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la ted closely w ith the opti m um required 
for sa prophytic ac ti v ity of the fungus. 

Vasudeva and Ash r af ( 77 ) con­
cl uded that cot ton infected w ith 
Rhizoct on ia solani suffered the highest 
degree of mortality at 35° or 39° C., 
and the se veri ty of the di sease was r e­
duced as the tem perature w as r educed . 
Sanford (62) claimed that 16° to 20° C . 
was fa vorable for vegetative growth of 
the org anism and depressed it s viru­
lence. Elmer (23 ) studied the incidence 
of R. solan i for 13 years and concluded 
that incidence is a lways highest durin g 
the coo les t se asons . Sm ith (68) r ep orted 
that the opt imu m temperature for 
growth in culture and fo r infec ti on of 
alfalfa with R. so lani was betw een 24° 
and 30° C. He fo und few cankers in the 
field when temperatur es wer e bel ow 20° 
C. or above 35° C. and fo und few ca n ­
kers either in the spri ng or fall. Leach 
(3 4) con cluded that spinach, water ­
m el on , and sugar beets suffered m ostly 
from Rhizoctonia when the tempera­
tur es w ere less favorable for the ho st 
than fo r the pathogen . Tsiang (7 3 ) re­
ported tha t temperatur es between 15° 
and 20° C. w ere m ost conducive t o the 
par asiti sm of Rhizoct onia isolates to 
flax, but soil tempera tur e for in fection 
was not correlated w ith opt im u m t em­
peratu re for growth in cu lt u r e. Boosalis 
(7) found th at 25° to 29° C. w as the 
opt im um temper atu re for infection of 
soybeans with two r aces of R. solani. 

These re por ts w ould lead on e to be ­
li eve that di fferent crop s r equire di ffer­
en t op t im um temperatu r es for in fection 
with Rhizocton ia so lan i. This is partly 
true, but not ent irely, sin ce the opti ­
m um tem perat ur e for infe cti on is a lso 
de pendent on the particular parasitic 
st rain with w h ich on e is dealing. San­
ford (61) r epo r ted th a t viru lenc e and 
r ate of growth of di ffe rent isol ates 
var ies w ith di fferen t tem peratur es. 
Th is w as reaffirmed by Or tega (51 ) , 
working with d ifferen t isola tes of the 
paras ite on se ver al vegetable h osts. 

Khan (32 ) p r obably h as some of the 
best ev idence to support th ose conclu ­

sions. He stu d ied the r el at ionship 
so il tem perature to t he pa thogeni .or 
of three r aces of Rhizoctonia SOlall iC~l" 

several legume crops. The pa thogeni . n 
of t wo of the races differ ed mark e~:} 

in r esp on se to temperature in te mpe Y a 
ture t ank and field t ests. On e rr .

ac!' 
ca u sed greatest damag e to peas at tern. 
peratures between 14° and 17° C. and 
those between 28° and 32° C., while it 
caused greatest damage to sOYbeans 
on ly a t tem per atu res bet ween 14° and 
17° C. The latter is con sider ably lOwer 
than the opt im um r ep orted by BooSalis 
( 7), who fou nd 25° to 29° C. optimum 
for infection of soybeans. A second 
r ace of Khan's, h owever , caused mOSI 
damag e to bo th soybeans and peas at 
te m peratures between 21° and 28° C 
an d a th ird r ace a lso was mos t patho­
ge n ic to legumes a t these tem peratures 
in field test s. 

These r esults se rve to emphasize th 
interrel ation ship of host , strain of th 
pathogen, an d temperat ure as they af­
fe ct virulence or suscept ib ility, and 
point ou t that one cannot gener alize too 
broadly regarding the influence of tem­
peratur e on th e pathogenicit y of a fun­
gus such as Rhizocton ia solani. 

Generally, so il m oistu re doe s not ap­
pear to have as m uch infl uence on 
pathogenicity of R hizoctonia solani as 
soil tem per at ure. It appears, hOW; 
ever, that soil tha t is neither too we 

. fee­
nor too dry is m ost conducive to III . • 

h t WII,' 
tion. San ford (62) r epor ted t a s 

. t seelJl 
potatoes scle ro t ia l developmen I'S . . ture 
t o be stim u la ted when SOlI mOIS h 51. 

sligh tly above optim um for the ~;t ­
Soil nutrients g rea t ly a~ect  p~a~n 

ism of Rh izoctonia solam. MUc ulaf 
. . 'th par t·ICbeen written a bout this WI tr i­

. . f soil lIU 
em phasis on the r el a t ion 0 1 T11a\ 
en ts to crop ro ta t ion and cont ro: 1I 00 

phase is p resen ted in the sectJ~pef  i  

control but at th is poin t direct e l'lI re , . ts 
mental r esult s on soi l nutnen . cu. "eIl 
lation to pa r as iti sm will be d~~a; "  IP 

Van Beekom (7.1) reported he ioel 

plication of potash red uced t s all 

dence of Rh izocton ia on potatoe 

. ed land in south Holland. Elmer 
JaJ lI1 ted that when vetch and cow­

(23) stare grown as fall fertility crop s 
peaS W~y  nutrients for p ot a toes , the in­

supp of R. solan i was greater the fol­
.Ide.lIce 

year. Sanford ( 65 ) cla im ed that 
l~W:~nou s salt s, es p ecia lly nitrate, 
1I 1~  g aize meal tended to r educe the 
a~  lI1e and the persi st ence of the
dlseas . . .
athogen. AdditIOn of sucrose, ca lcium 

~ droxide, magnesium sulfate, and sul­
t Y to soil tended to favor both the di s­
ure and persistence of the pathogen on 

eas olaloes. He tentative. 1y attn ib uted th e 
Peduction of di sease and decline of the 
~a thOgen to antibiotic effects of soi l 
fungi and bact eria as m od ified by the 
various soil supplements. 

Khan (32) , on the other h and, fo u nd 
direct evid enc e that absence of calcium 
nd magn esium predisp oses soybea ns 

and peas to infection by R hizoctoni a 
$oluni . He grew these cro ps in washed 

uartz sand to which were adde d var i­
ous nutrient solutions and the pathogen. 
With calcium- and magnesium-deficient 

ulrients th e number of infe ct ed plants 
was almost double the nu mber of t hose 

Ih normal nutrients. 
Soil pH apparently h as little effect 

WI. parasitism of Rhiz octon ia solani ex­
t where pH is at su ch a level tha t 

, i n  ~ e  rfere s w ith the ava ilability of 
,aln nutrients. Khan's res u lt s (3 2) 

dlcaled that pH itself had no gr ea t 
'ect on parasitism, but tha t calcium­

magnesium - deficien t soi ls had a 
pH and the absence of these e le ­
~s predispos ed the p lants to attack 

. solani

il aeration is among t he factor s 
' ''ed in p iti f '1 b Igu arasi Ism 0 a SOl - orne 

SUChl:li~ S(6) as Rhizocton ia solani. 
tio demonstrated that im p ro ved 
is~ of soil stimulated th e gr owth 

ungUs. Tsiang ( 73) m ade fur­teSls d
Was . an sh ow ed that roo t r ot of 
n.t ~ncr ea sed in proporti on t o the 
pe~'  OXygen su pplied to a culture 
~p  ~~~  up to 40 m in utes. When 0 , 

,j. of ed for a longer time, the 
roo t rot decr eased. 

Parasitism in Relation to� 
Control� 

All of the preced ing fac to rs are im ­
portant in the con t rol of root r ot and 
damping off ca us ed by Rhizocton ia 
so lani, since they a re inseparable from 
crop r ot ation , so il amendm en ts, and 
host range. Since the pathogen is soi l­
bor ne, much tho ught has been given to 
the us e of crop r otation as a means of 
con t ro l. The pathogen h as such a wi de 
host range and is composed of many 
parasitic st r ai ns , however, and r ot ation 
wou ld app ear to be an inadequate 
m eans of con trol. 

Braun (8) and P eltier (52) pr obably 
h ave tw o of the m ost ex tensive sum ­
maries of R. solani to da te. Let us, ho w ­
eve r , examine some of the m ore r ece n t 
li terature r egardin g control of disea ses 
caused by th is fungus. 

Buchholtz (10) r eported a severe ep i­
dem ic of r oot r ot in su gar beets follow ­
ing potatoes, but a po rtion of the sa m e 
field tha t h ad been in barl ey the previ­
ous yea r had sca rc ely any r oot ro t. Goss 
and Afanasiev (27) r ep orted the least 
infect ion of potatoes with a four- and 
six -yea r r otation wh en lucerne pre­
ceded the pot a to crop. A m ai ze- pota to 
r ot ation or conti n uous potatoes w as 
least satisf ac tory . 

Later Goss and Li vingston (28) r e­
po r te d tha t Rhizocton ia so lan i increas ed 
r apid ly when po t atoes w er e plan ted 
consecuti vely for t wo years . Less than 
h alf as m uch R. solani was not ed in 
p lots n ot pl anted to potatoes consecu ­
tively. Sc hleusen er (66) claimed th a t 
one of the best ways to com bat R. solani 
on potatoes is to appl y gr een manure 
by g rowing lupin in th e ro ta ti on im ­
mediatel y preceding the pot a to cr op . 
El mer (2 3 ) cl aimed th at th e inciden ce 
of R. so lani on potatoes was high er fol­
low in g a fa ll crop of po ta to es, vetch, 
or cowpeas, w hen the la tter t wo were 
sown as fer tility crops. Afanasiev and 
Mo rris ( 1) reported tha t R h izoc tonia 
builds up rapidl y in soil a ft er su cces­



24 
25 MIN N ESOTA TECHNICAL B ULLETIN 200 

am m en de d and that th e m ethod hsive po tato crops, r equir ing t w o favor ­
virtue in controlling diseas es caused ~sable year s fo r m aximum in fection . 
Rhizoctonia solani. YMaxon ( 47) , reporting on in cidence 

The writer wishes tc emph asize th of Rhizoctonia sola ni on beets, stated 
importance of proper soil am  e  ndmen  t~that there was an increase of the di s­
in fa rm practice to assist in the con  t ro~ e ase in fields with beets planted con ­
of Rhizoctonia solani. t inu ou sly, and likewise in fields where 

potatoes preceded beets. H e cl aimed 
that maize and small grains m inimized Antagonisms to Rh izoctonia 
the losses, w ith n o r ot in beets fo llow­ Solani in Relation to Control 
ing four years of gr a in . Coo ns, Stewart , 

No soil-bor ne pathog en can be con­and K otila (18) agreed that beets fol ­
sidered fully without considerati on of lowing m ai ze are freer fr om r oot r ot 
an tagonism s of other soil microflora than w hen they follow alfalfa, sweet 
S ince some of the invest igators at thecl over, r ed clo ver, or crimson clover . 
Univer sity of Minnesota h ave studied Later Coon s, K otila , and B ock st ahler 
this phase of Rhizoctonia solani, with a 

( 1 7) r ep orted that "Black root" of sugar 
view tow ard using this phen omenon forbee t , a com plex d isease cau sed by 
control , a r eview of the ir work is in­pythium spp., Phoma beta e, R. solani , 
cluded . an d Aphanom yces cochli odes, is in ­

In some of the experim ents it was creased followin g a sweet clover cro p. 
apparen t that there w as more root rot H ow do th ese observations fit in with 
in st erilized soil t h an in nonsterilized h ost range and pa thogenic variation in 
soil that had been inoculated with relation to hosts and v a r iet ies? The r e­
Rhizoctollia solan i (6 2, 73) . This prob­sults of LeCler g. P erson , Hou st on , San­
ably is due to the presence of an in­ford , Spr agu e , Smith , Boosalis, Mar ­
h ib itory or ganism in th e nons terilizcd ch iona tto, Storey, de Zeeuw , Ortega, 
soil. Variou s worker s have demon· 

Chen, Ts iang, and Khan show that 
st rated that sever al fungi and bacteria 

many pathogenic r aces of the pathogen 
are antib iot ic to R. solani (2, 4, 30, 31.

exist , that they are widespread, and 
64) . Sanford (65) proposed tha t the that th ey h ave no particu lar specia liza­
antib iotic effects of soil fungi arc modi' 

tion fo r indivi dual h ost species. fied by soil am en dm ents. Va su~e\' 
Th er e se em s to b e som e hope, h ow ­

( 76) obtained evidence that the VirU­
ever . In ge ner a l, le gume an d flax iso­

lence of R. solan i w as enhanced by th
la tes seem to be m ore pathogeni c to flax t v: 

presence of other fu ngi such as and leg u mes than other isola tes. Isolates 
sarium solani. th:,l f r om sclerotia of potato es seem t o be 

Weindling ( 79, 80, 81) .sh ~w.ed thle ss path ogen ic t o potatoes and su gar lts Trichoderma lign orum m hlb e.. .bee t s than isolates from su ga r beets or d par. 
growth of Rhizoctonia solan! an Ih~ potato st em s. Iso lates from cereals and 
siti zes it . 'I'sian g ( 73) made ~~~itgrasses appear t o be less pathogenic to 
exper im ents to deter m ine wh at l'lizcd le gum e an d veget able crops than iso­ , ' onsterl f. .infect ion by R. solan! in n . h se 0lates from those cr ops themselv es. ·t ll to ' 
soil. Hi s r esu lt s agr eed WI I ' noru Th es e r esults an d obser vati ons have 
Weind lin g th at T richoderma llgni bU:been confi rmed, at least in p ar t , by . ib i t ' t R SO aIS not only ant i 10 IC a . ItUre Gibler (2 6) , who r eported tha t r aces 
actually p ar asitizes it . In c~ af1lc 1/1

from flax and legum es wer e m ost . he n It c 
solani stopped gr owmg w . he S3path ogenic to soybean s, w h ile th ose con tact with T . lig n or um In t e(1il' 

f r om po t a toes, suga r beets, and cerea ls · orU 7l1oIcultur e. Hyphae of T . . 19n ceIiulfl w ere not p ath ogen ic to soybeans. Th us, 
ti ghtly arou nd the aen a l rI1 Ythe pO it a ppear s that there is so me sci en ti fic R. solani, an d the hyph ae of 

basi s for r otat ions that h ave b een r ec-
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. e frequently were fou nd inside the prot ected more by T. ligno rum and B. 
S  l~st hyphae. The parasite seemed to subtil is than plan ts inocu la ted with 
h trate through the septa, although another race, and stands of pl an ts in ­
pe~en  g  obs erved internal hyphae li nked ocu lated with a third race of R . so lani 
T.~  ~~  the hyphae coiling outside at the were in ter mediate between the firs t 
wI. of contact indicating d irect pene­ two. Tsiang pointed out the possibilities 

nt 
PO\ ion through hypha I walls. Tsiang of controlling soil-borne di sea ses by the 
tr~mon  lY  obs erved lysis of the host us e of an t ib iot ic microflora. 

~~  phae at a di stance . f:  o~ t~e  par  ~-
:1' He grew R. so lam In Iiquid m edia Survival of Sclerotia in51 e. 

for three weeks and th en added T . lig- Relation to Control orum. After one week the mycelia l 
mat of R. solani was completel y di sin­ S ince Rhizoc ton ia so /an i does n ot 
tegrated, lea ving a tur bid brown so lu- form spo res comm on ly , scle ro t ia ar e 

important in the sur v iva l and d issemi­tion. 
Tsiang (73) a lso showed that Bacillus n ation of the pathogen . It is appar ent 

subtilis was very toxic to Rh izoctonia then that any factors that in fluen ce the 
lani. Autoclaving r educed the t ox­ su r vival of sclerotia m ay be directly 

icity of th e filtrate from cultures of or indirectly implica ted in the contr ol 
Trichoderm a lignorum, but did not sig­ of di seases caused by this or ganism. 
nificantly affect that from B. su bti lis. In Tsiang ( 73) , theref ore, investiga ted 

udying th e effect of pH on antibiosis so m e of the fa ctors that influence the 
by T. lignorum, Tsiang concluded that survival of scl erotia . 
the pH most fa vorable for the lethal He studied the effects of t emperature, 

eet on R. solani was m ost favorable m oist ure, ch emical treatm ents. and ra­
or the growth of T. ligno ru m. dia t ion on the longev ity of sclerot ia 

Wcindling and Emerson (8 2) suc ces s­ from 47 isol ates of Rh izoctonia solani . 
fUlly isolated the toxic principle pro­ Sclero t ia were subjected to tempera­
dUced by Tr ichoderma lignoru m , and tur es r angin g from IS " to 70 " C. fo r 35 

iang (73) was success fu l in duplicat­ days. Then they were r em ov ed an d 
ng their work. Ts iang al so foun d that placed on potato-dextrose agar in Petri 
he extract in cryst alline fo rm w as di sh es. In this test low temperature had 

.ry lethal to R. solani although it is no appreciabl e effect on their viabili ty , 
nificant that some of hi s r ac es re­ but high tem per a tu r e di d . Gener a lly, 

!pOnded differently to the ex tr act . On e growth was r etar ded w hen they were 
ell failed to grow even at a dilut ion stor ed at 50" C., or above. Aft er storage 

: 1;000,000, whereas two other races a t 70" C. for 35 days, n on e of them 

n.w, moderate ly w ell at the sa me d ilu- grew excep t four which produce d only 
a t race of mycelium. Aft er sto r age a t 

iang (73) . ,nh made ex pe r-imen ts In the 65 " C. there were marked differences 
o ouse to determine if Trichoderma in the growth of d ifferent r aces. Tsiang 

T11 11t and B '11 . . 01 d . act u s sub ttlts w ould (7 3) found that the cr it ica l tempera ­
d ~mpmg off of flax . Soil was tu r e for growth of sclerotia fro m a ll 
~~? the two organisms se pa - races bu t fo u r of the 47 iso lates was 

fl IZoctonia SOlU11i w as added 68" C. T he remaining fo ur grew only
axseed
Th s were planted in t he mix - sligh t ly a t that temperatu r e but were 

ne~~ wa~ a general inc r ease in k ill ed at 71" C. 
e SOils treated with T. lig­ F rom st ud ies of the effect o f m oistu re 

and B s"bt 'I' b . . . .:hat a : '" I IS. ut It IS signifi- on the surv ival of scl e rot ia , Tsiang ( 73) 

fr gam there w ere d ifferent r e ­ also found d iffer ences am ong sclerotia 
inoculorn d 'ff 

I erent races of R . solani. from d ifferen t races. At 60' C. and 95 
ated with one race were per cen t m oistu re all scle rotia were 



- - -- -- -

26 M INN ESOT A TECHNICAL BULLETIN 200 

killed in 14 days, b ut at the same tem­ Tsiang ( 73) also attempted to deter. 
'" .c: .c:

perature and 50 or 75 per cent m oisture mine th e effect of radiation on longevi!� .E~g:::i 

CLIQ) lD::JO "~ I w ~ to W ~ ~  ~ ~ w ~  w ~ w w ~ ~ 

of scl erotia. He found that U  ltraViol~ 	 E..d ~- '"" ofour isolates survi ved. At 60 ° C. for� .... u 0 0"E-< _ 

se ven days at 50, 75, and 95 per cent light h ad little effect even aft er 144.� 
moisture, three of the isolates were hour ex posur e. After exposur e to X-ray .� 

s:: 0 

0k illed, but seven others survived. At 40 ° for 240 minutes, however, all of th -a 
u

. ... 
ll-

Q) 
0 ".. 

CO ci ~~ I 0 ~ ~ Eo-t 0 0 0 0 E-4 Q 0 ~	 E-. f-l t-t f-4 
C. an d 50, 75, and 95 per cent moisture scler ot ia took twice as long to gerll1i: 's /11 .... 

t:l> ­
0 's

all of the is olates wer e alive at 21 days, nate, an d after 270 minutes ir r adiation CI> 

d
th e duration of test. In gener a l, su r ­ practically all of them failed to gerll1i: ;: s.!! 0v iv al was bette r at lower temperature nate. Th ere were no appa ren t differ. f "ll 0 

" '" .... s:: 0 ~3 I 0 0 0 0 0 0 0 0 0 0 0 0� 0 0 0 ~ 

a nd moistur e levels than at higher tem­ ences among the 40 isolates tested, :tl '0'" ­ _s::
0"is tIl~  's perature and moisture levels. 

-:5There is much literature on chemical 'i 
treatmen t of potato se ed pieces fo r the� "Pathological Histology -e S6'E g ~g '" I 0 ~ ::q ~ 0 0 0 0 ~ 0 E-t E-o e-.. CX) 0 ~ control of Rhizoct on ia solani. Presum­ e s:: '0 >o- ­

ably, the chemicals kill the scl erotia Matsumoto (44) stated, "The pene­ CI> S Jl.c:'lJ 's 
.!! - 1'- 0.0 

~ Bon th e seed pieces, but more knowled ge tration of cuticle, as w ell as ce ll wall 
.!l !J 'Os::of the effect of different ch emicals on by Rhizoctonia might not be brought 2 '0 ~~g  g " 

about by m echanical pr essu r e alo ne, but .s s:: Q)OQ.l 0 ~g'" I 0 0 0 0 0 0 0 0 E--t 0 0 E-o 0 " 0 ~longevity of scl erotia is still n eed ed.� u o 
til 

z boa; .-
T siang ( 73) tested th e effects of nine� at the same time be assi sted by the en­ B .sU 's� 

zymes or other r el ated su bstances lib­ E :;�ch em ical s on scler oti a from 40 races of ,g '0 

R, solani. The t r eatm ents and the data er ated fr om the in vadin g hyphae," The '0 
s:: . ~ ~ s " II ;3 ';: ar e lat iv e t o the sclerotia of 16 of th e b asic principles of this have not� ~g'" I 0 0 ~ E-< 0 0 ~ 0 ~ ~  E-o E-o ~to 0� 0 
,; u 0 '" ~ "'­changed since that ti m e, but more re­ s:: "'.c:cult u r es a r e given in table 6. In the� ,9 ::;;:u 's'" 

,~w r it er 's op in ion these results are very cent literature on penet r a t ion and the <: ~ o
s ign ifican t. It will be noted that there toxins as sociated with p enet r ation will "0 o " ....be r ev iewed h er e.� N "11 1 en s eevo ",o .!!,, 'I:f' U'l en o CDw ere great differences in the ability of� s:: .E::I..c=t;~ o E-t foot E-o E-t ~ ~ ~ ~  E-t ~;q °u AIQ ·... U') . ... u c· · _s:: .., ... "' 

~_scler otia of di fferent isolates to survive Ullst rup ( 74) reported that an aster 0:; ,; '0 's '" 
th e t r eatments, Sclerotia of som e iso­ st r ain and a su gar -bee t strain formed '0 8

"in fect ion cu shions" on the surface of 
m ents while som e of th em survived all le aves of as ter s, beets, and begonia and s

CI> 
.c:'" - 0 " '" 

la tes were ver y sensitive to all treat­� ~ 's ,5 
U II "' ~~ I 0 :; ~ ~  0 0 0 foot ;; 0� ~ ~ E-t ~ , fool ::; 

of th e trea tm ents. Ther e was a great th en p enetrated directl y . Other strains ] B ~ 

oata.� ~ 's 
var ia t ion in the response of the r emain­ could p en etrate only thr ough storn ~ 

in g sclerot ia, som e su rviv in g cert a in Nak ayama ( 49) stated that hyphae pro­ ,E & 
t r ea tm ents and being very sensitive t o tv- ui p,ll "' ",,, N OJ ..,. to CD 0 0 '"IIceed al on g the depressions of the Cpl - ~~  0 gj� s:: 

CI>
0­

N M o ..,'" o '" o "" N 0 cod� 0.- '" _s:: N .... U') oo:t' oo:t' CD 'OJoth er treatm ents.� derm is of r oot s, h ypocoty l, an c~  'Ie ';: 0- . , '" E-<b o u~ 's What seem s even m ore sign ifican t is� ledon s. The root t ip is very susceptlpt­ 8� s'" th at Tsiang ( 73) pointed out that the and Rh izoctonia will penetr ate the e I� E-<' rce ­
ch aracters of cultures from t reated dermis, th en br an ch and grow Jnt,e IsO '0 ,,- "� .: 

",0 
0:5 oo..c: N 

o . 
~g'" I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ '" r:--.. 0sc le r ot ia wer e fr equen tly different from lularly and in t r acellu lar ly . There IS ,alU_ it U� aM 

p,ll� >0
th ose of the p ar ent culture, and that pen et rat ion through injuries and natl,oo "'- 's� ,Q 

, f " 'n ec f� ~ 

m u t an ts frequently arose in cu lt ures re­ r al w ounds, The t or m at ion 0 I fOf� 'iii " 
su ltin g fr om ch em icall y t r eated scl ero­ cushion s" is the p r incipal meansot\'1, t:"� .;:'" 
t ia as r ep or ted by Ch en (12 ) . Rhizoctonia to penet r ate the hYPtOC....;t3 cO� ci

d so'"
These r esu lts se r ve noti ce th at chemi­ w hereas cuticle apertures an tral1et! "� ..d 

'" a re th e principal avenues of en ~	 S ' ca l treatment to k ill sclerotia ca nnot be� 0 " 
M U "" 

tak en for gr an ted . Th er e is the warn ing in to cotyledons. . ghi7,OC� - ll 

"'  ~  

.. Ull 

tonia r oot r ot of sweet clover , c1ailll §o .§ "§ .., tI) W r-- CD 0") 0 .... N M "¢' tI) (D E-< E-< 
th a t im pr op er ch emical treatm ent m ay Ch er ewi ck (1 3 ), study lTIg did n " ,� ~ II 
be w or se th an none, because cultur es o .c:_ • + 

obser ve dir ect penet r at ion . lIe is .!l p;;res u lt ing from improper ly treated sc ler­� dure 
ot ia m igh t m ut ate to prod u ce m or e that th e m ost comm on proce . n of ITl 

at10 fo llows : Ther e is an aggregvirulen t r aces th an th e origin al. 
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Newton and Ma yers (50) st ated th
celium (pseudo -sclerenchym atous scle­

r otium ) appressed ag ainst the ep ide r ­ a h eat-stable toxin is liber ated duri at 

m is of the r oot. Th is krlls underlying growth and is present in the myceliu
ng 

cells. Wedge-like proj ections in vade of Rhizoctonia solani . The hea t-ster~ 

liz ed filtrate s of old cultures were Ino I.
the dead tissue by schizoge no us action ,� 

~d '.� turnips th an t
and fr om these w edges normal hyphae tOXIC to carrots an 

arise and ramify throughout the cortical w heat seedlings. Hot-water extracts ~ 

t iss ue both intercellulary and in tracel­ wash ed, dried, and ground mYceliu~ 

lularly . Tsiang ( 73) re po r te d esse nti ally we re tox ic to turnip s but not to wheat 

Vasudeva and Sikka (78) found thai
the sa me thing with flax. Ch en (12) r e­

ported direct penetration of epi de r mal filtrates of R . solani caused Wilting 01 

cot to n pla nts in 60 minutes. The writer 
ce lls and r oot hairs of cereals and 

obser ve d a similar phenomenon When
grasses by R. so lan i. 

Boosalis (7) studied the penetration a lfalfa cut t ings were inocu lated with a 

of soy bean roots by Rhizoct onia so lani. heavy dosa ge of R. solan i. In th is case 

cuttings w il te d completel y in 24 hours
He re po r te d th a t there appeare d to be 

too sho r t a time fo r com plete infec tio~
a de fini te dark brown di scol ora tion of 

by the pathogen. Ortega (5 1) found one
ce ll walls and oft en of ce ll prot oplasm 

bef ore hyphae penet rated (figure 5 ) . cultur e w hose toxic by-pr oducts wilted 

tom atoes and retarded ger m ination of
The di scolored area exte n de d 2 to 10 

tomato, cuc u m be r , pea, and bean seed, 
ce ll layers beyon d the hyphae an d was 

frequen tly obs erved in the sect ions of Ortega found th at th e tox ic properties 

of the culture filtrates wer e part ially
necr oti c lesions on the crack ed side of a 

adso r bed by charcoal and were reduced
t apr oot. Boosalis .conc lude d that the 

by dilution w ith water. Tsiang (73) re­
natural cr acks in soy bean r oot s can be� 

an ex cellent avenue of ent r ance, an d ported th at two of h is cu ltur es produced� 

a toxic subs ta nce th at w il ted flax seed­
th at di scolor a t ion occur red before th e 

lings, the to xi n fr om one being approxi­
h ost actua lly w as penetrated . In othe r 

matel y twice as po tent as the toxin 
words certain isol ates of R. so lani can 

cause necrosis of h ost ti ssues witho ut from the other.� 
A r ecent cont r ib ution to the parasit­�

ac tually contact ing them .� 
Boos a lis (7) studied the effects of fil­ ism, pen etration, and infect ion of plants� 

of Rhizoctoni a by Rhizocto nia solan i is that .of Kh~


t r a tes fr om cultures 
so lan i and found tha t they prev ented� (32 ) . H e studied the penetratIOn of� 

solan i in to peas and soybeans .in t~

r oot formation of seedlings and ac tu ­

hope of ob tain ing some indicatIOns de
a lly caused d iscoloration of root t iss ue� 

in the absence of mycelium of the pa­ the n a ture of r esistance, and he maal� 
m icroch emical tests and histolOglcn

th ogen . He a lso showed that the ac­

ti vi ty of filt r a tes fr om d ifferent r aces� studies of h ost ti ssu e from plants grol
. 'n- -- - - - ..... ..l

. d licIt' 
w ith ca lc ium an d magnes lu~ e

f 
these Freehand, unstained cross se ctions of soybean tap roots: A. healthy tap ro ot; B. cracke d

was diff er ent. F or exam ple, seed ge r ­�
tap root infected: C. tap root infected; D. tap root na tu ra lly infected with Rhizoctonia 

cies to determine r el a t ionsh IPs 0
mi nation ' a nd r oot dev el opment we re solani in the field . Photo courtesy of M. G. Boosalis (8).� 

inhib it ed w he n t r eated w ith the filtrates w ith infection . found� 

of a stro ngly pa thogenic r ac e, but fil­ In normal pl ants K h an (32)'derI11i5 d th
, at th e middle lamella of dis- Khan (32) had prev iou sly shown that

the z strUC t~ISsue was absent. This indicated
trat es fro m a we ak ly pathogen ic race that entrance thr ough deficie ncies of ca lci um and magnesium 

h ad n o effect on se edl ing s of Minsoy was accom plished by a .peglJk Be ab­ e Pathogen h as the abil ity to p redisposed soy beans to a t tack by
Pe t ·

soy beans. ture w h ich penetr ated dIrectl y: tr~cel at c In. He proved in su bseque nt Rhizoctonia solani. Deficiencies of cal ­

These r esu lt s, how ever , a r e not com­ se r ved both inter ce llul a r an d. JOerI T1~
.... ~~ test s with th e fungus grown cium in nu t ri ent m edia h ad no appr eci­

. . the JOn thai)' la
p letely new . R amsey (55) r eported that lular m yceliu m even 111� l'u COntaining pectin tha t this able effect on the pa th ogen so K ha n 

in infected po tato tubers h ost cell s die, cor t ica l t issue and noted that roo d:
e II'

Is test s a lso prov ed that R. hypo th esized th a t th e effect must be 

lose their content s, and cell w alls su ­ wer e dest r oyed by the path~gen ' stl1c11 Igeste d cellulose w hen it was m ostl y on the ho st. H istologica l studies
K h an (32 ) made h istologIcal e a On In di

berize and brea k down sever a l cell s in� ti ' sO {jn l e ia containi ng ce llu lose of ca lc ium - and magnesium -de ficient 

ad vance of t he fu ngus filaments. of healthy and diseased 15 - Y source of carbon . pl ants demonst r ated that th ey h ave 
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large in tercellular spaces with poor de­
limitation of cell w a ll s in the cortex. 

Thus, if the organism can digest pec­
t in and cellulose and if cortical ti ssue 
is abnormally developed in calcium­
a nd magnesium-defici ent plants, on e 
can readily se e the relationship between 
host , parasite, nutrition of both, and the 
in ter rela ti ons h ips bet we en all of the 
factors. P ractically, these r esult s su g­
gest a r eason for patches of infected 
pl ants in fields where areas lack cal ­
cium or magnesium Of these nutrients 
a re ti ed up, and a lso suggest that these 
n u t rie n ts be applied to plants either 
th rough soil amendments or spr aying . 

Discussion 
F ro m the r esults of the va r ious wor k­

e rs it is ob vi ous t hat the species , 
Rhizoctonia so lani, compr ises an indefi ­
n ite number of . races that d iffer cul­
t u r all y as well as pathogenically. The 
org anism has on e of the w id est host 
range s of any pl ant p athogen known. 
Some r aces have an ex t rem ely wide 
h ost r ange, wh ile other s appear to h av e 
r ather limited host range. 

In culture the races d iffer in color ; 
zonat ion of co lony; type of growth, tha t 
is, suppressed or aer ial mycelium ; 
n um ber , si ze, and posi t ion of scler ot ia ; 
aggrega ti on of scler ot ia; di ameter of 
hyph ae ; and r ate of growth. All of 
these ch aracter s appear to be infl uenced 
by environm ent . F or exam ple , t wo cul­
tu res m ay look a lik e on one mediu m 
or at on e tem per a ture, but if either the 
m edium or temper atu re is ch anged, th e 
t wo cultures m ay appear t o be entirely 
d iffer en t from each ot he r. 

Certain in ve stigations (29) ind icate 
th at cultur a l ch aracter s have a tenden cy 
to b e cor r ela ted with p athogenicit y. 
So me w orkers stud ied m any isolates 
fr om d ifferen t h osts to dete rm ine if 
races pathogenic on a g iven host have 
cu lt u r a l ch a r ac ter s in com m on ( 7, 12, 
54, 73) , but they report th a t ther e is 
as m uch difference be t wee n cu ltur es 
from the sam e hos t as bet ween cu l ­
tures from d iffer ent hosts. 

Attempts to ident ify phy ' 
races by using differen t crop P  lS  IOI(j~  

differential hosts sh owed same pants .~ 

(3 8), but it is th e consensus r01ll1ft 
most in vestigators tha t littl e call1(jllc 
done to id entify r ac es u ntil the an 
stage of the organism can be re prosdelCUal . ~~ 

r eadily and the geneti c nature of "" 
of the organisms is thoroughly u:~Cet 

st ood . er, 

The or ig in and stabil ity of race 
~h izoctoll ia  sola n.i is ~n  impor tant p:a ~. 

tical as we ll as scient iflc question. StUd 
ies by Exner and Ch ilt on (24) , San for~ 

(6 0) , and K otila (33) ind icate that seg. 
r ogation in the form a t ion of the basidio. 
sp ores may acc ou n t for some of the 
varia t ion . Chen (1 2) showed that varia­
ti on can be induced in cultures of iso­
lates from natural h abit a ts by proper 
m anipulation of the environment. 

Althou gh sect or ing is rare in this 
organism under ordin ary cult ural con­
dit ions, Ch en w as a ble to sti mulate con­
s ide rable se cto ri ng in certain rac es. Al­
ter su bject ing the a r t ificially induced 
vari ants to many d iffer ent environ­
m enta l condition s. it was obvious that 
the induc ed var iant s differed in the 
sa me magnitude, in every respect, as 
di d races iso la ted fr om nature. Chen 
concluded tha t th e va r ian ts arose from 
mutation in a man ner simila r to that 
in other fungi. It has been suggestt '~ 
that aversion between cultures a 
R hizoctonia cou ld be used as a mean 
of identi fy in g species (45). It is in~  e~ 

es ting to note th a t Ch en (12) foun id 
. t al m uch avers ion betw een a va r ian r 
cul lU ' it s par ent as occu rs between 

iso la ted fr om natur e. RhizoL'­
The diameter of hy ph ae of d for 

to n ia is another ch ar acter use orted 
separ a ting species . Ch en (12 ) :se ~ ari ed 

t hat d iam eter of hyphae of rae s ]-I 
. 23 m icroo . fr om 5 .17 m icrons to 10 . I diaI1lC'" 

fo und a si m ilar range of hyp~ a  twa ill­

ter of in du ced va r iants, and In uta ll 
stances races gave ri se to ;:;U]1Cter 
w hose hy ph ae were h al f the . e p :lC­

. pe cUv U' of the hy phae of their res ' 0 \ ':1 

en ts, Th ese results a ppear to 1 

of cultural aver sion as a
tbe use .

f separating spe cie s and to 
ps a bt on th e value of hyphal 
VI dou a character fo r separating
Mltcr as 

ies. t d previously, there are in­
sta e . f R .bl Pathogelll c r aces 0 htzoc­

idra e WI e h ast lani with extremel y 
,/4 so . .fi t f thThis is srgrn can rom e 

S,' int of control, for presumably
dpOI . 

Id be us eless to practice any type 
~'l tion or sanitation program when 
raps are hosts o~  t~e  pathogen, 

lh&rc are, however, indications t~at  

"ain races appear to be more sp ec ific 
cert ain crops than o th ers. Som e r e­

I~ts  indicate that isolates from flax and 
umes are more pathogenic to thes e 

than isolates from ce rea ls an d 
ses. Isolates from scl erot ia of po­
tubers seem to b e le ss pathogenic 
tatoes and sugar beets than isolates 

en sugar beets or potato stems. If 
observat ions a re so und, more 

k may lead to the pr actical use of 
:P rotations as one m eans of control­

diseases caused by R. so lani . 
rom the standpoint of con t r ol , other 
tors have be en considered . On e of 
most important m eans of sur v iva l of 
pathogen is by scle ro tia. P otato 

reatment is practiced to control 
etonia solani, presuma bl y by k ill-

the sclerotia on the tubers. Ch en 
found a wide var ia tion in siz e, 

'tu ~e  ,  and aggregation of scler ot ia, 
TSlang (73) investiga ted som e of 
actors that influence t he su rviv al 
lerotia. Many fact ors in fluence the 

,1', but the effects of chemicals on 
,rOlla are . 1 1 s ig ru ianifi, parucu ar y cant. 

tIa fdi rom differen t r aces r espond 
If'ferently to the ch em icals some 

'8 kill ' oth ed. by all, some sur v iv ing all , 
' ff 

ers eIther being killed or surviv­
: erent treatments. But of grea ter 
ucance .
g f IS the fact t hat cu ltu r es 
li rOm some ch em ically treated 

a gave ri se to a consider ab le 
r of Variants. These results sho w 
Pfoper chemical treatm en t not ay f al'1 to con t r ol R. solani, but 

al so m ay induce new st r a ins that might 
concei vably be m ore pathogenic than 
the or ig in al. 

The an tago nism s of oth er organ isms 
to R. solani is another fac tor in the con­
trol of diseases caused by R. sola n i. 
Althou gh con sid erab le work has been 
done on this, nothing fundamentally 
new h as been adde d sin ce the work of 
Weindling (79, 80, 81) and Weindling 
and Emerson ( 82) . It is apparent that 
antagonism of different organisms to 
R . solani is influenced by enviro n ment 
such as cr opping se quence, so il amend­
ments, or u se of green manur e. Mor e 
info r mation m ay lead to an in telligen t 
use of the antag on ism phenom en on in 
the control of diseases caused by this 
pathogen . 

Several in vestigations h ave been 
m ad e on the methods by which Rhizoc­
to nia so lani gains en tran ce to its hosts 
and r amifies throu gh the h ost tissue. 
Most work ers agree that the invading 
hyphae penetrate by pressure and ar e 
assisted by the ac t ion of enzym es or 
other ch emical s the h yphae libera te . 
Some minor var iations of this process 
are r eported , su ch as the form ation of 
an "in fection cus h ion" or an aggrega­
ti on of mycelium ap pressed ag a inst th e 
epider m is from w h ich peglike in va­
sio n hyphae pr oceed . G en erally , h ow ­
ever , the workers agree on the method 
of pen etrati on. On ce th e hy phae enter 
they grow bot h intercellula r ly and in­
tracellularly t h ro ugh out t he invaded 
tissue. 

Sign ificant ly , h owever. there is con­
siderable deter ior ation of host ti ssu e 
well ah ea d of the parasitic hyp hae ( 7, 
55) . The tissue may h ave a ll the ch ar ­
act er ist ics of parasit ized t issu e even in 
the absence of hyphae when filt r ates 
from some cu ltu r es ar e app lied to ti s­
su es of ce r ta in plants ( 7) . The pa ra­
siti zed ti ssu e is characteri zed by dark 
d iscolor ation of cell walls a nd ce ll 
protoplasm as mu ch as 8 to 10 cell lay­
ers ahead - of the in vad ing h yphae. 

The toxic princip le involved is p ro ­
duced by th e hy ph ae, since filtrates of 
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ce r ta in cultures p revent the ge rmina­
t ion of seed , prevent root formation , and 
cause wilting of certain plants (7, 50, 
51, 73, 78) . The toxic principle is ther­
mo stable and is par tially adsorbed by 
charcoal. It is significant that the toxi­
city of filtrates of d iffe r en t races of the 
organism s are di ffer ent in degree of 
activity. 

Apparently, host resistance, host nu­
t r it ion, fungus toxins, and possibly fun­
gus nutrit ion are all interrelated . Khan 
(32 ) demonstrated tha t soy beans grown 
in calcium- and m agnesium-deficient 
soils were predisposed to infection by 
Rhizocton ia so lani. He al so showed that 
cort ical t issues of these plants were de­
ficient in calcium and magnesium, and 
that the ce lls of that t issue were im­
properly laid down w ith very thin cell 
walls and large intercellular spaces. He 
also r eported that the organism digests 
ce ll u lose and pectin, important comple­
ments of ce ll w alls. Invaded tissue was 
char acter ized by dissolution of the mid­
d le lamella. Thus, there is the phenome­
non of deficiencies of calcium and mag­
nesium w it h resultant improper forma­
ti on of cor t ica l tissue. The fungus, being 
able to dissolve cellulose and pectin, 
cou ld penetrate cell walls directly. 
These results suggest the possibility of 

aiding the control of diseases caused by 
R. solan i by proper amendment of soil 
with ca lc ium or magnesium. 

The things that are k nown about R 
solani fr om work at Minneso ta an d a; 
other places have been discussed. The 
following are some of the th ings that 
are not known abou t the organism or 
diseases caused by it: 

( 1) . How can the perfect stage be 
produced at will and wh a t pa r t does it 
play in the genetic va r iation of the 
fu ngus? 

(2) . What is the nuclear life cYcle 
of the fungus ? 

(3). What are the h ost range and 
sp ecificity of races for host species and 
varieties? 

(4). How do ch emicals affect th e sur­
vival of sclerotia in soil ? 

(5 ) . What factors are involved in 
utilizing antibiosis as a means of con­
trol ? 

(6 ). What is the natur e of the toxins 
produced by R. so lU1~i ? 

(7 ) . What is the place of soil amend­
ments in the control of diseases caused 
by R. solan i and how do they influence 
h ost tissue formation ? 

(8). What levels of ca lc ium and mag­
nesium are necessary for normal growth 
of hosts and for prevent ion of discase'? 
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