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An actinomycete isolated from the rhizoplane of nitrogen-fixing nodules of Ceanothus vel-
utinus was identified as a variety of Streptomyces griseoloalbus. Strepromyces griseoloalbus is a
strong antagonist to three destructive root pathogens, Phellinus weirii, Fomes annosus, and
Phytophthora cinnamomi, inhibiting-all three on several culture media and preventing establish-
ment of F. annosus on hemlock wood disks. The stability and longevity of the antimicrobial
substance produced by it, its consistent effect on the pathogens on all substrates, its ability to
colonize wood, and its ability to grow at 10°C suggest biological control possibilities for this
organism in the Pacific Northwest.
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Une actinomycgte isolée du rhizoplan des nodules fixatrices d’azote de Ceanothus velutinus a
été identifiée comme une variété de Streptomyces griseoloalbus. Streptomyces griseoloalbus est
un fort antagoniste pour trois pathogeénes destructeurs de racines, Phellinus weirii, Fomes
annosus et Phytophthora cinnamomi; il les inhibe tous les trois sur divers milieux de culture et
empéche I’établissement de F. annosus sur des disques ligneux de pruche. La stabilité et la
longévité de la substance antimicrobienne qu’il produit, son effet consistant sur les pathogénes
dans tous les substrats, sa capacité de coloniser le bois et de croitre & 10°C suggere que cet

organisme offre des possibilités de contrdle biologique dans le nord-ouest du Pacifique.

Introduction

A number of investigators have reported an-
tagonism of fungi, actinomycetes, and true bacteria
toroot rot pathogens (Nelson 1972; Pedziwilk 1967;
Pratt 1971; Hutchins, to be published). Inhibition of
the growth of fungal pathogens by actinomycetes
and true bacteria has been demonstrated by Broad-
bent et al. (1971). Among bacteria, mycolytic prop-
erties have been observed mainly in the genera
Bacillus, Pseudomonas, and Streptomyces. Much
of the reported inhibition is due to a response by the
pathogen to an antimicrobial substance or antibio-
tic produced by the actinomycete or bacterium
(Ballesta and Alexander 1972). Antibiotics are
thought to be restricted to the rhizosphere where
there is a higher concentration of roots and organic
substances (Soulides 1969). Brian (1957) and Lin-
gappa and Lockwood (1961) have also reported
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stable and continued antibiotic production by soil
microorganisms isolated and cultured under labor-
atory conditions.

Recent work has demonstrated that biological
control of root disease organisms in living trees
may be possible by treating wounds with microor-
ganisms or by artificial inoculation of soil microor-
ganisms that can be stimulated to multiply and sub-
sequently replace the established pathogen
(Etheridge 1972). Actinomycetes have been found
to inhibit the growth of Fomes annosus (Fr.) Cke.,
a destructive root rot pathogen of hardwoods and
conifers in many parts of the world (Gunderson
1963; Nissen 1956). The fungus Peniophora
gigantea (Fr.) Massee is a vigorous competitor and
has been used successfully as a stump protectant on
pines in Europe and the southeastern United
States, but it does not satisfactorily inhibit the
growth of F. annosus on western hemlock (Tsuga
heterophylla Raf. Sarg.) in western North America
(Wallis and Morrison 1975).

The most commonly used means of control of F.
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annosus root rot has been the application of chemi-
cals to stump surfaces to prevent fungal coloniza-
tion. Dry Borax, 10% zinc chloride, and 20% am-
monium sulphamate are effective inhibitors (Wallis
and Morrison 1975). Borax, however, fails to con-
trol the decay fungus during periods of high pre-
cipitation, and ammonium sulphamate and zinc
chloride are relatively costly and toxic to man.

Phellinus weirii (Poria weirii) (Murr.) Gilb. is a
serious oot rot pathogen in the western conifer
regions of North America where it causes consid-
erable financial loss to the timber industry each
year. Phytophthora cinnamomi Rands. is
responsible for serious nursery loss and hardwood
damage in many parts of the world as well as con-
siderable financial loss in crop production of
ornamental flowers, avocado, and pineapple
(Malajczuk and Glenn 1978; Pegg 1976).

This report describes a Strepromyces repeatedly
isolated from the rhizoplane of nitrogen-fixing
nodules of Ceanothus velutinus Dougl. collected
from central Oregon. This isolate produces a dif-
fusable antimicrobial substance inhibitory to the
growth of three important Northwest root rot fungi:
P. weirii, F. annosus, and P. cinnamomi. This iso-
late is effective in culture media and colonizes and
inhibits F. annosus on wood disks.

Methods and materials

Media

Each solid medium used for isolation and cultivation con-
tained 1.5% agar. Glucose-nutrient agar (GNA) consisted of
nutrient agar from Difco plus 1% glucose. Starch—casein agar
(SCA) contained 1% soluble starch, 0.1% vitamin-free casein,
and 0.05% K,HPO, adjusted to pH7.3. Malt—yeast-peptone
agar (MYP) consisted of 3% malt extract, 0.5% peptone, and
0.1% yeast extract. MYP-B was a malt-yeast—peptone agar
buffered to pH 5.8 with potassium phosphate.

Isolation and culture
Nitrogen-fixing nodules were excised from lateral roots of C.
velutinus growing at a depth of 15 cm, placed in bags, and stored
at 4°C until processed. Within 2 days of collection, nodules were
separated from root tissue, washed in 1% Hyamine detergent for
20 min, and rinsed 3 times in sterile distilled water. After rinsing,
nodules were either shaken for 8 min in 20% hydrogen peroxide
and then rinsed in sterile water, or immersed in 1% mercuric
chloride for 3 min followed by three rinses in sterile distilled
water. After rinsing, nodules were transferred to the surface of
GNA in petri dishes. The petri plates were incubated at room
temperature (22-25°C) for 5 days. A Streptomyces with a dis-
tinctive diffusable pigment appeared among the several colonies
~of fungi and bacteria. This Swreptomyces isolate was subcul-
tured to GNA and SCA slant tubes and stored at 4°C for future

studies.

Identification and taxonomy

The Streptomyces isolate was identified by the description
and methods of Shirling and Gottlieb (Shirling and Gottlieb 1966,
1968; Shirling 1968) as modified by Kuster (1972) followed by
comparisons with cultures from the American Type Culture
Collection (ATCC). The criteria for identification were rate of
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melanin production. spore surface characteristics, morphology
and color of aerial mycelium, color of substrate mycelium.
number and kinds of soluble pigments. carbon utilization. and
ability to fix atmospheric nitrogen as assayed by the acetylene
reduction technique (Hardy et al. 1973).

Antagonistic determinations

Antagonism of the Strepromyces isolate against F. annosus.
P. weirii, and P. cinnamomi was tested on MYP. MYP-B, and
SCA by the cross-streak method (Johnson and Curl 1972). An
agar plug from the margin of an actively growing fungal culture
was placed on the agar surface opposite a streak of the Strep-
tomyces isolate. The plates were examined at weekly intervals
for a clear zone, devoid of fungal growth, indicative of inhibition
between the organisms. Agar plugs of the fungal pathogen
placed on the three media without the Streptomyces isolate
served as controls. All plates were incubated at 26°C under dark
conditions. The inhibiticn trials continued over a 6-month
period (June to December, 1978), using cultures originally iso-
lated in September, 1977. During this period. our isolate main-
tained its ability to inhibit the growth of the three pathogens
under laboratory conditions.

The following procedure was used to determine if the Strep-
tomyces isolate was able to colonize wood and antagonize F.
annosus on this substrate. Stem disks, 7-7.5 cm in diameter and
2.5cmin length, were cut from i1- to 13-year-old living western
hemlock and immediately brought to the laboratory. Bark was
removed and surfaces of the disks were sterilized for 1 h with
ultraviolet light (254 nm). One fiat surface of each disk was
dipped in melted paraffin and placed downward on the bottom
half of a sterile 50mm x 90mm glass petri dish. The
nonparaffin-coated surface was brushed with a spore suspension
(25000 spores/mL liquid) of the Streptomyces isolate either in
Actinomyces broth (Difco No. 9) or in water. Afterward, the cut
surface of each disk was inoculated with a spore suspension of
F. annosus in water. Disks treated with paraffin only. disks
inoculated with spores of F. annosus but not with the Strep-
tomyces isolate. and disks paraffin coated and treated with
sterile distilled water were used as controls. Eachtreatment was
replicated 10 times. Ten millilitres of sterile distilled water was
poured into each petri dish to maintain a high relative humidity .
A lid, which fit well but did not prevent gas exchange, was
placed on each petri dish.

Disks were incubated at 22-24°C for 1 week and examined for
the presence of mycelium and the Oedocephalum spore stage of
F. annosus. Those disks that showed no signs of F. annosus
were split; four chips from the split surface of one of the resulting
halves and one from the upper surface of the disk were taken
with a pair of chisel forceps and transferred to a medium selec-
tive for F. annosus (Kuhlman and Hendrix 1962).

Results and discussion

Taxonomy and identification
Spore chain morphology

Sporophores are flexed and included in the sec-
tion Rectiflexibilis. The spore surface is smooth
with about 50 spores per chain. Although spore
production is generally good on oatmeal agar, the
number of spores produced varies considerably on
salts—starch agar and on yeast—malt agar.

Color characteristics

Aerial mycelium is white in mass on oatmeal
agar, asparagine-glucose agar, yeast-malt agar,
and salts—starch agar. The reverse of the colony is




FiG. 1. Inhibition of three root rot pathogens by Streptomvees griseoloalbus. Two-week-old culture of Phellinus weirii and
S. griseoloalbus on (A) malt-yeast-peptone agar. (B) majt-yeast—peptone agar buffered with potassium phosphate. and (C)
starch—casein agar. Plates on right are the controls of 2. weir







