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Relation of light and temperature to the sporulation of
 

Alternaria tQy@to (eke.) Weber
 

I. Introduction. 

Reproduction is one of the physiological processes of fungi ,mich 

is of great interest to mycologists, plant pathologists, and other 

biologists. With fungi, as with other plants, the development and the 

morphology of sexual reproductive structures are of great importance 

in identification and classification. 

In general, fungal reproduction is divided into t\'ro parts - 

sexual and asexual. Spores from the sexual and asexual rep~oductive 

bodies function to disperse the organism to new areas or substrates 

and may also allow the fungi to survive unfavorable conditions. 

~1any fungi are either unable to produce or are not known to produce 

sexual reproductive bodies. These fungi are placed in the class Fungi 

Imperfecti and are class~fied according to their asexual reproductive 

structures. Although spores from these asexual reproductive structures 

are not heavily relied upon for classificatory purposes, they are 

important biologically in that they alio,., for the dispersal of the 

species and for survival during unfavorable conditions. 

Many of the fungi that are commonly encountered, ~.g., ~rgillus 

spp., Penicillium spp., Clttdosporium spp., Rhizonu,S spp., Fusarium spp., 

etc., do not develop sexual reproductive bodies under normal conditions 

and thus are difficult to identify and classify. These fungi, hOliever, 

produce asexual fruiting structures which can be used in their identifi 

cation and classification under the admittedly artificial but useful 

Saccardoan system. Asexual reproduction is frequently many times more 
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prolific than sexual reproduction. "lith the aid of slight genetic 

changes and selection pressures, the species is able to survive adverse 

conditions. The very fact that these are common fungi attests to their 

reproductive capabilities. 

Under environmental conditions favorable for growth, many fungi of 

the Ascomycetae and Phycamycetae reproduce asexually, whereas under less 

favorable conditions for vegetative grol~h there is a greater tendency 

for sexual reproduction to take place. With many phytopathogenic fungi, 

asexual sporulation takes place continuously or in successive waves under 

favorable conditions. Host of them are lrnown primarily by their asexual 

stages, and in tropical or subtropical areas with year-round favorable 

growing conditions, perfect stages of many Ascomycetae and Phycomycetae 

are not common (55). 

Asexual sporulation of most fungi occurs rea.dily enough under natu

ral conditions but in :ti:t.!:Q sporulation can be very poor. In addition 

some fungi lose the ability to sporulate in culture, more or less rapidly, 

,vith repeated transfer. 

Huch work has been done in the field of fungal sporulation, but 

because of the het~rogeneity of the test organisms and the inherent com

plexities of the reproductive processes very few generalizations can be 

made. Among the factors which have been studied and reviewed by Cochrane 

(SO), Hawker (52), and Lilly and Barnett (53) are light (radiation), 

temperature, water relations, oxygen-carbon dioxide relations, pH, carbon 

nutrition, nitrogen nutrition, vitamins, and specific repr~ductive 

honnones. 

Much of the effort in the study of sporulation was made to obtain 

spores in quantity. Large numbers were required for spore germination 
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processes, various pathological processes, epidemiology, genetics of 

fungi, or for making cytological studies of the spores themselves. Such 

studies have resulted in numerous methods of inducing fungal sporulation. 

Most of these were empirical in nature and as soon as a certain technique 

proved satisfactory for sporulation very little further effort was made 

to study the fundamental factors involved. 

The present study was also started in this vein, i.~., spores of 

Alternaria Dassiflorae Simmonds were needed for epidemiological studies 

of passion fruit brorID spot. HOrrever, this fungus, like many large

spored members of the genus (10, 34, 37, 44), sporulated very sparsely 

under laboratory diurnal light and temperature fluctuations and did not 

sporulate in incubators at temperatures ranging between 150 and 350 C. 

During the summer of 1960, a collection of passion fruit brown spot 

~'aS m;:ade and isolations revealed the causal organism to be an Alternaria. 

sp. distinct from A. passiflQrae. This species was subsequently identi

fied to be Alternaria tomato (Cke.) Weber. A. ~ is further dis

tinguished by its capacity to form spores in abundance in distinct sporu

lating zones (Fig. 1). These zones are dark in color, primarily consisting 

of conidiophores and conidia with sparse or no aerial vegetative mycelia. 

Light-colored zones of abundant aerial mycelia, bearing moderate numbers 

of conidiophores and conidia are also formed. These zones correspond to 

diurnal changes in the laboratory. 

Under continuous illumination it was found that, although dark conidio

phores lrere fonned almost to the exclusion of hyaline vegetative mycelia, 

actual sporulation did not take place (Fig. 2). Under continuous darkness, 

growth consisted of aerial mycelium bearing conidiophores and conidia. 

\Vhen cultures, which had been growing under continuous illumination, lrere 
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Fig. 1	 Zonation in Alternaria tomato due to diurnal 
changes in light and temperature in the labo
ratory near a window. Dark rings are formed 
during the day, lighter rings with considerable 
aerial mycelia are fonned at night. 
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Fig. 2	 Conidiophores of Alternaria tOmato gro"ll1 
for 5 days under continuous fluorescent 
lamp irradiation (200 ft-c) at 26-310 C. 
( X 900 ) 



6. 

transferred to darkened incubators, spores formed on virtually all of the 

conidiophores (Fig. 3). 

A study of cultures of A. tomato grOt~l under continuous illumination 

at several constant temperatures revealed that the fungus sporulated readi

oly at 20 C under continuous illumination but produced conidiophores with

out spores at 25° or 300 C. 

This phenomenon of high-temperature X light inhibition of sporulation 

has not been studied. The present study \"laS thus undertaken to look into 

the factors influencing sporulation of A. t~~atQ. 
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Fig. 3	 Conidia and conidiophores of Alternaria 
tomato grown for 5 days under continuous 
fluorescent lamp irradiation (200 ft-c) 
at 26-310 C followed by II-hour sporulation 
induction treatment of 200 C in the dark. 
Note the spore scar on the conidiophore on 
the left. ( X 900 ) 
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II.	 Review of Literature. 

Based upon l.mat was knol1lIl at that time and on his ol-m ,,,ork, Klebs 

(21, 53) laid dOl:1ll four principles of fungal reproduction l·Jhich are 

briefly stated: 

(1)	 Grol~h and reproductive processes are dependent on environ

mental conditions. 

(2)	 Reproduction does not occur as long as environmental conditions 

are favorable for growth and conversely, conditions favorable 

to reproduction are generally unfavorable for growth. 

(3)	 Environmental co~~i~ions permitting reproduction are generally 

of a narrower range than those permitting growth. 

(4)	 Assimilative processes occurring during vegetative growth are 

decisive for reproduction. 

Although made more than 60 years ago, these generalizations are still 

accepted as valid. However, requirements for fungal sporulation are differ

ent for each species and there is no single formula or universal set of 

external conditions "lhich lead to sporulation (50, 52, 53, 54). 

A.	 Effects of light. 

According to Hawker (52), fungi can be divided into four groups with 

respect to their response to light stimuli: 

(1)	 Those which produce approximately equal numbers of spores in 

light or in darkness. 

(2)	 Those lfflich can produce spores in complete darkness but prodllc~ 

more spores upon illumination. 

(3)	 Those which calli,ot produce spores in complete absence of light. 

(4)	 Those in which sporulation is checked or preventeu by illumi
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nation at some developmental stage. 

These groupings \~re found to be taxonomically heterogeneous (52). 

Some fungi may be indifferent to light in that the fungus sporulates 

abundantly with or l'lithout light. It has been concluded that light had 

no influence on sporulation. Quantitative comparisons may reveal that 

significant differences in sporulation arise after irradiation (50, 52). 

Zonation is a common phenomenon ,-lith numerous fungi in artificial 

culture (4, 11, 13, 14, 19, 49). Diurnal light and temperature fluctu

ations have been cited as the principal causes of fungal zone formation. 

Zones produced by different fWlgi may represent sporulating and non

sporulating areas, differently pigmented mycelia, or changes in topogra

phy of the colony. The zonation in Yerticillium la,teritium Rab. is due 

to alternations of heavily sporulating and sparsely sporulating zones 

(19) . 

There are numerous reports of stimulation of fWlgal sporulation 

after irradiation (12, 18, 27, 30, 35, 39, 40). With some of these 

organisms, sporulation occurs readily in the dark but is even more profuse 

after irradiation. 

Aside from strictly lethal effects due to ultraviolet irradiation, 

there are few reports of radiation inhibition of sporulation. In several 

SclerQspora spp., Weston (45) found that conidial production took place 

only at night or very early morning. Yanvood (47, 48) made similar 

findings for the dOlvny mildews, .EseudQperonos~Qra hum.uli (Miy. and Talc.) 

\vilson, Peronospora gestructor (Berk.) Casp., Plasmopara yjticole (B. and 

C.) Berl. and de T., and Bremii lactucae Regel, and further demonstrated 

that artificial light at night was also inhibitory to sporulation. 

It was demonstrated that the sporulation of HelminthQsporium 
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gramineum Rab. (17), ChoanephQM\ .£l1CJ!rbitaDml (B. and Rav.) Thaxter (1), 

Alternaria b.rassica&, val". ~ (46), and H. .Qryzae B. de Haan (22) can 

be divided into two physiological processes: 

(1)	 An assimilative process in which light was necessary but 

apparently inhibitory to actual sporulation; illlder continuous 

illmnination only conidiophores formed ,dth !!. gaminewn, H. 

oryzae, and A. brassicae val". ~. 

(2)	 Actual conidial fonnaticrr took p~o:e in t.ho;: dark with these 

fungi. .Q.. cYCurbitanun also sporulated in the dark, but "JaS 

also able to do so under continuous light of low' intensity. 

Leach (22) demonstrated that a. otyzae cultures which had been under 

continuous illumination required a minimum of 4.5 hours of darkness before 

sporulation took place. However, under alternating cycles of equal light 

and dark periods, no sporulation occurred in the treatments of periods 

less than 8 hours; under alternating cycles of 8 hours or longer, abundant 

sporulation took place. 

Radiation quality implicated in inhibiting or stimulating fungal 

sporulation has been principally in the near-ultraviolet and violet to 

blue-green wavelengths. Hedgcock (14) found that blue light inhibited 

sporulation of Cephalothecium rosewn, Mw;.Qj: sp., Penicillium~, and 

!!9..rmodendron sp. Christenberry (6) observed that wavelengths longer than 

680 ~ inhibited sporulation of ChQanephQra cucurbitarwn. 

It has been l-.....,wn since 1917 that ultraviolet radiation stimulated 

sporulation and has _~en demonstrated for several fungi (5, 9, 15, 23, 28, 

36, 37, 41). However, it was noted that although stimulation of spore 

production occurred when radiations of 254 mu and lower wavelengths were 

included, long exposures to such radiations led to inhibitory or lethal 
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effects. McCallan and Chan (28) found that "Jith A. sQlani (Ell. (1 Mart.) 

Jones and Grout, greatest sporulation occurred when filters l-lith 10lrrer 

limits of transmission at 249 and 254 up ",'ere used for short exposure 

periods. They also reported that no sporulation took place ,·men filters 

transmitting no lower than 380 IIJP were used. 

Diener (9) has ShOWll that radiation from 312-546 ~ is primarily 

involved in stimulating sporulation of Stemphylimn sQlani lieber, although 

it was reported (15) that ultraviolet radiation was highly effective in 

the same fungus. Leach (23) induced or increased sporulation of 31 of 33 

species of Ascomycetae, Phycomycetae, Moniliaceae, Dematiaceae, Melan

coniales, and Sphaeropsidales by near-ultraviolet irradiation; the remaining 

2 species sporulated well, regardless of illumination. 

It has been shown by several workers (2, 18, 19, 27, 30, 40) that the 

blue-violet region of the spectrum is also active in the stimulation of 

sporulation and that in contrast the red region has practically no effect 

on spore production of fungi. 

B. Effects of te~ratur~. 

In general, the temperature range in which sporulation occurs is 

narrower than that for grO\'ith, and each spore forn has its Oll'l1 temperature 

optimum which Rk'y or may not coincide with that of vegetative growth or of 

other spore forms of the Salll£ furtgus, Coons (7) sho\.red that temperature 

limits for pycnidial fonnation of Plenodomus fuSCOIDaCulans (Sacc.) Coons 

occurred at 6 - 300 C, while vegetative growth took place at 0 - 33° C. 

Barnett and Lilly (1) reported that in nature Q. cucurbitarwn produces 

mainly conidia; at 250 C in artificial culture, 87% of reproductive 

structures are conidia and the remainder sporangia. At 300 C, however, 
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th6') ratio is nearly reversed; and at 310 C sporangia are abundant, but 

conidia are not formed. Temperatures of 15-370 C \~'ere found to be favor

able for zygospore formation of ~. kRcuibitarum (3). PerQnospOra tabacin~ 

Adam was sho\m. to sporulate from 1 - 300 C (8). 

C. Effects of temperature and light. 

The effect of temperature on inhibition of sporulation by light has 

been overlocked for the most part. In the fe\i cases in wmch a temperature 
, 

X light effect was observed, the experimental \'1Ork was of a limited nature 

and the inhibitory effect was not emphasized. Melhus ~ ale (20) and Hiura 

(16) found that, in general, "Jeston's observations on Sclerospora spp. also 

held for~. graminicola (Sacc.) Schroet., but noted that sporulation of the 

fungus also occurred under daylight conditions in the laboratory and field 

experiments and indicated that the low temperatures are required for sporu

lation. Houston and Oswald (17) demonstrated that H. gramineum does pro

duce a few conidia under continuous illumination at 130 C. 

Leonian (24) found that SphaerowWum fraxini fails to fruit in the 

dark at room temperature but will fonn pycnidia in diffused light or at 

300 C in the dark. He also found that AscochYta DJ1l\Phaeae, CytospQrella 

mendax, Endothia parasitica, Kellennania yuccagena, Naemosphaera sp., 

Plenodomus destruens, and .fh.mn1! llOm.S. formed more pycnidia in the dark at 

300 C than they did in the light at room temperatures. Ho",,-e1Ter;; he found 

numerous other Sphaerosidaceous fungi fruited better in light at room 

temperature than in the dark at any temperature. 

D.	 Effects of nutrients. 

Deficiencies or excesses of mineral elements reduce or inhibit sporu
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lation, but there has been no evidence presented that sporulation requires 

an element which is non-essential to growth (50). HOl<Jever, l'lith limiting 

a~ounts of certain elements, sporulation is drastically reduced even 

though there is little or no effect on grov~h (43, 50). Most of the 

mineral nutrition \;'Ork has been done exclusively on Asper!Dllus ~ v. 

Tiegh. and this use of a single fungus limits information and conclusions 

(SO, 53). 

Other nutritional factors which are important to sporulation are 

concentration of nutrients, carbon and nitrogen sources, carbon-nitrogen 

ratio, specific reproductive factors, and vitamins (50, 52, 53). 

In general, oligosaccharides and polysaccharides support more 

fruiting than do monosaccharides, and, mthin limits, 10l~ concentrations 

of sugars allow for a more rapid onset of sporulation than do high concen

trations (SO, 52). 

The ability to utilize nitrate, annnonium, or organic nitrogen sources 

determines the extent of vegetative grolith and, consequently, the repro

ductive capacity of a fungus (51). Some specific nitrogen compounds at 

high concentrations have been sholVIl to inhibit sporulation. However, the 

role of nitrogen in inhibition of sporulation is of a more general nature, 

and C:N ratios have been shown to inhibit sporulation. Morton (32) has 

stated: "The most generally essential condition for sporulation is the 

absence or exhaustion of assimilable nitrogen from the medium ldrilst 

carbohydrate is still present. The availability of nitrogen stimulates 

vegetative growth of the mycelium and tends to prevent, or markedly delay, 

the formation of conidial hyphae." By transferring cultures of ?enid l1jUlD 

griseofulyum DierclCK to a nitrogen-free medium, sporulation can be induced; 

however, lath the addition of 0.1% KN03 at 2, 5, or 7 hours after such 
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transfer, sporulation is completely suppressed (33). 

Specific reproductive factors, although not generally evident, 

apparently exist for certain Phycomycetes (52, 53). Four hormones have 

been shown to initiate and control sexual reproduction of AchlYa bisexualis 

Coker (38). Sexual reproduction of Phytophthora !:actorutn Leb. and Cohn, 

,E. er:;ythrQseptica Pethyb., f. bQehmeti<Hi Sa\,l., and £. mega,s,pgrma Drechs. 

was stimulated by an extract of garden peas (25, 26). 

The sporulation process of tl. gramineurn, as previously discussed (17), 

is divided into 2 physiological processes: the first, a light requiring 

assimilatory process; and, the second, spore formation in the dark. 

However, it \~s shown that the fungus will sporulate in the dark on host 

tissue. The indications are that li. gramineurn is able to derive a meta

bolite from the host which it can synthesize on artificial media only 

with illuminationc 

In recent years, the use of vegetable-juice as a nutrient base for 

media has come into wider acceptance because of its property of stimulating 

sporulation of many fungi; furthermore, fungi, such as SteIJWbyli urn solanj 

and Fusarium spp. (macrospores), which require light for sporulation, ~~re 

able to sporulate on vegetable-juice agar without illumination (9, 39). 

These and his Olin observations led Miller (31) to make a spectrographic 

analysis of V-8 juice, and he conclud~d that the capacity of the juice to 

stimulate sporulation did not lay in its mineral constituents. 
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III. ~mte~ials and methods. 

An isolate of A. tQIDa!Q (Ckeo) Weber, one of three Altgrnaria spp. 

causing brown spot of passion fruit (bssiflora edulis Sims. L "..as used 

as the test organism throughout this study unless other\dse specified. 

Single-spore inoculmn was llsed in all the tests. The medimn used 

throughout most of the study was vegetable-juice agar (VJA) composed of 

10% V-8 juice (a proprietary prOduct), 0.2% CaC03, and 2% agar. 

Cultures -were gro.f~. continuously for varying periods at 26 - 310 C 
i; 

under 2 fluorescent lam~~ (General Electric Cool White F40 CW-3) with a 

light intensity of 2001ft-c at the level of cultures. During this grov~h 
; 

period, no spores were ·1formed. 

Follovnng this initial assimilative period, cultures -were subjected 

to various test conditions for 22 hours. Sporulation response to these 

conditions i'laS measured by counting the spores formed. Spores were 

harvested by adding a measured volume of v,'Clter to the culture and lightly 

agitating with a rubber policeman. Spore counts were made iiith a hema

cytometer. When there ivere too fe,,, spores to count accurately with a 

hemacytometer, spore suspensions \~re placed in gridded plastic chambers 

(46 mm x 46.mm) and counts ivere made with a dissecting microscope. 
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IV. Experimental procedures and results. 

A. Radjation and te~re interaction on sporulation. 

Oval culture tube slants or 250-ml Erlemneyer fh'\sks lrith 40-rol of 

medium were used for this study. The flask cultures lrere irradiated for 

7 dayss tube cultures for 3 days. 

After this initial growth period, duplicate flask cultures l'i-ere 

immersed in a water bath for 22 hours at temperatures between 60 and 

027 C. The temperature of the water bath, in a walk-in refrigerator at 

50 C, was regulated by a Precisior.. Scientific Herc-to-Merc Thermo

regulator; the sensitivity to the ambient temperature was ! 0.040 C, 

lmch was checked regularly with a Beckman differential thermometer. 

Cultures in the water bath ..,-ere illmn.i.nated with a fluorescent lamp 

(\'Jestinghouse Daylight 15\'0 at a light intensity of 100 ft-c at the 

culture surface. For dark induction of sporulation, duplicate cultures 

were placed in incubators having precision of ! 0.50 C. 

Oval tube cultures \rere also immersed in the water bath for 22 

hours; five tubes were used for each treatment with the five dark control 

tubes being covered with aluminum foil. 

The mnnber of spores of 7-day-old cultures of A,. tomato produced 

under illumination at temperatures between 60 and 230 C, and in the dark 

between 150 and 300 C, l'laS approximately 5 x 106/flask (Fig. 4). 

A sudden drop in spore production occurred betl<leen 230 and 250 C in 

0
illuminated cultures. Above 25 C, virtually no spores were formed, 

demonstrating a high interaction betlween temperature and radiation in 

inhibiting sporulation of A. tomato. 

With 3-day-old oval tube cultures of the test f\ll1gus, there was a 
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Fig. 4	 Sporulation response after 22 hours of Alternarin 
t.mnato, previously irradiated for 7 days at 
26 - 310 C, to light and temperature. Points 
represent average number of spores formed in 2S0-ml 
flasks. Open circles, irradiated cultures; closed 
circles, dark cultures. 
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pronounced optimum for sporulation at 150 C lnth illumination. In the 

dark, there was a sporulation optimum range at 150 to 250 C. The inhibi

tory action of radiation \-JaS evident at 21.40 C and "JaS virtually complete 

0 
at 23.4 C (Fig. 5). 

Sporulation of both 3-and 7-day-old cultures in the dark started to 

0
decline at 31 C. 

B. 1ight and temgerature effect OD other fungi. 

Diverse, pathogenic and non-pathogenic, imperfect fungi. were isolated 

and identified (Table 1). These were grow. on VJA at 27 0 C under continu

ous illumination and in continuous darlmess for 7 days. Cultures which 

were inhibited from sporulating by illumination at 270 C were then placed 

in an illuminated incubator kept at 200 C. 

Host of the fungi. were capable of sporulating on VJA with or without 

illumination at 27
0 

C (Table 1). Sporulation of a few fungi was ini..lbited 

at 27
0 

C under illumination. These fungi, all large-spored Dema.tiaceous 

fungi, did form conidiophores under these conditions and sporulated under 

illumination at 20
0 C. The genera which exhibited the high-temperature 

X light interaction l'!ere Alternaria, Stem»hylium, HeJminthQspQrium, and 

Heterosporiwn. However, A. tenuis, Helminthos,poriurn sacchari, and H. 

ma.yd:..s sporulated at 27 0 C tmder illumination. Deightouiella torulQsa., 

a large-spored member of the Dematiaceae, similarly sporulated under thes~ 

conditions. Sporulation of a hyaline mutant of A. tomato was inhibited 

under these conditions and like its parent culture, sporulation occurred 

only lBlder lOli temperatures or absence of light. 
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Fig. 5	 Sporulation response of Alterna.ria tOmato} 
previously irradiated for 3 days at 26 - 310 C, 
to light and temperature. Points represent 
average mnnber of spores formed in culture tubes. 
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Table 1. The occurrence of high temperature X light inhibition of 
sporulation in other fungi. 

Fungi 
20

0 

light 
C 
Dark 

270 

Light 
C 

De.;rk 

Phycomycetae 
Cpnnjngbamella sp. 
Rhj zows nig,rj canS 

-:-* 
.,. + 

+ 
+ 
-I

{

... 
PhytQpnthora pirasitica 
PhytoPbthcra palmiyora + -I + + 

Melanconiales 
Pestalotia. sp. + + + oj

~lletotrichum gloeospQrlQides .,. ... oj-

Sphaeropsidales 
Ascoch,yta l)iai + ... 
Pbyllosticta yiolae + ... + + 
Septoria lycopersici + -: + + 

Moniliaceae 
Asper~llus ~ + + + {

A. or,yzae + + + + 
Trichoderma, sp. + + + -+ 
fenicj lljmn sp. + + + + 
Pi ticu] aria grisea + -: + {-

Dematiaceae 
Alternaria tomato + + + 
A. I)ilssif1ora -+ + {-

A. sol-wi + + + 
A.~ + + 
A. djanthicQla { {-

A. tenuis + { + + 
Stenwb;ylium solani -: oj + 
~. bot[yosum { + + 
Helmjnthosporium turcicum + + + 
H. sacchati { { + -+ 
H. ma,ydis + { + + 
Heterospotium tropaeQli { + + 
H. echjPu1:ltum -: + + 
CyrvuJarja ~enj culata + + { + 
Dejghtonje]la tOrulosa + + + {

Botz:ytis sp. + + + + 
Cladosporium s p. { -I + + 

* + c fruiting structures and spores 
_ c conidiophores only 
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c. R'LJality of radiation jnhjbitory and stimuJ.a,toor to sporulatiQ.,Yl. 

Single spores of A. t9mat.Q wen~ placed 22 nnn from the bottom of oval

culture tube slants of VJA. After the initial 3-day grot'lth period, indi

vidual cultures were placed in the sample compartment of a Beclanan Model 

B spectrophotometer. The sample compartment l<JaS modified by a box made 

to hold 2 culture tubes, one of tAtich t~S exposed for 22 hours to radi

ation., diffused by a frosted glass slide from the monochromator; the 

second tube, the dark control, was covered with aluminwn foil. All 

extraneous light was excluded. Five replicates, randomized in tit-ne over 

a 3-month period, ~-ere used for each \~velength. 

The spectrophotometer was mounted on a perforated platform placed 

over the air-vent of an air-conditioned room kept at 20-240 C. The 

temperature in the sample chamber of the spectrophotometer ranged between 

26-28° C during the experiments. 

The number of spores produced in the dark control tubes averaged 

4.6 x lOS/tube. Virtually no spores formed in tubes illwni.nated by radi

ation in the ran.ge 390 - 515 mp (Fig. 6). In the cultures illuminated at 

340, 365 mp and between 540 - 740 IJYl' spore production approximated that 

of the dark control tubes. 

Petri dishes with 25 ml of media were inoculated tv.ith single spores 

covered with various filters and kept under fluorescent lamp illumination 

at 26-31
0 

C to detennine the range of radiation in which stimulation of 

sporulation took place. After a 6-day growth period the cultures lvere 

0 
placed in 20 C incubator to allow for induction of sporulation. The 

filters used in the study and their radiation transmission, as determined 

by the Beckman Ratio Recording Spectrophotometer, ,.;ere: Pyrex glasses 

(300 I1J1 and longer), DuPont Mylar (400 n;u and longer), blue cellophane 
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Fig. 6 Action spectrum of inhibition of sporulatiol1 
of Alternaria tomato. 



23.
 

(visible radiation between 400 and 600 ~), and red cellophane (visible 

radiation longer than 600 II?I)' Corning filter 7-37, transmitting at 

320 - 390 np, \olaS used to determine effects of near-ultraviolet radiation. 

Only in the treatments using wavelengths shorter than 400 II,9l \'JaS 

there stimulation of sporulation, as evidenced by complete lack of conidi

ophores in any of the treatments involving only visible radiation (Table 

2). Stimulation was evident in the near-ultraviolet range transmitted by 

Pyrex glass and Coming filter 7-37. Light transmitted through Mylar '-laS 

not stimulatory and no conidiophore was discerned. 

D. Duration of induction j,leti qg • 

Cultures of A. tomato \<Jere groiVll for 3, 4, 5, 6, 12, 18 and 24 days 

on 25 ml of VJA in petri dishes at 26-310 C under continuous illumination. 

During the subsequent 24-hour period, cultures were placed in ZOO C dark 

incubator for varying lengths of time for induction of sporulation, then 

returned to illumination to allow for actual spore formation. Three 

replica1::es were used for each 'treatment. 

An induction period of 1 hour of darkness started the sporulation of 

cultures 6 - 24 days old (Fig. 7); maximum sporulation \~.s attained after 

an induction period of 4 hours of darkness. longer induction periods did 

not increase sporulation, in spite of the fact that n'Uiilerous ccra.idic~~c!'es 

\oathout conidia were evident in these cultures. 

u,nger induction periods were required for maximmn sporulation in 

younger cultures. Virtually no spores form~d in 3-day-old cultures after 

a 4-hour induction period (Fig. 8); maximmn sporulation was attained only 

after 9 hours of induction. 

Cultures of A. tomato \.;ere started on 25 ml of VJA in petri dishes; 
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Table 2. Light quality effects on stimulation of conidiophore formation. 

Filter 

Blue cellophane + Hylar 

Red cellophane + Vo/lar 

DuPont Hylar 

Pyrex glass 

Corning filter 7-37 

,\-

Limits of radiation 
c 

400 - 590 In? 

590 mp - through far red 

400 mp - through far red 

300 m,u - through far red + 

320 - 390 m,u + 

~ = development of conidiophores 

- := no conidiophores 
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Fig. 7 Sporulation response of Alternaria tomat Q 
j 

previously irradiated (200 ft-c, fluorescent 
lamp) continuously at 26-310 C for 6 - 24-day 
periods followed by induction conditions 
(200 C, dark) for different periods. 
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Fig. 8	 Sporulation response of Alternaria tomato, 
previously irradiated (200 ft-c, fluorescent 
lamp) continuously at 26 - 310 C for 3 - 6-day 
periods followed by induction conditions (200 C, 
dark) for different periods. 
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after inoculation each culture dish \'laS weighed to the nearest gram. 

Cultures were then placed under fluorescent lamp irradiation at 26-310 C 

for 6, 12, 18, and 24 days in triplicate. At the end of 6-day periods, 

the cultures which were to be kept for periods of 12 days and longer "'Jere 

relveighed; it wa~ assumed that the loss in weight was entirely due to 

dehydration so sterilized, distilled water was aseptically added to the 

cultures to the starting weight of each culture. At the end of the 

irradiation periods for each treatment, cultures lv-ere placed under sporu

lation induction conditions of 200 C in the dark for 24 hours. 

Irradiation periods extending beyond 6 days reduced sporulation 

levels considerably. No difference in sporulation levels was evident 

bet\veen cultures without added water and similarly irradiated cultures 

kept at approximately constant weight by addition of water. 

Single spore cultures of A. tomato liere grown for 3 days on 25 ml of 

VJA in petri dishes under fluorescent lamps (26-310 C) at 200 ft-c. The 

cultures were then placed in alternating light (26-310 C) and dark (200 C) 

conditions for 5 days; the duration of the light period (photoperiod) was 

varied within 0 - 24 hours and the subsequent dark period completed each 

24-hour day. Three replicates were used for each treatment. 

The optimal photoperiod for sporulation \vas 14 hours (Fig. 9). 

Longer photoperiods, with concomitant suboptimal induction periods, 

resulted in a rapid decline in sporulation. 

E. Nutritional requirements for grQklth and sporu]ation. 

Single spore cultures of A. tomato lvere grown on 2% VJA (2% vegetable

juice) and potato-dextrose agar (PDA) for 6 days at 240 C in the dark, 
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Fig. 9	 Sporulation response of Alternaria tomato 
to changes in photoperiod; cultures were 
alternated between irradiation (200 ft-c, 
fluorescent lamp) at 260 C for the duration 
of the photoperiod, and 200 C in the dark 
for the remainder of the 24-hour day. 
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exposed to illumination (200 ft-c) for 0, 2, 4, 6, and 8 hours, then 

i'etumed to dark conditions for sporulation. 

In continuous darkness, A. tomato sporulates sparsely on potato

dextrose agar (PDA) and in relatively la.rge amounts on 2% VJA (Table 3). 

On PDA, the fungus responded markedly to short exposures to fluorescent 

lamp irradiation but only slightly on VJA. 

This marked superiority of VJA over FDA ind.icated the possibility 

of the presence of stimulatory metabolites in VJA. In order to test 

components of the medium for stimulatory metabolites, it \i'3.S necessary 

to devise a chemically defined medium on l-;hich the ftmgus \"rould grow 

but not sporulate. 

Single spore cultures were grolill i..il the light and dark on several 

chC'mlctilly-defined media (Table 4) \·:ith !lpm~ro'!.!s modifications ~de by 

supplementing lnth other elements or by the elimination of certain 

elements which were believed unessential. The first medium to be tested 

was \oJhi.te's medium which was subsequently modified by addition of boron. 

The second medium l'laS synthesized by using the various required elements 

within known optimal ranges for fungal growth which was also subsequently 

modified by the addition of B, Co, Si, AI, and Cr. The third mineral 

medium tested l¥'aS one based on a crude estimate of vegetable-juice by 

spectrographic analysis. The modification of this chemically-defined 

medium was made by adding Zn and. subsequently deleting B, Si, AI, Na, Ni, 

Sn, and Sr. The fourth medium to be tested was Czapek's liquid medium 

,mch l'laS not modified. Reagent grade chemicals were used to make up the 

sev~ral media. All of the glassware in contact l'lith the media \'laS cleaned 

in hot, concentrated nitric acid and thoroughly rinsed. Bureau of Plant 

Industry (BPI) model l'latch glasses lrere used as culture vessels; 4 l'latch 



30.
 

Table 3.	 Sporulation of AJ,t.ernatia tQ,JMJ;Q on VJA (2% vegetable

juice) and potato-dextrose agar after brief exposures 

to fluorescent lamp irradiation (200 ft-c at 26-310 C). 

Duration of 
irradiation 

(hr) 

VJA 
2% vegetable-juice 

~diB 

PDA 

° 252,000 1,700 

2 386;000 51,000 

4 293,000 106,000 

6 265,000 176,000 

8 363,000 215,000 

10 401,000 198,000 
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Table 4. Qualitative makeup of 4 chemically-defined media. 

Vegetable-juice 
lVhjte YS Synthetic. mineral 

sucrose glucose glucose sucrose 

glycine glycine 

nicotinic acid nicotinic acid 

thiamine thiamine 

pyridoxine pyridoxine 

Na2S04 CaSOA ..... CaC12 *
 
KCI, KI KCI KCI
 

KzHP04 

MgS04 

Fe Fe Fe Fe 

Hn Nn Mn 

Zn Zn zu* 

Cu	 Cu 

M~-Mo 

B	 B, Co, Si Jj,nli- Si* , Al',* Na* 

AI, Cr N1·~,t , Sn*, Sr* 

~~	 These elements were systematically deleted from the medim to detennine 
the minimum chemical requirements for sporulation. 
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glasses \-Jere placed on moistened filter paper in standard 90 nnn petri 

dishes. The test media (0.2 ml) were introduced aseptically into the 

watch glasses. 

The test fungus A. tomato did not grOt'l on White t s medium and the 

several modifications nor on the synthetic medium and its modifications. 

Growth and sporulation took place on the medium lvhose composition was 

derived from vegetable-juice mineral analysis as it did on all the 

modifications made by systematic deletions. The chemical composition of 

the simplest modification \;/CiS qualitatively similar to Czapek's medium. 

The fungus reproduced to the same degree on Czapek's and on the 

synthetic vegetable-juice medium, indicating that minimum requirements 

of the fungus are very simple. 

Eleven, fresh isolations of A. tomato from passion fruit brown spot 

leaves were made and single spore cultures of each were grown on Czapek's 

liquid medium in BPI watch glasses in the dark at 280 C for 9 days. 

These cultures ",/ere examined for growth and sporulation. 

Cultivation of the 12 isolates of A. tomato on Czapekfs solution 

revealed a wide range of responses (Table 5); 2 isolates were unable to 

grow on the medium and subsequent examination revealed that in every 

instance the single spore inoculum had germinated. Three of the other 

isolates grew well but sporulated poorly, \vhereas all other isolates grel'l 

well and also sporulated well on Czapek 7s solution. 

Cz.apekfs liquid medium was used to study the effects of nitrogen 

availability on sporulation. Single spore cultures \'!ere grolm 1lllder 

illumination at 26 - 310 C for 4 days. Nitrogen, without carbon (NaN03' 

0.1%), or with carbon. source (Czapek's liquid) \vas added to these cultures 

\roich were then placed under sporulating induction conditions of 200 C in 
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'fable 5. Variation in groM:h and sporulation of A. t.Qmat.o isolates 

on Czapek f s liquid m.ediwn. 

Isolate Grnwth* SWrula,tiort* 

32*"~- 19/23 19/19 +++ 

At 2 14/16 3/14 + 

At 3 2/16 1/ 2 + 

At 4 8/ 8 8/ 8 +++ 

At 5 14/16 14/14 ++ 

At 6 0/ 8 0 

At 7 13/16 13/13 ++... 

At 8 14/16 6/14 + 

At 9 8/ 8 8/ 8 +++ 

At 10 0/ 8 0 

At 11 10/16 10/10 +++ 

At 12 8/ 8 8/ 8 +++ 

* The criterion for growth is the development of macroscopically 
visible colonies from single spore inocula. The numerator of 
each fraction is the nmnber of visible colonies and the denominator 
is the number of single spore cultures. 

** The numerator is the nmnber of colonies which sporulated and the
 
denominator the number of visible colonies.
 

+++ = abundant sporulation
 
++ = moderate sporulation
 
+ = sparse sporulation 

1:...,* Isolate used in all other tests. 
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the dark immediately or 2 hours later for 24 hours. 

Under the several conditions of nitrogen avaiL:-.,bility of the test, 

sporulation was not inhibited in any of them (Table 6). 
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Table 6.	 Effect of nitrogen availability on sporulation of 7-day-old 

colonies of A. ~Q grown under illumination on CzapekYs 

liquid medium. 

Treatment	 Sporulatllm 

~'-

1. No additional nitrogen -----------~ Induction
A 

13/13 

2. NaN03	 -----------------,.... Induction 13/13 

3. NaN03 , followed by 2 hours at 
?7~.. 

0 r."-", l;~hT. ---------------~ Induction 6/ 6--0--'-" 

4. CzapekYs liquid ------------:;- Induction	 6/ 6 

5.	 Czapek t s liquid, f ollo'W-ed by 
2 hours at 270 C, light -----~ Induction 6/ 6 

* Sporulation induction conditions of 200 C in the dark for 22 hours. 
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v. Discussion. 

As with many other fungi, the sporulation of Alternaria toma.to (Cke.) 

Weber is dependent on light and temperature. This complex physiological 

process is separable into inhibitory and stimulatory processes by manipu

lating light and temperature. 

The inhibitory action of light on sporulation probably affects more 

fungi than has been reported. The sporulation of SclerQsppra spp., 

lWJn;inthosporium gramineum, ChoanephQIA cucurbitarum., A. brassicae var • 

.d.rolci, and H• .QAYzae has been shown to be inhibited by light (45, 17, 1, 

46, 22). H. gramjneum, however, will sporulate at 130 C ,v.i.th illumination, 

indicating that a high-temperature X light inhibition of sporulation is 

operating (17); Sclerospora spp. will also sporulate in the daylight at 

10'1'1 temperatures (16, 29). The sporulation of fi. pazae was prevented 

0
from taking place at 21 - 24 C (70 - 750 F) under near-ultraviolet 

irradiation (22). 

Present studies have shown that sporulation of some Dematiaceous 

fungi, the large-spored forms in particular, is inhibited by light at 

high temperatures. Among the genera with species exhibiting this 

phenomenon are Alternaria, StemphYlium, HelminthospQripm, and Heterospo;tium. 

These fungi were all able to sporulate at 200 C under illumination. 

A. tenuis, a small-spored species, Helmintbosporium maydis and fi. 

saechari sporulated under illumination at temperatures up to 310 C as 

did Deightoniella torulosa, a large-spored Dematiaceous fmgus. It is 

interesting to note that species of the genera Alternaria and Helmintho

s.poriwn separate into groups ",'hich are or are not inhibited by light at 

high temperatures. The same may be true of the other genera if more 

species were included. 
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Hyaline-spored SclerQs~ora and Choanephota are Phycomycetes, whereas 

the dark-spored fungi mentioned are in the Dematiaceae. The melanin 

pigments, characteristic of the family, liere suspected of being involved 

in the light inhibition of sporulation; hO\1,'ever, a colorless mutant of 

A. tomato responds to light and high temperatures in the manner of its 

parent culture, indicating that the melanin pigments are not directly 

involved in the inhibitory process. 

Radiation, inhibitory to sporulation of A. tomato., has been show 

to fall within 390 - 515 mu, a range covering violet, blue, and bIue-
I 

green light. The action spectrum, approximately coinciding with that 

for phototropic activity, points to a flavin or carotenoid pigment as 

the photoreceptor. Little work has been done on light quality inhibiting 

sporulation of other fungi, but it can be speculated that the radiation 

inhibitory to these organisms also fall in the 390 - 515 ~ range. 

Leach (22) is of th~ opinion that actual conidial fornation of 

li. 0tYza~ can proceed only in the absence of near-ultraviolet radiation.
 

The source of near-ultraviolet radiation which he used, General Electric
 

Black Light, transmits a small amount of light between 390 - 440 ~.
 

The emission of visible radiation by the lamp obviates a conclusion until
 

stricter controls on light quality are imposed.
 

Near-ultraviolet radiation (320 - 390 ~) stimulates sporulation of 

A. tomato as determined. by direct and indirect qualitative methods. This 

observation is in agreement with that of Leach, who sho~"ed that in the 

complete absence of wavelengths below 390 ~, H. omae is not stimulated 

to sporulate. Radiation between 230 - 420 m)l stimulated the sporulation 

of H. Qryzae. The effect of wavelengths shorter than 320 ny.J. on the;; 

sporulation of A. tomato is yet to be determined. 



38. 

Other workers (5, 9, 15, 23, 28, 36, 37, 41) r.ave demonstrated that 

ultraviolet radiation is stimulatory to sporulation. McCallan and Chan 

(28) indicated that ma.x:imum stimulation took place tmen the lower limit 

of transmission was 249 nyJ, but they noted that when the lower liJni.t of 

transmission "JaS 380 ~ no sporulation occurred. Thus, there is no doubt 

that ultraviolet radiation stimulates fungal sporulation, but in most of 

these works no attempt \o'::.~ rr..:de to eA'"Clude visible radiation. 

H. oryzae requires a minimum of 4.5 hours of darkness, follo\ring 3 

days of irradiation for induction of conidial formation, and at least 6 

hours of darkness for maximum sporulation (22). In comparison continuously 

irradiated 6-day-old cultures of A. tomato responded after 1 hour of 

darkness and attained maximum sporulation with 4 hours of dark induction. 

loJith 3-day-old A. tomato cultures, sporulation was barely evident as a 

result of 4 hours of darkness and 9 hours were required for ma:xi.mum sporu

lation. 

The similarity between the sporulation processes of the 2 fungi is 

indicated by further comparisons. In spite of the fact that Ii. oryzae 

,rill sporulate after continuous irradiation and a mi.ninnnn. 4.5-hour dark 

induction period, it ,ill! not sporulate in alternating cycles of 6 hours 

of near-ultraviolet radiation and 6 hours of darkness, but will do so in 

8-hour radiation/darkness cycles. With A. :tomatS', equal periods of light 

and darkness were not used, but comparing tile duration of dark induction 

period is revealing. As photoperiods are increased from 0 to 15 hours, 

t'here is a stimulation of sporulation. With further increase in the 

photoperiod from 16 to 24 hours or decrease in the complementary dark 

induction period from 8 - 0 hours, there is a marked reduction in sporu

lation resulting from the suboptimal induction periods. The 9-hour 
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induc~ion requirement for maximum sporulation of 3-day-old cultures is 

expressed in the photoperiod studies in which the optimum conditions 

were IS-hour illumination ldth corresponding 9-hour induction. Thus, 

under alternating conditions of light and darlmess, both fungi require 

long dark induction periods for abundant sporulation. 

Another similarity between the 2 fungi was in the non-cumulative 

effect of the induction periods. It is apparent that the induction 

process is not only interrupted by inhibitory radiation, but also that 

the process must start all over again upon returning to induction 

conditions. 

The deleterious effect of prolonged continuous culture under con

ditions of irradiation inhibitory to sporulation at 270 C, apparently 

\-JaS not due to dehydration of media. Some of the suggested possibilities 

are the exhaustion of nutrients, acct.lllllllci.tion of general toxic metabolites, 

or the attainment of a high level of a specific sporulation inhibitor. 

There is also the possibility that the conidiophore has exceeded the 

physiological age to differentiate spores. 

During the course of this study, it was noted that VJA supported 

abundant fungal sporulation, particularly in continuous darlmess. This 

attribute was previously noted by Diener (9) and Reid (39). After making 

a spectrographic analysis of vegetable-juice, Miller (31) l1aS of the 

opinion that the superior qualities of the medium did not lie in the 

mineral constituents. 

In order to test the hypothesis that VJA does contain metabolite(s) 

necessary for sporulation, particularly in the absence of illumination, 

a chemically-defined medium, which would allow vegetative growth but no 

sporulation, had to be devised to assay for these specific sporulation 
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metabolites(s); fractions of vegetable-juice could then be bioassayed 

on this medium. Systematic screening of mineral requirements resulted 

in the discovery that Czapekts, a simple, chemically-defined medium 

would support growth and sporulation of A. tomato in the dark. This turn 

of events eliminated the existence of, or requirement for, specific 

exogenous sporulation metabolite(s) for A. tomato. This led to the 

hypothesis that A. j;omato is made up of variants, some of 'l·.rhi.ch 'trill and 

others lihich will not grow and sporulate on Czapekts medium. The validity 

of the hypothesis l~S upheld by making fresh isolations, culturing on 

Czapekis, and observing that there are, among the isolates, some that lfill 

and others that will not grow and sporulate. It is concluded that although 

VJA is a superior, well-balanced medium on 'Which A. tomato sporulates well, 

it has no metabolite for which the fungus is deficient. However, there is 

the distinct possibility that such metabolites may exist in the media which 

allowed for sporulation in the dark by S. solan.i or Fusarium spp. 

The chemical requirements for sporulation of A. tomato were fu.:i.'ther 

tested by studying the effect of nitrogen availability. Morton t s obser

vation that sporulation of Penicillium spp. does not occur as long as 

nitrogen is available was found not to apply to A. tmnatQ. 

During the course of the present study, a recurring question was that 

of possible survival value of the sporulation-inhibitory mechanism. Under 

tropical or subtropical conditions the survival value of the inhibitory 

mechanism is open to cuujecture. However in temperate regions, the sporu

lation-inhibitory mechanism probably has a deleterious effect on survival 

of the species. The mechanism \rould prevent or greatly reduce sporulation 

of fungi during the growing season in the temperate and frigid zones 

"Jhere the summer nights are 0 - 8 hours, lihich is decidedly suboptimal 
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for induction of sporulation. 

In fact, the sporulation-inhibition mechanism may be one of the 

factors accounting for the low relative numbers of imperfect fungi in 

Alaska. Sprague (42) \n'ote: uIn Alaska ascigerous fonns are favored 

sometimes to the exclusion of the conidial stages"; Dickson (55) also 

remarked that the ratio of conidial forms to ascigerous fungi gradually 

favors the ascigerous as one moves from tropical, temperate to frigid 

zones. 
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VI.	 Summary. 

The sporulation of Alternaria tOmato (Cke.) Weber may be divided into 

t,ro processes: (1) assimilative and (2) inductive. 

Vegetative gro,~h and conidiophore formation take place during the 

assimilative process. This process can take place in the dark, but near

ultraviolet radiation greatly stimulates th~ conidiophore production of 

A. tomato. No conidiophore formation takes place under illumination in the 

absence of near-ultraviolet radiation. 

Induction of sporulation takes place readily in the dark from 5° to 

310 C; with illumination induction of sporulation occurs at temperatures 

below 210 C. Inhibition of sporulation induction by light is a function of 

temperature and fungal age. This inhibition is apparent at temperatures 

above 210 C for 3-day-old cultures and above 230 C for 6-day-old cultures. 

At temperatures above 250 C, inhibition of sporulation of A.. tomato is 

complete. Using monochromatic light, inhibitory wavelengths were shown to 

be in the 390 - 515 ~ range. 

Minimum induction time varies ,vith culture age. Maximum sporulation 

of 3-day-old cultures is attained after inductive dark periods of 9 hours; 

cultures 6 days or older require only 4 hours in the dark. Sporulation of 

cultures kept longer than 6 days under continuous illumination is markedly 

reduced. Though dehydration of media has been eliminated as the major 

cause of this reaction, the causes are unknO'iU. 

Under alternating light and dark conditions, the length of the photo

period of a 24-hour day was sho\iU to be a factor in sporulation. Sporu

lation increased with increasing photoperiods from 0 to 15 hours, but 

declined sharply ,vith length e beyond 16 hours. 

Chemical requirements for gro\~h and sporulation of A. tomato are 
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satisfied by Czapek's liquid medium. Fresh, single-spore isolates of 

A. tomato from passion fruit bro,vn spot demonstrated a lride variation 

in response when cultured on Czapek 9 s medium. Some isolates did not 

produce macroscopically visible colonies, although the spores germinated. 

While a few isolates grew poorly lathout sporulating, most of them grew 

well and sporulated abundantly on this simple medium. 

The high-temperature radiation inhibition of sporulation was fOlL."ld 

to be confined to the large-spored Dematiaceous fungi used in this study. 

Alternaria, $temphylium, Helminthosporium, and HeterQspQrium exhibited 

the phenomenon. However, sporulation of some species of Alternaria and 

HelminthQsporil.llll was not inhibited by the high-temperature light combi

nations used; it is probable that exceptions ,rill be found in Ste~um 

and HeterospQrium as well. 

Sporulation Qf a hyaline mutant of A. tQmato is inhibited by high

temperature radiation in the manner of its parent culture. Thus, the 

melanin pigments, characteristic of the Dematiaceae, are probably not 

directly involved in the sporulation inhibition process. 
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