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ABSTRACT

Phytotoxic ether extracts of barley residues de-
composing in soil and four phytotoxic components
of such extracts (benzoic, phenylacetic, 3-phenyl-
propionic  (hydrocinnamic), and 4-phenylbutyric
aids) did not stimulate Thielaviopsis basicola
chlamydospore germination in nonsterile soil. Dis-
ease caused by this fungus was more severe, how-
ever, when cotton seedling roots treated with the
barley extract, phenylpropionic acid, or benzoic
add were inoculated with chlamydospore-amended

nonsterile soil. Roots treated with phenylpropionic
acid or the barley extract were also more susceptible
to a nearly avirulent clone of the fungus. Chlamydo-
spore germination on the root surface and germ
tube penetration of cells was higher on toxin-treated
roots than on the controls. Microscopic examination
of noninoculated, toxin-treated roots showed no in-
jury. The increased activity of the fungus on toxin-
treated roots may be due to changes in root
exudation caused by the toxins.

When crop residues decompose in cold, wet soils,
products of that decomposition liberated into the sur-
rmunding soil can be highly toxic to successive crop
plaats (2, 7, 10, 11). In addition, phytotoxic extracts
from decomposing residues may increase the incidence
ad severity of root rots (3, 4, 8, 9, 13, 14). More
specifically, Thielaviopsis root rot of bean (14) and
tobacco (8) was increased by treating host roots with
dluted phytotoxic extracts prior to inoculation. Patrick
and Koch (9) also showed that resistance to black root
mt of tobacco could be overcome by treating tobacco
nats with phytotoxic extracts prior to inoculation. The
phytotoxic extracts probably were acting directly on
the host issue and altering the cell permeability, thereby
increasing the exudation of materials favorable to the
funqus (9, 14). Whether the extracts also had a direct
effect on the fungus in natural soil was not determined.
Patrick et al. (12) reported that crude water extracts
of decomposing plant residues stimulated Thielaviopsis
basicole (Berk. & Br.) Ferr. chlamydospore germina-
tion, but this work was not done with the fungus in
ratural soil. Toussoun et al. (15), however, reported
simulation of Fusarium solani 1. sp. phaseoli chlamydo-
spore germination in soil by such water extracts. The
purpase of the present study was to determine the in-
vwivement of phytotoxins in increasing Thielaviopsis
ot rot on cotton. This was made possible by the
recent identification of benzoic acid, phenylacetic acid,
iphenylpropionic (hydrocinnamic) acid, and 4-phenyl-
butyric acid as major phytotoxic components in ex-
iracts of barley residues decomposing in soil (16).

MateriaLs axp MetzHops.—Clones of T. basicola
uzed in these studies were isolated from tobacco (Nico-
ting tabacum L.) (T), cotton (Gossypium hirsutum
L) (C), and cherry (Prunmus sp.) (CH). All clones
were maintained as single conidium cultures on potato-
dextrose agar (PDA) slants. Pure preparations of
ttamydospores were prepared from these slants as
previously described (6). These preparations were
alded to cotton field soil. After the chiamydospore
thains had broken up, the soil was air-dred for several

months. These chlamydospore-amended soils were then
used in germination and inoculation studies on cotton
seedlings (Acala 4-42).

Stimulation of chlamydospore germination by known
phytotoxins or by phytotoxic extracts was determined
by adding the test solutions (250ppm) to small
amounts of previously wet (6) chlamydospore-amended
(clones C and T) soil in porcelain cavity plates.
Germination counts were made 20hr later in soil
smears. Distilled water and a 1095 (by volume) solu-
tion of carrot juice were used as controls.

The predisposing capacity of the phytotoxins or of
phytotoxic extracts of decomposing residues was de-
termined on cotton seedlings by treating the seedling
tap roots with the solutions prior to inoculation. Seed-
lings were grown in the greenhouse at a constant 32C
for 34 days in U.C. Mix (1). They were removed
from the mix before lateral roots appeared. The seed-
lings were gently washed to remove loose soil particles,
immersed in the test solutions for 2 hr, washed again,
and transplanted into hinged plastic inoculation cham-
bers. The seedling tap roots were inoculated in two
places with small units of chlamydospore-amended
field soil that had been kept wet for several days prior
to use. Water was used as a control treatment, and
noninoculated treated seedlings were used to check
toxicity of the test solutions. Toxicity was indicated by
discoloration or decreased turgidity (as indicated by
flexibility when sliced with a scalpel) of the root tissue,
Known solutions were adjusted to concentrations where
no toxicity was apparent. Concentrations of phytotox-
ins in unknown extracts were diluted to 1/30 the con-
centration of the original ether extract (16) and, as
with the known solutions, only used once. Clones C
(virulent) and CH (nearlv avirulent) (3) were used
in these studies. Clone CH was used to determine if its
virulence could be increased by treatment of the host
tissue with phytotoxins. Disease severity ratings were
made at intervals up to 4 days, after which difierences
in lesion severity between treated and untreated seed-
lings were less obvious, especially when virulent clone
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C was used. Severity ratings (0-10 scale) were sub-
jectively based on lesion size and degree of discolora-
tion, numbers of chlamydospores whose germ tubes
had penetrated host cells, and the degree of hyphal
proliferation on the roots. The last two criteria were
not used in all trials, but when used were based on
microscopic examination of longitudinal hand sections
of inoculated root tissue that had been washed
thoroughly in a vigorous stream of water and stained
with 0.029, acid fuchsin in lactic acid. These sections
were made 24-48 hr after inoculation.

ResuLts.—The possibility that toxins might directly
stimulate germination of chlamydospores in soil was
first investigated. Tests were made with wet chlamydo-
spore-amended field soil (clones C or T) to which an
ether extract of decomposing barley or the known
phytotoxins at a concentration of 250 ppm were sep-
arately added. The results, based on four experiments
wherein 100 chlamydospores per clone per treatment
were counted, showed that chlamydospore germination
did not occur in the presence of the phytotoxic barley
ether extract or any of the four phytotoxic acids.
Thirty to 659, germination (clones C and T, respec-
tively) occurred, however, in carrot juice controls. No
germination occurred in the water controls.

The possible predisposing activity of the phytotoxic
acids to T. basicola root rot was therefore investigated.
Cotton seedling roots treated with test solutions were
inoculated with the strongly pathogenic clone C or the
weakly pathogenic clone CH by placing small units of
chlamydospore-amended soil, kept moist for several
days prior to use, on the roots for 4 days, after which
the resulting lesions were rated for disease severity.
The averaged disease severity ratings from several ex-
periments are shown in Table 1. The data indicate that
the barley ether extract, phenylpropionic acid, and to
a lesser extent benzoic acid, increased the severity of
root rot caused by the virulent clone C. The effects of
the barley ether extract and phenylpropionic acid were
similar but less striking with the nearly avirulent clone
CH. No phytotoxicity was evident at the highest con-
centrations of the compounds used. Clone C was used
to determine the reason for the increase in disease on
toxin-treated roots. Longitudinal hand sections of in-
oculated root tissue were made 24-48 hr after inocula-
tion, stained, and examined microscopically. Chlamydo-
spores which had germinated on the root surface, and
whose germ tubes had penetrated the host, were much
more numerous on toxin-treated roots than on the
water-treated controls (Fig. 1-a, c¢). The result-
ing lesions 67 hr after inoculation were more severe
on the root treated with phenylpropionic acid than the
water-treated root (Fig. 1-b, d). Following penetra-
tion, the rate of hyphal proliferation, both on the root
surface and within the host tissue, was much greater
in toxin-treated than in the water-treated roots.

Discussion.—As chlamydospores of T. basicola ger-
minate (6) in soil only in the presence of certain nutri-
ents (such as in carrot juice), the failure of the toxins
to stimulate chlamydospore germination would indi-
cate that they are not used by the fungus as nutrients.
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TasLE 1. Predisposition of cotton roots to Thielaviopsis
basicola root rot by some phytotoxins from decomposing
plant residues. Disease ratings (0-10 scale) taken within 4
days after inoculation of roots with small units of previously
wet chlamydospore-amended soil

Disease severity ratings®

Clone CH
Concn Clone C (weakly
Treatment (ppm)a (virulent) pathogenic)
Water 268/60¢ =45 26/38=07]
Benzoic acid 100 333/36 = 6.3 20/21=10
Phenylacetic
acid 73 205/40 =51
Phenylpropionic
acid 100 123/13 =93
Phenylpropionic
acid 73 367/43 =835 63/30=11
Phenylpropionic
acid 50 482/36 =86
Phenylbutyric
acid 73 147/34 =43
Barley ether
extract (1/50dil) 180/28 =64 55/14=39

a The concentrations used were the highest that gave no
toxicity,

b Averages of six experiments for clone C, three for
clone CH.

¢ Ratio of sum of ratings to the number of inoculations.

However, since certain of the compounds predispose
roots to more severe infection by increasing chlamydo-
spore germination on the host surface, it is helieved
that the mode of action may be similar to that pro-
posed by Toussoun and Patrick (14). They suggested
that host exudation is increased, or altered in com-
position, or both, due to changes brought about in cell
permeability following treatment with phytotoxic ex-
tracts. This exudation would then be directly respon-
sible for the observed increased chlamydospore germi-
nation. It is not known, however, whether the sugars
and ninhydrin positive substances detected by Toussoun
and Patrick (14) exuding from toxin-treated tissue
stimulate 7. basicola germination in soil. Preliminary
studies by Linderman and Toussoun (unpublished data)
indicate little or no stimulation of chlamydospore
germination in soil by several sugars and nitrogen com-
pounds. Regardless of the mechanism involved, however,
the presence of toxins at natural inoculum concentra-
tions in field soil could mean the difference between
disease and escape. While the occurrence of these toxins
in nature in sufficient quantities to affect root rot se-
verity is still to be determined, the tests reported here
show such activity at concentrations as low as 50 ppm
for phenylpropionic acid; and it is believed that such
concentrations probably do occur locally in the field

The increased disease development when the weakly
pathogenic clone CH followed the root treatment with
phenylpropionic acid or the barley ether extract sug-
gests that a plant could be rendered susceptible to 2
fungus that normally did not affect that plant and per-
haps even to microorganisms normally innocuous. This
phenomenon recalls the work of Patrick and Koch (9’

et
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»Fig, 1. Predisposition of cotton roots to Thielaviopsis basicola. Roots were inoculated with virulent clone C, chha-
Mdospore-amended  soil., a) Longitudinal hand section of inoculated root tissue (each arrow indicates a chlamydo-

ore which hag germinated and its germ tube penetrated) treated 2 hr with water prior to inoculation. b) Lesion re-
wting 67 by after inoculating the water-treated root. ¢) Longitudinal hand section of root treated 2 hr with phenyl-
Ptopionic (hydrocinnamic) acid at 50-100 ppm. d) Lesion resulting 67 hr after inoculating phenylpropionic acid-treated
0. The Jarge lesion shown in d) is the result of the coalescence of a greater number of small lesions than in by as well
% the more extensive fungus proliferation.
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