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CHAPTER 1 

G E N E R A L R E M A R K S ON THE RHIZOCTONIA D ISEASE 

1.1. I N T R O D U C T I O N 

The black scurf or Rhizoctonia disease is one of the most common and 
widely spread diseases of the potato, Solanum tuberosum L. The disease occurs 
on the plants in any stage, and exhibits a number of interesting symptom 
characteristics which vary with climatic conditions, age of the host, and part 
of the plant attacked. The severity of the injury is highly dependent on en
vironmental conditions. 

The disease attracted wide attention among plant pathologists, and it has 
been investigated by many workers. 

1.2. SUSCEPTS 

The pathogen causing Rhizoctonia disease of potatoes has been reported 
on over 230 species of plants in 66 families. As the damage done in many cases 
consists of a damping off of seedlings, the disease is considered one of the most 
serious and troublesome maladies of seedlings. 

It is known that the causal organism has an extremely wide host range, and 
comprises an indefinite number of races that differ culturally as well as patho-
genically. There are, however, indications that certain races appear to be more 
specific for certain crops than others. Some experimental results for instance 
indicate that isolates from sclerotia on potato tubers seem to be less pathogenic 
to potatoes and sugar beet than isolates from potato stems or sugar beet. 

Many cultivated crops other than the potato such as ornamentals and weeds 
are subject to this disease. One species of Rhizoctonia is reported even to be a 
parasite of other fungi (BUTLER and KING 1951). 

1.3. NAMES OF THE DISEASE 

The name ''Rhizoctonia' is the most common in the literature and has much 
in favour to designate the disease. The disease was first named 'Schorf' or 
'Grind', i.e. 'Scurf' or 'Scab'. Later, in the German literature the disease was 
called 'Pockenkrankheit' ( = pox disease), and 'Rhizoctonia Keimfäule' ( = 
Rhizoctonia stem rot) (KÜHN 1858, SCHANDER and RICHTER 1924). 

The disease has also been termed by other common names : viz. black scurf, 
little potatoes, dry stem, russet scab, black scab, lakschurft, scurf and Rhizoc
tonia rot. 

1.4. HISTORY AND RANGE 

Our knowledge of the Rhizoctonia disease of potatoes and other cultivated 
plants dates back to JULIUS KÜHN in Germany (1858). It appears that at that 
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time, the disease was quite common in Germany and probably in most of 
Europe. 

In the United States of America, the disease was described by DUGGAR and 
STEWART in 1901. Since Rhizoctonia disease of beets, cotton, etc. had been 
recorded in the U.S.A. during 1890 to 1900, it seems probable that the disease 
was present but unrecognized in potatoes before 1900 (DUGGAR and STEWART 

1901). In the Netherlands the disease has been reported by WESTERDIJK (1915) 
especially R. crocorum and R. solani appeared to be very abundant on potato in 
Holland. According to PELTIER (1916), the disease was first reported in England 
in 1904. In Australia, MCALPINE (1912) found R. solani very widely distributed 
on potato. The disease is found on potatoes in all countries that have pest 
control or reporting services. 

The Rhizoctonia disease has undoubtedly been distributed throughout the 
potato growing areas of the world by means of the sclerotia present on the 
tubers. The pathogen has also been reported to occur in many areas as a natural 
inhabitant in non-cultivated soils. 

1.5. IMPORTANCE OF THE DISEASE 

Rhizoctonia disease of potatoes is regarded as one of the most serious 
diseases of potatoes because of its marked effect on tuber development and the 
presence of the black sclerotia on the tubers which presumably decreases the 
market value of the crop. 

In many cases the sprouts are attacked and killed by the pathogen. This 
condition causes poor stands, single stemmed hills, and the production of 
'little potatoes'. These effects are considered of great importance especially 
in seed potato growing areas. 

1.6. NATURE OF LOSSES 

Rhizoctonia disease occurs on all parts of the plant but three main parts of 
the plant are primarily attacked : 
1. The sprouts. 
2. The main stems which become girdled. 
3. The tubers which may be injured directly by the occurrence of russeting or 
scab, by a cracking of the tuber, by the formation of pits at or near the lenticels, 
and by a wet rot of the tuber; or indirectly by the condition known as 'little 
potatoes' and by the presence of sclerotia on the tubers. 

1.7. SYMPTOMATOLOGY 

The disease has different symptom complexes and practically all parts of the 
potato plant show effects of the disease during some stage of their development. 

In the same field there may be vigorous healthy-looking plants, others that 
are stunted, some that are weak and spindling and many others missing. The 
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affected plants usually have smaller leaves, abnormally upright, and maybe 
dark green. If such plants are pulled up, the underground portion of the stem 
shows a brown rotting of the cortex known as 'cankers', which may girdle the 
stem 2.5 cm or more below the soil surface. 

Cankers may also occur on the stolons, separating the new tubers from the 
main stem, and thus preventing their further development. Such cankers inter
fere with the movement of food material to the roots and tubers and thus 
suppress their normal development. 

On the tubers the disease is characterized by the presence of hard black or 
brownish-black bodies closely adhering to the skin. These sclerotia are entirely 
superficial, crust-like hyphal masses that range from minute to large irregular 
aggregates about 2.5 cm or more across. They are often referred to as 'the dirt 
that won't wash off' (Plate 1). If many of them are present, tubers are rendered 
unsightly and unmarketable. These dark brown or blackish sclerotia are the 
most characteristic and diagnostic signs of the disease. 

1.8. ETIOLOGY 

1.8.1. General Survey of the literature 

As Rhizoctonia spp. are of great economic importance, their accurate iden
tification is a matter of fundamental importance. 

The first description of a Rhizoctonia disease was given by DUHAMEL (1728), 
who found it to cause a disease of saffron {Crocus sativus) in southern France. 
DUHAMEL, unaware of the fact that this disease was caused by an organism gave 
it the name tuberoides. DE CANDOLLE (1815), who discovered a similar disease 
on lucerne showed it was caused by a fungus which he named also Rhizoctonia. 
The genus includes also the species R. crocorum (Pers.) D.C. In fact the first 
valid description of the genus is that given in FRIES systema Mycologicum 
(1823). 

In 1851, the TULASNE brothers classified all forms of Rhizoctonia as a single 
species Rhizoctonia violaceae, a classification which has been adopted by a 
number of authors. 

The Rhizoctonia disease of potatoes was first described in 1858 by KÜHN, 
who gave the causal organism the name Rhizoctonia solani Kühn. In fact, 
KÜHN was acquainted only with the mycelial and sclerotial stages. 

Since the time of KÜHN extensive studies have been made dealing with the 
nomenclature of this fungus. However, the nomenclature of this plant pathogen 
has had a controversial history. In the absence of any sporing stage the species 
was characterized by its hyphal morphology. 

The perfect stage of R. solani was not known until PRILLIEUX and DELACROIX 

(1891) described a basidiomycetous fungus which they named Hypochnus solani 
Prill, et Delacr. However, they did not recognize it at that time as the perfect 
stage of the pathogen known to them as Rhizoctonia solani Kühn. 

ROLFS (1903) working on the Rhizoctonia disease in Colorado observed the 
basidiomycetous stage constantly associated with this fungus on the stalks and 
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lower leaves of potato plants. BURT (1918) called it Corticium vagum B. and C. 
var. solani Burt. 

In 1911 BOURDOT and GALZIN stated that the perfect stage should be classified 
in the genus Corticium rather than in Hypochnus as had been done by PRILLIEUX 

and DELACROIX. They therefore changed the name to Corticium solani (Prill, 
and Delacr.) BOURDOT and GALZIN. ROGERS (1943), classed the fungus under 
the new genus Pellicularia. Since that time the basidial stage is called Pellicularia 
filamentosa (Pat.), Rogers, whereas the mycelial stage is named Rhizoctonia 
solani Kühn. 

Since the discovery of the perfect stage of Rhizoctonia solani, considerable 
research has been done to obtain this stage in pure culture. For this purpose 
several methods have been described. The study of the sexual stage in pure 
cultures has contributed much to clarify the existing confusion (CARPENTER 

1949, EXNER and CHILTON 1944, FLENTJE 1956, FLENTJE et al. 1963, FLENTJE and 

STRETTON 1964, HAWN and VANTERPOOL 1953, KOTILA 1947, STRETTON et al. 

1964, ULLSTRUP 1939, WARCUP and TALBOT 1962, and WHITNEY 1964). 
Reviews on the nomenclature and taxonomy of R. solani have been given by 

DUGGAR (1915), FLENTJE (1956), KOTILA (1929, 1947), OLIVE (1957), PELTIER 

(1916), and ROGERS (1943). 
The considerable confusion which later prevailed with regard to the nomen

clature of the basidial stage of Rhizoctonia led to the thorough studies of DONK 
(1954, 1956, 1958). He made an extensive study on the taxonomy of the fungus, 
and amply discussed the literature pertaining to this subject. He concluded that 
the name Pellicularia is untenable for this group and created a new genus : 
Thanatephorus Donk. 

DONK (1958) made clear that the species name is not solani because FRANK 

(1883) described at ah earlier date a Hypochnus species, which he named cucu-
meris, and which is obviously identical with Hypochnus solani Prill, and Delacr. 
Therefore the name of the perfect stage of R. solani has to be Thanatephorus 
cucumeris (Frank) Donk. 

FLENTJE et al. (1963) have recently reviewed the taxonomy of R. solani and 
confirmed that the analysis of DONK is the most satisfactory to date. WARCUP 

and TALBOT (1962) listed thé following provisional synonymy: 
Hypochnus cucumeris Frank; in Ber. dtsch. Bot. Ges. 1 (1883), p. 62. 
Rhizoctonia solani Kühn, in Krankh. Kulturgew. 1858, p. 224. 
Hypochnus solani Prill, and Delacr., in Bull. Soc. mycol. Fr. 7 (1891), p. 220. 
Corticium solani (Prill, and Delacr.) Bourd. and Galz., in Bull. Soc. mycol. 
Fr. 27(1911), p. 248. 
Botrobasidium solani (Prill, and Delacr.) Donk, in Nederl. mycol. Ver. 18-20 
(1931) p. 117; ROGERS Univ. Iowa. Stud. Nat. Hist. 17 (1935), p. 18. 
Hypochnus filamentosa Patouillard sensu ROGERS. 

Pellicularia filamentosa (Pat.) Rogers in Farlowia (1943), p. 113, fig. 11, Cun
ningham in Trans. Roy Soc. N.Z. 81 (1953), p. 328. 
Ceratobasidium filamentosa (Pat.) Olive in Amer. J. Bot., 44 (1957), p. 429-435. 

In the absence of the basidial stage, many investigators refer only to the hyphal 
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features for identification. However, many of these features do not provide 
definite proof for identification, for they are also common to the vegetative 
stage of other organisms. Therefore, it is important that one should attempt to 
produce the perfect stage of any Rhizoctonia being studied to avoid further 
confusion as far as possible. For the sake of convenience in this thesis the much 
used names of the imperfect stage Rhizoctonia solani, also R. solani or Rhizoc
tonia will be applied. 

1.9. SCOPE OF THE PRESENT INVESTIGATION 

Since the sclerotia and the mycelium of the causal organism are generally 
prevalent in soils, whereas outbreaks of the disease occur only occasionally, it 
is likely that the development of the disease is highly dependent upon favourable 
environmental conditions. 

It has already been reported that Rhizoctonia exists in natural soils in the 
form of several clones which may be distinguished morphologically and patho-
genically, and which exhibit varying saprophytic and parasitic capabilities. It is 
the purpose of the present investigation to contribute to a better knowledge on 
the cultural characteristics of the different isolates obtained in the course of this 
investigation from sclerotia present on potato tubers. It was decided to in
vestigate the effect of temperature, various media, and some antimicrobial 
agents on the growth rate of the fungus to gain more knowledge in this field. 
Pathogenicity tests were made in the hope of finding a relation between 
different types and degrees of virulence. 

Moreover, adequate control measures of diseases caused by soil-inhabiting 
fungi such as Rhizoctonia cannot be developed unless the saprophytic phases of 
such primitive parasites have been studied adequately. Another point worked 
out in this paper was to develop a more reliable, simple and rapid method for 
detecting and isolating Rhizoctonia from soil. The present dissertation contains 
a description of this work. 

In addition, knowledge regarding the saprophytic behaviour of the fungus in 
the soil, and its persistence under different conditions is of great importance. 
Because of the conflicting literature dealing with the saprophytic behaviour, it 
seemed advisable to investigate some aspects in this direction. In the course of 
these investigations, several isolates were obtained by the new method described. 
Since this method does not distinguish between pathogenic and non-pathogenic 
strains of R. solani, supplementary pathogenicity tests had to be made. 
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CHAPTER 2 

P H Y S I O L O G I C A L STUDIES 

2.1. INTRODUCTION 

Since the time of JULIUS KÜHN (1858) extensive literature has been published 
dealing with different physiological aspects of the fungus Rhizoctonia. 

Many investigators have studied the variability of R. solani with respect to 
growth habits, physiology and pathogenicity. DUGGAR and STEWART (1901) 
were the first who studied Rhizoctonia as a cause of plant disease. The literature 
concerning cultural variation of R. solani prior to 1934 was reviewed adequately 
by LE CLERG (1934). KERNKAMP et al. (1952) published a comprehensive review 
of investigations on physiologic specialization and parasitism of R. solani up to 
1951. Since that time investigations on cultural variation of R. solani have 
included the following: 
1. Studies of the type and range of cultural variations, 2. Attempts to determine 
whether certain cultural, morphological or physiological characteristics could 
be used for distinguishing species of Rhizoctonia, 3. Attempts to determine 
whether there is a correlation between cultural characteristics, sensitivity to che
micals, and origin of the isolate on the one hand and pathogenicity on the 
other hand. 

Studies in this respect included isolates from different crop plants, and were 
made with tissue-culture, sclerotial, single basidiospore, and hyphal-tip isolates. 
From a survey of the literature concerning this subject, it is obvious that the 
species Rhizoctonia solani comprises an idefinite number of races or strains that 
differ in cultural characters as well as in pathogenicity. 

It was decided, therefore, to investigate the influence of temperature, various 
media and some chemicals and antibiotics on the growth of sclerotial isolates 
of Rhizoctonia. As far as the author is aware no previous accounts on sclerotial 
isolates of the fungus have been published in the Netherlands. In addition, 
knowledge regarding the behaviour of Rhizoctonia may be of importance to 
develop control measures. 

2.2. MATERIALS AND METHODS 

2.2.1. Source of isolates 

In order to study differences between isolates of the fungus, several hundred 
isolations were made from sclerotia present on tubers of several potato varieties, 
grown under different conditions in several localities in the Netherlands. In 
addition, a few isolates were obtained from seed potatoes grown in the Republic 
of Ireland. 

According to their general morphological appearance on cherry agar slants 
the isolates could be divided into three groups : 
1. With very little or no aerial mycelium. 
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2. With abundant aerial mycelium. 
3. With intermediate growth habit. 

In general, it was not difficult to distinguish between the three groups. 
For comparison in physiological studies and for pathogenicity tests five 

isolates from each group were chosen. To warrant variation within each group, 
the selected isolates differed as to host variety, soil type and locality. The isolates 
included in this study are indicated by the following serial number, preceded 
by the prefix Sc. ( = sclerotial). 
Group I: 5, 8,28, 34, 39 

II: 1, 17, 18, 52, 55 
III: 3, 13,25, 33,45. 

The data concerning the host varieties, locality and soil type are listed in 
table 1. 

TABLE 1. Source and locality of the 15 isolates of R. solani included in the present study. 
Isolates were obtained during the year 1961/1962. 

Group 

I 

II 

III 

Isolates 

Sc. 
Sc. 
Sc. 
Sc. 
Sc. 

Sc. 
Sc. 
Sc. 
Sc. 
Sc. 

Sc. 
Sc. 
Sc. 
Sc. 
Sc. 

5 
8 

28 
34 
39 

1 
17 
18 
52 
55 

3 
13 
25 
33 
45 

Potato variety 

Bintje 
Voran 
Bintje 
Sirtema 
Bintje 

Climax 
Bintje 
Surprise 
Meerlander 
Alpha 

Bintje 
Surprise 
Doré 
Surprise 
Bintje 

Locality 

Middenmeer 
Rolde 
Coevorden 
Coevorden 
North East Polder 

Rolde 
Schagen 
Olst 
Kloosterburen 
Bleiswijk 

Groningen 
Diepenveen 
Groningen 
Coevorden 
Haarlemmermeer 

Soil type 

clay 
sand 
clay 
peat 
light clay 

sand 
sand 
clay 
clay 
clay 

heavy clay 
sand 
clay 
clay 
clay 

2.2.2. Isolation of the fungus from sclerotia 

Tubers with visible sclerotia were selected from different lots. The tubers 
were washed thoroughly in tap water to remove any adhering soil particles, 
then rinsed in sterilized water and left to dry for a few hours. 

Small pieces of sclerotia were cultured on 2 % water agar in PETRI dishes and 
incubated at 24 °C until new mycelial growth developed. Transfers were made 
from the advanced edge of the colonies and maintained on cherry agar slants at 
24 °C as stock cultures for further study. No contaminations occurred when the 
isolations were made in this way. 
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2.2.3. Preparation ofthe inoculum 

A slightly modified FORSBERG method (1955) - the cotton thread method -
has been used throughout this investigation to provide the inoculum. Coarse 
white cotton thread No. 8 was cut in pieces about 7 cm long, rinsed in distilled 
water and autoclaved for one hour. These pieces were then cut with sterile 
scissors into sections of about 2 mm long. About hundred sections were laid on 
the surface of the required medium in a PETRI dish. 

The PETRI dishes were then inoculated in the centre with a block of agar with 
mycelium from the particular isolate. The PETRI dishes were incubated until the 
fungus had overrun the sections of cotton entirely. For growth studies one 
section of Rhizoctonia infested thread was transferred to the centre of every 
PETRI dish. This manner of preparing the inoculum usually obviates erratic 
behaviour of the fungus due to different size or character of inoculum. 

2.3. INFLUENCE OF TEMPERATURE ON GROWTH RATE 

2.3.1. Review of the literature 

Rhizoctonia solani is distributed throughout the world and many investigators 
have shown that it comprises a vast number of cultural and pathological 
strains.1 The ability to induce certain parasitic fungus diseases is conditioned on 
a specific range of soil temperature together with other factors. 

Many observations and experiments have been made on the effect of soil tem
perature on the incidence and virulence of Rhizoctonia solani. From a survey of 
the literature, isolates of Rhizoctonia were shown to differ with regard to their 
response to temperature. From the numerous observations in the literature only 
the following were selected to illustrate the above conclusions. 

RICHARDS (1921, 1923) was probably one of the first to call attention to the 
effect of soil temperature on Rhizoctonia infection of potatoes, peas, beans and 
cotton. He found that the optimum temperature for infection of these crops 
was 18°C. 

JONES (1922) and RICHARDS (1921) found that Rhizoctonia was most virulent 
to potatoes at a soil temperature of 15°-21 °C. On the other hand, ROLFS (1902, 
1904) and PELTIER (1916) found that a high temperature (30 °C) together with 
too much or too little moisture determined to a large degree the virulence of 
various strains of Rhizoctonia. 

MATSUMOTO (1923) working with three isolates showed the optimum tempe
rature to be about 24 °C. MÜLLER (1924) studied different cultures of Hypochnus 
solani ( = Rhizoctonia solani) and reported a temperature range of 4.5 °C to 
30.8°C, and an optimum of 24°C. 

MONTEITH (1926, 1928) demonstrated that Rhizoctonia develops best at 
28 °C, when cultured in PETRI dishes. However, almost no growth was shown at 
10°C or 16°C, and only a third as much at 34°C. 

NEWTON and MAYERS (1935) working with a potato isolate found the mini-
1 'Strains' is used in this text for a group of isolates which exhibit the same characters as 

far as investigated. 
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mum temperature to be 6°C, the optimum 25 °C, and the maximum 32 °C. LE 
CLERG et al. (1942) tested 63 sclerotial isolates obtained from potato on potato-
dextrose-agar (P D A) at 20 °C, 25 °C, and 30 °C ; they found an optimum at 25 °C ; 
whereas isolates from sugar beet showed optimum growth at 30 °C. For studies 
made prior to 1951 see KERNKAMP et al. (1952). 

BATEMAN and DIMOCK (1959) concluded from their survey of the literature 
that many isolates of R. solani fall into one of two major groups as far as opti
mum temperatures for growth are concerned. Isolates obtained from hosts 
favoured by high temperature grow best at 30 °C and inflict greatest damage 
near this temperature. In contrast isolates obtained from hosts favoured by low 
temperature grow best at or below 25 CC and inflict most damage on their hosts 
near or below 20 °C. There are of course, some Rhizoctonia isolates that do not 
confirm entirely to the above generalization (KHAN, 1950, PERSON, 1944). 
RUSHDI and JEFFERS (1952) compared fifteen isolates of Rhizoctonia solani from 
various hosts and grew them under a variety of environmental conditions. They 
found that only one isolate made appreciable growth at 4°C. At 10°C all 
isolates except one from sugar beet leaves and another from soybean made 
moderate to good growth. At temperatures of 16°, 21 °, 27° and 32°C all except 
one culture made moderate to good growth. Two isolates obtained from sugar 
beet and from Euphorbia pulcherrima made fair growth at 38 °C while all other 
isolates made little or no growth. 

2.3.2. Procedure of the experiments 

In this investigation, the influence of temperature on growth rate of the myce
lium on cherry agar was studied by incubating the isolates in triplicate at 3.5, 
10, 15, 20, 22, 24, 28, 30 and 50 °C. 

To study growth rate, measurements were made every 24 hours by recording 
the colony diameter in two directions at right angles. In about five days, at the 
most favourable temperature the fungus has overgrown the media in the PETRI 

dishes completely. Therefore, measurements made after an incubation period of 
96 hours were used for comparing the growth rate of the 15 isolates at 
different temperatures. 

2.3.3. Results 

The linear growth of the colonies for each group of isolates grown at different 
temperatures is shown graphically in figures 1, 2, and 3. 

The optimum temperature ranges between 22° and 24 °C. No distinct differ
ences were found between the isolates of the different groups, although the 
group I isolates might have a somewhat lower temperature optimum. The 
minimum temperature for growth was between 3.5 and 10°C. At 3.5°C one 
isolate (Sc. 55) grew poorly, whereas the maximum temperature for all isolates 
is between 30° and 35°C. The growth rate near the optimum temperature varies 
between the isolates, but there is no correlation between growth habit and 
growth rate. 

The results show that neither optimum temperature nor growth rate are 
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ISOLATE Sc 

FIG. 1. The average growth on 
cherry agar of five sclerotial isolates 
of R. solani (group I) after 4 days. 

15 20 25 30 35 
TEMPERATURE IN °C 

FIG. 2. The average growth on 
cherry agar of five sclerotial isolates 
of R. solani (group II) after 4 days. 

20 25 30 35 
TEMPERATURE IN °C 
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FIG. 3. The average growth on 
cherry agar of five sclerotial isolates 
of R. solani (group III) after 4 days. 

20 25 30 35 
TEMPERATURE IN"C 

significantly correlated with growth habit. Therefore, these characteristics can 
not be used in conjunction with other growth characters in classifying an isolate. 

It is to be noted that the various optimum temperatures reported for growth 
of R. solani and for disease development on its various hosts further indicate its 
heterogenicity. 

2.4. INFLUENCE OF DIFFERENT MEDIA ON GROWTH RATE 

OF THE FUNGUS AT TWO DIFFERENT TEMPERATURES 

2.4.1. Procedure 

In the present investigation the growth rate for the same 15 isolates was 
studied on 3 different media at 24° and 28°C. The media used were: 
1. Cherry agar1 

2. Potato-dextrose-agar (PDA) 
3. Czapek-Dox agar-Modified (Difco) 

The inoculum was prepared in the same manner as previously described, and 
five replicates were used for each medium. 

1 The cherry agar medium is prepared as follows: 100 g cherry fruits, 12.5 g agar-agar 
The fruits are boiled in 500 ml water for 1.5 hour, filtered through glasswool, the volume 
brought to 500 ml, and heated in a waterbath for 1.5 hour for sterilization. 
N.B. Never sterilize in an autoclave, as the agar-agar will not solidify. 
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2.4.2. Results 

Table 2 shows the average diameter of the colonies for each medium and 
each temperature after 72 and 96 hours of incubation. As regards media, at 
both temperatures PDA generally gives the highest, and cherry agar the lowest 
growth rate. 

LE CLERG (1941) and CHEN (1943) working with different media reported that 
different isolates of R. solani respond differently to various nutrients. RUSHDI 

and JEFFERS (1952) studied fifteen isolates of R. solani grown on 6 standard 
media and incubated under a wide range of temperature. Growth was good on 
all media, but Czapek-dox gave best results. 

MAIER (1959) obtained 245 cultures of R. solani from diseased cotton seedlings. 
These isolates were grouped into 10 strains on the bases of their cultural vari
ation and on their ability to parasitize cotton seedlings. He reported limited 
cultural variation among the 10 strains when they were grown on carrot agar, 
potato-dextrose-agar (PDA) and on nitrate-dextrose-agar media. 

From the results of the previous temperature study and from these data, it is 
concluded that R. solani isolates exhibit a great degree of variation, however, 
the effects of temperature and media are interrelated since the effect of the 
temperature is expressed differently on different media. 

2.5. EFFECT OF SOME ANTIMICROBIAL AGENTS ON GROWTH RATE 

OF R. SOLANI IN RELATION TO VARIATION IN SENSITIVITY 

2.5.1. Review of the literature 

To study whether the isolates used in this study differed in their tolerance to 
chemicals and whether the degree of tolerance could be used as a means of 
differentiation between isolates some experiments were carried out. 

In the literature there are considerable data about the sensitivity and tolerance 
of Rhizoctonia solani to chemical substances. 

PAPAVIZAS and DAVEY (1959) studied the effect of combinations of three 
antibiotics: aureomycin hydrochloride + albamycin sodium salt + Chloro
mycetin ; neomycin sulfate + streptomycin sulfate + terramycin hydrochloride. 
They also used two other antimicrobial agents : oxgall and sodium propionate. 
They showed that the first combination allowed rapid growth of the fungus, 
whereas the other combination and the two antimicrobial agents suppressed 
growth considerably. No difference in tolerance between the four strains tested 
could be established. 

REAVILL (1954) investigated the influence of certain chloronitrobenzenes 
(TCNB and PCNB) on germination, growth and sporulation of a number of 
fungi grown on agar media in PETRI dishes. Three strains of R. solani recovered 
from potato and from seedlings of cabbage and lettuce were included in his 
study. From the data presented, it was shown that growth of R. solani was 
equally retarded by TCNB and PCNB, and that the three isolates behaved in 
a similar way. 

LE CLERG (1939) and KHAN (1950) reported different degrees of tolerance to 
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certain chemicals among races of R. solani. CHEN (1943) studied the growth of 
several races of R. solani and their variants on media containing a great number 
of toxic chemicals. CHEN concluded that three parent strains and their variants 
respond differently to various chemicals. MAIER (1962), in his tests with 12 
Rhizoctonia isolates found considerable differences in their tolerance to 12 fun-
gitoxicants, although Dexon, PCNB and thiram were effective against most of 
the isolates. In the tests of SHATLA and SINCLAIR (1963), 36 hyphal-tip isolates 
of R. solani varied greatly in their tolerance to PCNB when applied at a wide 
range of concentrations. This subject has been recently reviewed by VAARTAJA 

(1964). 
From the literature, there appears some evidence that adaptation to increased 

concentrations of chemicals is a common feature to Rhizoctonia solani. SINCLAIR 

(1960) was the first to report that isolates of R. solani obtained from diseased 
cotton seedlings varied in their ability to grow on agar containing different 
concentrations of soil fungicides: PCNB, captan, dichlone, and nabam. The 
experimental data from field, greenhouse, and laboratory studies presented by 
him showed that some isolates of R. solani seem to be less affected than others 
by the same test chemical or combination of chemicals. Other workers (EL SAID 

1963, SHATLA and SINCLAIR 1963, and THOMAS 1962) demonstrated that adap
tation to certain fungicides takes place in Rhizoctonia solani. 

2.5.2. Materials and methods 

Three isolates Sc. 8, Sc. 55 and Sc. 3 each representing one group were included 
in this study. Two antibiotics, terramycin hydrochloride and streptomycin 
sulfate each at 100 ppm were used. Desiccated ox-bile ( = oxgall) was applied at 
concentrations of 1, 2.5, and 5 g/1, and boric acid at concentrations of 1 and 
3 g/1 respectively. 

Four different media were included in these experiments viz: a. cherry agar, 
b. potato-dextrose agar (PDA), c. peptone agar, and d. Czapeck-Dox agar 
(Modified). The inoculum of R. solani was prepared in the same manner as 
previously reported. Five replicates were used for each treatment. The PETRI 

dishes were incubated at 24 °C and colony diameters were measured every 
24 hours. 

2.5.3. Results 

Table 3 shows the results of the experiments on linear growth of the three 
isolates. The data represent the average diameters recorded at the end of 3 days 
incubation, measurements showed very little variation between replicates. 

The growth was not affected by incorporation of terramycin or streptomycin in 
any of the four media. The growth rate was reduced considerably by incorporating 
1 g/1 oxgall or 1 g/1 boric acid to the media with the exception of oxgall in 
PDA or Cz-Dox. Apparently in these cases the effect of oxgall has been neutra
lized by the medium. 

Boric acid in a concentration of 3 g/1 inhibited the growth of the three isolates 
completely. However, isolate Sc. 55 showed slight growth on cherry agar. The 
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graded series of concentrations of oxgall showed slight differences between 
isolates. On peptone agar, isolate Sc. 55 seems to be more sensitive. On the 
other hand the same isolate appears to be a little bit more tolerant to boric 
acid (3 g/1) on cherry agar. As in the foregoing experiment, only slight differ
ences in sensitivity between strains have been noted, it seems likely that toxic 
materials cannot be used to differentiate between different strains of Rhizoctonia. 
It should be mentioned, however, that only few materials have been included in 
this study. Therefore more extensive investigations have to be done before 
differences in sensitivity can be used for separating different isolates of R. solani. 
Increased knowledge about fungicide tolerance in a pathogen as variable as R. 
solani could lead to the establishment of better control measures. 

16 Meded. Landbouwhogeschool Wageningen 65-5 (1965) 



CHAPTER 3 

P A T H O G E N I C I T Y OF ISOLATES 

3.1. REVIEW OF THE LITERATURE 

Since the work of DUGGAR and STEWART (1901) several investigators have 
noted that cultures of the fungus Rhizoctonia solani isolated from different 
localities, different species of host plants, or even from various parts of the 
diseased plant, may vary greatly in morphology, physiology and pathogenicity. 
The damage done to potatoes and other crops by the cosmopolitan soil inhabi
tant R. solani has resulted in a more thorough study of pathogenicity. Attempts 
have been made to correlate cultural characteristics with pathogenicity but 
with varying success. 

PELTIER (1916) who was the first to study thoroughly the parasitism of R. 
solani found no outstanding differences in the pathogenicity of a number of 
isolates. LE CLERG (1934) concluded from his experiments that isolates vary 
greatly in pathogenicity. 

Since 1934 numerous papers have been published dealing with various phases 
in the parasitism of cultures of R. solani and several theses have been devoted 
to studies on this subject. KERNKAMP et al. (1952) summarized all the literature 
pertaining to the subject up to 1951. Therefore only some examples illustrating 
the conclusions will be mentioned here. 

LE CLERG (1934) studied the parasitism of R. solani on several crop plants. 
He found that sugar beet isolates were pathogenic as a group to potatoes. On 
the other hand he isolated strains of R. solani from potato sprouts that were 
virulent on sugar beet roots. SANFORD'S results (1938) were in general agreement 
with those of LE CLERG. He obtained parasitic races from sclerotia, stem 
lesions, and basidiospores on potatoes. From 20 to 25 percent of the sclerotial 
isolates were weakly pathogenic to non-pathogenic on potato stems, whereas 
100 percent of the stem isolates were pathogenic. Basidiospore isolates gave rise 
to a large proportion of virulent cultures. In 1939 LE CLERG (1939) attempted to 
distinguish races of Rhizoctonia on the basis of parasitism on several crops. Since 
the results obtained were very variable, he concluded that races could not be 
accurately distinguished by this method. 

Working with three cultural types of Rhizoctonia, HOUSTON (1945) claimed, 
that there are indications of a correlation between cultural types and patho
genicity. STOREY (1941) stated that some strains have a restricted host range 
while others are not so specific. DE ZEEUW (1940) studied 65 isolates from potato 
tubers, potato stems, flax, peanuts, sweetclover, delphinium, muskmelon, and 
sugar beet. He demonstrated that there were many differences among the iso
lates, the most important of which was the differential parasitism of isolates 
from potato varieties. 

Since the year 1951 approximately 20 papers have been published regarding 
various factors affecting the pathogenicity of R. solani. Some of the general 
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conclusions will be mentioned here. The most recently published data on the 
relative pathogenicity on different hosts appear to be those of BARKER and 
WALKER (1962). They studied the relationship between pectolytic and cellulolytic 
enzyme activity and the pathogenicity of R. solani. From their experiments they 
concluded that a high correlation was found between polygalacturonase activity 
in vitro of various isolates and their pathogenicity. The same was found for the 
relationship between cellulase activity and pathogenicity. They also found that 
most sclerotial isolates from potato were not very pathogenic to any host tested, 
whereas those from bean were most virulent on bean and potato. 

SHEPHARD and WOOD (1963) investigated the effect of environment and 
nutrition of pathogen and host. They found that environmental factors were 
rarely of more than secondary importance in determining whether or not an 
isolate would attack a particular host plant; pathogenicity depends mainly on 
intrinsic properties of the host and isolate. 

Working with 38 isolates of Pellicularia filamentosa (Pat.) Rogers ( = R. 
solani) obtained from different host plants, AKAI et al. (1960) found that non
pathogenic isolates showed poor mycelial growth, whereas pathogenic ones 
showed rapid growth of mycelium. When they tested the different isolates for 
pathogenicity on cucumber seedlings, they found that isolates obtained from 
diseased cucumber seedlings generally were more infective to cucumber seed
lings. 

RICHTER and SCHNEIDER (1951) investigating the parasitism of Rhizoctonia 
on potato found that the fungus was most injurious to the stolons and stems, 
but the roots were not susceptible. VAN EMDEN (1958) found from his experi
ments in vitro on rooted sprouts that they were always attacked through the 
stems or leaves while the roots remained healthy. He also found that light and 
temperature are important factors in determining the infection with Rhizoctonia 
on potato. 

The influence of the origin of the isolates of Rhizoctonia on its pathogenicity 
was the object of study by TOLBA and MOUBASHER (1955). They tested several 
Rhizoctonia strains obtained from different host plants for pathogenicity. From 
the results they obtained, they concluded that there was no specificity for the 
Rhizoctonia isolates in connection with their respective hosts. 

MAIER (1962) studied the sensitivity of 12 Rhizoctonia solani isolates for 
various soil chemicals. He also tested 12 isolates for their pathogenicity on 
cotton. He stated that there was no correlation between pathogenicity to cotton 
and sensitivity to chemicals. SHATLA and SINCLAIR (1963) on the other hand, 
demonstrated that pathogenicity of R. solani isolates and tolerance to penta-
chloronitrobenzene (PCNB) were correlated to some extent under greenhouse 
conditions. 

Other investigators (DANIELS 1963, MAIER 1959, MAIER and STAFFELDT 1960, 
PITT 1964, SHATLA and SINCLAIR 1963) studied the parasitism of Rhizoctonia 
solani on a wide range of hosts. Their results showed great variability in patho
genic activity, which ranged from non-pathogenic to highly-pathogenic. DANIELS 

(1963), for example, investigating the parasitic activities of some isolates of 
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Corticium solani, claimed that the degree of pathogenicity to different host 
plants may arise together with a complete range from no effect to lethal attack 
on any of the hosts studied. MAIER (1959) investigated the pathogenic variability 
of 245 Rhizoctonia isolates on cotton seedlings. The isolates were grouped into 
10 strains or races on the basis of their cultural variation and on their ability to 
parasitize cotton seedlings. He found limited cultural variation among the 10 
strains, but the pathogenicity ranged from non-pathogenic to highly-pathogenic. 

FLENTJE and SAKSENA (1957) studying the pathogenic and cultural characters 
of sixty-eight isolates oiPelliculariafilamentosa and twelve isolates oîP.praticola 
obtained from various hosts, came to the conclusion that there was no corre
lation between cultural characters and pathogenicity. 

Very recently HADLEY and HARVAIS (1964) developed a rapid method for 
testing the pathogenicity of R. solani to potato. They used detached potato 
leaflets and placed them over the growing cultures of the fungus in PETRI 

dishes. After incubation, the leaflets were examined for the infection of R. solani 
strains manifested by the browning and discolouration of the leaf area. They 
showed that isolates from potato gave a high infection while strains isolated as 
pathogens of other hosts showed very low or no infection. 

The present studies were undertaken with the object of finding a possible 
relation between culture types and degree of injury on the potato plants. 

3.2. MATERIALS AND METHODS 

The same 15 isolates used in the previous experiments were studied in relation 
to pathogenicity. All inoculations were carried out on the potato variety Bintje. 
The tubers were carefully selected for uniformity in size and absence of visible 
sclerotia. Moreover, the tubers were treated by desinfecting them in a solution 
containing 0.6 % 'Aretan-nieuw' for half an hour in order to kill any viable 
sclerotia if present. After drying, the tubers were stored in cold storage at 4°C 
until needed. Before planting, the tubers were transferred from the cold storage 
to a higher temperature for the development of the sprouts. When the tubers 
were well sprouted, all sprouts were removed except one apical sprout for each 
tuber. 

The inoculum used was prepared by growing cultures of the isolates in one-
liter ERLENMYER flasks containing steamed soil with a moisture content of 25 %. 
Each flask was inoculated by an agar disk from a culture of the isolate concerned, 
and then incubated for one month at 24 °C. The flasks were shaken after two 
weeks in order to mix the fungus evenly through the medium. After one month, 
the inoculum was mixed with natural un-sterilized sandy soil which had been 
tested and appeared to be free from Rhizoctonia. Inoculum was added in the 
proportion of 1:9 (w/w) inoculum : soil. Soil and inoculum were mixed 
thoroughly. The soil prepared in this way was distributed in clean sterilized 
clay pots 20 cm in diameter by 19 cm deep. Two days after filling the pots, five 
'Rhizoctonia free' seed potatoes were planted in each pot, at a depth of 12 cm. 
Five pots were used for every isolate, and the pots were arranged in a rando-
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mized design, kept in a greenhouse maintained at an average temperature of 
18°C. The pots were kept for two months and the moisture holding capacity 
(M H C) was adjusted to approximately 40 % by regular watering and weighing. 

At the end of the growing period, observations were made for the surviving 
plants only, including the length of sprout, the massing of sclerotia on the stem 
(see fig. 1) or on the new tubers, and the total weight of the new tubers for each 
replicate. 

To record the degree of infection on stems and stolons, four arbitrary classes 
of infection types were distinguished, 
class 0 - no lesions present on sprouts (no infection) 
class 1 - light infection 
class 2 - moderate infection 
class 3 - heavy infection, often completely girdling the stem. 

3.3. RESULTS 

TABLE 4. The degree of pathogenicity of 15 isolates of Rhizoctonia solani on the potato variety. 
Bintje. Greenhouse experiment, finished after 2 months. 

Group 
No. 

I 

II 

III 

None (control) 

No .of 
isolate 

Sc. 
Sc. 
Sc. 
Sc. 
Sc. 

Sc. 
Sc. 
Sc. 
Sc. 
Sc. 

Sc. 
Sc. 
Sc. 
Sc. 
Sc. 

5 
8 

28 
34 
39 

1 
17 
18 
52 
55 

3 
13 
25 
33 
45 

Average-
height of 
25 shoots 

(cm) 

26 
23 
27 
28 
30 

32 
34 
30 
28 
32 

27 
27 
22 
26 
24 

40 

Total weight 
of tubers 

produced1 

by 25 plants 

790 
730 
850 
780 
770 

950 
960 
900 
800 
950 

930 
950 
950 
980 
960 

1010 

Degree of 
injury a 

1.4 
1.4 
1.0 
1.5 
1.4 

0 
0 
1.1 
2.0 
1.1 

1.3 
1.0 
1.4 
1.6 
1.4 

0 

Sclerotial 
production 3 

+ + + 
+ + 

+ 
+ + + 
+ + + 

0 
0 

+ 
+ 
0 

+ + 
+ + 
+ + 
+ + 

+ 
0 

1 Analysis of variance shows that differences in tuber weights between group I and group II 
and III are highly significant; whereas there is no significant difference between group II and 
group III. 

2 The average degree of injury for the 25 isolates is based on a scale of 0 (no disease) to 3 
(completely girdling). 

3 The symbols used denote degree of sclerotial production as follows: 0 no sclerotia pro
duced, + light contamination, + + moderate contamination, + + + heavy contamination 
with sclerotia. 
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The results of these trials are presented in table 4. Most of the isolates tested 
gave light to moderate infection on the sprouts. None of the isolates caused 
heavy infection with complete girdling of the plants. This is in agreement with 
results obtained by other investigators, who stated that sclerotial isolates from 
potato are only weakly pathogenic on that and other hosts. (BARKER and 
WALKER 1962, LE CLERG 1941, SANFORD 1938). 

Isolates Sc. 1 and Sc. 17 did not cause infection on stems or stolons, and sub
sequently no sclerotia appeared on the new tubers. Isolate Sc. 55 which like
wise formed no sclerotia, caused only light infection on the stems. For the rest 
of the isolates the production of sclerotia on new tubers varies from light to 
heavy. It is important to note that three of the isolates of group II which formed 
abundant aerial mycelium, showed no sclerotia, whereas the two remaining 
caused only a light contamination. These results agree with the previous work 
of HOUSTON (1945). 

In general, no correlation between type of isolate and pathogenicity for the 
potato could be established. It is evident from several studies that definite 
conclusions with regard to pathogenic ability of a group of isolates can only be 
made after testing a fairly large number of isolates under different environmental 
conditions. 
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CHAPTER 4 

A RAPID M E T H O D FOR THE I SOLATION OF 
RHIZOCTONIA SOLANIKÜHN FROM SOIL AND SOME 

E X P E R I M E N T S US ING THIS M E T H O D 

4.1. INTRODUCTION 

The study of the fungal flora of the soil has reached a stage where broad 
surveys can provide new information to the soil microbiologists. While it is 
known that fungi may exist in soil both as active mycelium and as dormant 
structure, such as spores and other resting bodies like sclerotia, a major problem 
in the study of soil fungi has been to discover which fungi in soil are present as 
mycelium. 

To obtain such information, in recent years considerable progress has been 
made towards the development of new methods and selective media for the 
isolation and identification of soil fungi. 

Rhizoctonia is easily identified by the morphologic characters of the hyphae. 
This and the economic importance of the diseases incited by Rhizoctonia may 
be the reason that many investigations have been directed towards the develop
ment of new methods for the isolation and detection of this fungus. 

Three commonly used methods to isolate Rhizoctonia from soil are: 
1. Direct isolation from soil particles, from fragments of plant debris, and from 

superficial runner hyphae occurring on the root surfaces of plants. 
2. Indirect isolation by using: 

a. special devices introduced into the soil to be investigated such as ; plate-
profile technique, immersion tubes, soil microbiological sampling tubes 

(SMST) and several other devices. 
b. susceptible host plants grown in the test soil, and subsequent isolation 

of the fungus from the infected plant. 
3. Indirect isolation through substrate colonization (trapping or baiting 

methods). This is carried out by introducing into the infected soil: 
a. different substrates of plant material such as corn, buckwheat, oats, 

several others to the soil and to be colonized by the fungus. 
b. baits of cellulose film. 

4.2. REVIEW OF THE LITERATURE 

Many papers dealing with the above mentioned methods have appeared. 
These papers will be reviewed, also a brief description of the methods will 
follow. 

4.2.1. Direct isolation 
WARCUP (1955) designed a hyphal isolation method for the isolation of fungi 

occurring in soil as sterile mycelium. Essentially, the method depends on the 
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Observation that when a soil suspension is prepared, many of the fungal hyphae 
remain with the heavier soil particles of the residue. The fungal hyphae are 
removed from the residue, placed in a dish, covered with melted agar and incu
bated at room temperature. He thus succeeded in isolating and identifying the 
hyphae of Rhizoctonia originating from residual soil particles. 

BOOSALIS and SCHAREN (1959) were able to recover colonies of R. solani from 
plant debris particles screened from soil naturally infested with this fungus. To 
this end they devised a special plating method. Nondisinfected plant debris 
particles were cultured on acidified water agar to which streptomycin sulfate was 
added. Colonies of R. solani from plant debris particles were discerned in 
4-98 hours. 

DANIELS (1963) was able to obtain pure cultures of R. solani derived from 
superficial runner hyphae harboured on the root surfaces of host plants. The 
hyphae were pulled off with forceps from the roots and incubated on nutrient 
agar. 

4.2.2. Indirect isolation by using special devices 

The ROSSI-CHOLODNY slide technique, first devised by the Italian microbio
logist G. Rossi (1928) and later modified by the Russian microbiologist N. 
CHOLODNY (1930) provided an extremely simple and elegant technique for 
studying the soil microflora. They obtained a 'contact picture' of the soil 
microflora by pressing a clean glass microscope slide against an exposed face of 
soil. R. solani was among the group of fungi recovered by this method. 

The immersion tube method designed by CHESTERS (1940, 1948) for the pur
pose of isolating actively growing mycelium from soil, has been particularly 
successful in isolating R. solani. The method consists of a glass tube with spirally 
arranged invaginated capillaries filled with a nutrient agar. A soil core is re
moved in the field and an immersion tube inserted in its place, for 7-14 days. 
After that time fungi are isolated by plating out portions of soil core removed 
from the tube. 

MUELLER and DURRELL (1957) have described a modification of CHESTERS' 

tube technique. Application of plastic centrifuge tubes bored with holes, instead 
of the breakable glass tubes proved to be more convenient and less contami
nation occurred. THORNTON (1952) described a method which he called screened 
immersion plate method, as a development of the ROSSI-CHOLODNY slide 
method. He employed glass microscope slides coated with a thin layer of water 
agar carried in a 'perspex' box provided with a lid containing 10 spaced holes 
for entrance of fungal growth. After burying them in soil for a suitable period, 
colonies of fungi could be recovered and identified. From a comparative study 
THORNTON (1956) found that mycelium of R. solani was predominant on screen
ed plates while it was not recorded on any occasion using soil plates. Also with 
the ROSSI-CHOLODNY technique he observed the occurrence of Rhizoctonia 
mycelium as a constant feature. More recently MARTINSON and BAKER (1962) 
using basically the technique applied by MUELLER and DURRELL (1957) in 
which so-called soil microbiological sampling tubes (SMST) are used, modified 
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certain procedures in the method. They tried different media and found that 
R. solani was easily recovered from soil when using potato-dextrose agar 
(PDA) or RICHARDS solution with agar. They also reported that R. solani was 
isolated more frequently when exudates from radish seeds were added to the 
test tubes. 

WOOD and WILCOXSON (1960) described another screening immersion plate, 
in which they used plastic plates, to isolate different genera of fungi. They found 
that Rhizoctonia was frequently isolated. 

ANDERSON and HUBER (1962) developed their plate-profile technique for the 
isolation of the fungus Rhizoctonia from soil. 

4.2.3. Indirect isolation by parts of living plants 

Among the numerous methods used for the isolation of Rhizoctonia an older 
method - the infected host method - was described to isolate R. solani from 
field soil. PELTIER (1916) was probably among the first to isolate R. solani from 
field soil by using plant material. In his method, he selected small patches of 
ground over the field to be examined. Every space was cleared except for a 
small living plant. After watering the soil thoroughly, he managed to maintain 
the soil moisture by covering the plants. After a period of five days, the plant 
parts were examined for the presence of Rhizoctonia, and pure cultures were 
obtained. 

FLENTJE and SAKSENA (1957), after planting different seed crops in the field 
succeeded in obtaining several isolates of R. solani by plating infected seedlings 
on soil-extract agar. 

4.2.4. Indirect isolation through colonization of substrate 

Colonization of special substrates or baits has been used as a method to study 
the presence of certain pathogens in soil not only qualitatively but also quanti
tatively. Recently, a trapping method was used as a means to evaluate soil 
fungicides applied to the soil as a control measure against Rhizoctonia and other 
soil borne fungi. Basically these methods are a compromise between the selective 
plating method and the host plant infection test, their success depends on the 
saprophytic activity of the fungus. Substrates for soil fungi may be defined as 
'living or dead', virgin or partially decomposed plant or animal tissues lying in 
or upon the soil, or soluble products diffusing therefrom (GARRETT 1956). The 
'bait' consists of a substrate that is more likely to be colonized by species in the 
desired group than by any others. 

The various ways that plant material has been used as baits or traps to 
isolate microorganisms from soil have been reviewed by DURBIN (1961). 
MESSIAEN (1957) was the first to explore the ability of R.solani to colonize on corn 
seed kept in soil. KENDRICK and JACKSON (1958) investigated the factors likely 
to favour isolation of the fungus. From their experiments they concluded that 
by selecting appropriate combinations of moisture, temperature, and incubation 
period, recovery of the fungus was promoted. 

PAPAVIZAS and DAVEY (1959) developed a colonization method for the iso-

24 Meded. Landbouwhogeschool Wageningen 65-5 (1965) 



lation of R. solani from soil by employing as a bait, standardized pieces of 
mature stems of buckwheat (Fagopyrum exculentum MOENCH). Small pieces 
of the material were mixed with the soil to be investigated, after a suitable 
exposure in the soil for 3-4 days, the pieces were recovered by hand, treated in a 
special way and placed on an agar medium containing antibiotic and on which 
R. solani grows rapidly. Recently (1962) they tested several other substrates to 
be colonized by Rhizoctonia, and they came to the conclusion that stem segments 
of buckwheat, cotton and lima bean were rather satisfactory, whereas those of 
corn, oats and soybean were not. The method gives useful data on the preva
lence of Rhizoctonia in soil. 

PITT (1964) who slightly modified the method of PAPAVIZAS and DAVEY (1959) 
indicated that 90 % of naturally infected straws of wheat yielded R. solani. 
LIVINGSTON et al. (1962) by using the buckwheat stem segments as a substrate 
were able to assay the inoculum levels of Rhizoctonia in potato fields. They also 
used this method to evaluate terraclor as a soil treatment to control Rhizoctonia 
disease of potato. By using sterile bean stem sections THAYER and WEHLBERG 

(1963) were able to evaluate the populations of Rhizoctonia and Phythium in soil 
fungicide tests. 

DANIELS (1963) using square pieces of cellulose film as baits, was able to 
obtain pure cultures of R. solani by introducing the baits to the test field. After 
an incubation period of 12 days, the baits were removed from the soil, washed 
free from soil particles and transferred to nutrient agar in PETRI dishes on which 
R. solani grew out from the baits. 

Although the methods reported above may be used with success for the 
detection and isolation of R. solani from soil, they are still laborious and need a 
great amount of time and effort. Moreover, in some instances with the plating-
method techniques the fungus Rhizoctonia is rarely recovered, whereas it has 
been occasionally detected by other techniques (BISBY et al. 1935, CHESTERS 

1948, KAUFMAN et al. 1963, MUELLER and DURRELL 1957 and THORNTON 1956). 
DAVEY and PAPAVIZAS (1962) compared four methods used for the isolation 

of Rhizoctonia from soil to show the merits and advantages of each method 
when applied under nearly identical conditions. The four methods they com
pared were : a. debris particle method, b. immersion tube method, c. buckwheat 
colonization method and d. infected host method. They concluded that each 
method had certain distinct advantages and characteristics which would suggest 
its use under particular circumstances. 

They found that the infected host method was the best when the range of 
clones of the fungus pathogenic to certain plants should be studied. The immer
sion tube method recovered a limited number of clones of the fungus. By using 
the debris particle method along with the buckwheat colonization method, 
complete information could be achieved, since the debris particle method re
flected the status of the quiescent Rhizoctonia in soil whereas the buckwheat 
colonization method provided information on the active Rhizoctonia. 

While it is now possible to isolate Rhizoctonia from the soil in situ by intro
ducing various organic substrates which can be colonized by the fungus, 
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several experiments have shown that cellulolytic ability is a normal charac
teristic of R. solani whatever its natural habitat. It is evident from the results of 
the investigations mentioned above that R. solani can persist in soil both as 
mycelium and as sclerotia. It can make free and independent growth in natural 
soil (BLAIR 1943). 

TRIBE (1960) through his elegant use of buried cellulose film as a substrate for 
the study of microbial successions observed that R. solani was the dominant 
fungal colonizer of cellulose test pieces. 

GARRETT (1962) from his experiments showed that R. solani grew well on 
filter paper, he concluded that the fungus can utilize forms of cellulose as carbon 
source in pure culture and in unsterile soil. 

DANIELS (1963) demonstrated the cellulolytic ability of R. solani by using 
processed and native forms of cellulosic substrates under different conditions in 
pure culture and in unsterile soil. 

EL ZARKA (1963) deviced a method in which small dried stem pieces of 
jews' mallow (Corchorus olitorius L.) were put on stainless steel insect pins and 
introduced in the test soil. The method takes advantage of the vigorous compe
titive saprophytic ability of this particular pathogen in colonizing the jews' 
mallow. A detailed account of this method is given in the following pages. 

4.3. DESCRIPTION OF THE METHOD 

4.3.1. General 
Requirements for a substrate to be used for isolation are : 

1. The substrate has to be suitable as a nutrient source. 
2. The substrate has to be easily recovered. 
3. The substrate has to withstand various manipulations after recovery by 

keeping its coherence and its firmness. 
From experiments which included material from mature plants, the dry 

mature stem of jews'mallow = Nalta jute (Corchorus olitorius L.) appeared to 
be the best to meet the above mentioned requirements. 

The chief constituents of the dried stem of jews'mallow are: lignin 18.5 %, 
pentosan 15.8 %, alpha-cellulose 29 %, total carbon 48 % and total nitrogen 
0.52 %. The carbon/nitrogen ratio of the dried jews' mallow is 92. DAVEY and 
PAPAVIZAS (1963) studied the effect of C/N balance on the saprophytic activity 
of Rhizoctonia, they indicated that the C/N ratio may be more important than 
the absolute amount of C or N added to the soil in producing an effect on 
Rhizoctonia. 

Dried stem pieces of the jews' mallow plant were obtained as follows. The 
plants were grown at 24-25 °C. Just before flowering the leaves were stripped 
off and the stems were harvested and dried. The stems were then cut into small 
sections 8 to 10 mm long. These stem sections were used without any previous 
treatment as a substrate in the following manner. A stainless steel insect pin 
about 4 cm long (No. 3 pin) was inserted perpendicularly through the piece of 
stem (Plate 2). The pins to which the stem pieces were attached, were placed in 
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the soil to be investigated nearly to their full length with the head-end down in 
order to keep the pieces attached to them. Except when otherwise noted, the 
pins were recovered after 24 hours from the soil. This period is called the sub
strate incubation period. Experiments were carried out to determine the opti
mum incubation period and to study what happens when the substrate incu
bation period is prolonged beyond the optimum period. 

The stem pieces were then washed thoroughly in tap water to remove any 
adhering soil particles, surface sterilized in 1 % sodium hypochlorite solution 
for 1-2 minutes and rinsed several times with sterile water. Finally they were 
soaked for two hours in a fresh sterile solution of 100 ppm terramycin hydro
chloride at room temperature in order to suppress bacterial growth. 

After removal from the solution the pieces were placed on sterile paper towels 
and air dried. The stem segments were then plated in PETRI dishes containing 
12 ml of solidified agar medium. Ten pieces were plated in one dish with a total 
of 100 pieces for each treatment. Several media were tested during this investi
gation for plating out the pieces : e.g. cherry agar, potato-dextrose agar, prune 
agar, water agar, Czapek-dox agar (M), and peptone agar. All media proved to 
be suitable for growth of the fungus. For serial work cherry agar proved to have 
advantages over the other media, and therefore was used throughout the work. 
Experiments with regard to the influence of the medium are described under 
4.3.4. 

From observations with the naked eye it appeared that already after six 
hours of incubation R. solani started to develop from the colonized pieces. For 
serial work, an incubation period of 16-18 hours proved to be more suitable 
throughout the experiments and unless otherwise indicated, this period did not 
exceed 18 hours because fast growing fungi including Rhizoctonia might overrun 
the adjoining pieces of substrate, interfering in this way with the identification 
of Rhizoctonia or with the quantitative evaluation of the experiment (Plate 3). 

Observations with the naked eye and under the microscope made at regular 
intervals to determine the best time for these observations are described under 
4.3.5. 

The soil to be tested was partially air dried and passed through a sieve. The 
soil was mixed thoroughly, divided into equal portions and placed in sterilized 
containers. The water content was adjusted to approximately 50 % of the 
moisture holding capacity (MHC), and the containers were kept at 18-19 °C in 
the greenhouse. Each treatment consisted of ten containers arranged according 
to a randomized design. Usually, when artificially inoculated soils were in
cluded in the experiments, the inoculum soil mixtures were kept for two days 
before introducing the jews' mallow pieces in order to allow the fungus to spread 
throughout the inoculated soils. 

In the following four experiments a sandy soil which proved to be free from 
Rhizoctonia was used. A ratio of 10:90 inoculum: soil was applied, and isolate 
Sc. 55 was used to provide the inoculum for all four experiments. 

These experiments were carried out with the following objectives in mind : 
1. To find out the time required for the substrate to be colonized by the fungus. 
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