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Summary 

A study wa s made of the pigment-synthesis and sporulat ion of Aspergillus 
repent, Pénicillium notatum and Pénicillium purpurogemtm on 

1. Czapck-Dox, 

2. Czapek-Dox supplemented with microelements , 

3. potato agar , and 

4. modif ied Czapck-Dox 

culture med ia , i l luminated with white , blue, green, orange-ye l low, red and 
periodic l ight, or in the da rk . 

1. The exper imental results showed that Pénicillium notatum does not 
exhibit photosensit ivity. The pigmentat ion and sporulat ion of Pénicillium pur-
pnrogenum and Aspergillus repens a re s ignif icant ly inhibited by blue light, and 
to a lesser extent by green and orange-ye l low light, whi le they a r e enhanced 
by red l ight and by darkness compared to the white light control. 

2. The sporulation of Pénicillium notatum and Aspergillus repens a r e 
de l ayed by blue light, acce lerated by the da rk , and unaffected by green, orange-
ye l low and red lights compared to the wh i te control. There is no d i f ference 
for Pénicillium purporogenum. 

3. In red i l luminat ion and in the dark the length of the conidiophores of 
Aspergillus repens decreases. 

4. The v i ta l i ty of the spores from the younger zones of the colony is 
greater than that of the spores in the o lder zones. 

5 . A s regards the culture medium effects, Zn de lays the pigmentat ion and 
sporulat ion in al l three species, most strongly in Pénicillium purpurogenum, and 
least in Aspergillus repens. 

6. The zonation is inhibited by the presence of Cu in the cul ture med ium, 
and enhanced by that of Mn. Zn apparent ly p iays no role in the deve lopment 
of the zonation. 

7 . Wi th regard to the nitrogen sources, the species studied ut i l ize best the 
N H 4 + , less wel l the N 0 3 — , and s lowest of a l l the nitrogen of urea . 

* Part and thesis from the diploma-paper of Miss MÁRIA TÓTH. 
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Introduction 

It is genera l ly character ist ic of the entire vege tab le k ingdom that the 
reproduct ive organs are more richly p igmented than the vege ta t ive organs . 
In the higher-order plants the var ied d isp lay of colours of the f lowers is 
provided by the anthocyanins, the var ious f l avone der iva t ives and the carotc-
noids. Colonies of sporulat ing fungi are just as rich in colour, and d i f fe rent l y 
p igmented from the mycel ium. The question ar ises of whether there is a 
correlat ion between the ind iv idua l stages of the sporulat ion, the colour contents 
of the pigments and their intensit ies . It has long been known that a who le 
series of pigments can be found in the var ious fungi . Howeve r , f a r less is 
known of the var ied forms of the pigments or of their physiological roles than , 
for example , in the higher-order plants, in spite of the fact that many papers 
have been published on this theme (BESSEY, 1 9 0 4 ; CARLILE, 1 9 6 5 ; EBERHARD 
et a l . , 1 9 6 1 ; NARASIMHACHARI, 1963) . Even less in known of the connection 
between the appearance of the pigments and the sprorulat ion, which also just i f ies 
the study of these prohlems. 

The strains of the genera Aspergillus and Penicillium se lected for the 
exper iments are noted for being rapidly and eas i ly cu l t iva ted , for the ir abun-
dant sporulat ion, and for their var i ab ly coloured pigments . On the basis of 
these three aspects, pre l iminary experiments on 10 Penicillium and 2 0 Asper-
gillus strains led to the selection of the fo l lowing spec ies : 

In accordance with the a ims of the exper iment , a s tudy wa s made o f : 

a) T h e effects exerted on the sporulat ion and the p igmentat ion accom-
pany ing the sporulat ion by culture media d i f fer ing essent ia l ly from each other 
in composition. 

b) The effects exerted on the sporulat ion and pigmentat ion by the indi-
v idua l monochromatic light regions for strains cu l t iva ted on the same cul ture 
medium. 

c) The intensity of the sporulation in both cases, i .e. a s a funct ion of the 
cul ture med ium and the light. Our results were then compared with previous 
l i terature f indings . 

The real i ty of the problem raised is supported by a number of l i t e ra ture 
f indings . Neurospora crassa conidium never contains carotinoid if it grows in 
the dark , but l ight promotes carotinoid synthesis in the mycel ium (ZALOKAU, 
1954 ) .A numher of l i terature d a t a indicate that the photo-effect also depends on 
compos i t ion of the cu l tu r e m e d i u m (CARLILE, 1 9 6 5 ; MUNTANJOLA et a l . , 1 9 6 8 ) . 
For example , when Penicillium clavigerum is cul t ivated on mal t a g a r it is insen-
s i t ive to l ight, and grows wi th the same intensity in l ight or da rknes s ; however , 
in 12-hour i l luminat ion da i l y on Czapek a g a r the rate of growth remains the 
same, whereas in 24-hour i l luminat ion it decreases . On the other hand , Penicil-

* The numbers in brackets dennte the strain cultures maintained in the Viticultural and 
Oenoiogical Research Institute. 

Penicillium purpurogenuni 

Penicillium not a turn 

Aspergillus re pens 

( 7 8 7 ) * 

( 1 9 0 ) 

( - ) 
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Hum claviforme requires l ight at the beginning of its development , until the 
mycei ia have a t ta ined a length of some mm, but a f te r this it becomes, apparently-
insensit ive to the i l luminat ion (CARLILE, 1965) . In contrast, Penicillium isartforme 
is sensit ive to light throughout its ent ire l i fe (CARLILE et a l . , 1962) . These 
examples show that even species belonging to the same genus react in totally-
different ways to l ight, a t t imes depending on their state of deve lopment , at 
others on the composit ion of the culture med ium; thus, the sensit iv i ty or insen-
s i t iv i ty of the species to l ight can not be correlated with the kinship. It is 
unfortunate that extremely few l i tera ture da ta can be found with regard to the 
effects of l ight and cul ture medium on the sporulat ion. In the present paper 
new approaches are made and new re lat ionships are sought, and hence there 
a r c few possibi l i t ies to compare our results with l i terature da ta . 

Not only the pigmentat ion, but a l so the sporulat ion is af fected by the 
nature of the light and the composition of the culture medium. The deve-
lopment, presence and absence of the fruit bodies, the spores and the conidia 
can be affected by l ight, whi le in addi t ion their form and d i f ferent ia t ion too 
depend on the i l luminat ion. Aspergillus aureolatus grows wel l in an appropr ia te 
nutrient medium in the da rk , and the sporulat ion too is max imum, whereas 
in light the conidia l formation is poorer (MUNTANJOLA et a l . , 1 9 6 8 ; CARLILE, 
1962). It must be ment ioned, however , that the da ta of papers dea l ing with 
sporulation and light condit ions are not only d i f ferent , but in many cases 
contradictory, and thus it is at present not possible to g ive a uniform picture 
of th i s que s t i on . S e v e r a l a u t h o r s (FRIEDERICKSEN and ENGEL, 3 9 6 0 ; LUKENS, 
1963 ; MOHR, 1961 ) have stressed that sporulat ion is affected only by the 
short-wave region, the longer waves being ineffect ive . 

The aim our studies is to a t tempt to decide between these contradictory 
da t a , and to provide extra informat ion in this he ld of plant physiology, which 
in many respects is stil l unknown. It is assumed that the pigmentat ion is a 
fundamenta l factor, which inf luences not only the sporulat ion, but also the 
morphogenesis of the fung i . 

Materials and Methods 

1. E x p e r i m e n t a l o b j e c t s 

The species and strains used in the experiment were made available by the National 
V it ¡cultural and Oenological Research Institute. They were maintained on potato agar culture 
medium in test-tubes, under a protective layer of paraffin oil, and always these accurately 
determined strains were used in the transoeulations for multiplication. 

The following culture media were used to study the effects of the media: 
a. C/apek—-Dux solid culture medium, to which the sugar was added only before 

the final sterilization. 
b. Czapek—Dox solid eulture medium supplemented with microelements in the following 

four variations: 
(1) Basal nutrient medium (a) — MnS0 4 0 .0025 g 
(2) Basal nutrient medium (a) ZnS04 0.0025 g 
(3) Basal nutrient medium (a) + C u S 0 4 • 5H.O 0.0025 g 
(4) Basel nutrient medium (a) + MnSO« 0.001 g 

+ Z n S 0 4 0,001 g 
+ CuSOj 0.001 g 
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c. Potato agar culture medium (SZALAI and FRENYO. 1962) . 
d. Modified Czapek—Don culture medium in three variations, containing 3 g (NH<);SOj. 

3 g NHjNOs or 3 g urea in place of NaNOj as source of nitrogen. 

The culture media were freshly prepared, and after adjustment to the appropriate pH 
30 mi of culture medium was poured into Petri dishes 10 cm in diameter. 

After sterilization the culture media were stored for 3 — 1 days in thermostats at room 
temperature, and only those were used for inoculation which remained sterile. Under the 
usual sterile conditions, in feet ion-free cultures were attained in 80®» of the transoculations. 

3. C u l t u r a l p r o c e d u r e (incubation) 

The cultural conditions were varied according to the aims of the experiment. The cul-
tures were placed in thermostats, kept in the dark, and developed at 26—28 °C (+ 0 .2 °C). 
In order to study the effect of light, the cultures were placed in a climatic chamber the 
temperature of which was 22—23 °C (±1"C). 

The climatic chamber could he illuminated with light eoriched in monochromatic light by 
the use of exchangeable white, red, orange-red. green and blue discharge tubes. 

4. S t u d y m e t h o d s 

The pigmentation and sporulation in the cultures were observed for 12 days following 
the transnculation. 

Data recorded included the number, dimeosions aod development of the pigmentation 
of the concentric rings (zonation). 

The development of the sporulation was followed in part with the naked eye, and in 
part by cytoscope, and was supplemented with microscopic measurements. For the exact per-
formance of the measurements a squashed preparation was formed in the usual way (SAKKANY 
and SZALAI, 1966) . and the diameters of the spores, the lenjnhs and diameters of the conidio-
phores and the diameters of the vesicles were measured with an ocular microscope. 

Experimental results and observations 

One a im of the work was to determine the changes induced in the spo-
rulation of the fungi by the composition of the cul ture medium and the nature 
of the l ight. Attent ion wa s paid to : 

a ) the beginning and course of the pigmentat ion of the myce l ium; 
b) the t ime and course of the sporulat ion; 
c) the structure of the zones formed dur ing the sporulat ion. 

The pigmentat ion of Penicillinm purpurogenum on Czapek-Dox a g a r in x-arious 
monochromatic l ights 

1. In whi te l ight the pigmentat ion of the mycel ium begins v is ib ly on the 
lower s ide of the cul ture medium on the f i f th day , and proceeds e l l ipt ica l ly 
outwards . The mycel ia l mass is wine- ted in colour, and the pigment d i f fus ing 
out into the culture medium is a v iv id purple . The sporulat ion begins in the 
centre of the colony on the eighth day and proceeds ou twards in rings, and on 
the tenth day the entire colony is sporulat ing (Tab le 1). T h e zonation (F ig . 1) 
is not de f in i t e ( it is indist inct) , and proceeding au twa rd s fromt the cent re : 
dark grey (0 .6 cm) — greenish-grey (1.5 cm — light brown (0.5 cm) grey ish-
brown (0 .6 cm), 

2. In blue l ight the p igmentat ion in the mycel ium begins on the sixth d a y , 
but the character ist ic purple colour develops more s lowly than in wh i te l ight. 
Only an extremely small amount of pigment d i f fuses out of the myce l ium into 
the culture medium, and therefore this is a pa le pink colour. The sporulat ion 
in blue l ight begins only on the tenth day (Tab le 1) . The sporulat ion is accom-
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panied by zonation (Fig. 1). Seven 2oncs develop: dark grey (0.2 cm) -*• brow-
nish-grey (0.3 cm) black (0.3 cm) — brownish-grey (0.4 cm) — dark grey 
(0.6 cm) — brownish-grey (0.3 cm) — light grey (0.3 cm). 

3. In green light the pigmentation in the mycelium begins on the fifth day , 
with a vivid purple colour. The diffusion out of the pigment into the culture 
medium is less significant than in white light, but stronger than in the culture 
grown in blue light. The sporulation begins on the ninth day (Table 1). Ring 
formation occurs (Fig, 2), and four zones develop: dark grey (0,6 cm) — 
brownish-black (0.7 cm) -»• grey (0.8 cm) -* greenish-grey (0.9 cm). 

4. In orange-red light the pigmentation in the mycelium begins on the fifth 
day with a wine-red colour, which diffuses out abundantly into the culture 
medium. The sporulation begins on the ninth day , the zonation is insignificant 
and the colour differences and zone boundaries arc not marked (Table 1). 
There are four zones (Fig. 1 ) : dark grey (0.5 cm) grey (0.8 cm) — dark 
grey (0.9 cm) — grey (0.8 cm). 

Table 1. Zonation, pigmentation and sporulation of Pénicillium purpiirogennm in different 
monochromatic lights 

Light 
Number of 

zones 

Day on which phenomenon begins 
Light 

Number of 
zones Pigmentation Sporulation 

White 4 5 8 
Blue 7 6 10 
Green i 5 9 
Orange 1 5 9 
Red i 5 8 
Dark 3 5 7 
Periodic 12 fl 9 

5. In red light the pigmentation of the mycelium begins on the fifth day , 
and pigments diffuse out into the culture medium. The sporulation begins on 
the eighth dayr, i.e. ear l ier than in cultures i l luminated with other monochro-
matic lights (Table 1), The zonation during the sporulation is weak (Fig 2). 
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Four zones deve lop : greenish-grey (0.7 cm) — brownish-grey ( 0 . 6 cm) -*• dark 
grey (0 .9 cm) -**• brownish-grey (0 .9 cm). 

6, The pigmentat ion in the mycel ium of a colony grown in the da rk begins 
on the f i f th day , and d i f fuses out very intensively into the cul ture medium. 
The sporulat ion begins on the seventh day , i .e. the ear l iest of a l l (Tab l e 1) . 
Three very weak l y developed zones a r e formed, with indist inct boundar ies 
(Fig . 1 ) : brownish-grev (3.1 cm) — light brown (0.2 cm) brownish-grey 
(0.3 cm) . 

7. In per iodic i l luminat ion the p igmentat ion of the mycel ium begins on 
the sixth day , and resembles the phenomena seen in wh i t e l ight. The sporu-
lation begins on the ninth day (Table 1), the zonation is intense (F ig . 1), and 
there a re 12 zones: brown (0.2 cm) — grey (0.2 cm) — brown (0 .2 c m ) - * 
l ight brown (0.2 cm) — greyish-brown (0 .2 cm) — light brown (0 .2 cm) — 
brown (0.2 cm) — greenish-grey (0.2 cm) — da rk grey (0.2 cm) — greenish-
grey (0 .2 cm) — light brown (0.2 cm) — grey (0 .2 cm) . 

Pigmentat ion in Pénicillium purpurogenum in constant wh i te l ight on 
cul ture media of var ious compositions 

1, On a Czapek-Dox aga r culture medium containing Mn the p igmentat ion 
of the mycel ium is a l ready s ignif icant on the f i f th d a y ; the colour is w ine- red , 
but only the orange-yel low colour-component d i f fuses out into the cul ture 
med ium. The sporulat ion begins on the eight day . The ring format ion is very 
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Figure 2. Effect of composition of cultorc media oo the formation of the sporulation ring» 

sharp (Tab le 2) , with nine zones (Fig. 2 ) : grey (0.2 cm) greenish-grey 
(0.3 cm) -*• brown (0.4 cm) greenish-grey (0.3 cm) brown (0 .4 cm) 
grev (0 .3 cm) — brown (0.4 cm) -» l ight brown (0.2 cm) — brown (0.5 cm) . 

2 . On a Czapek-Dox aga r culture medium containing Zn a v iv id purple 
p igmentat ion of the mycel ium appears on the seventh d a y , and a purp le colour 
also d i f fuses out into the culture medium. The sporulat ion can be observed 
only on the tenth day (Table 2) . Five sharply separated zones can be dis t ingui-
shed in the sporulat ion (Fig . 2 ) : grey (0 .2 cm) — light brown (0.3 cm) — 
brownish-grey (0 .5 cm) ~ pink (0.2 cm) — grey (0.6 cm) . 

3. On a Czapek-Dox a g a r culture medium containing Cu the p igmentat ion 
in the mycel ium appears on the f i f th day . A very strong purple colour d i f fuses 
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out into the culture medium. The sprouiation appears on the eight d a y ; rings 
a r e not formed (Tab le 2 ) , but a colour difference develops on the sporulat ion 
surface, and violet-brown spots appear in the brownish-grey conidial f ie ld 
(Fig- 2) . 

4. On a Czapek-Dox aga r culture medium containing Zn, Mn and Cu 
the pigmentat ion appeared on the f i f th day , and the sporulat ion on the eighth 
d a y . The sporulat ion exhibits a strong zonation, but the strong zonation effect 
of the culture medium containing only Mn is not a t t a ined . There a te seven 
rings (Fig, 2 ) : greyish-brown (0.3 cm) — brown (0.3 cm) — grey (0.4 cm) 
— brown (0.5 cm) — brownish-violet (0 .5 cm) — grey (0 .6 cm) brownish-
grey (0 .6 cm), 

5. On potato agar culture media the ye l lowish-red pigmentat ion of the 
mycel ium can be observed on the sixth d a y (Tab le 2 ) , the culture medium 
becoming pa l e red. Three zones deve lop ; greenish-grey (1 .0 cm) ligth brown 
(0 .2 cm) — greenish-grey (0.2 cm). 

Table 2. Zonation, pigmentation and sporulation of Pénicillium purpurogenum on various 
culture media containing microelements 

Culture medium 
Number of Day on which phenomenon begins 

Culture medium 
zoncï Pigmentation Sporulation 

Czapek (K) 4 S 8 
Czapek + Mn 9 5 8 
Czapek + Zn 5 7 10 
Czapc't " Cu 2 5 8 
Czapek + Mn Zn + Cu 7 5 B 
Po:at:> agir 3 Ii 9 

The pigmentation of P en tc i l l turn not a turn on 
C z a p e k - D o x a g a r i n v a r i o u s m o n o c h r o m a t i c l i g h t s 

1. In whi te light the pigmentat ion of the myce l ium can be observed on 
the third d a y ; a pale ye l low pigment is synthet ized, which diffuses into the 
culture medium. The sporulation begins on the f i f th day (Table 3) . Five rings 
develop in the sporulation (Fig, 1 ) : ye l low (1 .2 cm) — brownish-grey (0.3 cm) 
— light brown (0.3 cm) — dark brown (0.5 cm) —• grey ish-ye l low (0.6 cm) . 

2. In monochromatic light the orange-ye l low pigmentat ion of the mycelium 
begins in every case on the third d a y ; a lemon-yel low pigment migrates out of 
this into the nutrient medium. The sporulat ion begins on the fifth day , with 
a ye l lowish-grey colour, and separates into three zones (Fig . 1) . The greyish-
yel low conidia l f ie ld ( 3 , 2 - 3 . 5 cm) can be found at the centre, fol lowed by 
a l ight brown ring (0 .3 cm), and f inal ly by a brownish-grcv zone (0.8 em) 
(Table 3). 

3. In the dark the pigmentat ion of the mycel ium is a l ready very intense 
on the third day , and a very concentrated orange-ye l low mater ia l d i f fuses out 
of the mycel ium inti the culture medium. The sporulat ion appears on the f i f th 
day , and three zones develop (Fig . 1), the colours of which are the same as 
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those of the cultures i l luminated with monochromatic light. At the centre there 
is a greyish-yel low zone 3 .2 -3 ,4 cm in diameter , surrounded by a 0.3 cm thick 
light brown ring, with outside this a 0,8 cm thick brownish-grey ring (Table 3). 

Table 3. Zonation. pigmentation and sporulation of Penicillium notation in various lights 

Light 
Number of 

zones 

Day on which phenomenon begins 
Light 

Number of 
zones Pigmentation Sporulation 

White 5 3 5 
Blue 3 3 5 
Green 3 3 5 
Orange 3 3 5 
Red 3 3 5 
Dark 3 3 5 
Periodic 8 4 6 

4. In periodic i l lumination the pigmentation begins on the fourth day , and 
a lemon-yellow pigment diffuses out of the orange-yel low mycelial mass into 
the culture medium (Table 3). The sporulation begins on the sixth day , and 
well separated zones develop in the conidial f ie ld . There are 8 zones (Fig, 1) : 
l ight brown (1.0 cm) —- brown (0.2 cm) dark brown (0.2 cm) — sreyish-
brown (0.4 cm) — light brown (0.2 cm) — bluish-grey (0.3 cm). 

P i g m e n t a t i o n a n d s p o r u l a t i o n o f P e n i c i l l i u m 

n o t at u m i n c o n s t a n t w h i t e l i g h t o n c u l t u r e 

m e d i a o f v a r i o u s c o m p o s i t i o n s 

1. On Czapek agar culture medium containing Mn the pigmentation can 
be well observed on the third d a y ; this is orange-yel low, and a lemon-yellow 
material diffuses out of it into the culture medium. The sporulation begins on 
the fifth day (Table 4), and 11 zones develop (Fig. 2 ) : light brown (0.2 cm) 
— orange-yellow (0.3 cm) — greyish-yel low (0.2 cm) — brownish-yel low 
(0.2 cm) — light brown (0.2 cm) — brown (0.3 cm) — greyish-yel low (0.2 
cm) — light brown (0.2 cm) brown (0.4 cm) — greyish-yel low (0.3 cm) 
— grey (0.3 cm), 

2. On Czapek agar containing Zn the pigment appears in the mycelium 
on the fourth day , and an orange-yellow pigment diffuses out into the culture 
medium. The sporulation begins on the sixth day (Table 4) , and three zones 
develop in the conidial field (Fig, 2 ) : greyish-yel low (1.6 cm) light brown 
(0.3 cm) —bluish grey (0.4 cm), 

3. On a Czapek agar culture medium containing Cu the orange-yel low 
pigmentation of the mycelium can be observed on the third day , and this dif-
fuses out into the culture medium. The sporulation appears on the f ifth day 
(Table 4 ) . There is no zonation in the conidial f ield (Fig. 2) , the entire colony 
being a homogeneous yel lowish-grey. 

4. On a Czapek-Dox agar culture medium containing Cu, Mn and Zn the 
pigmentation begins in the mycelium on the third day . The colony is orange-
yel low, but the pigment diffusing out into the culture medium is light ye l low. 
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5. On potato agar culture medium in white light the pigmentation in the 
mycelium begins only on the fifth day , and is organe-yel low in colour. The 
speculation too is later, appearing only on the seventh day (Table 4) . The 
centre of the colony is greyish-yel low (1.3 cm), fol lowed by a 0.4 cm wide 
light brown ring, with f inal ly a 0 .3 cm grey zone (Fig. 2) . 

Table 4. Zonation, pigmentation and sporulation of Pénicillium notatum on various culture media 

Culturc medium 
Number of 

zones 

Day on which phenomenon begins 

Pigmentation , Sporulation 

Czapek (control) 5 3 5 
Czapek + Mn II 3 5 
Czapek + Zn 3 4 6 
Czapek + Cu — 3 5 
Czapek 4- Mn + Zn + Cu 11 3 5 
Potato agar 3 5 7 

P i g m e n t a t i o n a n d s p o r u l a t i o n o f A s p e r g i l l u s 
tepens o n C z a p e k - D o x a g a r i n v a r i o u s 

m o n o c h r o m a t i c l i g h t s 

1. In wrhite light the mycelium produces yellowish-green pigments, and 
a light green pigment diffuses out into the culture medium. Pigmentation can 
be observed on the fifth day , and sporulation on the seventh day (Table 5). 
The conidial f ield is a uniform green and there is no zonation (Fig. 1). 

2. In blue light the pigmentation in the mycelium begins on the sixth day ; 
this is yellowish-green and diffuses out Into the culture medium. The sporu-
lation begins only on the ninth day (Table 5). There is no zonation (Fig. 1), 
and the conidial f ield is a v iv id green colour. 

Table 5. Zonation. pigmentation and spotulation of Aspergillus rrpens in various lights 

Light Number of 

zones 

Day on which phenomenon begins Light Number of 

zones Pigmentation Sporulation 

White 5 7 
Blue — 0 0 
G reen — 5 n 

Orange — 5 7 
fted — 5 7 
Dark — 4 S 
Periodic 7 6 H 

3. In green light the mycelium is yel lowish-green, and the pigmentation 
begins on the fifth day . A light green pigment diffuses out into the culture 
medium. The sporulation can be observed beginning from the eighth day 
(Tahle 5), the conidial f ield is green, and there is no zonation (Fig. 1). 
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4. In orange-red light the colour of the mycel ium is ye l lowish-green ; the 
pigmentat ion begins on the f i f th d a y (Tab le 5) . A light green pigment d i f fu se s 
out into the culture medium. The sporulation begins on the seventh d a y ; there 
is no zonation (Fig . I) , and the conidial f i e ld is green. 

5. In red light the myce l ium is ye l lowish-green and a l ight green pigment 
d iffuses out into the culture medium. The pigmentat ion of the myce l ium begins 
on the fifth day , and the sporulat ion on the seventh day (Table 5 ) . The spore 
mass is g reen ; there is no zonation (Fig . 1). 

6. In the dark the myce l ium is ye l lowish-green, the p igmentat ion beg inning 
on the fourth d a y (Table 5) . Sporulation can be observed on the sixth d a y . 
The colour of the spores is d a rk g reen ; there is no zonation (Fig . I ) . 

7. In periodic i l luminat ion a ye l lowish-green pigment is synthet ized in 
the mycel ium, and d i f fuses out into the culture medium. The p igmentat ion can 
be observed on the sixth day , and the sporulat ion on the eighth d a y (Tab l e 5 ) . 
Zonation occurs dur ing the sporulat ion, and seven zones deve lop (F ig . 1 ) : d a rk 
green (0 .2 cm) — light green (0.3 cm) ye l lowish-green (0.3 cm) — d a r k 
green (0.4 cm) — light green (0.2 cm) — yel lowish green (0.2 cm) —- da rk 
green (0.2 cm). 

P i g m e n t a t i o n a n d s p o r u l a t i o n o f A s p e r g i l l u s 

r e p e n s i n c o n s t a n t w h i t e l i g h t o n c u l t u r e 

m e d i a o f v a r i o u s c o m p o s i t i o n s 

1. On Czapek a g a r cul ture medium containing Mn the myce l ium is brow-
nish-yel lowish-grecn. The pigmentat ion begins on the f i f th day . Pigment docs 
not d i f fu se out of the mycel ium into the nutrient med ium. The sporulat ion can 
be observed from the seventh day (Table 4 ) , and dur ing the sporulat ion there 
is zonation (F ig . 2): brownish-green (0.3 cm) — ycl lowis-grcen (0.8 cm) — 
green (0.4 cm) brownish-green (0 ,4 cm), i .e. four d i f ferent zones. 

Table 6. Zonat ion, pip mentation and sporulation of Aspergillus re pens on different culture media 

Culture medium Number of Day on which phenomenon begins Culture medium 

zones Pigmentation Sporulation 

Czapek (control) 5 7 
Czapek — Mn 4 5 7 
Czapek + Zn — 5 7 
Czapek + Cu — 5 7 
Czapek — Mn " Zn + Cu 4 5 7 
Potato agar — 6 B 

2. On Czapek-Dox aga r culture medium containing Zn the colour of the 
mycel ium is brownish-yel lowlsh-green. The pigmentat ion begins on the f i f th 
day , and an orange-vcl lowish-green pigment d i f fuses out into the cul ture me-
dium. The sporulat ion can be observed from the seventh day (Tab le 6 ) ; it is 
greyish-green in colour, and there is no zonation (Fig . 3 ) . 

3, On Czapek aga r culture medium containing Cu the mycel ium in wh i te 
l ight is brownish-green. The pigmentat ion begins on the f i f th d a y . A brownish-
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green pigment diffuses out into the culture medium, hut it is of a l ighter 
shade than that of the mycelium. The sporulation can be observed on the 
seventh day (Table 6 ) ; its colour is green, and no zonation can be dist ingui-
shed (Fig. 3 ) . 

4. On Czapek agar culture medium containing Cu, Zn and Mn the pig-
mentation of the mycelium begins on the fifth day . A brownish-yellowish-green 
colour develops, which does not diffuse out into the culture medium. The 
sporulation can be observed from the seventh day (Table 6 ) ; zonation is weak , 
and the boundaries of the zones are indistinct (Fig. 2 ) : brownish-green (0.3 cm) 

yel lowish green (0.9 cm) green (0.4 cm) — brownish-green (0.5 cm). 
5. On potato agar culture medium the colour of the mycelium is brownish-

green. Synthetization of the pigments begins on the sixth day . A light yel lowish-
green pigment diffuses out into the culture medium. The sporulation appears 
only on the eighth day , and the spore mass has a brownish-green colour 
(Table 6). 

Morphogenetie cffects of the nitrogen sources 

Since it was observed during our experiments that the presence of the 
different microelements in the culture medium frequently gave rise to essential 
colour modifications, the question arose of whether a similar role is also played 
by the macroelements forming the culture medium. By variat ion of the N-sour-
ces, an attempt was made to answer this question. Literature data were found 
that the fungi do not util ize nitrogen bound in different forms to the same 
extent (UBRIZSY and VÖRÖS, 1968) , but no indication was given as to the 
effects of these on pigmentation and sporulation. Cultures were therefore grown 
on various culture medium combinations in which the NaNO ; t of the Czapek 
culture medium was replaced by (NHJ)2SO.,, NH,NO ;I and urea. 

Our assumption was not completely groundless, for as can be seen from 
Table 7 the individual N-sources have different effects from the points of 
view of pigmentation and sporulation. 

Table 7. Effects of various N-sources on the beginning of pigmentation and sporulation 

N-sou rte 

Day on which phenomenon begins 

N-sou rte Pigmentation Sporulation N-sou rte 

Asp. rep. P. notât. 
„ 
P. purpur. Asp. rep. P. notât. P, purpun. 

N.1NO3 control 6 5 6 3 6 8 
(NH4)->SOJ 3 4 5 6 5 7 
NHJNOS 4 4 5 6 5 7 
Urea 12 11 10 13 13 13 

V i t a l i t y o f t h e s p o r e s t a k e n f r o m d i f f e r e n t 

z o n e s , o n t h e b a s i s o f t h e i n t e n s i t y 

o f g e r m i n a t i o n 

Although neither the composition of the culture media nor the different 
types of light inhibited the sporulation completely, but merely de layed it, this 
does not mean that spores of the same vital ity developed under all the study 
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condit ions. In order to provide an answer to the above quest ion, test ge rmi -
nations were carr ied out on every culture, and in a few special cases spores 
taken from zones of different colours and d i f fe rent ages at the same t ime were 
germinated and their growths fo l lowed. 

In the f i rst case the cover wa s removed from a ster i le culture in a Petri 
dish, the cul ture was transferred to a steri le new cul ture med ium, and the 
spores made to fall through by tapping the wa l l s of the dish. 

The results of the study confirmed that ge rmina t ive spores deve loped on 
every culture med ium, and in every var ia t ion of monochromatic l ight. 

In the second study it wa s hoped to c l a r i fy which part of the colony is 
the one from which the germinat ive spores or ig inate . The separate examinat ion 
of the zones led to the fol lowing results : 

I . Three rings developed on a colony of PenUillium notation g rown in 
the da rk . The spores from all three rings ge rmina ted , but the rates of germi-
nation were d i f f e r en t ; the parameters involved were the t ime of appea rance 
of the colony, and the rate of increase of the colony d i amete r (1 able 8) . 

Table 8 

Origin of 
the spore 

Diameter (in em) of the colony developing from 
the spore on the 

Ur 2nd 3rd 4th 5th day 

zone 1 0.3 1,2 2.0 
zone 2 — 0.2 0.6 1.6 2.4 
zone 3 — 0.2 0,7 1.7 2.5 

2. There is no zonation on a culture of Penicillium purpurogemon g rown 
on a Czapek-Dox cul ture medium supplemented with Cu, but there are violet-
brown spots in the brownish-grey conidial f i e ld . Spores were taken from both 
sites onto Czapek-Dox culture medium, wi th the results shown in Tab l e 9 ) . 

Table 9 

Origin of Diameter (in cm) of the colony developing from 
the spore the spore oo the 

1st 2nd 3rd 4th 5th day 

violet-brown - 0.2 
brownish-green — 0.1 0 .6 1.5 2.2 

3. A culture of Pénicillium purpurogenum on Czapek-Dox culture medium 
supplemented with Zn grows very weak l y , but 5 zones deve lop dur ing sporu-
lat ion. The germinat ions of the spores or ig inat ing from the d i f fe rent zones 
a r c g iven in Tab le 10. 

4 . The sporulat ion of Aspergillus re pens exhibits zonation only in certain 
cases, for example on Czapek-Dox culture medium supplemented with Mn, 
where 4 zones develop. The germinat ions of the spores or ig inat ing from the 
ind iv idua l zones are shown in Tab le 11. 
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Tsthle 10 

C i g i n of Dinme:er (in cm) of the colony developing from 
tl e spore the spore on the tl e spore 

1st 2nd 3rd 4 t h 5th day 

/one 1 0.2 0.7 
?.;nc 2 — — C.2 0.3 1.2 
zone 3 — — 0.2 0.7 1.2 
z me 4 - — — — — 0.2 
i j n c 5 — 0.4 T- ' I + - 1.2 2.0 

Table 11. 

Origin of DiamcLcr (in cm) of the colony developing from 
die spore the spore tin the 

1st 2nd 3rd 4th 5 th day 

.vine 1 _ _ 0.2 0.6 L.2 

.-;ne 2 — — 0.2 0.7 1.4 
i me 3 — — 0.4 0.9 1.6 
7.me 4 — 0.1 0.3 1.0 1 .8 

M i c r o s c o p i c s t u d y o f t h e m o r p h o g c t i c c h a n g e s 

If the external factors are a l t e red , not only the pigmentat ion and zonation 
but other changes too can occur in the morphogenesis ; these latter arc not 
vis ible with the naked eye , and accordingly the colonies were subjected to a 
thorough microscopic ana lys i s which led to a number of posit ive results. Al-
though s ignif icant d i fferences were not found in the d iameters of the conidio-
spores, the thicknesses of the hvphae, the metulae and the ster igmae, and in 
the sizes of the vesicles, the lengths of the conidiophores of Aspergillus repens 
var ied in a characterist ic way depending on the nature of the light. In the 
dark and in the long wave leng th region, conidiophores general ly 2 5 0 ti in 
length deve loped, whereas in whi te l ight and in the other monochromatic l ights 
the length wa s 3 5 0 - 4 0 0 u . For the other species examined , merely d i f ferences 
depending on the specif ic characterist ics were observed, and the change of 
the external factors had no effect . 

Discussion 

The exper iments led to the f inding that the pigmentat ion and sporulat ion 
of the studied fungi arc physiological processes which can be affected by the 
light and the nutrient. However , the effects do not appear uniformly for the 
ind iv idua l species. 

P h o t o - e f f e c t s 

The pigmentat ion and sporulat ion of the colonics depend on the nature 
of the light. Independently of the nature of the light, the pigmentat ion of 
the mycel ium in Pénicillium notatum is fol lowed 2 days later by the sporula-
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tion ; in Pénicillium purpwogenum and Aspergillus repens there is a 3—4 day 
interval between the pigmentat ion of the myce l ium and the sporulat ion, which 
is the shortest in the dark , and the longest in blue l ight. 

In many respects our results agree with the l i terature da ta . RÂPER et al 
(1953) observed that the deve lopment of the reproduct ive organs in Aspergil-
lus orenalus is inhibited by the l ight, but only blue l ight of short wave leng th 
is effect ive . 

The nature of the photoreceptors is stil l unknown. They were ear l i e r 
considered to be carotinoids, and more recently as r ibof lavin (NARASIMHA-
CHARI, 1963) , and there is a fa i r l y general conception that in the most l ight-
sensit ive fungi this same pigment acts as the photoreceptor of the sporulat ion 
(LUKENS, 1963) . 

T h e formation of the sporulation r ings can also be a f fec ted by photo-
effects. Wi th the exception of periodic i l luminat ion, Aspergillus repens does 
not exhibi t zonation, but here too the per iodic var ia t ion of the tempera ture 
must be reckoned with as the inducing cause (Fig, 1). In the dark Pénicillium 
notât urn forms 3 rings, s imi lar ly as in monochromatic i l luminat ion, wh i l e the 
sporulation zonation is promoted by wh i te l ight. The large number of r ings 
formed in the periodic i l luminat ion can be a t t r ibuted in part to the tempera-
ture changes. In Pénicillium purpura genu m the zonation was enhanced by blue 
l ight, :n contrast with the other two species, where the b lue light wa s ineffec-
t ive in this respect (Fig. 1). 

T h e morphogenetic effect of blue l ight is marked in the deve lopment of 
the length of the Aspergillus repens conidiophore. Wh i l e these are short in 
the da rk or in red light, they at ta in a much greater length in blue l ight. 
S imi la r observations have been made by JONSON and H ALPIN ( 1952 ) . Photo-
morphogenesis was not observed in the other two species. 

C u l t u r e m e d i u m e f f e c t s 

In add i t ion to the light, the composition of the culture medium a lso p lays 
a role in the generat ive development of the fungi . 

Zn inhibits the pigmentat ion and the beginning of the sporulat ion in al l 
three species. The shift in t ime amounted to 3—4 days . The most str iking mic-
roelement effect wa s exhibited in the number of 2ones, in that the presence of 
Mn enhanced the zonation, whereas the presence of Cu decreased it. As regards 
the microelement effect, however , specific d i fferences too we re revea led , because 
Aspergillus repens, for example , in contrast to the other two species, forms 
sporulat ion rings only in the presence of M n (Fig. 2) . This phenomenon can be 
c lass i f ied among the qua l i t a t ive differences as opposed to the quant i t a t ive effects 
of the microelements, such as the fact that, on Czapek-Dox aga r cul ture medium 
in the presence of Mn, Pénicillium notâtum forms twice as many zones as in the 
absence of Mn (Fig, 2). S imi l a r l y , in the case of Pénici l l ium purpurogenum the 
addi t ion of Mn enhances the formation of the rings, and in our exper iments the ir 
number rose from 4 to 9. Th is effect of Mn requires further study, for the num-
ber of rings roughly doubled for the same colony d i ameter (Fig . 2 ) . 

The experiments in which the N-sources in the culture medium were var ied 
led to the result that al l three species ut i l ize NH 4 ~ most quick ly , if the begin-
ning of the colony formation is taken as the basis of the measure of ut i l izat ion. 
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The second placc is occupied by N O j - , and the third by the u r e a -N . The 
uti l ization of the three N-sources outl ined above is confirmed by the beginning 
of pigmentat ion and sporulation too. Our f indings arc in contrast with those 
of U B R I Z S Y and V Ö R Ö S ( 1 9 6 8 ) , according to whom the N of N O : I ~ is prefe-
rential ly uti l ized by the fungi, although we agree with the f inding that the 
uti l ization of NH.,"*" is a process requiring more energy than that for NO^~. 

Li terature da ta confirm that, even though to a restricted extent, the fungi 
utilize organic N—sources too (aminoacids, amides , peptides, proteins and nuc-
leic ac ids ( U B R I Z S Y and V Ö K O S , 1 9 6 8 ) . 

W e observed a new phenomenon in the relation of the zona t i on and spo-
rulat ion: differences appear in the germinat ion of the spores and in the inten-
sity of their g rowth ; the spores originat ing from the peripheral zones exhibit 
a greater v i ta l i ty than the spores in the older zones. 
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