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Abstract .  The rate  of g rowth  of 5 species of whi te-rot  fungt on an  agar  medium with  ad- 
dit ions of  h u m u s  acids was  used for assessing the abil i ty of these ftmgl to utilize humus  acids as  
a sole source of  nu t r l tmn.  D~fferenees In tho effect of  the  va rmus  f rae tmns  of  h u m u s  acids a n d  
their concentra tmns,  as well as in the rcactmn of the fungi tested were observed. Dur ing  the 
growth,  loss of  colour of agar  med~a with h u m u s  acids was observed. Ac t lw ty  of laecase m the 
discoloured areas was  h~ghest 

Literary data on the ability of microorganisms to utilize humus acids as 
sources of nutrition are varied. Whereas some authors ascribe this ability to 
a broad spectrum of microorganisms (NIKITIN 1961, VOLKOVA 1961 and 
others), other authors (like VI~OGgADSKY 1952) restrict it to a specific micro- 
flora. Experiments with lower fungi (AzEKSAND~OVA 1953, FLAIG and 
SC•MIDT 1957, KUD~I~A 1961), with higher fungi (SuNDMAN et al. 1964), 
actinomycetes (Sc~ozCWALDEi~ 1958, VOLKOVA 1961) and bacteria (K~gsTER 
1950, NIKITI~ 1960, MgYS~A 1966) showed that humus acids can be utilized 
by these organisms as the principal source of nutrition only to a limited 
extent. 

The present study is devoted to the growth of white-rot fungi on media 
containing different concentrations of humic acid, hymatomelanic acid, fulvic 
acid and residual substances. Simultaneously, the production of lacease was 
examined. I t  is probably that this enzyme takes part under certain conditions 
in the decomposition and synthesis of humus like substances (TROJA- 
NOWSK~ 1962, SCHX~fiL 1962). 
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Fig. 3. 
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Fig. 1--4.  Dependence  of  t he  g rowth  ra tes  of  Gtereum h i r s u t u m  - -  - -  - - ,  I n o n o t u s  h ~ p i d u . s  
- - . - - . - - . .  Pleurotu .s  oatreatus , T r a m e t e s  g ibbosa  - - . . . - -  a n d  Trame te~  
h i r s u t a  , on the  concent ra t ion  of  humic  acid (1), hyma tome lan i c  acid  (2), 
fulvic-acid (3) and  the  residual subs tances  (4). Abscissa:  a m o u n t  of  h u m u s  acids 
in mgfl;  ordinate :  g rowth  ra te  m ~ of  control .  
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Material  and Methods  

For the experiments we used the white-rot fungi Stereum hirsutuqn 
(WrLL]).) G~Av, Inonotus hispid~s (BULL.) KARST~, Pleuro~us ostreatus 
(JAcQ.) Fl~Iws, Traqnetes gibbosa (PEI~S.) F~IEs, Traqnete8 hirsuta (W•LF.) 
P ~ . T ,  from the collection of pure cultures of wood-rotting fungi of the 
Laboratory of Plant Physiology, J. E. Purkyn~ University, Brno. 

The humus acids, i.e. humie, hymatomelanic, and fulvic acids and the re- 
sidual substances were isolated from beech wood (decomposed in vivo by the 
cellulose-digesting fungus Fomes marginatus) according to the procedure of 
TIcH~ (1961). 

The white-rot fungi were grown on 3% gqueous agar with additions of 
individual humus acids in concentrations of 1, 5, 10, 25, 50, 100, 200, 300, 
400, 500 and 600 rag/1. The pH value of the nutrient medium was between 6.5 
and 6.8. Petri dishes with the nutrient medium were inoculated by a square 
inoeulum of the fungi tested which was removed from a marginal part of a 
colony grown on 3% malt agar; 3% aqueous agar served as control. All the 
fungi were grown at their optimal temperatures: Stereum hirsutum and 
Pleurotus ostreatus at 25 ~ C, Inonot~s hispidus, Traqnetes gibbosa and Trametes 
hirsuta at 28 ~ C. The growth of the individual cultures was examined only 
after the fourth transfer on the corresponding medium. Beginning with the 
third day of cultivation, the increment of every culture in mm was registered 
daily for ten days. Each experimental variant was run in three replicates. 
From the values obtained the growth rate of the individual cultures in/~m, h -1 
was calculated. 

After a 13-day growth of the fungi on the media tested an oxidase test 
according to TICH~ and KLABANOV.~ (1962) was carried out. 

Resul t s  and Di scuss ion  

The values of growth rates of the white-rot fungi studied differed depend- 
ing on the type of acid employed and on its concentration. The differences 
depend on the fungus species (Table 1). To compare mutually the growth 
rates of the individual fungi, they were referred to the control represented by 
3% aqueous agar medium (Fig. 1--4). A positive effect of most concentra- 
tions of humus acid fractions was found with Pleurotus ostreatus, Stereum 
hirsutuqn and Inonotus hispidus. An insignificant effect could be observed 
with Traqnetes gibbosa while with Traqnete8 hirsuta the effect was rather one  
of inhibition. 

The curves of dependence of the biological effect of humus acids on their 
concentration rarely follow typical toxicity curves. The stimulation phase is 
generally rather broad and passes over to a gentle inhibitory effect. 

In the course of a 13-day cultivation of fungi on media with additions of 
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Table 1 
Growth rates of white-rot fungi in jum/h 

Concentration of humus acids in mg/l -  x 

Fungus 1 5 10 25 50 100 200 300 400 500 600 

~ HU 450 333 391 400 350 279 300 394 587 347 333 
HY 412 225 266 345 385 425 462 591 512 433 408 

~ FU 420 470 471 387 345 400 421 438 478 233 232 
Re 418 400 437 458 475 460 454 479 312 279 242 

~ HU 200 261 250 273 308 300 304 321 362 320 225 
HY 200 283 291 340 375 357 258 295 390 358 247 

"~ FU 215 210 291 312 279 300 383 341 295 266 244 
~ Re 291 310 300 302 317 361 341 352 312 206 262 

i ~  HU 425 333 271 416 441 429 462 525 679 766 812 
HY 407 383 429 400 379 404 375 479 500 666 358 
FU 415 420 425 504 529 566 660 521 500 441 343 
Re 579 320 250 431 500 528 500 483 390 387 550 

~ HU 433 450 466 490 500 550 504 383 325 304 309 
~ HY 557 408 462 420 504 525 577 541 533 530 466 
~ FU 423 420 441 479 512 591 745 654 612 445 445 

�9 ~ Re 354 342 332 424 511 537 600 616 587 500 512 

HU 375 341 395 550 390 371 270 258 200 226 200 
~ HY 395 321 371 887 400 415 395 340 325 331 321 

FU 231 268 295 350 333 366 550 500 458 311 375 
~ Re 270 312 210 270 311 395 402 512 412 395 408 

HU = Humm acid, HY = hymatemelamc acid, FU ~ fulvic-acid, Re = residual substances 
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Fig. 5. Types of discoloration of an agar medium with additions of humus acids (series A) and 
types of guaiacol tests (serms B) with Stereum hirsu tum (1), Inonotus k/sp/dus (2), Pleu .  
rotus os~reatu~ (3), Trametes g~bbosa (4) and T~ametes h~rsuta (5). 
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humus acids a loss of colour of the medium was observed five or six days 
after inoculation (in the case of humic and hymatomelanic acids) or seven to 
eight days after inoculation (in the case of fulvic acids and of the residual 
substances). 

On the basis of evaluating an average of 180 plates for each fungus the 
nature of the eolour loss could be estimated. Agar media with humus acids 
were discoloured always in the same fashion for a given fungus species. Stereum 
hirsutum discoloured the area below the growing myeelium and 30--40 mm 
around the fungus colony (Fig. 5, A1). A similar situation was obtained 
with Pleurotus ostreatus (Fig. 5, A3). The nutrient  medium with a growing 
mycelium of Inonotus hispidus was discoloured in the form of a ring near 
the edge of the mycelium (Fig. 5, A2), with Trametes hirsuta there were 
colourless spots and streaks (Fig. 5, A5), with Trametes gibbosa the nutrient  
medium below and in front of the growing mycelium was discoloured 
(Fig. 5, A4). 

The loss of colour of humus acids due to the action of various microorga- 
nisms is usually considered as indirect an evidence of their decomposition 
(THIELE and ANI)ERSO~ 1953, BUI~GES and LATTER 1960, MISHUST~r and 
NIKIWIN 1961, FEDOI~OV and ILu 1963). The finding that  the loss of 
colour of humus acids is an oxidative process (Hu~ST and BURGES 1967) 
permits us to evaluate to a certain extent  the discolouration of the nutr ient  
medium in our experiments in connection with the results of oxidase tests. 
In places where the medium was discoloured, the oxidase test  was highly 
positive, the act ivi ty  of laccase was highest (Fig. 5, series B). One can thus 
assume a certain relationship between the loss of eolour of humus acids and 
laccase act ivi ty  which is excreted by  the white-rot fungi into the medium 
and represents one of the important  components of oxidation-reduction en- 
zyme systems. 
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Kyseliny huminovh, hymatomelanov~, fulvokyselina a zbytkov6 l~tky, p~edstavujiei jedin~ 
zdroj v ~ i v y ,  ovlivhovaly v6tw positivn6 rfmt lignivornfch hub Pleurotus ostreatus, Stereum 
hirsutura a Inonogus hispistus, nevz~razn6 pfisobity na rfist Trametes g~bbosa a spi~e inhibiSn6 na 
rdst  Trametes hirsuta B6hem r6stu hub se eharaktermtmky pro ka~dou houbu odbarvovalo m6- 
dium s pHdavky humnsov~ch kysclm. V mlstech odbarveni byla zj~w nejvy~fil akttvita 
lakkt~sy. 

MAPTA TECAP~I~OBA, JI. CXAHETI, BoTau~eeuH~ HHCTIITyT q C A H ,  Bpno,  JIa6opaTopaa 
(~3HOJIOrHa K aHaTOMIIH pacreHHfi ynaBepcnTeTa Ha. H. E. YIypunHbe, BpHO: FyMnHOnbIe 
RHe~IOTM RaIr H{~TOqHHR HHTaHHH ~JIH HerOTOpbIX rpHfoa  BI~I31dBaIOH~HX 6eaym rHHJIb 
~peBecHHbI. - -  Biol. P lant .  10 : t 3 5 - - 1 4 t ,  t968. 

FyMnaoBaa, rn~mTOMe~aHoBaa rHCaOTU, ~yZbBOKHe~OTa a OCTaTO~, ~ aaqecT~e e~na- 
CTBeHHOrO IICTO'tHIII<a IIHTaHIIfl, BFIHgJIH B 60~bm~HCTVe cayqaeB riO2IO~HTeJII, HO Ha poet  
rpH6ov v u a u B a m n ~ x  5e~ym rH~a~ ~lpeBecHHu Pleurotus  ostreatus, S tereum h~rsuturn 
r~ Inonotus  htspidus,  He r/Me~n He OqeH1, ~upameuHoe n~H~Hrre Ha pOeT Trametes g~bbosa 
H c~opee TopMoan~H poe t  Trarnetes hirsuta. Be BpeMa pocwa r pnSoB npoHcxo~Hao oSecn- 
Re~nBaHne araponofi cpe~hr c PyMHHOBBIMH KHC~OTaMH CHOCOOOM~ xapaawepa~rr~ ~Iaa OT- 
2(eJIbHbIX BITI~OB. S MecTax o6ect(BeqHBaH~ff ycTaHoB~eHa Han6o~r~maa aKTHBHOCTb ~aKKaaM. 


