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IsoraTiON AND CuLTURE OF RHIZOCTONIA SOLANI,
Medla used for isolation.—~Rhizoctonia soleni is com-
paratively easy to {rolate from infected plant tissues,
soil, and rhizospheres. The fungus grows on a wide
range of solid and liquid media ranging from water
agar to highly specialized media (see Table 1). Kec:.
pes for most of the common media were presented by:
Riker and Riker (1936), Difco Manual (Anon., 1953,
Johnson [L. F.] et al. (1959). Many workers prefer
to use simple or modified potato-dextrose agar (PDA)
or other decoction agars. Maier and Staffeldt (1963).
for example, found R. solani isolates from cotton var-
fed in thelr ability to grow on carrot-decoction agar,
PDA, and nitrate-dextrose agar. All isolates, however,
grew well on PDA. Ashour and El-Kadi (1959) com-
pared the growth of R. olani on five different media.
They found that the fungus grew most rapidly on
PDA and Richard's media.

For routine isolation of R. solani, these agars are
often modified with acids, bacteriostatic or fungi-
static compounds. Acidified PDA helps control bac-
terial contamination and may fuvor growth of R.
solani, since the fungus prefers an acid inedium (Sam-
uel and Garrett, 1832; Sanford and Murritt, 1933;
Allington, 1938; Kotila, 1945a; Houston and Ken-
drick, 1949; Warcup, 1950).

Three acids are commonly used for acidification of
agar: acetic, lactic, and phosphoric. A few drops of a
10% solution of one of these may be added tu a culture
nlate prior to pouring of agar or directly into the
medium before dispensing. Acidification usually gives
a pH range of 3.5-5.0. The response of R. solani 1o pli
is highly variable. In general, the optimum for growth
of most isolates of R. solani is between 5.5-7.0 (Ray-
heb and Fabian, 1955; Elarosi, 1957b; Batemun,
1962). There is probably some reduction in growth
on media with a pH lower than that for optimum
growth. Latham and Linn (1961) found media at pi!
4.0 using lactic acid suppressed growth of the fungus.
Slower growth isolates may be lost in the presence of
more rapidly growing ones.

Some workers (LeClerg, 1939; Papavizas and
Davey, 1959a; Latham and Linn, 1961; Schmitthen-
ner, 18684) incorporated antibiotics into media to de-
crease bacterial contamination and to increase fre-
quency of isolating R. solani. Papavizas and Davey
(1959a) used a mixture of fresh solution containing

50 ppm eachi of aureomycin hydrochloride, neomycin
sultate, and streptomycin sulfate in water egar to in-
crease the frequency of isolating Rhizoctonia spp.
from soil. Latham and Linn (1961) found that PDA
containing either streptomycin sulfate at 100 ug/ml
or vancomyein at 50 ug, il was superior in all in-
stances to media containing rose bengal. They re-
ported also that novebiocin did not suppress the
growth of H. silani. Schmitthenner (1964) reported
50 mg ml of steptomyein sulfate added to media
helped reduce bacterial contaminants. Rose bengal
(Schmitthenner, 14964) and methylene blue (LeClerg,
1939a) also were used to reduce contamination.
Isolates of R. solani should be routinely grown on
a liquid medium, such as potato-dextrose or potato-
sucrose broth, to detect contamination by either bac-
teria or yeasts that may not be apparent on agar.

Isolation of R. :olani from infected plant tissue.—
Standard procedures for isolation of plant pathegenic
fungi are generally used to obtain R. solant from in-
fected plant tissues, Small sections of infected roots
stems, leaves, or reproductive organs are &scptica"y
removeld from the plant after either surface steriliza-
tion or washing in tap or distilled water. Rao (per-
sanal communication) found that R. solant was unable
to tolerate highly competitive conditions on agar
plates and classed the fungus as having limited “com-
petitive saprophytic ability.” Diseased tissue there-
fore should be either thoroughly washed or surface
sterilized before plating,

Parmeter  {personal coinmunication) found that
prating isolation pieces on water agar minimizes com-
petition, allows H. solani to grow away from most
campetitors, and facilitates hyphal-tip isolation,

Salutions of 1.9 sodium hypochlorite (Kernkamp,
ot ul. 1949; Schmitthenner, 1964) or 0.1% mercuric
chloride (Mohamed, 1962) have been used to disin-
fest plant tissues. Luttrell (1962), however, stated
that since K. soluni is frequently killed by usnal pro-
cedures of surface sterilization, isolations from in-
fected leaves, stems, and roots should be made by
washing bits of tissue in sterile water before plating
out fragments ou agar media, Bourn and Jenkins
(19284) washed infected portions of various aquatic
plants betore plating out, Hansen and Curl (1964)
prepared clover stolons for isolation by cutting them
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Taorg 1. Media used for isolating and qgl_t_p;ipﬁ_}_i_._ solani and literature cited,

Medium Citation ~ " *
Decoction and extract agars
Bran Ray (1843)
Bean hypocotyl Bateman (1963a, 1664h)
Carrot Maier and Staffeldt (1963)
Coen's Person (1944a)
Commeal Ullstrup (19368); Suksena (1960); Schmitthenner (1064)

Dextrose-yeast extract + V-8 juice
Leomin

Lima bean

Malt

Nutrient

Nitrate-dextrose

Potato

Potato-cerelase
Potato-carrot-dextrose
Potato-dextrose

Potato-dextrose + germinating radish-

exudate
Potato-marmite
Potato-sucrose
Richard’s
Soll-decoction
Tromer's malt
Water

Water 4 germinating radish-seed-exudate

Water 4 cold-sterilized aster straw

Synthetic

Czapek's

Caapek-Dox

Crapek-Dox 4 yeast-extract
Edward’s synthetic

Liquid

Fries' nutrient solution
Potato-broth
Potato-dextrose-broth
Potato-sucrose-broth

r
Barley-grain
Commesl-vormiculite:
Cornmeasl-sand
Commeal-water
Com, sand, or sofl

Oat

Oatinesl-Sand
Oat-wheat and water
Sorghum

Sterile moist black soll
Vermiculite 4+ nutrients

LeClerg (1939a)

Person (1944q)

Ullstrup (1936), Schmitthenner (1964)

Ullstrup (1938); Gibson, et al. {1961)

Chesters (1848); Warcup (1950)

Maier and Staffeldt (1963)

Shephard and Wood (1963)

Kilpatrick, et al. { 1654)

Maier (1962)

Samucl and Carrett (1932); Allington (1938); Ullstrup' (1938);
Weber (19391 Neal (1944); Kotila (1945a); Chesters (1948);
Houston and Kendrick (1949); Allison (1952); Papavizas and
Davey (19594, 1962h), Saksena (1960); Martinson and Baker
(1962); Bateman (1463a); Shephard and Wood (1963)

Martinson and Baker (1962)

Whitney (1964a)

Shatla and Sinclar (19673), Elsaid and Sinclair (1964)

Ullsteup €1936), Ashour and El-Kadi (1859)

Curpenter ( 1949)

Neal (1944)

Boosalis and Scharen (1959); Shephard and Wood (1963); Whitney
(1984)

Martinson and Baker (1962)

Flentje and Stretton (1064)

Allington (1936); Maier (1961b); Ruppel, et al. (1965)
Kaufman and Williams (1965)

Warcup (19501, Cibson, et al. (1964)

Edwards and Newton (1937)

Millikan and Field (1964)

LeClerg (193%a). Shephard and Wood (1963)
Hateman (1963a), Ruppel, et al. (1965)

Shatla and Sinclair (1963): Elsaid and Sinclair (1964)

Creager (1945)

Kernkamp, et al. (1940)

Gibson, et al. (1961)

Dickinson (1930)

Tervet (1937}, LeClerg (1941b); Ray (1943); Demaree (1045);
Kotila (1945h); Boosalis (1956); Flentje and Stretton (1964)

Ullstrup (1936); Person ( 1944a)

Shephard und Wood (1963); Ruppel, et al. {1965)

Person (1944q)

Brodie and Cooper (1964)

Bruehl (1951)

Varney (1961)
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into segments 3-8 inches long and washing in tap
water for 20 minutes; then through two changes of
sterile, demineralized water on a mechanical shaker
for 10 minutes each and finally by h: :.d for 2 minutes
in 50 ml of sterile water. The excess water was blotted
aseptically and the stolons were then cut inty three
segments. These segments were plated on PDA at pli
4.2 and incubated at 26°C for 6 days.

Schmitthenner (1964) washed diseased alfalfa
seedlings for 10 minutes under running tap water in o
stainless steel 5-inch sieve inserted in a beaker. Ap-
proximately 1.0 m! Tween 20 (Hercules Powder Com-
pany) was added at the beginning and halfway
through the washing cycle. Excess liquid was blotted
with sterile filter paper. The seedlings were placed on
agar media in petri plates and the agar disk was in-
verted over the tissues.

The fungus could be either transferred to new agar
plates after it grew out from the tissue and hyphal-
tip isolates recovered, or, if the fungus appenied tu be
in pure culture, hyphal-tip isolates could be mude
directly from the original plate.

isolation ot R. solani from soil.~There were four
books and six references published recently on the
biology and ecology of soil-borne microorganisms and
plant pathogens, portions of which are pertinent to
this subject (Garrett, 1956; Burgess, 1958; Parkinson
‘and Waid, 1960; Park, 1963; Macicjowska, 1964,
Baker and Snyder, 1965). There were several review
articles (Montegu, 1960; Warcup, 1960; Durbin,
1961; Menzies, 19634,b) and a handbook {Johnson,
[L. F.] et al,, 1959) published on techniques for iso-
lating and assaying microorganisms from soil. Those
techniques that have had some degree of success for
the isolation of R. solani shall be discussed.

Dilution plate (Johnson [L. F.], et al., 1959).-A
water suspension using a 25 gram sample of dry soil
was shaken for 30 minutes. A 10 ml sample was added
to 90 ml sterile-water blank and followed through «
successive dilution series until the final test dilution
was reached. After shaking, 1.0 ml of suspension was
aseptically transferred to agar medium just above sol-
idifying temperature. After incubation, the average
number of colonies per dish was multiplied by the
dilution factor to obtain the number of microorgan.
isms per gram in the original soil.

Maier (1961b) reported fairly reliable recovery of
Rhizoctonia spp. from soil by making initial dilutions
of 1:10 in pasteurized sand, with subsequent dilution
in distilled water to 1:10% or 1:10¢, pipetted into stet-
ile plates and swirled into potato-carrot-dextrose agar.

Microscopic detection on plant debris (Bourn and
Jenkius, 1928a; Boosalis and Scharen, 1959).—This
method was based on the distinct morphological char-
acters of R. solani, which make it easy to identify.
Plant debris fragments screened from field soil were
plated directly onto modified water agar, and the fun-
gus was then detected by direc microscopic observa-
tion. The principal disadvantage of the technique was
that it dislodged all of the sclerotiu from some debris
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tissues and thereby introduced error in estimating the
number of infested substrate sites. Another disadvan-
tage was the difficulty in distinguishing the mycelfum
of R. svlani from certan other fungi. These authors
tound that the dtandard soil-ditution plate method
was unsatisfactory, since it did not yiweld R. solani
from the same soil samples.

In the technique of Bourn and Jenkins (1928a),
s0il to be tested was suspended in tap water and then
passed through a B00-mesh screen. The settled soil
was resuspended and repeatedly passed through the
sereen until the supernatant was clear. Pieces of wood,
root, straws, lumps of soil, and cther foreign objects
were removed with forceps, then a strong jet of tap
water was run through the screen to remove aay sofl
adherin to the organic debris particles. Washed de-
bris par icles were blotted dry between sterile paper
towel. From the towels, 100 particles were picked
at random and tramferred to 25 plates of wuter agar
at pH 4.8 Plates were marked at four points on the
hottomn and one drop of 2 0% solution of streptomyein
sulfate was placed above cach mark. A debris particle
was placed on top of the streptomycin sulfate drop
and incubated ot 247 C for 48 hours. Hhizoctonda so-
luni grew from the particles, and hyphal-tip isolates
were transferred to PDA.

Hyphal wolation method  (Warcup, 1955).<Soil
was suspended i beakers of water and allowed to
settle. The supernatant was poured off and the soil
resuspended und allowed to settle until the superna.
tant was clear. The soil was spread in a small amount
of water i a cultre dish. The individual hyphae or
groups of hyphae were detected under a binocular
dissecting microscope and 20-50 were removed with
a fine forceps to sterile culture plates with a small
amount of stenle water, Cooled, but still liquid, agar
was poured into the plate and the hyphae were dis-
persed by rotating the agar before it solidified, Hy-
phae skowimg growth wete transferred to fresh media.

Iproved immersion plate.~This techrique was
deseribed by Wood [F AL} and Wilcoxson (1960) as
avariation of Chesters (1940) technique. After 25 ml
of witer agar had solidified in sterile culture plates, a
sterile disk was placed on the agar surface and the
cover was closed (Fig. 1). To isolate fungi from soil,
the covers were removed and the plates were pressed
against the soil profile so that soil and disk were in
contact. The plates were covered with aluminum foil
and held m place with soil. After 2 days or more, the
plates were tuken 1o the laboratory, the disks were
removed immediately, and the fungi isulated were
transferred to fresh agar plates. This technique fa-
vored the isolation of nonsporulating fungi, such as
Rhizoctonia spp.

Plate-profile.~ Rhizoctonia spp. were isolated 15-
189 of the tnne by the plate-profile method and 0-1%
by the dilution plate method in studies by Anderson
and Huber (1962}, The plate-profile method used a
20 x 20 X 1.5 em autoclavable plastic plate with 77
holes 1.0 em deep and 0.5 ¢cm in diameter spaced at
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Improved immersion plate used for solating
fungi from soil showing placement of stenle. perforated
disk in agar plate (Wood and Wilcoxon, 1960).

Fig. 1.

2.5 cm intervals (Fig. 2). There were 11 horizontal
rows of seven holes each. The plate was wutorlaved
and, after cooling, ezch hole was filled aseptically with
sterile agar. The holes were covered with autoclaved
plastic electrictans’ tape. The plate was exposed for
about § days to a soil profile after small holes were
punched in the tape directly above the agar-filled
holes. The tape was removed in the laborarory and
the agar plugs were transferred to agar plates. The
frequency of isolation of various soil fungi and thei
location at specific levels in the soil profile were de-
termined with this method. The method lends itself
to a study of microorganisms active in the vicinity of
plant roots.

Glass-cloth and nylon-mesh trups.—Maier (personal
communication ), employing ! X 1 em square of mul-
tifilament glass cloth embedded in soil, reported that
R. solani readily colonized the cloth and formed abun-
dant sclerotia (Fig. 3). He feund that percentage col-
onijzation was a more reliable method for estumating
populations than the immersion-tube method de.
scribed below. Monofillament nylon mesh with 400
squares per square centimeter was used by Ol and
Nicolson (1982) to study the spread of R solani in
soil. These authors suggested that the method might
be used to isolate the fungus from the soil It gt
also be used to make population estimations.

Immersion tubes.~This method was devised by
Chesters (1940), who used a large glass tube, closed
at one end with holes blown out of the lower hulf of
the tube. The tube was filled with nutrient agar and
placed in suil. Pieces of agar from the immersion
tube were plated on PDA after 7 dayvs. Rhizoctonia
spp. were among the fungi collected. Mueller and
Durrell (1957) used agar-filled plastic centrituge
tubes with holes arranged in a spiral. The holes were
covered with electrician’s tape, which was pierced
with a sterile needle just before immersion into the

Rlusoctonia Solani- Special Methods of Study

wil. Muartinson and Baker (1962) increased the fre-
quency ol solation of R solani by adding exudate of
radinh seed to pue placed in the tubes.

Thondon ¢ 1955 designed another modification of
the wnmersion-tube technigue, using perforated rods
anrl tubies Stende water agar was dispensed aseptic-
Al with a byvpodenie syringe into holes in a sterile
radd. The rod was inserted into a perforated tube with
the agar filled holes turned away from the tube aper-
tures A hole was dug in the soil, the tube inserted
honzontally into the soil profile, and the rod was then
turned s that the agar-filed holes were opposite the
tube apertores, Just hefore removal, after 4-7 days,
the rod was rotated to turn the agar-filled holes away
fiom the apertares. The agar plugs were punched
out of the rodd in the laboratory and plated on nutrient
g,

A modification of Chesters” immersion tube was
designed by Gochenaur (19643, This method reduced
selectmaty tor fungi that grow rapidly and tolerate
lose oavgen tensinn. Pyrex immersion tubes were in-
vagisate Dwith 2o8 capillaries and then filled with 1.0
g of dry sl oplice of nutrient agar. The tube was
montened, plugged with cotton, capped with alum-
muom ol and autoclaved. Tubes were placed in soil
for 7 davs, then withdrawn, After the exterior was
cleaned with 704 ethanol, the contents were removed
and dispensed on three agar plates. The technique
provided a well werated medium in which moisture
content rapidly came into equilibrium with surround-
g so. This techinique has not been tested specific-
ally for the isolation of R. solani from soil, but it
shauld be tried since it offered some advantages over
ather immersion-tube methods.

Varney (1961) showed that R. solani grew satis-
fuctorily in vermiculite suturated with nutrients. Sub-
stituting nutnent vermiculite for agar or soil in im-
mersion tubes might inprove recovery of R. solani
anid should be explored. The advancages would be a
standardized medium that would be loose and well
acrated and mowhich moisture levels could be con-
tolled. The mixture conld easily be broken apart and
unformly disaributed on agar plates for assay.

Trappmg and batting.—Plant segments of bean,
cotton, wheat, barley, oat, carrot, and potato have
been used successtully as plant baits for R. solant
{Sueh, et al, 1968). They found that autoclaved
green seyments buried in nonautoclaved soil both
increined and decreased the acceleration in percent.
age of colonized plant fragments, whereas ripe cereal
sepments were less influenced by autoclaving,

Sterile i bean segments (Chu, 1968) and split-
stem segments of rush (Downes and Longhnane,
1965) were successfully used to isolate Rhizoctonia
spp. from various soils.

The nse of buckwheat stems for trapping R. solant
was worked out by Papavizas and Davey, 1959b,
1961, 1962h). Segments of mature buckwheat stems
about 5.0 mm long were mixed with soil and incu-
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! Fig. 2. Plate-profide techmgue for wsolating <ol i ccongaosm. v Prcpuahion of profile
{B) Pin holes punched throwsh tape over wear S0 oty Plate e cd aeanst sl profile
in vicinity of roots, (1) Electneion tape oapped toam plate tor teacdemnge mvaded agan
samples to petii plate { Anderson and Huber, 15
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Fig. 3. Low-power photomicrogruph of fungus hyphae erowing from colonized glass-cloth

fiber 24 hours after planting. Several different fungi were recovered m this isolation (X

Maier (1967).

bated for 4 days at 25°C. The - -ents were tec
ered from soil, placed on 10-00 o reens, aned wanls
thoroughly under tap watin i owesy water aas 1
moved by blotting between sterile paper towels. Seg-
ments were either soaked in an antibiotic solution
before plating to reduce contaminants or plated on 2%
water agar containing 50 ppin of streptomycmn sul.
fate, aureomycin hydrochloride, and neomven sul-
fate. Hyphal-tip isolations were made after 20 24
hours incubation.

Snch, ¢t al. (19686) reported stem segments of (ot
ton and bean gave higher percentage of colomzation
than buckwheat.

El-Zarka (1963) developed a mudification of the
buckwheat method using Cochorus olitorius 1. as a
substrate. Stainless steel insect pins 4 om lang were
inserted perpendicularly through pieces of the snb-
strate. The stem picces were placed in the soil und
recovered after 24 hours. These were washed thor-
oughly in tap water and surface sterilized in 1.0
sodium hypochlorite solution for 1.2 minutes, rined
in several changes of sterile water, and soaked for 2
hours in a fresh solution of 100 ppm terramycin hy-
drochloride at room temperature. The picces were
removed, dried in paper towels, and plated an agar

Messiaen (1957) compared five different methods
for the isolation and culturing of fungi from ~al m
France. He found that R. solani was detected hest 1y
incubating com grains in soil and then isolating on
prune agar. A similar technique was found satisfactory

"0)'

bick and Johason (1958) when they recov-

olani from corn seed buried in soil and later

owater apar.
Bowrn and Jenkins (1928a) planted disinfected
seed o the host plant in Rosolani-infested soil. The
soil and seed were incubated in total darkness for 7-
10 dins Seedhings were then lifted from the soil and
examuned for lesions Segments with lesions were cut
from the stems and 1oats and plated on agar. A vari-
ation of thns techmigque was used by Withelm (1958)
tarecover Reosolm from soil in strawberry felds in
Caldorma Nonblemished roots were immersed in
0.1 mercune chloride for 1.5-2.0 minutes, rinsed,
antb incubiated e coarse, sterile, moist sand in petri

Sdishes covered with lids containing a laver of 2.0%

water agar Smath (1. F.) and Ashworth (1965) used
the number of lesor s on seedlings of small white bean
to measie moenlum potential of . solani in green-
hovse esperiments

Uvaiuanon of ol isolation technigues.=Thornton
(1950 compated the sereened immersion-plate tech-
e and Warcup's plating method for isolating R.
solany from gassland soils. He reported that typical
mvccla ot BOsolani were predominant in all sites and
levels tesred by the immersion-plate technigue. War-
enp’s dechnigne failed 1o vield comparable results,
Sivce vesubts with the Rossi-Cholodny slide, agar-soil
film, and duect exvamination methods demonstrated
the presence of the Tungus, he concluded that War-
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‘cup'’s technique did not give a true picture of the fun.
gus Bora in soil,

Davey and Papavizas (1962b), using two naturally
infested solls, compared four methods: debris-particle,
immersion-tube, buckwhuat-colonization, and in-
fected-host, The infected-host method was found best
for studying the range of fungus isolates pathogenic
to certain hosts, The immersion-tube method recov-
ered only a limited number of fungus isolates. The
dsbris-particle method in conjunction with the buck-
whear-colonization method gave the most complete
informiation. The debris-particle method mecasured
the quiescent isolates in soil and the buckwheat-col-
onization method measured the active. Isolates of the
fungus oblained by the four methods varied from
highly virulent to avirulent.

Further studies by Papavizas and Davey (1962b)
used saprophytic-colonization methods to determine
frequency of isolation of Rhizoctonia spp. from 15
naturally infested soils. They found, in general, that
stem segments of buckwheat, cotton, and lima bean
were satisfactory, while those of corn, oats, end soy-
bean wers not. Livingston, et al. (1862) reported the
plant-debris method and the buckwheat-stem methad
were comparable in the frequency of isolation of R.
solani,

Ui and Ogoshi (1964) compared several methods
for frequency of isolation of R. solani from both arti-
ficially infested and naturally infested soils. They re-
ported a higher frequency was consistently obtained
with the flax-trap technique when compared to the
soil-dilution plate, Warcup's soil-plate, LaTouche’s
slide-trap, Mueller and Durrell's immersion-tube, and
Blair's contact-slide techniques. Mueller and Durrell

(1957) stated that the soil-dilutior plate method was
not suitable for the isolation of R. solani.

" Agnihothrudu (1862) compared the following
methods for the isolation of various fungi, including
R. solani, from tea solls in India: direct-isolation,
,Rossi-Cholodny slide, washed-root, Warcup's soil-
plate, and dilution-plate. He was able to recover the
fungus »/ith the first three methods, but not with the
last two.

A high degree of correlation was found between
infestation level and colonization potential of Rhizoe-
tonta spp. in soil with the plant-colonization, plant
debris particle, or immersion-tube methods (Sneh,
et al, 1966).

One should not therefore rely on any single method
for studying P. solani populations in soils. Warcup
(1951) pointed out that “different methods of sam-
pling soil fungi ure complementary rather than ex-
clusive.”

Media used for culturing.—Rhizoctonia solani, as
shown above, can be recovered on a wide range of
substrates. Shaw (1912) cultured the fungus on raw
plant material, such as carrots and potatoes, and on
bread, meal, and filter paper. Balls (1908) grew the
fungus on filter paper containing 2% of either aspara-
gin or sucmse. Vamey (1961) successfully grew the
fungus in vermiculite saturated with nutrients. Rhiz-

205

octonia solani is commonly cultured on agar or
liquid media ranging from water agar to highly spe-
cialized media (Table 1). The basic nutrient require-
ments of the fungus were discussed by Sherwood
{This vol.}.

Many workers prefer to use a nonmodified PDA
or slightly modified PDA for culturing the fungus.
Successful culturing of certain isolates may require
the use of an infusion broth or agar using host tissue
similar to that from which the original isolates were
obtained. Other specialized media 1nay be required
for specific studies concerned with nutrient require-
ments or physiologic studies and are reviewed in other
sections of this book.

Czapek’s agar or modifications of it and Edward’s
medium were the chief synthetic media used for cul-
turing R. selani.

Rhizoctonia solani can be cultured successfully on
various liquid media 1t usnally forms a tough, crusty
mycelial mat on the surface of potato-sucrose broth in
nonshake cultures, The mat is easily removed and
washed. Most staling products can be separated from
the fungus mat by decanting off liquid medium before
the myeehial mat is broken up. Rhizoctonia solani also
grows well in lignid shake cultures.

Steamed-sterilized soil was used successfully by a
number of workers to increase inoculum of R. soland
(Sanford, 1952). This substrate is available and easy
to prepare. The constituents of soils are variable, how-
ever, and may not be repeatable from one area to an-
other. Cornmeu! sand medium (Gibson, et al., 1981)
could be used as o stundard for this method.

Recent descriptions of the use of foam rubber
{Domsch and Schicke, 1960} and synthetic sponge
{Sulba Rao, 1964) for the culturing of fungi should
be noted. These syuthetic materials were moistened
with liquid-nutrient media, autoclaved, and inocu-
lated with various fungi including R. solani. The ad-
vantages of using these techniques were that the fun-
gus penetrated readily and the substrate afforded
abundant aeration and increased surface area for
mveelial growth. The use of these synthetic media
for culturing R solani should be further explored.

Rhizoctonia solani is therefore a relatively easy or-
ganist to isolate and culture on a wide variety of
media Some of these are casy to prepare and the
growth obtained is suitable for most studies, It would
be of inaterial advantage to future studies of R. solani
not reqairing specialized media if either one or two
agar media could be umiversally used as standards for
in vitro studies. Vanation in R. svianf attributed to
the variety of media used to study this fungus might
be better understood if routine culture. methods could
be standardized.

Incubation and storage.~ Incubation conditions for
isolating and culturing H. solani are not as critical as
for some other pathogenic fungi. Most isolates will
prow well in vitro over a relatively wide range of
tenperatures, relative humidity, pH, CQO, concentra-
tons, light, and other environmental factors. The lit-
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erature concerning the effects of environment was re-
viewed by Sherwood (this vol.).

Much variability in optimum temperatures for in
vitro growth of R. solani is reported. Incubation tem-
perature might play an important role in recovering
and maintaining the {ungus only if high- or low-tem-
perature [solates were studied. Cochrane {1958)
stated that temperature optime and ranges reported
were valid under the specific conditions of the exper-
iment, with regard to time, medium, other environ-
mental factors, and the method of measurement. He
ooncluded that there was no single temperature opti-
mum for efther growth or any enzymatic type reaction
in R. solan{.

Most In vitro experiments in closed culture dishes
would have close to 100% relative humidity, the opti-
mum for the growth of the fungus. The fungus is
known to survive in air-dried sofl and may be con-
sidered tolerant to low relative humidities in soil. The
author obverved the fungus surviving on desiccated
agar in culture tubes for many weeks, which would
indicate the fungus could survive low relative humid.
ities in vitro (unpub.).

Most isolates of R. solani prefer an acid medinm,
with optimun pH for growth being less variahle than
that reported for temperature. The optimum pH for
in vitro growth of most isolates of R. solani is between
5.5-7.0 (LeClerg, 1934; Jackson, 1940; Blair, 1943,
Khan, 1050; Ragheb and Fabian, 1955; Elurosi,
1957b; Bateman, 1962). Matsumoto (1963) found
that the effect of pH varies actording to the nature of
the media used and t':ought it was almost impossible
to designate a definite optimum pH value for growth
of the fungus.

Blair (1943) reported that aeration of soil was nec-
essary for optimum growth of R. solan{ az CO, accu-
mulation was very toxic. The summary statement of
Carrett (1956): “the toxic effect of carbon dioxide
upon a fungus is greatest when the energy growth is
least” is appropriate.

Light had an important effect on in vitro growth
(Durbin, 1959b; Weinhold and Hendrix, 1962,
sclorotia production (Valdez, 1955; Durbin, 1959),
and basidial production (Whitney, 1684a) of R. snlani

Storage and maintenance of stock-culture collec-
tons of R. solani and other phytopathogenic fungi
involves certain problems. Stock cultures of R. suluni
stored in o refrigerstor or at room temperature require
frequent subculturing mainly because of desiccation.
This may invelve monthly transfers depending on en.
vironmental conditions. Viability and pathogenicity
may then be a’sred. Shaw (1912) reported that R.
solani remains viable for 5.6 months on agar media
in culture plates and tubes. This was the expeiience
of the author (unpub.), who recovered the fungus
from 4-0-month-old agar slants by plating on fresh
agar. It was not determined, howeves, if the fungus
survived as mycelium or as sclerotia. Parmeter (per-
sonal communication) believed that most isulates will
remain viable on PDA for ut least 1 year. Sims (1960)
found certain isolutes of the fungus lost virulence fol-
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lowing culture on amended media.

Loss of pathogenicity after prolonged storage in
vitro may be a problem. Schroeder and Provyidenti
(1961) found that tomato-fruit rot isolates of R. so-
lani lost their infectivity after 2 months in culture.
They reported that 4-day-old cultures gave five times
the infectivity on tunato that 2-month-old cultures
did. Sherwood (personal communication) stated that
certain cultures of the fungus stored In a refrigerator
could not be recovered after 3 months. He maintained
his stock culture collection of the fungus on PDA
fortificd with 0.5 gram ench of malt extract, yeast
extract, and cascin hydrolysate. These cultures stored
in a cabinet at room temperature and transferred at
least onee every 3 months have maintained their mor-
phological and pathogenic characters for 8-12 years.
Parmeter (personal commuunication) reports having
stiilar results.

There are 1 number of techniques for the storage
of phivtopathogenic nucroorganisms. A review of these
technignes was made by lyenger, et al. (1959). One
of the best methods for the preservation of agar cul-
tures of Rhizocionia spp. is with sterile mineral oil.
They found that the fungus remains viable under ofl
after 5 bhut not after 7 years. Schneider [C. L.] (1857)
reported that 70 of 76 cultures of Rhizoctonia spp.
survived 6.7 5 vears on PDA amended with vitamins
B, and C, covered with sterile mineral oil, and sealed
with cotton plugs and Parafilm, In a similar experi-
ment, he reporied that 31 of 40 cultures survived 5.5-
9.0 vears, Puthogenicity studies on the surviving cul-
twes were uot made. Pumpvanskaya (1964) showed
that a mineral-oil depth of 0.2-0.5 em did not prevent
axygen penetration, while 1.0 em gave relatively un-
aetobic conditions, and 6.0 cm gave complete en-
aerobiosis.

The fungus could also be preserved either on grain
or in soil. Kreitlow (1950) showed that R. soland
comid be stored for at least 16 months by growing iso-
lates on a steamed mixture of two parts wheat and
one part oats in a 250 mi flask for 3 weeks at 15°C
and allowing them to dry at room temperature. The
material was ground to no less than 40 mesh and
stored at 5°C,

Soil has been used as a storage medium by Tolmsoff
(personal communication). He reported that sugar
beet isolutes were stored for several months in soil by
infesting autaclaved soil with cultures grown on ster-
ile sugrar beet seed and incubated until a high popula-
tion huilt up. The soil was then afr-dried and stored
at cool temperatures. If the soil was maintained at
room temperature in a moist condition, cultures lost
infectivity to sugar beet within 2-3 months. This is
opposite to results found using agar, Vaartaja (1964b)
isolated . solani from a sand-sof} mixture stored for
2 years with only 0.2% by weight of water.

Sulba Rao (1964) recommended the use of a
washed, synthetic sponge cut into the shape of agar
slopes, inserted into test tubes, moistcned with 3.5
ml of Richard's medium, and autoclaved, as an alter-
native to agar culture of fungi. It afforded abundant
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aeration and increared surface areas of mycelial ram-
iflcation.

The best methods of incubation of R. solani in vitro
are to grow the fungus: (1) onlv on fresh standard-
{zed, buffered medium (pH 6.0); (2) at temperatures
optinium for growth of the particular isolates being
studied; and (3) In a closed cabinet to prevent due
exposure to sunlight or artificial light.

The best conditions for long-term storage of the
fungus are [resh, standardized, buffered mediuvm,
immersion of the culture under sterile mineral vil, and
storage at temperatures below 0°C. Containers should
be sealed before storage. Comprehensive studies are
noeded, however, to determine the effects of pro-
longed storage under oil on pathogenicity of R. solani
isolates.

The use of foam rn.bber (Domsch and Schicke,
1960) and synthetic sponge (Sulba Rao, 1964) moist-
ened with liquid nutrients for storage of R. solani
should be explored.

Mgrhops Usep v DererMINING INocuLuMm Po-
TENTIAL AND PoPuLATIONS 07 R. solant in Soi..—The
concept of inoculum potential was reviewed by sev-
eral authors (Garrett, 1060; Horsfall and Dimond,
1963; Dimond and Horsfall, 1960, Baker [R.], 186G5)
and is discussed in other sections of this volume. The
term inoculum potential was Brst used by Horsfall
(1932) to define “variations in the content of patho-
genic fungi or inoculum in the %0il.” The meaning ol
the term has changed and become broader, but it still
carries the concept that is @ measure of the ability of
a soil-borne organism to cause disease in a susceptible
host under certain conditions, i.e. to act as inoculum,
It connotes measurement of this ability in a carrier,
such as soil, sand, or an artificial medium infested
with the organism. Inoculum potential should not
replace “pathogenicity” or “virulence,” terms used to
describe characteristics of organisms.

Rhizoctonia soland exists in soil both as a potential
parasite and a saprophyte and is probably distributed
throughout the soil {CGarrett, 1858; Livingston, et al.,
1964). Some Rhizoctonia spp. are active saprophytes
in soil and can survive in the absence of hosts by com-
petitive colonization of dead organic matter (Garrett,
1956; Boosalis and Scharen, 1959; Pupavizas and
Davey, 1961). Papavizas and Davey (1962D) em-
phasized that pathogenic and nonpathogenic strains
in soil were morphologically indistinguishable fromn
one another. Rhizoctonia solani has been classed as
a primitive parasite (Garrett, 1956) and as a weakly
competitive saprophyte (Rao, personal communica-
tion). Papavizas (1984) pointed out that the fungus
may lose its pathogenicity after passage through soil
or following changes in nutritional levels.

Susceptibility of hosts may be influenced by envir-
onmental conditions. These facts create a problem for
developing sn accurate method of measuring the inoc-
ulun potential of R. solant in soil. This is discussed
below under testing for pathogenicity.

Since R. solani exists as mycelium in the soil, most
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immersion methods are useful in estimating popula-
tions of this pathogen. Martinson (1983) found that
the frequency forisolation of R. solani with soil micro-
biological sampling tubes correlated with preemer-
gence damping-off of radish., The correlation held
when inmculum density, temperature, and concentra-
tion of pentachloronitrobenzene (PCNB) were varded.
These experiments were conducted under controlled
conditions; an isolate of the fnngus known to be path-
ogenic to rudish and watermelon was used. Under
these conditions, particularly where soil was infested
with a pathogenic isolate of the test fungus, the troc-
ulum potential was measured adequately. Under field
conditions, the sampling tube method would measure
only population density and thus not give a true pic-
ture of the inoculum potential of the soil,

Some studies and techniques ineasuring the inocu-
Inm potential of R solani i field soil have in reality
estimated only the population of the fungus in soil,
including saprophytic and pathogenic isvlates. In or-
der to measure the true inoculum potential of R, solani
m a given sorl sample, it must be shown that all iso-
ltes of the fungus in the sample are pathogenic, If
an isolate is ot pathogenie, it cannot be considered
part of the inoeulum The problem of selective patho-
genicity among isolates of R. solani may also become
involved.

Some of the methods for isolation of R. seland from
soil were vised to compare the amount of disease with
estimated populations of the fungus. Papavizas and
Davev (1953955, using buckwheat stem pieces and
natnrally or artificially infested soil, found some cor-
sefation between ifection index and frequency of iso-
lation of R solani Their infection indax, however,
took into account only invisible symptoms and not
preemergence damping-off. They found that 60% of
50 R. solani cultures isolated by the buckwheat-stem
method were pathogenic. They concluded, however,
that the infection index was not always reliable for
detecting dilterences i sail infestation by the path-
agen.

Lavinustan, et al. (1964) found general agreement
hetween the plant-debris fragment and the buck-
wheat-stem-segment methods for indexing Rhizoc-
tania spp. inecubinn levels, The buckwheat technique
was particularly senstive. Comparisous made by them
m 1960 and 1961 showed that disease severity was
weaty influenced by seasonal differences, soil types,
and general held conditions.

The most successlul method for predicting the
severity of either Rhizoctonia root or crown rot is by
estimating the moculum potential of soil from the
number of infested plant debns particles or mycelial
fragments on the toots of host plants. Rich and Miller
(1963) showed that the severity of Rhizoctonia root
rot of strawberry was related to the number of Rhiz-
orte afa spp. fragments adbering to a 50 em length of
sttawberry root

The debns-particle methad was used by Beosalis
andd Scharen (1939 to compare the incidence of
sogar beet crown rot e two soil samples from the
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same field, The first sample came from an area of the
Bold that had a high incidence of crown rot the pre-
vious season, the second from an area with low mci-
dence. The soil with the highest infection index also
had the highest percentage of disease plant debris
particles supporting strains of R. solani pathogenic to
sugar beet. Both sol! samples were infested with the
same pathogenic strain of the fungus. The second
sample, however, had a mixture of at least two strains,
the socond teing pathogenic cnly to potuto stems.
This technique gave both a population estimate and
an estimate of the inocvlum potential of the soil, ie.
fndicating the ratio of pathogenic to ronpathogenic
strains.

Smitk [L. F.) and Ashworth (19£3) es*.mated in-
oculum potential under field conditivns by counting
the number of lesions that developed within a 96-hour
perlod on small, green tomato fruit buried in soil
Tomato fruit were found to be immune to Pythium
spp. which obscured R. solani damage to tomato and
bean seedlings. Sanford (1€52) found the disease
rating of host plants to be a satisfactory measure of
the persistence of R. solan in soils, whereas dat: from
buried glass siides and root colonization of indicutor
plants were unreliable.

The application of the theory of inoculum potential
to R. solani may best be studied under controlled con-
ditions using artificially infested soil. Sanford (1952,
Papavizas and Davey, 1859b), and Martinson (1963)
infested soil with pathogenic strains of R. solani.
Measured inoculum mixed with a known quantity of
soil was varied and correlated with a disease index.
The relationship among the pathogen, host, and en-
vironment then could be expressed in mathematical
terms (Dimond and Horsfall, 1965). Study of inocu-
lum potential and variables affecting it under con-
trolled conditions might lead to methods for predict-
ing disease severity.

Stupvine PaTnocENiCITY.~Pathogenicity tests are
necessary in fulfilling Koch's postulates. It is particu-
larly important that pathogenicity be established for
fsolates of R. solani being studied.

Tolba and Moubasher (1964) stated that Rhizoc-
tonia isolates are nonspecific in their pathogenicity.
Most standard techniques used to establish patho-
genlcity of other phytopathogens must therefore be
modifed for R. solani. The fungus does not produce
conidia. Basidiospors production is either rare, difhi-
~ult to obtain in culture, or lacking. Basidiospore in-
fection in nature appears to be rare, but this may be
due to ignorance rather than fact. Strong (1961} at-
tributed stem canker of gruenhouse tomatoes in Mich-
igan to basidiospore infection. Pinckard and Luke
(1867) thought basidiospore infection of cotton bolls
played an important role in boll rot initiation. Basidio-
spore infection appears to be common in the tropics
(Echandi, personal communication). More “tudics
are needed to determine the role of basidiospores in
sproad of disease,

Myocelia and/or sclerotia are widely used in place
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of spores. Some isolates produce few, if ary, sclerotia
m culture and mycelian must be used. [f mycelia are
used for testing of pathogenicity, hyphal-tip cultures
should be obtained. These can be obtained by plating
mass transfers of the fungus on water agar and, after
several days’ incubation, examining under & dissects
ing microscope. Single hyphal-tip cells can be cut
from hyphae with a sharp dissecting knife or razor-
blade chip. Cut cells become alinost transparent,
while intact cells remain translucent and are easily
selected (Whitney and Parmeter, 1963).

Use of hasidiospores.—The perfect state of R. soland
forms more or less freely in nature on a wide range of
hosts (Kotila, 1929, 1947; Exner, 1953; Pinckard,
1964, Whitney, 1964a; Pinckard and Luke, 1967).
Successfully induced fraiting of isolates in vitro would
aid materially in tuxonomic und cytological, as well as
pathogenicity studies. A number of methods were de-
rived to induce basidiospore formation.

The enmmon method is to transfer the fungus from
a rich medium to a poor one (Fig. 4). The transfer of
the fungus directly from host tissue or enriched agar
cultures to 29 water agar was reported to be success-
ful by a number of workers (Kotila 1929, 1847; Ulk
strup, 1934; Fxner and Chilton, 1944; Carpenter,
1949, Exner, 1953; Sims, 1958). Sims (1956) re-
corded hasidiospore formation after transfer of the
fungus from amended potato broth to alligator weed
{Alternanthera philoxerioides) stems and roots. Kil-
patrick (1966) induced sporulation of R. solani by
transferring agar plugs of the fungus to a small “modst
chamber” consisting of filter paper, moistened with
distilled water, placed on the top and bottom of a
culture plate.

A second ethod is to place fungus hymenium
and.‘or mycelium on the inside of a culture dish cover
and place it over either sterile water, water agar, or
amended agar (Exner, 1953; Hawn and Vanterpool,
1953, Sims, 1958, Whitney, 1963).

NG I ¥ fico

Fig. 4. Cluster of Rhizoctonia basidia produced on
water agar Uleft) (Whitney and Parmeter, 1983) and
expenimental set-up for collecting basidiospores (right).
Upper plate (A) contains perfect state of the fungus
and lower plate (B) contains water agar (Whitney,
1063).
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- Basidiospore formation was successful when the
fungus was grown directly on either Coons’ medinm
(Kotila, 1929) or alligator weed decoction agur (Sims,
1858). Stretton, et al. (1864) and Whitney and Par-
metor (1964) found that either covermg or naxing
an agar culture of the fungus with soil or sund would
induce sporulation {Fig. 5.).

R solani fruiting in culture plates after being

Fig. 8.
covered with soil to induce sporulation ( Whitney and
Parmeter, 1964 ).

Warcup and Talbot (1962) successfully used
modifications of three methods to induce fruiting of
basidinnycetous fungi isolated from soil. These were.
Warcup's chaff method (Warcup, 1959); Tummblvn
and Da Costa’s wood-block method (Tamblyn awnd
Da Costa, 1958); and Flentje's soil method (Flentj:,
19586).

The perfect state of R. solani usually occurs in nu-
ture at the base of plants and on the underside of sl
clods during periods of high rainfall and hunuduy
(Exner and Chilton, 1943; Warcup and Talbot, 1962,
Pinckard, 1964, 1967). This suggested that humidity
and light were important factors in inducing fruiting.
The requirement of high RH for spore production was
shown by Kotila (1929), Carpenter (1944%), Exner
(1953), Hawn and Vanterpool (1953), and Simw
11956). Heaviest sporulation and discharge by the
fungus in nature was shown to occur during the firt
8 hours of darkness at night with little or none occur
ring during the day (Carpenter, 1949). Severul
vestigators suggested that light inhibited the initiation
of the perfect state (Xotila, 1929; Carpenter, 1949,
Hawn and Vanterpool, 1953; Flentje, Kerr, Dodman,
McKenzie, and Stretton, 1963; Whitney, 19673,
1964a). Whitney (1964a) suggested that alternating
light and dark peniods would produce a correspond.
ingly rhythmatic cycle of sporulation,

Temperature, pH, CO,, and oxygen requirements
for sporulation are not critical (Kotila, 1824; Carpen
ter, 1949; Hawn and Vanterpool, 1953; Whituey,
1963).

A technique to fnduce sporulation at will may have
to be developed for particular isolates. Pathogenicity
studies using cultures from single spores could then
be ade. Once on isolate is stimulated to fruit, single
basidiospores can be harvested by several methods.
Kotila (1929} described a method of collecting single
basidiospures using a micromanipulator. Even with
modern equipment, this is tedious and is recom.
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mended oniv where the basidiospores from a single
s are requinred. Okeen et al, 11967) removed
side basidiosperes from o tetrad by toucling themn
with a sl soater wicar bl ok onthe tip of o fine ylass
necdle The block with spore was then placed in the
vetiter of wonltnre plate containing ugar

Allowing the disclarge of basidiospores from the
hd of a caltire Akt an agar medium below was
shown to be a succesful means of obtaming single
hasidivspores  Faner, 1953, Hawn and Vunterpool,
1953). Daoluted gemmmating spores were located,
marked, ad vemoved by uang o “hiseait cutter” tech-
niggne as described by Keitt et al 71915 Each spore
wus then transfered O sintable media e a culture
tuhe

Othes methods used for single-spore isolations of
fimn miay be apphe sbe to Rhizoctonsa These are
the drv-needle techigee (Hildebrand, 1938); or dog
har attached to o netal probe or needle (Guthiie,
19A3 . Thew workens picked single spore from either
acar or glass shdes Koo et al 1966 found it diffi-
enit to recover spotes from agar, because some tvpes
of spores becaane embedded o the water film on the
aat surface, and fon glass slides because of their
anoothess They foand that single spores, deposited
on dhalyos tehmg celiophane taged over a rectangle
ol 4 wauter agar, vete wone easily harvested

Uve ot e o for meculating aerial plant parts.—
Touug plant teoe s generally considered more sus-
ceptible 2 mature tisue to R solani. Testing for
pathogenat. oo aerial plant parts necessitates, in
mnst cases, the ase of either seedlings or newly formed
feaves wned s Batteell (1962) ) using fescue and
sos heans Doeed that spraving plants with a suspen-
sion of mueerated agar plate calbires of R solani was
eftective on tender seedlings and inetfective on ma-
tine Jeaves Mbalba seedlings i the unfohate-leaf stage
were found by Schnntthenner (1964) to be less sus-
ceptible v B osolana than were seedlings w the cotyle-
domary leat Pameter  (personal communica-
tion: tonndd that B wclantyeadily attacked older leaves,
bt that Coratehaadium po attacked only  young
leaves

Schioeder and Prosvidents (1961) and Ruppel, ot
ai o ann snked soth Tephrosia cogelii and were
wiccesstul e establishing wfection on 6.week-old
seedlings Iy atomizing a my cehal suspension from 1.
week old PDA Cultores onto plants held for 24 hours
i a constant mist. They both recorded vanation in
virolence awmong isolates of the fungus, Atkins and
Lewis (1954 bowever, obtuned infection of all
artial plant party of sovheans, regardless of age, with
Hovolani ina ot Chamber at about 30°C, 24 hours
afteg aprasincoulation: Tandon (1961) reported sys-
temic infection on g weedlings in a grecnhousc
Mter mocalation with B solani. After inoculation,
snall rtegnla spots occurred on upper leaves. These
spots coadescedand spread downward until the entire
plant sncenmbed

Luttrell (1962) compared methods of foliar inocu-
Jatwn with B solani on feseue grass. Good infection

Jdaale
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was obtained by spraymg plants with a upension of
macerated agar-plate cultures. Better intestun re
sulted, however, when adfalfa meal was added 1o the
suspension. The best anc. most convenient nithod was
dusting moistened plante. with dried oat-gram cotures
{Kreitlow, 1950, Allison and Hunson (1951 sprayed
plants with a blended suspension of scierotial tray
ments and mycelium aad placed them n: o mont
chamber.

In order to successfnly establish mfecton on to
mato fruit, Schroeder anl Provvidentt 11961, {fouud
that a PDA biscuit with mycelium from o 4-day vid
culture had to be placed over an epidermal pued ture
made with a fine-pointed sterile needle. Their 1oy
lation studies showed that the type of sviptoms pro
duced depended on fruit muturity ot the tane
fection.

Two additional techniques described be otel]
(1962) were the use of single out grains teom whode
aat-gramn cultures and single solerotio on leaves T
use of sclerotia permitted quantitative coampacisons
in termns of size of lesion produced frone . siesie pannt
of inuculation during a spectfic period 1w ncuba-
tion clamber.

Schuster, et al (19551 described a toothp ok merhiad
for determining the pathogiemcity of K soland inalates
on sugar beet seedlings in the Lield. They fonnd, bow
ever, that the reaction of the seedhng was vot cone
lated with mature plant reiction to crown rot

Regardiess of the method used. infection weeni 1)
be influenced by avarlable autrients in erther v e
or in nonhliving substrates (Lutwrell, 19621
shonld be taken into cunsi leration in makiog e
lations, especially on aerial plant parts

ansg s

Inoculating plant party 6t or belou the sl o
There are a nuunber of staadard technirmes used 10
test pathogenicity of R. solani isolates oo plant paits
either at o1 below the soil liae Most invaloe asing in
fested wil or other media sown with seed or ceedivigy
of host plants cither beforc or after sl andestar n
Methods have been dosignsd for Labor sty aees
honse, und hield expenments. Media can T+ ity cted
with fungus hvphae, either in suspension o0 & vy
on a suitable mediom, or scerotia,

Infection of stem and hvpocotyls of o and o
ado was accomphished by tchnigues wored out Iy
Shaw (1922) und Mircetich and Zentureer c196 1
respectively. Shaw tested for pathogen !
ing small pieces of un agar culture on some s
ceptible jute plants, while Mircetich and o tieves
placed 2.0 mm disks of agar with fungus v cnte
avorado stems and covered aith wdhesive tape T
tions of the host were surface stenitized and phaccsion
glass slides with the test arganism m amosst chanmber
using a technique desenbed by Flentye 1965

Root inoculation with B solant has vecened con
sideration, pasticularly on Heshy root cops vach
potato and sugar heet Schwinn 11981 1t estublinh
the causality of R. solani for dry core of potato, -
wlated buth mechanically wor nded and natura! lenn

) 1
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cel excrescences O ormack and Moltatt (1961) studied
the pathogericity 0 R osolani on sugar beet roots by
temoving a s ose b tssue, placieg the inoculum in the
Lole vwd replaciny the cores The wmount of decay at
differest incubaten temperatures was recorded.

Mucencl and Zeanmser 19640 studied the patho-
ety of Hooalane oo avocado roots by using seed-
ings gt maen sted, complete nuatrient solation ju
Sgdlon . ceramic crocks at plb 6.5 One-half petri
dish andtires of the test funges were blended with
tan! of deaonized water for 16 minute and poured
ity the ciocks with the seedbngs, The other half of
the cultere wis placed i cheesecloth and suspended
a1 the nutrient solutian. A 35 days after inoculation,
BUGAT  the toots were mbtected (g 6).

Intesting sord and other medur - There are a vari-
etv of methods o mtested sorl for testing patho-
weriots of Kovoiie Some techimgues have been de-
velaped s comnre hens with the evaluation of soil
funccdes b o oitiol of Rhizoctoma seedling dis-
seowere selected for review,

varves A tew b,

b e wbeat woain were used by LeClerg
ot o et the andergreand stems of potato
and g beet The grin moculum was pliced in

diecctconte twath the stems. He also mixed the grain
woenhin wathe steaned soil and allowed it to stand
1o O weeks The resulting infested soil was added to
tos ob treenhionse pots containing potato seed pieces
Bobeted Cat soheat, andoor barley grains were used
Coetedt cul e trmtest undergroond stems of crop
Sesbon and Movers, l‘)q-’, e (Ilcrg, ]941(},
Vvt et gl 6y

Staten wnd Cole (19480 prepared infested soil by
sy dieased plant tissae with the soil. To study
Hosodann on o seedlings, Lebman (1940) infested
sl by stirning wocndture of R osolani in half of the soil
contasaed an reenhouse fats,

Sticinr (19%s 1400 used 2 week ld macerated
broth caltures of 0 wiand to wdest greenhouse flats
Cotne stnedy o v seedling damping-off by the
Atter 2wt meulntion an the greenhouse,
the oo with cofton ~eed

Braehd 1951 prepared moonhan by incubating
the tuans me flaske containing 150 grams of black
soplat 20200 ber Boduvs, A portion of this inoculum
war ateed w the tap half of stenile soil in greenhouse
pots aed nsed to test for pathogenicity on vat and
wheat seedhngs

Root canber of alfaifa was studied by Smiith {0, F.]

P by placme teansplants directly ininfested soil
or by o plaats 1o giow abont a month in non-
witedted sorl wodd then placng inoculum in holes in
thie vl

The pathowenoty of Hoaolani on celery was tested
[ Pl s s pension of macerated agar cultures
wontel the cruwn and hetween the petioles before
sotl v pushed ap wround the base of the plants
sHoeten and Kendrnck, 1949

Fhe pathogeniaty of various fung) to turfgrass
seediings was tested by Endo (1961) by growing
seedhews in steamesterlized soit in clay pots. The soil

s
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was infested after germination with small plugs of
washed mycelium placed in the soil. Various isolates
of R. solant were tested for their potential to incite
damping-off of Tephrosia vogelil (Ruppel, et al,
1965), by growing fungus isoletes on sand-oatineal
medium for 3 weeks, then mixing with 300 grams of
sterfle sand in partially filled greenhouse pots. and
covering them with a thin layer of inoculum,
Schmitthenner (1964) used three different niethads
to study the virulence of R. solani isolates on alfulfa
seedlings: (1) The vermiculite-culture technique
employing a 1 liter flask plus 500 m] of vermiculite
moistened viith autuclaved yeast-extract-glicose soln-
tion; (2) the injection-infestation technique using
shake cultures of the fungus filtered, resuspended in
distilled water, blended, and injected into the soil
around roots of 10-dey-old seedlings; and (3; the -
oculum-layer technique, using fungus cultures placed
in a layer Fulow, but separated from, the seed at sow-
ing. Using the inoculum-layer and injection-infesta-
tion methods, differences in virulence were detected
Owen and Cay (1984} used greenhouse ground
beds artificially infested with a mixture of seven iso-
lates of R. solani from cotton serdlings o study con
trol of the fungus with soil fungicides (Fig. 7). Tem.
perature and moisture were controlled to assure rea-
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sonable kill of plants in nontreated soil. They obtained
goud results in field trials by mixing R. solani-infested
cottenseed and seedlings into the soil three weeks be-
fore planting and by using overhead irrigation.

Whether inoculations should be made with ster-
ilizedd soil or with soil containing a normal sai! micre-
flora 1 apen to question.

The advantages of using pure culture inoculations
are that they provide: (1) effective means of control-
Iing wocalum levels; (2) precise measurenent for
fumrus effects; (3) severest disease conditions pos-
silile, (47 reproducible results; and (5) elimination
of stimulatory and antagonistic effects of other ecosys-
tems. The disadvantages are that, because of the alter-
atinn of soil ecosystems, conditions are not compar-
able to field situations because: (1) disease will likely
be more severe than might be expected under field
conditions; and {2) plant vigor may be increased or
decreased.

The advantage of using field soll with or without
mfestation of the test organism 4s that it approximates
the disease situation encountered in the fleld. The
diadvantages may be: (1) difficulty in obtaining re-
producible results because of variability in the ecosys-
tems from experiment to experiment; (2) data may
be appropriate only for the area from which the soil

Fig. 6. A, B. Typical rout lesions produced by R. solant on avocado seedlings in inoculated
nutrlent solution. (€) Noninoculated control. (Afetr Mircetich und Zentmyer, 1964.)
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sample was indigenous; and (3) the test may not
represent the severest disease situation possible,

Use of infested sund and agar media—Endo (1961)

was able to detect nonpathogenic and pathogenic iso-
lates of B. solani from turfgrass by sowing seed on
sterile quartz sund in cultwre plates watered with ster
fle water. Newton and Mavers (1935} tested the sus-
ceptibility of plants to R. solani by growing surface-
sterilized seed on nutrient agar previonsly inoculated
with the fungus. A similn technique was used by
Bruehl (1951), who placed permmated wheat and
oat seed in culture plates of the fumezus, Hansen and
Curl (1964) found that differences in pathogenicity

Rhizoctonia Solani: Special Methods of Study

among isolates of R. soluni could be detected on white
clover seedlings established on low-nutrient sub-
strates. Anather method, used by Vaartaja et al.
(1961), detected differences in pathogenicity by
placing aseptically germinated tree seed in tubes con-
tuining half-strength cormmeal agar and the fungus.

Sims (1960) showed that various umended agar
media significantly reduced virulence and dry weight
below that of nonamended media among three iso-
tates of R. solani

Flentje (1965), in summarizing the various meth-
ods for testing pathogenicity of Rhizoctonia isolates,
owtlined three complementary approaches: (1) The
direct addition of the test organism to natural or

Fig. 7. Soul o floor of greenhause beds was artifivinlly infested with 7 isolates of R. solani to
evaluate soil fangicides. (Owen and Cay, 1964.)
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amended soil in which the liost plants are growr wnd
the natural scil microflora is present. This method .
often used to study the ability of the fungus to gio
through soil. It does not indicate how the orgunian

i

enters the host or how pathogenesis is eifected 2

The direct opposition of the test organism to the bt

in sterile sand or soil or on surfaces such as gl slides
in a moist chamber, nllu\ving for dircet study o b
pencetration, type of tissue damage, and rate of dun-
age in the absence of other organisms 30 The 1 -
rect opposition of the test organisn: 0 the host be
testing culture fltrates or extracts of i o o on
host tissues, providing for the studs of posable 1iech
anisms unolved in pathogenesis

Effects of envirenment on pathogenicity studus -
Classically, the study of any plant disease wnd the
pathogenicity of the pa hogen involved st tade
account the interaction of host and pathowen wiet the
eftect of the environment on this intersction. M.
of this information on fuctors affecting pathogeni. it
is smnmarized elsewhere in this voline,

There seems to be no it to the hast range £ e
fungus. The whole concept of host range for B sornai
may be confused because the host range can he al
tered by time, kind of plants used, varieta] roastun
and susceptibility, and by a number of soif microeco-
logical factors (Papavizas and Avers, 19673

Rhizoctonia solani can survive. grow, and e
pathogenic m soil under a wide 1ange ot ensinom
mental conditions because of its virability. Shephand
and Wood 11963) thought pathogenicity of B solurn
depended mainly on intrinsic properties | the host
and isolate, und environmental fuctors were saeh
of more than secondary importance in deermimne
whether an isolate would attack a particnlar hos?
plant. But the envitonment does play maore than .
secopdary 1ole in the infection of R solani. The etfect
may not be ditectly on Je fungus, but an indiree
effect on the host plant, as with soil temperatire and
soil reaction.

Khan (1950 stated that the generalization tha i
solani is either a high- or low-temperature pathogen
or is destructive in an acid or alkaline soil, is not sty
fied.

Results from studies concerming the effect of <op
moisture on R solans and disease deselopment are v
in agreement. This may be due to haek of standaide, o
tion in technigue. In a study by Baternan (196.4/ .
1 which he made « factorial analysis of sml ten e
ture, moisture, and pH, using K. solani and othey o00).
borne organising, he found no combination of the Ui ¢
factors prevented infection of ponsetua by the tun
gus. Shephard and Wood (19637 showed that hiel,
humidity appreciably increased pathogenicits of K
solani,

The effect of soil moisture on the susceptibility of
host plants needs study. Standardization experiments
using Held capari.y (field-moisture capacity i as e
fined by the Soil Science Suciety (Anon., 1962 honkl
be used in future studies. Couch, et &l (1967 1e.
viewed the application of soil-moistute principles to
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the study of plant disease,

The eflect of nutient balance an saprophytic actiy-
tvoab B osofant was considered by Papavizas and
Davey {1961 Papavisas, et al. ¢ tytily, und Papa-
Vs CT9BE (bson 1956 demonstiated that the
artintty of Josoluni s o damping-off pathagen {s
Mrgely dependent on the natrients available in the
sl

Procuspesitioc to mf ction. <Yeshng for pathogen.
b R vsant s vor abwans wuccessful, as was
ponted oot by Hubar and Findey (1939 and Brig-
bam 101 Sach caedble resaity way be due, in
part tothe fact that he tunens was pathogenic on
Severzl
aents e repeited o predepose plants to infection

v Rl
Cetar pht v e aredigmed Yosts tainfection
b Bsedins vl G Caoamnber mosare vies  Bate-
mnan 1Uh balew v Bowedwan virus cSoatlhy, 1962),
vl beet v top v (Brwan and Flack, 1963).
Neal and Newson 131 showed g telationship
Betacen tap Fomidmiella fuscat ininry and cotton

weakened seedlmc e Beld conditions

avestban causes by Hovolan

saith A ML nd Prontn e 1029 ubserved that
artesoiathon easted bevween B ddara and Hetero-
deaa ol Caoonger and Clink L 196 1) reported a
e etbedt bhetweon the Saauns and H. rosto-
19561 an green-
B s and teld evpeomme s Vnnd that the combina-
ton o B acum wad Proegdon Bus ianngus reduced
wosatho ob wheoa plaets b bt e @reenbionse tests,
ol aed W e 09 shewed a combination of
sher Medoyne hopla plas B solani ue M. javan-
i pla U slani redas ed emergence of sovhean to 24
w0 the chad tespectively, Saved (1961)
shoved i aumficant woease i dampingooft of pea
cased Lo 0 el e osaoation with M hapla Rey-
noledowmnd W (B3 o Whate «1462) showed
i rease s Rlazoctn o Yaease of catton SL‘(‘(“illL{S
as etrated st oo oo the mcidence of both
Moancowate e MO Ge ata acnta Sumilar results
weor chtan e b Bt ! Conper 11964) . who
showed that cottn seellas wiown an sonl infested
wab either of thaee Moloidogyne cpp o Rotylenchus
rentfianas, o Heplciova, tulenchizonmy were sus-
sl than were seedlings in

Chacwais Mooatane and Beredio

epthile donger 40 18
nematode free sl

Faltos aned Haveon (00000 Chipped folige f red
e et nrery iy and ncreased the
sacephbidiee che Best v B vl Revandds and
oo o pan and Vende and Cooper 1 14964)
showed that cuaming estier b or portsas o cotyle.
dovs ettt weedlines wicreased then sasceptibility
ta R osedirr Webnter o Hoth (19690 mereased sus-
ceptibility o bean sendhings to ROsoland by dum-
atitg? the e b caat biei e planting,

Plavt daeve due o auticaltural chemicals was
shown tomercaee the medence of B volani on cotton
seedbugs Choam wad Revoolds, 1938, Miller and
Vhrcns, Tufd Hannes, 1964; Pinckard and Stan.
difer, 1966

e plonts
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Rhizoctonia Solani:

Faample of paired homokac ons torming tutr, at therr common he of convergence

Upper petri dish shows reaction ot hamokarvon 440 when pared with el oloies com-
pletely merge but no tutts we prodnced Fower 6 pern Lishes show resalts of pawing homo-
karyon 440 with 8 other homokaryons i windh tuft faantion i induced, Tafts can be seen
as erampent cottony wisps of mycchum o bne of conversence between pared colonies. Selero-
tium initinls can also be seen in come plates these Later hoden and darken. Colonies photo-
graphed after growth on Fris's agir tor 10 days (Parmeier, or ab, Unaversity of California,

Berkeley).

The physiologic responses of host plants (o these
predisposing factors should be studied to deterniine
the exact nature of increased susceptibility to R.
solani.

Heterokaryosis and pathogenic ty.~The effect(s)
of heterokaryosis on pathogenicity and other charac-
ters of R. solan{ isolates also needs study.

The common technique for developing heterokar-
yotic lines is to make mycelial transfers of two bomo.
karyotiz lines on opposite sides of culture plates con-
taining agar. When masked tuits of aerial mvcelium
form at tiie lines of contact, hits of miyeeha are trans-
ferred to agar tubes or plates (Fig 8). The characters
from hyphal-tip isolates are then compared wih tht
of the two orginal strainy (Fig. 9).

Whitney and Panmeter (1963) used a sewndiul
medium in which equal amounts of two steanns of R
solani were blended. Droplets of the mintuie were
spotted on water ugar and hvphal tips fron ailie
quent growth were transferr»d o agar shts and
studied.

Cellophane was used by Whitney and Laimetes
(1963) as a substrate for anzstomosis studies and the
development of heterokar,ons in B solara Stonle
pleces of cellophane cut to fit colture plutes vere
placed on the surface of water ugar. Sinvle spore
strains that had given tuft reartions were piated
opposite sides of the cellophane. When anastomeeas
had oceurred, a small piece of cellophane bearmy the
anastomosis figure was cut from the cellophane ol
transferred to agar slants,

METHODS OF STUDYING TOLERANCE TO CHEMICALS,
~Rhizoctonia solani is highly variable. This fact has
been emphasized throughout all sections of this houk
This variability allows for rapid adaptation to changes

in the envitonment including tolerance to chemicals,
The deselopment of tolerance in microorganisms to
drugs s well doenmented in human medicine begin-
ning with the work of Kossinkoff (1887). Only within
the past 25 vears have plant pathologists examined

Ly 0

Comparson of charaetensties of heterokaryon
SN weh 2 orianal stens (5 and 520 (Whitney and
Pacmeter, 1963 )
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the development of tolerance to fungicides used for
the control of plant-discase-causing organisms. The
literature of fungicide adaptation was reviewed re-
cently in theses written by Shatla (1959), Elsaid
{19062), Raffray (1985), and Ricaud (1965). Kers-
kamp, et al. (1952) noted three papers dealing with
tolerance 1o toxic substances in their review.

Rhizoctonia solani, like other members of the My-
celia Sterilia, offers some limitations in methods that
can be used to study tolerance to fungicides and other
chemicals, because of the lack of sufBcient spore pro-
duction. This fungus does not produce aseanal spores.
Basidiospore production is either lacking in most isu-
lates or is difficult to obtain in sufficient wmounts for
use in techniques requiring spore suspensions. This
limitation may be overcome in the future with better
methods of inducing basidiospore production. Fungi-
cide tolerance was studied using both in vito and in
vivo methods.

It is a prerequisite for any R. solani isolate used for
chemical-tolerance studies that it be in pure culture,
stable in cultural characteristics, and able to with-
stand continued subculturing. The author has forad
that all isolates of R. solani are not capable of 1epeated
subculturing, particularly where weekly serial trans-
fers may be involved. Much of the work hus heen
done using cultures from hyphal-tip isolations. Studies
on chemical tolerance in R. solani were conducted by
growing the fungus on a suitable agar medium .
taining various concentrations of the test chemical.

Test fungicides can be incorporated into nutiient
media by several means. Most workers udd chemicals
in known concentration to ths agar medium. Ricaud
(1965) rccrystallized PCNB and TCNB (tetrachlo-
ronitrobenzene) from acetone from commercial prep-
arations anu used them in either the vapor phase or
dispersed them as a fine suspension in the medium.
These fungicides were added to the medium before
autoclaving. Concentration was based on ppm of ac
tual ingredient. For studies in our laboratory, com-
mercial fungicides were added to media after auto
claving just before the agar hecame solid (S lair,
1960; Shatla and Sinclair, 1963; Elsuid and Sinclan,
1964; Raffray and Sinclair, 1965). Concentration also
was based on ppm of active ingredient. These difter.
ent approaches may have an eflect on results,

The use of radial growth as a measure of adapta
tion requires that either a standardized “seeding” v
“plant inoculation” method is used. A sterile cork-
borer should be used to cut plugs, biscuits, or cores of
agar with mycelium from agar plates. For R. solam,
cores should be cut as uniformly as possible from the
outer growth of the colony in an old culture (more
than 7-10 days old at optimum incubation). Vatiouns
studies have shown that the older mycelium Toses
its vigor and therefore might not be suitable for (ul-
ture plate studies. Domsch (1958) stated, however,
that age of mycelium does not substantially influcnce
its sensitivity. If very young cultures (2-5 daye old
optimum temperature) are used, most of the colony
is suitable for inoculation. Use of a standardized my-
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celial suspension for seeding plates is not satisfactory
because the inoculum does not spread uniformly over
the ugar. Agar plugs should be placed in the center of
cach enlture plate. Radial growth is measured either
4t the radius o1 diameter. If growth is irregular, the
widest part of the colony hould be measured.

Isolates shanld be incubated at a constant, con-
trolled temperature optimum for growth. Incubation
should be o closed cabinet, since light has been
shown te have an adverse effect on growth of R. so-
lani in vitro. The length of incubation will be deter-
mined. 1w part, by the rate of growth of fungus isolates
m noatreated plites: This may range from 3-8 days.

An obvious lunitation of this technique is that
ratlial-growth measnrements may not give a true pic-
ture of differences in myvielial growth between treat-
ments {Brown, 1923) . Some chemicals mayv limit hor-
izontal growth, but not vertical growth: others may
prevent the fungus from penetrating into the agar.
Check plates may have fungus myveehuny growing in
quite a different manner and mav thus influence final
reselty Brown 1924 compared dry-weight measure-
ments and radiad growth for sindying growth of fungi
and found the use of radial growth; (1) made it pos-
sible to cany ot esperiments on a large scale, (2)
alowed for abundant repention, and (3) provided
for effective contiols, In radial-growth measurement,
a culture can be followed throughout all its stages
while diy weicht methods involve destruction of 2
oiltiae for vw b measarement Loken, Brancato and
Colding (1963 concluded that the use of diameter
grow th of furaa was sofficiently reliable for determin-
g wowth rates and for comparing the effect of en-
vionmental b tars,

The use of hquid shake cultures was explored by
Ricaud (1965, He inoculated 100 m! of medium
with five awar plugs taken 2 mmi from the margin of
a 2-dayold enltare of R solani POND was added to
the medium at either 2.5, 5.0, or 10.0 ppm before
antockeng Ondy wsingle volate was studied because
another solate proved ansmtable for growth in shake
culture. He fomd that the percentage of inhibition
was ainost costant for the three concentrations.
Only woshehit maease o mhibition with increased
tangrende concentration was noted. This confirmed his
results anagar From these results, it appeared that
all solates of Ko osolani would not be suitable for
shake-culture studies. The possibility of using broth
e T bor this tvpe of study and comparning results on
agar should be explored further. Nonshake-culture
wrowth should be compared with shake-culture and
atar cultures grown simultancously under identical
conditions,

1t Lias been the expenence of this author that most
sulates of B solani will fonn a thick mat on the sur-
face ol nonshaken potato-destrose broth. This mat is
canly removed for cither the wet and or dry weight,

Factors affecting studies  on tolerance.—Shatla
9595, Elvad (1962), Mauer (1962), Shatla and
Smelair (1963), and Ebaid and Sinchir (1064)
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found as concentrations of PCNB in agar were in-
creased, there was a corresponding decrease in growth
among isolates of R. solani. '

Shatla and Sinclair (1963) compared the growth of
6 of 36 isolates that had differed in their growth rates
on agar with 1,370 ppm PCNB. The amount of PCNB
required o inhibit completely the growth of these
isolates ranged from 6,000-10,000 ppm. Ricaud (1965)
found different concentrations of PCNB and TCND
incorporated in agar produced only a slight response
with increased concentration beyond the saturation
point (10 ppm). The solubility of chlorinuted nitro-
benzenes is less than 2.5 ppm (Reavill, 1950). The
actual amount ne2ded to obtain saturation of assay
medium may exceed this value through gradual loss
by diffusion (Ricaud, 1985). There seems te be no
question that R. solan{ isolates vary in their ability to
grow on agar containing different concentrations of
PCNB and TCNB. It appears that this cflect may
involve more than a response to fungicide coucentra-
tion.

Many studies of chemical tolerance assume that
either reduction or absence of growth indicates toxic-
ity and that increased growth in agar with the toxicant
indicates tolerance to it. In cases where the toxicant
has limited solubility, increased concentrations may
have little effect on increase in the quantity of toxic
material. Increased concentration of a fungicide w
powder form, for example, may increase the osmotic
value, change the pH, or affect available nutrients of
the agar medium (Ricaud, 1965),

Ricaud (1965) found when PCNB and TCNB were
suspended in agar at different concentrations, there
was only a very slight response with increasing con-
centration beyond the saturation point. The fungicides
also were only slightly more eftective when impreg-
nated in the medium than when applied in the vapor
phase. These results suggested that the effect on my-
cellal growth of contact toxicity associated with un-
dissolved solids in an assay medium was slight.

Many of the techniques described for [unmade
evaluation under greenhouse conditions could be muol-
ffied to study fungicide tolerance among isolutes of
R. solani. Greenhouse techniques for evaluating fun-
gicides to control R, selani on cotion have been de-
scribed by Ranney and Bird (1956), Sinclair ¢ 1958,
1960, 1965a), Elsaid and Sinclair (1962, Maier and
Staffeldt (1963), Owen and Gay (1964}, Guyed and
Temple (1965}, and Raffray and Sinclair 11965 A
clay-pot technique was used to screen soil fungicides
for control of root-rotting organisms isolated from in-
fected lily, poinsettia, and other ornamentals by
Schaffer and Haney (1956) and also to screen soil
fungicides for control of bean-root-rot arganisms by
Davison and Vaughn (1957).

A simple and rapid technique for the evaluation of
chemicals for control of R. solani was veported by
Gayed and Temple (1965). Dried flux stems were
placed in infested soil treated with a chemical. Atte
24 hours, the “traps” were removed and laidl on 2%
water agar containing bacterial-growth inhibitors.

Rhizoctonia Solani: Special Methods of Study

The extent of fungal growth after 24 hours was usad
to measure the efficacy of the chemical.

In gencral, sail in either greenhouse pots or flats is
mixed with known quantitics of either fungicide, fun.
gus, or both and used to study the tolerance in the
fungus to the fungicides. Greenhouse environmental
conditions e not usually as controlied as in labora-
tory experiments. Experiments of this nature, con-
ducted in controlled environmental chambers will
give valuable information about fungicide tolerance
in R. «olani und other phytopathogens. For instance,
Raftray and Sinclair (1965) described a modification
of a technique of Elsaid and Sinclair (1962) using
greenhouse fats to determine if three isolates of A.
solani became more tolerant to 1,370 ppm PCNB
captan, and nianeb after three serial transfers through
treated soil.

Flats of steam-sterilized soil were either nontreated
or treated with each of the three fungicides. A strip
ot sml was removed from one side of the flat and re-
placed with soil infested with one of the isolates of
R. soleni. The preparation of inoculum to infest steam-
sterilized soil was essentially the same as described by
Sichur (1960). Fifty seeds of the susceptible cotton
vintety Deltapine 15 were sown in each of five rows
in a greenhouse Hat. Rows were approximately equi-
distant trom one anather, The progress of the fungus
thiough the soil was measured by the progressive kill
of the catton seedlings. The fungus was reisolated
from infected seedlings on the opposite side of the
flat and plated on potato-sucrose agar, without and
with the respective fungicides. A strip of infested soil
from the first flat then was taken from the side oppo-
site the original strip of infested soil, placed in a sec-
and Hat, and the procedure repeated.

v a technique described by Domsch (1958), a
soil-compost mixture was placed in shallow trays, the
fungicide warked in or applied by drenching, and R.
solani introduced by watering with a mycelial sus-
pension on the same day. Alderman peas were sown
and covered. and trays kept for 6 days at 8°C, and
then for 6 days i the dark at 20°C. Captan, PCNB,
and an arganic mercurial gave results reproducible to
an exceptional drgree.

Shatla (1959) for 2 years collected cotton seed-
lings showing svinptoms of infection by R. solan{ from
vatious locations in eotton-growing areas of Louisiana.
Seedhings came fiom either nontreated soil or soil
treated with PCNB alone or in combination with other
s i} fungicides. The isolates were plated i agar with
1370 ppm PCNB. The meun diameter of the isolates
from PCNB-treated soil was significantly greater than
of isolutes from nontreated soil after 7-day incubation
at room temperature.

The advantages and disadvantages of using either
pure culture inoculation or invcitlation in the presence
of normal soil microflora were discussed earlier in this
volume.

Concrusions.—Rhizoctonia solant appears to be a
good organism for exploring chemical tolerance in
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fungi. Tolerance to fungicides has been established
in this fungus, but better techniques and fusther st
ies are needed. Tolerance to o Targer number of chem
jcals needs to be determived A chemieal to which
strains of R, solani are tolerant, and that would os er
come somne of the disadvantages of PONB aned TONT,
needs to be found.

Additiona in vitro snd in vivo studies need to be
made (o deternine the extent, potential, and nature
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of this resistance. Effeets of prolonged evposure of R.
solani to thewe tungiades should be <tudied. The
mechanism of yarntion in R selani has been reported
carlier it volume (Flentje, et a, thy vol), 1f
hungicide resistin e s due to mutation, as suggested
by Flentie and Stretton (1964) and Ricand (1965),
then detinite proof could be obtained by genetical
amitlysis,



