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SUMMARY

Studies were carried out on the effect of auxins {IAA, IAN, IBA, IPrAl, gibberelli

ific Norihwest

*and kin

acid G“\

on the growth of ectomvcorrhizal fungi: Laccaria laccata, Hebeloma crustuliniforme and Rm:opogon

vinicolor. Differences in the effects of planc gr

rowth regulators on mvcorrhizal fungi depended upon the

kind of hormone, its concentration, the kind of fungus and the type of medium {liquid and agar medial.
The influence of GA; on the growth of the fungi studied was not statistically significnnt. Kinetin inhibited
biomass production by Laccaria laccata in a quuid medium. but it did not inhibit the linear growth of this

+acr

fungus on agar medium. Reverse results were observed with Rbiz opogon vinicolor. Auxins did not affect
the UI'OWth of Laccaria laccata but some of them exhibited both inhibirory and stimuiatory effects on the
growrh of Hebeloma crustuliniforme and Rbizopogon vinicolor depending upon the concentration and

type of the medium.

Introduction

Studies initiated by Slankis (Slankis 19350) had shown
that auxins as well as cytokinins are necessarv for the
formation of mycorrhizal strucrures. Auxins added to the
syntheric media inhibited elongation of pine seedlings
roots. The roots became thicker and dichotomically
branched, devoid of root hairs and caps — strucrures
characteristic for the non-mycorrhizal roors (Slankis
1973). Cyrokinins are responsible for the translocation of
carbohydrates to the mycorrhizal roots. They act also indi-
rectly on the activity of auxins (Gogala 1991).

The ability of mycorrhizal fungi to produce plant growth
regulators, mainly auxins and cvrokinins, is well estab-
lished (Rudawska 1982; Gay 1986; Frankenberger and
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Poth 1987; Hanlev and Greene 1987, Ho 19874, b; Gavert
al. 1989; Ka mpert and Strzelezvk 1889, Poi\OISL\'J and
Strzelczvk 1988, I’s assumed that hormones of fungal
origin may rake part in formation and functioning of my-
corrhizae {Gogala 1991 . In the plant root zone there are
also plant growth regulators elaborared t by mxcroorganisms
accompanying mvcorrhiz;P ‘Kamperr and Strzelczvk
198+4; Strzelczvk and Pokojska-Burdzie] 1984 and those
originating from the root exudar

es (Gogala 1991, Lirdle
known about the direct effects of these compounds on
mycorrhizal fungi. Therefore these studies on the effects of
auxins, gibberellic acid and kinetin on the growth of Lac-
caria laccata, Rhizopogon vinicolor and Hebelom,z cris-
tuliniforme — ectomvcorrhizal fungi used in practice as
inoculants in forest nurseries — were performed.
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Materials and methods

Fungt

Three mycorrhizal fungi isolated from ectomycorrhizae of
Douglas-fir al’wudotmm mengies ’i Mirb. Franco': Laccaria lic-
cata '\SLOP. ex Fr.) Berk and Br. {(5-238}. Rhizopogon vinicolor
Smith {7334) and Hebeloma cz'u:m/m:mmu Bull ex St Am.
Quel {76350) were used in this study. The isolates of fungi were
obtained from Dr. C. Y. Li of the U.S. Department of Agriculture,
Forest Service, Pacific Northwest Research Station, Forestry Sci-
ences Laboratory, Corvallis, Oregon, U.S.A,

Effect of plant growth regulators on the growth of

mycorrhizal fungi in liquid medium
Preparation of inoculum

The fungi were grown at 26 °C in Pertri dishes on Potato Dex-
trose Agar (Diteo), Lac. luccata for 7 davs, Rh. vinicolor and H.
crustuliniforme tor 14=21 days. Discs {1 ¢m in diameter’ were cut
from the edges of the mycelium. One disc served as inoculum for
100 ml of the medium in 300 ml Erlenmever flask.

Medium

The hquld medium was Lamb’s solution: 10 g ot glucose, 0.3
of NH,Cl, 0.5 g of MgSO, X 7H-0, 0.5 g of KH.PO., 1 cm
5 ppm Fe solution of FeEDTA, 1 mg of thiamine HCl, 0.0l mgo
biotin per litre of distilled H-O. The medium was ‘adjusted 1o
pH 5.8,

quLd

Plant growth regulators

The sterile media before inoculation were supplemented with
filter sterilized (Millipore 0.45 wm pore size) plant growth reg-
ulators to give the final concentrations: 0.01, 1.0 and 10.0 ug‘ml.
The following plant growth rtegulators were used: indole-3-ace-
ric acid (IAA), Schuchardt; B-indolyvlacetonitrile (IAN?, Sigma; -
3-indolvl-butyric acid {IBA), Roth OHG; indole-3-propionic acid
(IPrA), Schuchardr; gibberellic acid {GA;), Sigma; kinerin, Serva

Fungus culture
Mycorrhizal fungl in the presence of p[:mt Qrowth re%lators

laccata for 14 davs, RA. vinicolor Jnd H. crustuliniforme tor
21days. Five replicates were used for each combinarion. After
incubation the mycelium was removed by filtration and oven-
dried ar 80°C to constant weight.

Data analysis

Data were processed by -factor analysis of variance (Anova’
and the Newman-Keuls test (p = 0.03. Pair comparisons were
also made by a Student’s t-rest {p < 0.05.. Analvsis of data was
carried out using “Stats+" and CSS: Statistica procedures {Stat-
Soft, Tulsa, Oklahoma. USA}.

Effect of plant growth regulators on the growth of
mycorrhizal fungi on solid medium

Culture conditions

Petri dishes with agar Lamb’s medium containing [AA, GA;
and kinetin in three concentrations (0.01, 1.0, 10.0 ug/ml; and

liquid Lamb’s .“edmm are proented in Tab

Plant growth regulators and ectomycorrhizal tung!

control plates were inoculated — in five replicates — with pieces

about 3 mm) of mycelium cur from the young cu
incubated on Potato Dextrose Agar. Evers two Jays within 14
davs of incubation at the temperaturs of 22=2 :C. the diamerer
of Lac. laccara colony was mcasur’d Rhz. vinicelor and H. crus-
tuliniforme were cultured for 21 davs. T“ measurements of the
colony diamerer were started atter S—ia) incut

were taken every two days.

days of u‘.cucmlon and

Dara analysis

At the selected tme poins colony diamerter increments in con-
trol were compared with those of the fungi cultured in the pres-

ence of plant growth hormones, using Student’s t-test tor inde-

pendent samples p < 0.030.

Results

I3

The resulrs of our studies on the effect of plant growth
regularors on biomass production by mycorr hiza' tungi in
es 1-2 and on
tes the dara ;omemmg the effects of
ngi {on

Fig. 1. Figure 2 iliustra
IAA, GA; and kinetin on linear growth of these fun
agar Lamb's medium..

Differences in the effects of plant growth regulators on
mvcorrhizal fungi depending on the kind ot hormone, its
concentration, the kind of fungus and tvpe of medium
were found. None of the fungi st died req,onued signifi-
cantdy on GAj in concentrations 0 1.0 and 10.0 uv'rnl
Table 2, Fig. 1-2".

The effec : of auxins [AA, 14 AN, IBA, [PrA} both on
biomass vield and linear g { lrccata was not

0 ‘control 0.01 i

cr

[AA do.1= 472 3.2= 3T 41, Ga
TAN $1.6= +3a 43.4% 3.8a 15. 2z
BA 2Tz TSa 358z 6.7a 51 Bz
PrA 26.9= 2.5a 3z 6.3a 22 Sa
Raizopogon vinicolos
TA: 3T.3=
[AN 129=
IBA &
IPrA 443z
[AA 28.4=7"35s
IAN 2.1 15.0=8.5a
IBA 149 33.7z6.1a
Pra 244= 20653

are
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Table 2. Effect of GA; and kinetin on biomass production by
ectomycorrhizal tungi in liquid Lamb’s medium {mg of dry myv-
celium/100 ml of the medium % standard ecrort.

Plant Concenrrations ot G.\s and kinetin - ug'ml
growth
regulators O {controll  LOY o (0.0
Laccara acana
GA; 20724 7a 210 T 29T =zeTa 2522 Saa
Kinetin 4792490 196% 423 234z320 2T.Iz loea
Rhizopogon vintcolor
GAs 232263 28.6= b.6a 304= S.ta
kinetin 21.8+3.6 285 9. 2i4=z1ia
Hebeloma crustuliniforme
GAj3 4+4.3%49a 41.0= st
kinetin 31.9+£83a 399+ 11.0a

Note: see Table 1.

observed (Table 1, Fig. 1-2}. However the effect of [AA on
growth of Rh. vinicolor and H. crustiliniforme was noted.
[AA at the highest concentration {10 uo/ml‘* inhibited
significantly the growth of RA. visicolor in liguid medium
(dry mass of mycelium reached in this experimental com-
bination only 36% of the control mycelium. A similar
response was observed in H. crustuliniforme. The linear
growth of both fungi under the influence of the highest
concentration of TAA was inhibited too. However in liquid
medium H. crustuliniforme was inhibited stronger than
Rb. vinicolor (F
H. crustuliniforme with IAA ar concenrration 0.01 ug/ml
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Fig. 2. Effect of plant growth regulactors on linear growth of
mycorrhizal fungi on agar Lamb's medium.
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signiticant stmulation ap-
peared afrer 14 davs of incubarion and lasted to the end of
the cxpcrimsn to the 21st day', Biomass production of
adiniforse in medium supplemented mth the low-
est concentration of [AA was enhanced bur these dam
were not statisticatly significant Table 1, Fig. 1. Besides
HX ot‘wr au\ms did not J”"U the Hom‘bs yicid ot H.

' .
athig GCT concentratons

—

inhibited growth

Kinetin added w0 thu quuid medium independendy ot
the concentrat ion inhibired the biomass producten of
(drv weighs of myveelium reach gd oniv abous
09 as compared to the control t veelium:, Fig. 1. How-
ever the effect of kinerin on the linear growth of this Nn—
gus was not observed. Reverse results were obrained with
RA. vinicolor. This fungus was strongly inhibited by kme-
rin {at concentration 10 ug'ml} on agar medium bur ir did
not respond to this growth regulator in liquid medium.

Discussion

The 'mpor':m e of a"xim, gibberetiins and cvrokinins
in plant growth and development is known. The role of
these substances in microorganisms is not elucidared as
vet. However some microorganisms were found to re-
spond to plant growtt 'egulators aaced to the culture
media Gr uen 1959, Shk dyar 1Q \Ia v pa '
lished concern the effec fu
Saccharomyces, Penici !3 un
review by Gruen 1959
ulators on pathogenic fungi :

was studied too {Armar er al. 1976; K ;

niewicz 1989, Strzelezvk and Reddy 19390, The dawa on

the influence of plant hormones on mytorrhizal tungi are

scarce. Gogala and Pohleven fl9'éj ave shown thar ov-

tokinins prornoted the myeelial growth of Suillus var-
T r

:eo.zm\ and arfected the con
mvcelium of this fungus |
the presence of kinetin th
ectomveorrhizal fungl incre
al. 1978, Gogala {1989,

acid {JA', which is considere
growth regulator. on biomass

iggatus. She found thart JA was {
growth even art rne lowest concentration ‘01 £

m“' 1m'. JA applied rogether with other hormones [kine-
in, TAA, ABA,L G-\, \noww an in nhibitory eifect toc.

I“\ our studies no s
of L.
nored. Such tungi as
also did nort
concentrations
growth of Py
of this ;-.:A:
1981}, Enhan
Rhizocronia
observed 'L\ :
1989, There are no dawa on the intluence of gibberellins
on the growth of mvcorrhizal I
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The effect of kinetin on Luc. laccata and Rh. vinicolor
depended upon the type of medium. Ditferent reactions ot
microorganisms grown in liquid and on agar media with
[AA were described earlier by Gruen {1959, Stimulation
of fungal growth by kinetin was observed more otten than
inhibition {Barea et al. 1974; Armar et al. 1976; Gogala
and Pohleven 1976; Gogala 1989; Reddy and Serzelezvk
1989). Despite the agreement of manv researchers that
optimal concentrations of cvtokinins are stimulatory for
the fungi it is assumed that these compounds are not
necessary for the growth of microorganisms (Greene
1980).

The reactions of the fung! studied on auxins were ditfer-
ent. Stimulation of growth of H. crustulinirorme was
noted at [AA concentration of 0.0 1 ug/ml but inhibition at
10.0 ug IAA/ml. Inhibition of RA. vinicolor growth was
caused not only bv IAA bur also by IBA and IPrA. Lac.
laccata did not respond on any of the auxins used. Our
results are in accordance with earlier observations thar the
effect of plant growth regulators on tungi depends on
manv factors such as the “kind of hormone, its concen-
tration, type of the medium and the tungus species .Gruen
1959; Gogala 1989).

According to the dara obrained from the literature as
well as obrained in this work it can be assumed that aux-
ins, gibberellins and cviokinins do nor plav the role of
hormonal factor in microorganisms.
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