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ISOLATMON AND CULTURE OF RJtZOCTONIA SOLANI. 
Media used for Wbtoon.-Rhizoctona soklni is com-
paratively easy to itolate 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). hecl. 
pes for most of the common media were presented by: 
Ilker and Riker (1936), Difco Manual (Anon., 1953), 
Johnson [L. F.] et al. (1959). Many workers prefer 
to use simple or modified potato-dextrose agar (PI)A) 
or other decoction agas. Maier and Staffeldt (1963). 
for example, found R. solani isolates from cotton var-
led In their ability to grow on carrot-decoction agar, 
PDA, and nitrate-dextrose agar. All isolates, however, 
grew well on PDA. Ashour and EI-Kadi (1959) corn-
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. solant, these ,agars are 
often modified with acids, bacteriostatic or fungi-
static compounds. Acidified PDA helps control bac-
terial contanination and may favor growth of R. 
solani, since the fungus prefers an acid medium (Sam-
uel wad Garrett, 1932; Sanford and Marritt, 1933; 
Allington, 1936; 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 to a culture 
plate 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 to pl 
is highly variable. In general, the optimum for growth 
of most Isolates of R. solant is between 5.5-7.0 (Rag-
heb and Fabian, 1955; Elarosi, 1957b: Bateman. 
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 pll 
4.0 using 'actic acid suppressed growth of the fungis. 
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; Schmitthei. 
ner, 19O4) incorporated antibiotics into media to de-
crease bacterial contamination and to increase fie-
quency of Isolating R. solant. Papavizas and Davey 
(1959a) used a mixture of fresh solution containing 
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50) ppm each (1 aureo'nvcin hydrochloride, neomycin 
sulfate, and streptounyvin sulfate in water agar to in. 
crease the fiequency if isolating lhzctonia spp. 
from soil. L.athan and l.iri (1961) found that PDA 
-mtoainiog ithier streptomycin sulfate at 100 ug/ml 
or van'omycin at 51 ;,gl ml was superior in all in
stances to media lmntaining rose bengal. They re
ported als , that inovohiocin did not suppress the 
growth (if . %,si Scihmitthenner (1964) reported 
5(0 rngml of stieptomrvcin sulfate added to media 
helped reduce bactcrial contaminants. Rose bengal 
(Schinitthenner, 1964) and methylene blue (LeClerg, 
1939a) also were used to reduce contamination. 

Isolates ol R. solani should be routinely grown on 
a liquid meirlim, such as potato-dextrose or potato
sucrose broth, to detect contamination by either bac
tria or yeasts that may not be apparent on agar. 

Isolation of R. :,dani from infected plant tissue.-
Standard irocedures for isolation of plant pathogenic 
fungi are generally used to obtain R. solani from In
fe.ted plant tissues. Small sections of infected roots 
stem',, leaves, or reproductive organs are aseptically 
rrnmove.l from the plant after either surface steriliza
fion or washung iii tall or distilled water. Rao (per
sonal communication) found that H. solani was unable 
to tolerate highly competitive conditions on apr 
plates and classed the fungus as having limited "com. 
petitive siprophytic ability." Diseased tissue there
fme should be eithe'r thoroughly washed or surface 
%terilited before plating. 

I Parnieter (pesonal communication) found that 
p',trug isolation pieces on water agar minimizes coin
petition, allows IK solani to grow away from most 
competitors, and facilitate!. hyphal-tip isolation. 

Solutions of I.t0'7 slimn hypochlorite (Kernkamp, 
t' al.. ;9; Sebmitthenner, 1964) or 0.1% mercuric 
1hiorid, (MNiolarned, 19612) have been used to disin

fest plant tissues. 1,ottrell (1962), however, stated 
that suict' R. sodani is freqtently killed by usual pro
cedhres (If surfaT stefilization, isolations from in. 
Ie ted leavves, stems, ard rools should be made by 
s asliiuig bts of tissu, in sterile water before plating 
wit fragnmeit o againedia, Bourn and Jenkins 
( 1928a) washed infectvd portions of various aquatic 
plants behre putirug out. Hansen and Curl (1964) 
prepared clover stolhus for isolation by cutting them 

109 
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TADIJ 1. Media used for isolating and culturing R. rolani a.ld literature dited. 

Medium Citaution 
A1 extact agars............................
 

Bran Stay (1943)
 
Bean hypocotyl Bateman (1963a, ]I6hb)

Carrot Maier and Staffeldt (1963)

Coen's Person (1944a)

Conmeal 
 Ullstrup (1936); Saksena (1960); Schmitthenncr (1064) 
Dextrose-yeast extract + V-8 juice LeClerg (1939a)
 
Leomnin Person ( 1944a)

Lima bean Ullstrup (1936), Sthmitt henner (1964)

Malt Ullstrnp (1936); Gibson, et al. ( 1961)

Nutrient Chesters (1948) Wartup (1950)
 
Nitrate-dextrose Maier and Staffedt ( 1963)

Potato Shephard and Woml (1963)

Potato-cerela Kilpatrick, ,t al. ( 1954)

Potato-carrot-dextrow Maier ( 1962)

Potato-dextvoe Samuel and Garrett 
 (1932); Allington ( 1936); Ullstrup (1930);

Veber 1939); Neal (1944); Kotila ( 1945a); Chesters( 1948);
Houston and Keudrick 11949); Allison (1952); Papavlzas and 
Davey (195u, 1962b), Saksena (1960); Martinson and Baker 
(1962): Bateman ( 1$163a); Shephard and Wood (1963)Potato-dextroie + gemilnating radish. 

sned exudate Martinson and Baker (1Q621
 
Potato-marmite Whitney (19(a )

Poato-sucroae Shatla and Sinlai ( 1963), Elsaid and Sinclair (1964)

Rkard' Ulistrup t1936), Ashour and El-Kadi (1959)

Sol]-decoction Carpenter ( 1949)
 
Troiner's malt Neal ( 1944)
Water Boosalis anrd Siclaren (1959); Shephard and Wood (1963); Whitney 

(1964)
Water + germinating radish-seed-exudate Martinson and Baker (1902)

Water + cold-deli ed aster straw Flentic and Strctton (1964)
 

Synthetic
Czapek's Allington ( 1936); %laier ( 1961b); fluppel, et al. (1905)
Cupek-Dox Kaufman and WVilliams (1965)
Caspelk-Doz + yeast-extract Warciup (1950), Gihson, et al.(196 .1. )

Edward's ynthetic Edwards and Newton (1937)


Liquid 
Frie' nutrient solution Millikan and Field (1964)
Potato-broth IA-Clerg (1939a). Shephard and Wood (1963)

Potato-dextrose.broth Bateman (190.3a), Ruppel, et al.(1965)

Potato-sucrwe.broth Shatla and Sinclair (1963); Elsaid and Sinclair (1964)
 

Other 
Barley-grain (reager (1945)
Cownneal-vsnnivullte ernkamp, et al.(1949)
 

Cor -ineaJlsand Gihson, et al. ( 1961
 
Cornmeal-water Dickinson ( 1930)

Corn, sand. or soil Tervf (1937). I.'Clerg ( 1941b); Ray (1943); Demarse (1945);


Kotila (19451); Boosalis (1956); Flentie and Stretton (1964) 
Oat Ullstrup ( 1930); Person ( 1944a)
Oatmeal-Sand .Shephatd and Wood ( 1903); Ruppel, et al. (19065)
Oat-wheat and water Person (1944a)
 
Sorghum Brodie and Cooper (1964)

Sterile moist black soil Bruehl (1951)

Vermiculite + nutrients Varney (1961 1
 



201 Rhlctonla Solani: Special Methods of Study 

into segments 3-6 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 hjd for 2 minutes 
In 50 ml of sterile water. The excess water was blotted 
aseptically and the stolons were then cut into three 
segments. These segments were plated on PDA at piI
4.2 and incubated at 2 0C for 6 days. 

Schmitthenner (1904) washed diseased alfalfa 
seedlings for 10 minutes under running tap water in a 
stainless steel 5-inch sieve inserted in a beaker. Ap-
proximately 1.0 ml 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 appeaied to be 
in pure culture, hyphal-tip Isolates could be made 
directly from the original plate. 

Isolation at R. solarf fom soil.-There were four 
books and six references published recently on the 
biology and ecology of soil-borne microorganisms arid 
plant pathogens, portions of which are pertinent to
this subject (Garrett, 1956; Burgess, 1958; Parkinson 
and Waid, 1900; Park, 1963; Maciejowska, 1964. 
Baker and Snyder, 1965). There were several review 
articles (Montegu, 1960; Warcup, 1960; Durbin,
1961; Menzies, 1963ab) and a handbook (Johnson.
[L. F.] et al., 1959) published on techniques for iso-
lating snd 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.1, et al., 1959).-A 
water suspension using a 25 gram sample of dry soil 
was shakcn for 30 minutes. A 10 ml sample was added 
to 90 ml sterile-water blank arid followed through a 
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 stl-
idifying temperature. After Incubation, the average
number of colonies per dish was multiplied by the 
dilution factor to obtain the number of micr(orgai-
isms per gram in the original soil. 

Maier (1961b) reported fairly reliable recovery tf 
lRhizoctonia spp. from soil by making initial dilutions 
of 1:10 in pasteurized sand, with subsequent dilutiot 
in distilled water to 1:10' or 1:104, pipetted into stet-
lIe plates and swirled into potato-carrot-dextrose agar. 

Microscopic detection on plant debris (iourn aidt 
Jenkiss, 192,a; 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 ftiu-
gus was then detected by direct microscopic observa-
tion. The principal disadvantage of the technique was 
that it dislodged all of the sclerota from some debris 

tissues a)d thereby introduced error in estimating the 
ntumber of infested substrate sites. Another disadvan. 
tge was the difficulty iii distinguishing th mycellum
of1 . solani'from certain other fungi. These authors 
found that the standard soil-dilution plate method 
was unsatisfactory, sinte it did tnt yield R. solani 
horm the satne soil samples. 

In the technique of liourn and Jenkins (1928a),
soil to be tested was suspended in tap water and then 
passed through a 04)-mesh screen. The settled soil 
was resuspeinded and repeatedly passed through the 
screen until the supernatant was clear. Pieces of wood, 
root, straws, lumps of soil, and ether foreign objects 
were removed with forceps, then a strong jet of tap 
water was run through the screen to remove ary sofl 
adheri;f to the organic debris particles. Washed de
bris par ivies were blotted dry, between sterile paper 
towels From tle towels, 100 partiles were picked 
at random and tran.,ferred to 25 plates of water agar 
at pl 4.8. Plates were marked at four points on the 
hottol, and tte drop of 2 0%solution of streptomycin
sulfate was plo,'d abse each mark. A debris particle 
%wasplaced o)i to) of the streptomycin' sulfate drop 
,1i1(1 inc ubated .tt 2i C for 48 hours. lihizctona solani gtew frtrm th, particles, and hyphal-tip isolates 
vere trattsferred totPDA. 

lIplal is,lat,,in method (Warcup, 1955).-Soil
wds, suspeel.d in beakers of water and allowed to 
settle. Ihie supernatant was poured off and the soil 
jstspetided .and allowed to settle until the superna. 
tant was cIv,. The soil was spread in a small amount 
(if %Itvr i a culture dish. The individual hyphae or 
grtilps ot hvphae were detected under a binocular 
diss-cting rniroscope and 20-50 were removed with 
a fin, forueps to sterile culture plates with a small 
Art"tnt ttf sterile water, Cooled, but still liquid, agar 
was p)trrd intt tte plate, ad the hyphae were dis
persed by ,ttiu. the agar before it solidified. fy
ph. V Owjg grwth were transferred to fresh media, 

Imprv ed intrtersi n plate -This technique was 
descriled 1, \Wood [F A ] arid Wilcoxson (1960) as 
a1 % aiiatin tf (:hesters ( 1940) technique. After 25 ml 
tf water agar had solidified in sterile culture plates, a 

sterile disk was placed tn the agar surface and the 
cover was (lttscd (Fig. I ). To isolate fungi from soil,
the covers werte removed and the plates were pressed
against the stil profile sot that soil and disk were in 
tintact lhe plates were covered with aluminum foil 
and held in place with sotil. After 2 days or more, the 
plates were taken to the laboratory, the disks were 
removed intrindiately, arid the fungi isolated were 
transfere.d tt fiesh agar plates. This technique favt, ed the istl.tin Y)f nunsporulating fungi, such as 
lji7ijrc(oni spp. 

Plate-lrtlib'.-Rhizoctnia spp. were .4solated 15
187 of the tine by the plate-profile method and 0-14% 
by the dilutim plate method in studies by Anderson 
and lhiber 119121. The plate-profile method used a 
20 × 20 X 1.5 cm autoclavable plastic plate with 77 
holes 1.0 cm deep arid 0.5 cm in diameter spaced at 
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%ojis.NIirtinis ao Ilaker (1i9f1'2) increased the fre. 
qIIZ.:Ly of islati,, ,it9 saolami by adding exudate of 

Otfv~Seed f,iil.,wplat.ed it, 'he(filles. 

Tilt()M 
t( )iilnz'>)tt 

lkT)",' designed .Liothui modification of 
ti)'ti ('lcliniqIue , iriitig perforated ivxls 

.. . ,'-,-t~l)~i.1hi S t IC Yat(.i agai was di,[pensed aseptic-
AINV w Olht )iIv )odt-hmi.syringe ino holies in a sterile 
S,d."lio li wit Iwited irt( a perfirated tube with 
flit ago filld hhilcs tutlnit' away from the tube aper
fll A hiole was (lig in the soil, the tube inserted 
hi ~.) int it e oil profile, an(l the rod was then 
tu-,c'i .,i!hat the( agar-filled holes were opposite the 
hlt- ali'tmv(s'.. Jitt lwore removt\al, after 4-7 days, 

the rod .i,',tatedl to)tirn th! agar-filled holes away 
ftii flit, aplert iir...The agar lugs were punched 
mitt(ftil' till in ti~e laboiat,)rr and plated on nutrient 

,agar. 

Fig[. 1. Improved irninersion plate u'a.d hooisi.iltiitt: Ai im)(lfictioidI h'strs' immierse,on tulbe was 
litfungi from soi showing placnitut of s(.rile, fitaeI d.i clidI,%(Gn!ichi'ai (I91.t, T:is method reduced 

disk in agar plate (Wood arid Wilcoxon, 1NOW. 

2.5 con intervals (Fig. 2). There were I I i rlol I 
rows of seven holes each. The plate was amttnls.ved 
and, after cooling, each hole was filled aseptcically % ith 
sterile agar. The holes were covered with aut,)( aived 
plastic electricians' tape. The plate was expose.d oi, 
about 5 days to a soil profile after sinall Iahotic; w,'r. 
punched in the tape directly above the agr-filled 
holes. The tape was removed in the laborator iadti 
the agar plugs were transferred to agar plates. The t(, 
frequency of isolation of various soil fungi and tlwiit 
location at specific levels in the soil profih' were tIe-
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 traps.-Maier (personal 
communication), employing I X 1 cm square of tttil niersion tiibes ituolt improve recovery of R. solanl 
tifilament glass cloth embedded in soil, rely,rted that 
R. solani readily colonized the cloth and fonned abiin-
dant selerotia (Fig. 3). He fund that pericentag ' col 
onization was a more reliable method for estimatiig 
populations than the immersion-tube niethd de. 
scribed below. Monofflament nylon mesh with It)0 
squares per sqpuare centimeter was used by OlI and 
Nicolson (1902) to study the spread of It .soani tii 
soil. These authors suggested that the method might 
be used to isolate the fungus from the soil It miight 
also be used to make po)pulation estimations. 

Immersion tubes.-This method was (fv-ied bV 
Chesters (1940), who used a large glass hie, (l.cd 
at one end with holes blown out ofthe lo%tr half of 
the tube. The tube was filled with ntriet ;,i and 
placed in still. Pieces of agar front.' ill)tt'i in 
tube were plated on PDA after 7 days. Rhrzo(tunin 
spp. were among the fungi collected. Mieller od 
Durrell (1957) used agar-filled plastic ceittjit.ig' 
tubes with holes arranged ina spiral. The bole' %5'ie 
covered with electrician's tape, which was pierced 
with a sterile needle just before immersion into the 

h,It-tjif iv t inizi tht grow iapidly and tolerate 

I, gvti t':niimi. tubles were ini,)ox I'yrex ifn(iU'sio0n 
.i'ot..U I ,.%ith 2-.1captllaiies and then filled with 1.0 

14t(!r il io plact of nutrient agar. The tube was 
n isin.ti. titggtd with cotton, capped with alum
moot hill, antI ;tlil,,(tv tL. Tubes were placed in soil 
fr "7 t y tict'1 w.-ithdlrawn. After the exterior was 
(leaned with 70"' -Ilianol. the (lontents were removed 
arid ih'lel,,Nr, uu three agar plates. The technique 
I)roid'd a wt.Il medium in which moisture,.erated 


nit rapidly atie lit,)
equilibrium with surround
tg v,d Tln tethrtitine has not been tested specific
ally to,thr i olatioit of R. solani from soil, but it 
shuld be tried sntc it tifered some advantages over 
tither imnmirsiion-iube methods. 

Varney (I16I) showed that R. solan grew satis

factorily in vermiculite saturated with nutrients. Sub
stittiting nutrient vermiculite for agar or soil in im

and shmold b' vxp!rred. The advaniage-s would be a 
standarili ed icdltdtmn that would be loose and well 
aer ateid an i titw},t1nimoisture levels could be con
t llhI. '[hei'tlixtit could easily be broken apart and 
titiitlrly disribted (lit agar plates for assay. 

"lIftping atl baiti,,g.-Pllant segments of bean, 
(otin wil'at, barley, oat, carrot, aid potato have 

etein tste, sot ceshully s plant baits for R. sulani 
(Smieh, tet il., 19(6). They found that autoclaved 
gret. st'nt' etts itiried in nomnnutoclaved s6il both 
icrt;tuil amnd tt the acceleration percent(eeased in 

age ot (.hmized plant fragments, whereas ripe cereal 
segit tits were less influenced by autoclaving. 

Sterill.iha bean segments (Chu, 1960) and split. 
stei scgrtemtt. tf rush (lownes and Longhnane,
I9)(t5I) wert. succ'ssfhilly used to isolate Rhizoctonia 
s ip. froml vanins s tils. 

"li'h se of buckwheat stems for trapping R.solani 
wa% v.'irked oot by Papavizas and Davey, 1959b, 
1961. 1962b). Segmients of mature buckwheat stems 
about 5.0 rum long were Mixed with soil and incu

http:ceittjit.ig
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Fig. 3. Low-power phntimicrograph of fuingus hyphau' ttr44in. frorn colonized glASS.ClOthfiber 24 hours after planting. Several different 
Maier (1967). 

bated for 4 days at 25 0C. 'IL K'ijclnt% Vu :t, iev,'4 

ered from soil, placed o 014 i -rn.ill'! W1 .!
I tt 


thoroughly under tip i ts'i- ' 

moved by blotting between sterile paper towels. Seg-
menits were either soaked in an antibiotic soluttil 
before plating to reduce contaminants or plalted on 27 
water agar containing 50 ppifl of stre'ptoiycin stil 
fate, aureomycin hydrochloride, and fleoinycil ii 
fate. Hyphal-tip isolations were inaide aftcr 20-2.1 
hours incubation. 

Sneh, t al. ( 1960) reportedl stem se'gi it~l1t t t 
ton and bean gave higher percentage (if coln/itlijit(ifl 
than buckwheat, 

EI-Zarka (106.3) developed a modtxifiction Il the 
buckwheat inethod using Cochion., olitorrm IL.as ai 
substrapte. Stainless steel insect pins 4 ciii 14111L
inserted perpendicularly thrugh pieces if thc sib-
strate. 'The ster pices were placed it h o1" i 
recovered after hours. rpane,were d tll-24 These n 
oughly in tap water and surface strili.ed in 1 0% 
sodium hypochlorite solution for 1.2 niit-,,,,rid 
in several changes of sterile water, and so (,Ir 2 
hours in a fresh solution of 100 ppm teraivil , \ 
drochioride at room temperature. The pil'i -vs u'"rf
removed, dried in paper towels, and plated (iseir-

Messisen (1957) five difheit, stlill(compared 1'S1'1s 
for the isolation and culturing of fungi from ltd o 
France. ie found that R. solan was detected lust Is 
incubating corn grains in soil and, thei i ilit in g oi 
prune agar. Asimilar technique was found satislautory 

fungi were it-cuvered ii this isolation I x.0), 

hi(:L and joihnson (1958) when they recov
dln froi corn seed buried in soil and later

" 
£ .watragar. 

loii 1111d Jenokins (1928a) planted disinfected 
se(ed ,I ilie Iiist 1 j~citt in 11-vulari-iift'sted soil. 'the 
SMsid 41( VIl! skCre iyi ohated in total darkness for 7
10 lais si'ul11ouVS ssce then lifted fromn the soil and 
\i iI lilt' I hti ist ii' Segmniits witli lesionls were cut 

ht)n tlil stimns an uts anid plated on agar. A vari
fii i t'li v it- 1 was used by Wil,.hel (.1956) 

Iv41 I5 r R. sobvii ion soil in %triwbcrr' fields in 
l. NilriitlltliedI~ roots were finimersed in 

0. NIt( m(li' ihiridei for 1.5-2.) minutes, rinsed, 
md1 111 tilattfin4 loarse, sterile, inoist sand in petri
dlishst, %54o lids layer of 2.0%55111115taiiiiiig a 
waici igai Sith I J, . I and Ashworthi (1965) used 

ill if'I use . seedlings of small white bean 
t"'(ihyhai,' nrII, irns pitentiil of fl. siki in green. 
fnigi w. . 

i in f il isojtiin 58) iqh'se-thyrliton 
Ii19l6 f( s 'sionsilate tech-lr4'luith (iee-die 


i,(41, ,i11Wi i plaiig method for isolating R.
 
ko'l 1111 go lalild %112.lie- repl~ted that typical


i,, ht, B1 %ldtllii were predmiiait in all sites and 
the l' R ,h'r echnique. War-Iseu,I by ii i -iijplat d 

t.. s Is-( lui.ie failedil Yield citomparable results. 
Siru Ih,' ItsWit R5i(holdl v slide, agar-hih wit' 
iili., and 1111 t ni u deonst ratediO-'l limth ds 
(h' picl' fi funguis, lie concluded'di' that Wari 
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cup's technique did not give a true picture of the fun. 
gus flora in soil. 

Davey and Papavizas (1902b), using two naturally 
infested soils, compared four methods: debris-particle, 
immersion-tube, buckwhuat-colonlzation, and in-
fecte(-host. The infected-host method was found best 
for studying the range of fungus isolates pathogenic 
to certain hosts, The immersion-tube method recv-
ered only a limited number of fungus isolates. The 
debris-particle method in conjunction with the buck-
wheat-colonization method gave the most complete 
infomation. The debr-s-particle method measured 
the quiescent isolates in soil and the buckwheat-col-
onization method measured the active. Isolates of tie 
fungus obiained 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, arid soy-
bean were not. .vingston, et al. (1902) reported the 
plant-debris method and the buckwheat-stein method 
were comparable in the frequency of isolation of R. 
solarl. 

Ui and Ogoshi (1964) compared several methods 
for frequency of isolation of R. solan from both arti-
ficially infested and naturally infested soils. They re-
ported a higher frequency was consistently obtained 

octonia soloni is commonly cultured on agar or 
liquid media ranging from water agar to highly spe
cialized media (Table I). The basic nutrient require. 
rnents of the fungus were discussed by Sherwood 
(This vol.). 

Many workers prefer to rise a nonmodified PDA 
or slightly modified I'DA for culturing the fungus. 
Successful culturing of certain Isolates may require 
the use of an infusion broth or agar ising host tissue 
similar to that from which the original isolates were 
obtained. Other specialized media inqy he required 
for specific studies concerned with nutrient require
trents or physiologic studies and are reviewed in other 
sections of this book. 

Czapek's agar Or modific:ations of it and Edward's 
medium were the chief synthetic media used for cul
turing R. solani, 

Rhizotonia solani can be cultured successfully on 
various liquid media It usually forms a tough, crusty 
mnycelial emat on the serlatce Of potato-sucrose broth in 
nonshake cultures., The inat is easily removed and 
washed. Most staling prducts can be separated from 
the fmegu1s inat by deanting off liquid medium before 
the, mycelial moat is br1ken op. RIhlIzoctonia solan also 
grows well ill liquid shake cultures. 

Sleanied-sterilhitrd sOil was used successfully by a 
nuriber of woli'rs to increase inoculum of R. soland 
(Sanford, 1!)52) Ths si )strate is available and easy 
to prepare The toisttti'mts of soils are variable, how
e%er, and ma% not be tepeatable from one area to an. 

with the flax-trap technique when compared to tile other. Corrun.,I and lredlien (Gibson, et al., 1901) 
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 (1962) compared the following 
methods for the isolation of various fungi, including 
R. solani, from tea soils 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 Rhizoc-
tonia spp. in soil with the plant-colonization, plant 
debris particle, or immersion-tube methods (Sneh, 
et al., 100). 

One should not therefore rely on any single method 
for studying R. solani populations in soils. Warc p 
(1951) pointed out that "different methods of sam-
pling soil fungi are complementary rather than ex-
clusive." 

Media used for culturing.-Rhlizoctonta solani, as 
shown above, can be recovered on a wide range of 
substrates. Shaw (1912) cultured tie fungus on raw 
plant material, such as carrots a,;d potatoes, and On 
bread, meal, arid filter paper. Balls (1906) grew the 
fungus on filter paper containing 2; of either aspara-
gin or sucrose. Varney (1901) successfully grew the 
fungus in venniculite saturated with nutrients. Rhiz-

could be used as a standard for this method. 
Recent descripl!ii, of the use of foam rubber 

(l)Omiesh anl S hi, ke, 1960) and synthetic sponge 
(Sulba Rao, 1964) for the culturing of fungi should 
be noted. These sutnetic materials were moistened 
with liquid-nutrienit iedia, autoclaved, and inocu
lated with various fungi including R. solani. The ad
vantages of using these techuiquie were that the fun
gus pernetiated ,eAlly and tie substrate afforded 
abundant aerato, c and increased surface area for 
iMvc.lial growth The use of these synthetic media 
for ulturing R solani should be further explored. 

Rhizxctonia solaol is therefore a relatively easy or
ialcisil to isolate and culture on a wide variety of 
media Sonie of theske are easy to prepare and the 
giowtlh obtained is suitable for most studies. It would 
be of material advantage to future studies of R. solani 
niot reqairing spet ialized media if either one or two 
.iga- media could be ".inesally sed as standards for 
in %itro studies. Variation in R. sofani attributed to 
the variety of me'dia used to study this fungus might 
be better understood if routine culturemethods could 
be standardized, 

Inuballion and storage.--Incubation conditions for 
isolating al culturing It. solani are not as critical as 
for some otber pathogenic fungi. Most isolates will 
grow well in vitro over a relatively wide range of 
tempetatures, melative humidity, pil, COg concentra. 
tions, light. and other environmental factors. The lit. 



wRhi-otonra 

erature concerning the effects of environment was re-
viewed by Sherwood (this vol.), 

Much variability in optimum temperatures for in 
vitro growth of R.8olni is reported, lncubaiou ter-
perature might play an important role in recotring 
and maintaining the fungtus only if high- or low-ten-
perature Isolates were studied. Cochrane ( 1958) 
stated that temperature optimD and ranges reported 
were valid under the specific conditions of the exper-
liment, with regard to time, medium, other environ-
mental factors, and the method of measurement. lie 
concluded that there was no single temperature opti. 
mum for either growth or any enzymatic type reaction 
in R. solant. 

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 srvive in air-dried soil and may be con-
sidered tolerant to low relative humidities in soil. The 
author obveirved the fungus surviving on desiccated 
agar In culture tubes for many weeks, which would 
Indicate the fungus could survive low relative humuid-
itlies in vitro (unpub.). 

Most isolates of R. solani prefer an acid medium, 
with optimum pli for growth being less variable 0Tan 

thAt reported for temperature. The optimum p11 for 
In vitro growth of most isolates of ,1.solani is betwee 
5.6-7.0 (LeClerg, 1934; Jackson, 1940; Blair, 19-13; 
Khan, 1950; Ragheb and Fabian, 1955; Elarusi, 
1957b; lateman, 1962). Matsumoto (1963) foun( 
that the effect of pli varies acordng to the nature if 
the media used and ,2.ought it was almost impossible 
to designate a definite optinum pH value for growth
of the fungus. 

Blair (1943) reported that aeration of soil was nee-
envy for optimum growth of R.solar" 2- CO2 accu-
mulation was veiy toxic. The summary staternnt of 
Carrett (1958): "the toxic effect of carbon dioxile 
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 . 
aclerotia production (Valdez, 1955; Durbin, 19591, 
and bauidial production (Whitney, 1964a) of It.solani 

Storage and maintenance of stock-culture tolIt--
tions of R. solani and other phytopathogenic fungi 
involves certain problems. Stock cultures of B. solani 
stored in a refrlgerrtor or at room temperature require 
frequent subculturing mainly because of desiccation. 
This may involve monthly transfers depending oi en. 
vironmental conditios. Viability and pathogenicity 
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lowing .,ilture on amended media. 
Ios' of ,,athtienicity after prolonged storage In 

vitro may bh a problem. Schroeder and Provildenti 
(19(61) found that toinati-friltltrot isolates of R..so. 
lani lost their infectivity alter 2 ,nonths in culture. 
They ,eported that -l-day-old cultuxes gave five times 
the infectivity on timato 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. lie maintained 
his st(ck ,'ultire colection of the fungus on PDA 
foitifird with 0.5 grain each of malt extract, yeast 
extract, and cascin i)ydrolysate. These cultures stored 
in a cabinet at room temperature and transferred at 
least once ewvry 3 months have maintained their mor
phlogial anid pathogenic characters for 6-12 years. 
Parintte, (pcisonal commnunication) reports having 
similar ,istlts. 

ThnI lire,.A n,mbrr of tichmiques for the storage 
of iiutliongiiicio l'ioorgaiisms. A review of these 
techoiiqn.s was made by lyenger, et al. (1959). One 
of the Iest t(thods for the preservation of agar cual
tines of tRhi-octonia spp. is with sterile mineral oil. 
They found that the fungus remains viable under oil 
after 5 but out after 7 years. Schneider [C. L.] (1957) 
repore( that 70 of 76 ,'ultures of Rhizoctonia spp. 
sims ived (i-7 5 vars on PDA amended with vitamins 
i al'd C, (- tied with sterile mineral oil, and sealed 

with ctlon plugs and Paraflin. in a similar expert. 
ment, he rpivied that :31 of 40 cultures survived 5.5
9.0 %vars. Pitthogenicity studies on the surviving cul
tuis w.vc iwit made. Pumpyans.kaya (1964) showed 
that a iiniril-oil depth of 0.2-0.5 cm did nut prevent 
oxgN Penetration, while 1.0 cm gave relatively an
aviolbi( coinditions, and 0.0 cm gave complete en
aerobiosis 

The fungus could also be preserved either on grain 
or in soil. Kreitlow (1950) showed that R. solani 
coui,,: be stored for at least 16 months by growing iso
lates on a steamid mixture of two parts wheat and 
one part oats tit25(1 3 weeks at 150Ca ml flask for 
aid allowing t]wieii to dry at room temperature. The 
nitelil was ground to no less than 40 mesh and 

storeid at 5'C, 
Soil has been iis as a stirage medium by Tobmsoff 

(personal cominunicauion). lie reported that sugar 
beet isolates were stored for several months in soil by 
infesting antoclaved soil with cultures grown on ster. 
ile sugar ieit seed and incu bated until a high popula. 
lion Iuilt up. 'Ihe soil was then air-dried and stored 
at cool tenperatures. If tie soil was maintained at 

may then be .erved. Shaw (1012) reported that It. roo)m tenieratire iii a moist condition, cultures lost 
soloani remains viable for 5-6 months on agar media 
in culhtre plates and tubes. This was the expeiiei(c 
of the author (unpub.), who recovered the fungus 
from 4-0-month-old agar slants by plating on fresli 
agar. It was not determined, however, if the fungus 
survived as myceitum or as wclerotia. Parnieter (pur-
sonal oommunication) believed that most isolates will 
remain viable on PDA for at least 1 year. Sims (1960) 
found certain isolates of the fungus lost virulence fol-

infetivity to sugar bet within 2-3 months. This is 
opposite to re.sults found using agar. Vaartaja (194b) 
isolated I. solani from a sand-s,,I mixture stored for 
2 years with only 0.2% by weight of water. 

Sulba Rao (1N9(-I) recommended the use of a 
washed, Synthetic sponge cut into the shape of agar 
slopes, inserted into test tubes, moistened with 3.5 
nil of lichard's medium, and autoclaved, as an alter. 
native to agar culture of fungi. It afforded abundant 
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aemtion and Increared surface areas of mycelial ram-
ification. 

The best methods of incubation of II solani in vitro 
are to grow the fungus: (1) only on fresh standard-
ized, buffered medium (pH 6.0); (2) at temperatures 
optimum for growth of the particular isolates being 
itudied; and (3) In a closed cabinet to prevent doe 
exposure to sunlight or artificial light. 

The best conditions for long-term storage of the 
fungus are fresh, standardized, buffered medium, 
immersion of the culture unde-r sterile mineral oil, and 
storage at temperatures below 0"C. Containers should 
be sealed before storage. Comprehensive studies are 
needed, however, to detemine the effects of pro-
longed storage under oil on pathogenicity of R. soladn 
isolates. 

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

Mt~rToce UswD IN DETiEItMINING INOCULUM Po-
TENTIAL AND POPULATION8o R. .olanl IN SoIL.-The 
concept of inoculum pIotential was reviewed by sev-
eral authors (Garrett, 1900; Horsfall and Dimond, 
1963; Dimond and Iforsfall, 1960, Baker [R-], 1965) 
and is discussed in other sections of this volume. The 
term inoculum potential was first used by llorsfall 
(1932) to define "variations in the content of patho. 
genic fungi or inoculum in the soil." The meaning of 
the term has changed and become broader, but it still 
carries the concept that Is a measure of the ability of 
a soil-borne organism to cause disease in a susceptible 
host under certain conditions, i.e. to act as inoculun). 
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 organisns. 

Rhizoionia *olant exists in soil both as a potential 
parasite and a saprophyte and is probably distributed 
throughout the soil (Garrett, 1950; Livingston, et al., 
1964). Some Rhizoctonla spp. are active saprophytes 
in soil and can survive in the absence of hosts by com-
petitive colonization of de.d organic matter (Garrett. 
1956; Boosalis and Scharen, 1959; Papavizas and 
Davey, 1961). Papavizas and Davey ( 1902b) em-
phasized that pathogenic and nonpathogenic strains 
in soil were morphologically indistinguishable from 
one another. Rhizoctonia solani has been classed as 
a primitive parasite (Garrett, 1956) and as a weakly 
competitive saprophyte (Ban, personal cotmuniva-
tion). Papavizas (1964) pointed out that the fnnguis 
may lose its pathogenicity after passage through stil 
or following changes in nutritional levels. 

Susceptibility of hosts may be influeticed by envir-
onmental conditions. Thee facts create a problem hfr 
developing an accurate method of measuring the ine'-
ulwn potential of R. solani in soil. This is discussed 
below under testing for pathogenlcity. 

Since R. soolam exists as mycelium in the soil, most 

immersion methods are useful in estimating popula
tions of this pathogen. Martinson (1963) found that 
the frequency forisolation of . solaniwith soil micro
biological sampliig tubes correlated with preemer
gence damping-off of radish, The correlation held 
when in',culimi density, temperature, and concentra
tiou of peiitaehloioiitroheneiie (PCNB) were varied. 
Tlse experiments were ewiducted under controlled 
conditiolis; an isolate of the fungus known to be path
ogenic to radish and w..tersnelon was used. Under 
these conditions, particularly where soil was infested 
with itpathogenic isolate of the test fungus, the iroc
ohuhm potential was measeid adequately. Under field 
conditions, the sampling tube method would measure 
only poptilation density and thus not give a true pic
tort; of the inocuiurn i>ptential of the soil. 

Sorne studies and techniques measuring the inocu
lio potential (if I solar, li field soil have in reality 
estinated Only the poptilation of the fungus in soil, 
including saprophytic and pathogenic isolates. In or
der t, nicasore the true inoctilun potential of R. solani 
)I]a gi%enI sotl "imple, it must he shown that all iso
lites of tw I tingts it the sample are pathogenic. If 
an isolate is ut patlgenic, it cannot be considered 
part of thii iiovu'uilujn The problemn of selective patho
genkity imunucg isolates of 11.volani may also become 
ivolved. 

Some of the niethods for isolation of R. solani from 
soil wert isvd to compau, the amount of disease with 
estim,ted popiilatunis tof the fungus. Papavizas and 
L)avev ( 1959b). losing buckwheat stein pieces aid 
iatiurdily ir .itificially Infested soil, found some cor. 
Ielatiot betwv-eu infection index and frequency of iso
lation of R solani Their infection ind.-x, however, 
took into acccimit only invisible symptoms and not 
pueeniergeme daeping-off. They found that 60M of 
5) 11. solani ultucres isolated by the bnckwheat-stem 
tmthod were pathogenic. They ionchded, however, 
that the' iiefet tio, inde\ was not always reliable for 
detctinjg ences IliCc soil infestation by the path
oge. 

l.ivin4shait, et al ( 1961) hoond general agreement 
Itwien the platl-debris h agtnent and the buck
%h ,.-sttin-segmnent methods for indexing Rhizoc
/tooia pp. inctilhim levels. The buickwheat technique 
\Ncais pat ticulai 4 Nceisitiv.. ( iomparisons made by them 
Ii 19t0 and 19611showed that disease severity was 
t.,athv iilieii.ed by scasoiiia diffeitrices, soil types, 
and get.l ield coidittotis. 

lhc i,,st uccessliil me-thod for predicting the 
severitv of -t hem lihi,, tIoiia root or crown rot is by 
eslitnatig the in oum potenlial uif soil from the 

otlutir (Atii ested plant debris particles or mnycelial 
itwrients on the ioits of host plaints. Rich and Miller 
( 196'3) sliosswil that the se cc ity Of ]1hizicctonia root 
iot if .sthawlivir wa itelat(ed to the ,inber of flhiz
el 'ti spp. ftlagilttits adihring to it 5)0 cn length ofl 
sti -berry Ct, 

TilthdNhnis-pattile iheeth,,d ,s used by Ilcosals 
aid s harl-n (M )) ti tiepale the incidence of 
sogar beet clown rot in twvo soil samples from the 
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same field. The first sample came from an area of the 
feld that had a dgh incidence of crown rot the pie-
vious season, the second from an area with low un.i-

dence. The soil with the highest infection index also 
had the highest percentage of disease plant debris 
particles supporting strains of R. solani pathogeniic to 
sugar beet. Both sfl samples were infested with the 
same pathogenic strain of the fungus. The second 
sample, however, had a mixture of at least two strains, 
the second ecing pathogenic only to potato stems. 
This technique gave both a population estimate and 
an esti-nate of the inocilum potential of the soil, i.e. 
indicating the ratio of pathogenic to ronpathogenic 
strains. 

Smith [L. F.] and Ashworth (1966,5) e-'.,nmated in-
oculum potential under field condikLa; by ciunting 
the number of lesions that developed within a 96-hour 
period 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 (1952) found the disease 
rating of host plants to be a satisfactory rneasure of 
the persistence of R. solaniin soils, whereas da" from 
buried glass slides and root colonization of indicator 
plants were unreliable. 

The application of the theory of inoculum potential 
to R. solanimay best be studied under controlled con-
ditlons using artificially infested soil. Sanford (19152), 
Papevizas and Davey, 1959b), ;and Martinson (196:3) 
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 1torsfall, 1965). Study of inocu
him potential and variables affecting it under con-
trolled conditions might lead to methods for predict-
Ing disease severity, 

STuDYLeN PATrlooxNcrrY.-Pathogenicity tests are 
necessary in fulfilling Koch's postulates. It is particu
larly important that pathogenicity be established for 
Isolates of R. solanibeing studied. 

Tolba and Moubasher (1904) stated that Rhizc
tonia isolates are nonspecific in their pathogenicity. 
Most standard techniques used to establish patho
genicity of other phytopathogens must therefore be 
modified for R. solani. The fungus does not produce 
conidia. Basidlospore production is either rare, dilli
cult 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
tAbuted stem canker of gmeenhouse tomatoes in ,iucl
igan to basidioapore infection. Pinckard and Luke 
(1967) thought basidlospore Infection of (.otton bolls 
played an important role In boll rot initiation. Basidio
spore infection appears to be common in the tropics 
(Echandl, personal communication). More tiidics 
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of spores. Some isolates pro(iic- few, if any, sclerotia 
in culhure wnd inycelia rnu%, be used. If mycelia are 
Used for tcStiog of pathognicnity, hyphal-tip cultures 
should he obtained. These can be obtained by plating 
mass tranrfirs of the fungus on water agar arid, after 
several days' hic11bahioi, examninrg under a dissect. 
ing microscope. Single hyphal-tip cells can be cut 
from hyphae with a sharp dissecting knife or razor
blade chip. (ut cells become alnost transparent, 
while intact cells remain translucent and are easily 
selected (Whitney and Parmeter, 1963). 

Use ot ba.sidiosporse.-Theperfect state of R. solani 
firms miore or less freely in nature on a wide range of 

hosts (Kotila. 1929, 1947; Exner, 1953; Pinckard, 
)6-1; Whitney, 19( 4a; Pinckard and Luke. 1967). 

Successffilly indiwcd fruiting of isolates in vitro would 
aid materially in taxoromic and cytological, as well as 
pathogenicity studies. A number of methods were do
rived to indue basidinspore formation. 

The (r mno method is to transfer the fungus from 
a rich inedium to a poor one (Fig. 4). The transfer of 
the fungus directly from host tissue or enriched agar 
cultures to 27 water agar was reported to be success
fiul by a number of workers (Kotila 1929, 1947; Ull
strup, 1939; Exner and Chilton, 19,14; Carpenter, 
199, EArier, 1953; Sims, 1956). Sims (1956) .e
corded beidiosporc formation after transfer of the 
fngus foin amended potato broth to alligator weed 
(Alt,rnmathera phil,,xcrioides) stems and roots. Kil. 
patrick (196 () Induced sporulatlon of R. solani by 
transferriog agar plugs of the fungus to a small "moist 
chamber" consisting of filter paper, moistened with 
distilled water, placed of the top and bottom of a 
culture plate. 

A second mthod is to place fungus hymenium 
and. or nivcelilmn o) the inside of a culture dish cover 
and pijae it over either sterile water, water agar, or 
amended agar (Exri, 1953; Hawn and Vanterpool, 
1953; Sis, 1956; Whitney, O13). 

Fig. 4. Clijoei of Iihizoctona basidia produced on 
water atar (1 ,t) (Whitney and Parmeter, 1963) and 

a e t t e r oinental wt-op for colleiting basidiorpores (right),'p
are needed to determine the role of basidiospores i Upper plate tA) contains perfect state of the fungus
spread of disease. id lower plate (B) contains water agar (Whitney,

Mycella and/or sclerotia are widely used in place 1963). 
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iBasidiospore formation was successful when tilt, 

fungus was grown diroectly on either Coons' mtcdiii, 
(Kotila, 1929) or alligator wee'i de'oction agar (Sims. 
1956). Stretton, et al. (1964) and Whitney and Par-
meter (1904) found that either covering or noxil, 
an agar culture of the fungus with soil or aind woku!d 
induce sponilation (Fig. 5.). 

Fig. 5. R solani fruiting in culture plates. 3ftvr be~ii 

'overed with soil to induce sporulation (\Whitncvi wtl
0 
Parnit'ter, 1964). 

Warcup and Talbot (1962) successfully ulsed 
modifications of three methods to induce fruiting of 
basidirmnycetous fungi isolated from soil, Thtse weiv 
Warcup's chaff method (\Varcup, 1959); Tamblvi 
and Da Costa's wood-block method (Taniblv ali 

15a Costa, 195,P); and Flentje's soil method (Flenti,. 
1956). 

The perfect state of R. solanl usually occurs in ni'-

ture at the base of plants and on the underside I)f still 
clods during periods of high rainfall and hunitly 
(Exner and Chillton, 1943; Warcup and Talbot, I 9ht,, 
Pinckard, 1964, 1907). This suggested that IIIIIdit i 
and light were important factors in indc'ing fruiting. 
The riquirement of high RH for spore prodhctoi n wit, 
shown by Kotila (1929), Carpenter (94'.). Exinr 
(1953). Hawn and Vanterpool (1953), and Sine, 
! 1956). leaviest sporulation and discharge by tilt 
fungus in nature was shown to occur during thl first 

inilded '.n;% where Ilhe ba.,liospores fh'n a single 
I lniim, ;i, treplii,.. ()lt.t' sit al. 1l 9i7) removed 
icwt. 1,:sidi,,spie. fiiin ., t,-trad by t,,iching them 
with ridt.,,.' , , hl .l ,It Ih', ti l (if a title glass 
ziel,. I, hh,l.,,, h sp,,vi p %as tlivii plat ed it) the 
. iit' s i lalne, i,tllng agiir 

Ah4 i.'. tilt, },,iigc from22g di Ai ',asidi,sp ,us the 
Ilt of it oiltlire t ;i, ;I.o below waslisth inediurn 

1to het, Illm c('1ill',iwll, oi obtailiiiig single 
h~isnlo'.1 I iss and Vanterpool,,us IL~lI'1 

1)53). I ,,lla d 'vini mi ji ,,i port's were located, 
inairke. , ;m11 , Iyc Ity t;nw .1 "lih,,iijt cutter" tech-
Ilitillf, :' di2.2,.!, 'i b Keitt, 11 .1] 1915,; lath spore 
%-:aii th-n ros ' I 2 slil2j/ vn2I1'iedia in atc'ulture 

()t"ilt; l I , !w ii20 ,] h i ingle.s)ore, isolations of 
.ilm, 1;i.1% I fll' 1 2 Jli lt.hzoctonia 'ihese are 
tilt, (ifo. -I'vi l I i, il , }I I ld!branld, 1938); or clog 
hair aft, Iwd( is) i2 iiw.2 piolo' or iiil-die (Guthrie, 
IIM3, hi'''T kt. r - p2titk2kI gl' spii, from either 

.,r tIrv sid,,s -. .t1. I1966 fonid it €liffi-C KlJ:ir 
t11it I')I.i , , s.,,- f),Ill av I, becmtse sorle types 

,,p'Ic ho-,.(2,. ,i.ililwhit.d ill tll water filn ont the 

,,l22. 2V. ..,21 ,,t . il t'eiru fl I' 'N' ()f 
.,122 .,. JIp i', ,2,1 1102 siligle ,,) lres, deposited<l 

(ill 22ikIh, tltimii , J2,'lJo 21' taped wver a ectangle 
,I 1s.at-,I W.J. o'.e t. I1101' ' .1.ily harvested 

I, , it m' ,,i, /i2i 6,1 iri,, ( ling it rial phlant parts.
t t,1 ,1,i grl-1.1 (oisiidered sus

1 - 111f .l ti.sl 'oo1ni. Testiig for 
' 22,h21.2t lb N.ly more 

,2. , Is R 
it .1 -n,,i'.rh.geIitit lartk Iii'essitates, ill 

11122t tlt ,1,,-'ifth'r s''lillg. mnllrwly formed2-s, 

It ,ar,,1 !--w. I iit 11.11 ( 1962), using fescue and 
,t I ,s ,,,,1' i it sl: in g plants with a s2sp)en

-if in., !,t2(.d ig.Ii plate, ViltmlVs ,f 11. solani was 
tIt.t 2I 1 12,t,tlltIr eedlil is aill ineffectivce onl ina
till. I .i'. A11.2l, .- ding1Ill. thIlte ibiate-leaf stage 

-11 . f,111,1 IN s-,hinitt}o,'111,-r ( 1964))tot le less sus. 
"T.t lit'1, 1"1"1" 01,121 -- ItCdeelii gs Ill tIll' (ltyle

,-i ,..1f o,.i I'mi -llti €perional corninunica
6 hours of dirkoess at night with little (1(1.ur1101R, t 12,,lia' It? 2. r,, ic il, .ttau1 ktd older leaes.ti-22 
ring during the day (Carpenter. 1949). Several ini 
vestigators suggested that light inhibited the initiation 
of the perfect state (Kotila, 1929; Carpeinter, N -19, 
Hawn and Vanterpool, 1953; Flentje, Kerr, l) lrfman 
McKenzie. and Stretton, 1963; Whiitnev, 19631 
1964a). W hitney (1964a) suggested that alterl.atinig 
light and dark periods would produce a corrcsp nn l-
ingly rhythmatic cycle of sporulatio n, 

Temperature, pit, CO2. and oxygen requirementsi 
for sporulation are not critical (Kotila, 1929; C(arl)e 
ter, 1949; Hlawn and Vanterpool, 1953; Whitnr-N. 
1963). 

I ,, o, /,2,,'2,25(2,d) attakted only young 
,i, 

h2,2I1,.l, '111111 I r,,', il 1'rl Idt-11(t) alld ltppel, et 
. 2 1 ' o,, ki d ll. th 1'. 2,1'gtlji aIltlroI were 

111 cotWtll 22 .t,,l!Ihiilg 2ife''tin) (li 6-week.old 
,,,i-dlil%1,i 0.--l1,, 1 111 a lit '. slispenii)n from I
.,.e.k ,ld I')\ , tlls, ,its1) plantsfheld for 2.1 hours 

,ia (mst,osit nito 'lhliy b,,th re),,ld(hd vatiatior, In 
hi Ice C I. tlls of the urigns. Atkins and%.212,-2221 

I.,''vis 1 195.1 . f, ,2,5,2. Ibt.airied infection of all 
as,, i,rt,1 lii ' If Il'llS, regardless of age, with 
]1 ,,,Idayi .,2122a o Iiii b r .it about 30 C, 24 hours 

A technique to induce sporulation at will may ha222,5',tt..- ,ra\ it,111-l2til2 "l'.ilh ( 1961( ) reported iys
to be developed for particular isolates. Pathogelicitv 
studies using cultures from single spores could then 
be made. O.nce an isolate isstimnlated to fruit, single 
basidiospores can be harvested by several oleth)nS. 
Kotila (1929) described a method of collecting single 
basidiospores using a miciomanipulator. Even with 
modern equipment, this is tedious and is recon, 

Islilt, 21h, l l ViI;I\ 2flsidlings in a greenhouse,,1 
,,fit r llm II with II ,,oni.mlttt After inoculatiol, 
,10.21 l, irtegi 1t2 Sp,,x ,, tisl itI Iupper leaves. These 

1,.,I I' , .,J2l 5)ead (is,, iiW:iid mol the entire 
Waist 2t2lilli l2 

ILuttrell II)621 timpared meth,,ds of foliar inocu
lat 1)111 ItI $0it4 1 fai ll fesi'iie graiss (; d infection 

http:22,h21.2t
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was obtained by spraying plhnti with a1O,t,'fSil of 
macerated agor-plate cultures. Biette, ii0,vtion r, 
sulted, however, wheli lIfa]f, meal wals ,.1 !ed'ltH h 

suspierion. The best ai. most convenient la1d %,ks 
dusting moistened pIlant. with dried ot-w.mi, iiiiir,.s 
(Kieitlow, 1950. Afliso'i and lianson 1T16l, spiya.vf 
plants with a blelnded :;ulSpelsioll C11 fr,iVf .i lotliil 
nients and itiycelittin a id t)li(d t1iomi itiii It 

chaniber. 
In order to successfiily cstablish inle~t i' ri tn tiit 

inaito fruit, Sebroede all I k'to% iclfitil I il , 
that a PDA biscuit with rytliu Loin . I).v 'i 

I(/if'CI(Iia Solani: Spircial metlinedv of Stutdy 

lel uxcle,',les ( mack arid Moilatt (1901) studied 
th 1 , tl, ,'cit- 1 .Rthii Iisiigiir beet roots by 
t,.if llc,,I ., Ot .)i k'o;:,'. pco g the ilecllhi in the 
I;IIfI Ii reph! I I t e, he.i Iilt ofIIf (lecaRy at 
,h!,. itibi ti 'it lfivilwiittoies wits recorded. 

k:: -t .,i!d / '.1:iooi IH61 ) studied the patho
l''frl, it .I I )!"'"I ,iV o, , i ri)ilt. using SOC( 
'Igio,,m ',5l Ill1 i , I . iinpli'.h, nutrient Solution 
-1 4,11i , tir iii , k,,,k at pli fl.). One-half petri 

tet flis )erl with11w," blteded 
1 ! u i 'at fill I ( iinht , .iliad poured 

iiI'ti t,, it( k. '. 1ih' s'lhtng. The other half of 
cultre had to be placed over an epidemiail jll !tilfe - %%a%p l t ilI hee eclothi and s ipended1 t 
made with a fine-pointed sterile neele Their .io-i'm 

latioin studies showed that the type I,1Sflilrt''ilh iire 

duced depended oil fruit iiianiil;it At tIi .i, : 
| itilo l l . 

Tw) a((ititolal techtiliiuesil .i ribed b, I ., 1i.l, 
(1962) were the us of singleflat gr.tll
oat-gr ain I i tf ires a nid sin le , lero t wi, ,i 

use of sc rotia jaittitatisi i ,pcl.iiitter, hl 
Ii terini of size of lesion priicihi cieri trot, ai 
of inoculAtion during its e( ific 1I liiidIi,a)l 
tiool clalli!er. 

ii ' ., ,'
I . 

lree , 

,il 

ifl i 

eta t5i tl ,Schiter. t ! ( 19 scribe, a tol i r i, , 

for deteimining the pathogelicity of I/ v ifirf i1,'!.,tr.t 
on su g ar t eet seed lings in 'h e fil d "Ih( \ t (d. ,1;, ,' 

ever, that the reaction of the seeif! iS -1 It rI 
lated with iature plant re itlifli to - ri f, )!ll 

Begarlless of the irlethl ld ised.ihit-i'it 

be inilutinced 1)I , availabli iotrietits iliellii .,,. 
or in iiiiviig substrates (].i tirell, 1962, '. 1ol 

Shofl lf h e taken Intu colisi leratilll inl miliwtkl ll oI 

latiyfns, especially oil aerial pllnft pitlts 

lnvithlating plant party 0, tr bielo thl s, lit,,.* -
There are a n iinhel (if Stalddarfl ttchl I I.i ,# (I I,, 

test pitihogenicity if i. soini isolitt.s ni pIiiit p.1f1 1 
either at Iii below the soil It Ie Most Irish I uIilIiII n 
fested %oilor other riedia 5) 1 with sv, i 'tfei ill,1v% 

Of hit plants eitiher beforf or aftit soil inlf't',t! 
Methods have beell )!zigili filf Ll,, i,1% it', 

1fllsf , ndilifi elId expco) i li lts. %eilia 

wilh futigus hvphie, eill er sil lit se 

oi it itiblt' iliedlilin, fir sc'ertiai, 

Iifection Of stel and iihi ',,yls 
(,I11fskis ai.vi.mlhlii'Id by '(flni(,i'v 

( i .l I -ilh t'l 

itnll i,; ,'s. il!1 

lf It,'i," illl i '. 

wI i ri, t Is 
Shaw ( .19!2),lIt Nioi(lichi,ill ?..ntill, i 1 l96i1 
respectivelv iav, fir jiathogeo' ifl\ ' , itusted p., " 
Ing Siillal pie( o tf14iiagar crlt oi l ,iI', ....ali' Sti% 
ceptil)k lte plants, sshile il t'tich ,il1 /1 1 ti. e l 

placed 2.) 111l1mdisk li a wlii filli its , 1!, i ll i 

avociilo steiis and coveied vit h dhrs,i li, 'i 
tiois of the host were surfaic', tefiilizvd and Ilil.i,J 0- *1 

glass slides with tlhe test i,igmiiill Ill .i i iKt . l t' 
,
uisirig a fechiiq(l, descriild by Fhi'nttl' r 

H tFif) ilrlcijlliin with I hIi i rrliiolfjri 'it' 
sidenitiili, pilriie larly iln thvsh.t-r, t I .1 P, % h ., 
potato ,rid suigar beet SIhsviii f 1961 , , eo. .li 
the .ausality (if I. solani fid ]r ilie of 1i. taitoi, oit 
itlated both mechanically wilnl r iil] iiititrl Iffii 

the riftrico! 
!| .'P'- ,. thl' 

, ti i 
' , 1"I i , t , d 

).iir if. f 

, I .t 

. 

i; 

ii 

Wli 

I 

' 

, t i 

'f ,i inlilt 
, , 

' 

Il ',.. i,! 
,ri 

d 
. 

fli. N11,.il\ 
, .(\r., 

ii l't, , i 

,ili tfisarII. 

,,h i ()n (i * 

5 iIil' , tlrfirillg a 

it'lii I li 

,11(:): Ii 
tfi , ilti r 
I -. , 

i i " A1f'l 

thl ' t . 

iI 

1t.4 hjr!,l5l 
Yol it .,1) -1 
s rii (i:% 

11!r d nil 

v 

,riliti,f A: 35 fla,, After inocuiilatlin, 
l %if' nli't'tt1 (ig. 6), 

t' ;i! fli r ilf, - ihere ire a vari
, 1 ;: i . l l<l'',t-d o i l i' ,r t et i p l h o)nIg 

s',,Ih!l . ,ti 'ilte hin lj"itIls h' i'eel de
;ilwo. ,ii1 with li r'l r,% lli llof ii Soil
,iI ll l fi liiz '( ,,iilm i e (l i n g d is

.. . e Jh ' frl yes .evit ed 

t. '! ,','1 it, Ldlii Wv-ri tit by le(;ler 
., tgiio. w d stellis oi potath 

kI i f.-' lilt' grin liif illUill Was )lIaced] ill 
l.t ''it lli fenilI. It, ixed the grain, ith Ilso 

';lihi s .10 i- il aii illiised it to stind 
. . ' , t i i,Iti iv flfeit C.l Sli l wsdaawded to 

'.hib..l! .( l'hngs 
li . l-i. i , 

1la i it 

"iiI N ;,ir .aik i 

Il'ptS cointaining potato seed pieces 
,a.leY oiid or grains were used 
't! 

ti i 

(1 

,. 

i lidefrgro)tinld, 'itt ,tem of c'roip 
ixn,(n Nl.t'i s, 1935, IL Clerg, 1941an, 

11 1 i(i I 
olt' ( 19.118 1 pi--.ired infested soil ily 

lLnit ti sii' lith thie soil. To %tidy 

r e li igs, lehmian I 9-I ) infested
 
i tm ' of If. solni iiihalf of the soil
 

'lnih l'rt f1at . 
tsiv'(h 2 week ld rnacelated 

m 'cst greenhouse flats 
. . ' ..r vc lilig da piing-ofT by the 

' i(to1 OWN Ill the greenhouse, 

irf I , im tn it) 

".' 

.. t11r (ioiltill .eivel 

116 1 '', il, te Ildi, iili ra by inctillatilg 

it tl .iskscllitainiig 17)() grans of black 
I ' I, da . Jilltrit iof this inillihim 
the it I hailf I sterile s(oil in greenhouse 

,r ti' tt-st !,i palillgefiicitv ol oat and 

i lfa . tu itid hivSm ith 1O, F.1 
,rO ljliilt, ,hir,-.ll in ififest d soil 

rt,, h g;,,%% . ,lt ,, Illo tilhill rioti

t I'.,cI -I, 1 .,r',! ihuII 
th, sl 

Ith paith,l.r ,, 
. itl ' ii i s ,.itlri 
i l,,li I hiti rosn id 

s '., 1irrli--d 'p 
I ii,d i,,I,,l Kf'iilii 

I'h,' l,il, il ith 

oJ.'elinw- -as tekttd 

pill iiiginic link in holes in 

I .t1 (Iirltit clcelery was tested 
ii i iii(eraitil agar cultures 

hrletmevii tll petioles before 
foillid the base of the plants 
k, 19.19) 
of 5 irlous fungi to turigrass 
by 'ido (1961) by growing 

sc'dli'is. ill s .iffI.stil-l'liizel stil in (lay pots. The ioll 

http:hir,-.ll
http:spiya.vf
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was infested after germination with small plugs of 
washed mycelium placed in the soil. Various isolates 
of R. .o/ani were tested for their lpotential to) incite 
damping-off of Tephrosia vvge!ii Mliuppel, et al., 
1965), by growing fungus isoiktes on sand oatneal 
medium for 3 weeks, then mixing with 30( grains of 
sterile sand in partially filled greenhouse pots, and 
covering them with a thin layer of inotulurn. 

Schmitthenner (1964) used three different nit-thods 
to study the 'virulence of It. solani isolates om alfalla 
seedlings: (1) The verrniculite-culture techiniue 
employing a I liter flask plus 500 ml Of v erniulite 
moistened with autoclaved yeast -extra.t-gl]UiCiiS soli1-
tion; (2) the injection-infestation tehmiique using 
shake cultures of the fungus filtered, resunspenlded inl 
distilled water, blended, and injected into tie soil 
around roots of 10-day-old seedlings; and (3' the iu-
oculum-layer technique, using fungus c'iultures placed 
in a layer bilow, but separated frTom, the seed at sow-
ing. Usii.6 the inoculum-layer and(1 iniectlo-infesta-

tion methods, differences in vinlenre' were dete, ted 
Owen and Gay (1964) used greenhouse grounid 

beds artificially infested with a mixture Of sven iso. 
lates of R. olani fr n cotton seedlings to study cn 

trol of the fungLs with soil fungicides (Fig. 7) Te n. 
perature and moisture were controlled t,) assure Teat 

_, 


W 


sonah' kill of plants in nontreated soil. They obtained 
good results in field trials by mixing R. .olani-infested 
'-ottistd and seedllings into the soil three weeks be
fort- planting a,,d by using overhead irrigation. 

\\hethier inut'lations should be made with ster
litd %0ol Of with soil containing a normal soil microj-

Hloia i Open i question. 
"ilie advantaget of using pure culture inoculations 

.ar. that the% povide: ( I ) effective means of control
hi i lveLs; precise measurunent forrn,,i'ihm (2) 
figii eiih';Is (3) s.'t-rest disease conditions pos
sildh (4 iteptoducible results; and (5) elimination 
t,t ,iii ilator 1'Ad antaglistiC effects of other ecosys-
I ois Ilie diidvantages are that, because of the alter
alii oft sil e osvstems, unlditions are not compar
able to fitl situations bccause: (1) disease will likely 
be rin, severe than might be expected under field 
L.,,ilitiuis; and (2) plant vigor may be increased or 
(I.Cr'easdr 

The advantage of using field soil with or without 
ilnivt.atioi oif the test organism is that it approximates 
tie diiwase sitiation encountered in the field. The 
dhi.ovat.lgcs may be: (1) difficulty in obtaining re
piiducible results because of variability in the ecosys
te is fm experinent to experiment; (2) data may 
ie'aippiipriate only for the area from which the soil 

,,4.
C. # 

1 

+ 
M.~<I~ 

A, B. Typical rout lesions produced by H.solani on avocado seedlings in inoculated
Fig. 6. 

nutrient solution, C) Noninoculated iiintiol. ( Afelr Mircetich and 7entmyer, 1I94.) 



212 

sample was indigenous; and (3) the test may not 
represent the severest disease sit-nation possible. 

Use of infested s.idand agar mcdia.- Endo ( 1961) 
was able to detect nowipathiigeiic and pAthigeilic iso-
lates of 1. solani from tum[grass bY sowig sc'id on 
sterile quartz sand incultii, plates waitered with st,'l 
lie water Newton aml .Mases ( 19:351 tested Oe Mls-

ceptibility of plants to it. %olariiby grosiiw urlat'.-j 
sterilized seed on nutrient agal i il islviiln ctilat"tu1 
with the fungus. A simihu tet htqiije was used 1)) 
Bruehl (1951), who plaw ed grmnated wheat .iid 
oat seed in culture plate If the fwius, lI si ;itid 
Curl (1964) found that differenies in patlhigviiiit 

Rhizoctonia Solani: Special AMethodt of Study 

aroig isolates of 1. solani could be detected on white 
clover seedlings established on low-nutrient sub
strates. Another method, used by Vaartaja et al. 
(196(1 ), detected differences in pathogenicity by
placing aseptically geiminated tree seed in tubes con
hItning half-steiigth cornmeal agar .and the fungus. 

Simi (1960) showwed that various anended agar
media significantly reduced vinflence and dry weight 
below that of uoname:nded media among three iso-
Lites )I It. solarn 

Flktje ( 195), in s.muinarizing the various meth. 
ods fma testing pathogenicity of Rhizoctontia isolates, 

toittliid three coi )lementary approaches: (1) The 
direct addition oIf the test organism to natural or 

Fig. 7. Soil i floor of g-,,vu . bds ii ally infe.%ted with 7 isolates of R. solani toI wa ,it 
evaluate soil f',iigit'i,h . s(( , arml Cay, 1964.) 
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amended soil ii which the host plants ato groii w 
the natural s.il inicroflora is pre!:etit This metl ,i 
often mL5e(!to tudy the ability of tie, ft g,u to g ,. 
through soil. It does inot indicate how tLt ,ri,,molal. I) 1%'.V i 'i{i 
enters the host or how pathwgene.s is v'iftt tcA t.,. I ' t 
The direct oppisititiof th(.- test or illsouto tIO ).;.' ti (iif It. 
in sterile sand or soil or )nit surfaces mcl, i'lLdLst.slid'. la1 goh. i'tietint 
ina moLst chamber, allowing for dirt-t I Omuv ,!:I,,t s I. 
penetration, type of tissue damage. and rat,' if datut
age iii the absencc nf other organism' '!L 1 ' 

t, study 
Th,,e t.it halmoe if sapiophYtie ati%. 

ltl if plat *ise. 
eqfi'tf ,iot; 

tv ot 1i u toa vs. ilsidhred hb l a:idPapivizas 
, J'palm .as, et al. - t2),and Papa
( ;.:r, 956, deiolstiated that the 
whi',i as ;idanping -off pathogen is 

fi tih,. m tipnts available in the 

. I' Ppdrp,.l,,I to lit (row,-I estog, flor lpathogen
rect opposition of the test organi.: to Ow , 1.. ,t r 1 1 -ia aisa N , cesi.fiiIwasas
testing ctiture filtrates or extracts if ,, ,,I. ,!I plited mlh Ifill)n, I h.iley(li,16y) aid Brighost tissre.s, providing for the qstiol of p,,s, .hI,'oat, 
anisms imoilv.d in pathogcriesis 

Effects of ent~ruriotev t or) pot 'i''itij t -. .stdol 
Classically, the stud)' -if anyv plaint disease ",ildtw 
pathogenicity of the pa hgiii involsed 11llit t ,'' Ii 
acctunt the intera('tioii of host and pathtti l Oi 
eftet of the vr 'ilirotiie t oilthis iztteructioll ,M IJi. 
,if this informoatioi, oni factois affe(!li g pathigeroi, it. 
is sumnmariz.ed t'l whe iii this -oImo,. 

There seems to be no hinit to tl, hisi iatige ( tiOw 
fungtS. The whole concept of host ranve ftor RI ',,.i 

may be confused because the host rangc (ar ho. al 
tered by time, kind f plants used. vsavaln- s m, ,A 
and sis(:eptibility, and by a iirirnber of ,ifolii, so i''.l..i,
logic l facto rs (Pa paviz;,sa n d A, rs, 19 6iW 

R]iizoctoni a %nlai can su rvise ,gnss', aod io. ., 
pathoge i c in s il und er a w id e i e t 4e.,o 
mental tiniditions because of its v. ,i~ihilit.Shp.phhiina
and Vood 11963) thought pu'thig,'ivity ot 11 1/, 

depended niaiiiy on intrinsic pil pcities f c hi,t 
and isolate, a d eiviron mental f:ctors k,.ri 
of inore than secondary imp(ortln(e ii dec'rnintri ,
svhtliu'r an isolate would .ttack a parth ,ilr I o 
platit. Bit the eivirornmenit does play otile thaI, ,. 
sec nd uarytol' in the infection of iR olar . The vide ,i 
inmy not he dilectly on ,hte fungus, hut a. in firer'c 
effect on the host plant, as with soil tempeitiirc .t,i 

oilreatimi 

Khan (]950,j stated that tI,gerieralizatiiri thitt R 
solant is eitheri a high- or lw-tenipcrtire pat fogevn l 
or is destriictise ili an acid(it alkaliine soil, is nit Ilisti 
fled 

Results fomn studies cncermt.i the t-!h.I o 'oil 
moisture tin B ',tamand disease deelljim,.ti a n,iit 
ill agreement .This may be due to lick of %tiiia ii..i. 
tioniill techrituile. li a stud;, by Bateunait] i. 
on \shichi liemade a factorial anal)sis of soill tenli,, 
tire, moisiut, alid pil. using II.sdani and othti 
boti eorganisiu , iefound no coi iniation ill the tilt' 
factor' prevetiOd infection of poiisetiti by the li 

.
 

-, I 

I 

gus. She~phard dud Wot l )(3 i showtd tlhatthtlth 
humidity appreciably in(reased p-ithltgt-ricit% of i 
so/ani. 

Th e effec t of oilm oisture o ftthe stii i i il ihsi ito 
host plants iceds study. Standardizationi expertiltl.
using ield capa'x,/ (fhedmoisture cilpacitl I as itt' 
fited by tie Soil Science Society (Aitin, 1962i h ,hf I 
be used in future studies. (iuch'. et al Ii167 re-
viewed the appli ition of sil-moi-stinit e printciphles ti 

o 1 h , 11 -!uh. l, uit',lra!., h. due, in 
!-i, I ill 'I .s pathogenicLi, thI,it x. on 

t,'h 
'.', ",',lti,.. itd ,.,ldititi Several.
 

' . aw' ii. )I .'i'i pl''d!,,vpi infectionse plilt. to 
b% R i 

I0 , p l tit'''.ii,il) k inlfection 
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t h-E. 

H)ig. /1. Example of paired h4,rnk.i,,,,i- Iiroliili twit it their , rzIIrinrt ]lii' * llltrf'l 
Uppo'r petri (]ish shows," reiu tim itI hrii] kLi",,I-tI-ii h. pa.,,A'.l tclf ,olomi'. morn
pletel)+ rnergr hot Ito tutts ~m iml+ },tit i 4,\4mr' I%pm,, I !,ir', %,w~ r4t- p,.( lm o.U ormi 
kitryon 441) with Ii other ho~rmmkokt+,d, ii: ,. ii twi|t m-in tioii . il i]tdi.i UI;fts i iv enl 
naxenrmpe.nt c'otto~ny w.ispsi ol tiin ii m hll ofi'iiI\4'L'n 'tn.€!' tpiledcinii,". ScleroJ{'d m' l 
tium initials can ai.o be: see . i .,,n i,,,,lt"' ti' lit, i.'i["i ,mid ilirL,i. Coloi's photo 
graphe-d afrter growth (iii Frw.-' ag, r iii Iii 'l,m~s l'ar.ti,.r. ,I i., Um,,versry o{ICalifornia, 
Berkeley ). 

The physiologic responses of host plants Ii. the.se in tlb envir oimet iroluding tolerance to chemicals. 
predisposing factors should be studied Ito deteirie. T1,4, ,h'!, mli.nt (41tulerance in microorganisms to 
the exact nail',re of: Increased susceptibility to RI. ilrogt, l wi.ll (1I,uhi. ted in human medicine begin
,aolani. ning '. it litheu wi(drk(if Ktossiakoff (1887). Only within 

Ileterokaryo..s and patlhogentk tt..-'iJhe efl'et, s) thed|, 25 seitr' have plaint pathologists examined 
of heterokasryosis on pathogenicity and tther c'harot+

yotlc lines is to make mycelial transfe'rs of two 14441041: ' :
 
karyottz lines on opposite sides iif culture plate.. Li)i-' J , 

taining a Iar. When marked tu{,s of aerial itv( 'lirn k..
 
fonrm at th'e lines of contact, hits ,)f n|.,celha .|c Irans-• . ..: '
 
ferred to agar tubes or plates (Fig 8). The (h,u..whii- "
 

cofthe two rnginal strains (Fig. 9, 

Whitney an]l Pannmeter (196J3) us,-tld ',,iii r| 
medium in whidih equal amonts iif t'.i str,ii, I, 1I1 
solani were blezded. Droplets of the totstui:i wil 
spotted o watei agar and hvphal tips tio,| .41. 
quent growth were transferr,] iito agar itiiit. ,ii, 
studied. 

Cellupha ne was used by Nh it; iy ad I a) ht ,,C
 
(1963) as a substrate for an.'stmutsis stodi,, ii.'
oi h, 
development of heterikar, (is in II .solar.i :,1, 4ii. 

pieces of" cellophane cut to fit culture Iride',i 5. 'r 
placed oti the surface of water agir. Sine",' 1' 
strains that had given tuft reactions we.re, ,'.t,,,I t 
opposite sides5 of the cellophanae. \Vsheni :tni;ist 44(4,,.4 

had occurred, a small piece of f ii'i Iiid'.e'll~hq 4lidi 
anastormosis figure was cu|t from thit' telhi,pIi.o 4,, nlI 
transferred to agar slants. , 

NlTfiluoz's or STUDYING Tot.?:nA' r.: "T (i|mI-ss|A,.s. 
-Rh Izocton ia solani is highly s-aria ble. "liih~ .1t,, II~a I g/.'! (Ji.ii,,,,444(irlia 41' Itri~t ' of het ,okaryon 
been emnphasrzed throug!hout all st'ctimns of ht i 4t.k X ijw,h . ,tti.i It l. Im( :.Iii 52 )I \Vhttney and 
This variability allows for rapid ad plt ion to) ('ih1ges I 'Ti li-Ir. 1!1hI3 

4 
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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 (19.59), Elsaid 
(1962), llffra (1965). and Ricaud (1965). Kerr.-
kamp. et al. (1952) noted three papers dealing v.ilb widest part of lt ti lfony '.hoild be measured. 
tolerance to toxic substances in their review. 

Rhizocionio solani, like other members of the My-
celia Sterilia, offers some limitations in methods thlt 
can be used to study tolerance to fungicides and other 
chemicals, because of the lack of sufficient spore po-
duction. This fungus does not produce asexual slores 
Basidiospore production is either lacking in tiso-mo 

lates or is difficult to obtain in sufficient aunouts for 
use in techniques requiring spore suspensiois. This 
limitation may be overcome in the future with better 
methods of inducing hasidiospore production. Fungi. 
cide tolerance was studied using both in sit and in 
vivo methods. 

It is a prerequisite for any R.solao isolate used for 
chemical-tolerance studies that it be in pure culture. 
stable in cultural characteristics, and able to th-
stand ontinued subculturing. The author has forid1 
that all isolates of R. solmid are not capable of iepeated
subculturing, particularly where weekly serial traos-
fers may be involved. Much of the work has beeri 
done using cultures from hyphal-tip isolations. Studies 
on chemical tolerance in R. solani were condirted l,
growing the fungus on a suitable agar medium -,o 
taining various concentrations of the test chemical. 

Test fungicides can be incorporated into nhtticit 
media by several means. Most workers add ehemnit :s 
in known concentration to thi agar mediim. RicatrId 
(1985) recrystallized PCNB und TCNII (tetrachlo.
ronitrobenzene) from acetone from commercial prcp-
arations anu ued them in either the vapor phase or 
dispersed them as a fine suspension in the mediiumn. 
These fungicides were added to the medium before 
autoclaving. Concentration was based ppm ofon ac 
tual ingredient. For studies in our laboratory, comi-
mercial fungicides were added to media after autt 
clavf.ag just before the agar beame solid (St !air. 
1960, Shatla and Sinclair, 1963; Elsaid and Sint lair. 
1964; Raffray arid Sinclair. 1965). Concentratiorn also 
was based on ppm of active ingredient. These d]iii -, lgiiiigr t,,liierutratior was inoted. This onfirned his 
et approaches may have an effect on r,.stlts. Ii,,il,.t ai. i"ron thuese results, it appeared that

The use of radial growth as a measure Of ald. 1 t.i .1l silatc. I,,If. -slan: wild ortbe suitable for
tion requires that either a standardized "seeding- I Iraki-cioltioi. t tidies. Till, p sibility of u11ing broth"plant incwtulaticr" method is used. A sterile tnik- ii,lit fithis ,,fsturit 
borer should bc used to cut plugs, biscuits, or cnres (If agar 

ji ( arid comparing results on 
sh, ldli,txplmred further. Norushake-cuilture 

agar with mycellum from agar plates. For R.solann,Czr.,oth shol b- c,mniarr-d with shake-culture and 
cores should be cut as uniformly as possible front the 
outer gowth of the colon), in an old cultlr. (fom
than 7-10 days old at optimum incubatio ).Variott 
studies have shown that the older livcelitiii I),,,-
its vigor and therefore might not be suitahle for i ill. 
ture plate studies. Domsch (1958) stated, however, 
that age of mycelium does not substantially iiifluvcoe 
its seusitivity. If very young cultures (2-5 dayq old at 

optimum temperature) are used, most of the colony 
is suitable for inoculation. Use of a standardized ny-

celial sulspension for seeding plates is not satisfactory 
b~et ause the inictiuin does not spread uniformly over 
the agar. Agar plugs should [be placed in the center of 
ech cultlre plate. Radial growth is iie.isured either 
at the radius il diameter. If growth is irregular, the 

lsolates Si ,ld I)eincubated at a constant, con
trolhd tempeiithrr, optimum for growth. Incubation 
Qhould h itI, losed cabinet, since light has been 
shown t, have lin adverse effect on growth of R.so
ara ii ittio. The length of incuhation will be deter

mioi((i in part. bv theirat( of growth of fungus isolates 
i iii ireated pines This may range from 3-6 lays. 
Al ob'imis limitationr (Ifthis techntique is that 

;,ilial.glwth mea ,urenrit' may not give a true pie.
tine if diiffthtcu(' in nstlydial growth bi-tween treat. 
mnents i ftown, I 92:1). Sonme cheinicls may limit hor
i/,ot.tl growth, hut not vetrtical grwv'lh others may
prevtj the furrgis froim pertratint. into the agar. 
( lieck platis way lile ftungs iclieluni growing in 
ifuute a difruritt roanr i !nd ma\ thus influence final 
ru s It% B-\.%it,1112 1' tInnpael dry weight measure
i,,,tsundI iai.,! gnwth for toloi g girowth of fungi 

ard f i it,the i-i . ralial gros ni: (I)made it pos
.rhIh ti cai.i i ,i .erlurIts ina large scale; (2) 

a rept-titio,.ih55-rd fri ,hodint and (3) provided 
ftiefhct ye c.,utr irs. li radial-growth measurement, 
a ,lInrc Iw fi ll(I\,%,(I *ill its stagesu.n throughout 
whilh. try %%'iQIt met hrls imve of aioi(k dlestruction 
Ialite |hr .I I rneasrre-iwt .kkon. lrancato and 
, i I'lti I ti i.lded that thi, use of diameter 

Cros\! t ini rfficiontIv reliable for determinfh w, 
ingi itiwt Ii..i,srill for compariig th. effect of en
,iioiOwttal I& tor;. 
The ts, (if huitd shake cultures was explored by 

hitak r II961, fie iio,ulated 100 ml of medium 
with fis.aii plOgs tAke 2 nimfrom tile margin of 
a 2ra'y-rld coltulre oif R solanni PCNII was added to 
fihieretldin ait tither 2.5. 5)), ill 100 ppm before 
iitllt i lha ( )ri. , suiLde ihltte was studied because 
iii ,ther israboe pitived ti it for growth in shakejhlrle 


1 ,iltrar, ihIfirrili pert(etage oftiit til,' inhibition 
, ua1 o. t-m(iistait fir Ilh1hree coecntrations. 
(111%a shlit i ihibition witl increasedmclease r 

ilr culhitlr g ,wo sainoltaineotsly mder identical 
-1-ditirris. 

It li;ts tIn- expel (.ncd of this athor that mostlev-

l.ites oif /t. o ,bani will huoma thick mat on 
the sur

-o,(,Iinositke-i poit ;!u-d.xtrose broth. This mat is 
siv in i id fur i-it'ci the wet ali (ir dty weight. 

Faivs a[/, ing studivs an toh'rance.-Shatla 
, I9li9), Elsaud (1962). Mater (1962), Shatla and 
Sriclaii ( 1913), and Elsaid and Sinclair (19N) 
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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 PCNII 
required to Inhibit completely the growth of these 
isolates ranged from 6,000.10,000 ppm. Ricaud (1965) 
found different concentrations of PCNB and TCNB 
Incorporated in agar produced only a slight response 
with increased concentration beyond the sattiation 
point (10 ppm). The sohubility of chlorinated vitro-
benzenes is less than 2.5 ppm (Beavill, 1950). The 
actual amount n,.-ded to obtain saturation of assay 
medium may exceed this value through gradual loss 
by diffusion (Rtcaud, 1965). There seems to be not 
question that R. solani isolates vary in their ability to 
grow on agar containing different concentrations of 
PCNB and TCNB. It appears that !his eflfct may 
involve more than a response to fungicide concentra-
tion. 

Many studies of chemical tolerance asuni, that 
either reduction or absence of growth indio ates toxic-
ity and that increased growth in agar with tie! 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 fingicide ti 
powder form, for example, may increase the osintic 
value, change the pH, or affect available nutrients o)f 
the agar medium (Rlcaud, 1965). 

Ricaud (1965) found when PCNII and TCNB were 
suspended in agar at different concentrations, the' 
was only a very slight response with inceaesing ion-
centration beyond the saturatioii point. The fungicidei 
also were only slightly more effective when impreg-
nated in the medium than when applied in the vapor 
phase. These results suggested that the effect ,, my-
celial growth of contact toxicity associated %%ith Ito-
dissolved solids in an assay medium was slight 

Rhizoctonta Solani: Special Methods of Study 

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

In general, soil in either greenhouse pots or fiats Is 
mixed with known quantities of either fungicide, fun
gus, oi both and used to study the tolerance In the 
fungus to the fungicides. Greenhouse environmental 
conditions ai e not usually as controlled as in labora. 
tory expeiinivets. Experiments of this nature, con
ducted in controlled environmental chambers will 
give %aluableinformation about fungicide tolerance 
in R. Ioni and other phytopathogens. For instance, 
laiflr and Sinclair ( 1965) described a modification 
of a Ichnique f Elsaid and Sinclair (1962) using 
greenhouse fiats to determine if three isolates of R. 
;oani became more tolerant to 1,370 ppm PCNB 
captan, and naneb after three serial transfers through 
treated soil. 

Fihlts of steam.sterilized soil were either nontreated 
or tiatvd with each of the three fungicides. A strip 
of soil was removed from one side of the flat and re
placed with soil infested with one of the isolates of 
R. usotani. The pieparation of inoculnm to infest steam
steriliz-d s,il as essentially the same as described by 
Sinclair (1)6()), Fifty seeds of the susceptible cotton 
si uttv I)cltapinc 15 were sown in each of five rows 
fi greenhouse fiat. Rows were approximately equi. 
didtait from one another. The progress of the fungus 
thiough the soil was measured by the progressive kill 
oif the cotton seedlings. The fungus was reisolated 
frii infected seedlings on the opposite side of the 
fitt ,nd plated on potato-sucrose agar, without and 
with the respective fungicides. A strip of infested soil 
fromi the first flat then was taken from the side oppo
site the original strip of infested soil, placed in a sec
4)1 tflat, and the procedure repeated. 

ht a technique described by Domsch (1958), a 
soil-umptst mixture was placed in shallow trays, the 
lungicide worked in or applied by drenching, and R. 
volaii introdnc,.d by watering with a mycelial sus
pension (onthe aine day. Alderman peas were sown 

Many of the techniques described for f .gicicle and covered. and trays kept for 6 days at 8aC, and 
evaluation under greenhouse conditions coumlIl he ni,,,I 
Ified to study fungicide tolerance ainong isnlates of 
R. solani. Greenhouse techniques for evaluating fui-
gieldes to control R. solani on cotton have bcen de-
scribed by Ranney and Bird (1956). Sinclair i 19,Y4. 
1960, 1965a), Elsaid and Sinclair (1962,, Nair aid 
Staffeldt (1963), Owen and Cay (196.1 . (;;%c.d ad 
Temple (19&5), and Raftray and Sinclair 119i5 A 
clay-pot technique was used to screen soil fungidt,i 
for control of root-rotting organisms isolated fnom in-
fected lily, poinsettia, and other ornamentals by 
Schaffer and Haney (1956) and also to %treenwil 
fungicides for control of bean-root-rot orgamins by 
Davison and Vaughn (1957). 

A simple and rapid technique for the evalation of 
chemicals for control of R. solani was repnrted by 
Cayed and Temple (1965). Dried flax stems were 
placed in infested soil treated with a chemical. Altet 
24 hours, the "traps" were removed and laid on 2% 
water agar containing bacterial-growth inhibitors, 

then for (; days III the dark at 20'C. Captan, PCNB, 
anid ai 'rgaiiic mercurial gave results reproducible to 
.i ex(Ceptional degree. 

Shtall (1959) for 2 years collected cotton seed. 
Ihgs showing symptoms of infection by R. solant from 
,ii iis locations in cotton-growing areas of Louisiana. 

Seedlings tane fhor either nontreated soil or soil 
tieated with PCNB alone or fii combination with other 
s ,i fungicides. The isolates were plated oi' agar with 
1.370 ppini PCNB. The mean diameter of the isolates 
from I'(.NB-treated soil was significantly greater than 
of islates from initreated soil after 7-day incubation 
at -on teinpemture. 

'1lhe advantages and disadvantages of using either 
pone culture inoculation or inoculation in the presence 
of iornmal sod microilora were discussed earlier in this 
volunic. 

Co. Lc:sm's.-Rhizoctonia solani appears to be a 
good organism for exploring chemical toleranct in 
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fillgi. 1 iicrancv to fhingicides, Il i sesaioloh d'f tlii relli~at e.c.i EleI'vei ' of prolonged ulypostr if Iin this fullizus, blut bettel tedhiqulpes alldt li:thfer Ntud on to) them.e filii~de.~shoul~d be -tudicd. Theies art. niedced Itr C'j-11(.I, it 1"I Lrter rnuildwi 4 dii liir-hadriisii '4 liitu 11Ri la la haleiut lep4)rte(teals needs ti, IA' clettenujil A iciertm-iA t, whrlj rri, it illd,viiii'Fctj.r Ituvi).fstraims. of RI. *mokjniart, tolerat, alrid ,Ilt olill Ii (r IVItiii~) eiegiit 1 ifd~ttutitti~ 

Comesliue oth di~dvatage ~fP( N ii ft t b Ikuti arid trcmIeii ( 1964 ) all]idHuad ( 106.5),netfid to be ioutid. Ownird-fi 1 tv poof --wild bt- obtined biy geneticalAdditional ini vitro awld i vivo, studies need tol be m;,I)> cis.
made to (leterluhine tile extenit. potential, andi nature 


