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Abstract

Listablishment of dual cultures of slash pine (Pinss ellioridi Engelm. var, efliontii) with vegerative
propagules of Fusariom nontliforme var sebglutinans (FMS)was only partially successful, In con-
trast, the response of slash pine callus w FMS culvare Tilvate was significant. The i e selec-
ton for FMS resistance using culture filirate and shash pine callus or plantlets merivs Turther in-
vestigation,
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1 Introduction

In witro dual culture offers a controlled and simplified system for studying some host-
pathogen interactions (LEpoivee et al. 1986; MuutkEmans cral. 1986). This technique may
be an efficient wol for developing new crop varieties with enhanced disease resistance
(Buniiz 1979). Interactions between organisms can be examined using sclection agents
such as pathogen propagules, purified or parually purilied phytotoxins and, in some in-
stances, culture filtrates of the pathogen (Tomas and Bockus 1987; Flartvan et al. 1986;
Srermer ct al. 1984). The use of pathogen propagules as a selection agent, although feasi-
ble in some systems where resistance is expressed m witro, is generally difficult because
microbial agents colonize and utilize tssue culture media and overgrow plant cells (Jacom
ctal. 1982),

Dual cultures have been established for several tungi and pine (Pies) host tissues
(Dinkr et al. 1984 Jacont 1982a). The technique depends on the growth medivm sup-
porting growth of both host and pathogen without altering their genetic and/or phys-
iological characteristies (MiLier 19855 Hiue and RyeAces 19435, Environmental condi-
tions and growth medium components, particularly growth regulators, can cause changes
in cellular interactions and reactions to the discase (MicaniEwicz 1987). Growth medium
effects on the host and the pathogen should, therelore, be determined prior to any patho-
gen interaction studies,

Slash pine (P ellroten Engelm. var. elliottii) is an economically significant species which
is highly susceptible wo Fusarim woniliforme Sheld. vav, subglitinaas (FMS) Wollenw. and
Reink. resulting in pitch canker (KeLvey and WitLianms 19825 Kunivan etal. 1978). Dual
cultures of these organisms will permit evaluation of some mechanisms of discase resis-
tance in a controlled environment and uniform host cell wype (Srermier et al, 1984).
Morcover, FMS resistant families of slash pine can be selected for genetic resistance in the
field. Callus culture of slash pine has been achieved by Brown and Lawrencr (1968,
Similar to other Fusarinm spp., FMS can be grown in axenic culture and reproduces by
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condia (Dertucea o al, 19825 Cowe ot al 1973). However, dual cultures of slash pine
callus and TMS are not reported.

The role of woxins in discase induction and/or development is well documented in
imany host-pathogen relationships (Bavs and ‘Tewart 1987 Harrsman ce al. 19863
Lororvie et al, 1986}, Fusarion species produce toxic metabolites in culture (Soven and
Bruck 1987; CoLr et al. 1973), The mechanisms of disease resistance or susceptibiline in
the FMS-pine pathosystem is not fully elucidated. Drivcea ecal. (1982) tested the
phytotoxicity of extracts from several Fasarieon species, including FMS, grown on corn
and rice substrates. These extracts, although inidating toxicity to chicken and mice
embryvos did not induce dicback or disease symptoms in pine seedlings. In contrast, Sov
and Bruck (1987) reported that culture filorates from four isolates of FMS induced
epinasty, wilting and necrosis of loblolly pine (Pinis taeda L) seedlings. The toxicity of
FMS culture filtrates has not been demonstrated using tissue culture of pine. 2y vitro tech-
niques for selection for disease resistance and subsequent plantlet regeneration have been
demonstrated previously for potate (Mieurrmans et al. 1986), and may be applicable for
FFMS and slash pine.

The objectives of this study were to: 1. assess the influence of media formulation on
single and dual cultures of P elliotir calli with and without FMS, 2. characterize host-
pathogen interactions i eitro, and 3. evaluate growth of calli on media containing FMS
culre filtrate.

2 Material and methods

2.1 Pathogen

Five EMS isolates were used in the experiments: L-01 and L-61 originally were isolated
from loblolly pinesin Craven Country, North Carolina, while the other isolates were ovig-
inally collected from slash pine in North Florida, USA. All isolates were maintained on
Potato Dextrose Agar (PDA) slants and were passed through the host immediatelyv prior
to use ta document pathogenicity following the procedures of Kitrey and Wiktiams
(1982). Fungi were recultured from single spores of each isolate. Pathogenicity of the iso-
lates was tested on 7 1o 12-day-old scedlings grown on modified Gresshoff and Doy (GI)
medium following the procedures of Frampron (1984) and Gressnori and Dov (1972).
A spore suspension (50-100 spores) derived from PDA cultures of fungus was placed on
wounded seedling hypocotyls which were incubated (16-lir photoperiod av 24 £1°C).
Cultures from PDA were used as the source of inoculum for subsequent experiments.

2.2 Host

Slash pine callus cultures were initiated, maintained and propagated using the techniques
of Browson and Dixon (1991) and Brown and Lawrience (1968), Callus cultures were
derived from two half-sib slash pine families. Calli were initated from seedling by pocotvl
tissues collected from Wayne County, GA and Jackson County, MS, USA, respectively:

2.3 Media

Growth of slash pine callus and FMS was assessed on four media: modified Brown
and Lawrence (BL), water agar (WA) (Jacosr 1982a), GD and PDA. The BL medium
was supplemented with 0.23um 6-furfurylaminopurine (kinetin) and +.5um 2,4-
dichlorophenoxy aceue acid (2,4-D) (Brown and Lawrence 1968). Modilied GD
medium was supplemented with 0.0l mglL~" a-napthalene acetic acid (NAA) and
10 mg L1 6-benzylaminopurine (BAP). No supplements were added to the PDA and nu-
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trient deficient medium, WA, The BL and G media were both prepared with and
without 2% sucrose.

The BL medium containing 2% sucrose was used to assess the cffect of sodium
deoxyphenolic acid (sodium salt) on slash pine callus and FMS growth i witro. Sodium
salt was added 1o the BL medium at 0, 1, 10, 100, 200, 400mgl. =L Al media contained
1 % agar, adjusted 1o pl—] .6=5.7, then autoelaved (121 °C), and poured into plastic culture
dishes (100 % 20mm) in 25ml aliquots. All treatments were replicated 10 times and all ex-
periments were repeated at least once,

2.4 Dual cultures of FMS and slash pine callus

Radial growth of FMS in the presence of slash pine calli was evaluated using techniques

maodified from Hirs and Ryracer (1983) and |n.( o1 (1982b). Two callus lines (Georgla
and Mississippi) were established in vitro on modified BL medium supplemented with
kinetin and 2,4-D. After 21 days, fresh weights of callus averaged approsimarely
54 0.5 mg. Propagules of 'MS (isolate S-LG) on BL medium, equivalent in radial diame-

ter, weightand age, were added to culture dishes contamning the ¢ allus, The pine callus aind
EMS plug were p].uLd 50mm apart in the culure dishes. Rndi 1l erowth of FMS was re-
corded after 2, 6, 10, and 14 davs. All treatments were replicated 10 times and the experi-
ment rwice.

Slash pine calli were grown on BL medium suppicnwntud with kinetin and 2,4-D for
approximately 3 weeks as deseribed. A spore suspension of I'MS (isolate $-1.G) was pre-
pared from a l-week-old culure on PDA medium and adjusted 1o approximately 1 10%
microconidia per ml. One microliter (50-100 microconidia per loop) of the inoculum was
placed on 50 = 5mg of the callus. Twenty replicates of the dual culture were establ lished
and fungus growth and colonization were observed for 7 days. Callus tissue was fived m
FAA, dchvdmlcd in ethyl alcohol and tertiary-butyl alcohol, and embedded in paraffin
for hIst{JIUULRI observations (JENSEN 1962). Ten to 12 wm sections of the callus-FMS
culture were sectioned and stained using the periodic actd-Schiff’s Reaction (PAS) tor
starch and glycogen (Jensin 1962).

2.5 Culture filerate production

S-LG and L-61 isolates of FMS were grown on asparagine mediuvm (AM) (Soret and
Bruck 1987) in 250-ml culwre {lasks without shaking. Cultures were established with a
1-ml spore suspension (1% 10% spores ml™ 1) of FMS, Sterile uninoculated AM was used as
acontrol. The liquid cultures were maintained under an 8hr photoperiod using cool white
fluorescent lamps (300pEm =3~ ") at 24 £ 1°C. Filvates of the FMS cultures were har-
vested 1, 3 and 5 weeks after inoculation by filtraton through sterile cheesecloth and
Nalgene lilter units, 0.45 um pore diameter.,

2.6 Callus production and testing

The test media contained culture filtrates of FMS mixed with modified Bl medium ina
50:50 ratio. The medium was prepared using previously described procedures {Section
2.3). Calli (approximately 25 = 5mg) ol both families were placed on the test medium (BL
medium with $-LG culture filtrate aged 1, 3 and 5 weeks). Both autaclaved and non-auto-
claved culture filtrates were tested, The cultures were incubated under controlled environ-
mental conditions described in Section 2.5 for 4 weeks. Fresh weights of the colonies were
used to compare callus from the medium with and withour culture filtrates of the two
isolates. Browning and necrosis of ealli were assessed. Treatments were replicated 15
times.
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2.7 Statistical analysis

Data were subjected o analvsis of variance. Treanment means were evaluared using 1un-

L

s multiple range test where applicable (Stieen and Towrrire 1980).

3 Results

3.1 Callus growth

Zo1 vitro cultures of slash pine callus were established on BL medium supplemented with
2.4-D, kinetin and sucrose (Table 1) The GD, WA and PDA media did not support the
arowth of slash pine callus. T the absence of sucrose as a carbon source, no media sup-
ported continued eallus growth, Browning or necrosis of the calli became apparent atrer
about a week. By the third and fourth week all calli on sucrose-Tree media were dead.

Table I In vitro growth of two half-sib families of P clliottii callus after 30 days. and I'M$
colony diameter and growth index after 7 days onsix culture media

LI PO FTITE .l N \\'l‘l' IR elor | Y |
i Irefli .f.:i: la ...n ]\__ IAlS colony u}} Loy _Tm__ mn ) s N el
GA MS L.-0l | el | osta T s sl lgrowthindex
BL -+ sucrose A+ + REL 3ob 10b i7h i7h 33
Bl = sucrose — - 6Ya 72a 754 752 70a 2
G 4 sucrose — — 554 S6ab Gla 6 (2a 3
GID = sucrose - - Slab 60a [P 654 Bla 3
WA — sucrose - i a3a fGla G4 Gda 6a 2
PIYA — sucrose — — G724 74a 74a 75a 7 4

GA = Georgia family. MS = Mississippi fanuly.
Growih of callus was indicated as + (callus remained green and growth not inhibited)

or — (browning, necrosis and inlbitdon of growth).

I'MS mveelial growih index was rated as {ollows: | = poor, complete mhibition of radial
srowth, 2 = fair, mycelial growth thin and sporulation sparse, 3 = moderate to good, thick
myveelial growth with slight inhibition of vadial growth, and sporulation moderately abun-

dant, and 4 = abundant, myveckial growih thick and no inhibition of radial groweh, sporula-

ton abundant. ) N
Means followed by a commaon letter are not significanty ditferent by Duncan’s multiple

range test (1P = 0.05).

3.2 Fungus growth

Allmedia, with or without a carbon source, supported the growth of FMS (Table 1), How-
ever, FMS radial growth and myeclial densiey (as observed with 20 to 40X magnitication)

d

itfered with media. Mycelial diameter growth was greatest on PDA and poorest on the

BL medium. The addition of sucrose reduced the growth of TMS on BL media. Sporula-
tion of FMS occurred on all media.

3.3 Dual cultures of callus and pathogen

Advanced establishment of stash pine callus on BL medium reduced the radial growth of
FMS (Table 2). Callus cultures of the Georgia family limited FMS growth after 14 days.

I

issippt family. De-

MS growth was not signficanty reduced by the callus from the M

creased 'MS mvecelial density occurred near the callus and myeelial growth was relatively

d

ense in cultures containing the Georgia callus line (data not shown),
When established simultancously, FMS colonized slash pine calli 3-3 days following
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Table 2. In vitro colony diameter growth (mm) of FMS (isolate $-LG) in the presence of
P. clliottii. Callus lines were established for 21 days on BL medium before inoculation
with FM$

HEEE —
I Colony Diameter (days}
P etlior family LT 8 S A | [ A e e e
I 2 s | 13 | B}
Georgia 16a 32a 442 56D
Mississippi l6a 3la 39a 65ab
control {(no callus) 62 352 48a 76a
Means within a column sharing a commen letter are not significantly different by Duncan’s
multiple range wst (I = 0.05). !

inoculation (data not shown). Calli from the Georgia and Mississippi [amilics did not
differ in the amount of fungus colonization. Histological examination revealed extensive
mycelial growth external to the pine cells, but no evidence of intracellular penctration by
Fungal hyphae was observe. No cell necrosis was observed in dual culture of the host and

pathogen.
3.4 Responsc of callus and FMS to sodium salt

The addition of sodium deoxyphenolic acid to BL media reduced or limited the growth ot
slash pine calli (Table 3). The Mississippi callus line was sensitive 1o sodium salt concentra-
tion as low as I mg L', whereas the Georgia family tolerated sodium sale at 10mgL~ L
Radial diameter growth of 2 IMS isolates (L-01 and $-M) was not significantly reduced.
Isolate S-LG tolerated 200mg L1 sale whereas L-61 and S-W tolerated 100mg L.~ " salt
without significant reductions in colony growth.

Table 3. In vitro growth of P. elliottii callus [rom two families after 30 days, and colony dia-

meter of 5 FMS isolates after 7 days on Brown and Lawrence (BL) medium containing 2%
sucrose and amended with sodium deoxyphenolic acid
Sodinm deoxyphenolic 1 elliotsii family! _'_H\'mf_"]“_‘]!f' \!i_:‘_'“_"l*"' f“"E} |
acid concentration (mg/l.) GhA M L-at i L6 T 510 Sw l $ M
g +2 4+ 38a 4la 432 42a 4la
I + - kL 51 I8ab 41ab 3bab 36a
10 + - 30a 35ab 40ab 36ab 36a
100 = = 30a 33ab 37ab 32ab 34a
200 - 30a 30b 35ab 30b 34a
400 - - 30a 31b 33b Ib 33a

b GA = Georgia family. MS = Mississippi family.

2 Callus tissue green with active cell division (+) or brown with no groweh (=)

Y Means within a column sharing a common letter are not significandy different by Duncan’s
muliiple range test (P = 0.05).

3.5 Callus response to FMS culture filtrate

The callus cultures from the Georgia and Mississippi provenances responded differently
to the culture filtrates of the two FMS isolates (Table 4). After 4 weeks, the L-61 TTMS
isolate reduced callus growth of the Georgia family relative to the control (AM medium
without FMS), and the S-LG isolate significantly reduced callus growth of the Mississippi
family. Callus response to autoclaved and non-autoclaved culture filrare was the same.
Browning and necrosis of callus ranged from 50-85 % and 75-95 %, for the Georgia and
Mississippi families, respectively (data not shown).
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Table 4. Fresh weight (mg) of P. elliottii callus from two families after 4 weeks on Brown and
Lawrence (BL) medium amended with FMS filtrates from two differing fungal isolates. Age
of filtrate was 3 weeks, The asparagene medium (AM) was used for the control treatment

FMSisolates

P ethiotd 1 . . S N R A e
oty S-LG ] L-ol Control
Georgia 97.2ab! 69.3b 124.5a
Mississippl 18.7b 28 lab 36.2a

a common letter are not significantly different by

T Means within a row (family) sharingac
Duncan’s multple range test (P = 0.05).

Table 5. Fresh weight (mg) of I clliottii callus from two families after 4 weeks on Brown and
Lawrence (BL) medium amended with FMS (iselate 5-1.G) culture filtrates ages 1,3,
and 5 weeks

Culture age (weeks)

Pellioreii family

| 3 | 5
Georgia 87.3a' 21.8b 25.8h
Mississippi 26.9a 21.6ab 18.7b

b Means within a raw (family) sharing a common letter are notsignificantly different by

Dhuncan’s multiple range tese (P = 0.05).

The age of FMS culture filerate significantly influenced the fresh weight of slash pine
callus culture (Table 5). Filtrates of FMS isolate S-LG, 5 weeks of age, reduced callus
weights in both pine families. The callus growth reduction was most pronounced in the
Georgia family, where growth was reduced with both 3 and 5-weck-old FMS filtrates.

4 Discussion

The nutritional requirements of slash pine callus and FMS on culture media differed sig-
nificantly. Jn witro cultures of slash pine calli require inorganic salts, specific ammonia:nit-
rate ratio, vitamins and a carbon source (BrowN and Lawrence 1968). In contrast, FMS
grew well and rcpl‘oduccd on most of the basal media evaluated. The approximate 50 %
inhibition of FMS growth by 2% sucrose in the BL medium suggests the carbon itrogen
ratio was inadequate. Jacont et al. (1982a) suggested a higher concentration of nitrogen
was inhibitory to colonization of Cronartium fusiforme Hedg. and Hunt ex Cumm. of
loblolly pine callus. It 1s not known if the nitrogen content or the growth factor levels
were inhibitory to FMS growth. No reduction of FMS growth occurred on the GDI
medium containing sucrose. The relationship of sucrose to other constituents in the BL
medium and inhibitory clfect on EMS growth remain to be elucidated.

Inhibition of FMS mycelial growth in dual culture with £ efliottii callus indicated sub-
stance(s) inhibitory to the fungus is extruded into the medium., In dual cultures of C.
fusiforme and loblolly pine callus on GD media, a bioassay test of callus washes revealed
the presence of an inhibitory factor that restricted radial growth of calonies of C. fusiforme
(Jacomr 1982a). His and Rypacek (1983) observed a reduction in the colony growth of
the wood-destroying fungus, Phacolus schweinitzii (Fr.) Pat. when dual cultures with
several pine species were cultured on modified Murashigi and Skoog medium and mod-
ified White’s vitamins, They suggested that the defense reaction of callus cultures to P
schweinitzii could indicate the degree of the resistance to the wood-destroying fungus.

The GD, WA and PDA media did not support dual cultures of slash pine calli and
FMS. GD medium with kinetin and 2,4-D significantly reduced the growth of loblolly
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pine (£ taeda L) and C. fusiforme (Jacon 19822). Micrniewicz (1987) showed varying
ellects ol indole-3-acetic acid, gibberellic acid, kinetin, abscisic acid, and Lthrel on myee-
lial growth, sporulation and germination of Fusarum endmorem (WG, Sm.). He con-
cluded thae there was no correlation between the pathogenicity of 2 adimoron isolates to
wheat (Friticean ) seedlings and exogenous growth regulators,

Histological examination revealed FMS did not colonize slash pine. In contrast, FMS
colonized and penetrated tissue and cells of inoculated seedlings. 'The ditferenual response
of calli and organized tissue to 'MS suggests a biochemical rather than morphologiceal
defense mechanism. Similarly, Jacout (1982 b) found that loblolly pine callus was resistant
both to cell penetration and intercellular growth by C. fusifornze. Diner ctal. (1984) re-
ported western white pine (2 monticola Dougl.) cell cultures developed a hypersensitve
response to C. ribicola in witvo.

One of the dilficulties of i vitro dual culture is the rapid overgrowth of plant cells by
the fungus (Jacout et al. 19822). Evaluation ol slash pine callus reaction to the pathogen
was difficult in this study because of the rapid growth of IFMS. In an attempt to slow the
colonization of T'MS of slash pine callus, sodium deoxyphenolic acid, an anionic biologi-
cal detergent was added o BL medium. Depending upon the fungal isolate, this agent was
slightly inhibitory to fungal growth at approximately 200 1o 400mg L~ L However, those
levels were detrimental to slash pine eallus. Thus, the potential benelit of using this sub-
stance Tor screening i eitro cultures of FMS and slash pine is limited. Preliminary assess-
ments of the eficctiveness of other fungistatic agents, such as Benlate and mycostatin,
proved to be equally ineffective in dual cultures of 'MS and slash pine (dawa not shown).

Autoclaved and non-autoclaved culwure filtrates of TMS inhibited slash pine callus
growth m witro. The response of calli from vwo slash pine famibies o the toxic medium was
markedly different. Callus growth of the Georgia family was robust after four wecks in
the medium containing culture filerate. Alternatively, the Mississippi lamily consistently
showed decline in cell growth, and roxic effects of the filtrate were manifested by the ap-
pearance of necrotic colonies. Soven and Bruck (1987) suggested thar mycotoxins may
mduce dichack symptoms in loblolly pine. Qur results support this hypothesis, burt the
identity of the toxic metabolite(s) produced by FMS have not been determined, The sus-
pected FMS toxic agent(s) are heat tolerant (121°C)-and could pass through a 0.45pum
filter, STERMER ctal. (1984) demonstrated that toxins produced by Hypoxylon mannnation
(Wahl.y Miller are significant determinants in canker discase development of Populus tre-
miloides.

Summary

T witra growth of Fusariuns soniliforme vav, subgltinans (EMS) and slash pine (Pinws elliotta
Engelm. var, elljocnd) calll were evaluated on four media: modified Brown and Lawrence (BL)
Gresshotf and Doy (GD), potato dexurose agar {PDA), and water agar (WA). Callus biomass on
Bl and GD media was significantly greater compared to PDA or WA after 30 days. Radial
srowth and sporulation of FMS occurred on all media rested after 21 days. Slash pine calli and
FFMS were established in a dual culture on BL medium. Callus of slash pine i|1]l1)ibitml yadial
growth of FMS in dual culture. Propagules of FMS rapidly colonized callus tissues but no intra-
cellular penetration of calli by fungal hyphac was observed. Sodium deoxyphenolic acid, '.ldld_cd
to dual culture media, slowed PMS eolonization ol calli. The sodiom salt (200mg L™ signibic:
antly reduced mycelial growth of FMS and slash pine callus in dual culture on BL media, Calli
derived from two slash pine Tamilies were subjected to FMS culiure filorate. Significant filtrate
LOXICILY Lo callus growth was abserved for both famibies, Moreover, :;iguii'ic:‘mL dil'l'urcnu.‘f
between familics to toxicity of different FMS isolates were observed. Callus symproms of FMS
{iltrate toxieity were cell browning and necrosis. The suspected FMS toxin appears o be a heat
wlerant molecule smaller than 0.45 wm.,
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Résumé
Tutenaction in witro cntre Pecsarsan monedéfurmne wan sieboglatinnans ec des ads de Pinns elliorii

La croissance ar vitro de Fomodiforsiee var, subelietinans (FMS) et celle de cals de P elliortii ont éie
cvaluces sur quatre milicux: Browa et Lawrence modidie (BLJ, Gressholff et Doy (G}, PDA ot
cau gélosde (WA La biomasse des cals sur BL et GD cticsigmificativement plus grande aprés 30
jours. La croissance radiale et la sporulation de FMS avaiont licu sur tous les milicus en 21 jours.
Les eals et FFMS ont die implantes en culoure double sure BL. Les cals inhibaient Ia crofssance
radiale de FMS. Les propagules des TMS colonistient rapidement les cals muis avcune pénérra-
tion intracellulaive par les hyphes n'a éwe observee, Uacide désoxyphénolic de sodivm, ajoute au
milicy, relenussaic b colonisation des cals. Ce sel (200 mgl= "y réduisaic signilicativement L crois-
sance mycclienne de FMS et eelle des cals en cultures doubles sur BL. Loy cals issus de deusx
familles de pins oot ére soumis 2 des Hloras de cultare de FMS. Une toxicite signif
de lacroissance des cals o ¢té abservée dans Tes deus eas. De plus, des différences signibicatives
entre les deus famibles pour Lo toxicité des filurats de différenes isolats de FMS, ont et observees,
Les symptomes draient le brumssement des cellules et la néerose. La toxine supposée de FMS
apparait core une molécuie thermotolérant intéricure 4 0,45 pm,

imibicanve vis-a-viy

Zusammen{assu ng

tivatro Wivt-Parhogen Weehselaikin gen con Priws ellfottss read Fusavivens mondiforne car subglie-
tiediis

Dhas Wachstam von Fusarien sonilifornre var, subelicinans (FMS) and Kallus von Povs efliortii
Engelm. var efliorss worde auf vier verschiedenen Medien getester: modifiziertes Medium nach
Brown und Lawrence (BLY Mediuvm von Gresshotl und Day {(GD), Karwoffeldextroseagar
(MDA und Wasseragar (WA). Die Biomasse von Rallus aul BL und GD war nach 30 Tagen signifi-
kant grofer als auf PDA oder WA, FMS-Kulturen, die nach 21 Tagen begutachtet wuarden, 7o
ten fiealle vier Medien radiales Wachstum und Sporulation. Kallus und FMS wurden in Dualkul-
tur anl BL Medium angerogen. Der Kallus hemmte das radiale Wachstum von FMS. Konidien
von 'MS besicdelren den Kallus sehe vaschy es wurden jedoch keine intrazelluliren H ‘phen be-
shachter. Zugabe von Natriumdesoxyphenolsiure zum Medium verlangsamre die siedlung
von Kallus durch FMS. Das Nawriumsalz (200 mgl =) reduzierte das Wachstum des Pilves und
des Kallus in Dualkulturen auf BL signitikant. Kallus von zwel verschiedenen Klonen von Pires
ellrotesi var, effiecd wurden Kulturfiltraten von FMS ausgesctzr, Dieses wirkte toxisch auf die
Kalli beider Klone, Die roxische Wirkung der Kulwirfilrate aut den Kallus veigte sich in Form
von Verbriunungen und Nekrosen. Zwischen den beiden Klonen wurden cudem signifikance
Unterschiede hinsichtdich ihrer Reaktion aut Filieate von verschiedenen FMS Isolaten festge-
stellt. Das FMS Toxin schemt hivzebestindig zu sein und weist cinen Molekildurchmesser von
weniger als 0,45 pm aul,
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