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Abstraet, The rate of growth of 5 species of white-rot fungi on an agar medium with ad-
ditions of humus acids was used for assessing the ability of these fung: to utihze humus acids as
a sole source of nutrition. Differences in the effect of the various fractions of humus acids and
their concentrations, as well as in the reaction of the fungi tested were observed. During the
growth; loss of colour of agar media with humus acids was observed. Activity of laccase in the
discoloured areas was highest

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 ViNoarRADSKY 1952) restrict it to a specific micro-
flora. Experiments with lower fungi (ALEKSANDROVA 1953, Frai¢ and
Scamipt 1957, KubprIiNa 1961), with higher fungi (SuxpMAN et al. 1964),
actinomycetes (SCHONWALDER 1958, VoLEOVA 1961) and bacteria (KURSTER
1950, Nig1TIN 1960, MRYsHA 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 laccase was
examined. It is probably that this enzyme takes part under certain conditions
in the decomposition and synthesis of humus like substances (TrRoja-
NOWSKT 1962, SCHANEL 1962).
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Fig. 1—4. Dependence of the growth rates of Stereum hirsutum — — —, Inonotus hispidus
—.—.—.. Pleurotus ostreatus , Trametes gibbosa —

...— and Trametes
hirsuta — — — —, on the concentration of humic acid (1), hymatomelanic acid (2),
fulvic-acid (3) and the residual substances (4). Abscissa: amount of humus acids
in mgfl; ordinate: growth rate mm % of control.



138 MARTA TESAROVA, L. SCHANEL

Material and Methods

For the experiments we used the white-rot fungi Stereum hirsutum
(WiLLp.) GrAY, Inonotus hispidus (BULL.) KARSTEN, Pleurotus ostreatus
(Jacq.) Frims, Trametes gibbosa (PERS.) FriEs, T'rametes hirsuta (WULF.)
PrrAT, from the collection of pure cultures of wood-rotting fungi of the
Laboratory of Plant Physiology, J. E. Purkyné University, Brno.

The humus acids, i.e. humic, hymatomelanic, and fulvie 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
Ticuy (1961).

The white-rot fungi were grown on 39, aqueous agar with additions of
individual humus acids in concentrations of 1, 5, 10, 25, 50, 100, 200, 300,
400, 500 and 600 mg/l. 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
inoculum 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: Sterewm hirsutum and
Pleurotus ostreatus at 25° C, Inonotus hispidus, Trametes 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 ym . h—1!
was calculated.

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

Results and Discussion

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
39 aqueous agar medium (Fig. 1—4). A positive effect of most concentra-
tions of humus acid fractions was found with Pleurotus ostreatus, Stereum
hirsutum and Inonotus hispidus. An insignificant effect could be observed
with Trametes gibbosa while with T'rametes 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 ymfh

Concentration of humus acids in mg/l-1

Fungus 1 5 10 25 50 100 200 300 400 500 600
g HU 450 333 391 400 350 279 300 394 587 347 333

g 2 HY 412 225 266 345 385 425 462 591 512 433 408
§ 5 FU 420 470 471 387 345 400 421 438 478 233 232
& E Re 418 400 437 458 475 460 464 479 312 279 242

l

HU 200 261 250 273 308 300 304 321 362 320 225
HY 200 283 281 340 375 357 258 295 390 358 247
FU 215 210 291 312 278 300 383 341 205 268 244
Re 291 310 300 302 317 361 341 352 312 206 262

Inonotus
hispidus

HU 4256 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

Pleurotus
ostrateus

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
Re 354 342 332 424 511 637 600 616 587 500 512

Trametes
- gibbosa

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 3956 408

Trametes
hirsuta

HU = Humic scid, HY = hymatomelanic acid, FU = fulvic-acid, Re = residual substances

000 @
0 0e@)

Fig. 5. Types of discoloration of an agar medium with additions of humus acids (series A) and
types of guaiacol tests (series B) with Stereum hirsutum (1), Inonotus hispidus (2), Pleu-
rotus ostreatus (3), Trametes gibbosa (4) and T'rametes hirsuta (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 colour 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 mycelium and 30—40 mm
around the fungus colony (Fig. 5, Al). 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
(TrIELE and ANDERsON 1953, BurcEs and LATTER 1960, MiSHUSTIN and
Nixrrin 1961, Feporov and ILyina 1963). The finding that the loss of
colour of humus acids is an oxidative process (HUursT and BuRraEs 1967)
permits us to evaluate to a certain extent the discolouration of the nutrient
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 activity of laccase was highest (Fig. 5, series B). One can thus
assume a certain relationship between the loss of colour of humus acids and
laccase activity 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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Marta TEsakovA, L ScHANEL, Botanicky ustav CSAV, Brno a — Laboratof fysiologie
a anatomie rostlin University J. E. Purkyné, Brno: Humusové kyseliny jako zdrej vyZivy pro
nékteré lignivorni houby. — Biol. Plant. 10 : 135— 141, 1968.

Kyseliny huminové, hymatomelanovd, fulvokyselina & zbytkové litky, predstavujici jediny
zdroj vyZivy, ovliviiovaly vétSinoun positivnd rist lignivornich hub Pleurotus ostreatus, Stersum
hirsutum 8 Inonotus hispistus, nevyraznd plsobily na riust Trametes gibbosa a spiSe inhibiné na
rist Trametes hirsuta B8hem rustu hub se charakteristicky pro kazdou houbu odbarvovalo mé-

dium s pfidavky humusovych kyselin. V mistech odbarveni byla zjiiténa nejvy$ii aktivita
lakkésy.

Mapra TecapxoBa, JI. Cxanea, Boranmuecknit macruryr YCAH, Bpro, Jlabopatopus
¢m3mosorun m anaromny pacrernmii yamsepcurera uM. fl. E. Ilypxunbe, Bpro: I'ymanoBbIe
KACIOTHI KAaK HMCTOYHMR HNTAHUA A HEKOTOPHIX rpuGoB BRILIBAIOMUX Geayio rHUIb
npesecnnbl. — Biol. Plant. 10 : 135—141, 1968.

F'ymmroBasg, rmMaToMesaHOBasg KHUCJIOTH, (QYILBOKHCIOTA K OCTATOK, B KadecTBe ej(MH-
CTBEHHOIO HCTOYHOKA NWTAHHUA, BIHAIA B GONBUIMHCTBE CJIy9aeB IOJOMXETEJBHO Ha POCT
rpuboB Bo3HIBalomAX Oedyl0o THHAb JApeBecEHH Pleurotus ostreatus, Stereum hirsutum
n Inonotus hispidus, HO IMeM He 0YeHb BHIpA)KeHHOe BiHfSHmMe Ha pocT Trametes gibbosa
H CKOpee TOPMOBWIH poct Trameles hirsuta. Bo Bpems pocta rpuboe npomcxonmio obecn-
BedMBaHME arapoBoil cpefsl ¢ T'YMEHOBBHIMH KHCJIOTAMH CIIOCOOOM, XapaKTepHEIM [JIA OT-
MeNTbHEIX BAZIOB. B MecTax o6ecnBednBaHNA yCTaHOBIeHA HAN00IbIIaA AKTHBHOCTD JIAKKA3HL.



