893) extended this work and
distinguised 'Barly Blight' symptoms and those of Late Blight and tipburn.
A major contribution to the understanding of the etiology of the disease was
made by Bands in 1917 in a detailed and prolonged study at Wisconsin.
Ezson =nd Shapovator (1918) were the first to demonstrate that the fungus
caused stem lesions on potato and tomato pl-nts as well as the typical leaf
symptams. In 1925 Folsom and Bonde described a dry rot of potato tubers
due to attack by the fungus and they demonstrated this pathogenic action by
infection experiments.
Since the early work there Lave been many studies on various aspects of
Early Blight as it affects potato and tomato crops and on the development of
suita le control measures.
In N.Z. Early Blight on potrtoes was first recorded by Kirk in 1895 and
later by MeAlpine (1903, 1911) in Australia and N.Z.
Early Blight occurs throughout the world where potatoes and tomatoes are
grown but it only appears to have causcd gonsistent imjor losses in the U.8.A.,
since the lstter pert of the 19th. century. In BEuropean countries attack by
the fungus on potato leaves usually is not of any porticular significance since
the attack does not set in until relatively late - in comtrast to the early
attacks in the U.S.A. Indeed, Stapel (1943) in Demmerk was able to show that
even severe attacks on folisge resulted in only a small yield reduction probably
because the attack did not become severe umtil efter tuber development was
nearly complete.
When an ocutbreak of Early Slight does occur however losses of up to 50% or more
are cammon and to be expected.
e.g. For outbreaks on potatoes in Wisconsin Rands (1917) estimsted losses between 10-25%
" " " " " Sth.Africa Wager (1931) n n " 3_50”
L] n n " Germany Braun (1933) n " " M
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and on tom toes in Virginia, siciTomber (1927) estim ted losses to be 35%

" n " Demmark, Neergaard (1945) " " " 75%
Although, in 1927, Early Blight was one of the most serious potato foliage
diseases in N.Z, it is not reg rded as important now. Similarly, on tomatoes the
disease las never acsumed large scale proportions in N.Z. One of the major reasons
for this is thst potztoes and tomitoes arc rarely attacked until very late in their
growing season. and the merkctavle crop is little affected. In addition, the
regular sprays for late Blight, wherc car.ied out e.g. in the Pukekohe and

Manswatu areas, arz effective ageinst Alternaria salani. Feddersen (1962), in South

Austrzlia found th:t Maneb spreys (21b./acre) applied to potatoes after flowerirg,
and contimed et fortnightly interv:z1ls until harvest, gave excellent control in areas
where the disease was common.

Although Alterneriz solani is a comparatively weak pathogen in Buropean countries

and in N.Z. it reacts differently in the U.8.A. and on tamtoes, especially, it
initiates several pheses of attack which follow the maturity of the plant sterting
with dempig off of seedlings then collar rots, foliage demgge and finally fruit
rotting. Moore (1942) and Moore et al (1943) in the U.S.A, developed a seced
treatment for tamatoss which controlled the initial phases of Alternsria solani

attack from seed-Lorne inoculum. They found that pralonged storage of seedlings
and wilting increased the incidence of attack. This provlem seems peculiar to
parts of the U.S.A. where there is a large scale shipping of seedlings from

nursery areas to the commerci:il growing areas.
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(B.) Gradation of symptoms from healthy to severely diseased.

FIG1 SYMPTOMS OF EARLY BLIGHT ON POTATO
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SYMPT QMo U EARLY BLIGHT ON POTATQES A D TOM TGSs IN THE M- N/ WATU.

The disease is prodominantly one of the foliage of plants of both crops from
wien they ar:s nearly mature until senescence. The gymptoms are very similar
for botl plants.

The fungus may atlack the leaves, petioles or stems. It is most common on leaves
causing circular to irregular d=ri browa lesion: which are charncterized by = series
of conceatric ridges which give the so called Target Spot effect. Infection
usually occurs around the margins of the lower, older leaves. The lesions sprezd
fairly rapidly on the older tissue and the leaves soon become chlorotic and then
brown and brittle. Leaf lesions on younger leaves spread slowly or else may
beeome isolsted and die leaving a sm2ll brown area. Lesions on the stem and
petioles may be up to an inch long and are dark brown and more or less superficial.
Fig shows typical foliage symptoms on potato.

Infections of tometo seedlings in the glasshouse did not produce severe damage
of the leaves and stems and the mejority of plants grew out of the disease which
was confined to the initial areas of infection.

Symptons of Alternaria salani atteck on Black nightsiade are more or less

similar to those on potato and tomato, however, the lesions are generally more
irregular and heve & less prominent ridged or zomate appearance. Also, the
lesions are not restrictced in development due to the absence of big veins in the
leaf in contrast to the leaves of pot.to and tamato.
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ABPECTS OF TiiE DISEASE CYCLE ON TOM TOLS UNDER GLASSIQUSE CONDIT IONS.

There are several stages of host-parasite interaction in plamnts which are
collectively know: as the "Discas:z Cycle" viz:

Stage 1: Penetration of host tissue and infection.

Stage 2: An incubation period during which the pathogen becomes estaolished

in the host tissue.

Stage 3: Appesranc:z of visible symptoms on the plant indicating the

'disturbing' presence of the pethogen.

Stage L4: Production of new infective particles by the pathogen to prvide

for sscondary spread to fresh host material.

St.ge 5: The pathogen goes into an 'overwintering' or resistant stage, which may

leave the lLost, in order to survive adverse conditions.

Observations werc mads, under glasshouse conditions, f some of the voria les
whicl: could aflect stuges of ti.c Diseasc Cycle and tiie developueat of Early Blight.
Througi.outl these studies tometoes were uscd as tlhe test plont because:

(1) =211 the other inoculation work indicated thaot potstocs and tomatoes

reacted identicszlly to the same tre- tueats,

(2) tomatosplants were fi.r easier to reise and gave economies of glasshouse

spece, time, mcterids and laoour.

Spore suspsnsions used during this work werc made up with conidia ffom the
following isolstes:

SNALA, SN&LD, SN2GLA, STE,C, ST264B, LEQE, LES,G and AL6. It was hoped to
cut down any varistion due to strain effects by this method and thus get a more
uniform idea of the possible behaviour of the fungus in the field from glasshouse
observ tions.

PENETI/TION and INF.CTION:

Several tomato pl nts were inoculated with a concemtrated spore suspension and put
in a high humidity chamber for 24 hours =fter which inoculeted leaves were removed
from the pl=nts. Small sections were cut out of the leaves and cleared by warming

in 70 per cent ethyl alcohol for 1} - 2 hours. When clear the sections werec stained
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in 0.2% Cotton Blue until the desired contrast was obtained. The sections wer:
mounted in lactophenol on glass slides and examined under the microscope.
SLOSULTS:

The majority of comidiz had produced germ tubes which grew out over the surface of
the leaf. Many germ tubes appeared to be indeterminate in growth and showed no
sign of penetrating the leaf. In quite a number of cases however the germ tubes
had ceased growth and swollen at thic ends to produce a flat pad or appressorium-like
structure. 1In a few cases, by menipulating the light intensity and focus of the
microscope it was possible to trace a blue stained fungal thread from the appress—
orium into the cleered host tissue.

Hands (1917) found that germ tubes of Alternariz soloni penetrated either

directly through the cuticle or else through the stometa and Angell (1929) observed
that germ tubes of A.porri penctreted through the stom ta. In this work however
penetration was only secn to occur dircetly thirouglh the cuticle but this was after
a period of only 2, hours and it is probable that later germinating spores or more
extensively rsmifying germ tubes may have penetrsted via the stomata.

Fig 2. gives a semi diapgremetic picturc of spores gerrdincting on host tissue and

in some cases producing the appressorium-like structurcs and irfection threads.

DEVELOPMENT QOF INFECT ION:

It was noticeatle during the initisl cross inoculations on the 3 hosts, Potato,
Tomato and Black nightshade with the freshly obtained isolates that symptoms of
infection werc evident within 43=72 hours if the temperatures were 2,°C or slightly
above and the relative humidity was kept high. Under these conditions leaf lesions
extended rapidly and within a week most inoculated plants were severely diseased and
dying. [lowever if the plants werc removed from the inoculstion cabinet where
conditions were kept optimum for infection and disease development, leaf lesions were
slow to develop and in many cases the plants continued active growth.

When isol:tes were scveral months old however up to 5 da2ys elapsed before small

lesions appeared on inoculated plants even though the conditions for infection were
optimum.
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This ouservstion ghowed the impartance of 'pathogen vigour' in the development
of the disease. An inoculum potomticl exporimert was carried aut to test thoe
affect of incroasing doses of the pathogen an developmont of infoction. Four
levels of spore concont: tion i.e. 10.5 x 10*, § x 107, 1 x 10°, and 1 x 10°
spores/ml werc used and 6 plents were inoculated at erch level. (A1l the plants
wers the same age - 1, weeks {rom seod sowing.) A count of numbors of lesions in
each group a«fter 5 end 10 days U'vom inoculntion sliowed thzt there wus no difference
between levels of spore comcuntootion. This seemed an aunomalous result until the
results wer: obteined from an experiment which showed the prafound efi'ect of age
of the plant on incidence end developmont of infection.

Six pl.nts from each of § differermt age groups were inoculated with a spore
suspension contsiming 1 x 10* spores per :ml. Results were recorded 5 and 10 days
after inocul:tion and mre presented in the table below.

TABLE I,
DAYo Fadd
IHOCULS T 5 |10 5 |10 5 | 10 5 | 10 5 |10
10N
PLANT 1 D L [3 L | ¥ M |8 o | M
PLAIT 2 D Lls | vLlu L | i M| u
PLAINT 5 | D M |S VL | L VL | L S | M
PLANT ¥ |s M |s L|L L L S |u
PLANT 5 S | D S |8 VL | M VL | ¥ M |L
pue 6| slo | wls ||y |wmjw | s |u
S = 90 - 100¢ of leaves heavily spotted. M ® 50 = 75% of leaves lightly spotted.
D = leaves dead or dying. L = < 50% of leaves,very lightly,
spotted.

It can be clearly seen that the older the plant, the more rapid and severe the
infection and it seems that up until the plant is 17 ~ 20 wecks old it is fairly
resistant to sttack by Alteyric solani even if onvironmental conditions are
suitable for discaso ocutbreak. The seedlings, although initi-lly severely infected
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by the fungus, werc able to grow out of the disease since the enviromental conditions
were also optimum for rapid plant growth.

The results of the inoculum potential and age predisposition experiments make
it obvious thet host vigour is the major facter determining development of Early
Blight in the glasshouse and very probacly in the field. However, if the fungus
gets firmly estavlished on a2 plant it is capable of causing extensive damage to
the leaves and stems so it must e regarded as severely p thogenic wut only weakly
or moderately parasitic.

oPOuUL TION ON Tho HOST AND OVERAINTERING.

Rands (1917) appears to be the only worker to beve investigsted sporulation of the
fungus on the host and he found th:t it produced only sparse crops of conidia under
field conditions but even so these were enough to initiste epidemics.

Although a large mumber of lesioned leaves from diseased plants in the glasshouse
were examined during the course of this study only rarcly, were crops of conidie
noted.

Hands also found th:t the conidia of Alternsrizs solanl were able to remein viabls

in the soil throughout severe winters during which the ground was covered with
snow for lengthy periods. He considered this to be the major method of 'overwintering'
for the fungus.

Under conditions in the Manawatu it seems feasible to suppose that the fungus
overwinters on Black nightshade plants since these abound in potato and tom:to
growing areas throughout ths yesar. OSpores must also remain viable in the ground
and on seed potatoes although the potato tuber phase of "Early Blight" very seldom
becomes noticeaule.,

DISCUSSION:

Early Blighf. is not a2 serious problem on potato:s and tom:toes in the Manawatu
apart from infrequent isalated outbreaks. The weather is usually excellent for
maintaining erop vigour and the intensive spray programme against late Blight is
also effective in controlling Barly Blight.

Overseas work indicates that periods of high temperasture (28°C =) combined with

bigh humidity or dew deposition on the leaves are prerequisites for abundant infection
in the field.
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Due to the various probable modes of overwintering of the fungus in the field it

is safe to assume that viable spore of Alterneria solani are always present about

potato or tom:to cropping areas. The low incidence of BEarly Blight in the
Manawatu and other arcas of N.Z. indicates thet enviromental conditions, in the main, a1
such as o keep crops vigorous which is apparently enough to keep the weakly parasitic
fungu: from ineressing. LHowever, as soon as the crops begin to lose their vigour,
for any reason, (generzlly with senescence.) the fungus can infect and spread

ral-tively quickly.



THE FUNGUS.
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LNT RODUCT 10N,

Twelve single spore isolates of Alternmaria sdlani were selected for a
comprehensive study of their morphology and phiysiology on artificial wedia.
Knowledge gained from this study was combined with that derived from eross-
inoculation and host renge studies in order to arrive st conclusions regarding
the taxonogy and nomenclaturc of the fungus.

It was nocessary to invesatigate the conditions required to induco abundant
sporulation Yy the fungus on arti ficisl media since without trcatmomt all
streins produced conidin very sparsely.



13.

A STUDY OF ISQLATES ON ATIFICIAL MEDIA.

MATERIALS AND METLODS:

This study was carried out in 2 Parts.

In Part I the isolates were grown on a range of 7 Media in order to compare
culturel characteristics and variations in growth rate. In Part 2 the isolates
SNgLA, STSLB and LE24,B (i.e. one isolate from each host) were grown on potato
leaf extract agar, tomsto leaf extract agar and for purposes of comparison, on
water agsr.

Preparations of the media used arc described in Appendix I. 3 plates per
isclate were inoculatcd with 5mm discs of mycelium taken from the edge of an
actively growing colony on labaratory P.D.A. for each medium, After & days
incubation at 26°C the colony diameters were recorded.

AESULTS:

Colony diameters from Parts I and 2 are recorded in Tables I and 2
respectively.

All isolates grew most rapidly and luxuriantly on laboratory P.D.A. although
growth on Qxoid P.D.A. was nearly as good. Although individusl isclates
performed differently on different media there was usually uniformity in
colony charactcristics of all isoclates on any given medium.

One exception to this uniformity of isolates occurred on Tomato juice agar
and V8 juice ager since the isolates from Black nightshade always grew slowly
and formed puckered, crinkled, very dense colonies in contrast to the regular
colonies formed by the other isolstes.

The small trial of the 3 isalates, SN&,A, STAB and LE24,B showed that potato
tissue extract substantially increased growth in comperison with tomato tissue
extract. Somewhat surprising however was the grecater radial growth made
by all 3 isolates on water agar in comporison with tomato extract agar.
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TABLE IT

COLONY DI/METER (mm.) OF 8 = DAY COLONTE. EX DIFFERSNI MEDIA.
ISQLATE Egﬁ EE.A. ii‘guarm 2:11’- (‘.:Iz:na(:m!;‘i . fxﬁﬁo Eﬂ‘f °
Agar | /gar Ager
SNe A 73.2 | 77.5 | 57.1 | 53.0 | 53.3 | 325 | Ml
SNaLD 4.5 78.5 51.0 65.5 56.0 32.0 | 5.2
SN2aA 62.2 T2.3 52.5 51.0 39.6 26.5 : 1.0
SNRALD 71.0 | 73.2 59.6 | 58.7 36.0
ST&YB 72.5 | #2.5 | 53.5 | 69.0 | 68.5 |55.0 | 57.5
STauC &2.0 8.1 53.5 0.0 65.0 53.0 55.0
ST20,B 65.6 71.3 L8.5 59.0 51.5 48.0 49.0
ST264C 63.6 | 73.2 51.3 | 60.0 | 5.6 | 51.6 | 48.0
AL6 80.5 | 54.5 |62.0 | .3 |63.0
LESLE 6.8 7€.0 2,.6 62.0 1.0 60.0 56.2
LEQ,G W15 | 71l | k7.2 | @8 | 66.6 |57 |54.0
1826,B 70.8 757 49.0 58.1 62.5 56.0 53.0
TABLE IIT

COLONY DIAMETER (mm.) OF 8 ~ DAY COLONIES EX DIFFERENI MEDIA .

ISOLATE Water Tomato leaf Potato leaf
Ager _Bxtract Agar Extract Agar

SHaLA 22.3 1,.8 5h.6

SeaLB 52.8 L0.5 6.8

LE2A,B L7 35.5 6.0
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DESCLIPTION OF COLONY CHARACTZAISTICS ON SEVEAAL MEDIA.

Laboratory P.D.A. Aerizl mycelium loose and coltony, l-3mm high with a tendency

Qxoid P.D.A. to flatten out on the medium in older colonies. The colonies
were usually regular and frequently there were a nunber of
dark concentric rings.

Colouration of mycelium wes light olive grey to dark brownish
grey. Pigment production by chiromogenic isolates resulted
in a range of medium colouration from yellow red to a deep
erimson, This colouration deepened with the :age of the
colony. |

Prune Agar. Little or no aerial mycelium &nd a fairly sparse below
surface growth of hyphae. Mycelial growth was even and
regular but not dense. Hyphae were coloured a light to

decp rown.

Czapek Dax Agar. Aerial mycelium dense, 1 - 2ma high. Growth wes

irregular and hiyphae tended to bunch together in strands
below the surface. Colouration of hyphae was a dark

brown.

PIG ENT PRODUCTION,

Isolates from Potato and Tomato when grown on P.D.A., produced
an intense red colouration which became more pronounced with age of the colony,
Isolates from Black nightshade however did not produce any pigmentation of the
medium.

The production of pigment was not noticeable on the other media used apart
from a yellowish colouration of the cormmeal agar.

Pigment production was greatest on P.D.A. when the conditions were optimum
for growth,

SPORULAT ION .

None of the isolates produced eonidia on any of the media under ordinary
eonditions. Laboratory P.D.A. was by far the best medium for supporting
sporulation once the optimum conditions were applied.
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DISCUSSION ;=

Apart from the finding that isolates from Black nightshade were not chramogenic
this study revealed that, with the exception of growth rate, there was a
striking uniformity of cultural characteristics both within and between isclates
on & variety of culture media.

The maximum growth attained Ly all isolates on P.D.A. together with the performance
of thie 3 izolutes, SNAA, STAU and LE26,8 on potato leaf extract points to the
possioility of a growth factor froa potato being importamt for optimum development
of the fungus. Furtier work on this aspect could provide interesting information
on imter-relationsliips of lost and fungus.

Maximun pigmant production occurred on P.D.A. when conditions were optimum
for growth. This confirms the findings of Angell (1929) who made an intensive

study of conditions afiscting pigment production by Alternaria pom'i.

Heergaard (1945) roported thet isoletses tended to change their form after
long periods in cultur:c on srtificial medis and in some cases the 'degeneration'
was such thut fter 2 months an isol~te would produce stypical spores. A tendency
towards loss of vigour of the stoeck isol tes was noticed in this study li.lt cultural
chzracters remained stable.

Same loss of prthogenicity was, however, quite merked in all isolates after
several months on ertificial media.

It is tempting to attach gpecial significance to the fact that isolotes from
Black nightshade wer. not chromogenic but without further isclations and more
detailed work of a2 chemical nmot.ure it would be unwise to speculate, despite the
apparent stability of this character through inoculation and reisolations from
other hosts.



FIG. 3 SECTORING OF AN ISOLATE
ON TOMATO JUICE AGAR
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THE EFFECT OF TEMPERATUZE ON COLONY GHOWTH OF ISQLATES ON

MATERTALS AND METHODS:

Three platcs per isolatc of 6Gxoid P.D.A. were inoculated with 5 mm discs taken
from the edge of an actively growiig colony on Labor-tory P.D.A, This procedure
was carried out for 11 isol-tes over the following range of temperatures:
5°C, 10, 17%, 20%, 2%, 267, 28%, 30%, 33%, 3°.

Colony diameters were recorded for each isalate at each temperature after 8 days
incubation.
AESULTS

The average colony diameters are recorded for all isolates at 211 temperatures in
Appendix II. In addition, the performance of each isolate over the temperature
range is shown in histogram form.

Prolonged exposure to 37°C wes apparently lethel to 8 of the 11 isclates studied
since they feiled to comnence growth when returned to the bench top after 8 days
incubetion at 37°C. The 3 exceptions were: ST264B, LE84E, and LE26,B which made
very slight growth during their incubstion at 37°C.

Cultural charsctoristics rem ined stable for all isolates throughout the
temperature range.

The optimum temperaturc for growth varied, for different isolates, from 2,°C to

30% although in several cases e.g. LE&4G, ST&B the optimum was not clearly
differentiated.

e TABLE TV.
TABLE SHOWING ISOLATES AND THEIR OPTIMUM TEMPERATURS
OPT TMUM TEMPSRATUIE. ISQLATES
2% SN&A, SN&,D, LE&,E
2496 SN26G,A, STE,B, ST&,C, ST26,B,ST264C, LE26,B
28 - 3% 18,

The minimum temperature for growth of the 11 iselatés would probably be
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between 3 - 59C. Prolonged storage of cultures at 0°C did not affect their

viability.

DISCUSSION:
he following table gives the optimum temper:sture for growth of

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

TABLE V.,
YLAL OPT TMUY TEMPERATULE CULTUlds MEDIUM
1917 26 = 28°%C Unspecified agar medium
1940 26.1°C pot.to agar
1945 27°C standard mtrient agar.

The range in optimum temperstures, for the isolates studied, from 2,°¢ to 3%
seems to be quite difi:rent from the close agreccment obtained by the 3 overseas
worikers quoted in the above table. Jhere arc however several contriluting factors
which meke the variability scem lampge. |

The smell temperatur: intervals for 2°C between 2,°C and 30°C tend to heigiten
any smell differences betwesn isol:ates whersas larger intervals of, say 4C or 596 ,
would tend to '"lump' the isol-tes into a seemingly more homogeneous group. Further,
it should be noted tint the temperatures were maintained to within only - 1°C
and this eould also serve to mullify the usef.lness of smell temperature intervals.

With the exception of SIRALA and LE2GLB 211 isolates show a definite plateau of
response to temperatures between 2,° and 30°C so the merit of using small
temperature intervals with the intention of differentiating between isolates
would appear devatable.

The variations in response to the temperature range by the 11 isolates are
nevertheless good evidence of the variability of the fungus and an indication that
the preciseness of the figures for optimum temperature given by Klaus and Neergeerd
are misleading.
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TIE EFEEET. OF MEDIUM pil ON COLONY GROWTH.

MATERIALS ARND METTODS:

A pli range from pil 3.5 to il .0 was obtaincd by adding 2N lydrochloric acid
or sodium hydraxide to Wwuffered (xoid P.D.A. The buffer was made up as followsi=

GLYCIIE 3.9 gn
POTASSIUM DILYDHOGEN PHOGPILTE 3.8 gn
CITRIC ACID 2.6 gn

DISTILIED W/TiR 100 ml

For esch pli, 7 flasks esci: conmtaining 100 ml Qxoid P.D.A. wero autocleved and
then placed in a 50°PC woter bath to keep the medium liquid.

5 ml of buffer were added aseptically to each flask. Drops of sodium hydroxide
or hydrochloric acid werc then added with 2 standard dropper in accordance with the
anounts stated in Table

TABLE VI

QUANTTII'T:c GF ACID AND ~IX/LI ADDED TO BUFFELED
QXOID P.D.A. TO OBI'sIN A DANGE OF pi.

NUMB_: OF DI0PS OF 2ii! CL APFIQX pH
16 - 17 3.5
SUFPEL ONLY L.l

NUMBER OF DuOPs OF 2N O

12 L6
18 5.1
23 5.6
25 6.1
29 = 30 6.6
L3 7.0
51 745
57 - 58 8.0
62 8.6
13 2.0

To determine the pil of each flesk 1 ml of medium was withdrawn with a sterile
pipetie and added to 9 ml of distilled water and the pH of the resulting mixture
measured with a Beckman glags electrode piH meter. Generally, the required pH wes
obtained in all flasks. Occasionally however it was necessary to add a few more
drops of the =1k=1i (scid) to bLring the pH to thot required. (Particulor care was

taken to use only tlioroughly washed and rinsed glassware and this prevented any
serious diserepancies in pH.)

Bach flask was used to pour 6 petri plates. The twelve isolates werc studied
at each pl level - three plates per isolate wers inoculated with 5mm discs from the
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edge of an actively growing colony on Labor:tory P.D.A.

Colony diszmeters werc recorded efter & days incubution at 26%.

LESULTS:

The average colony diameters for e:ch isol-te over the range of pii are recorded
in Appendix III. In adcition the performence of each isol:te is shown in histogram
form.

Most of the isolates shiowed a fairly siierp optimum between pi: 6.1 and pH 6.6 with
the range from pii 4.6 to pil 8.0 being gatisfactory for growth.

The zopearsncc of colonies of all isolstes was similur at each pi level.

In eddition, the cliromogenicity, or otherwise, of the isol-tes was maintsined
throughout the pii renge.
DISCUSSIQN:

Ho figures for the pil rangs and optimam pi of strains of A.solami have been noted
in the extensive litersture on the fungus so it is not possible to make a comparison.
Unfortun=tely only 10 of the originmal 12 isolrtes wers recorded over the entire
pii range since thie isol:ztes SHAD and SIRAD had both mut:ited beforoe this part of

the study wes coapleted.

Isol=tes varied in tiwcir response ovor the pii renge and isolates SNa,A, SN&,D,
SIRAWA and ST2G4B wer: notico:oly worce sensitive to tlie lower pH's thun other
isol=tes.

For the 10 isol-tes studied, however, a1l had 2n optimum pH betwsen pH 6.1 and
pil 6.6. This uniformity is 2 merked contrast to the variation obtained in the
temperature range study and gives a fair degree of certainty to the opt:hnm pH

figures obtained.
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SPORUL TION ON AJTIFICIAL MEDIA.

Very sparse production of conidia by strains of the fungus Alternaria solani

on artificisl media and often on natural host material is a fact establishied
by people woricing with tie fungus in countries throughout the world. A simple
method of inducing abundant sporulation greetly facilitates "Disease Cycle"
studies and is prerequisite to any study of conidial germin:tion "in vivo'or
in vitro".

REVIEW OF LITERATUILE,

rands (1917) reported s.ccessful induction of sporulation in Alternsria
solani following wounding the mycelium of a 10-12 day old culture on hard
P.D.A, vy shredding the agar and t hen exposing to sunlight. Moisture
relations werc comtrollocd so that complete drying out of the agar was avoided.
Sporulation was obtsined within 2,-48 hours. dends stated that initial stimulus
for sporulation,

seoms to be the result of wounding the mycelium in comnection
withi changes in the r.lative humidity of the air in which it
is exposed."

Unfortun:tely sdand's teclinigue proved er.atic and unrcliable in results when
applied by other workers to stroins of the same fungus although Angell (1929)
and lleergasrd (1945) both used the method successfully.

Remsey and Bailey (1930) stimul-ted spore production in an Alternaria species
by irrgdiating with ultra violet light (U.V.L.) a culture, grown on P.D.A.

They found wavelengths between 2535 and 2800 R produced greatest stimulation.

Dillon Weston (1936). found that high intensity white light and not U.V.L.
increased sporulation. Because the white light produced 2 stimlus to
sporulation while acting through the glass cover of a peiri dish, Dillon
Weston concluded that U. VI . radiation was not the vital componemt.
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Horst Klaus (1940), a German worker, investigated very thoroughly the

eonditions for inducing sporuletion of Altern riz solani and concluded th:t

optimum humidity (100%) and optimum temperature (26°C) were the main
contributing factors, with strong light also playing a part since he found
that given eptimum bunidity and temperature cultures failed to sporulate in
the dark.

- McCallan snd Chan (1945) investigated factors influencing sporulation of

Alternaria solani and their results showed that exposure of a scraped culture,
of the fungus on P.D.A., to U.V.L. of 250 m.u wavelength for 20 seconds at a
distence of 10 cm from the lamp gave axcellent sporulation. Factors of
secondary impartancc were optimun temperature (20% for their strain) and
optimum humidity. '

Beecher (1945) found that light Yy itself was often limited in its
stimil-ting effect by the medium used for culturing the fungus. Accordingly
he vatied the culture medium and found thet irradiation for 30 mimute. at a
distance of 30 - 32 inches with an S -~ I lamp of cultures on BRAN EXT ACT *
medium was very good for producing sporulation.

Johnson and lalpin (1952) in experiments investigsting the effect of
light on morphology and spore production of several species in the Dematiacese
found that light of intensity greater than 200 foot candles inhibited
sporulation by their strain of Alternsris solani.

A different approach ;‘.o inducing sporulation was incorporated in a
teehnique developed by Ludwig, Richardson and Umwim (1962). These workers
obtained abundant sporulation after washing scraped V-8 juice agar cultures
of the fungus for 2, hours and then stacking the plates in an inverted
slanted positica under laboratory conditions of light and temperature.
Conidia were produced in 1 - 2 days and several crops could be obtained

before the agar oocame too dessicated. The washing was thought to eliminate
an 'antisporulating factor' which mey be produced by the fungus in culture.

*) 0z .bran/litre, boiled 10-15 mimutes, stroined and decanted; 10ml/litre of &
5% FeCl3 solution; 2% agar.



28,
OFOULATTON  TECHNVIQUES UseD IN THIS STUDY.

A technique which was virtually that of Klaus was used with only moderate
success.

A large number of discs were cut, with a 5mm. diameter gork horer, from 7 - 8
day old culturcs of the fungus and transferred with a sterile needle’ to the inside
surface of a petri dish 1id. The discs were placed with the mycelium end
uppcrmost. A pleca of filter paper was placed in the bottom hall of the petri
disi and moistened with distilled water. Thso 1lid was placed in position and
the dishas lcft on the bench at room temperature.

iesults from this method were variable betwsen strains on the same medium and
often thers was no sporulstion. A rumber of different media were tried and only on
P.D.,A. did all isol=tes produce at least a few conidia within 1 or 2 days.

The method was used, in the mrin, for obtaining conmidia for measurement of
isolrtes from 2 o 3 different media.

Tie scraping and washing technique of Ludwig, hichardson and Unwin described
on page L was employed with great success for ell isolates. Large crops of
conidia were consistently obtoined.

DISCUSo I0Ns
The factor common to 2ll successful methods of inducing sporulation in
Alternsria solani is an initial moderate to severe wounding of the mycelium.

Rands accomplished this by shredding the P.D.A. culture whereas others such as
McCallan, Chan and Ludwig et al scraped the aerial mycelium from cultures
before applying other treatments. The success of Ramsay and Bailey's method
involving U.V. irradistion may well be sttributed to a lethal action on the
aerial mycelium. Klaus inadvertently wounded the mycelium by cutting the
P.D.A. cultures into pieces in order to subject them to high hnd.dity hence the

initial stimilus or "physiological shock" provided by wounding was also included
in his method.
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Lilly and Barnett in their text on Physiology of Fungi note that & number of
different fungal species can be induced to form sexual fruiting bodies if the
mycelium is wounded. The explanation offered is that the products of autolysis
may be stimulating or even vital to eexual reproduction. Such a hypothesis could

well be advanced to explain the wounding stimulus to asexuzl reproduction which
is evident wiili Alternaria solani.

Secondary factors of light, culture medium, temperaturc and humidity pley an

important part in obtaining prolific sporulation in strains of Alternari:z solani.
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SPORE GEMMINAT ION.

Five isol-tes were used throughout this work viz:  SN8,A, SN&,D, ST&,B, LESLE
and LE24Q,B.

A preliminary trial was cariried out with these isolates to obtain a rough idea
of the temperature requircments for germination. Three substrates were compared for
suitability for germination tests, (i) Leaf tissue from tomato and black nightshade

(i1) A thin £ilm of P.D.A. placed on a slide
(iii)A drop of distilled water.

A spore suspension was made up in distilled .ater for each isalate,a drop put on the
glass slide, on the P.D.A, film and on the host tissue pieces. These were then
incubated at 26°C and inspected after 3 hours. Germination of all isclates was nearly
100% on P.D.A. and on the host tissue but very slight ar mil on the drops of spore
suspension.

The very low germination in distilled water was investigated in a second trial.
Conidia from the 5 isolatss were placed on coverslips (3 coverslips per isol-te)
and on each cover slip was placed a drop of distilled water. The cover slips were
placed on glass slides and were incubsted in petri dishes containing a moist filter
paper at 25°C and 30°C. The slides were examined at intervals and it was found
that after 2, hours at 25°C there wes no germination of conidia from L of the isclates,
the exception being LE4LE which gerainated well. At 30°C SN&,A, LE&LE and ST8,B
gave very slight germination and the otker 2 isolates failed to germinste. It was
concluded that distilled waber was not a favoursble substrate in which to stimulate
germination of the isols=tes.

Since the germimation percentage w&s almost identical on host tissue and P.D.A.
it was decided to use P.D.A. films for tue rest of the work.
EFFECT OF TEMPERATU-E ON GERMIN'TION:

Concentrated spore suspensions were made up for each isolate and a drop of
suspension was placed on 3 P.D.A. film on a glass slide. The siide wes placed on
a second slide which was resting on a piece of moist filter paper in the bottom
of & petri dish, 8ix slides were put up for each isoclate at each temperature.
Mine temperatures were used: 5°,10°,16%,20 257, 30% 2°,37%,40%  Trisl runs were
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carried out 2t each temperaturs to get a rough idea of the rapidity and extent of
gernination. As a result it was necessary to take counts of germinating spores
every Lalf lLour at temperatures from 25°C upwards and every )4 hours for 50,100 and
16%.

At i.e correct time intervals the slides were removed fram the incubators and set
up on the microscope stage. Two "Vesder' tally counters were used to record the
mumbers of germin-ted spores and tlic number of ungesrmincisd gpores seen in 3 ov /),
low power fields of ths microscope. Approxim-tely 100 spores werc counted each Lime
and the numier of peoninated spores was expressed &8 a purcentage of the total
mmber of spores counted. Counts werc stopped wien germination reached 95 - 100
per cent.

Criterion of Germination:

A spore was considered to have germin ted when the germ tube(s) had parallel sides.
This generally occured when the germ tube was approximetely the same length as the
width of ths spore. It was necessary to adopt tlis criterion because et higher |
temperatures, more especially 37 and .'4,000, ger: tabes would push out from the spore
for a slight distance and then just rem-in as "buaps' on the spore for quite some
time before comtimuing elong=tion.

BOULTS

These are presented in Table 7 wiiich shows the time tesken for germimtion percentage
to reach several levels viz: 10,25, 50, 75, and 95 = 100%. The figures in the
table wer. obtained fram a graph of germination percemtsge against time for each
isoclate at sach tsmperature.

The optimum temperatur: for germin:tion for =21l 5 isolates was between 30 and 3,°C.
At 3,°C the time taken for 95-100% of the spores to germincte was between 1.5 hours and
2.2 hours. Following an initial lag phase which veried with each isolate and was
greater at the lower temperatures, germination proceeded almost linearly with respect
to time.

At 40°C spores of all isol-tes were either killed immedistely or else they started
to germinate before being killed by producing very short 'knobbly' swollen germ tubes
which quickly ceased to grow. Observations were carried on for 2, hours after which
the sl:l.dﬁa were placed in a 30°C imncubator to test viability. In each case the spores
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TABLE VII
FIGURES EPRESENT HOURS TO HEACH THE PEHRCENPAGE GEMIN'TION TEMPERATURE °C.
7 -
IsoLTE | Gua | s5tijjotijigtaij2ofa sty 30f1 (3% (3721 |02
10 5.5 3.5 1.2 1.1 0.8 0.7 0.7 | 0.75
25 8.5 5.5 1.5 1. 1.1. 1.0 0.9 | 1.2 N
SNELA 50 13.0 8.0 2.75 | 1.8 1.25 | 125 1.3 | 2.1 : 4
75 19.0 | 10.5 Le25 | 24 1.75 | 1.6 1.75 2.5 L
95-100 2.0 113.0 8.0 2.7 2.5 2.0 2.0 3.0
1
10 3.2 1.0 1.0 1.1 0.6 0.6 0.6 | 0.8 N
SN&LD 25 L.6 1.6 1.8 1., 1.2 1.2 1.1 | 1.4
50 5.4 2.0 2.4 2.0 1.8 | 1.6 1.5 b
75 6.3 2.8 3.0 2.5 2.0 | 2.0 1.8
95=100 7.8 L.O 3.7 2.9 2.6 2.5 2.1 L
10 ke3 1.5 1.6 1.1 N
25 5.0 | 1.8 18 | 14
STE,B 50 6.0 2.8 2.1 1.7 I
75 7.2 5.2 2.4 2.3
95=100 8.2 7.6 2.6 2.7 L5 1.5 15 | 15 L
10 ho2 2-0 101 1.0 0.6 006 008 N
25 5.5 3.0 ds3 1.2 0.8 D.8 1.0| 1.0
LE&LE 50 6.2 4.0 1.8 1.6 1.2 1.1 1.2 | 1.25 I
75 75 6.0 2.6 2.2 1.8 1.5 o3| LT
95-100 8.5 8.0 L.O 2.8 204 2.0 105 2.}.}_ L
10 L.2 2.0 1.2 1.0 0.8 0.6| 0.9
25 5.0 2.3 1.5 1.4 1.2 0.9 | 1. N
mz&'—" 50 6.0 2.8 N._:f" 1.8 1.7 1.6 1!5 201
75 7.0 3. 2.3 2.0 1.8 1.7| 2.6 I
%—100 800 hoz ,2..';Q 207 2'}.} 202 3.1 L
N.R. = Not recorded.
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were killed by exposure to 4,0°C. Thus the maximum temperature for germinetion of

isolates lies botween 37° and 40°C. The minimm temperature would be between 3°
and 5°C.

There was the ususl variation of response between isaletes although the 3 cardinal
temperatures were similer. Worth noting, perhaps, is the wide range of temperature
(25 - 37°C) over which isol te STALB germinates equally rapidly and also the fact
that the opti-um temperature for germination (30 - 34,°C) is sowmewhat higher than the
optimun temperature far growth.

DISCUSSION:

The cardinal temperatures of gerainztion for the fungus are 3 - 5°%C, 30 - 34°C,

37 - 0. These figures are very btroed and this is an dndication of the variability
of the fungus and also of a lack of precision in the temperature intervels. A
smaller temperature interval however would h-ve been difficult to maintain and the
results would, probably, not have been more meaningful since the fungus is capable

of wide variation between isolates. Tie isolate SN&,D did not germinate beyond

L5% at 37°C and after L hours the level remined at 4L5% although the spores remained
viable since they continued growth when removed to a lower temperature.

The very slight germination, in distilled water, of the isolates tested bears out
Angell's(1929) report thet germimation of Alternaria porri was very low in distilled

water. Heasons for this type of bshaviouwr are not fully understood but it does seem
that any study of conidial germination should be carried out on a mutrient medium to
ensure repestavle results (Tompikins, 1932).

It was noticeahble that spores produced nearly twice as many germ tubes at the
optimun temperatures (30 - 3,9C) than at the extremes of the range. Also, germ
tube’ - length was about 1% times greater at the optirum temperatures.

All isolates germinated in aqueous suspension on a P.D.A. film and in one small
experiment it was found that dry spores placed on a P.D.A. film germireted in an
atmosphere of high humidity (90 - 100% R.H.) whereas dry spores placed on a glass
slide and incubated at optimum temperatures with high humidity did not germinate.
This result indicates that moisture by itself is insufficient to promote germination

in Alternsria solani and that some factor in the mutrient medium is required in
addition to moisture.
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The optimum temperature for germination (30 - 34,°C) is higher than the optimum

temperature for growth (2, - 30°C). This contrasts with the finding of both Rands
(1917) and Angell (1929) who found that the optimum temperatures for growth and
gernin-tion were practically the same e.g. Rands' figures for the cardinal
temperstures of germination are 1-3, 26-28, 37-4,5°C. Tt seems that figures for
te cardinal temperature of germination vary according to the method of recording
results. Angell found an optimum temperature for germination of 24,-26°C for

Alternarie porri and this was based on rate of germ tube elongation. This

eriterion however is more suited to a coaparison of conidia which have been sub-
Jeetad to & variety of trzatments and are then geraimrted under tlie same conditions.
In a teuperature study of germination, ratc of germ tube eloncation is very simil-r
to a growth rete study of the fungus hence the close correlation between the
cardincl temporatures of growth and germinotion.

The metiiod of recording germination used in this study is more suitavle than
gera tuce elongation with time since it shows the trends aof germinztion percentage

with time at the differcnt temperatuics.
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HOST SPECIALIZAT ION.

To test whether or not there was any difference between isolates in degree of host
specialization a host range study was carried out.
The study was carried out in 2 parts viz:
Part I:
Isclates from Black nightshade were inoculated onto potato and tomato.
" "  Potato " . ®*  Black nightshade and tomeato.
" " Tomato " " "  DBlack nightshade and potato.
Part II:
With the exception of SN24,D and LE3LG the isolates were inoculated onto a range
of host plants given in the table below. Plants used in the study werc all mature

and disecase free.

TARLE VIIT

FAMTLY HOST SPECIES COMMON NAME
Compositae Ageratum haustonianum Ageratum
IE_ ctuca sativum Lettuce
Zinnia elegans Zinnia
Solarun Black Nightshade
Solanaceaen num tuberosum Potato
rsicum esculentum Tomato
iana tabacum Tobacco
Denotheraceae Godetia spp. Godetia
um Wild Onion
Jmbelliferae Daueus carota Carrot
METT.0DS:

~ Part I was car-ied out fairly soon after the isolations were made from the field
with the exeeption of isolates SN8LA and IE&G. To make results comparable
between isolates a standard inoculum dose of 5 x 10* spores/uml was used for each
isolate on each host. Three plamts per isolate of each host were inoculated with
the spore suspension and one plant was sprayed with distilled water to serve as

a control. Inoculzted plants and controls were placed in & high humidity chamber
constructed of clear plastic sheeting for 2, - 48 hours and then removed to a
bench in the glasshouse. Once lesions had developed single spore reisolations

were made in the laboratory onto laborstory P.D.A. as a final check.
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Part 2 was carried out along similar lines to Part 1 with a standard inoculum

dose of 5 x 10* spores / ml and three host plants plus a control for each isolate
on each host. The results, however, proved to be very variasble since the isolotes
had bheen kept in culture for about 9 months and were possibly losing pathogenicity.
Because of this a second trial was carried out using high concentration spore
suspensions inoculated omto umwounded leaves of the host and also onto leaves
wourded Dy pricking with a needle. Reisolation of the fungus was attempted from any
lesions occuring on wmwounded and/or wounded leaves. As a check on pethogenicity of
isolates in this 're-run' of the trial Black nightshade and tometo plants were
included and inoculated in the same manner as the host range plants.

aESULT S

The results from Parts I and 2 are cambined in Table 9 which also shows details

of symptom type.

llesults of Part I reveal that all isclates successfully cross-inoculated between
the three hosts, Potato, Tomato and Black nightshade. As a rule, however, isolates
from Black nightshade took 2-3 days longer to produce symptoms on potato and tomto
than isolates from potuto and tomato inocul:ted onmto Black nightshade and tomato
or potzto respectively. In addition, although there was a standard inoculum dose
used, Black nightsihade isolates produced fewer lesions on the altermate hosts than did
isolates from poteto and tometo on their alternate hosts.

Symptoms of all isol-tes on 2ll 3 hosts were similar i.e. brewn irregular lesions
up to 20 mm in diameter with the concentric ridging giving the characteristic
'target-spot' effect.

The eoncurrent check on pgthogenicity in Part 2 using Black nightshade and tomato
plants showed that all isolates were still capable of attacking these 2 hosts so it
is fair to assume that the results of the host range trial are valid. The results
show a wide variation in host range between isolates and also a wide range of
symptom types. In most eages the isclates proved to be weakly pathogenic and only
produced infection on wounded lpavas of the hests. Symptoms appeared on most plants
after 8-10 days but in a few cases lj-= 15 days elapaed before any lesions formed.
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DISCUSSION:

Spontaneous attacks of Alternaria solani have beecn recorded largely on members

of the Solanaceae although Neargaard (1945) reported finding a spontaneocus attack on
Ageratum i:austoniamum of the Umbelliferae. Numerous investigators have extended

the host range of the fungus by experimental inoculations onto wounded and un-
wounded hosts belonging to the Solanaceae e.g. successful inoculations have been

recorded on 8. ariculare, S.melongea, S.gigantoum, S. earolinensis, lyacyams niger,

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

of a number of noin-solanaceocus hosis including Allium cepe, Zimia elegans,

Godetia hyorida, Brassica oleracea and lactuca sativum.

The usefulness of experimentally induced infections is definitely limited since
conditions arc heavily biassed in favour of the fungus. The mein justification for
this type of work lies in the hope, often unfulfilled, of distinguishing clearcut
races of 8 fungus by virtue of host specizlization. Neergaard (19.5) was able by
this method to distinguishi to kis satisfaction, 3 groups or 'formae speciales'
of the fungus A.porri of which strains of A.sol2ni mede up one of the groups.

No clearcut distinctions occured between isclates in this study although the
Wild onion and carrot were not attacked by any isolate which tends to give weight
to Neergaard's differentiation of 3 groups namely, A.porri mainly attacking species
of Allium, A.porri f.sp.dauci mainly attacking species of Umbelliferae and

A.porri f.sp.solanli mainly attacking species of Solanaceae.

Whether or not a wider range of hosts would have shown up differences in host
specizligation is debatable. Probably, a greater variation between iscl=tes is
all that would be revealed.
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PART OlE PART TWO
ISOLATES | POTATO | TOMATO | NIGHTSHADE | TOBACCO LETTUCE ! LINOIA | AGERATUM | GODETIA | WILD OWIOII CARLOT
SN2, A xT xT xT xX$ - |’ - - x M - -
> xT xT xT N.it, X8 1 xS xS xS - -
N2 xT xT x ¥ xX3S XL x S x S x M - -
x7T x T xT xX5 x XS - - x M - N.R.
xT x3T xT - xS xXS x S x S - w
xT =z T = 3 x S x M xXL - - - -
x T £T xT - x S x X M x M - - N.R.
xT x T xT N, i, xM xS xL x U - Naite
LEGLE _xT £T xT N.R, z L - xXS - - i
LE26,B z T z T zT xXS xXL | x xS = b o
o YMPTOM TYPES:
T = Typical target spot lesions, brown with concentric rings up X ® feisol=tion from lesion on
to 15mm in diameter. Cozlescencing of lesions. wounded leaf.
S » Small dark brown spots up to 5mm in diameter. X = Reisolstion from lesion on

urmgounded leaf.

L = Large, brown comlesced spots. No infection
- = NO On.

M » Brown irregular spots up to 10 mu in diameter.
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VMORPHOLOGY OF THE FUNGUS.

The morphology of the fungus is discussed under several headings which are
sinilar to the diagnostic eriteria listed by Neergaard (1945) 2s an aid to
differentisting betweon genera and / o species.

CONIDIA: _

Conidial measurements were taken for all isoclates from their natural host
i.e. Potato or Tomato or Black nightshade, and from laboratory P.D.A. 1In
addition, conidial measurements were made for some isolates on different
culture media and for the following isolates SN8JA, SN&,D, ST&,B, ST&,C, LE&.G
and LE2G,B, on gll three hosts.

The procedure far obtaining and measuring the conidia was the same in 2all
cases. The agar cultures, or infected host material, were wounded and given
high humidity for 2, - 43 hours in a petri dish. The resulting crop of
conidia was transferred to a drop of lactophenol on a microscope slide and
measurcd as soon @s was convenient. Some slides were made inmto permenent
mounts to emgble the measuring to be spread over a 1 - 2 week period. Fifty
spores were measured for all isolates off the 3 hosts and laboratory P.D.A. and
25 spores were measured for several isolates on several different media.

The following measurcments were mede on each sporet
(a) Spore body length.
(b) Spore body width (meximum)
(c) Beak length.
Defining where the beak began was not always easy but several features were taken
into consideration e.g.
(i) the transition from coloured spore Body to hyaline beak.
(i1) the position where the tapering sides of the spore body
were nearly parallel.
(iii)the position where the distence between transverse septa
increased by 2 or 3 times.
Drewings of conidia of 211 isdlates, off their nsturel host and of laboratory
PD.A. were made with the aid of a projection microscope giving a magnification
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of approgim dely 500 times. A represontative co! of drawings is included for

soveral isolotes on different media. (Figs 4 - 7.)

The detsziled results of the measurements i.e. the me:=ns and renges, are presented
in Appendix IV, For purposes of easy reference the measuroments of all isalrtes
off their nstar:l host amd off P.D.A, ars given in Table 10 and, in addition, are
presentod dicgremmeticsa!ly in Figs 7 - 10,

The results of theso invosti ations show the wide renge of veristion in
conidial nmorpiology bott within and Lotween lsclotes under the same and differing
conditions. Perbepe the ertreme example of this vardation (within an isolstc) is
giveu by the differunce between conidia of isol:te SHALD off P.D.A. and off Tomato
Juice agar. As & generzl rule howovor there werc no distinctive differemces far
isalates betwesn hosts or between eulture medie. Beak length was mors variable
than spore body lenghh but it should be noted th t comidia from isol tes aff
Slack nightshade generslly had lorger beaks thon comidi: of other isolotes under
the same conditions.

Normally, conidia werc fo#med singly, and terminelly, but occasionelly branchied
conidiophores were seen, in culturc, besring 2 conidia &s shown in Fig. 17. Small
secondary conidia attaclied to the primury comidium were very rarely seen and
tendencies toward crterulsation were prectically nonexistort in all isol:tes.
Another rorely seen phenomcnon wos the production of a secondary conidium on a
branch put out gy the prront spore. ( Fige. 11.) This wea observed a few times in
conidia of [ culture medis, snd it mry reprusemt e specisl farm of germin tion,
or proliferation.
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TABLE X.

CONIDINL MEASUW.MENTS EX DIF ERENT MEDIA (MEANS IN p).

. NATULAL  HIOST,

\ISQLATE | SPO4S RANGE BEAK RANGE WIDTH RANGE
oNgLA | 95.9=33.0 | 53.3-203 |1y .9547.2 | 71.8- 24, | 20,9 £3.33 | L., - 28,
SNeeD | 86.3717.2 | 51 - 125 [169.5%27.1 | 135 — 23k | 19.4 £2.35 | 1.l - 2.6
SR6ELA | 75.8512.3 | 43 -96. 1298205 | 3 —13.5 | 1,.9 £2.15 | 10.25 - 20.5
SN26&,D | 76.0510.8 | 41 —98., [14,.9£20.7 | 125 - 205 | 17.0 £2.25 | 12.3 - 2.6
St | 8s.3f,.0 | 55 -115 [86.3%17.7 | 55 - 133 [20.7 £2.05 | .y - 2.5
SBAC | 76.3511.12 | 3 —100 [73.2 ¥22.82 | 27 - 117 |18.9 ¥1.43 | 6.4 - 22.5
ST26,8 | ¢7.7¢ 6.2 | 47.2-82 |8,.0 £16., | 45.1-112.8 [17.) £2.05 | 12.3 - 23.6
ST26,C | 74.2510.8 | 49.2-102.5/85.1 18,5 | 47.2~125 |16.4 ¥ 0.20 2.3 -20.5

AL6 31,.9i1u,_r$7 - 15 |75.5 £18.6 | 51 -~ 120 119.1 £2.05 | L) - 22.5
IEgE | 85.3819.9 | 55 —131 (75.0 £23.5 | 28 - 1% [17.2 £2.76 = 10.3 -20.5
LEALG | 35.4516,0 | 57.4-123 82., 225. | 33 — 135 |17.2 £3.7 & 12.3 - 8.7
LE2GLB | 37350, |- 61.5-131.2,89.1 ¥18.2 | 47.2-19.7 | 13.5 £2.87 | 12.3 - 2.6
| Pv . A.
ISQL/TE SPO.E FANGE BEAK RAIGE WIDIH RANGE
SNayA | 54,3512, | 26.6-86,1[103.730.5 | 43 - 199 |14.6 £2.15 | 10.3 - 18.5
SNaLD | 65.8%11.7 | 43 = 94.3|12.5577.5 | 71.8-205 | 17.3 ¥4k | .k - 20.5
SN2GLA | 51.9210.9 | 35 - 90 [123.0526.7 | 59.5-188.6[15.6 Z2.45 | 12.3 - 22.5
SH26LD | At 9.2 | 39 - 80 [14,6.0833 9 | 53.3-209 [15.8 £1.85 | 12.3 —20.5
STLB | 54,3t 8.7 | 32.8-71.8| 73.5017.1 | 36.9-112.8 |17.2 %2.05 | 12.3 - 22.5
STELC | 57.4% 8.1 | L3 — 77.9| Th.4R15.7 | 43 -112.815.0 1.23 | 12.3 —18.5
ST26,B | 59.95 7.6 | 37 — 82 | 87.1%17.3 | 33 — 119 |16.h =1.95 | 12.3 - 22.5
SE26,C | 61,15 8.5 | 3 - & | 98.852.2 | L5 - 7.6 |24.8 oy3 | 12.3 - 18.5
| M6 | 523570 | 39 - 63.6) 65,8800 | ¥ — 92.3[15., 81,90 | 12.3 - 20.5
@; 65.5%12.1 | §7.2-9..3| 72.2%25.4 | 30.75-119 |18.0 % 2.05| L.l — 2.5
LBAG | 55.4% 6.8 | 39 — 71.8| 91.0520.7 | 57.4-141.5 | 15.6 <1.95 | 12.3 —20.5 |
IB26,B | Gh.2% 9.8 | 32.8-4&, [100.3%24.2 | 59.5-157.9 | 16.0 1.4, | 12.3 —18.5 |




DESCETPTION OF COTIDIA;

The spore Lody lu obclavete to elangated oval, coustricted Uy 3 -~ 16 transverse
septe ans O« 6 logitudinel gepta; colowr varies froz o ligut buff-trowm to &
dark alivoelruan. Tlhe Losic i3 long, fillorm aml hyeline with seversl transverse
sopts; cccasiomally the Lealk may be forked.

ls & Lagis for cogparison Talle 11records spore diosnsions of the fungus given

by several autiors togotler witis tie dimeasions of 3 isalates usea in UWids study.

TALLE X
AUTHQ: CAR MEDIUM LEIGTE including besicyy GITTL ()

BiLIs % ZuTIN 1882 Potato 100 - 12 15 - 18

(from Neerga-rd) leaves

ANDS 1717 Fototo 120 - 296 iZ -0
leavea

CANDS 1917 Poteto 1, - 18, L, - 18
Agar

WHGELL 1929 Oaion 1,0 - 37C Lpe5 - 33
Agr

RAABS 1239 tetural 35 - 265 13 = 30

(from :corgaard( Medium

ISOLATE SNRLA Black iHghtsilade 125 « LL7 L - 29
leaves

ISQLATE STRLB Potato 1mea| 110 - 2,8 U - 23

ISOLATE LE2G,B Tomato I.-v{ 109 - 280 12~25
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DEVELOPMENT OF CONIDIA,

Growth and development of = conidium were followed under a microscope and
microphotos wer: used to record thie principal stages. The method used in these
ovservations was to mount a small piece of agar, cut from a laboratory P.D.A.
culture of the fungus, on the bottom of a petri dish which was placed on the
microscope stage. The microscope was focussed onto tlie edge of the agar in order
to examine conidium development against a clear background. Conidial production
was ensured through giving the agar piece high humidity 'in situ' by putting a
moist filter paper in the lid of the petri dish and placing this over the bottom
section on the microscope stage.

The sequence of photographs on the following psges illustretes the development of
a conidium quite clearly tut a few words of description will also be useful.

Conidiophores grew out quite rapidly from the surface of the agar and varied from
50 Jv to 150u in length before they produced & conidium. The conidium first became

apparent, on the tip of the conidiophare, as & bud which rapidly swelled into the
’ basal portion of thie spore. Growth slowed down thercafter while the spore cody
slowly enlarged, oecame septete, and the beaik developed. Under conditions of
high humidity and optimum temperature (avout 2,°C.) the development of a

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

CONIDIOPHORES:

Erect,nonbranching arising singly either as side branches or terminally, from
bhyphae. Dark brown in colour, septate and varying in length on laboratory P.D.A.
from 50}11'.0 200/4 . DNeergaard (1945) reported that, on natural meterial,conidio-
phores sometime arose in bundles from sclerotici cell clusters, but throughout the
study this phenomenon was not once observed.

Frequently, isolates which sporulated relatively weally even under eptimum
cond.itiﬁns produced mumbers of conidiophores which grew to a length of up to 400
and then began to curl up without producing a2 spore.

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

septate and up to lolu,wide.



FIG.12
A YOUNG CONIDIOPHORE

FIG 13
FIRST STAGES OF

CONIDIUM DEVELOPMENT
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FIG 14
A MATURE CONIDIUM

FI1G.15
f A MATURE CONIDIUM

WITH A FORKED BEAK
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FIG 16
BRANCHING CONIDIOPHORE

FIG 17
CONIDIOPHORE BEARING

TWO CONIDIA
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TAXONOMY AND NOMENCLATU:E.

The germus Alternaria is classified in the Fungi Imperfecti in the order
Moniliales and the family Dematiaceae.
HISTOY OF TIE GENUS ALTERNARIA.

In the course of time a mumber of species have been described under Alternaria

and Macrosporium.
In 1817 Nees set up tlie genus Altermaria with one species Alterneria ternuis

in which the conidia were linked by "filiform connections". Fries in 1832 set up

the genus Macrosporium with four species M,convallariac, M. tenuissimum,

M, cheiranthi and M.caricimum, the first 3 of which are clearly shown by later

workers to be congeneric with Alternmaria. Fries erronecusly regarded the
conidial beak as 2 baszl stalk and this misconception was contimued by some

later workers such as Berkeley who set up the species M. sareimula in 1838.

In 18,0 Corda published an illustration of A. Temuis which deviated from thst
of lees since the conidia were formed into chains of up to 13 and the beaks
were not filiform but tapered gradually from the conidial body. In addition, the
beaks of most spores were hyaline in contrast to the dark brown of £he spore
body. Although the fungus described by Cord= was qui e different to that of
Nees it has nevertheless formed the besis of the modern conception of the gemus.
Corda regarded Macrosporium Fr. as synonymous with Alternaria.

Elliott in 1917 emphasized that obclavate comidia often with a2 long beak
should be a generic criterion in Alternaria. It was noted th:t chain formetion
may be suppressed under unfavourable conditions. Elliott asserted that species
under the cwrrent conception of Macrosporium ought to be transferred to

Stemphylium as he (?) considered there was nothing in the morphology of species
of Macrosporium which would exclude them from the genus Stemphylium.

Bolle 192!, suvscribed to Elliott's conception of Altermaria and suggested
retaining the genus Macrosporium for forms with sarcimaeform spores thus
ruling out Bdes and basing the genus on Berkeley's description of M.sarcinulsa.
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Tehon and Daniels 1925 set up the gemus Thyrospora to which they suggested
forms with sarcinsefornm conidia be transferred.

In 1929, Angell, noted thzt forms with obclavate conidia borne singly, or in
chains and forms with sarcinaefora conidia could be placed with a less equal

justification into the genus Macrosporium or the gems 4lternaria. DBecause

fungi having obclavate eonidia borne singly could, under certsin circumstances
bear them in chains Angell considered catenulation to be too unreliable to
rate as 2 generic criterion. llence he seid thiat fungi in the 2 groups shoild

be iacluded in the same germs - Macrosporium Fr. in accordance with the eurliest

description of the characters of the gemus by Fries in 1832.
In 1933 Wiltshire reviewed the evidence regarding the identity of the
foundztion speeies of Alternaria and Macrosporium. This meticulous and lucid

account corrected previous misconceptions and resolved the several different
interpretations regarding thc importance of estenulation as a generic character.

Wiltshire found that tle foundation species could bs grouped into 3 different

types:

(a) those forming long chains of shortly or comparatively shortly beaked
spores.

(o) tiose forming chcins only rarely, the spores possessing long filiform
beaks.

(e) those with spores normally borne singly (though occasionally bearing
secondary ones on short conidiophores), sarcinaseform, without any beak,
usually with a major cross wall accaompanied by a constriction.

Group (a) is, by common consent, placed in the gemus Alternaria. It includes

A. eitri, A.Longpipes, A temuis auct., A.fascicul-ta and is clearly congeneric with

Alternaria temuis Nees.

Members of group (b) are sometimes placed in Alternaria and sometimes in
Macrosporium e.g. A. mocrospora, A. solani, A.crassa, A. tomato (for long has

been Macrosporium tomato), M.porri, M. sesami.
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Group (e¢) is commonly placed in Macrosporium. The typical member of this

group is the conidial stapge of Pleospora herbarum which is usu2lly regarded as

M.sarcinula. Other species include M.paresiticum, M. sarcinseform , Stemphylium

solani ete.
There are intergrading forms between groups (a) and (b) but group (c) is

sharply defined from the rest and in fact is identical with the original concept

of Stempliylium: S.botryosum (Wallroth).

Popularly, the distinction between Mterreria and Macrosporium is that the former

has conidia borne in chains and the latter, conidia borne singly. Bolle and
Elliott however give evidence showing the v-riable nature of chein formation
wiich ean be suppressed almost entirely on culture media,or conversily;occur on
cultu.2 media but not in the natural host. Some weight however must be att.e.ched.
to the fszct that group (a) has conidia usually in long chains.

The filiform beak of group (b) is also very variable e.g. in length and
thickness., Furthermore, ihe beak on natural host material may be quite different

from that developed in culture e.g.Alternaria gossypina (Than) Hopkins on the

cotton plant has only a shart beak but in clr:lt.ure the beak is long. A.longpipes
has a short beak on host material and practically no beak at 211 in culture.

The condidiophore in groups (a) and (b) consists of a branch of mycelium, which
may be thickened and of a dark colour and may bear from one to severzl conidis
in chains. The conidiophore may bear a single scar where the terminal spore
or spore chain was attaebed but sometimes there are several scars.

The distinguishing character of groups (2) and (b) is the beaked spore,
separating them from all other genera in the Phaedictyae. Associated with this
characteristic is either a marked development of chain formation or of the
length and narrowness of the beaks; as the beaks get langer the spores per
chain get fewer.

In his study Wiltshire established that_Alternariz Nees and Macrosporium Fries

are besed on cengeneric species since of the four species described oy Fries,
M.cheiranthi and M.temuissimum are congeneric and are clearly species of
Alternaria in the curremt modern sense of the term. Although Wiltshire was
unable to study any type materisl of M. convallariae Fries' description of the
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species made it reasomavle to assume that it was congeneric with M.cheiranthi.

The fourth species, M.caricimum had no longitudinal walls and hence was
distinctly different and does not belong to the Phaeddictyae.

Since Alternsria and Macrosporium are based on congeneric speciss one or
other of the names must be discarded. Wiltshire concluded that although
Macrosporium is the strictly legel neme (being described by Fries in the "Systema"

whereas Alternaria is not recognised) it has consistently but erroneocusly been
applied to species forming no chains of conidia - group (¢) and, in part, group (b).
Consequently, owing to the confusion associated with this name hLe suggested
relegating it to the nonima ambiguz and employing Alternaria for groups (a) and (b).
Neergaard 1945 subscribes to this view since he suggests that employment of the |
name Macrosporium in. strict accordance with the rules of nomenclature could only

lead to further eanfusion.

A SiTEF REVIEW (F THE SPECIES ALTEENARTA,

First described by Ellis and Martin in 1832 and nemed: Macrosporium solani.

In 1896 Jones and Grout trensferred the species to Altermaris naming it

A.solani (E.&.M.) Jones and Grout. From then on there were two schools, one

elagsifying the species in Macrosporium and the other classifying it in

Alternaria.

In 1929, Angell made an extensive comparative examinstion of M.solani (E.&.M.)
and M.porri El1. He concluded that these species were physiological rales of the
same species since (i) morphological v:ariation was as great between species as

between isolates within either species.

(ii) sporulation of both species in culture was very difficult
to ,obtain.

(iii) cultural charscters of the 2 species grown on various
media were practically identieal.

One difference was noticeansle however, M,porri forms attacked species of the
Liliaceae whercas M,solani forms atiacked species of Spglanacess.
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Neerganrd's (1945) investigations led him to support Angell and, in addition,
he found that there was another form which should be considered & phyeiologiecal

race of the same species, namely: Alternaria Lrassicae v deuci (kithn) Lindan

found on carrot.

Aecordingly, Neergeard suggested that the 3 forms be classified as onc species
in which they constitute phyeiological races. In accordance with the rules of
noenclature the species name must be ihat of the first described :pecies i.e.
M,porri BEllis 1879. Thus the name given the species was:

Alternaria porri (E11l) Neergeard with 2 formee speciales.

A.porri f.sp.dauci (kihn) and A.porri f.sp.solani (B.&.M).

Neerga-rd gives the following description of the morphbological charncters of A.porri.
HYPIAZ: hLyaline to 'olive-buff' to dark 'olive-buff'; septate, 1 -10 ) wide.

CONIOP:.Q:i53
deep 'olive uff' to'buffy brown'; septate (6-30u between septa)

On natural media they are 30 - 100 1 in length and 4 = 9 p1 in width.
On agar mediz they are 30 = 200 p in length and 6-9 A in width. As & rule
they are non-bramching, erect with one or seldom 2 scars.
On naturel medium they form singly or in bundles, sometimes from sclerotoid cell
clusters., In ager cultures the conidiophores form singly either as side branches
on lypheae or terminally on hyphae, the narrower and lighter hypha gradually
turning into the broader and darker conidiophore.
CONIDIA: Normally formed singly W very occesionally a secondary conidium is
formed in cultures.

Smooth, olbclavate to elongated oval, constricted by septa graduslly tapering
into 2 long filiform often bl or tri-forked beck,
Dark 'olive-buff', 'tuffy brown’, 'alive brown' to natal brown'.
Length of spore bodyk 25.5 = 137p  Width: 10.5 - 37.5 p
Length of beak t L5 = 432n "1 2 = Lp
Total spore length : 40.5 - 501}.1
The spo:re may have fram 3 = 1, transverse septa and O - 8 longitudinal septa.
The veak is hyaline to sub hyaline and hes O = 7 tranverse septa.
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DISCULSI0N AND CONCLUSIONS,

There arc meny examples in fungal taxonomy where species, which were soundly .
based on morphiological criteria, have been fragmented into & number of *new’
gpeciss on thec basis of host specislization cheracteristics. One of the most
extrens examplos of this approach to taxonomy is given by Gaumenn's (1913 ex Yerkes
: Shaw) creation of 49 neow speeies of Peronospora, from an originel L or 5 species

of P.pacasitice, following some host renge studies. The absurdity of creating species

based largely on piysiological characteristics is constantly being exposed uy
workers who study several closely related,so ¢ 1lled species of many genera, under
uniform conditions and find thet they form a group of strains, of one morphologic
species, which intergrade in any or all charact;ri.;,tics to such an extaent that
differsntiation at species level is impossible and invelid e.g. the work of
Yerkes and S.aw on the Peronospora species of Cruciferae and Chenopodiaceae.
Bacli genus Las its own peculisr problems which accentuate different foatures
as being diagriostic criteria at the gpecies level. The importance of roliacle
morpi:ologic criteri: and to a lesscr =xtent physiologic criteria is paraaount.
One of the more intereosting taxonomic debates in very recent times, concerning the
identity of the fungus c2using the Spring Blackstem disease of alf~1fa and
redclover, has arisen because of two schiools of thought about the importance
attached to the production of uni-septate conidia by the fungus to various degrees
under varying comditions. The disparity in thinking in this example is caused by
the grezt similarity in the descriptions of the 2 species sugpested by the
2 schiools such that classificstion into one species or the other is bused very
mach on an interpretation of English rather than any clearcut constant character.
The taxonomy of the gemus Altermaria is difficult since constant morphological
criteria ar: hard to find and it is only the very umnwary who use conidial
mezsursments by themselves As a mesns of differentiation. Several pepers have
been published slowing the effect of changes in enviromment on conidial
morphology in the genus Alternaris e.g. the paper by Rangaswami and Sambandam
(1940) de=ling with the influence of substrate on spore a;:l.n of Alternaria
melongenae. The results obtained, during this work, for conidisl (Appendix IV
and Bable X) size of isolates on several suogtretes indicute the degree of
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variability that can be expectsd within isol tes and between isolates of Altermaria

solani e.g. in Taule X it is noticeable that spore body size is smller on P.D.A.
then o host meterizl., The stondard dovietion is high for measurcments of spore
pody lengtli and leak length, sgain emplesizing the varistion whicl occurs.

It is rclatively simple Liowever for any worker familiar with the gems Altermatia
to dilfferentiate a number of speciss on the basis of collective comidial morphology
rather than on one isal ted clizracteristic such as size or dimensions. Ther. was
a 'uniforaity of viriebLility' widcl becamo quite striking for the isolates of

Alternaria soiani used tiroughout tlis work and provided evidence that they all

selonged to the one morphological specics.

tecrgesrd regards Alternaria solani to te a physiologicel race of Alternaria porri

since the two are uorphologicelly similar wad react similarly in culture but the
'solani' forus eve parasitic mainly on Solanaceous hosis and the 'porri' forms

arc parasitic mainly oo Allium species.

Even though it is possible to pget isolutes of one or other of these physiological
form. to infect hiosis from othier [2milies under experiment:l conditions this is
artificial since everyiling is lieavily biassed in favour of the fungus. leergaard
carried out extensive experimemtal inoculztions on seedlings of host plants from

eeveral families but the infections were usually verysdlight with little affect on
the pl:nt.

There is exteansive evidence however, for the occurrence of physiological strains
within the 'solani' race. Bonde (1929), Klaus (1940) and Rex~Thomes (1943) are
3 workers who noited differences between isolates of Alternaria solani they studied.

One constant difierence betweon isol tes studied in this work was in c:romogenicity.
Isolstes {rom Black nighitshade were all non-chromogenic in comtrast to the isolstes
from Poteto and Tomto which were strongly cliromogonic.

Therc was no evidence in this study of any mejor physiological difference such as
extreme virulence or avirulence of an isolate and taken as & group the isoclates were
suff'iciently uniform to render any further classification on physiological or
morphological grounds, into rasces or sub-forms, redundant.

Neerga .rd's system of classification, therefore, seems eminently suitsble simce
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it is workaole =znd while it recognizes thst variation may often accur between isolntes
this is not 2llowed to assume false importance. Such a system, uatilizing 'formae
speci:les' of a2 morphological .pecies could well e adopted with otier genera of

Imperfect Fungi.

The name Altermaria solani has been used tlirougliout tlis work in prefcrence to

seergaard’'s A.porri f.sp.solani since the latter name has a‘perently not found

acceptrncc with all workcrs in recent publications. However, provided thz name

Alt=zrnariz solani is used togethsr with thet of the host plent from which the

fungus w=s isol-ted litile confusion should result since the specialization of

Alternaria solani farms for Solanaceous tiosts is a very uniform characteristic.

In conclusion, it mey be stated that the variation which was found between the

12 isol~tes of Alterneria solani studi:d, provided insufficient grounds for

sugresting a further subdivision in classification and instead, was in substantial

agreement with overseas results, notavly those of lands and Neergeard.
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APPEL‘DE I.

COMPOSIT ION AND PREPARATION

F_MEDIA.

STAAILIZATION :
Unless otherwise stated medis were autoclaved at 15 pounds per

square inch for 20 mimites immediately after preperation.
ARTICICIAL MEDIA:

(a) Potato Dextrose Agar (Qxoid)
Potato infusion 200 gm
Bacto Dextrose 20 gm
Bacto agar 15 gm

Preparation: 39 gms of the above mixture were suspended in 1000 ml
of distilled water then heated to dissolve the medium. The medium wes poured
into 7 - 8 250 nl flasks which were stoppec witi: cotton wool and autoclaved.

(b) Potato Dextrose Agar (Laboratory)

Potatoes (peeled and sliced) 200 gm

Dextrose 10 gn

Agar 12 gm

Preparestion: The potatoes were cooked gently for an hour in 500 ml

of distilled water. The liquid was strained through a cheesecloth and the
filtrate added to the agar which had been melted in a further 500 ml of
distilled water. The volume was adjusted to 1000 ml and the medium poured
into 7 - 8 250 ml flasks which were stopped with cotton wool and autoclaved.

(c) Cornmeal Agar

Cornmeal 20 gm
Agar I7T gm

Preparation: The cormmeal was suspended in 500 ml of distilled
water and simrered gently for 1} hours after which, the liquid was steained
through a cheesecloth. The agar was melted in 500 ml of distilled water

dded to the filtrate and the volume adjusted to 1000 ml.



(d) Czapek-Dax Agar - Modified  (Qxoid)

Agar 12.00 gnm
NalNO3 2.00 gm
Magnesium glycero-phosphate 0.50 gm
KCL. 0.50 gm
FeS3Q,. 7 120 0.01 gm
Sucrose . 30.00 gn

Preparation: 651l.4 gm of the above medium were added to 1000ml
of hot distilled water and allowed to dissalve for 15 - 20 mimutes before
pouring into flasks and autoclaving.

(e) Prune Agar (Difco)

Prune infusion 36 gm
Bacto agar 15 gn

Preparation: 2, gm of the medium were added to 1000 ml of
distilled water the whole being boiled to aid solution of the medium. The
medium was poured into 7 - 8 250ml flasks which were stopped with cotton wool
and autoclaved.

(f) Water Agar

Preparation: 12 gm of Davis Agar were boiled in 1000 ml of
distilled water until the agar dissolved. The medium was poured into
separate flasks and autoclaved.

(g) Tomato Juice Agar

Qxoid Tomato Juice Agar 52 gn
Davis agar 7 gnm

Preparation: The above mixture was boiled in 1000 ml of distilled
waeter to dissolve the medium which was then poured into a number of flasks
and autoclaved.

(h) V8 = Juice Agar

V8 juice 500 ml
Distilled water 250 ml
Davis agar 10 gm

Preparation: The ingredients were placed in a 1 litre flask and
heated until the agar dissolved. The medium was then poured into 250 ml flasks
and autoclaved.



NATUW L MEDIA:

Tomato)
Potato) Leaf Extracts

200 gm of mature leaves and petioles were macerated with 1000 ml
of distilled water in a "Waring Blender". The resulting suspension was
filtered through a pad of blotling paper. The filtrate was passed through a
"Seitz Filter" under aseptic conditions to obt:in a sterile extract.

A solution of 4% Davis agar wes made up and held, togother with
the extract, in a 50°C water bath.

Plates were poured by pipetting 7.5 ml of 4% agar and 7.5 ml of
extract into each plate and then agitating to ensure complete mixing.



TIPS ATUSE = COLONY GROFTH O QKOID P.D.A.

( COLO:Y DIAMETER (ms.) POR G-DAY

COLONIIS .

TEMPE:ATURE 6.

3
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1Ba6 | 4.3 [15.5 (2.2 |3.0(83.0 (8.5 (51.2|5.7 : L.0
fe26B | 8.5 |16.230.8 6.4 |71.0(70.8/76.3 /6.8 40, 3.5




caLony o i (mm.) EX 8 - DAY COLONIGS ‘T DIFFE.EMT pil LEVELS.
ISALATE 348 | 41 | K6 [ 51 | 5.6 | 61 | 6.6 | 7.0 | 7.5 | 80 |[8.6 |9.0
SHEA | 10,2 | 32,0 | 57.0 | 661 | 66,7 | Q3 | 786 | QLeB | 575 | 5.7 | 400 | 224
ém 8.5 | 32.0 | 58,0 | 63.0 | 5.5 | 75.0 | 75.7 18.5
SIRGA | 10,2 | 2.5 | 55.0 | 55.3 | 59.5 | 701 | 72.0 | 590 | Gleb | 62.0 | 4.0 |16
Trays 165 | 50,0 | 600 | 706 | T2.0 | The3 | TS5 | 68,5 | 55.7 | 53.0 | §7.5 | 510
SraC | 19.2 | 39.3 | 58.1 a..no 661 | Theb M T%.0 | 6.0 | 63.1 | 50,0 | k8.0 |27.0
ST26,B | 10,5 | .6 | 54.0 | 56.5 | 62.5 | 63.0 | 6.5 | G5 | 640 | 35.2 | 42,5 | B.2
BT26,C | 18.6 | 40.0 | 59.0 | 66.5 5.0 | 73.0 | 70.5 | 66.0 | €0 | 62,2 | 45.0 | 35.5
LG 15.0 | 35.3 | 55.5 &.5 66-.1 72.5 | 75.0 | 68.3 | 4.0 | 6.4 | 53.0 | 40.3
[EGE | 18.2 | 35.0 | 60.0 | 66.2 | 6. | 4.0 | 72,8 | .1 | 6.5 | 40.0 | 35 | RS
284G | 16.6 | 38.0 | 54.6 | 60.5 | 58.5 | TA.0 | (2.0  60.3 | 45.1 | 49.0 | 47.5 | 3.6
IRaB| 152 | NR | 560 | G0 Q5 66 G5 @3 603 07 {Lu.o Sn.o

ITI XTANEAdY



CONIDINL MBEASUZMENTS (MBEANS I )

TUM ISQLATE 1ODY. JANGE BEAK RANGE WIDLH BANGE
POTATO SNgLA (1@, 19,5 | 73.8 -139.4 |135.0 £ 59.9 | 36.9 - 266.5 |16.6 = 2.05 12,3 - 20.5
T OMATO SNaA 97.8 £ 18.5 | 65.6 ~125,0 [171.0 £ 55.5 | 65.6 = 268.6 |17.6 £ 3.39 12.3 - 2.6
POTATO SH&D | 94.1 =18.0 | 61,5 =129.2 |116.4 = 54,9 | 49.2 = 219.4 |18.5 £ 4.5 1,35 = 28.7
T MATO SNELD | 79.5% 21.5 | 30.75- 133.3 | 14,.0 £ 53.7 | 61.5 -~ 24,8.0 [ 16.4 £ 2,46 | 12.3 - 22.55
BLACK NIGHTSHADE | ST&,B | 95.7 £16.9 | 73.8-133.3 | 83.6 £19.7 | 45.1 - 116.9 [ 22.6 £ 320 | 14,.35 = 26.7
TQMATO STauB  [108.3%f16.6 | 73.8-131.2 | 8.3 22,3 | 34,9 ~137.3[20.552.87 | 1,.35 = 28.7
BLACK NIGHTSHADE | ST&,C [12,.6 % 22.7 | 2,.0-16,.0 | 92.7 £17.7 | 59.5 =129.2 | 23., £ 2.87 | 20.5 - 30.75
T GMATO ST&C | &.0%16.8 | 49.2 -121,0 | 76.7 £ 25.2 | 26.7 = 118.9 | 17.0 £ 2.05 12.3 - 20.5
POTATO LEQG b t14.9 |43.0-121,0 | 88,7 %229 | 49.2 -137.4135.6 £ 2.66 | 10.25 = 20.5
BLACK NIGHTSHADE | 1884,G | 98.0 £12.3 | 51.25= 131.2 | 98.6 = 23.8 | 45.1 = 14,5.6]19.3 = 4.5 i 12.3 = 26,7
POTATO 1E26,B | 69.7 £19.1 | 51.25-102.5 | 6.7 £17.6 | 3.9 = 102.5|20.1 = 1.6, | 18.45 = 22.6
BLACK NIGHTSHADE | LE2GB | 90.2 = 22.8 | 71.8 =,121.0 | 100.6 £ 28.7 | 63.55= 143.5 | 2.0 £ 3.5 }r 18.45 = 36.9
COMMEAL AGAL LE26)8 | 63.6% 9.0 | 45.1 = 75.9 | 75.2%18.65| 36.9 = 130.7 |19.3% 2.9 | 14.35 = 22.6
TOW 10 JUICE AGA3 SNALD | 42.9 % 1,2 | 30.75- 92.3 | 6.5 £15.8 26,65~ 75.9 19.7%2.66 | 12.3 - 2.6
CZAPEK-DOX AGAR | SN#D | 7.2 %129 | 28.7 = 77.9_[109.9 & 28.9 | 6le5 = 174.3 | 15.2 £ 4.5 10.3 = 22,6

‘AT XINTddY





