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lated closely with the optimum required sions. He studied the relationshj, d in south Holland. Elmer s . .

for saprophytic activity of the fungus. soil temperature to the pathogen?c_ that B e Parasitism in Relation to
Vasudeva and Ashraf (77) con- of three races of Rhizoctonia solanj ,"‘ re grown as fall fertility crops Control

cluded that cotton infected with several legume crops. The pathogenici it 7,'\' B for potatoes, the in-

Rhizoctonia solani suffered the highest of two of the races differed markeq) of R. solani was greater the fol- All of the preced:ng iuctors are i

degree of mortality at 35° or 39° C., in response to temperature in tempg
and the severity of the disease was re- ture tank and field tests. One |
duced as the temperature was reduced. caused greatest damage 10 peas at tg il
Sanford (62) claimed that 16° to 20° C. peratures between 14° and 17° Q. ., .
was favorable for vegetative growth of those between 28° and 32° C., Whil
the organism and depressed its viru- caused greatest damage to soyhe,
lence. Elmer (23) studied the incidence only at temperatures between 14°
of R. solani for 13 years and concluded 17° C. The latter is considerably lowes
that incidence is always highest during than the optimum reported by Boogs ]
the coolest seasons. Smith (68) reported (7), who found 25° to 29° C. optimyp
that the optimum temperature for for infection of soybeans. A secopg
growth in culture and for infection of race of Khan’s, however, caused m i
alfalfa with R. solani was between 24° damage to both soybeans and peas
and 30° C. He found few cankers in the temperatures between 21° and 28°
field when temperatures were below 20° and a third race also was most patho-
C. or above 35° C. and found few can- genic to legumes at these temperatures
kers either in the spring or fall. Leach in field tests.
(34) concluded that spinach, water- These results serve 1o emphasize
melon, and sugar beets suffered mostly interrelationship of host, strain of
from Rhizoctonia when the tempera- pathogen, and temperature as they ai-
tures were less favorabie for the host fect virulence or susceptibility, and
than for the pathogen. Tsiang (73) re- point out that one cannot generalize t00
ported that temperatures between 15° broadly regarding the influence of tem:
and 20° C. were most conducive to the perature on the pathogenicity of a 'mal nutrients. L . o
parasitism of Rhizoctonia isolates to gus such as Rhizoctonia solani. ‘ ; apparentltys has Titile seffect ?rtllf(icgézn;;li)‘:,gﬁ.l i f_ “'Fi’“;]“dfth‘ leas
flax, but soil temperature for infection Generally, soil moisture does not tism of Rhizoctonia solani ex-  Six-year roadi. o t 13 our- and
was not correlated with optimum tem- pear to have as much influence ¢ fe pH is at such a level that ceded the pote o crone.- ucerne  pre-
perature for growth in culture. Boosalis pathogenicity of Rhizoctonia solant 4 eres with the auailability of teltior “f (:rnu p. ‘:J Mmulze-pota
(7) found that 25° to 29° C. was the soil temperature. It appears, how Nhutrients. Khan's results (32) least satisfact:.r PHOUT porsions e
optimum temperature for infection of ever, that soil that is neither t00 ¥ L that pH itself had no great Liater G = lyd v naes 2
soybeans with two races of R. solani. nor too dry is most conducive 0 I | parasitism, but that calcium- ported‘ th ,hhd 4 '“_6“1""1 (28 e
These reports would lead one to be- tion. Sanford (62) reported that W Bhesium-deficient soils had a rapidl :b € c1to.”‘a sulans incre seo.
lieve that different crops require differ- potatoes sclerotial deve-loprlflen_t 3 -and the absence of these ele- consec}utr , (,f,r npo.%to. we o plan.
ent optimum temperatures for infection to be stimulated when soil moist redisposed the plants to attack hal as .uch I Rr e AL eSS tha
with Rhizoctonia solani. This is partly slightly above optimum for the ".7, | LU - solert was noted 1t

ni
h i 2 k x i lots not plaatea to Y sare
true, but not entirely, since the opti- Soil nutrients greatly affect P2 ation is among the factors tpivel- Scf 1:::;3(1 {2'(6;'“.‘1 B cmﬁ'bi v
; . N B o unea tn-

2g year. Sanford (65) claimed that portant in the conirol of root rot anua
senous salts, especially nitrate, damping off causd by Rhizoctone
aize meal tended to reduce the solawi, since theyr are inseparable fror
 and the persistence of the crop rotation, soil amendments. ana
en. Addition of sucrose, calcium host range. Since i pathogen is soil-
oxide, magnesium sulfate, and sul- borne, much thought has been given w.
tended to favor both the dis- thi usc of crop ro.atien as a means oo
d persistence of the pathogen on  control. The pathogen has such 4 v'id-;
He tentatively attributed the host range and is composed of man-
ion of disease and decline of the parasitic strains. hewer<r and rotatior
to antibiotic effects of soil Wwould =ppear to bpe .n inude qua‘c
nd bacteria as modified by the means of control. I
soil supplements. Braun (8) and Pe¢tier (52) p1 oabl
(32), on the other hand, found have 1wo o1 the mos extentive sum-
vidence that absence of calcium maries or R. solc, . 1o dace. Le us, hos -
ignesium predisposes soybeans ever. examine some of the more re-ceﬁ
to infection by Rhizoctonia literaturc regarding coatrol of diseabe.
He grew these crops in washed caused oy this ungus .
and to which were added vari- Buchholtz (10) reported a severe o 51—
ent solutions and the pathogen. demic of root rot in sugar be o, follos -
m- and magnesium-deficient ing potatoes, butl a portioa 4. the sar'xvr
s the number of infected plants field thut had beer °n barler che previ-
t double the number of those ous ;car tad scarce Iy an;- rc‘;u' rot. Gos:

mum temperature for infection is also ism of Rhizoctonia solani. Much 2 4 in parasiti i ooen t
dependent on the particular parasitic been written about this with PATE a5 Igll?izgit:nissﬂ sl())cl):::f 226 Uoitiltl‘ ‘bebt W‘n'b Lo« rabav R. sotue.
strain with which one is dealing. San- emphasis on the relation of soil M Memonstrated that improved b p . O L bapph go o daali
ford (61) reported that virulence and ents to crop rotation and control: BOF 501l stimulated the growth ms;oglrry\..lm, Jple A e dun e
rate of growth of different isolates phase is presented in the sect H8US. Tsiang (73) made fur Elrx - [)I.‘(-c\*rﬂg T 'U'?tu men
varies with different temperatures. control, but at this point direct in 1 B showed that root rot of of I-Jer (l: ccelamcw o wdnea n
This was reaffirmed by Ortega (51), mental results on soil nutrients NCreased in proportion to t}? 1o .:U' l)ln l.m ettt e algho
working with different isolates of the lation to parasitism will be dls z "+ 9Xygen supplied to a cultur: Orw;.,I:v;, . . ;J”n vobe e S, *h
parasite on several vegetable hosts. Van Beekom (75) reported %4 Up t0 40 minutes. When g ; i Lo t tya or
Khan (32) probably has some of the plication of potash reduce o ed for , Eeer .time the- Mor ‘”“) : l.l' ""’ 5 ':1'1:“u:v o
best evidence to support those conclu- dence of Rhizoctonia on potat® | 1100t rot decreased. : buil-ls‘ U '.G ' “:DL u] .
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sive potato crops, requiring two favor-
able years for maximum infection.
Maxon (47), reporting on incidence
of Rhizoctonia solani on beets, stated
that there was an increase of the dis-
ease in fields with beets planted con-
tinuously, and likewise in fields where
potatoes preceded beets. He -cl.ail}led
that maize and small grains minimized
the losses, with no rot in beets follow-
ing four years of grain. Coons, Stewart,
and Kotila (18) agreed that beets fol-
lowing maize are freer from root rot
than when they follow alfalfa, sweet
clover, red clover, or crimson clover.
Later Coons, Kotila, and Bockstahler
(17) reported that “Black root” of sugar
beet, a complex disease caused by
Pythium spp., Phoma betae, R. sola_ni,
and Aphanomyces cochliodes, is in-
creased following a sweet clover crop.
How do these observations fit in with
host range and pathogenic variation in
relation to hosts and varieties? The re-
sults of LeClerg, Person, Houston, San-
ford, Sprague, Smith, Boosalis, Mar-
chionatto, Storey, de Zeeuw, Ortega,
Chen, Tsiang, and Khan show that
many pathogenic races of the pathogen
exist, that they are widespread, and
that they have no particular specializa-
tion for individual host species.
There seems to be some hope, how-
ever. In general, legume and flax iso-
lates seem to be more pathogenic to flax
and legumes than other isolates. Isolates
from sclerotia of potatoes seem to be
less pathogenic to potatoes and sugar
beets than isolates from sugar beets or
potato stems. Isolates from cereals.and
grasses appear o be less pathogen@ to
legume and vegetable crops than iso-
lates from those crops themselves.
These results and observations have
been confirmed, at least in part, by
Gibler (26), who reported that races
from flax and legumes were most
pathogenic to soybeans, while those
from potatoes, sugar beets, and cereals
were not pathogenic to soybeans. Thus,
it appears that there is some scientific
basis for rotations that have been rec-

ommended and that the method hag
virtue in controlling diseases causeq by
Rhizoctonia solani.

The writer wishes tc emphasize the
importance of proper soil amendmengg
in farm practice to assist in the contrg)
of Rhizoctonia solani.

Antagonisms to Rhizoctoniq
Solani in Relation to Contrg]

No soil-borne pathogen can be cop.
sidered fully without consideration of
antagonisms of other soil microflora,
Since some of the investigators at the
University of Minnesota have studied
this phase of Rhizoctonia solani, with a
view toward using this phenomenon for
control, a review of their work is in-
cluded.

In some of the experiments it was
apparent that there was more root rot
in sterilized soil than in nonsterilized
soil that had been inoculated with
Rhizoctonia solani (62, 73). This prgb-
ably is due to the presence of an'm-
hibitory organism in the nonsterilized
soil. Various workers have demon-
strated that several fungi and bacterid
are antibiotic to R. solani (2, 4, 30, 31,
64). Sanford (65) proposed that the
antibiotic effects of soil fungi are mOdI; :
fied by soil amendments. Vasud,ez'
(76) obtained evidence that the Wihe
ience of R. solani was enhanced by 1
presence of other fungl such as
sarium solani. d that

Weindling (79, 80, 81) shoWEe= L g
Trichoderma lignorum inhlblfis
growth of Rhizoctonia solant an * or
sitizes it. Tsiang (73) made
experiments to determine wh
infection by R. solani in U
soil. His results agreed with Jignor™
Weindling that Trichodermé i but
is not only antibiotic t0 R. 58
actually parasitizes it. In c}ic
solani stopped growing when 1 o 8
contact with T. lignoruim
culture. Hyphae of T. ,hg”'mvlg:liulﬂ
tightly around the aerial MY oait
R. solani, and the hyphae ©

|
|
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..» frequently were found inside the
Sﬂet hyphae. The parasite seemed to
ﬂosetrate through the septa, although

Pang observed internal hyphae linked
Tﬁflth the hyphae coiling outside at the
. ¢ of contact indicating direct pene-
ﬁation through hyphal walls. Tsiang
commonly observed lysis of the host
ﬁphae at a distance from the para-
sl’te He grew R. solani in liquid media
1101‘ three weeks and then added T. lig-
.ﬂﬂwm- After one week the mycelial
mat of R. solani was completely disin-
tegrated, leaving a turbid brown solu-

tJr?’;.‘:iang (73) also showed that Bacillus
subtilis was very toxic to Rhizoctonia
solani. Autoclaving reduced the tox-
jeity of the filtrate from cultures of
‘Prichoderma lignorum, but did not sig-
nificantly affect that from B. subtilis. In
studying the effect of pH on antibiosis
by T. lignorum, Tsiang concluded that
the pH most favorable for the lethal
effect on R. solani was most favorable
for the growth of T. lignorum.
Weindling and Emerson (82) success-
k isolated the toxic principle pro-
by Trichoderma lignorum, and
81ang (73) was successful in duplicat-
hﬁ their work. Tsiang also found that
the €Xtract in crystalline form was
" lethal to R. solani, although it is
ficant that some of his races re-
°d differently to the extract. One
failed to grow even at a dilution
000,000, whereas two other races
Oderately well at the same dilu-

B (73) made experiments in the
use to determine if Trichoderma
M and Bacillus subtilis would
“‘,i?mping off of flax. Soil was
‘tl} the two organisms sepa-
(Z:;Octonia solani was added
mhere S were planted in the mix-
Was a general increase in

€ soils treated with T. lig-
» agf_. subtilis, but it is signifi-
il‘omlél- there were different re-
inoeq) lﬁeren.t races of R. solani.
Ulated with one race were

ol
/=]
=
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protected more by T. lignorum and B.
subtilis than plants inoculated with
another race, and stands of plants in-
oculated with a third race of R. solani
were intermediate between the first
two. Tsiang pointed out the possibilities
of controlling soil-borne diseases by the
use of antibiotic microflora.

Survival of Sclerotia in
Relation to Control

Since Rhizoctonia solani does not
form spores commonly, sclerotia are
important in the survival and dissemi-
nation of the pathogen. It is apparent
then that any factors that influence the
survival of sclerotia may be directly
or indirectly implicated in the control
of diseases caused by this organism.
Tsiang (73), therefore, investigated
some of the factors that influence the
survival of sclerotia.

He studied the effects of temperature,
moisture, chemical treatments, and ra-
diation on the longevity of sclerotia
from 47 isolates of Rhizoctonia solani.
Sclerotia were subjected to tempera-
tures ranging from 15° to 70° C. for 35
days. Then they were removed and
placed on potato-dextrose agar in Petri
dishes. In this test low temperature had
no appreciable effect on their viability,
but high temperature did. Generally,
growth was retarded when they were
stored at 50° C., or above. After storage
at 70° C. for 35 days, none of them
grew except four which produced only
a trace of mycelium. After storage at
65° C. there were marked differences
in the growth of different races. Tsiang
(73) found that the critical tempera-
ture for growth of sclerotia from all
races but four of the 47 isolates was
68° C. The remaining four grew only
slightly at that temperature but were
killed at 71° C.

From studies of the effect of moisture
on the survival of sclerotia, Tsiang (73)
also found differences among sclerotia
from different races. At 60° C. and 95
per cent moisture all sclerotia were
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killed in 14 days, but at the same tem-
perature and 50 or 75 per cent moisture
four isolates survived. At 60° C. for
seven days at 50, 75, and 95 per cent
moisture, three of the isolates were
killed, but seven others survived. At 40°
C. and 50, 75, and 95 per cent moisture
all of the isolates were alive at 21 days,
the duration of test. In general, sur-
vival was better at lower temperature
and moisture levels than at higher tem-
perature and moisture levels.

There is much literature on chemical
treatment of potato seed pieces for the
control of Rhizoctonia solani. Presum-
ably, the chemicals kill the sclerotia
on the seed pieces, but more knowledge
of the effect of different chemicals on
longevity of sclerotia is still needed.

Tsiang (73) tested the effects of nine
chemicals on sclerotia from 40 races of
R. solani. The treatments and the data
relative to the sclerotia of 16 of the
cultures are given in table 6. In the
writer’s opinion these results are very
significant. It will be noted that there
were great differences in the ability of
sclerotia of different isolates to survive
the treatments. Sclerotia of some iso-
lates were very sensitive to all treat-
ments while some of them survived all
of the treatments. There was a great
variation in the response of the remain-
ing sclerotia, some surviving certain
treatments and being very sensitive to
other treatments.

What seems even more significant is
that Tsiang (73) pointed out that the
characters of cultures from treated
sclerotia were frequently different from
those of the parent culture, and that
mutants frequently arose in cultures re-
sulting from chemically treated sclero-
tia as reported by Chen (12).

These results serve notice that chemi-
cal treatment to kill sclerotia cannot be
taken for granted. There is the warning
that improper chemical treatment may
be worse than none, because cultures
resulting from improperly treated scler~
otia might mutate to produce more

virulent races than the original.
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Tsiang (73) also attempted to detey,
mine the effect of radiation on longey;
of sclerotia. He found that ultravigjg
light had little effect even after 144
hour exposure. After exposure to X-ray
for 240 minutes, however, all of the
sclerotia took twice as long to germj.
nate, and after 270 minutes irradiatioh’
practically all of them failed to germj.
nate. There were no apparent diffep.
ences among the 40 isolates tested,

Pathological Histology

Matsumoto (44) stated, “The pene-
tration of cuticle, as well as cell wa
by Rhizoctonia might not be brought
about by mechanical pressure alone, but
at the same time be assisted by the en-
zymes or other related substances lib
erated from the invading hyphae.” The
basic principles of this have no
changed since that time, but more re-
cent literature on penetration and the
toxins associated with penetration wil
be reviewed here.

Ullstrup (74) reported that an aster
strain and a sugar-beet strain form
“infection cushions” on the surface
leaves of asters, beets, and begonia 8
then penetrated directly. Other st
could penetrate only through sto ‘
Nakayama (49) stated that hyphae P
ceed along the depressions of the
dermis of roots, hypocotyl, and €@
ledons. The root tip is very susceP
and Rhizoctonia will penetrate _the
dermis, then branch and grow I
lularly and intracellularly. There 1548
penetration through injuries a‘I_ld i)
ral wounds. The formation of “1I*<
cushions” is the principal ME&
Rhizoctonia to penetrate the '“ =
whereas cuticle apertures and 8 o
are the principal avenues Of ey
into cotyledons.

Cherewick (13), studying _
tonia root rot of sweet clovel» S
observe direct penetration.
that the most common proc
follows: There is an aggrega

of Rhizoctonia solani from Sclerotia Treated with Different Chemicals*®
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Chemicals, concentrations, and duration of treatment

Sodium

New
Improved
Ceresan

Potas-

70
per cent

alcohol

Time for
check
to reach
full
growth

Gentian
violet
1:100,000

Sodium
arsenate
1:1000

chlorite
1:100
120
minutes

hypo-

1:1000

Mercuric
chloride
1:2000

sium
dichro-
mate
1:260
120
minutes

Formalin
1:250

Copper
sulfate
1:250
120
minutes

120
minutes

120 120 120
minutes minutes

minutes

120
minutes

30
minutes

Days

20
18
o
0
0
0
0
T
0
0
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T
T
T
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13
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15 .
16
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* Table from Ph.D. thesis by Chen-Tong Tsiang (73).

+ T = trace.
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celium (pseudo-sclerenchymatous scle-
rotium) appressed against the epider-
mis of the root. This kills underlying
cells. Wedge-like projections invade
the dead tissue by schizogenous action,
and from these wedges normal hyphae
arise and ramify throughout the cortical
tissue both intercellulary and intracel-
lularly. Tsiang (73) reported essentially
the same thing with flax. Chen (12) re-
ported direct penetration of epidermal
cells and root hairs of cereals and
grasses by R. solani.

Boosalis (7) studied the penetration
of soybean roots by Rhizoctonia solani.
He reported that there appeared to be
a definite dark brown discoloration of
cell walls and often of cell protoplasm
before hyphae penetrated (figure 5)
The discolored area cxtended 2 to 10
cell layers beyond the hyphae and was
frequently observed in the sections of
necrotic lesions on the cracked side of a
taproot. Boosalis .concluded that the
natural cracks in soybean roots can be
an excellent avenue of entrance, and
that discoloration occurred before the
host actually was penetrated. In other
words certain isolates of R. solani can
cause necrosis of host tissues without
actually contacting them.

Boosalis (7) studied the effects of fil-
trates from cultures of Rhizoctonia
solani and found that they prevented
root formation of seedlings and actu-
ally caused discoloration of root tissue
in the absence of mycelium of the pa-
thogen. He also showed that the ac-
tivity of filtrates from different races
was different. For example, seed ger-
mination” and root development were
inhibited when treated with the filtrates
of a strongly pathogenic race, but fil-
trates from a weakly pathogenic race
had no effect on seedlings of Minsoy
soybeans.

These results, however, are not com-
pletely new. Ramsey (55 ) reported that
in infected potato tubers host cells die,
lose their contents, and cell walls su-
berize and break down several cells in
advance of the fungus filaments.
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Newton and Mayers (50) stated thy
a heat-stable toxin is liberated duypy t
growth and is present 1 the myce]j
of Rhizoctonia solani. The heat_steri
lized filtrates of old cultures were mq ]
toxic to carrots and turnips than
wheat seedlings. Hot-water extracts
washed, dried, and ground myceliyy
were toxic to turnips but not to Wheat

Vasudeva and Sikka (78) found that
filtrates of R. solani caused wilting g
cotton plants in 60 minutes. The write
observed a similar phenomenon whey
alfalfa cuttings were inoculated with 3
heavy dosage of R. solani. In this cag
cuttings wilted completely in 24 hours,
too short a time for complete infection
by the pathogen. Ortega (51) found one
culture whose toxic by-products wilted
tomatoes and retarded germination of
tomato, cucumber, pea, and bean seed.
Ortega found that the toxic propertie
of the culture filtrates were partially
adsorbed by charcoal and were reduced
by dilution with water. Tsiang (73) re=
ported that two of his cultures producﬁ
a toxic substance that wilted flax seed-
lings, the toxin from one being approxk
mately twice as potent as the toxil
from the other. ]

A recent contribution to the para
ism, penetration, and infection of plan&
by Rhizoctonia solani is that of
(32). He studied the penetration of
solani into peas and soybeans in &
hope of obtaining some indications
the nature of resistance, and he 1
microchemical tests and -
studies of host tissue from plants BP9
with calcium and magnesium defic!
cies fo determine relationships @
with infection. soun?

In normal plants Khan (32) p
that entrance through the ept :
was accomplished by 2 peglike
ture which penetrated directly: o
served both intercellular and 10
lular mycelium even in the 1T
cortical tissue and noted that 100

ni\

eel ; -
hand, unstained cross sections of soybean tap roots: A. healthy tap root; B. cracked

"P Toot infected; C. tap root infected; D. ta i
i ed; C. : /D, root naturall i i i
_ lani in the field. Photo courtesy of M. G. Bgosalis (8)1.11'0 e S

tet};:asmlgdle lamc.ellg of dis- Khan (32) had previously shown that
iy absent. This 1n.d'1cated deficiencies of calcium and magnesium
bectin. ngen has the ability to pre_disposed soybeans to attack by
Ty tesg, Wp‘:‘}?ved in subsequent hazoctom’a solani. Deficiencies of cal-
B 1 the ft.mgus grown  cium in nutrient media had no appreci-
Hi tesrtnng pectin that this able effect on the pathogen so Khan
g e MR pathO_gen' B es1 1allso proved t.hat R. hypothesized that the effect must be
Khan (32) made histologlcla e ! N megia cu o§e? Yvhen it was mostly on the host. Histological studies
Rt e {issu€ Nl - ontaining cellulose of calcium- and magnesium-deficient
ce of carbon. plants demonstrated that they have
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cultural aversion as a also may induce new strains that might

; 1 ! ating species and to conceivably be more pathogenic than
Thus, if the organism can digest pec- differential hosts showed som Plantg

- use Of
| 2

| . L on the value of hyphal the original.
‘! | tin and cellulose and if cortical tissue (38), but it is the ConSense Propy;,. doubt

' large intercellular spaces with poor de- Attempts to identify Phys;
51010

limitation of cell walls in the cortex. races by using different crop

il : : 2 us S a5 a character for separating The antggonisms of other'organisms

il 1l is abnormally developed in calcium- most investigators that little : to R. solani is another factor in the con-

| and magnesium-deficient plants, one done to identify races until theta ed previously, there are in- trol of diseases caused by R. solani.

| I can readily see the relationship between stage of the organism can be re rSe 1 athogenic races of Rhizoc- Although considerable work has been
gl host, parasite, nutrition of both, and the readily and the genetic naturep gd § . emp with extremely wide host done on this, nothing fundamentally
] interrelationships between all of the of the organisms is thoroughj: S ;‘his is significant from the new has been added since the work of
factors. Practically, these results sug- stood. . ; ¢ of control, for presumably Weindling (79, 80, 81) and Weindling

gest a reason for paiches of infected The origin and stability of races a pe useless to practice any type and Emerson (82). It is apparent that

p_lants in fields where areas lack cal- Rhizoctonia solaniis an irnportamces & or sanitation program when antagonism of different organisms to

| ki le magnesium or these nutrients tical as well as scientific question é’tl‘a are hosts of the pathogen. R. solani is influenced by environment

1 are tied up, and also suggest that these ies by Exner and Chilton (24 S.ani .re, however, indications that such as cropping sequence, soil amend-

I nutrients be applied to plants either (60), and Kotila (33) indicate ’that rac’es appear to be more specific ments, or use of green manure. More

| through soil amendments or spraying. regation in the formation of the basizx- 2in crops than others. Some re- information may lead to an intelligent

’ Discussion spores may account for some of t; Jicate that isolates from flax and use of the antag_onism phenomenon ip

‘\ i variation. Chen (12) showed that varia. s are more pathogenic to these the control of diseases caused by this

Frqm ‘Fhe rest,}lts of the various work- tion can be induced in cultures of ,m,., n isolates from cereals and pathogen.

‘ ers it is obvious that the species, lates from natural habitats by proper solates from sclerotia of po- Several investigationis have been
R.h1zoctoma solani, comprises an indefi- manipulation of the environment. Sers seem to be less pathogenic ~made on the methods by which Rhizoc-
nite number of races that differ cul- Although sectoring is rare in this s and sugar beets than isolates  tonia solani gains entrance to its hosts
turally as well as pathogenically. The organism under ordinary cultural con- agar beets or potato stems. If and ramifies through the host tissue.
organism has one of the widest host ditions, Chen was able to stimulate con- \ observations are sound, more Most workers agree that the invading
ranges of any plant pathogen known. siderable sectoring in certain races. Af- y lead to the practical use of hyphae penetrate by pressure and are
Some races have an extremely wide ter subjecting the artificially induced tions as one means of control- assisted by the action of enzymes or
host range, while others appear to have variants to many different environs ases caused by R. solani. other chemicals the hyphae liberate.

L Il rather limited host range. mental conditions, it was obvious that the standpoint of control, other ~Some minor variations of this process

In culture the races differ in color; the induced variants differed in th& " have been considered. One of are reported, such as the formation of

_zonation of colony; type of growth, that same magnitude, in every respect, as t important means of survival of an “infection cushion” or an aggrega-

‘ is, suppressed or aerial mycelium; did races isolated from nature. Chen thogen is by sclerotia. Potato tion of mycelium appressed against the

il number, size, and position of sclerotia; concluded that the variants arose ol eatment is practiced to control epidermis from which peglike inva-

il aggregation of sclerotia; diameter of mutation in a manner similar to thd ia solani, presumably by kill-  sion hyphae proceed. Generally, how-

o I hyphae; and rate of growth. All of in other fungi. It has been suggefited sclerotia on the tubers. Chen ever, the workers agree on the method

these characters appear to be influenced that aversion between cultures d a wide variation in size, of penetration. Once the hyphae enter

‘ by environment. For example, two cul- Rhizoctonia could be used as a meats , and aggregation of sclerotia, they grow both intercellularly and in-

tures may look alike on one medium of identifying species (45). It is inter” ‘ g (73) investigated some of tracellularly throughout the invaded

or at one temperature, but if either the esting to note that Chen (12) fou“i:i factors that influence the survival tissue.

medium or temperature is changed, the much aversion between a variant @ tia. Many factors influence the Significantly, however, there is con-

two cultures may appear to be entirely its parent as occurs between cult but the effects of chemicals on siderable deterioration of host tissue
‘ different from each other. foolated from nature. o are particularly significant. well ahead of the parasitic hyphae (7,
iy | Certain investigations (29) indicate The diameter of hyphae of Rhiz n,:. from different races respond 55). The tissue may have all the char-
that cultural characters have a tendency tonia is another character use¢ 4 fferently to the chemicals, some acteristics of parasitized tissue even in
to be correlated with pathogenicity. separating species. Chen (12) repOrity: led by all, some surviving all, the absence of hyphae when filtrates

Some workers studied many isolates that diameter of hyphae of races VAt IS either being killed or surviv- from some cultures are applied to tis-

1 ' from different hosts to determine if from 5.17 microns to 10.23 microns: e *Tent treatments. But of greater sues of certain plants (7). The para-

jon

races pathogenic on a given host have found a similar range of hyphal NCe is the fact that cultures sitized tissue is characterized by dark
cultural characters in common (7, 12, ter of induced variants, and in tant® Om some chemically treated discoloration of cell walls and cell
54, 73), but they report that there is stances races gave rise t0 e er - Bave rise to a considerable protoplasm as much as 8 to 10 cell lay-
as much difference between cultures whose hyphae were half the ¢.ilalﬂ Of variants, These results show ers ahead: of the invading hyphae.

\ from the same host as between cul- of the hyphae of their respectiVe v “'Ober chemical treatment not The toxic principle involved is pro-

tures from different hosts. ents. These results appeal fail to controi R. solani, but duced by the hyphae, since filtrates of
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certain cultures prevent the germina-
tion of seed, prevent root formation, and
cause wilting of certain plants (7, 50,
51, 73, 78). The toxic principle is ther-
mostable and is partially adsorbed by
charcoal. It is significant that the toxi-
city of filtrates of different races of the
organisms are different in degree of
activity.

Apparently, host resistance, host nu-
trition, fungus toxins, and possibly fun-
gus nutrition are all interrelated. Khan
(32) demonstrated that soybeans grown
in calcium- and magnesium-deficient
soils were predisposed to infection by
Rhizoctonia solani. He also showed that
cortical tissues of these plants were de-
ficient in calcium and magnesium, and
that the cells of that tissue were im-
properly laid down with very thin cell
walls and large intercellular spaces. He
also reported that the organism digests
cellulose and pectin, important comple-
ments of cell walls. Invaded tissue was
characterized by dissolution of the mid-
dle lamella. Thus, there is the phenome-
non of deficiencies of calcium and mag-
nesium with resultant improper forma-
tion of cortical tissue. The fungus, being
able to dissolve cellulose and pectin,
could penetrate cell walls directly.
These results suggest the possibility of

aiding the control of diseases causeq h
R. solani by proper amendment of Soi]
with caleium or magnesium.

The things that are known aboyt R
solani from work at Minnesota ang at.
other places have been discussed, The
following are some of the things that
are not known about the organism or
diseases caused by it:

(1). How can the perfect stage be
produced at will and what part doeg it
play in the genetic variation of the
fungus?

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

(3). What are the host range ang
specificity of races for host species ang
varieties?

(4). How do chemicals affect the syr-
vival of sclerotia in soil?

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

(6). What is the nature of the toxins
produced by R. solani?

(7). What is the place of soil amend-
ments in the control of diseases caused
by R. solani and how do they influence
host tissue formation?

(8). What levels of calcium and mag-
nesium are necessary for normal growth
of hosts and for prevention of disease’
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