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STUDIES ON BBIZOCTONIA SOLANI

DAMPING-OFF OF FLAX.

Introduction 

• 

Rhizoctonia solani Ktnm is one or the most widely dis

tributed of'all pathogenic soil fungi. Its ability to live 

as a sapTophyte in the soil has been shown by Blair (3), and 

by Roth and Riker (25), and the extremely 'wide host range of 

this fungus testifies to its ability to carryon a parasitic 

mode of existence. Peltier (23), in 1916, reported that 165 

species of plants, arising from all the important families of 

the dicotyledons, a number of monocotyledons, several gymno

sperms, and Eguis~tum were more or les~ subject to attack by 

this fungus. His list also included most of the floricultural 

plants, vegetable and field crops, herbaceous plants and many 

weeds. Undoubtedly this list of host plants has had many 

additions made to it during the intervening years. 

Pathogenically~. solani plays a triple role. First, it 

is the causal organism of root and stem diseases of potatoes, 

beets and other root crops; second, it is one of the main 

causes of damping-off among seedlings of many species of plantsJ 

and third, it causes a foliage blight of sugar beets (12). 

'. 

The damping-off action of R. solani on flax seedlings 

causes a thin~ing out of the stand. This, in itself,need not 

reduce the final yield appreciably since the survivors would 

have more available moisture and light resulting in larger and 

more vigorous plants with increased yield of seed. However, 

flax is unable to compete successfully with weeds and a thinned 

out stand gives them a much better opportunity of becoming 
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•

• 
Vanterpool (3~), in 1933, ~ound H. solani to be the major 

causal organism 01" dampf.ng-or'r 01' rLax in the early seedling 

stage during the years 1930 to 1933 inclusive, in Saskatchewan• 

Laboratory work showed the first isolated strain to be capable 

of' causing 75 to 100 percent pre-emergence damping-off' 01' flax 

planted in sterilized soil and a significant amount of post 

emergence damping-off. 

];tllor (10), in 194-0, reported. that of the organisms respon

sible for seedling blight of flax,Rhizoctonia species made up 
.. 

0.9 percent of the isolates. 

Vanterpool (39), in 1943, reported that R. solani ctamping

off caused considerable thinning out or flax stands in North 

Central Saskatchewan with 40 percent or examined fields showing 

moderate to severe damage and ~ percent slight to trace. 

• 
Sackston (2CS), in19~'l, reported severe damage by R. solani 

in fields or flax in Manitoba. Losses were estimated to be 25 
percent on large acreages and in two instances damage was set 

at 75 and 95 percent. 
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Tervet (34), in 1937, reporting on an experimental study 

e of fungi injurious to seedling flax, stated that the most 

e·

virulent cultures of R. solani were those obtained from egg

plant, tomato, flax, barley seed, pea, bean and sugar beet. 

He found that the most damage occurred during the pre-emergence 

stage of' flax seedling growth and that many of the seedlings 

which suryived were dwarfed and showed a high degree of root 

• injury. 

Tervet (34), Le Clerg (17), Sanford (31) and storey (33) 

all found that some strains of R. solani showed a high degree 

of specialization. Vanterpool (38), in similar work found that 

a strain isolated from flax attacked sweet clover during germi

nation and early growth, but showed only weak parasitic action 

on wheat, oats and crested wheatgrass. 

Work has been done by Sanford (29, 31), Le Clerg (15, 16) 

and others dn R. solani damage to potatoes and sugar beets but 

there has been little work of an experimental nature devoted 

to a study of R•.·solani as a flax seedling parasite. This 

scarcity of information together with the frequent reports of 

damage to flax suggested that research in the nature of stUdies 

on R. solani damping-off of flax be carried out in an attempt 

to gather data which might indicate some means of controlling 

thecit$eCl.~:• 

Descrintion of the Disease 

Rhizoctonia solani KUhn causes both pre- and post-emergence 

dampf.ng-sot'f of flax seedlings. The symptoms of the disease 

correspond closely to those described by Brentzel (1+), with 



• poor emergence of' the t'Lax occurring r'r-equent.Iy in patches 

indicating pre-emergence damping-off. In the early post

emergence stage of seed.ling development, plants in det'initely 

,ld.e1·ined patches assume a darker than normal appearance, the 

cotyledons roll downward at the tips and within a short time 

they die or are damped-a!"!'. The roots 01' seedlings damped-of'!' 

by R. solani show small reddish-brown lesions usually at about 

the level of the moist and dry soil inter1'ace. O!'ten the roots 

of young damped-ott seedlings are still white and turgid below 

the lesion although the above ground portion of the plant has 

been prone for some time. Root lesions on older seedlings tend 

to develOp mainly downward. Such damped.-off seedlings usually 

remain upright because of the presence of more highly developed 

• supporting tissue • 

Close microscopic examination of diseased seedlings shows 

the root tissue in the lesioned region to be permeated with 

mycelium of R. solani. The hyphae grow from the soil and enter 

directly through the epidermal cells of the root into the cortex. 
, 

FTom here they ramify throughout the root tissue disrupting the 

passage of water and eventually damp-off the seedling. 

Microscopic examination of carefully removed flax seedlings 

which have been damped-of"f shows the distributive hypha.e of 

R. solani extending from the root lesions into the surrounding 

soil in the Same manner as that described by Roth and Riker (25) • 

•
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• Materials and Methods 

Seed. 
Seed used throughout these investigations or studies was 

obtained from the University Field Husbandry Department 'with 

the exception of Dakota which was purchased from Mr. Albert 

Kessel of Rosetown. All the varieties with the exception of 

the Dakota were 19~7 samples. 

Germination tests carried out at the beginning of the 

project showed all four varieties to be satisfactorily viable 

and free from seed-bQrnedisease. 

TABLE 1 

Comparative germination of flax varieties 
used in field and greenhouse investigations 

Sample. Germination 

1947 Royal 98 
1947 Redw1ng 94 
19~7 Rocket 88•

% 

Dakota 100 

•
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• Isolation method • 

A standard procedure for collection of specimens and 

isolation of the damping-off organism was carried out through

out the course of the investigations. 

Damped-off flax seedlings were removed trom the soil 

with a gardener's trowel to prevent the loss of that part of 

the root system 'below the lesion. 

Prior to actual isolation all seedlings were placed in 

a strainer and washed under the cold water tap to remove all 

adhering soil particles. Portions containing both diseased 

and healthy root tissue were taken and surface disinfected 

before being placed on nutrient agar. In 1948 work, a two 
tl"'eih 

percent chlorine solution was used. Howeverncalcium hypochlor

• ite had to be kept on hand to ensure consistent potency. In 

1949, Javex was tried and t'ound to be equally efficient as a 

surface disinfecting agent with the added convenience that, 

being in liqUid form, it could be assayed at regular intervals 

for itts chlorine concentration and the necessary adjustment 

made in the ratio of Javex to water to obtain a two percent 

solution. Portions of young, fresh specimens were treated in 

the sterilizing solution r'or 4 minutes whereas sections of 

older flax plants were given from 7 to 10 minutes treatment 

depending on their stage 01' development. ~rhe disinfecting 

solution was renewed after each treatment. 

Surface disinfected portions were removed from theisolution 

• 
aseptically, placed directly in Petri dishes containing potato

dextrose-agar and incubated at room temperature until the 

fungi emerged SUfficiently for identification and subculturing. 
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• Pathogenicity test method. 

the Petri dish method was used exclusively for testing 

the pathogenicities of R. solani isolates in the laboratory. 

Twenty seeds of 194? Royal t'Lax were distributed evenly on 

moist filter paper in sterile Petri dishes. A rive millimeter 

disk of potato-dextrose-agar inoculum was placed in contaet 

with each seed. 

Readings, based on an arbitrary scale of pathogenicity 

ratings, were taken after rour days (Table 11). 

TABLE 11 

Petri dish pathogenicity ratings and their 
respective ranges of flax seedling damping-off 

Rating Damped-off' 

•
% 

Healthy e 
Trace 1-19 
Slight 20-39 
Moderate 4o-b9 
Severe 70-99 
Total killing 100 

•
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• 
History of R. solani strains used in experimental work • 

Seven strains of R. solani were chosen for use in field 

and greenhouse experimental work on the basis of origin and 

preliminary pathogenicity studies. 

Strains 47-2 and CC4 were isolated from flax by Prof. 

T.C. Vanterpool in earlier survey work and retained because 

of their strong pathogenicity on flax. 

Strains ARl40, ARl49 and SRCI were obtained from 

Dr. W.J. Cherewick of the Dominion Laboratory of Plant 

Pathology, Winnipeg, Manitoba. ARI40 and ARI~9 were isolated 

from diseased alfalfa plants and SRCI from sweet clover. 
~ . ~

• 
Preliminary tests showed AR149 to be severely pathogenic, 

AR140 moderate to severe and SRCI slight to moderate on flax. 

The P. Rhiz. strain was taken from the perfect stage of 

n. solani found on the basal part of a potato stem in 1947. 

Laboratory tes~showed it to be only slightly pathogenic on 

flax. 

Strain C. Bar.was isolated from a damped-oIf flax seedling 

grown in University of' Saskatchewan Field Husbandry soil which 

had been subjected to continuous cropping with barley. This 

isolate~, when tested for pathogenicity on flax,proved to be only 

slightly pathogenic. 

These seven strains were isolated from five different 

hosts and showed potential pathogenicities on flax, ranging 

from severe to slight under conditions which were designed to 

• 
give the potential pathogens every possible opportunity of 

creating maximum damage. 
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• TOPIC 1 • 

Growth Studies on Test Strains of ~. soleni. 

Growth on Nutrient Agar 

A study of growth rates was carried out to determine 

the temperatures at which the test strains could be expected 

to show greatest activity and pathogenicity. 

Methods and materials 

strains If.7-2, CC-i+, ARl!+O, ARllf.9, SRC1, P.Bhiz. and 

C.Bar. were tested using a modification of the method 

developed by Newton (21). Pyrex glass tUbing, with an 

inte~nal diameter of one cm. was cut into 30 cm. lengths 

and bent at an angle of 30 degrees at a distance of 2.5 em. 

from each end (Fig. 1). Ten ml. of potato dextrose agar

• were pipetted into each tube, the ends were plugged with 

cotton wool and all tubes were sterilized at 15 lb~. for 

15 minutes. Following sterilization the tubes were immersed 

in ice water to solidify the agar at a uniform depth and 

ensure more constant rates of growth of the fungi. 

Tubes inoculated in triplicate with each strain of 

R. solani were placed in a constant temperature incubator. 

A large container of water was placed in the incubator to 

raise the humidity and to serve as a temperature stabilizer. 
o . .. 0

Tests were conducted at temperatures of 25 C., 21 C., 

28°C. and 30°C. respectively and growths were measured at 

regular 24~hour intervals over a period extending from the 

• 
third to the seventeenth day•

Result

The growth rates are listed in Table Ill. Each figure 

represents the average 24-hour growth of 3 replicates taken 
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• 
over the 14 day period.

TABLE III

Comparative 24 hour growth in millimeters, of R. solani 
strains used in field and greenhouse experiments 

Temijeratures 

4-7-2 9.,0 0.0 
CC-4 9.2 0.0 

ARl40 10.4 0.0 
AR149 11,2 0.0 

SRCI 12.1 0.0 
P.Rhiz. 0.9 0.0 
C.-Bar. 9.0 0,0 

• 

Definite differences in rates of' growth were observed 

at the four incubation temperatures. Strains CC-4, P.Rhiz. 

and C.Bar. showed their greatest growths at 25°c. while the 

remaining strains attained their maximum at 27°C. strain 

ARI~9 was found to be particularly active at this temperature. 

Without exception, all strains failed to grow at 30°C. The 

greatest differences between strain growths occur'ed at 28°C. 
A (o""'po.ri~Qft.
~with the data in Table VIII will show that there is some 

correlation between rates of growth and pathogenicities of 

the five strains ARl~O, ARl~9, SRCl, P.Rhiz. and C.Bar. 

The correlation is less marked at temperatures of 25°C. and 

28°C. 

•



11 

• Growth in Soil 

Roth and Riker (25), found that Rhizoctonia often 

radiated as much as two :eeet from an original point of 

infection in soil planted to red pine seedlings. 

Blair (3), reported that in tests on linear growth 

of Rhizoctonia mycelium, the maximum distance a mycelial 

frontier could extend from agar inoculum alone, was five cm. 

He t'ound that when he placed the inoculum in soil the extent 

of linear growth was 21 to 24 cm. in 23 days and that re

moval of the inoculum after the fungus had become established 

resulted in only a small reduction in linear growth. Thus 

. he concluded that Rhizoctonia was quite capable 01' carrying on 

a sUprophytic mode of existence in certain soils. Blair also 

• found that the fungus made greater growth at relatively low 

soil moisture levels. 

A laboratory test, modelled after the method used by 

Blair (3), was started with the object of determining the extent 

of linear growth of those strains of R. solani used in field 

and greenhouse studies (Topic 11). 

Materials and Methods 

Screened silty clay loam soil was placed in the tUbes 

and its moisture content regulated to 50 percent of saturation. 

Two replicates were inoculated with each of the strains and 

incubated at 27°C. The mycelial frontier was recorded at 

24 hour intervals with the aid of a binocular microscope. 

• 
Results 

The method was found unsatd st'ec'tory after the fourth 

day. Up until this time the frontier of the mycelium 

could be quite accurately marked and substantiated by 



• tracing hyphae back to the inoculum ,disk• 

Moistening the unsterilized soil initiated the growth 

of dormant soil rungi, and the thickness of the glass wall 

of the tUbes made it impossible to examine the morphological 

characteristics of the hyphae. This confused the observations 

and forced the abandonment of the experiment. 

This method could very well be used in testing linear 

growth through sterilized soils but in the writers opinion 

it is of little value for tests where the soil is unsterilized • 

• 

• 
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• TOPIC 11 

.It'leld and Greenhouse Studies on li. solan! Damping-O!"!" 01" It'lax 
•

Strain dit"fe:peD.ces in !!. solani have been reported by 

Le Clerg (17), Sanford (29), Sprague (32) and Storey (33). 

However, the investigations of Tervet (34), and Vanterpool (38), 

are the only ones which dealt specifically with their eff'ects 

upon flax. 

In +948,a field experiment was conducted in an attempt to 

gain further information on the relative pathogenicities of 

'R. solani strains, possible differences between recommended 

flax varieties in,resistance to seedling damping-off, the 

spreading ability of R. solani in soil, and ~ethods of control 

of R. solan! damping-off. 

• This experiment failed to produce significant data because 

of extreme drought conditions which prevailed during the growing 

season• 

•
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• 
had been kept dOvm and the nature of the vegetation it 

supported kept the organic matter content of the top soil 

quite lovr. 

This soil was sieved to remove lumps and ash samaras, 

mixed in the proportion of three parts soil to one of sand 

and placed in forms on the greenhouse benches to a depth of 

five inches. A miniature replicate of the field plot pattern 

was laid out. In each plot were 20 rows 2.5 inches apart and 

20 inches long. 

Inoculum 

• 

In preparation of the inocula the R. solani strains were 

grown in cotton plugged liter flasks on a sterilized one-to

one soil-sand mixture enriched by the addition of two percent 

corp~eal. The inoculated flasks were incubated at laboratory 

temperature for 30 days with aseptic additions of sterile 

distilled water when needed. 

Seed 

Flax for field tests was counted out in lots of 350 seeds , 

and for greenhouse tests in lots of" 9'7 seeds.If'or each row. 

Seed treatment was carried out by the ceresan-talc method. 

Field and greenhouse plot plan 

Plots I and 2. -- Varietal resistance of Dakota, Royal, Red

wing and Rocket flax to ~. solani strains 

CC-i+ and 1+7-2, and the effect of seed treat~

ment with ceresan. Two repl~cates.

• 
Plot 3. -- Comparative pathogenicities of R. solani strains 

ARI~O, ARI~9, SRCI, P. Bhiz. and C.Bar. on 

Royal flax. Four replicates. 
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• 
Plot Lt. -- Ef1'ect of packing on damping-off' of Royal flax 

by R. solani strains CC-4 and 47-2. 

Four replicates. 

Plot 5. -- Spreading ability of R. solani strains 47-2, CC-~,

ARIL+9, ARlLtO, P.Rhiz.and C.Bar. Suscept.... 

Royal flax. Two replicates. 

Planting procedure 

The field plots were planted with a rod-row seeder set 

at one inch depth. Thirty-five ml. or the appropriate inoculum 

was distributed on the V-belt with the seed so that both con

stituents were placed together in the soil. 

• 
Packing of the soil in plot 4 was done by passing the rear 

wheel of" the seeder twice over each drill row. 

The procedure rellowed in plot 5, where spread of the rungus 

was being sought, was to inoculate randomi~ed portions of rows 

and to mark their extremities with pot labels. Any advance of 

the pathogen past these small labels would be shown by damping

off of seedlings in the uninoculated portions of the rows. 

Two consecutive rows were inoculated with each strain and each 

pair was separated from the next treatment by an uninoculated 

row which provided a means of checking any lateral spreading 

of the organisms through the soil. 

Greenhouse plot seeding and inoculation was carried out 

by hand. The seeding rate was reduced to 97 seeds per row 

and the inoculum to 8 mI. to make the tests more comparable 

• 
to these in the 1'ield plots. . 

Packing 01' the drill rO¥JS 
'

in plot 4 was done by rolling 

a circular metal disk t\'lice over each.'. 
This method closely simulatea the action of a press drill. 
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•

•

•

Go

DF Variation 
Field 

3.·19 
971.77 
387.12 

130.34 

199.79 

56.·97 
149;92 

tl098.64 

G1house 

4031+.26 
!:S8S.51 

75.34
1066.06 

515.11 

130.38 

162.45 
226 •.~

1 
3 
1 
1 

3 

3 

1 
18 

~1

~ Significance be~nd the 5% point. 

** Significance beyond the 1% point. 

~. Degrees of freedom. 

Differences in varietal resistance to R. solani strains 

CC-4 and 47-2 were evident early in the test with Dakota re

acting very ravourably. 

Counts were made 7 and 21 days after emergence when 

data on total emergence and numbers of damped-off seedlings 

were recorded. 

An analysis 01· variance was made on the results of both 

field and greenhouse tests under the supervision of Professor 

L.H•.Shebeski and ¥J.T. J. Whitehouse of the Field Husbandry 

Department. 

Results 

Varietal resistance of Dakota, Royal, Redwing and Rocket flax 

to R. solani strains CC-~ and 47-2 and the effect of seed 

treatment with ceresan. Plots 1 and 2. 

TABLE IV 

Comparative analysis of variance on data i'rom two replicates of 
field and greenhouse tests on varietal resistance to two R. solani 
strains. and the effect of seed treatment with ceresan• 

Significance 
5"% 1% 

tr.1+L 
3.16 
!+.41 
4.41 

s.as 
5.09 
8.28 
8.28 

3.16 5.09 

3.·16 5.09 

4.Lt1 8.28 

Variance 
due to 

Replicates
Varieties 
Ceresan 
Organisms
Varieties 
x ceresan 
Varieties 
x organisms
Ceresan 
x organisms
Error 

Total 

F. value 
li'ield Gthouse 

0.0022 
6.48**" 
2.·58 
7.3.3* 

0.99 
3.-93* 
0.33 
tr.7l*" 

0.88 2.28 

1.33 0.57 

0.38 0.72 
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• 
Table IV shows that comparable reactions were recorded 

in both field and greenhouse plots. There was a significant 

difference between varieties. Field tests showed significance 

beyond the one percent point while greenhouse tests gave 

differences sd grd.f'Lcarrt beyond the five percent point. 

TABLE V 

Varietal reaction of flax varieties to two strains 01" 
R. solani. Data are 1~om four field replicates. 

Average percent damping-off
Varieties cc-4 47-2 Varietal totals 

Royal 31.6 18.5 
Redwing 48.0 26.8 
Dakota 11.8 10..5 
Rocket 26.1 15.4 

The t'Lax varieties tested in field plots 1 and 2 were 

•
found to show the following gradation of decreasing resistance:

Dakota, Rocket, Royal and Redwing (Table V). In the greenhouse 

total damping-ofr was higher (Table VI). However, Dakota again 

proved most resistant, followed in decreasing order o~ resist

ance by Redwing, Rocket and Royal. 

TABLE VI 

Varietal reaction of flax varieties to two strains of 
R. solam. Data are from four greenhouse replicates. 

Average percent dam4ing-off Varietal total 
Varieties cc-~ 7-2 damping-off 

126.5 
Redwing
Royal

107.0 
Dakota 77.5 

116.0Rocket 

Ceresan treatment of flax seed had no etrect as a 

control of damping-of'!' by strains CC-~ and ~7-2. There 

• was no interaction between ceresan and the organisms, or 

between varieties and ceresan. However a significant 

dirference existed between the parasitic actions of strains 
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• 
CC-~.and ~7-2 under both rield and greenhouse conditions 

(Table IV), with strain CC-~ being most pathogenic 

(Tables V and VI). 

Effect or strains of R. solani on Royal flax. - Plot 3. 

TABLE VII 

Analysis of variance on data r'rom r'our replicates 01" tests on 
the effect of R. solani strains AR1~O, AR1~9, SRCI, P.Rhiz. 
and C.Bar. on Royal flax. 
Variance 
due to DF Variation Fl. value Si~nif'icance

Field G'house 

63.15 11.27 
399.31 0581. ?4 
~i5.31 ~7. 5'.i 

}1'ield. G'house 

1.79 O.2Lf
Il.It'~138.~9** 

5% 1% 

3.~9 5.95 
3.20 5.!+1 

Replicates 
Organisms 
Error 

Total 

3 
~

12 

19 

** Significant beyond the 1% point. 

There were differences between the pathogenicities of the 

• R. solani strains under both field and greenhouse conditions, 

sig~ificant beyond the one percent point with differences being 

most marked in the greenhouse test (Table VII). 

TABLE VIII 

Comparison of percent damping-off of flax, based on the average 
of ~ replicates of R. solani strains. 

Average percent damping-off
Strains Field Greenhouse 

ARl40 59.75 
ARlit9 92.15
SRCI IO.oJ 
P.Rhiz. 1.08 
C.Bar. 4.06 

The data listed in Table VIII pr-ovf.de-: a comparative 

analysis of the percent damping-off caused by the five R. solani 

strains. AR149 , ARl4Q and SRCI in order of decreasing patho

• genicity to Royal, were most virulent. P.Rhiz. and C.Bar. were 

found to show reversed order of virulence in the two environ

ments. 
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• Effect of packing on damping-off of Royal flax by ~. solani 

strains cC-4 and 47-2. - Plot ~.

There was no significant measure of control shown by 

packing in the f'ield (Table IX). However in the greenhouse 

experiment differences significant beyond the one percent 

point were found •. 

TABLE IX 

Analysis of variance on the effect of packing as a control of 
R. solani damping-off' of Royal flax by strains CC-4 and 4-7-2.-
Variance 
due to DF Variation 

Field 

204-.33 
30.95 

932. 54 

05.81 
49.5'2 

G'house 

10!.t. 50 
2004.80 
1770.98 

210.98 
110.44 

Replicates
Packing
Organisms
Organisms 
x packing 
Error 

3 
1 
1 

1 
9 

Total 15 

Significance 
Field G'house 

F. value 
596 11& 

3.86 6.994.13 0.91 
0.,63 18.15** 5.12 10.50 

18.83*· 16.04** 5.12 10.56 

5.12 10.501.33 1.91 

• *. Significant beyond the 1% point. 

R. solani strains CC-4 and '47-2 were again shown to possess 

highly significant dif"ferences in their relative pathogenicities 

on Royal flax in both field and greenhouse experiments (Table IX). 

A comparison of data in Tables V, VI, and X will show that 

damping-off was consistently higher in the 

the field with strain CC-4 showing the great 

the four varieties of flax. 

TABLE X 

Comparison of the effect of packing on 
Royal flax by R. solani strains. Data 
of four replicates. 

• Treatment 
Average percent damning-off 

Field 
CC-4 47-2 

Greenhouse 
CC-~ 47.2 

Packed 
Non packed 

19.24 
12.40 

30.~5

31.73 
3~.59
6{).2~

57.25 
72.3e 
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• Spreading or R. solani in soil. Plot 5• 

Neither field nor greenhouse plots produced concrete 

evidence that the seven strains tested possessed any ability 

to spread saprophytically through the soil from a focal point 

of infection. 

This experimental work has shown that there are differ

ences in resistance between the flax varieties Redwing, 

Royal, Dakota and Rocket. Dakota is quite definitely most 

resistant with some interchange in the relative resistances 

of the remaining three varieties (Tables V, VI). 

The differences between field and greenhouse results 

with respect to packing (Tables lX, X), may be attributed 

mainly to a difference in method of packing. The wider 

• packing device used on the heavier field soil caused crust 

formation which prevented some seedlings from emerging, thus 

elevating the damage attributed to the pathogens. The bene

ficial effect produced by the subsoil type of packing used 

in the greenhouse may be the result of the method alone, or 

it may be a combination of method and a lighter texture of 

soil. It seems most probable, in view or the higher incidence 

of damping-off observed in the lighter textured greenhouse Soil 

(Tables VI, VIII) and the observations of Roth and Riker (~5),

that the packing method is responsible for the reduction in 

the incidence of the disease. 

Further investigation should be made into this phase of 

• 
the work. It may well be that subsoil packing will reduce 

the incidence of damping-off:contaminated land of a heavy 

texture. 



• TOPIC III 

Survey Observations and Isolations 

General observations 

The initiation of studies on R. solani damping~off of 

flax unfortunately coincided with a sharp decline in acreage 

sown to flax in North Central Saskatchewan. Surveys carried 

out in this area in 19~8 and 19~9 were of no appreciable 

value from the standpoint of gathering such information as 

the effect that different cropping practices might have upon 

the incidence of the disease, and the comparative damage 

shown in various soil types. 

Only a trace of damping-off was observed in 19~8 flax 

rields and in 19~9 the only flax fields visited were in the 

• Stranraer district and these showed no damping-off • 

The main part of the field work was, of necessity, 

conrined to flax grown in the University of Saskatchewan 

Field Husbandry Plots. 

In 19~8, damping-orr damage was found throughout the 

flax plots and continued well on into the s~~er.

Investigation of late-root rot of flax 

During the early fall period a considerable number of flax 

plants showed premature ripening. These plants were totally 

ripened when the majority showed only ripening of the pedicels 

and bolls. 

Mass isolations were carried out to determine the causal 

• 
organisms involved. Late root-rot plants were taken from plots 

1503, 903 and 406. The past histories of these three plots are 

given in Table Xl. 
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• 
TABLE xi 

Record of crop sequence on plots 406, 903 and 1503. 
1946 1947 1948 

Plot Crop Crop Crop 

1503 Barley Summerfallow Royal flax 
li-Ob Royal t'Lax Summerfallow Royal flax 
903 Summerfallow Regal barley Royal flax 

TABLE XII 

Comparative percentages of fungi arising from late root-rot 
flax ulants taken from the plots listed in Table Xl. 

No. plants Total other 
Plot plated fUngi Rhiz. Fils. Alter. rorms 

% % 
1503 100 87 52,8 1,1 

lr06 100 15~ 55.9 2lJ..l 
903 100 17Lt 44.1 13.1 

• 
~, Calculations of percentage are based on total fungi, 

not on number of plant specimens plated. 

Results 

R. solani and Fusarium species were the pred.ominant 

organisms emerging in culture from late root-rot plants. 

Considering the overall results of the tests R. solani 

provided an average of 25.lj. percent, Fusarium species 50.9 

percent and Alternaria species 12.r percent of the total 

rungi which appeared in isolation work. 

In the opinion of the writer the high proportion of 

R. solani from plots 1503 and 903 probably represented the 

main causal organism or late root-rot. 

This opinion is based upon the known resistance of the 

recommended r'Lax varieties to attack by Fusarium species. 

These fungi in all probability, caused seconda~y infection 

• following earlier root-rotting of the flax plants by R. solani. 

The investigation of' late root-rot of flax should be 

continued when the disease again appears and further com
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• 
parison made between the numbers of R. solani and Fusarium 

species isolated. Pathogenicity tests should be conducted 

on all Fusarium isolates to determine the part they play in 

the disease.

Slide trap survey

During the spring and summer of 19~9 an attempt was 

made to gain information on the relative amounts of R. solani 

present in soil following various crops. 

hlethod 

• 

The method of trapping soil 1ungi evolved by La Touche (13), 

was adopted for this experiment. Twenty-four such trap slides 

were prepared using his technique and containing p.d.a. as 

the SUbstratum. Each trap was placed in the soil in the 

following manner. The top half inch of soil was scraped away 

from the chosen sites and a vertical soil face was exposed. 

The slide trap 'VIas firmly pr-eased against this face and the 

soil was replaced and compacted holding the trap in a vertical 

attitude with one end level with the surface of the soil. 

The site of each trap was marked by an aluminum marker 

holding a label on which the slide number and plot number were 

recorded. 

For the duration of the experiment each r'resh setting 

was placed as close as possible to the site of the previous 

slide so that a check could be kept on the time and environ

mental condition which prevailed at the time of possible appear

• 
ance of any new Rhizoctonia strain. 

, 

Each test was run for seven days before the traps were 

'removed and taken to the laboratory for examination. Between 

May 18 and August 9, five such tests were completed. 
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TABLE XIII 

Detection of' fungi in various soils by the La Touche slide 
trap method. 
Loce.tion Total No. 

of 1948 19l+9 fungi Rhiz. % 
plots trlt. trlt. trapped isolates Rhiz. 

903- 2, 3, '+, 5 Fallow Wheat 10 1 10.0 
903-6,7,8,9 Oats }I'al l ow 7 o ,0.0 
903-10 , 11 , 
12,13 Wheat Oats 13 2 15.4

1503-1-7 incl. Flax Cereals 8 2 25.0 
500 Barley Oats in 4 o 0.0 

rows 
303, 30'+ Peas Cereals 9 e 0.0 ' 

RESULTS 

Of the 120 slide traps exami~d 51 contained fungi (Table XIII). 

The frequency with which~. solani appeared and the distribution 

• 
furnished no concrete leads as to prevalence following different 

crop', practiGes. 

The seven-day period each slide trap was Le r t in the soil 

proved quite satisfactory especially for R. solani specimens. 

Of the five obtained in this manner' all were pure cultures. 

The La Touche (13)~ method is satisfactory for extracting 

R. solani from a soil. However,it gives too little coverage 

to be of particular value as a tool for a survey on the 

relative numbers of fungi in soils which have been subjected 

to different crops. 

•
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Investigation of damping-off in Hail Research Plot 

Moderate 4amping-off of flax occured in 1949 on one 

of the Field Husbandry Department plots given over to hail 

research. This land had been producing crested wheatgrass 

during the years 1946, 1947 and had been summerfallowed in 

1948. 

The plot was seeded to replicates of Royal, Dakota and 

Redwing flax on May l~, 19~9. Up until the time of seeding 

the soil was dry. The first good fall of rain did not come 

until May 30 when 1.3~ inches was recorded. 

A large amount of post-emergence damping-off' was noted by 

the hail investigators but the damage was attributed to 
~Bolf.)

attack by Fusarium o;ysporum Schlecht. 1'.li~ASnyder and 

• Hansen. During the process of weeding many of the young 

damped-off seedlings were obliterated. Damping-off 

continued until the seedlings were approximately 2~ to 3 

inches high. It was at this time, July 9, that the writer 

was informed of the damage. 

Subsequent isolations revealed a preponderance of 

R. solani among the fungi which emerged from the roots 01' 

these damped-off plants (Table XIV). These flax varieties 

were all resistant to wilt so it therefore seemed likely that 

the early blight was mainly due to R. solani • 

•
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• TABLE XIV 

Results of isolations from damped-off seedlings in the Hail 
Research Plot. 

Host 

Redwing
Dakota 
Roval 

No • Root sections 

1+9
[ 

75 
64 

No • rhi z • 

26 
J5
~q.

Rbi z • 
_% 

53.1 
1+0.7 
53.1 

No •
Fusarium 

3 
b 
5 

Fusar-Ium 
% 

6.1 
8.0 
7.8 

RESULTS

In all, 188 diseased seedlings were plated out. Of' this 

number 95 yielded R. solani and 1~ yielded Fusarium species. 

The proportion of seedlings whose death could be attributed to 

• 

R. solani was calcUlated to be 51.0 percent and for Fusarium 

species, 7.3 percent. However these figures were felt to 

constitute a minimum since all the specimens collected from 

the field were extremely dry and brittle and many yielded no 

fungus grovnh when set out on nutrient aga~.

In addition to this isolation work extensive counts were 

taken in, an attempt to determine what varietal dil'ference 

there might be in relative resistance to the damping-off 

organism. Thirty-six randomized counts, each involving 3 linear 

feet or row, were made ror each of the three varieties of flax. 

TABLE XV 

Comparison of the results of 30 random, 30 inch counts of 
healthy and damped-off seedlings per variety of flax in the 
Hail Research Plot. 

Total no. Number Plants 
Variety of Plants damped-off damped-off 

Dakota 2909 189 
Royal 2720 285 
Redwing 2175 112 

• The numbers of damped-off seedlings were definitely 

reduced through being buried by rain,making that portion of the 

data lower than the actual number damped-off. However, the results 
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•
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Roth an Riker (25), in 1943, reported the persistence of 

the rungus in sandy soil for periods exceeding one year. 

In the spring of 19~9 an experiment was conducted to de

termine the survival power of R. solani strains placed in the 

field test plots the previous spring. Moisture conditions 

had been poor over the year 1948 and during 1949 up until 

May 30. 

Method 

• 

Forty-seven samp]~s of soil were collected from the top 

three inches of inoculated and check rows. These samples in

cluded all treatments on the host plants Royal, Redwing, Dakota 

and Rocket flax, Common and Fiairway Crested wheatigr-as s , and 

Commercial bromegrass. Perpetually summerfallowed soil was 

also collected for use as a control on the cheek samples • 

All soil samples were sieved, placed in six inch pots in 

the greenhouse, watered and allowed to stand r or seven days 

to germinate any seeds which they might contain. Each sample 

was then sown to Royal flax at the rate of 20 seeds per pot. 

At this time two pots of sterilized perpetual summerfallow 

soil were ~eeded to cheek on the emergence of the flax and 

provide a means of calculating the amount of pre-emergence 

damping-off. Counts and isolations were made from time of 

emergence until the sixth week of the test. 

RESULTS 

The emergence of flax in sterilized soil was 90 percent 

• 
with no post-emergence damping-off • 

Flax in the perpetual summerfallow soil showed 65 per

cent emergence with no post-emergence damping-off. 

Flax placed in check soil from the field p~ots showed 
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• 
55 percent emergence with no post-emergence damping-off • 

An average emergence of flax in inoculated pots was 

found to be 57.1 percent. 

The post-emergence damping-off shown in the inoculated 

samples was not significant. Sixteen seedlings were killed 

and of these seven were damped-off by R. solani, tYlO showed 

bacterial infection and elght showed neither bacterial nor 

fungal infection. No damping-off occured after the third 

week of the test. 

• 

Ten percent was the maximum pre-emergence killing or 

damping-otf which could be attributed to organisms in a soil 

subjected to normal cropping practice. The results proved 

nothing from the standpoint of differences between field 

checks and inoculations with R. solani strains in respect to 

pre-emergence damping-off. 

. Regarding post-emergence damping-off of the flax seedlings 

no significant damage could be attributed to the 19~8 inocula. 

It appears that under prolonged, very dry soil conditions 

the virulence of the parasite is lost at least temporarily and 

the fungus may well succumb to the rigors of the environment, 

which would support the observations of Sanford(30) • 

•
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•

•
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• 
to the surface because or the low rate of evaporation. At 

such times Rhizoctonia mycelium clumps were observed on the 

surface of the soil. 

Examination of growing barley plants showed the presence 

01' brown coleoptiles permeated by R. solani mycelium similar 

to the condition reported by Vanterpool (30), on wheat. No 

lesions were round on either the stems beneath the sheath or 

on below ground portions of the plants. ' 

• 

Extensive examination of the wheat coleoptiles failed to 

reveal R. solani mycelium. 

The ripened grain was removed rrom the beds on January 12, 

the soil was worked up again and seeded to 194~ Royal flax. 

Thermometers were placed in each bed and a daily record of 

temperatures was kept • 

RESULTS 

The amount of damping-off which occurred was not signil'icant. 

Those plants which were damped-orr 'were distributed over the 

entire series 01" treatment so that no conclusions 01· value 

could. be drawn. 

The ext~emely cold weather made it almost impossible to 

raise the t.empera tur-e 01' the beds above l5°C. This abnormally 

low temperature was blamed for the lovl incidence of damping-oft' 

and on February 9 the beds were re-seeded for a second test. 

Once again no appreciable amount of the disease occurred 

• 
although the soil temperature for the period averaged 20.20C • 

The vIri ter feels that barley must aid in the propdgatdon 

of the 1ungus since the mycelium can be found in the coleoptiles. 

It has been proven (30), that R. solani can survive for a 
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• 
minimum of seven months in soil so it is logical to believe 

that a high proportion of the mycelium could survive our 

winte~ and attack flax seedlings the following spring, 

providing environmental conditions were favourable • 

•

•
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oP • 

•
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a similar portion of the Richard's solution less sucrose • 

For the actual testing duplicate vials each containing 

15 mI. sterilized portions of the following: filtrate, 

filtrate boiled, Richard's solution, Richard's solution boiled, 

Richard's solution less sucrose, Richard's solution less sucrose 

boiled, and distilled water, were set up. Four 3-inch tips cut 

from Royal flax plants were then placed in each of the vials 

and observed for signs of wilting and speed and severity of 

wilting. 

TABLE XVI 

Eff'ects of placing flax cuttings in R. solani liquid-culture
filtrate and in control solutions. 

•
CONTROLS 

Lapse
time 
(hrs ) F'iltrate 

It'iltrate 
boiled 

Richard's 
solution 

Richard's 
solution boiled 

2 

15 

Slight
wilting 

Badly
wilted 
terminal 
leaves 
dead 

Dead 

Normal 

Badly
wilted 
terminal 
leaves 
dead 

Dead 

Normal 

stems 
drooped
but leaves 
turgid 

Dead 

Normal 

stems 
drooped
but leaves 
turgid 

Dead 

Richard's solution Richard's solution Distilled 
less suerose less suerose boiled water 

Normal 

Slight drooping
leaves turgid 

Badly drooped 
but no discoloration 

Periods of over 

Normal 

Slight drooping
leaves turgid 

Badly drooped
but no diseororation 

Normal 

stems erect 
leaves turgid 

stems ereet 
leaves turgid 

40 hours were disregarded because of the 

• possibility of bacterial action• 
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• 
RESULTS 

The observations, as listed in Table XVI showed definite 

and comparable evidence of a toxic reaction in both the boiled 

and unboiled portions of the filtrate. HoweverJthe marked 

drooping shown by those cuttings placed in the Richard's sol

ution and in the Richard's solutions less sucrose indicated 

that at least part of the wilting of the filtrate treatments 

could be attributed to the components of the Richard's solution 

It appeared that the five percent concentration of sucrose was 

sUfficient to cause the early drooping of the flax stems. 

Accordingly, tips of flax plants were placed in clean test 

tubes containing Richard's solution, Richard's solution less 

sucrose, R. solan! filtrate, and distilled water. After 15 

• hoursi the cuttings in the filtrate were badly wilted. stem 

portions in Richard's solution showed severe drooping while 

those in the Richard's solution less sucrose showed slight 

drooping. The cuttings in the distilled water were erect and 

healthy. Each set was then removed, the ends were clipped, 

and they were placed in tubes of fresh tap water. 

The result was complete restoration of the healthy 

attitude in all except theA cuttings which had been placed in the 

R. solani filtrate solution. The tops of these cuttings were 

permanently wilted. 

Observations made in this test proved that a state of 

partial plasmolysis had been brought about by the five percent 

• 
concentration of sucrose in the Richard's solution and that 

slight plasmolysis had occurred in the Richard's solution less 

sucrose. Regarding the possible concentration of sucrose in 

the filtrate, after the 10 day growing period of the rungus , 



--- - ----. - 

rig. 2. Flax stems after 40 hours in 
R. solani filtrate, nutrient solution 
less sucrose, and distilled water. 
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it appeared unlikely that there would be any appreciable 

concentration left. One of the flask cultures was left 

for one month and from all outward appearance there was 

little or no further growth. The mycelial mat gradually 

darkened, sclerotia formed and when the mycelium was finally 

removed it resembled a thin sheet of cork both in appearance 

and texture. 

The over-all results of this experiment substantiated 

the findings of Newton and Mayers(22). 

The thermostability or the toxic substance was shown by 

the comparable degree of wilting in boiled and unboiled 

filtrate (Table XVV. 

• 
The substance is definitely toxic to flax cuttings (F~g. 2)~

It seems unlikely that this toxin can have much of an 

influence on the flax seedling f'rom the standpoint of damping

off in the field. , The mode of penetration of the fungus 

mycelium is mainly mechanical through the cuticle and 

epidermis or through below-ground wounds. Its action within 

the cortical cells brings about death and collapse of the 

supporting water conducting tissue resulting in dampf.ng-or.r , 

According to Baker (1), at best, the digestive enzymes of the 

fungus can only slightly precede the actual f'ungus hyphae. 

Furthermore it would appear that the occasion where R. solani 

growth could assume surrf.cderrt concentration to excrete enough 

of the toxin to cause wilting under natural conditions would 

• 
be a rare one and even though this did occur the rich sub

stratum necessary could not be extensive enough to be 01 any 

particular importance. In any ease under such obviouslY 

optimum conditions the popu.Latd.on 01- antagonistic organisms 
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• 
would also rise sharply and constitute biological control • 

•

•
•
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TOPIC VI 

The Use of Organic Matter as a Possible Control of R. solani-
Damping-Off of Flax 

The addition of organic matter to soil has a stimulating 

effect upon those microorganisms which are able to cause its 

decomposition. 

There appear to be selective qualities in regard to types 

of organic matter. Blair (3), in 1943,reported that one per

cent wheat straw had a depressive effect on the growth of 

R. solani. Tyner (30), in 19~, found evidence of differences 

in amounts of disease on wheat seedlings grown on oat, wheat 

and barley straw composts with oat-straw compost being least 

conducive to disease. Tyner (37), in 1948, stated that the 

• rhizospheres of wheat plants sown after oats showed numerous 

colonies of Penicillium and Mucor species and that this condition 

was less marked when wheat fo~lowed barley. 

Trichoderma lignorum, an active decomposer of organic 

matter was reported by Weindling (40), in 1932, to be parasitic 

on R. solani. He also reported (41), in 1934, that the addition 

of T. lignorum to sterile soil inoculated with R. solani reduced 

citrus-seedling damping-off at reactionsbelow pH 5.5.' 

Timonin (35), in 1941, stated that Trichoderma viride 

was credited as being a factor controlling the activity of 

pathogenic fungi in soil. 

This information prompted the writer to investigate the 

• 
possibility of controlling R. solani damping-off of flax by 

the addition of varying amounts of oat straw organic matter 

to soil. 
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Materials and methods 

Perpetually summerfallowed soil of a silty clay loam 

texture was selected for the experiment to ensure a very 

low level of organic matter. 

Twenty-five gallon crocks were cleaned, dried, plugged 

and standardized as to weight by adding quartz sand and 

filled equally with soil by weight. 

• 

Three inches of soil '\tTas removed from each of 15 of the 

crocks. Five grams of a finely ground mixture of oat-straw 

was mixed into each of the 5 portions of soil. This corre

sponded to an addition of 1 ton per acre. Ten grams, the 

equivalent of 2 tons per acre, were added to a second series 

of 5 crocks, and 20 grams, equal to an addition of ~ tons of 

organic matter, to a third series. Five crocks of soil less 

organic matter were set up as a control and the remaining 

five crocks of soil, less organic matter were sterilized at 

15 Lbs , pressure for 2- hours. 

Separate 10 day old potato-dextrose-agar cultures of 

R. solani strain 47-2 were placed in a blender with 90 mI. 
of distilled water and blended for 5 seconds to form a 

homogeneous mixture. 

The top inch of soil was removed from each of the crocks 

and 20 seeds of Royal flax were distributed over the surface 

and sufficient soil was replaced to hold the seeds in place. 

Twenty-five mL~. of inoculum with the addition of 10 ml~. of 

• 
distilled water, to ensure good distribution,was poured over 

the surface of the soil in each crock and the remaining top 

soil was replaced. All crocks were then watered up to a 

weight that ensured equal moisture content. Finally they were 



• 
placed on a bench in the greenhouse for observation• 

RESULTS 

The addition or oat straw to natural soil reduced both 

pre- and post-emergence damping-off or flax seedlings to a 

level below that shown by the natural soil controls when 

the rate 01' application was 4- tons per acre (Table XVI]], XIXl 

With regard to post-emergence damping-off, application at rates 

of 1, 2 and 4- tons per acre respectively, greatly reduced the 

loss of seedlings. However, within the organic matter treat

ments post-emergence damping-off rose with the increase in 

organic matter content of the soils while additions of 1 and 

2 tons per acre raised the percent of pre-emergence damping-off 

to a level in excess of that shown by the ~ tons per acre 

• application and the non-sterile checks • 

The non-sterilized checks showed more pre- and post

emergence damping-off than the sterilized checks. This proved 

to agree with the findings of Sanford (29, 30) and Blair (2). 

There was a substantial reduction in pre- and post

emergence damping-off among the non-sterilized and non

sterilized-organic-matter series. This agreed with Sanford's 

(30), observations, namely that virulence of R. solani is 

often temporarily lost despite relative abundance of the 

pathogen and presence of the host and, in some cases, it. 

seems to be completely lost. The two tests required only 

~B days so that it appeared extremely unlikely that anything 

• 
but loss of virulence could explain the reduction in damage • 
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TABLE xvru 

Comparison of data obtained from two consecutive tests on the 
damping-off of r'Lax by R. solan! strain Lf.7-2 in soil treated 
with varying amounts of organic matter ner acre. 

Emergence
(%)

Pre-emerg.
damping-off 

.. (16)
Post-emerge
damping-off

(9&) 

steril,e 
control 

blO 2 

17 .0 08 .0 

83.0 32.0 

29.4 0.2 

.... e Non-sterile & Ground oat strawNon-steri 
2 tons l+ tonscontrol 1 ton 

1 2 1 2 1 21 2 

i+.o 50.0 22.0 5;".08.0 02 •0 15.0 49 •0 

78 •0 4-0 .085.0 51.092.0 38.0 9•6 50.0 

25. 0 2.062.5 8.1 20.0 ,4.1 2'7.3 5.0 

a·Results of test 1. 

b.Results of test 2. 

All calculations are based on 100% Viability of the se~d.

• Comparison of the a.verage damping-off of flax by R. solani strain 
'+7-2 in soil treated with varying amounts of organic matter per 
acre (Table XVII). 

sterile Non-sterile Non-sterile '& Ground oat straw 
control control I ton 2 tons 4 tons 

Emergence 
(%) 4-2~ 5 35.0 32.0 27 .0 38.0 

Pre-emerg.
damping-of"f'

<%) 5(1.5 05.0 08.0- 73 •0 02.0 
Post-emerge
damping-off

(%) 17.8 '15.5 12 ..1 13. 5 16. 5' 

T~~s experiment shows that the addition of oat straw to 

soil has considerable merit as a partial control over R. solani 

daapf.ng-or'r of flax seedlings. The reduction in damping-off' is 

in all probability due to some biological control through the 

• 
selective et'r'ect of oat s tr-aw, as reported by Tyner (37). 

Further research, on a large scale, should be carried out on 

this possible method or control with emphasis being placed on 
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work under actual field conditions since the practical 

application of this means of control, if proven to be 

effective under t'ield condi tions, could be readily carried out 

by combining the oat crop and then working the straw into the 

soil. However,the upper limit of added organic matter would 

have to be determined. Ii' this level was found to cause an 

upset in the carbon-nitrogen ratio of' the soil the use of such 

a control method would be jeopardized. 

• 

• 
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TOPIC VII 

Grouping of R. solani Isolates from Flax 

Wide variations have been noted by many investigations 
,. 

in respect to morphologic and pathogenic characteristics 

shown by isolates of R. solani KUhn. Le Clerg (17), found 

evidence of physiologic races of R. solani when he compared 

isolates causing dry-rot canker, isolates causing Rhizoctonia 

crown rot of sugar beets, and those that attack potatoes. 

Monteith and Dahl (l~), compared cultures when they were 

gro'ill on several media under various conditions of temperature 

and pH. They found that both macro- and microscopic character

istics could be varied by varying the incubation temperature 

and the pH of the medium. Sanford (31), in stUdies on racial 

• ·d.il'ferences in pathogenicity reported that isolates taken from 

potato plants commonly consisted of many forms or races which 

exhibited wide differences in ability to produce lesions on 

potato stems. That strains are also a consideration among 

taet.er.s which influ.ence R. solani damping-off of flax in the 

soil, has been sho'iD quite conclusively in greenhouse and field 

plot tests (Topic 11). 

It was decided that an attempt should be made at grouping 

flax strains of R. solani using macroscopic characteristics, 

rate of growth and pathogenicity on flax as the three criteria. 

Methods and materials 

• 
If'orty-four flax isolates of R. solani were chosen for the 

~est. Each isolate was plated out on potato-dextrose-agar, and 

incubated at laboratory temperature. Radial growth¢ increments 

were recorded for a 3~liour period extending from 21 to 2~ hours 

after plate inoculation. Eight days later, the presence or 
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absence of sclerotia, sclerotial and mycelial color were noted 

and a tentative grouping was made. 

Ai"ter a twelve day incubation period comparative path

ogenicity tests were made using the Petri dish method. 

A second investigation of the growth characteristics was 

conducted on all isolates by inoculating potato-dextrose-agar 

slants, in triplicate. 

The original grouping was checked with observations made 

l'l days after inoculation of the slants and final grouping was 

made. 

RESULTS 

• 
Twelve different groups were obtained. Their macroscopic 

characteristics and pathogenicity on. flax, and number per group 

1'ollow: 

Group 1. 

Eleven isolates; average pathogenicity, total damping-off. 

tulture dark gray with little aerial growth and large dark 

brown sclerotia. Substratum dark brown. 

Group 2. 

One isolate; pathogenicity severe. Culture creamy-gray 

with considerable aerial mycelium and minute cream colored 

mycelial clumps. Sclerotia absent. Inoculum dark brown. 

Substratum slightly discolored. 

Group 3. 

Four isolates; pathogenicity total damping-of'!'. Culture 

• 
dark gray with extensive covering of aerial mycelium. Some 

small dark brown sclerotia buried in the substratum. 

Substratum dark brown. 



45 

• 
Group 4• 

Two isolates; pathogenicity, total damping-off. 

CUltures creamy gray with extensive aerial mycelium over

all; small dark brown sclerotia at the tips of the slants.

Substratum normal color.

Group 5.

Twelve isolates; pathogenicity severe. Cultures creamy 

gray with no aerial mycelium; very large dark brown sclerotia; 

inoculum gray to dark brown without sclerotia. Substratum dark 

brown. 

Group 6. 

• 
One isolate; pathogenicity not known. Culture grayish

white with very lit~le aerial mycelium; scattered brown 

sclerotia on the surface of the bottom one third of the slant • 

Substratum normal color. 

Group 7. 

Three isolates; pathogenicity total damping-off. Culture 

dark gray with slight aerial growth; inoculum has·large brown 

sclerotia, no other sclerotia present. Substratum slightly 

discolored. 

Group 8. 

Four isolates; pathogenicity moderate. Culture brown to 

dark brown with slight aerial growth; inoculum dark brown with 
I 

dark brown sclerotia; sclerotia present concentrated around 

the perimeter of the slant. Substratum somewhat discolored. 

• 
Group 9• 

One isolate; pathogenicity severe. Cult~e brown with 

_slight aerial growth; inoculum dark>'broWIl; sclerotia absent. 

Substratum somewhat discolored. 
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•

•

•



• 
isolates being made on the basis of their relative path

ogenicities. In the final analysis the virulence of a 

f'ungus is the true measure of its economic importance • 

• 

• 



• 
TOPIC VIII 

Studies on the Perfect Stage of ~. solani 

Prior to 192~ investigators had achieved little success 

in their etror-ts to obtain the perfect stage or R. solani in 

artificial culture. 

~uller (19), in lY2~, reported limited success in inducing 

t-rui ting of an R. solani culture by transrerring mycelium rrom 

a rich nutrient medium to moist filter paper in sterile flasks. 

However, SUbsequent efforts to duplicate his results f·ailed. 

Kotila (11), in 192t5, stated that he had been successful 

in inducing the f'ormation or basidiospores by Corticium 

praticola Kot. on artificial medium. 

• 
It was decided to test the reaction 01' a number 01' t'Lax 

strains of R. solani to a starvation medium in an attempt to 

bring about formation of the perfect stage in vitro. 

Method 

Two percent water agar, in Petri dishes, was inoculated 

f'rom one month old ma1t- extract-agar slant cultures of' the 

strains. The cultures were placed on paper towelling in a 

metal tray, covered by a large bell-jar and set on a laboratory 

bench before a south facing Yandow. Humidity within the bell

jar was kept high by periodically pouring a little water into 

the tray. 

RESULTS 

Growth was surprisingly good considering the age of the 

inoculum and the nature of the substratum. The hyphae were 

-. hyaline and the very low viscosity of the cytoplasm was 

evident from the Brovmian movement of cell inclusions. 

Seventeen days after plate inoculations strain R6-20 



• showed profuse basidiospore production and microscopic 

examination revealed the following morphological character

istics. The hyphae radiating outward from the inoculum 

produce short side branches. These branches bear clusters 

or cymes of basidia at their tips and each basidium bears 

two to four very long tapered sterigmata crovmed by 

basidiospores (Fig. 3a and Fig. ~b). The basidia are simple, 

urniform to clavate, with an average measurement of l3.4x8.l~

(Fig. 5c). The sterigmata are broadest just above the basidia 

and taper uniformly at maturity to a narrow point of attach

ment with the apiculi of the basidiospores. Sterigmata 

lengths average 26.6r(20.0 to 30.0r) and at the widest point 

average 4.7r(4.0 to 5.lr). Tv,O to fOUT, commonly four 

• sterigmata first appear as rounded protuberances from the tops 

of' the basidia (Blig. 4a and Fig. 0), and with continued- elongation 

gradually take on the characteristic tapered form. Finally small 

vesicles form at their tips. These structures develop into 

mature basidiospores 'YThich are forcibly ejected from the 

sterigmata. Basidiospores are thin walled, smooth, hyaline, 

apiculate and are slightly flattened on the inside (Fig. 3b), 

with an average measurement of 8.9x5.5~ After basidiospore 

discharge the basidia and sterigmata gradually collapse (Fig. 4c). 

Germination may be by repetition or by mycelium. Where germi

nation is by repetition, in the majority of cases, the 

sterigma arises from the apiculus and its length is approxi

• mately equaL to that of' its basidial counter part (Fig. 3c) • 

A new basidiospore develops at this sterigma's apex in the 

manner previously described. When a basidiospore germinates 

by a mycelium, growth usually begins at a point approximat€ly 
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fig. 3. 'Perfect 
.-

stage of R. solani 
strain R6-20. (Camera lucida x 3!O). 

a. Basidium bear~g four 
sterigmata and basidiospores. 

b. Basidiospores. 
c. Stages in basidiospore germi

nation by repetition.
d. Germination of basidiospores

by mycelium • 

• 
l 
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Fig. 1+. Perfect stage of R. solani strain 
R6-20. (Camera lucida x 600). 

a. Basidium with four developing 
sterigmata.

'b. Basidium bearing three sterigmata 
and basidiospores. 

c. Collapsing basidium after 
basidiospore discharge.

d. Part of a basidial cyme• 

•





Fig. 6. Phase photomicrograph of ~.
solani strain R6-20 on two percent 
water agar showing a main hyphal trunk, 
bearing a cyme or basidia with develop
ing and f~lly developed rruiting struc
tures. (x 200). 
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• 
opposite the apiculus (Fig. 3d). The sporeling develops 

rapidly with 'the characteristic appearance or branches 

slightly constricted at their point of origin and with 

the normal position of septa. Clamp eonnexions are absent 

and :t'ruiting areas are small and interspersed with sterile 

mycelium. 

. Taxonomic relationship 

The characteristics or the per~ect stage of strain 

Rb-20 correspond more closely to those 01' Corticium :p'raticola 

Kot. (11), than to either Pellicularia filamentosa (Pat.) 

Rogers (2Lf-), or Corticium solani (Prill. & Delacr.) Bourd. & 

Galz. (0). A comparison of certain features or these perfect 

stages will be facilitated by the data contained in Table Xx.. 

• Comparison of the morphologic characteristics of the mode of 
basidiospore germination of some members of the Thelephoraceae
with those of r'Lax strain Ro-20. 

}i'ungus 
c. 
solani 

Average 
basidial 
dimensions
;x 

l5x9 

Average 
sterigma 
length 

fA 
6>to 10 

Average lio. 
sterigmata 
per basidium 

4 to 6 
c. 
praticola
P. 

15.bXo.5 3 

Iilamentosa 
Ro-20 

15. '/:xlO. 5 
lb.t5xt$.l 

13.5 
26.0 

4
4 

Average 
spore 
measrt. 

Spore 
shap:e 

Spore
germination 

r
11.Ox5.0 Smooth, flattened 

inside 
Mycelium 

• 
7.7x5.2 

9.5x5.5 

ovate"smooth, 
apiculate 
Ellipsoidal, 
smoo.th , flat
tene.d inside 
Smooth, ovate, 
apiculate 

Repetition 

Repetition or 
mycelium 
Repetition or 
mycelium 
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• The length 01' sterigma sets R6-20 apart from the described 

species. Although the sterigma length of Corticium praticola 

approaches more closely the average found in R6-20, the differ

ence is 7.ar Type 01' basidiospore germination, average length 

and average number of sterigmata per basidium also deviate from 

those of C. Draticola sUfficiently to eliminate the possibility 

that Rb-20 could be classified as C. praticola. R6-20 bears a 

reasonable resemblance to Pellicularia filamentosa in average 

numbers of sterigmata per basidium, type of basidiospore germi

nation and average basidiospore measurements, but once again the 

difference in sterigma length is too great for this strain to 

be e.Las sf.r'Led as P. filamentosa despite the fact that the 

sclerotial stage of R. solani has been identified with that or 

• P. filamentosa • 

strain R6-20 is distinctly different from Corticium solani.* 
Testing 01' other strains 01' R. solani 

The test strains of R. solani which were used in field 

and greenhouse investigation work were set out on two percent 

water agar in an attempt to induce them to produce basidiospores. 

RESULTS 

lf1lax strain 4-7-2 produced the per-reef stage in 17 days. 

Alfalfa strain AR149 produced the perfect stage only after 

a 29 day incubation period. 

~falfa strain ARl4-9 was observed to produce only basidia. 

The yield of basidiospores noted on the two cultures was 

• 
small. Consequently it was decided that, owing to the scarcity 

of time available for investigation all future work would be 

concentrated on strain R6-20. 
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• 
Ef1'ects of Environment

Substrate

A second attempt to induce the formation 01"' the perfect 

stage by R6-20 was made using one percent water agar as the 

substrate. Four Petri plates were inoculated rrom a 4-7 day

old malt-extract-agar slant culture and subjected to the 

same environmental conditions as test number one. 

Three of the t'eur cultures produced meager basidiospore 

yields in 10 days. The scarcity of spores seemed to be due 

to many 01' the basidial cymes being buried in the substratum. 

The !'avourable results obtained by Kotila (11), in a 

similar investigation indicated trial 01"' the ei'fects of 

adding traces of calcium nitrate to one and two percent water 

• agar before inoculation. 

A much more vigorous and dense growth or mycelium was 

observed but no basidia or basidiospores were produced. 

Barley seeds were added to another series of Petri plates 

containing one and two percent water agar. Seeds of Montcalm 

barley were germinated on moist :filter paper and when the 

coleoptiles had emerged a distance of t to t inch three seeds 

were placed in each poured plate. The Petri plates were 

sterilized at 15 Lb.. for 15 minutes and!" inoculated. 

Mycelial growth was more vigorous and dense than that 

produced on the calcium nitrate plates but the perrect stage 

failed to develop. 

• 
The results of this limited experimentation clearly 

indicated the continued use of pure two percent water agar as 

a substrate in future work of this type. 
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• 
Light, humidity and temperature 

Carpenter (7), reporting on basidiospore production by 

Pellicularia filamentosa, stated that a highly humid 

atmosphere and incubation at 23°to 25°C. brought about the 

heaviest production and discharge of basidiospore at night 

and that sporulation during daylight hours was low or absent. 

A duplication of this environment was conducted. Two 

percent water agar cultures of strain Ro-20 were incubated 

at 25°C. with an atmospher~ humidity kept between 80 and 90 

percent. During the daylight hours light was supplied by 

two 100 watt ceiling lights and at night the laboratory was 

kept in total darkness. 

• 
This environment failed to induce fruiting in any of the 

cultures. 

Kotila (11), working on Corticium praticola,reported 

that incubation of cultures at 20°C. in fairly strong light 

in an atmosphere kept at 60 percent humidity resulted in good 

basidiospore production. 

Cultures of R6-20 were submitted to similar environmental 

conditions with reasonably good results. Three of the six 

cultures tested produced the perfect stage in 17 days. 

This set of conditions was copied in all later work where 

cultures were being tested for ability to fruit. 

Age of inoculum 

The -inoc~liation of a two percent agar substrate with 

• 
transfers from one month old potato-dextrose-agar and malt

. extract-agar sub-cultures of R6-20 resulted in moderately 

consistent basidi~spore production,but this routine involved 

carefully timed sub-culturing. In the hope that the fruiting 



• 
process could be accelerated and the amount of' sUb-culturing 

reduced, tests were made using as inoculum ~, 7, and 14 day 

old cultures of Ro-20. 

The tests gave negative results. Growth of mycelium 

was more luxurious than that observed when 30 day old inoculum 

was used because of the higher level of nutrient in the 

inoculum. 

Single-spore Isolation and Study 

Method 

Petri plates containing the !'ruiting cultures of strain 

Ro-20 were carefully inverted over potato-dextrose-agar plates 

for periods of' 15minutes, 1, ~, 7, 11 and 24 hOUTS respectively. 

For exposure periods o~ longer than one hour a Petri dish lid 
... 

containing distilled water was placed on the top talf-dish and 
~

the assembly was covered with an inverted vessel to maintain•
. 

~umidity. Seven hours exposure was found most satisfactory. 

The exposed plates were incubated at laboratory temperature for 

~8 hours. 

F1ol l owing incubation each Petri plate was inverted on the 

microscope stage 'and searched for germinated basidiospores. 

Suitably isolated sporelings were marked by means of a 

marking objective. The plates were then opened and small agar 

disks containing the sporelings were removed with the aid of a 

cutting device fitted over the 10 power microscope objective. 

After each disk was removed it was carefully examined to make 

• 
certain that only one specimen had been removed. These isolates 

were then transferred to potato-dextrose-agar slants. A total 

of 50 sporelings were taken but of these only 10 continued to 
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• 
grow • 

Growth rates of single-spore cultures 

Method 

Newton's (21) gro\rth-rate tubes containing potato

dextrose-agar were inoculated from single-spore slant 

cultures and incubated at 25'!O.5°C. The parent cUlture, 

R6-20, was also tested for a comparison of its rate 01' 

growth with those shown by the single spore cultures. 

RESULTS 

Tabulations of data we~begun on the third day of 

incubation and continued for 14 days. The results are 

listed in Table X]l. 

TABLE XXI 

• Average linear growth in mbllimeters of single-spore cultures 
of R6-20 in 24 hours at 25 c. 
Culture Rb. Rb· Rb Rb Rb Rb Rb Rb 
number 1 2 3 ~ 5 6' 7 8 
Average 
growth 10.9 10.6 11.'1 12.0 11.3 12.5 9.7 

Ro-20

a. These cultures failed to respond to incubation. 

The data in Table XXlshow that a wide divergence in 

rates of growth occurred between single spore cultures. 

The range extended from no growth as in single spore culture 

Rbo. The latter culture showed almost as vigorous a rate of 

growth as the parent culture R6-20. Cultures Rb ~O and Rb l~

• grew extremely slOWly• 

These differences in rates of growth at constant 
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• temperature indicate that the parent culture is heterozygous. 

Pathogenicities of single-spore cultures 

Petri dish pathogenicity tests were made to determine 

the parasitic qualities of the single spore cultures. 

Readings were taken on the fourth day 01' incubation 

(Table XXII). 

TABLE xxn 
Pathogenicity or single spore cultures 01· Ro-20 
on EOlal Flax in Petri plates. 

Pathogenicity 
Culture (damping-off) 

,It 

• 

B6-20 total 
Eb 1 severe 
Rb 2 severe 
Eb 3 severe 
Eo it severe
Bo 5 moderate 
Eo 6 trace 
Eo 7 severe 
Eb ti trace 
Eo 9 total 
Eb 10 none 
Eb 11 total 
Rb 12 severe .r 

Eo 13 severe 
Rb 14 none 
Bo 19 trace 
Bo 20 none 

The resu1ts showed a range ..pf pathogenicities extend

ing from non-pathogenic to total damping-off of the flax 

seedlings. These marked differences provided further 

evidence of a heterozygous condition in the parent culture. 

Investigation of the Sexual Nature or Strain n6-20 

Single spore CUlture production or oasidiospores 

Since B6-20 showed no clamp connexionsthe single spore

• cultures were subjected to tests on 2% water agar to deter
..,.. 
mine whether or not they would produce basidiospores. This 

test would give a more positive indication 01' the sexual 
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• 
nature of the parent strain• 

TableXXlllshows the results of this experiment. 

TABLE XXlll 

Results of the incubation of single spore cultures of R6-20 on 
2% water agar. 

Rb Cultures 
1 2 '~ 1+ 5 6 ? t$ <:} 10 11 12 l-~ 14 19 20

Ia. b. c, 
Reaction BtS B B+S B B - - - - - Bi-S B BtS B - -

a. Basidia , 

b. Basidiospores 

c. Negative 

• 

The presence of basidia in 9 of the 10 cultures and the 

production of basidiospores in 4 of those gave strong evidence 

of a homothal1ic state. The fruiting structures conformed 

with those found on the parent culture • 

These features indicate that the dicaryotic condition is 

not initiated by conjugation with hyphae from a thallus of an 

opposite sex but arises within the single spore cUlture. 

Mating of some single spore cultures 

A small scale matrng or pairing experiment was set up in 

order that a comparison could be made with the results obtained 

in the previous test (Table XXII]. 

Cultures and procedure 

Single spore culture Rb 10 was chosen as the common member 

01" the mated pairs because of its lack of pathogenici ty on 
. 0 . 

f'Lax (Table XXIl), its extremely slow rate of growth at 25 C. 

(Ta ble XXI), and its :t'ailure to produce either basidia or 

• basidiospores (Table XXll~. Inoculations were made from 30 day 

old potato-dextrose-agar slant cultures to Petri plates of 2% 
water agar and the 1'ollo'Vling matt ngs were made: Rb lOxRb 1, 2, 
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• 3, ~, 5, 6, 7, ~, 9, 10, 11, 12, 13, 14, 19 and 20. All 

Petri plate cultures were placed under standard environ

mental conditions and kept under daily observation. 

RESULTS 

Basidial formation occurred. in mated pairs Rb lOxl, 

Rb lOx2, Eb lOx3, lib 10x5, Eb lOxll, and Hb lOx14. Only 

. etu.ture Rb lOxll produced basfcaosperes, 

• 

Referring back to :eable XXl~l., single spore cultures 

Rb 1, 2, 3, ~, 5, 11, 12, and 14 all formed basidia, with 

Rb 1, 3, 11, and 13 producing basidiospores. The results 

or matings showed that all cultures that produced basidia 

or basidiospores reacted in a similar manner when tested 

separately (Table XXl~. Culture Rb 10 had no apparent 

LntLuence on any of the single spore cultures • 

The morphologic differences which appear in the perfect 

stage of culture Ro-20 create a problem as to where it will 

best 1-it into the Thelephoraceae. The \-1ide divergences in 

comparative measurement of sterigma lengths in particular, 

and to a lesser degree in spore shapes and measurements 

indicate that 'R6-20 is at least a different species of 

Pellicularia. It conforms to P. filamentosa most closely in 

spore shape size, and number of sterigmata per basidium and 

in the nature of basidiospore germination (Table xx.), 

Regarding medium, two percent distilled water agar is 

the most satisfactory of the substrata tested. It appears 

that the substratum must be low in nutritive value before 

• fruiting occurs. Additions of calcium nitrate and germinated 

barley seeds are sufficient to induce good mycelial growth 

but this is at the expense of fruiting. Both potato-dextrose
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• 
agar and malt-extract-agar slant cUltures produce 

basidiosporeswhen inoculum of an age of 30 days or over 

are placed on two percent water agar but there is complete 

failure when similar inoculations are made f'rom younger 

are made to a near starvation medium. 

• 

The results of limited experiments on effects of light, 

temperature and humidity, strongly indicate that strain Rb-20 

can be induced to form its sexual stage only under conditions 

which approach those reported by Kotila (11). These conditions 

are, first that light is benet'Lcda.L, second that a humidity of 

60 to 70 percent is necessary and thirdly that the temperature 

s~uld be within a range of l~ to 24~preferably 21°C. 

The absence of clamp connexions in the perfect stage 

points to a homothallic basidiomycete.Cll1ture R6-20 has no 

clamp connexions. The production of the basidiospores in four 

of the16 single spore cultures (Table XXll~ and the presence 

of basidia in nine others provide strong evidence in support 

of the belief that R. solani strain R6-20 is homothallic. 

This agrees with reports by Exner and Chilton (9), and 

Kotila (12). 

The variation shown by single spore cultures in respect 

• 
to gr-owth rate at 25°C (Table :xx~ and pathogenicity on flax 

(Table XX~, support the findings of Exner and Chilton (9), 

and Kotila (12), namely that a heterozygotic chromosome 
I 

condition exists and that segregation takes place at some 
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point during the formation of the perfect stage. This 

process is considered by the aforementioned workers to 

be important in the origin of new strains of the fungus. 

It seems very probable that sporulation must be taking 

place continually in nature when environmental conditions 

are favourable. 
. "'-' 

• 

•
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• Discussion and Inferences 

The studies conducted during the period extending 

from the spring of 1948 up to the present time on 

Rhizoctonia solan! damping-off of flax have produced 

varied results. This is to be expected in view of the 

nature of the rungus parasite1s habitat. 

The existence of strains of R. solan! constitutes an 

important factor in the damping-off of flax seedlings. 

The results obtained from both field and greenhouse
l 

experiments bear out previous reports of their existence 

and specif'icity (2, 17, 31, 33, 34, 38). Flax strains 

CC-4, 47-2 (Table V, VI, X) and alfalfa strains ARl49 and 

ARl40 (Table VIII) are very pathogenic on flax. The re

• maining strains C.Bar, P. Rhiz. and SRCI (Table VIII),

show less pathogenicity when tested on t'Lax varieties but

this may be the result of greater specificity since they

originate from barley soil, potato ands'Weet clover res

pectively.

The work on the. perfect stage of strain Ro-20 points out.

at least partially, the origin of these strains of R. solani
"""\A,t'o.~io", o.~c(

(Topic VIII). It is possible that"fragmentation of the 

fungus hyphae in the soil may also cause new strains to be 

borne. 01' the 16 single-spore cultures tested forpathogenici ty 

on flax)a range of parasitism extending from nil to total 

damping-off was revealed (Table XXIV. 

• 
Dakota, Redwing, Royal, and Rocket flax show differences 

in resistance to strains of R. solani. The results of both 

field and greenhouse tests show Dakota to be most resistant 

to the virulent strains CC-4 and 47-2 (Table V, VI). The 



•

•

•
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• 
The effect of soil packing appears, from the tests 

conducted (Topic 11), to depend upon both soil type and 

type of packing employed. The subsoil method results in 

a highly significant reduction in damping-Off when applied 

to a lighter textured soil similar to that used in green

house tests (Table lX, X). The effect upon the fungus 

appears to be retardation 0.1' growth through a reduction in 

aeration and mechanical restriction of grewth , 

The effect upon the host seed is a compacting of the 

surrounding soil preventing excess loss of moisture, providing 

a more shallow soil cover above enabling it to germinate and 

emerge more qUickly and thus be more capable of resisting 

attach by the fungus until it has passed the critical period 

• which seems to be the first three weeks after emergence • 

Surface packing of soils comparable in texture to the 

silty clay loam of the field plots, is detrimental to the 

emergence of the seedlings because of the formation of a 

crust which restricts emergence. At the same time the subsoil 

1s not likely to be compacted sufficiently to retard the 

activity of R. solani. In fact it is highly probable that 

seedlings which would otherwise survive, are held back long 

enough by the top crust to enable the fungus to cause ~n

abnormally high incidence of pre-emergence damping-off and 

weaken those that emerge SUfficiently for them to be damped

orr in the post-emergence stage of growth. Bowever , more 

'. work is necessary before it will be possible to state with 

any degree of certainty whether the subsoil packing method 

will give the desired effect when applied to a heavier textured 

soil. 
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Damage to flax through saprophytic spreading of' 

R. solani appears to be negligLble in soils comparable 

to those upon which tests were conducted. ~he nature 

of the greenhouse soil and the restricted distance 

between the rows of flax (2.5 inches) would reveal any 

significant spreading ability. FUrthermore the distance 

between seedlings in the rows would facilitate travel of 

the fungus from plants in inoculated portions to those in 

uninoculated sections in either field or greenhouse plots. 

The La Touche
; 

(13) 'I method of obtaining R., solani and 

J:l'usarium species from the soil does not give an accurate 

measure of' the relative prevalence of the fungi in soils 

which have been planted to different crops. The method is 

• satisfactory insofar as trapping the fungi is concerned but 

the area covered per trap is too small and a very large 

number of the slide traps would have to be used to give 

reasonably accurate indication of' the proportions of fungi 

in a soil. A much more practical method of surveying soils 

would be to seed representative samples of each to Redwing 

flax which appears to be very susceptible to attack by 

R. solani in heavier soils. 

No concrete evidence can be found from experiments 

conducted on the effect of cereal crops"on the persistence 

or propagation 01' R. solani in,soil (Topic IV). However, 

the presence of the fungus in the coleoptiles of barley 

• 
plants growing ininocnlated soil, and the relatively greater 

numbers of R. solani isolates taken from i'ields which had 

been sown to bar-Ley wi thin a period of two years of' the 

time when flax was sown, (Table Xl, XII), gives a strong 
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• 
indication that barley does help to preserve the level of 

the fungus in the soil. 

Further investigation should be made into this facet 

or the work in an area where extensive observation can be 

made on flax following various crops. Only through such 

observations will it be possible to assess accurately the 

effect of crops on the incidence or the disease. 

• 

Oat straw organic matter has b~en round to have a 

depressing erfect upon the incidence of R. solani post

emergence damping-off of flax (ftopic VI, TableSXVlll, XJX)...... 

There is a definitely beneficial action which agrees with 

Tyner's observations (36). However, the higher percentage of 

r'Lax seedlings damped-off in the 4- ton-per-acre treatment is 

a.complicating factor not in 
,\-"
agreement with results'reported 

by Blair (3). 

The continuation of this investigation on a more extensive 

scale WOUld, in all probability)clarify this situation and in-
i/ 

dicate the most beneficial application 01' the organic matter. 

In any case oat straw organic matter is of definite value in 

reducing post-emergence dampf.ng-eotr of l'lax in natural soil. 

F'rom the standpoint 01' partial control 01' R. solani 

damping-off 01' flax, these studies prevt.de some concret.e leads. 

The application of oat straw organic matter shows promise of' 

reducing the disease .:frnthe rield, as does the subsoil method 

of packing (Table X). Dakota flax shows the greatest resistance, 

• 
of the varieties tested, to the virulent strains of R. solani 

CC-Lr and Lf-'7 -2. 

The development of the perr ee t stage of r'Lax strain Ro-20 

on two percent water agar haS shown, in one way at least, how 
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strains of R. solani may arise. The differences shown 

by single spore cultures in pathogenicity tests on Royal 

t'Lax (Table XXI)), and the dif'!'erences in rates or growth 

(Table·Xll, show that the parent culture is heterozygous and\ 

able to g~ve rise to new strains through segregation or factors 

during nuclear divis~on prior to basidiospore t'orma'tdon , 

The strain is qUite definitely homothallic,since single 

spore cultures can be induced to r'erm the perfect stage in 

artil'icial culture without benet'L t of' pairing. 

• 

Further work is required to obtain the consistent pro

duction of the perfect stage in vitro. Once this has been 

accomplished it will be possible to classify species and 

strains of R. solani with greater accuracy and rapidity. 

Furthermore it will pave the way for cytological studies 

which should reveal the type and locus of segregation, the 

nuclear state in the haploid and diploid mycelium, and how 

diploidization occurs in a homothallic strain of li. solani 

which shows no clamp connexions. 

The varied results obtained from the studies of R. solani 

damping-off of flax serve to show the complex nature of an 

investigation on this fungus parasite whose activities are 

confined to below ground portions of the plant. Being in the 

soil it is subject to this dynamic environment, many phases of 

which still remain very much a mystery. Controlled experimental 

work is thus made extremely difficult because of the many com

• 
plicating factors brought about by the association and action 

of the other microflora. Research conducted on damping-off in 

sterilized soil is of some value. Howeve~ it fails ~o approach 

the true picture because of a decrease in pathog~nicity (Table 
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• 
~Vlll, XIX), below that shown by the same strain of the 

fungus in natural soil. This is in agreement with findings 

repartee by Sanford (30), and is. quite the reverse of what 

would normally be expected to occur under conditions of 

antagonism and competition. 

The study of R. solani damping-off of flax is one 

worthy of long term study comparable to those conducted on 

other members of the root-rot complex. 

• 

• 
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• Summary 

1. RhizQctonia solani KUhn strains taken from flax and 

alfalfa showed the greatest pathogenicity on flax 

while those from sweet clover, potato and barley soil, 

were onlY,slightly pathogenic. 

2. Dakota flax proved to be more resistant to ~. solani 

than Royal, Redwing or Rocket. In greenhouse tests the 

order, rrom greatest to least resistance, was Dakota, 

Redwing, Rocket, Royal. In field tests the order was 
•Dakota, Rocket, Royal, Redwing. 

3. Damping-off was more severe in lighter soil. 

4-. Subsoil packing of light soil caused a significant 

reduction in damping-off of t'Lax ,

• 5. Surface packing of s~lty clay loam soil had no sig

nificant effect. 

6 •. Ceresan treatment of seed showed no significant 

controllingteffect. 

7. Damping-off due to saprophytic spread of R. solani 

through field and greenhouse soil was found to be 

negligible. 

8. The La Touch~ slide trap method proved satisfactory 

for extracting R. solani from soil. 

9. Additions 01' ground oat straw at rates of 1, 2, and 4 

tons per acre reduced R. solani damping-off of flax. 

10. The· results obtained from one experiment revealed no 

• appreciable differences in the relative amounts of 

R. solani damping-off of t'Lax following wheat, 'oats, 

barley, summerfallow.or flax. 
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• 11. Damping-off .1~as more severe in natural than in sterilized 
\I'lI~Il';" both W<..e, 

soil~inoculated with R. solani. 
/ 

12. Twenty-five per cent of the total fungi isolated from 

late root-rot plants were R. solani. 

13. Observations showed that R. solani damping-off of flax 

decreased with increase in moisture content of th€ soil. 

14. A thermostable toxin produced by R. solani in liquid 

cufture , caused "Tilting of flax stem cuttings. 

15. R. solani isolates were grouped according to their 

pathogenic resuonses on flax and their cultural character

istics. 

16. The Cortici~ stage of R. 'solani was produced on two 

per cent water agar. Single-spore cultures shoved differ

• ences in rate of growth at 25°C., and in pathogenicity 

on flax. Single-spore cultures produced the perfect 

stage on two per cent water agar. 
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