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Abstract-Sixty-two strains of Gibberella pulicaris (anamorph: Fusarium sambucinum) from diseased plants and from 
soil were tested for tolerance of the furanocoumarin xanthotoxin in vitro. Twenty-one (88%) of the plant-derived 
strains and two (5%) of the soil-derived strains were highly tolerant of xanthotoxin. Sixteen selected strains were tested 
further against 16 furanocoumarins or furanocoumarin precursors. All plant-derived strains tested were highly 
tolerant of and, in most cases, able to completely metabolize all 16 compounds. Most soil-derived strains tested were 
tolerant of furanocoumarin precursors but sensitive to certain furanocoumarins. Linear compounds methoxylated at 
C-8 appeared more toxic than both those unsubstituted and those with longer-chain ethers. Tolerance of angelicin, 
xanthotoxin, pimpinellin and isopimpinellin correlated in large part with their metabolism. All strains that were highly 
virulent on Pastinaca satiua root were tolerant of xanthotoxin, which is corroboration that xanthotoxin is a 
phytoalexin in P. sativa. 

INTRODUCTION 

Furanocoumarins are plant constituents that are charac- 
teristic of the Rutaceae and Umbelliferae but also occur 
widely in members of other plant families [ 1). Although 
furanocoumarins are often present at low levels con- 
stitutively, their concentrations in plant tissues can great- 
ly increase following fungal invasion [2-4]. Their induc- 
tion by fungi and their in vitro fungitoxicity [3,4] are 
evidence that furanocoumarins act as antimicrobial de- 
fence compounds, i.e. phytoalexins, in some plants. As 
plants have evolved phytoalexins that limit fungal growth 
in their tissues, fungi have adapted, in many cases, by 
evolving means to tolerate their hosts’ phytoalexins. The 
ability of plant pathogenic fungi to metabolize, and thus 
detoxify, phytoalexins and the importance of detoxifi- 
cation for pathogenesis have been demonstrated in sev- 
eral systems [S]. Van Etten and coworkers, in particular, 
have shown that high virulence on pea of Nectria haema- 
tococca (anamorph: Fusarium solani) requires the ability 
to metabolize the pea phytoalexin pisatin [6]. 

Gibberella pulicaris (Fr.) Sacc. (anamorph: F. sambu- 
cinum Fuckel) is a cosmopolitan plant parasite and soil 
saprophyte [7]. Our collection contains more than 60 
strains of this fungus which have been obtained from 
diseased tissues of various plants and from soil collected 
in widely separated geographic locations. These strains 
have demonstrated a wide range of natural variation for a 
number of traits that may be relevant to plant patho- 
genicity, including production of trichothecene toxins 
[4,8] and metabolism of the potato phytoalexins lu- 
bumin [9] and rishitin [lo]. The goals of the present 

*Author to whom correspondence should he addressed. 

study were to investigate the toxicity of furanocoumarins 
to field strains of G. pulicaris, to identify structural 
requirements for furanocoumarin toxicity, and to deter- 
mine if furanocoumarin tolerance is related to furano- 
coumarin metabolism and if furanocoumarin tolerance is 
important for a high level of virulence on a furanocou- 
marin-producing plant, Pastinaca satiua (parsnip). 

RESULTS AND DISCUSSION 

Geographic origin, habitat, source and strain number 
for the 62 field strains of G. pulicaris investigated in this 
study are given in Table 1. In order to determine if 
naturally occurring strains differ in tolerance of furano- 
coumarins, all 62 field strains were evaluated for toler- 
ance of the linear furanocoumarin xanthotoxin by meas- 
urement of radial mycelial growth in duplicate plates 
amended at 200 and 400 pg per ml (200 pg per ml data 
shown in Fig. 1; 400 /Ig per ml data not shown). Strains 
with a radial growth rate more than 50% of controls were 
rated as highly tolerant. Neither high tolerance nor high 
sensitivity to furanocoumarins was restricted to strains 
collected from any particular geographic area; high fu- 
ranocoumarin tolerance, however, did appear to be asso- 
ciated with adaptation of fungal strains for plant patho- 
genesis. Twenty-one of 24 strains isolated from diseased 
plant tissue were highly tolerant of xanthotoxin; their 
radial growth was more than 70% that of controls at both 
xanthotoxin concentrations tested. The only xanthotoxin 
sensitive strains in this group were R-110 and R-5920 
from pine and KF-729 from potato. In contrast, only two 
of 38 strains found in soil or soil debris were highly 
tolerant of xanthotoxin. Although there were some differ- 
ences in growth rate among field strains, these differences 
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Fig. 1. The relationship between tolerance of xanthotoxin and 
pathogenicity on P. sativa root of 61 field strains of G. pulicaris. 
Each symbol represents one strain. 0, Plant-derived strains; A, 
soil-derived strains (Table 1, strain A-26512 was not tested for 
pathogenicity). All strains were tested simultaneously for toler- 
ance in duplicate plates containing xanthotoxin at 200 ng per ml 
and were incubated for seven days. Tolerance is expressed as per 
cent of the radial growth of a DMSO-treated control culture. 
Pathogenicity is expressed as grams rotted of three root slices 

(total fr. ca 20 g) by each strain after four days incubation. 
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did not correlate with furanocoumarin tolerance. Adapt- 
ation to toxic plant chemicals has been well-documented 
in Nectria haematococca [6] and in other plant patho- 
genic fungi [S]. Such a strategy could reduce competition 
with other microorganisms and provide a strong selective 
advantage to organisms like G. pulicaris which are plant 
parasites as well as soil saprophytes. 

Structural requirements for furanocoumarin toxicity to 
G. pulicaris were evaluated by measurement of radial 
mycelial growth of 16 strains in duplicate plates. Each 
plate was amended at 200 pg per ml with one of the 16 
furanocoumarins or furanocoumarin precursors shown 
in Fig. 2. The eight plant-derived strains tested, all of 
which were more than 80% tolerant of xanthotoxin 
under these conditions, are given in Table 2. These strains 
were selected to represent the greatest possible biological 
diversity of host plant and geographical location. All 
eight plant-derived strains were highly tolerant (radial 
growth was more than 50% of that of controls) of all 16 
test compounds; means and standard deviations for this 
group of strains against each of the test compounds are 
given in Table 3. The eight soil-derived strains tested, all 
of which were less than 50% tolerant of xanthotoxin at 
200 pg per ml, are given in Table 2. Means and standard 
deviations for this group of strains tested against each of 
the 16 compounds are given in Table 3. All soil-derived 
strains were highly tolerant (radial growth was more than 
50% of that controls) of the three furanocoumarin bio- 
synthetic precursors tested: coumarin, umbelliferone and 
marmesin. Of the four angular furanocoumarins tested, 
angelicin was highly toxic to all eight soil-derived strains, 
isobergapten and pimpinellin were of intermediate toxi- 
city to all of the soil-derived strains, and 6-isopentyl- 
oxyisobergapten was less toxic than its methoxylated 
analogue (Table 3). Of the nine linear furanocoumarins 
tested, C-8 methoxylated compounds were more toxic to 
soil-derived strains than either the unsubstituted com- 
pound psoralen or six substituted compounds with long- 
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Fig. 2. Furanocoumarins and furanocoumarin precursors investigated for fungitoxicity. 
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Table 2. Toxicity of xanthotoxin and angelicin to eight soil strains and eight 
plant strains of Gibberella pulicaris tested in agar culture* 

EDSO (Pdml) 

Source Strain no. Xanthotoxin* Angelicin* 
_____- 

Soil, mixed grasses 
Soil 
Pine nursery soil 
Pasture soil 
Soil debris 
Soil 
Tundra soil 
Soil 

P. siebaldii 
S. tuberosum 
S. tuberosum 
S. mays 
S. tuberosum 
0. aurantica 
Dianthus 
S. tuberosum 

R-4170 
R-5214 
R-5684 
R-5867 
R-7570 
R-7721 
R-7851 
A-26512 

R-583 
R-2882 
R-5389 
R-5455 
R-6380 
R-7715 
R-7843 
NRRL-13707 

200-250 loo-150 
15~200 5ck-100 
150-200 100-150 
25-50 So--100 

150-200 150-200 
15&200 150-200 
150-200 50-100 

so-100 5&100 

>400 
2400 
>400 
>400 
>400 
>4oO 
>400 
>400 

>200 
>200 
>200 
>200 
>200 
2200 
>200 
>200 

*The EDGE was calculated as described in the Experimental in a simultaneous 
test of all 16 strains. The highest concentrations tested were 400 and 200 pg/ml 
for xanthotoxin and angelicin, respectively. For soil strains the numbers given 
are the range of values for duplicate agar cultures. 

Table 3. Furanocoumarin tolerance and metabolism of eight soil strains and eight plant strains of Gibberella pulicaris tested in 
agar culture 

Soil strains Plant strains 

Compound tested 
Tolerance* 
(% control) 

Complete metabolismt 
(no. strains) 

Tolerance* 
(% control) 

Complete metabolismt 
(no. strains) 

I. Furanocoumarin precursors 
Coumarin 
Umbelliferone 
Marmesin 

II. Angular furanocoumarins 
Angelicin 
Isobergapten 
Pimpinellin 
6-Isopentyloxy-isobergapten 

III. Linear furanocoumarins 
Psoralen 
Xanthotoxin 
Isopimpinellin 
Phellopterin 
Bergapten 
Isoimperatorin 
Oxypeucedanin 
Oxypeucedanin hydrate 
Isovaleryl oxypeucedaninhydrate 

80&20 
go+20 
8Ok 10 

lo+ 10 
60+ 10 
50+ 10 
80+20 

70+20 
40+20 
40&-30 
90flO 
go+20 
go+ 10 
70,20 
go+20 
80210 

3 
2 
0 

go+10 6 
100+ 10 7 
90110 6 

8OilO 
8OklO 
80_+ 10 
90& 10 

go+10 
go+10 
80+ IO 
go+10 
9O)lO 
80flO 
90+10 

lOOf 
80110 4 

*Tolerance is expressed as percent of DMSO-treated control culture radial growth rate, mean+s.d. for eight strains, each with 
duplicate plates containing test compounds at 200 pg per ml and incubated for seven days. 

tNumber of strains from the group of eight from which no test compounds were recovered after incubation as above. Assay by 
TLC, detection limit was ca 5 pg recovered from the original 200 pg added. 
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er chain ethers: phellopterin, bergapten, isoimperatorin, 
oxypeucedanin, oxypeucedanin hydrate and isovaleryl 
oxypeucedaninhydrate (Table 3). The mean effective dose 
(EDJ for 50% radial growth inhibition in agar plates for 
each of the 16 strains was determined for xanthotoxin and 
angelicin (Table 2). All plant-derived strains had an ED~,, 
greater than 400 pg/ml (the highest concentration tested) 
for xanthotoxin and greater than 2OOpg per ml (the 
highest concentration tested) for angelicin. The responses 
of the eight soil-derived strains were linear over the 
concentrations tested, and, for these strains, ED~~'S ran- 
ged from 50 to 200 pg per ml for angelicin and from 25 to 
200 pg/ml for xanthotoxin (Table 2). 

Whether furanocoumarin tolerance of G. pulicaris was 
due to furanocoumarin metabolism was investigated by 
measuring amounts of the compounds recovered from the 
tolerance assay plates described above. Recovery of all 16 
test compounds from agar cultures of all 16 strains was 
monitored by thin-layer chromatography (TLC), and 
extracts were scored for the presence or absence (less than 
5 fig recovered from 200 pg added) of each of the 16 
compounds. As shown in Table 3,13 of the 16 compounds 
tested were completely metabolized by at least four of the 
eight plant-derived strains. In contrast, few of the com- 
pounds were completely metabolized by the soil-derived 
strains, with the exceptions of the linear furanocou- 
marins, isoimperatorin and oxypeucedanin which were 
each completely metabolized by seven of the eight strains. 
Metabolism of each of the 16 test compounds by one 
selected plant-derived strain, R-6380, and one selected 
soil-derived strain, R-4170, was investigated in more 
detail by HPLC of the culture extracts. Furanocoumarin 
recoveries from R-4170 were higher than recoveries from 
R-6380 for 10 of the test compounds (including all 
compounds toxic to strain R-4170), equal (nothing re- 
covered) for five compounds, and lower for only one 
compound, oxypeucedanin hydrate. 

Metabolism of the four most fungitoxic furanocou- 
marins by the 16 selected fungal strains was quantitated 
by HPLC of extracts of tolerance assay plates. The 
relationships between tolerance and metabolism of two 
angular furanocoumarins, angelicin and pimpinellin, and 
two linear furanocoumarins, xanthotoxin and isopimpin- 
ellin, are shown in Fig. 3. For each of these four furano- 
coumarins, high levels of tolerance were strongly associ- 
ated with low levels of furanocoumarins recovered. Cor- 
relation coefficients were -0.76, -0.89, -0.88 and 
-0.75 for angelicin, pimpinellin, xanthotoxin and iso- 
pimpinellin, respectively. 

All bioassays in the present study were conducted in 
the dark in an attempt to mimic the natural conditions of 
fungal infection of P. satiua root. Very little is known, 
however, about light-independent effects of furanocou- 
marins in other systems [ 1, 111. For UV light-dependent 
biological activities, structure-toxicity relationships of 
furanocoumarins have been investigated in some detail. 
In the Umbelliferae and Rutaceae, where furanocoumar- 
ins have been most studied, linear furanocoumarins are 
generally more common and more toxic than their angu- 
lar analogues [l]. Among the furanocoumarins in this 
study, however, there were no simple patterns of taxo- 
nomic distribution and toxicity to G. pulicaris. Angelicin 
was much more fungitoxic than its more common linear 
analogue, psoralen; isobergapten was slightly less toxic 
than its linear analogue, xanthotoxin; and pimpinellin 
and isopimpinellin were equal in fungitoxicity. Among 
linear furanocoumarins, there was no relationship be- 
tween frequency of occurrence in plants and fungitoxicity. 
For example, bergapten, which is common, and the three 
oxypeucedanin analogues, which are rare, were all non- 
toxic to all strains tested. Photosensitizing activity has 
been found to decrease with increasing chemical com- 
plexity of the alkyloxy substituent [13], which is similar 
to the results of this study. 

looA::::: -::::,:: :‘--A’::: c 

A a 2 
80 .- 

A Xanthotoxin g Pimpinellin __ 

60 .. 0 O 
C :: 
E! 40.. 0 O .. 

Y 
a 

ZO-- 
s _. 

0 
0 

% cl-- @&O 00 O .. 

s 'oo. A 
T 

Fig. 3. The relationship between furanocoumarin tolerance and furanocoumarin metabolism of Gibberella 
pulicaris strains from diseased plants and from soil. Tolerance was assayed as in Fig. 1. Typical coefficients of 
variation for replicate plates were between 0 and 20%. Recoveries were determined by HPLC (one run) of extracts 
of one of the duplicate cultures. Each per cent recovery was normalized to the recovery from uninoculated control 
plates which was 16Ok 12, 172+ 10, 74&9 and 2OOk 36 (mean &range) for duplicate plates of xanthotoxin, 
angelicin, pimpinellin and isopimpinellin, respectively. Each symbol represents one strain. 0, Plant-derived strains; 

A, soil-derived strains. 
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The furanocoumarin precursors coumarin and umbel- 
liferone have been shown to inhibit growth of a number of 
fungi [l], but were non-toxic to the 16 strains of 
G. pulicaris against which they were tested in this study. 
Complete metabolism of coumarin and umbelliferone 
was apparently not necessary for high tolerance, since 
only two soil-derived strains were able to metabolize all 
added umbelliferone but all soil-derived strains were 
tolerant. In contrast to furanocoumarins, which are 
found only in higher plants, both coumarin and umbelli- 
ferone have been found in a number of fungi and bacteria 
commonly found in soil [l], and might, therefore, be 
present in the environment of soil saprophytic strains of 
G. pulicaris. Marmesin, however, has not been reported to 
occur in lower plants or fungi [l], but was similar to the 
simpler coumarins in its low toxicity to all 16 fungal 
strains tested, although it was not completely meta- 
bolized by any of the eight soil strains. Marmesin was 
previously found to be nontoxic to 30 species of phyto- 
pathogenic fungi against which it was tested [14]. 

Xanthotoxin was previously shown to accumulate to 
high levels of parsnip root following infection with vari- 
ous fungi including Fusarium sporotrichioides [3,4]. It 
was therefore of interest to determine whether xantho- 
toxin accumulated in parsnip root inoculated with G. 
pulicaris. After 24 hr of incubation at 25’ in the dark, a 
dark brown lesion developed under the fungal inoculum 
plug in the central xylem core of the P. satioa root disc. 
Over three or more days further incubation the infected 
area continued to enlarge, gradually extending through- 
out the softer cortex tissue. Furanocoumarins were quan- 
titated by HPLC of ethyl acetate extracts of uninfected 
P. sativa roots and of roots infected by several fungal 
strains. In uninoculated, peeled P. satitla roots, furano- 
coumarin levels were very low; CO.1 pm01 total furano- 
coumarins were found per g of freshly cut roots and 
< 0.5 pmoljg were found after six days incubation under 
sterile conditions. In all infected roots analysed, xantho- 
toxin and angelicin were always present. Concentrations 
of each were as high as 2 /*mol/g total rotted tissue and 
accounted for more than 95% of furanocoumarins detec- 
ted. Other furanocoumarins such as psoralen and be- 
rgapten, which previously have been found in P. saliva 
[15], were either not detected or present at much lower 
levels than xanthotoxin and angelicin under these exper- 
imental conditions. 

The 62 strains of G. pulicaris investigated in this study 
expressed different levels of tolerance to xanthotoxin in 
vitro. In order to investigate the relationship of xantho- 
toxin tolerance to virulence on a xanthotoxin-producing 
host, all the strains were tested for the ability to rot 
P. sativa root discs. As shown in Fig. 1, xanthotoxin- 
tolerant strains caused the highest levels of disease on P. 
satiua root. Several xanthotoxin-tolerant strains were of 
low virulence on P. sativa, which indicates that factors 
other than xanthotoxin tolerance are important for dis- 
ease. The eight highly xanthotoxin-tolerant plant-derived 
strains tested were also highly tolerant of angelicin, the 
other major P. satiua phytoalexin, and of 11 other 
furanocoumarins, which suggests that factors other than 
sensitivity to other furanocoumarins are responsible for 
low virulence of these xanthotoxin-tolerant strains. The 
soil debris-derived strain R-7570 demonstrated high 
(50%) tolerance of xanthotoxin and low (30%) tolerance 
of angelicin (tested at 200 /lg per ml) and was consistently 

of intermediate virulence in repeated tests on P. satiua 
roots (Fig. 1). 

None of the strains of G. pulicaris that were highly 
virulent on P. saliva root were originally isolated from 
diseased P. satiua. Similarly, strains isolated from plants 
that do not produce lubimin or rishitin have been found 
to be tolerant of lubimin and rishitin and virulent on 
potato tubers [9, lo]. Van Etten and coworkers [6] also 
found that many strains of N. haemutococca from host 
plants other than pea, i.e. habitats that do not contain 
pisatin, were tolerant of pisatin, and that some of these 
strains were also virulent on pea. They speculated that 
these strains might have had prior contact with pea or 
that N. haematococca might be broadly adapted to a 
variety of plant hosts. The P. satica virulence of G. 
pulicaris strains from potato. corn and other plants might 
be similarly explained. It should be noted that furano- 
coumarins, unlike pisatin, rishitin or lubimin, are quite 
widespread in higher plants, and have been reported to 
occur in the species, genera, or families of plants from 
which many of the furanocoumarin-tolerant strains in 
this study were isolated; for example. Z. rnu~s and the 
Solanaceae [ 11. 

It has been well-established that some insect herbivores 
can feed successfully and even exclusively on plants 
containing furanocoumarins [ 161, and that some of these 
insects can rapidly metabolize furanocoumarins to non- 
toxic derivatives [I 1. 131. In a few instances, the mechan- 
ism for detoxification is known: oxidative cleavage of the 
furan ring is the major route of psoralen and xanthotoxin 
detoxification by caterpillars of the black swallowtail 
butterfly Papilio polyxenrs [ 11. 133. 0-Demethylation of 
xanthotoxin to xanthotoxol is a more minor pathway in 
P. polyxenes although a major pathway in mammals 
[I 11. Although 0-demerhylation is a phytoalexin 
detoxification mechanism in the genus Fusarium [S], and 
xanthotoxol is nontoxic to strains of G. pulicaris that are 
highly sensitive to xanthotoxin (data not shown), xantho- 
toxol has not been detected in extracts of liquid and agar 
cultures of strains of G. pulicaris that are actively meta- 
bolizing xanthotoxin. Further investigations into the 
chemical nature of fungal metabolites of xanthotoxin and 
other furanocoumarins are in progress. 

EXPERIMENTAL 

Chemicals und chrmtcul anal~~ses. Xanthotoxin was obtained 
from Sigma. All other compounds were purified as previously 
described [17], their purity was 95 ‘% or better. Furanocoumar- 
ins were added to cultures after determining their weights 
gravimetrically and were analyscd as previously described 1171. 
For TLC, 20 x 20 cm silica gel 60F-254 plates (k4erck) were 
developed to I5 cm with hexane--EtOAc (7: 3). 

Culturrs. Most of the strains of G. ptrlicuris used in this study 
were identified as p. surnhu~inum and kindly supplied by P. E. 
Nelson (Fusarium Research Center, The Pennsylvania State 
University, strains with the prefix R are from this collection). 
Other strains were kindly supplied by G. Neish (Agriculture 
Canada at Ottawa): H. K. Abhas (University of Minnesota); R. 
Caldwell (University of Wisconsin): A. Murphy (Agriculture 
Canada at Fredericton); P. Golinski (Agricultural University of 
Poznam. Poland) and S. Leach (University of Maine). All of the 
strains in this study were Identified as F. samhucinum based on 
standardized morphological criteria [IS]. One of the soil-derived 
strains and 18 of the plant-derived strains have, under special 
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conditions, produced the perithecial stage in culture [S, 19 and 
M. N. Beremand and A. E. Desjardins, unpublished results]. 
Although many strains in this study have not yet produced the 
perithecial stage in culture, we have used the binomial of the 
teleomorph for all strains in this study, as is the recommended 
practice for plant pathogenic fungi [ZO]. All strains were re- 
isolated from single spores prior to this study. Cultures were 
routinely grown on V-8 agar medium [M-20] [21] slants or 
plates on an alternating 12 hr, 25” light/20” dark schedule. For 
long term storage, strains were maintained on V-8 agar slants at 
4”, and as lyophilized conidial suspensions in the Agricultural 
Research Service Collection, Peoria, Illinois. For all experiments, 
fresh transfers of the strains were grown from stock cultures 
stored at 4”. 

Fungitoxicity and metabolism of furanocoumarins were 
examined in a V-8 juice agar medium [M-20] [21]. Appropriate 
controls of fungal cultures without furanocoumarins and of 
furanocoumarins in agar media without fungal cultures were 
run. The growth rate ofeight plant-derived strains and eight soil- 
derived strains was determined at xanthotoxin and angelicin 
concentrations of 25, 50,100,200 and 400 (xanthotoxin only) fig 
per ml. Duplicate 35 x 10 mm plastic petri dishes containing 1 ml 
of V-8 juice agar and 2% v/v dimethylsulphoxide with or 
without test compounds were inoculated with plugs (2 mm 
diam.) cut from the growing margin of cultures less than ten- 
days-old, and placed with the mycelial surface appressed to the 
surface of the assay medium at the edge of the plate. Plates were 
incubated at 25 + 1” in the dark. The radius (from the inoculum 
to the growing margin) was measured daily for at least seven 
days or until fungal growth reached the edge of the plate. The 
ED~,, was determined as the concentration at which radial 
growth was 50% of that of controls. The radial growth rates were 
approximately linear for all strains tested in the presence or 
absence of furanocoumarins. The 62 field strains were tested 
simultaneously against xanthotoxin (200 and 4OOpg/ml) in 
duplicate plates and measured for tolerance. Per cent tolerance 
was calculated by dividing the radial growth rate (mm/day) on 
furanocoumarin-amended medium by the radial growth rate 
(mm/day) of controls. Sixteen selected strains were further tested 
simultaneously against 16 furanocoumarins and related com- 
pounds (200 pg/ml) in duplicate plates. These plates were meas- 
ured for tolerance and, after seven days incubation, one of the 
duplicate agar cultures was extracted with EtOAc and analysed 
by TLC and/or HPLC. Recoveries of furanocoumarins from 
uninoculated control plates incubated for seven days were 
greater than 75% except for pimpinellin where only 40% of the 
compound was recovered. 

Virulence assay. P. satiua roots obtained from several local 
suppliers (cultivars unknown) were peeled, washed in tap water, 
and briefly surface-sterilized with 95% EtOH. The roots were cut 
into 5-7 mm thick discs under aseptic conditions, and washed in 
several changes of sterile dist. H,O. Each disc was transferred to 
a sterile plastic petri dish containing filter paper moistened with 
sterile dist. H,O. The upper surface of each disc was inoculated 
immediately by placing an agar inoculum plug (5 mm diam.) 
mycelial side down in the center core of each disc. Inoculum 
plugs were cut from the growing margins of cultures less than 

ten-days-old. All fungal cultures used in each experiment were of 
equal age and each strain was tested on three individual discs. 
The petri dishes were sealed in plastic bags and incubated for 
four days at 25” in the dark. Root discs were weighed at the end 
of each experiment, then rotted tissue was removed with a 
spatula and the remaining tissue was re-weighed. Pathogenicity 
was determined from g of rotted material per three root discs 
(total fr. wt minus fr. wt of uninfected tissue.). 
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