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STUDIES ON THE VARIABILITY AND TRAPPING ACTIVITY OF 

SELECTED NEMATOPHAGOUS FUNGI 

GENERAL INTRODUCTION 

Predacious ~ungi that capture and kill nematodes 

live, amongst other places, in the soil where it is assumed 

that they participate in the natural control of nematodes, 

including the plant parasitic species that cause tremendous 

los ses to farmers. There are predacious ~ungi in the soil 

which prey on amoebae, rotifers, rhizopods and other small 

animals but they were not dealt with in this study. 

Nematode-trapping fungi have been known ~or about 

eighty years but little work was done on them during the 

~irst half of this periode In the past three decades, a 

period inaugurated by Charles Drechsler in America, increasing 

attention has been paid to this interesting group o~ fungi 

and today there are about 200 described species. 

Much work has been done on biological, physiological 

and ecological aspects of the nematode-trapping fungi but few 

attempts have been made to determine the limits of their 

morphologieal variability or to assess the effect of 

environment on their trapping aetivity. Genetie studies, 

too, have been largely negleeted and the existence of host 

specificity has not been adequately investigated. 

Chemical control of plant parasitic nematodes is 
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costly and potentially hazardous to man and animals. In 

recent years, interest has been rocussed on control by the 

use of the nematode-trapping fUngi. The fungi are present 

in agricultural soils and a slight shift in the balance of 

Nature which favours the predacious fungi may result in 

effective nematode control. The classic instance of the 

successful control of the cottony-cushion scale (Ic8rya 

purchasi), an insect that damages citrus trees, by the lady­

bird beetle (Rodolia cardinalis) orrers encouragement in 

this direction (Riley, 189). 
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costly and potentially bazardous to man and animals. In 

recent years, interest has been focussed on control by the 

use of the nematode-trapping fUngi. The fungi are present 

in agricultural soils and a slight shift in the balance of 

Nature which favours the predacious fungi may result in 

effective nematode control. The classic instance of the 

successful control of the cottony-cushion scale (Icerya 

purchasi), an insect tbat damages citrus trees, by the lady­

bird beetle (Rodolia cardinalis) offers encouragement in 

this direction (Riley, 1$93). 
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GENERAL REVIEl.'[ OF LITERA TURE 

I. INTRODUCTION 

A review that encompassed the kno\'rledge of nema to de­

trapping fungi to that date, was prepared by Drechsler in 

1941. Other comprehensive accounts of these fungi have been 

provided by Duddington (1955, 1956, 1957a, 1957b, 1958, 1960, 

1962a, 1962b) and 01thof (1962). Soprunov (1958) summarized 

the work done in the U.S.S.R. and Cooke and Godfrey (1964) 

publisheà a simple key for the identification of the nemato­

phagous fungi. 

The book by Dollfus (1945), which gives a detailed 

treatment of animals and plants parasitic on nematodes, 

remains one of the major works of reference on the subject. 
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II. HISTOOICAL OUTLINE 

The ear1iest recorded recognition of the predacious 

mode of funga1 1ife was by Lohde in 1874 when he described 

Harposporium angui1ul1ae. Previous to this, Arthrobotrys 

superba and !. oligospora had been described by Corda (1839) 

and by Fresenius (1852) respective1y, but they were unaware 

of the fact that, besides being able to live saprophytica11y, 

the fungi described by them cou1d supplement their diet by 

capturing nematodes. Near1y fort y years 1ater, Zopf (1888) 

discovered that !. oligospora captured nematodes by forming 

traps composed of a comp1ex system of anastomosing loops. In 

the fo11owing year, 1889, he described another nematode­

trapping fungus, Myzoctium vermico1um. l<iaupas described 

Protascus subuliforrnis in 1915. 

Near1y fifty years after Zopf's c1assica1 finding, 

Charles Drechs1er (1933), in America, inaugurated what may be 

termed the modern era of the study of the fungi predacious on 

nematodes, amoebae, rhizopods and rotifers. His first papers 

dealt with Zoopagaceae, a fruni1y of ob1igate predators, 

subsisting mainly on smoebae. In 1937, he pub1ished a long 

paper on the predacious hyphomycetes, in which he described 

e1even species new to science. Since then, he has found 

severa1 more species and today the predacious fungi are 

particular1y associated with his name. 
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Linford and his associates (1937, 1938, 1939), 

in Ha\'laii, pioneered in the use of nematode-trapping fungi 

for the control of plant parasitic nematodes. In France, 

important work was done on the physio1ogy of the fungi by 

Commandon and deFonbrune (1939) and by L~ly (1943). Studies 

on the control of nematode parasites of plants and anima1s 

were made by Deschiens et al. (1943) and by Roubaud and 

Deschiens (1941). 

Duddington, in England, began his researches into 

the predacious fungi in 1940. He named severa1 new species 

(Duddington, 1949, 1951a, 1951h, 1951c, 1955) and he and his 

associates investigated their bio1ogy and their potential as 

agents of bio1ogica1 control of plant parasitic nematodes 

(Duddington ~ al., 1956; Duddington and Duthoit, 1960; 

Duddington ~ al., 1961). 

In this decade, the names of Duddington (1962b), 

Tarjan (l9ô2), Feder (1963), Mankau (19ô3), Cooke (1964), 

and Olthof and Estey (19ô5) are prominent in studies of the 

nematophagous fungi. 
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III. TAXONOMY AND VARIABILITY OF NEI'lATOPHAGOUS FUNGI 

Nematophagous fungi are usua11y c1assified under 

three groups, the Zoopagaceae, the nematophagous hyphomycetes, 

and other fonns. 

The Zoopagaceae or, according to Bessey (1950), the 

Zoopaga1es are set apart from the rest of the Zygomycetes by 

their exc1usive1y predacious habit and the possession of true 

conidia which are not vio1ent1y discharged. Most of them 

attack amoebae but a few capture nematodes. Duddington (1955) 

discussed their taxonomy in great detai1. 

The nematophagous hyphomycetes may be classified as 

endoparasites and ectoparasites. Duddington (1955) described 

the endoparasitic species as a rather mixed group having the 

common character of the main vegetative myce1ium being within 

the body of the host, only the conidiophores being externa1. 

The majority of the ectoparasitic nematophagous hyphomycetes 

produce some type of trapping device. Olthof (1962) cata­

logued al1 the known ectoparasites according to the type of 

trapping organs they produce. Subramanian (1963), and Cooke 

and Dickinson (1965), discussed the taxonomie status of two 

genera of ectoparasitic nematophagous hyphomycetes, DactYlel1a 

Grûve and i"ionacrosporium Oudemans, and transferred several 

species of Dactylel1a and Dactylaria to lvlonacrosporium. 

Other forms of nematophagous fungi, not included 

in the Zoopagaceae and the nematophagous hyphomycetes, are 
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dealt with in the book by Dollfus (1945) and by Duddington 

(1955). The group contains sorne members of doubtfUl systematic 

position and sorne endozoic parasites which belong to the 

orders Lagenidales, Blastocladiales, Entomophthorales and 

Chytridiales. 

Temporary variations in the morphology of nemato­

phagous fungi have been observed as a result of environmental 

changes to which the fungi were subjected (Peach, 1954; Dixon, 

1954; Juniper, 1956; Soprunov, 1958; Tarjan, 1961). 

Variations of a more permanent nature have also been reported: 

Duddington (1955) found that a number of isolates of Arthro­

botrys robusta and Trichothecium cystosporium in his culture 

collection showed a strong tendency to produce traps 

spontaneously in the absence of nematodes. In 1962, he 

reported that Trichothecium flagrans lost the ability to 

produce traps, even in the presence of nematodes, within 

three months of its being isolated in pure culture. 
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IV. ECOLOGY AND PHYSIOLOGY OF NElviATOPHAGOUS FUNGI 

Nematode-trapping fungi have been found with great 

regularity in decaying vegetable matter of various kinds, in 

soil, in dung, in moss cushions, in vinegar (Duddington, 

1962a), and in fresh water (Peach 1952, 1954). Little, 

however, is known of their ecology. Systematic surveys, to 

determine the relative frequencies of the different species, 

have been conducted by Duddington in England (195lb), 

Shepherd in Denmark (1956), Soprunov in the U.S.S.R., (1958), 

lvlankau and Clark in California (1959), and Estey and Olthof 

in Quebec (1965). One consistent result emerging from these 

sur veys i& that Arthrobotrys oligospora is the commonest of 

the nematode-trapping fungi. 

Little work on the activity of predacious fungi in 

soil under natural conditions has been done. This is an 

important field of investigation in view of their possible 

utilization in the biological control of nematodes. Nankau 

(1962a) suggested that nematophagous fungi are poor compet­

itors within the soil because the germlings that arise from 

their conidia are entirely dependent on captured nematodes 

for their development and subsequent survival. Drechsler 

(1937) and Linford and Yap (1939) had previously pointed out 

that nematode-trapping hyphomycetes do not compete weIl with 

other fungi for the use of organic substrates in the absence 

of nematodes. Cooke (1964), using bis agar disc technique 
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Cooke, 1961} , observed little fungistatic effect on spore 

germination and this only on the ring-forming fungi. 

Cooke's (1963b) data indicate that nematode-trapping 

fungi vary considerably in their ability to capture nematodes 

and he suggests this factor as a possible explanation of the 

variable results obtained when these fungi have been used for 

nematode control. Cooke (1964), after observing the germin­

ation of conidia and the trap-forming ability of 16 nematode­

trapping fungi in soil, classified all trap-forming nemato­

phagous fungi into two broad groups: a predaciously efficient 

group comprising the branch, knob and ring formers \,rit!'! ~ 

weIl developed ability to form traps on the conidium or 

germling, especially in the presence of decomposing organic 

matter, and a predaciously inefficient group consisting of 

the network formers. 

The majority of the fungi that produce traps do not 

do so \'ihen grown in pure culture and this is particularly 

true of those that pro duce 3-dimensional networks (Duddington, 

1955). Arthrobotrys dactyloides and Dactylella doedycoides 

pro duce constricting rings and~. ellipsospora and Q. cionopaga 

produce stalked and unstalked adhesive knobs respectively 

when grown in pure culture (Olthof and Estey, 1965; Drechsler, 

1950). Hm'lever, wi th the addition of nematodes, the species 

tha t produce traps spontaneously, nOvl do so in greater 

profusion (Duddington, 1962a). 

Some workers believe that a tactile stimulus i5 
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involved in the formation of traps (Drechsler, 1941; Lawton, 

1957). It was thought by Couch (1937) that a chernical 

stimulus was responsible for the initiation of traps. 

Evidence substantiating this was obtained by Commandon and 

deFonbrune (193g) and by Muller (195g) who demonstrated that 

water in which nernatodes had been suspended induced trap 

formation. Prarner and Sto1l (1959) extracted an active 

principle from a nernatode-free culture filtrate in which the 

nematodes Neoaplectana glasseri had been rearedj the y called 

it "Nemin". Feder et al. (1960) used single air dried and 

th en rehydrated female nematodes to stimulate ring formation 

in Dacty1ella doedycoides. 

Much work has been done on the nature of the 

substance or substances that initiate trap formation. A 

nurnber of vegetable extracts did not cause traps to be formed 

(Deschiens and Lamy, 1942), nor did plant hormones (Dixon, 

1954). Various substances of animal origin gave positive 

results (Roubaud and Deschiens, 1939). Of these, human serum 

l'las particularly effective and Lamy (1943) demonstrated the 

existence of an optirr.al concentration for best results with 

horse serum, the undiluted serum being unable to induce trap 

formation. Pramer and Stoll (1959) obtained the sarne optimal 

concentration effect with their Nernin. Olthof (1962) found 

that several cutinaceous materials like hair, human nails 

and quills of hents feathers could induce trap formation. 

The active principle in "'Ta ter in which nematodes 

1 
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were suspended was destroyed by boiling (Con~andon and 

deFonbrune, 1938) whereas that in the nematode-free culture 

filtrate in which nematodes had been reared was not destroyed 

after 10 minutes at 1000C (framer and Stoll, 1959) and that in 

guinea pig serum was thermostable and not affected by alcohol 

(Lamy, 1943). The nature of the substance or substances 

causing trap formation has not been determined. 

The spectacular closure of constricting rings has 

attracted the attention of several workers. Couch (1937) 

suspected that, because of the vigorous movement of nematodes, 

either a mechanical stimulus or heat was involved. He 

obtained closure by heat but on inserting a fine glass needle 

into a ring and rubbing it ~gainst the sides, thereby 

simulating the movement of a nematode, no closure resulted; 

however, on repetition of the same experiment, Commandon and 

deFonbrune (1939) found the stimulated cell to treble in 

volume in less than one-tenth of a second and a fraction of 

a second later the other two cells of the ring i'ollowed suit. 

Their cinematographic records stand testimony to this facto 

Further corroboration \.,as supplied by huIler (1958) v/ho also 

observed that closure of rings could be induced by pressure 

and electric currents. Couch (1937) also tried weak acids 

and potassium hydroxide. Slight closure resulted from the 

application of Iactic acid but in no instance was closure 

complete. huIler (195$) \"Jas able to S10\'1 down the process 

of closure by employing sucrase solutions. 
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V/hile much of the nature of the stimulus invol ved 

in closure of a constricting ring has been elucidated, nothing 

is known of the mechanism by which swelling of the ring cells 

is achieved. Duddington (1955) suggested that molecular 

rearrangement of the cell colloids resulting in imbibition 

plus osmotic forces were involved; turgor pressure alone 

could not account for the speed of the reaction. 

Besides the constricting rings, the sticky 

mechanisrns of the nematode-trapping hyphomycetes were also 

studied by Commandon and deFonbrune (1939). Only nematodes, 

of all objects tested, stuck to knobbed outgrowths and 3-

dimensional networks under normal moist conditions; but on 

detaching a trap froIn its mycelial hypha (dry conditions), a 

glass needle adhered to it. 

Several factors are knollm to affect the formation 

1 l, 

of traps and the efficiency of their operation. Feder et al. i' 

(1960), from their work on Dactylella doedycoides, inferred 

that a fungus must be heterocaryotic to be able to produce 

its traps. Physiological age of a fungus culture affects its 

trapping efficiency, young networks being more sticky than 

older ones (Commandon and deFonbrune, 1938), and young 

constricting rings c10sing more rapidly than older ones 

(Couch, 1937). Other factors inf1uencing trap formation are 

temperature (Feder, 1963) and type of medium a fungus is 

grown on (Tarjan, 1961). 

According to Shepherd (1955), the captured nematode 
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is pierced by an infection peg of the fungus and the latter 

swells to form an infection bulb which may completely occlude 

the body cavi ty of the nemato de. Trophic hyphae grow out 

from tœ infection bulb and ramify to extend throughout the 

body of the hosto The contents of the nematode are absorbed 

by the trophic hyphae and eventually only the integument, 

filled with the empty trophic hyphae remains. 

Al though tœ physical course of events following 

capture is weIl known, the precise cause of death is still 

in doubt. Duddington (1955) thought it possible, though 

unlikely, that the nematode dies from physical exhaustion. 

Drechsler (1937) suggested that the nematode is killed 

mechanically by the infection bulb. Shepherd (1955) 

discounted this explanation as she observed trapped nematodes 

to become inactive before the infection bulb had become fully 

developed. Soprunov and Galiulina (1951) attributed the 

killing to a toxin produced by the fungus and Duddington 

(1955) appeared to favour this explanation. The \'iork of 

Olthof and Estey (1963) adds corroboration to the toxin 

theory of killing. 

The work of Drechsler (1937) and Duddington (1955) 

indicates that the predacious hyphomycetes show little host 

specificity, being able to trap almost aIl species of 

nematodes. 
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V. NENATOPHAGOUS FUNGI AND NEMA'IODE CONTROL 

The majority of the attempts at biological control 

of plant parasitic nematodes by predacious fUngi have utilized 

the nematophagous hyphomycetes; this is because they possess 

trapping organs, cause spectacular havoc with nematodes in 

Petri dish cultures and lend themselves to artificial culture 

on a scale required for biological control (Duddington, 1955). 

Linford and his cOlleagues, in Hawaii, conducted a 

series of experiments (1937, 1938, 1939) aimed at the control 

of root-knot nematodes that were causing considerable damage 

to pineapple plants. Of five nematode-trapping hyphomycetes 

added in pure culture to root-knot infested soil in which 

pineapple plants were growing, only Dactylella ellipsospora, 

a sticky-knob former, afforded a certain degree of protection; 

the others, Arthrobotrys oligospora, !. musiformis, Dactylaria 

candida and 1!. thaumasia 1-',ere ineffecti ve (Linfard and Yap, 

1939) • 

Linford et al. (1938) had earlier shawn that 

nematophagous fUngi already present in the soil were 

stimulated to increased activity following the addition of 

organic matter. By adding chopped pineapple tops ta root­

knat infested soil, they obtained a degree of protection 

that was statistically significant at the 0.1 per cent leve!. 

This treatment produced a rapid rise in the population of 

l'ree-living nem2.tades and it was fallawed by an equally 
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rapid fall. They postulated that the addition of organic 

matter stimulated an increase in the population of sapro­

phagous nematodes which, in turn, enhanced the trapping­

activity of the neruatode-trapping fungi which did not 

discriminate between saprophagous and root-knot nematodes, 

reducing the numbers of both. Cooke's (1962b) results refute 

Linford's hypothesis that the increase in saprophagous 

nematodes acted as a stimulus to the nematode-trapping fungi. 

However, fUngal stimulation by the addition of organic matter 

has been confirmed by several workers (Cooke, 1962b; 

Duddington and Duthoit, 1960; Duddington et al. 1961; I>Iankau 

1962b; Paasuke, 1962). 

Deschiens et al. (194) used Dactylella bembicoides 

and Arthrobotrys oligospora to protect Begonia cuttings from 

root-knot nematodes. The authors stated that their results 

showed that the fUngi conferred an important level of 

protection, but results for individual plants were not given 

and Duddington (1957a) indicated that their results were not 

statistically significant. 

Duddington and his co-workers attempted the control 

of the sugar beet nematode, Heterodera schachtii (1956), the 

potato root nematode, li. rostochiensis (1956), and the cereal 

root nematode, li. avenae (1961), by the addition of organic 

matter. The results in the first two cases were disappointing 

but a statistically significant. reduction in numbers of 

nematode larvae in roots of treated oat seedlings as compared 

il 



,. ( 

( 

16 

with the controls was obtained. Duthoit and Godrrey (1963) 

observed a signiricant reduction,in g. avenae larvaloinvasion 

or oat~ by Arthrobotrys oligospora and!. robusta. 

Haros and \'iilkin (1961) carried out an extensive 

series or pot and rield experiments on nematode control by 

predacious fUngi. Assessing their results by crop yields, 

they observed that Arthrobotrys robusta alone gave a 

signiricant increase in yield or peas and potatoes gro~m in 

soil inrested with Heterodera gottingiana and g. rostochiensis, 

respectively. Further trials carried out on the cereal root 

nematode in oats and the potato root nematode in potatoes 

using pact yI aria candida, Trichothecium cystospol'ium, 

Phialospora heteroderae and Cylindrocarpon radicicola gave 

entirely negative results. The last two rungi attack cysts 

only and not larvae. 

Ivlankau (196lb) obtained a distinct reduction, in the 

severityor root-knot or tomato plants,by Arthrobotrys 

arthrobotryoides. Dactylella ellipsospora and !. conoides 

extended survival or tomato plants grown in root-knot inrested 

soil; however, none or the rungi tested were able to prevent 

serious drunage to tomate and okra (Hibiscus esculentis) plants. 

In some instances, the rungi added to the soil could not be 

recovered (Mankau, 1961b). 

Attempts by r'iankau (196la) to establish nema tode­

trapping rungi in soil gave variable results and were often 

unsuccessful. He suggested that they were in competition 

--=-~.--



( 

'. 

17 

with antagonistic elements of the soil and concluded that our 

present knowledge was insufficien t to enable \l.se of them to 

be made in the control of plant parasitic nematodes. Van der 

Laan (1956, 1964) came to a similar conclusion from his 

studies on the biological control of Heterodera rostochiensis. 

In recent years, Russian workers have achieved 

remarkable successes in controlling root-knot nematodes. 

Gorlenko (1956) reported control of root-knot of cucumber by 

Trichothecium pravicovi and Arthrobotrys kirghizica. Increas­

ing the dose of the fungus increased the effectiveness of 

control and the addition of several small doses was more 

effective than a single large dose. Soprunov and Tendetnik 

(1960) concluded, after five years of testing, that Arthro­

botrys oligospora and !. dolioformis were the most promising 

fUngi for nematode control. Soprunov (1958) reviewed work 

done in the U.S.S.R. 

French workers attempted the control of nematodes 

pathogenic to animals. Roubaud and Deschiens (1941) showed 

that sheep, fed on pasture artificially infested with 

Strongyloides papillosum and a Bunostomum species and then 

treated with spores of predacious fungi, remained healthy 

while those fed on untreated infested pasture were infected 

\'li th the neruatodes. Only two sheep were used in each 

treatment and this result was considered inconclusive by 

Duddington (1957a). These workers did, however, establish 

the fact that nematode-trapping fungi are without parasitic 
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action on plants and are non-toxic to animals. 

The Russian workers Ei and Alakhverdyants (1962) 

reported the production o~ dried preparations o~ nematode­

trapping ~ngi in readiness for the control of strongyles in 

horses and sheep. Ei ~!!. (1961) previously showed that 

dried fungal preparations were still viable after passage 

through the intestines of test animals. 
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SECTION I. STUDIES ON THE VARIABILITY OF N~~TOPHAGOUS FUNGI 

I. lJIORPHOLOGY OF SELECTED NEII1ATOPHAGOUS FUNGI 

A. INTRODUCTION 

Variation in morphology and trapping efficiency of 

the nematode-trapping hyphomycetes appears to be the rule 

rather than the exception. Not only does variation exist 

between different isolates of the sarne species but also 

between cultures of the same isolate (Duddington, 1955; 

Drechsler, 1937). Duddington (1962a) reported the loss of 

ability to produce networks, even in the presence of nematodes, 

by Trichothecium flagrans within three months of being 

isolated in pure culture, although this fungus had been named 

because of the high efficiency of its networks and its 

effectiveness in capturing nematodes in enOI~OUS numbers. He 

further reported that he was later given an isolate of the 

same species that formed networks spontaneously and copiously 

in pure culture. He stated, nI am unable to give any reason 

for this, any more than l can account for the fact that 

certain strains of reticulate hyphomycetes will sometimes 

form networks spontaneously in pure culture for no apparent 

reason. 1f He had earlier (1955) reported that a number of 

isolates of Arthrobotrys robusta and Trichothecium cysto­

sporium in his culture collection showed a strong tendency 
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to produce traps spontaneously. 

According to Duddington (1962a), the adhesive knobs 

o~ Dactylella ellipsospora show proli~eration,and di~ferent 

strains of this species appear to vary in this tendency to 

prolifera te. 

Drechsler (1937), in his description of Arthrobotrys 

dactyloides, stated that in most cultures the conidia were 

uni~ormly uniseptate, slightly curved and elongate ellipsoidal 

in shape. Occasionally, however, he observed mate rial with 

an admixture o~ conidia, shortened and widened in varying 

degree and containing two septa. This variation in conidial 

morphology appeared so much in excess of the variation usual 

in members of the predacious species that he at ~rst thought 

it might be a species of a dif~erent genus. 

Because o~ the variation and because environmental 

conditions affect the morphology of organisms, it was decided 

to describe the morphology of the nematode-trapping species 

dealt with in this thesis. Further, the descriptions will 

serve as a basis o~ comparison with new strains derived from 

these species. 

Five of eleven species of nematode-trapping 

hyphomycetes, isolated from Southern Quebec agricultural 

soils by Olthof in 1959 (Olthof 1962), were used in these 

studies. They were: 

Arthrobotrys oligospora Fresenius (1852) 

11 superba Corda (1839) 
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Arthrobotrys robusta Duddington (1951a) 

" dacty10ides Drechs1er (1937) 

Dactylel1a el1ipsospora (Preuss) Grove (1886) 

B. z..IA TERIALS AND METHODS 

Corn meal agar was prepared according to the 

formula of Duddington (1955). Twenty grams of Corn mea1 were 

added to 1.2 litres of tap water and heated at 700C for 1 hour. 

The mixture was filtered through a Buchner tunnel, the volume 

made up to 1 litre, 1.5 per cent agar powder added and the 

medium steamed to dissolve the agar. The medium was then 

autoc1aved at l210 C for 15 minutes. Twenty millili~res of 

this medium were poured into each of severa! Petri plates and 

for each species of nematode-trapping fun gus to be studied 

four plates were inoculated with a smal1 block of a culture of 

the fungus. The cultures were incubated at room temperature, 

the plates being wrapped in po1ythene bags to prevent drying. 

After 24 hours, a drop of a suspension of Rhabditis oxycerQâ 

nematodes, which had been washed ten times w1th sterile water, 

was added to two of the four plates of each fungus. 

Camera lucida drawings and rneasurements were made 

of the living rnaterial directly from the agar plates. Photo­

micrographs were taken of conidia stained with 0.1 per cent 

lactophenol cotton blue. 

.1 



( 

( 

1.' 
;, 

22 

c. DESCRIPTION OF SPECIES 

The characters described are those found in 90mm 

Petri plate cultures infested with nematodes. In pure 

culture, traps are usually absent, conidial dimensions are 

often smaller and the morphology of the conidiophore may also 

be different. 

1. ARTHROBOTRYS OLlGOSPORA Fresenius (lg52) 

The vegetative mycelium showed a radial arrangement 

and within 24 hours of adding nematodes the predacious 

apparatus, which consisted of 3-dimensional adhesive hyphal 

networks, was weIl developed. The networks started as 

discrete loops which usually gave rise to other loops and 

anastolllosed wi th neighbouring ones to become compounded. 

Nematode-trapping activity reached a peak in 4a hours and 

then began to decline. After about 2 weeks trappirig activity 

came completely to a halte 

Sporulation began shortly after the onset of 

nematophagous activity and the bicellular, obovoid, hyaline 

conidia were produced in whorls along conidiophores Which 

were usually unbranched and attained a height of 250 to 500u. 

The conidiophores were broader at the base than at the tip 

and the conidia were 20 - 2au in length and 10 - l4u in 

width. The conidial dimensions were slightly smaller than 
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those given by Drechsler (1937) for this species. 

In old cultures, whether pure or infested with 

nematodes, brown chlamydospores occured regu1arly. They 

varied in shape from cylindrical to spherical and their walls 

usua11y appeared to be two layered. 

2. ARTHROBOTRYS SUPERBA Corda (1839) 

The main difference between th is fungus and 

Arthrobotrys oligospora was that tœ conidial septum was in 

the middle, partitioning off two approximately equal cells. 

The cylindrical conidia were also smal1er and narrower than 

those of !. oligospora, being 14 - 19u in length and 6 - lOu 

in width. In pure culture, the conidiophore was not straight 

as in !. oligospora and !. robusta but was irregular1y 

geniculate bearing a whorl of conidia at each nodose bend. 

Chlamydospore fornation was not observed to occur. 

The description of this species agrees c10sely 

wi th that of Drechsler (1937). 

J. ARTHROBOTRYS ROBUSTA Duddington (1951a) 

The vegetative phase of this fungus was identical 

with that of !. oligospora and!. superba and the trapping 

mechanism was al 50 very similar. The conidia were again 

bicellular, with the septum towards the middle, but they 
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were produced in terminal heads and not in whorls along the 

conidiophore. The conidiophore was usually branched and 

about 200 - 400u talle The conidia appeared Slightly plumper 

than those or !. oligospora and were bluntly rounded at the 

proximal end while those or ~. oligospora were acutely pointed. 

'l'he conidia were lS - 27u in length and S - 12u in \on. dth. 

Chlamydospores and enlarged storage hyphae were not round. 

This description agrees well with that given by 

Duddington (1951a) ror the species. 

4. ARTHROBOTRYS DACTYLOIDES Drechsler (1937) 

The predacious apparatus of !. dactylo ides was a 

constricting ring composed or 3 arcuate cells borne on a 

2-celled stalk. The constricting rings were produced 

spontaneously in pure culture, but very sparsely. On aààing 

Rhabditis nematodes, however, they were produced in great 

prorusion but took longer to make their appearance than did 

the hypha1 networks of the retiary species. The conidia were 

uniformly uniseptate, elongated and slightly curved, 32 - 50u 

in length and 7 - 10u in wi dth and produced in loose clusters 

on erect conidiophores 200 - 400u tall. 

Swollen 3-celled conidia, such as those observed by 

Drechsler (1937) were not seen, nor were they reported by 

Olthof (1962) or Thomas (1963) who had worked with the same 

isolate for three years and two years respectively. 
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Chlamydospores were not observed. 

5. DACTYLELLA ELLIPSOSPORA (Preuss) Grove (1$$6). 

This fungus produced stalked adhesive knobs in 

pure culture, but produced them more profusely when nematodes 

were present. Each erect conidiophore, 150 - 250u in length, 

bore a single conidium but occasionally the conidiophore 

elongated pushing the conidium to one side and a new conidium 

arose at the tip. As many as four conidia arose from one 

conidiophore in this manner. The conidia ",ere broadly spindle 

shaped and typica11y divided by four septa into five ce11s of 

which the middle one was the largest. Occasiona1ly, one and 

two septate conidia were observed but these were thought by 

Drechsler (1937) to be immature ones. The conidia were 28 -

65u in length and $ - l8u in width, corresponding c1ose1y to 

the measurements given by Drechsler (1937) for this species. 

D. DISCUSSION 

The descriptions of these fungi are a1most identical 

with those of 01thof (1962) who origina11y iso1ated them. 

There is no evidence of any morpho1ogical change in spite of 

repeated subculturings by t\'10 \'1orkers who handled them for a 

total of 6 years. Attention is drawn to the fact that none 

of the retiary species described produced traps spontaneously 

in pure culture. 
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Figure 1. Arthrobotrys oligospora Fresenius 
A. Hyphal network. 

( 
B. Conidia. 
C. Chlarnydospores • 

. :, 



27 

( 

1 : , 

( 

.-'. ',:. 

50u 

Figure 2. Arthrobotrys superba Corda 
A. Hyphal network. 
B. Conidia. 
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Arthrobotrys robusta Duddington 

A. Hyphal network. 
B. Conidia. 
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Figure 4. Arthrobotrys dactyloides Drechsler 

A. Constricting ring - uninflated. 
B. Constricting rings - inflated. 
C. Conidia. 
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Figure 5. Photomicrograph of Arthrobotrys oligospora conidia 

-, ':. 
Figure ô. Photoldcrograph of Arthrobotrys superba conidia 
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Figure 7. Photornicrograph of Arthrobotrys ru busta conidia 

.~ ... 

Figure 13. Photomicrograph of Arthrobotrys dactyloides conidia 
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Figure 9. Dactrlella ellipsospora (Preuss) Grove 
A. Hypha showing knobbed outgrowths. 
B. Conidia. 
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II. NUCLEAR CONDITION OF NEl·~'l'OPHAGOUS FUNGI 

A. INTRODUCTION 

An appreciation of the importance of variability 

for the perpetuation of a fungus has resulted largely from 

the failure of plant hosts bred for resistance to a given 

pathogenic fungus to ramain resistant when grown on a large 

scale. I-futations and heterocaryotic phenomena ara necessary 

if the fungi are to increase their variability. Evidence 

strongly suggests that isolates of fungi from nature are 

often heterocaryotic or are aggregates of different clones of 

any given species (Buxton, 1960) • 

The cells of most hyphomycetes are multinucleate 

(Duddington, 1962a) and it was shawn by Hansen (1938) that, 

in a number of imperfect fungi, strains of species could be 

obtained by ruaking subcultures of a large number of single­

spore isolations. The simplest way of accounting for the 

known variability in the nematode-trapping fungi is by 

a5suming the existence of heterocary05is. 'rhis assumption is 

strengthened by the work of Feder ~~. (1960) on 

constricting ring formation in Dactylella doedycoides which 

suggests that this fungus is heterocaryotic with regard to 

the capacity to form rings. 

Because knowledge of heterocaryosis i5 an important 

consideration in the understanding and the interpretation of 
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results or studies on the biology and the use or namatode­

trapping fungi in the control or plant parasitic nematodes, 

an investigatior. or the nuclear condition in these fungi was 

undertaken. 

It is recognized that a rungus does not need to have 

multinucleated cells to be heterocaryotic. Conversely, a 

fungus with multinucleated cells need not be heterocaryotic 

as aIl the nuclei May be of the same type. Bearing this in 

mind, the nuclear condition of the mycelium, conidia and 

conidiophore was studied. 

B. l'lATERIALS AND METHODS 

1. FUlWI 

The observations reported in this study were made 

on the nuclei in the conidia and vegetative mycelia of Arthro­

botrys oligospora, !. superba, !. robusta and !. dactyloides. 

These fungi were grown on weak Corn Meal agar (Duddington, 

1955) and on Water agar for cytological observations. The 

original cultures of each species were maintained on Difco 

Bacto Lima bean agar at 4 - 6°c. 

2. CYTOLOGICAL PREPARATIONS 

a) Ungerminated conidia were affixed to microscope slides 
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after applying Haupt's (1930) adhesive. 

b) Thin' slide-cultures were prepared by placing a drop of 

the medium on a microscope slide and spreading it into a thin 

layer with a glass rode The inoculated Slides were incubated, 

at room temperature, in Petri plates which had moistened 

fil ter papers in the bottoms and the lids. 

c) Pieces of cellophane small enough to go with ease into a 

Petri plate were placed in boiling water for about 30 minutes, 

peeled of their impervious coverings, placed between weIl 

moistened fil ter papers in a Petri plate and autoclaved. The 

cellophane pieces were removed as needed, soaked in sterile 

water and placed on the surface of the medium in Petri plates. 

They were inoculated with conidia and incubated at room 

temperature. Sorne of the resultant cellophane cultures were 

examined , ... hile still on the surface of the medium by phase 

contrast microscopy to determine the nuclear condition of the 

living mycelium,while others were stained. Still others were 

left till sporulation had taken place and then stained to 

determine the nuclear condition of the conidia, as the vast 

majority of conidia affixed to microscope slides were washed 

off during the staining process. 

3. I,rrCROSCOPY 

For the study of stained preparations, a Zeiss 

automatic photomicroscope was used. It was fitted with plan-
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achromat objectives 40/0.65 and 100/1.25 in conjunction with 

a Zeiss achromatic ap1anatic condenser "(N.A. 1.4Z). 

The nuclear condition in living cel1s was studied 

with a Reichert nNeozet" binocu1ar research microscope fitted 

with a lmm universal npo1yphos" condenser and matched phase 

objectives x 40 (N.A. 0.65) and x 100 (N.A. 1.30). Photo­

micrographs were taken with Kodak High Contrast Copy film. 

4. FIXATION 

Throughout th1s work, either acetic acid alcohol 

(1:3) was used or the staining procedure was carried out 

without previous fixation. 

5. STAINING 

a) Azure A-SÛ2. (Huebschman, 1952). The cytological 

preparations were hydrolyzed in lN HCl at 600 C for 6 minutes 

to remove basophilly of the cytoplasm. They were then 

stained in a mixture of 50ml of 2 per cent aqueous Azure A 

(Flax and POllister, 1949), 3ml of 10 per cent NaHS04 and 

3m1 of lN. HCl for 30 minutes. The stained preparations 

were washed in two changes of distilled water for 5 minutes, 

a drop of 10 per cent alcohol added, dried and mounted in 

Euparal. 

b) HC1-Giemsa. (Robinow, 1957). Hydrolyzed preparations 
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were stained overnight in a solution prepared by adding 2 

drops of Gurr's Irnproved Giemsa stain (R66) per ml of butfer 

solution at pH 6.8. Stained preparations were mounted in 

buffer, covered with a No. 1 cover glass and sealed. 

c) Other stains. Acetic orcein (La Cour, 1941), Lacto­

proprionic orcein (Dyer, 1963), Aceto-carmine (Geitler, 1949), 

and Basic fuchsin (de Lamater, 1948) were also used. 

C. RESULTS AND DISCUSSION 

1. LIVING PREPARATIONS 

Phase contrast microscopy of slide and cellophane 

cultures did not raveal the nuclei in the living spores or 

the vegetative mycelium because of their high natural 

refractility. I>1ineral oil was spread on the preparations to 

depress the refractility to no avail. However, vegetative 

hyphae that had grown off the cellophane into the surrounding 

medium showed 2 - 7 nuclei per cell with the average around 

3.5. The range in numbers of nuclei per cell and the average 

number of nuclei per cell were the same in all the 4 species 

studied. 

2. STAlNED PREPARATIONS 

The stained cellophane strips yielded the best 
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preparations. Of the staining methods used, the Azure A-S02 

method gave transparent preparations of spores and vegetative 

mycelium wit h well stained nuclei. The HC1-Giemsa method 

stained nuclei faintly, while acetic orcein, lacto-proprionic 

orcein and aceto carmine did not stain the nuclei. 

Stained preparations of vegetative mycelium showed 

the sarne range in numbers of nuclei as did phase contrast 

microscopy of living preparations. The usual number of 

nuclei per cell was 3 or 4 while as many as 7 per cell was 

not uncommon (Figs. 10, 12,14, 16). Occasionally, a short 

lateral branch had one nucleus per cell but it soon 

anastomosed with a hypha that had more than one nucleus per 

celle 

Conidia of all the four species showed between 3 

and 15 nuclei per cell with an average of 10 to 12 (Figs. 11, 

13,15, 17). Photographs of conidia showed only about half 

the number of nuclei actually present. This l'/aS because the 

nuclei lay at different depths in the conidia. 

The nuclear count was slightly higher when the 

fungi \'Iere grown on Corn meal agar. This finding appears to 

agree with the findinr; of Huebschman (1952) that the number 

of nuclei in the oonidia of Neurospora crassa could be 

increased by growing the fungus on a nutritionally rich medium. 

It is desirable to ascertain the number of nuclei 

that go from the terminal cell of a conidiophore into the 

formation of a conidiwn. The use of phase contrast microscopy 

, 
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Figure 10. l'J.ul tinucleate hyphal cells of Arthrobotrys 
oligospora 

FiGure Il. hultinucleato cells in a conidium of Arthrobotr;zs 
olir;ospora 
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Figure 12. l;Iul tinucleate hyphal cells of Arthrobotrys superba 

Figure 1.3. Lul tinucle2te cell 5 in conidia of Arthrobotrys 
superba 
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Figure 14. A multinucleate hyphal cell of Arthrobotrys robusta 
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FiGure 15. ~~ltinucleate cells in conidia of Arthrobotrvs 
robusta 
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FiGure 16. Lu! tinue1eate hyphe1 cclls of !l.rthrobotrl's 

èctY1omê. 

"L;u"" 17. ;·.ult inuel. ca té ccll" in c oni di 2 or 0:"h,:o-",,-~ 
Q.& ct \'1 oL~ 
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might have been of help in this connection if the refractility 

of the ~pecimens could have been eliminated. Work on 

chromosome numbers might be of advantage in determining 

relationships of the different species. 
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III. THE EFFECT OF ENVIRONI\ENT ON VARIABILITY OF 

NENATOPHAGOUS FUNGI 

A. INTRODUCTION 

~uch work has been done on the effect of various 

environmental factors, such as light conditions, type of 

medium, tempe rature and pH of the medium on growth and 

cultural characteristics of various nematode-trapping fungi 

(Olthof, 1962). There are reports (Juniper, 1956; Tarjan, 

1961) of variation in growth rate, amount of sporulation and 

size of conidia but these apparently were not permanent 

features. The aims of the workers in this field were either 

to distinguish between closely related species or to find the 

optimal conditions for their culture in bulk as a prelude to 

their employment as agents of biological control of plant 

parasitic nernatodes. Olthof and Estey (1965) reviewed the 

work done and made a detailed study of the growth and cultural 

characteristics of ten nernatophagous hyphomycetes isolated 

from Quebec agricultural soils. 

The separation of related species on the basis of 

morphological character differences has been justified by the 

need fo r a practical system of classification but the 

drawback of this method is that phenotypic variation in a 

single strain in response to changes in environment could 

resul t in the variants being described as two or more 
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distinct species. The work of Hansen (193$) suggests that 

iso1ates of fungi from nature, especia11y the Fungi Imperfecti, 

are often heterocaryotic. If this is the case with the 

nematode-trapping hyphomycetes, then the use of various 

culture media, 1ight, tempe rature and hydrogen ion 

concentrations may act as selective "baits" for their 

different components. 

The purpose of this study was to determine if 

sectoring or other visua1 evidences of nuc1ear dissociation 

could be induced by varying the ecological conditions under 

which Arthrobotrys oligospora was grown. It was hoped that 

this wou1d 1ead to the selection of new stable strains. 

B. MATERIALS AND I-iETHODS 

Four Petri plates, each containing 15m1 of the 

appropriate medium and inoculated with a single conidium of 

Arthrobotrys oligospora, were emp10yed for each of the 

different temperatures, light conditions and hydrogen ion 

concentra t ions. 

a) Media. Fourteen media were used to study the effects of 

culture media and light conditions on variability of the 

fungus. They were Potato dextrose agar, Corn me al agar, Iv1al t 

extract agar, Chlamydospore agar, Lima bean agar, Prune agar, 

Rice extract agar, Li ttman oxgall agar, Czapek Dox agar, v/ort 

agar, Mycophil agar, r'lycologogical agar, Oat meal agar and 

J 
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\'later agar. The media, with the exception of \'/ater agar, 

were prepared from Difco Bacto dehydrated media according to 

the directions of the manufacturer. 

The media used in studies relative to temperature 

and hydrogen ion concentration were weak Corn meal agar and 

Czapek Dox agar amended with 0.1 per cent yeast extract. 

b) Light conditions. Continuous light supplied by normal 

fluorescent lamps of a laboratory, twelve hours of dark 

followed by twelve hours of light of the same intensity as 

that used for continuous light, and continuous darkness were 

the conditions used. 

cl Hydrogen ion concentrations. In the study of the effect 

of hydrogen ion concentration on variability of the fungus, 

pH values 4, 5, 6, 7 and 8 were used. Buffering of the 

medium to obtain the desired pH values was accompli shed by 

the use of JllcIlvaine' s buffer system (NcLean and Cook, 1958) 

in the follo\'ling manner: 

Five hundred millilitres of double strength yeast­

amended Czapek Dox broth were divided into 5 lots of 100ml 

and each lot received the follo .. Ting amounts of O.lM ci tric 

acid solution and 0.2M disodium hydrogen phosphate solution: 
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pH Citric acid Na2HP04 

4 61.45ml 3$.55ml 

5 4$.50 51.50 

6 36.$5 63.15 

7 17.65 $2.35 

$ 2.75 97.25 

After the addition of the buffer, each medium 

received 15g per litre of agar with the exception of the 

medium at pH 4 to which 30g per litre were added. The media 

were steamed to dissolve the agar and autoc1aved at 121°C 

for 15 minutes. After coo1ing to 40°C, the pH of each medium 

was determined by means of a Beckman e1ectric pH meter and 

the pH adjusted with either concentrated HC1 or NaOH. 

d) Temperature 1eve1s. Six temperature 1eve1s were employed 

in studying the effect of temperature on variability of the 

fungus. These were 10°C, 15°C, 20°C, 25°C, 30°C and 35°C. 

A1l other incubations were carried out at room temperature, 

which was about 23°C. 

C. RESULTS AND DISCUSSION 

The plate-cultures were examined every 24 hours 

but no sectoring or island formation was observed. These 

findings did not rule out the existence of heterocaryosis 
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in Arthrobotrys oligospora as each cell of its conidium was 

shown to have ; - 15 nuclei and the chances of selecting one 

type of nucleus, if more than one exist, were infinitesimally 

small considering the number of replications employed in 

this study. The indications were that the fungus, if 

heterocaryotic, was stable and its nuclear ratio was not 

easily altered. 

D. OTHER OBSERVATIONS 

(i) Three cultures of Arthrobotrys superba on weak Corn 

meal agar, wrapped in polythene and left on the laboratory 

table for 2 weeks, showed budding of a large number of conidia 

while they were still attached to the conidiophores. Sorne of 

the resulting conidial chains were branched (Fig. là). The 

conidial buds viere subcul tured but this variant ,'ras not seen 

again. Apparently, sorne environmental factor, V/hich could 

not be detected, vias responsible for this unusual phenomenon. 

(ii) Four plates of weak Corn meal agar, buffered with 

HcIlvaine's Buffer System (I-lcLean and Cook, 195à) at pH 6 and 

inoculated .,.Tith Arthrobotrys oligospora and nematodes of the 

species Rhabditis oxycerca were incubated for a week at ;OoC. 

No traps ,'lere formed and on removing them from the incuba tor 

they were left on the laboratory table for two days. Prior 

ta discarding the cultures, they \"lere scanned wit h a 

stereoscopie microscope and every one of them showed a 
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prolific production of aseptate microconidia (Fig.19). After 

four days, they started to produce the normal bicellular 

conidia. Single microconidial cultures yielded the wild type 

but one culture showed the production of a new strain. It 

was distinguished from the wild type by the fact that in pure 

culture the mycelium lysed completely within three weeks of 

planting, leaving erect conidiophores with normal conidia,and 

a large number of chlamydospores which were produced earlier 

than is usual for !. oligospora. The character of early lysis 

of the mycelium has not been lost after five successive 

subculturings. 

1 .. • i) 
\~l. In 1962, Thomas (1963) placed under oil several 

cultures of the nematode-trapping hyphomycetes with which he 

was working. In 1965, Arthrobotrys oligospora was subcultured 

from four of these slants under oil and every one of them 

produced traps spontaneously in pure culture. The character 

of spontaneous trap production has remained stable and has 

not been previously reported for !. oligospora. In every 

one of the slant cul tures the fungus had overgro\'1n the medium 

and penetrated it extensively. Although being kept under oil 

lowers the metabolic activity of the fungus, it could be that 

starvation conditions arose giving rise to a selection of a 

certain type of nucleus or to an alteration of the nuclear 

ratio. 

(iv) At times, Arthrobotrys oligospora on weak Corn 

meal agar produced conidia in close compact whorls, one 
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immediately above the other, 'to resemble a f'eather (Fig.20). 

At other times, on the same medium, the whorls of' conidia 

were well spaced and the conidiophores were branched to give 

the appearance of' a loose aerial tangle of' conidiophores and 

conidia (Fig.2l). 

(v) Arthrobotrys superba produced traps spontaneously 

in pure culture on \"ia:ter agar. This f'inding is consistent 

with the starvation suggestion mentioned in a previous 

paragraphe 
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IV. THE SELECTION OF NE\'j STRAINS 

A. INTRODUCTION 

The conidia of Arthrobotrys oligospora, !. superba, 

!. robusta and!. dactyloides have been shown to be multi­

nucleate (page 3g). Multinucleate spores cannot be regarded 

as individuals genetically but must be treated as colonies 

that may have genetically different nuclei. Hansen and 

Smith's (1932) comprehensive study of the dual phenomenon in 

Botrytis cinerea provides proof of this. Their fort y seven 

cultures of ~. cinerea collected in California yielded several 

distinct morphological types when sub-cultured as conidia. 

The morphologically different strains frequently anastomosed 

but the original components could be isolated from the 

resulting heterocaryons. 

Hansen (193g), from an analysis of 916 wild type 

isolates belonging to 30 different genera of imperfect fungi, 

concluded that a mixed condition, which he called the "dual 

phenomenon", was a characteristic of the wild type in nearly 

all the imperfect fungi he examined. He further stated, "The 

frequency with which the dual phenomenon is observed to occur 

in iOlperfect fungi suggests that duality may be the natural 

condition for Olany of them". 

Since then, other workers have selected new strains, 

sorne of them homocaryons, of several irnperfect fungi by 
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successive single spore or hyphal tip isolations. 

In this study, especial attention was paid to the 

production of new strains of Arthrobotrys oligospora, !. 

superba and !. robusta. These fungi were chosen because, 

apart from differences in spore size and shape and in the type 

and degree of whorling, they have almost identical morphologies 

and the traps they produce are indistinguishable from one 

another. It was considered possible that they might be 

strains of one species rather than different species. 

B. MA TE RIALS 

The fungi used in these studies were Arthrobotrys 

oligospora, !. superba, !. robusta and!. dactyloides. 

The medium used for the selection of new strains 

\'las \'Iater agar. This medium was chosen because the work of 

Jinks (1952) on Penicillium, Buxton (1954) on Fusarium, and 

Huebschman (1952) on Neurospora crassa had shm'ln that the 

average number of nuclei in the vegetative mycelial cells 

and conidial cells could be altered by changing the 

nut~itional status of the medium on which they were produced, 

a poor medium giving a low average number of nuclei. This 

~~s found ta hold true for the fungi studied (page 38) and 

it was thought that the chances of being able ta produce new 

strains, should these fungi be heterocaryotic, would be 

improved by cul turing them on \-':ater agar. 
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Stock cultures and new strains were maintained on 

slants of Difc() Bacto Lima bean agar. 

C. ~ŒTHODS 

Four methods were employed for the selection of new 

strains from their wild types: 

1. SUCCESSIVE SINGLE SPORE ISOLATIONS 

A dilute suspension of conidia, produced on Water 

agar, was pipetted onto a Petri dish of Water agar and spread 

around by rotating the plate. Using a stereoscopie microscope, 

at x50 magnification, single conidia which were weIl separated 

from others were selected and their positions marked by 

pricking the·agar in the immediate neighbourhood with a 

transfer needle. After checking un der a binocular microscope 

at x200 magnification to ascertain that they were indeed 

single conidia, they were transferred to slants of vlater agar. 

~fuen the cultures on the slants sporulated, the whole process 

was repeated so that a succession of single spore isolates 

was obtained. 

2. SUCCESSIVE ISOLATIONS OF GERM TUBES OF SINGLE SPORES 

It was felt that better success in selecting new 

~ . 
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strains might be achieved through utilizing the germ tubes of 

conidia ra ther than .. thole conidia, be cause the conidia are 

bicellular and each cell of the oonidium germinates. The 

procedure adopted was essent ially the saroe as that for 

successive single spore isolations with the exception that, 

after placing the conidia on the medium, the plates were kept 

for a day at room temperature to allow the conidia to 

germinate. Single germ tubes were located and after checking 

under higher magnification to verify their being single, they 

were pinched off with a sterile dental canal pulp file and 

transferred to slants of ~'later agar. 

3. SUCCESSIVE HYPHAL TIP ISOLATIONS 

Hyphae from single conidia produced on \'iater agar, 

were allowed to groN for three days on Water agar and discrete 

hyphal tips pinched off with a dental canal pulp file were 

transferred together with the agar on which they .. tere lying 

to slants of the medium. 

4. SUCCESSIVE SINGLE INTi!:RCALARY-CELL ISOLATIONS 

Essentially, the method of lfuitney and Parmeter 

(1963), was used. 

Single conidia 't'lere cul tured on cellophane pieces 

lying on the surface of 3 par cent l'later agar~ '\"iith a medium 
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of softer consistency, difficulty was experienced in cutting 

single cells as the cellophane either shifted or was pushed 

down into the medium during the cutting process. 

For the cutting of particular cells, micromanipulators 

both manual and pneumatic were at first employed but little 

success attended these efforts and they were abandoned in 

favour of the razor-blade chip knife method of Whitney and 

Parmeter (1963). The knife was made by inserting a razor-

blade chip into a needle holder after removing the needle. 

It was sterilized by immersing in 90 per cent alcohol followed 

by flaming • 

The living hyphae on the cellophane were of a golden 

hue and highly refractile. On touching a cell, it burst to 

release its contents, becoming transparent in the process. A 

single cell was obtained by puncturing the cells on either side 

of it (Fig.22). Its position was marked by piercing the cello­

phane near it and then it was examined at x200 magnification 

to make certain that it was a single celle The cellophane 

supporting the single cell was cut out and transferred to a 

plate of l'iater agar. Vlhen the resulting cultures sporulated, 

the process was repeated to give a succession of cultures 

arising from single intercalary cells, 

D. RESULTS 

Repeated single spore, germ tube and hyphal tip 
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isolates faili:O!d to produce colonies that vIere visably 

different from the wild types of the four fUngi studied. 

Successive isolations of single intercalary cells t'las a 

successful method and the following new strains or variants 

.. lere obtained; in each instance they '.'lere similar to the 

parent colony, except for the characters mentioned: 

1. ARTHROBOTRYS OLIGOSPORA 

Three new strains of !. oligospora t'lere selected. 

a) Strain l21A. It produced traps spontaneously in pure 

culture (Fig.23). This strain appeared to be identical with 

the one recovered from a culture that had been stored under 

oil (page 49). 

b) Strain 223B. In .this strain the conidia germinated vlhile 

still on the conidiophore above the medium to give satellite 

conidia, each on a short conidiophore (Fig. 24) • Vlhen sorne 

trap inducing substance, such as beef, vlBS placed on the 

medium, traps t'lere produced by conidia \"1hile still attached 

to the conidiophore (Fig.25). 

c) Strain 23A. The conidiophores of this strain ''.l'ere fairly 

well branched and the conidiophore axis was geniculate bearing 

the conidia at the "knees" as in ~. superba. 

Of these three strains, only l21A was stable after 

repeated subcul turinB; while the othe r two soon reverted to 

the wild type fror.l which they were obtained. 

'. .' . 
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Fi~ure 22. A single isolatcd intercalary cell oE 

i\rtilrobotrys oli.";ospor2 on cellophane. 

, .. -" _ ...... . ~"'--;"": 

i.iï~;ur0 23. Ar;.; hl'oDotrY2. oli.os Doré, str.:.iin 1.:'.1,:'. '~'hree 
di:.l'.:;nsion,~!l (""}~~h·_~siv·~ n/3tv.rcrks l.-'rodiJ.c·.:;d 
spon taneous1:,r on :·[0.:11( ~o!'n ::. >",1 [;; :::;é:l' in the 
absc;nc'.:- of n~r.~étoJes. 
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F'i;;ure 2h. Arthrobotrys oli:,:osporél str.::dn 22.3B. Conidia 
I:cn::inateà ' . .,.hilû still on th~] c0nil~iophort3 to 
cive satellite conidié-:, eDc:l on a silOrt 
coniJiophore. 

,~ 
,/ .-.,. 

l.''ir;url~ 25. ;"rti~robotrys 01 i;o sporél str~ in 2235. '':onidiE 
:Jl'O.lUC8J. tr'.ltlS '.::;il~ still on ':';"! c'JniJ.io~hore 
;.::ove t, ~L~ ~)_l bs trrA t.'2. 
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2. ARTHi-LOBOTRYS SUPERBA 

Two new strains of !::.. superba \'/ere selected. 

a) Strain 146A. It produced chlamydospores in pure culture 

and when nematodes were added (Fig.26). The chlamydospores 

were brown, int.ercalary structures and produced in chains 

.... rhich \'/ere usually branched. i,~ost of the individual elements 

had double walls. There are no published reports of !::.. 

superba producing chlrunydospores. 

b) Strain 145B. It grew on solid media, about one and a 

half times as fast as the wild type and in Czapek Dox broth 

amended with yeast extract it made about twice as much growth 

as the wild type. Ho difference in conidial shape, septation 

or dimensions was observed. The conidiophores collapsed and 

the individual conidia, in the Ithead" of conidia lying on the 

medium, germinated to produce what resembled a bunch of 

spikes. 

Both these new strains were stable. 

:3. ARTtiHOBO'l'RYS HOBUSTA 

Four ne1r1 strains of !. robusta were obtained. 

a) Strain l16D. It p~oduçed chlamydospores in pure culture 

and 1rlhen nematodes \'/ere added (Fig.27). Chlamydospores 

usually occured singly at the ends of short lateral hyphal 

branches, but intercalary chlamydospores were also present. 

-" - _ .. -
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A branched chain of chlé!mydospores produced 
by Arthrobotrys superba strein 146A. 
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They were globular, brown in colour and larger than those of 

!. oligospora. Conidia were produced in whorls along the 

conidiophore. 

b} Strain l22C. It had a slightly slower rate of growth on 

solid Corn meal agar than the wild type and made only about 

one-eighth the growth of the wild type in Czapek Dox broth 

amended with yeast extract. Whorling of conidia along the 

conidiophore also occured (Fig. 2g). 

c} Strain 1~6D. The only difference bet\'leen this strain and 

the wild type was that the conidia were borne in whorls; 

othennse the two were indistinguishable. 

d} Strain l22B. It was identical with strain 146D but the 

conidia were elongated and comparatively narrow, almost 

cylindrical in outline with the septum often towards the 

middle of the conidium (Fig.2~. The conidia were similar to, 

but larger than, those of !. superba. 

All four new strains were stable after repeated sub­

culturing on weak Corn meal agar and on Lima bean agar. 

4. ARTHROBOTRYS DACTYLOIDES 

Two new strains of !. dactyloides were selected. 

a) Strain l24D. It produced masses of 2-celled microconidia 

(Fig.30) together with normal conidia. The microconidia were 

about one-third the size of the normal conidia and resembled 

the latter in appearance. ~Vhen single spores were subcultured 

.. _-- ',,: 
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'l'err:dna] ch12.r::ydos~)orc~s 
robusta str~in 116D. 

produceù by l~rt;lrc:botr:~ 
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Figure 29. Elongate and narrow, almost cy1indrical, conidia 
of Arthrobotrys robusta strain 152B, with the 
septum tO\'1ards the middle of the conidiwn. 

Figure .30. Art.hrobotrys dactyloides strain l24D shovling 
2-celled lIlicroconidia and normal j!. dactyloides 
conidia. 
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or when th~r germ tubes were cut off and cultured, they gave 

rise to both types of conidia. 

b) Strain l48B. It produced swollen 3-celled conidia 

together with the normal conidia (Fig.3l). \'ihen single germ 

tubes originating from these swollen spores'were cultured, 

about 90 per cent gave rise. to normal conidia only. In 10 

per cent o~ cases, both types of conidia were produced. 

E. DISCUSSION 

For every ne\'1 strain that was recognized as being 

morphologically different from its wild type probably several 

others, which were physiologically different, went undetected; 

still, several new strains were produced in a relatively short 

period of time. This is believed to be circumstantial 

evidence for the existence of heterocaryosis in these fungi. 

It is postulated that the wild types are hetero-

caryons \-,hose nuclear ratios, when altered, result in the 

development of morphologically different strains. This theory 

is consistent \d th the finàings that !le oligo spora strains 

223B and 235A were not stable but reverted to the \'Iild type, 

suggesting that the altered n:uclear ratio could not be 

rnaintained. Further substantiuti on could be found in the 

fact that about 90 per cent of the germ tubes of the swollen 

3-celled conidia oL Arthrobotrys dactyloides strain 148B gave 

rise to the wild type conidia, and about 10 per cent of them 
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produced both the swollen and the wild type conidia. The 

results o~ Feder ~ al. (1960) may also be explained on the 

basis o~ altered nuclear ratios. They distinguished type B 

spores o~ Dactylella doedycoides ~rom type A spores because 

o~ their inability to ~orm traps spontaneously and in the 

presence o~ nematodes. However, only·a percentage o~ the 

spores which arose ~rom cultures o~ the type B spores retained 

the type B condition; the others reverted to the type A which 

~orms traps spontaneously. 

Drechsler (1937), commenting on the identities o~ 

!. oligospora and!. superba stated that the latter did not 

produce chlamydospores. However, these studies demonstrate 

that some strains o~!. superba have the genetic potentialities 

~or chlamydospore production because strain 146A produced 

them in abundance. 

O~ the ~our new strains o~ !. robusta selected, 

strain l52B had conidia which resembled those o~!. superba 

both in shape and position o~ septa. This might be an 

indication o~ a closer relationship between these two species 

than is at present considered. 

Duddington (195la) used as important criteria ~or 

distinguishing !. robusta a new species, his ~indings that it 

did not produce chlamydospores or whorls o~ conidia, but had 

branched conidiophores. All ~our new strains o~ !. robusta 

selected during these studies showed whorling o~ conidia, 

less branching of the conidiophore and three did not produce 

.==r .......... -
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chlamydospores. These f1ndings cast doubts on the usefulness 

o~ such characters in delineating new species. However, as 

the nematode-trapping hyphomycetes lack a per~ect stage, it 

may be necessary to make use of them until such time as more 

valid criteria are developed. 

The type species for the ~orm genus Arthrobotrys 

is !. superba and two of the main characteristics of this 

species are stated (Drechsler, 1937) to be the production o~ 

bicellular conidia and the nodal development of conidia in 

whorls, but!. dactyloides produces bicellular conidia which 

are not in whorls. Drechsler (1937) suggested that this 

should not be regarded as sufficient grounds for excluding a 

species froID the genus Arthrobotrys if the arrangement o~ the 

conidia is truly capitate as it is in !. dactyloides. 

Duddington (195la) agreed with this observation when he named 

!. robusta, a species which does not produce its conidia in 

whorls along the conidiophore. Drechsler (1937), when 

assigning !. dactyloides to the genus Arthrobotrys, stated 

that he did so with sorne misgivings because of the occasional 

production of s\'lOllen tricellular conidia in the manner of 

species in the genera Dactylella and Dactylaria. 

In view of the ~inding that !. dactyloides strain 

l48B consistently produced tricellular conidia, it is 

suggested that it may be more appropriate if !. dactyloides 

\"rere assigned to the genus Dactylella. 
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V. THE SYNTHESIS OF NEW STRAINS BY ANASTQ.~SIS 

A. IN TRODUCTION 

The problems encountered in species delineation 

arise primarily from the criteria used to describe them and 

from the difficulties in establishing their limits. Characters 

used to define and separate closely related species of 

nematode-trapping hyphomycetes frequently are of degree only 

and although they are justified by the need for a practical 

system of classification, the use of these quantitative 

criteria becomes an important consideration in determining 

whether anastomosis between two species constitutes a valid 

reason for considering the two as strains of a single species. 

For the purposes of this thesis, anastomosis is used as if it 

were a synonym of plasmogamy or the compatible fusion of two 

hyphae and the mingling of their cytoplasm. 

Most attempts at making heterocaryons between 

different species of fungi have ended in failure (Gossop et 

al., 1940). In contrast to this, however, Taschdjian and 

!<uskatblit (1955) observed anastomosis between three species 

of Trichophyton (the cause of Black Dot Ringworm in man) and 

this led thern to arnalgamate the three under one species. They 

state, nIt is recognized that anastomosis will occur between 

mycelia of the sarne species (Langeron and Vanbreuseghem, 

1952). V/hile absence of fusion between t\'lO mycelia is not 
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sufficient per ~ to warrant placing two organisms into 

different species, presence of fusion indicates that two 

strains do belong to one and the sarne species". 

Arthrobotrys oligospora, !. superba and !. robusta 

resemble one another morphologically and variant strains of 

!. s~perba and!. robusta (strains l46A and l16D respectively), 

that produce chlamydospores like those of !. oligospora, were 

selected from their wild types. !. robusta strains l16D, l22C, 

l46D and l52B, which produce their conidia in whorls along the 

conidiophore like those of !. oligospora, were selected from 

the wild type. Because of these facts and because of the 

selection of !. robusta strain l52B that has spores that 

resemble those of !. superba, it was thought that !. oligospora, 

!. superba and !. robusta might anastomose with one another. 

B. r·lATERIALS AND METHODS 

The fungi used in these studies were the normal or 

wild type strains of Arthrobotrys oligospora, ~. superba and 

!. robusta. 

The medium used for the study of anastomosis was 

weak Corn meal agar (Duddington, 1955). Stock cultures were 

maintained on Difco Bacto Lima bean agar. 

a) Single conidia of two species were placed sorne distance 

apart on the medium in Petri plates. When the colonies grew 

together, a small square of the cultures at the line of 
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contact ~~s removed and transferred to another plate of the 

culture medium. On sporulating, the conidia were washed off 

vii th sterile water and a sinele conidium inoculated on each 

of several slants of weak Corn meal agar. AlI cultures were 

incubated at room temperature. The resulting colonies were 

compared with the species that had been mated. 

b) A modification of the Curry (1949) drop method was also 

used. About Zml of the culture medium was pipetted on the 

inside of the lid of a sterile Petri plate. The medium was 

spread into a very thin layer and the lid fitted onto the 

plate which contained about lOml of sterile water. In effect, 

a moist chamber ~JaS produced. The agar ~ras inoculated wi th 

conidia of two speeies opposite one another and when the 

colonies met, microscopie examination for the occurenee of 

anastomoses between the t\"TO speeies \~s carried out at x200 

rnagnification without removing the lid. 

c) In another approach to the study of anastomosis, vital 

stains of different eolours were ineorporated into the 

culture mediwn. Squares of cultures of the t",O species, one 

grO\'Jl1 on a medium stained red and the other on one stained 

blue, were planted on opposite sides of a plate of i'jater agar. 

It was hoped that tre fungi would use the stained Corn meal 

agar as a food base and. the anastomosing hyphae hTould be 

coloured differently, thus making it easy to reeognize the 

oceurence of anastomosis bet",een hyphae of different species. 

d) Sterile, peeled cellophane squares ~rere aseptically 
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placed on weak Corn meal agar. Conid1a of one species were 

steeped in a vital stain and pipetted in a narrow streak on 

the cellophane. A day later, conidia of the other species, 

steeped in a vital stain of a different colour, were streaked 

in a line OPfosi te the fi rst one. \'ihen the hyphae from the 

conidia of the two species met, they were examined micro­

scopically for the occurence of anastomoses. 

With a razor-blade chip knife, the hyphal cells 

around the anastomosed cells in the anastomosis figure were 

punctured and the cellophane bearing the figure cut out and 

planted on weak Corn meal agar. Four such transfers were 

made from matings of two species. 

By these methods it was hoped to eliminate all 

possibility of error in determining that anastomosis between 

hyphae from two different conidial sourCes had occured: 

(i) the positioning of conidia on opposite sides would 

make it fairly easy, on tracing a hypha back to its conidium, 

to recognize whi ch sp ecies it came from. 

(ii) a long hypha \"lOuld probably be from the species 

planted first and a short hypha from the one planted a day 

later. 

(iii) the coloured hyphae and/or conidia would aid in 

distinguishing hyphae arising from different species. 

Anastomosis \vas recognized to have taken place 

between the species when two fused hyphae could be 

uninterruptedly traced to their two opposite conidial sources. 
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C. RESULTS 

Good observations were obtained with the modification 

of the Curry drop and with the cellophane culture technique. 

The hyphae, of the colonies arising from media in which stains 

were incorporated, did not take up the vital stains; however, 

the conidia did take up the stains and most of them retained 

it for a time. This was invaluable in decisions that 

anastomosis had occured between hyphae arising from conidia 

of two different species. 

Anastomoses were observed to oceur between Arthro-

botrys oligospora and!. superba; bet'1een !. oligospora and 

!. robusta; and between !. superba and !. robusta. Figure)2 

ShO\'lS anastomosis between germ tubes arising from conidia of 

!. robusta and !. superba. 

No new strains were obtained by the procedure 

outlined in method (a). Anastomosis figures isolated from 

matings between !. oligospora and !. superba and between !. 

oligospora and !. robusta yielded colonies whieh, at an early 

stage bore some very mueh enlarged 2-septate eonidia (Fig.))); 

the vast majority of the conidia were of the !. oligospora 

type. Some of the enlarged, biseptate conidia were irregular 

in shape (Fig.)4). The enlarged conidia, when subcultured, 

gave rise to colonies that were indistinguishable from those 

of !. oligospora, as did single germ tubes arising from these 

spores. 
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FiGure 33. A 2-septate conidiwll that arose l'roI;"; an 
anastomosis fiEure that occured between 
Arthrobotrys oligospora and A. superba • 

~'l' 
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r'i;:~ure 34. "n irre,~ul;-,rly shapeù conidiur.. that arose from 
ail ,-:nélstol::osis fiGure t,hat occurc~d b,:!t,,-ecn 
,~rt:.ltrobotrvs olL:ospcra éinù~. sup8rba. 
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A new strain, designated Arthrobotrys Strain 24 was 

obtained from an anastomosis figure that arose from a mating 

between !. robusta and!. superba. This strain 24 was 

distinguished from its constituent species by its larger 

conidia. Its conidiophore was usually not branched and bore 

from 1 - 5 whorls of closely packed 2-celled conidia. The 

conidia were 20 - 45u in length and 11 - l7u in width and the 

septum was towa~ds the m1ddle, the distal cell being the 

larger. Very occasionally, 2-septate conidia were found. No 

chlamydospores were observed. 

D. DISCUSSION 

Three-celled conidia have not been reported for any 

of the three species used in this study. Their production 

from anastomosed cells 1s corroboration that somatogamy did 

occur, as is the production of the new strain Arthrobotrys 24 

from !. robusta and!. superba. 

The apparent ease with which anastomosis occurs 

between!. oligospora, !. superba and !. robustà leads one to 

believe that although morphologie al characters permit a 

distinction between them, these species may in reality be 

variants of a single species. The failure to ob tain new 

stable strains from matings of !. oligospora and!. superba, 

or from !. oligospora and!. robusta may have been due to the 

occurence of nuclear dissociation in the composite strain, the 
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Conidia of Arthrobotrys superba (wild type). 
" " " robusta (wildtype). 
" " " strain 24. 
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!. oligospora component becoming predominant. Another 

possibility is that genetic incompatability might existe 

However, this does not rule out the possibility that they 

were variants of one species as intra-specific incompatability 

is known to exist (Holton and Fischer, 1941; Nelson, 1957). 
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VI. ELECTROPHORETIC STUDIES ON SELECTED SPECIES AND 

NEW STRAINS OF NEMATOPHAGOUS FU NGI 

A. INTRODUCTION 

A criterion, which is still in its infancy as far as 

fungal taxonomy is concerned and whose merits have yet to be 

determined, is the use of electrophoretic patterns of soluble 

proteins. Norris (1966) states, "The use of gel electro­

phoresis in microbial taxonomy is at present in an exploratory 

phase and more information is needed before the potential of 

the method, or the significance of the groupings indicated, 

may be ascertained. The indications at present are that these 

techniques have a valuable part to play in the future develop­

ment of the subjectif. 

Electrophoretic techniques are currently used as 

aids in the diagnoses of pathological conditions in humans. 

Smithies (1955), and' Dessauer and Fox (1956) have used 

electrophoretic protein patterns as aids in the taxonomy of 

animal species. Chang II al. (1962), using acrylarnide gel 

as a supporting medium, showed marked differences between the 

electrophoretic separations of soluble proteins from different 

species of Neurospora. Clare (1963) concluded from starch-gel 

electrophoresis of proteins from different species and strains 

of species of Penicillium that the technique was a useful aid 

in the delimitation of fungal species. 
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B. l-iATERIALS AND l\IETHOD~ 

1. PREPARATION OF SOLUBLE PROTEIN SAl/iPLES 

The fungi \'lere grown in Ozapek Dox broth, amended 

~dth 0.1 per cent yeast extract, contained in 500ml Erlenmeyer 

flasks. The cultures were incubated for 8 days at 25 0 0 on a 

rotary shaker. 

The mycelia were collected by filtering the cultures 

through a Buchner funnel under suction. They \'lere washed 

thrice with distilled water and freeze dried. 

A freeze dried sample was ground to a fine powder 

in a pestle and mortar and 0.5gm of the powder transferred to 

a Teflon tissue grinder with a clearance of 0.004mm. Three 

millilitres of Tris-citrate buffer st pH 8.6 (0.076M Tris, 

0.5nù'I ethylenediamine tetraacetic acid and 0.0051<1 ci tric acid) 

'1lere added to the pO\'lder and the tissue grinder operÔ. ted wi th 

the aid of an clectric motor for 15 minutes. The suspension 

Has coolerl during this operation in order to avoid denaturation 

of proteins by the hest generated through friction. 

The suspension was collected in a centrifuge tube 

together \'lith the washines resultinz frolll the addition of a 

further 2rnl of buffer to the tissue erinder. 'l'he suspension 

\'las subjected to centrifugation at 4l,OOOg for .30 minutes. 

The resul t ' .. .".:;s a clear, .::;olden hued supernatant covered \'li th 

a thin SCW1'. ;.., trélnsluc0nt pellet, thought to be albumin, 

---=e:w..- ( ca-..,. 
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W2S invariably formed against the \"/all of the centrifuge tube 

at the base of the compacted fungal debris. Attempts et 

removing the pellet and re-suspending it in the supernatant 

were unsuccessful; this t'las because the fungal debris 

overlying it was of such a consistency that it could not be 

separated cleanly from it. 

The supernatant '\l'ras pipetted off but, even with the 

greatest of care, little fragments of scurn were also colleeted. 

This necessitated centrifugation for a further 15 minutes, 

egain et 41,OOOg. 

The protein samples deteriorated quickly on storage 

in the freezer compertment of a refrigerator. 

( ~ 

( 

2. BUFFERS 

Poulik's (1957) discontinuous borate-citrate buffer 

system ''las used. 

Starch and polyecrylamide gels were made with Tris­

citrate buffer et pH 3.6, of the same composition as the 

buffer used for extraeting the protein semples. 

For polyacrylamide gel electrophoresis, borate buffer 

at pH 3.7 (O.3M boric acid and O.lM sodiwn hydroxide) was used 

in the electrode con~artments of the apparatus while for 

star ch gel electrophoresis, better results were obtained with 

the saine buffer at double the ionic strength (O. 6rli borie acid 

and 0.211'1 sodi urn hydroxide) • 
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3. PROTEIN STAINING AND DESTAINING 

Amido black lOB was used for staining the starch 

and the polyacrylamide gels. The staining solution was 

prepared, according to the directions of Smith (1960), as 

follows: 

Amido black lOB ..................... 1.Ogm 

l'lethanol-acetic acid-water (5:2:5) ••• 100ml 

The stain was poured on the gel and after 10 

minutes, the excess stain was poured off, the gel washed in 

water and destaining carried out over a tvlO day period in six 

changes of a destaining solution made up of methanol-acetic 

acid-water in the proportion of 5:1:5. 

After destaining the starch slices, they were left 

in 5 per cent acetic acid. This procedure, according to 

Smith (1960), intensifies the blue of the protein bands and 

makes the intervening areas porcelain white. 'rhe gel also 

becomes very brittle in the process. 

4. STAHCH GEL ELECTROPHORESIS 

Protein separations were made frorn the following 

samples: 

i) Arthrobotrys oligospora (wild), !. superba (\ .... ild), 

~. robusta (wild), Strain ~. 24. 

ii) ~. oligospora (wild), ~. oligospora l21A, 

, 
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!. superba (wild), 1::.. superba 14ôA, ~. superba 154B. 

iii) !::.. robusta bdld), 1:.. robusta 146D, !.. robusta 152B, 

Strain~. 24. 

The composition of the gel and the conditions of 

the electrophoretic process ''1ere according to Kristjansson 

(1963) : 

8.74gm of hydrolysed starch were suspended in 20ml 

of cold Tris-citrate buffer, and 130ml of the buffer heated to 

900C ';lere added rapidly to i t. The suspension was swirled by 

hand for a minute and, vlithout degnssing, was poured into the 

starch gel tray. A few drops of mineraI oil were applied to 

a sheet of glass and the glass placed oiled side down on the 

gel tray. Ueights were applied. 

After one hour, the weights and the glass sheet 

''lere removed and the gel cut across 1ts width, 4cm from one 

end, with a razor blade. The smaller part of the gel was 

pushed back and pieces of l'ibatman No. 3 filter pç:per, O.75cm 

x O. 6cnl, soaked in a sample of the fungal extract were placed 

approximately lcr:! apart against the exposed cut surface of 

the larger portion of the gel. The smal1er part of the gel 

was carefully replaced against the 1arger portion of the gel. 

The gel tray was covercd \"li th Saran i .... rap* leaving 2. 5cm a t 

either end exposed to a110w contact \'li th the filter wicks. 

One hundred and sixt Y five volts were initial1y 

applied for 15 minutes. The current \'las shut off, the paper 

*- a product of the Dow Chemical Company, i,.idland, hich., V.S .li • 
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inserts removed, the gel reeovered with Saran Wrap and again 

165 volts were applied for a further period of 15 minutes. 

The voltage was then raised to 350 and the eurrent registered 

was 20mA. The brown borate boundary was allowed to migrate 

exaetly 8em; this was aeeomplished in 21 hours from the 

time the system was sw1tehed to high voltage. The gels were 

eooled by earrying out the eleetrophoretie separations in a 

refrigerator at 50 C. 

At the eompletion of a separation, the gel was 

slieed by a taut wire supported by a steel wishbone. 

5. POLACRYLAMIDE GEL ELECTROPHORESIS 

Protein separations were made from the following 

samples: 

i) Arthrobotrys oligospora (wild) - 3 isolates from 3 

different loealities. 

ii) !. oligospora (wild), !. superba (wild), !. robusta 

(wild), Strain!. 24. These four samples were duplicated on 

the sarne gel. 

iii) !. oligospora (wild), !. oligospora l21A, !. superba 

(wild), !. superba l46A, !. superba l54B, !. robusta (wild), 

!. robusta l46D, ~. robusta l52B. 

Electrophoretie separation of proteins of ~. robusta 

l16D and l22C were not made beeause strain l16D was obtained 

after this experiment had been completed and strain l22C made 

_ ...... -- - --
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such po or growth in yeast amended Czapek Dox broth that 

enough mycelium for extraction of a protein sample was not 

obtained. 

The vertical polyacrylamide gel apparatus was 

obtained from the E-C Apparatus Corporation, Philadelphia, 

and the procedure used was essentially the one outlined in 

their Technical Bulletin No. 133. 

The base of the apparatus consists of the outer 

cooling plate with the lower electrode chamber (the anode) 

attached. The upper part of the apparatus includes the inner 

cooling plate with the upper electrode chamber (the cathode). 

The two parts, when fitted together and held by toggle clamps, 

form a gel tray between the outer and the inner cooling plates. 

Before fitting the two parts together, a sponge 

strip was inserted into the bottom of the outer cooling plate. 

Cooling water was allowed to flow so that visibility through 

the cooling plate would be unimpaired during the pouring of 

the gel. 

An $ per cent gel was prepared by dissolving l2gm 

of Cyanogum 41* gelling agent in l50ml of Tris-citrate 

buffer, adding O.3ml of 3-dimethylaminoproprionitril catalyst, 

and filtering the solution. Just prior to pouring the 

solution into the gel tray, O.Jgm of the second catalyst, 

ammonium persulphate, dissolved in 2ml of the buffer were 

added to the weIl stirred solution. 

*- a product of the E-C Apparatus Corp., Phila., Pa., U.S.A. 
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The apparatus was tilted to an angle of appro~ately 

30 degrees, and the solution earefully poured into the gel tray 

while gradually lowering the apparatus. The tilting aids in 

preventing the entrapment of air bubbles between the eooling 

plates. If any air bubbles forroed, they , ... ere eliminated by 

roeking the apparatus from si de to side or up and down. The 

well-former was then inserted into the top of the gel tray. 

After about 45 minutes, the exeess gel beyond the 

slot was eut out and disearded. The well-former was earefully 

removed taking great eare not to break the webs between the 

wells whieh would allow mixing of saroples to oeeur. This 

proeess was faeilitated by loosening the gel adhereing to the 

well-former with a long transfer needle bent in the form of an 

S. The eleetrode chrunbers were filled with borate buffer so 

that the platinum electrode in the bottom eompartment and the 

\'1ells in the upper compartment were covered. Air bubbles 

invariably formed in soroe of the wells and they were removed 

by gentle manipulation .'1Ïth the fore-finger of the hand. 

A few grains of sucrose were dissolved in the 

samples 50 that their specific gravit y would be higher than 

that of the buffer. \'iith a narrow bore pipette, the samples 

''1ere dropped through the buffer into the "rells. 

TWo hundred volts were applied for 90 minutes. The 

current registered was l05mA or about $.5mA/cm width of the 

gel. At the end of this time, under the conditions of the 

operation, the borate front maved exactly 10cm. Ta facilitate 
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observation of the movement of the borate front, a small 

crystal of bromothymol blue was added to the sample in the 

first well. 

The gel was removed at the completion of the 

operation, the position of the first sample fixed by cutting 

out a wedge from the base of the gel at that point, and the 

gel stained. 

Photographs of gels were taken with an Ashai Pentax 

camera using Kodak Panchromatic Plus-X film. Heightened 

contrast was obtained by using a red fil ter (Kodak Daylight 

Filter No.S5, Series 7). 

c. RESULTS 

Fewer protein bands were obtained with starch gel 

as a supporting medium than with polyacrylamide gel. Further, 

the majority of the bands l'lere fuzzy and indistinct even after 

steeping the gels in 5 per cent acetic acid. Consequently, in 

the final analysis of results, only those obtained through use 

of polyacrylamide were taken into consideration; the bands 

produced were clear and well demarcated. 

vlith 'vide wells, fewer bands were obtained than with 

narrow wells containing less of the sample. 

There was complete correspondence between the 

protein patterns of the three !. oligospora isolates from 

three different localities (polyacrylamide gel separation il. 
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The wild type of !. oligospora showed 7 protein 

bands; of!. superba, 10 bands; of!. robusta, 12 bands; 

and the composite strain !. 24 showed 9 bands (Fig.J6). 

Three of these bands, in aIl the three wild type species 

and in the composite strain, were in identical positions. 

The variation between protein patterns of strains 

and their wild types (Fig.J7) was almost the sarne as between 

the wild type species themselves (Fig.J6). 

D. DISCUSSION 

The close correspondence between the protein 

patterns of the three wild type isolates of Arthrobotrys 

oligospora and the differences between patterns of different 

species, indicate that polyacrylrunide gel electrophoresis is 

a useful tool for taxonomie purposes. 

There were distinct differences between the protein 

patterns of the three species but bet\'leen 25 and 4J per cent 

of their bands corresponded. The three protein bands which 

were in the same positions indicated that the proteins they 

represented had the sarne migration velocities and were 

probably iden tical. 

There Were di stinct differences between pro tein 

patterns of new strains and the wild types from which they 
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were produced and these differences were almost of the sarne 

magnitude as those between the species themselves. It is 

believed that this constitutes additional circumstantial 

evidence for considering !. oligospora, !o superba and !. 
robusta as strains of a single species. 

Gel electrophoresis may not be a definitive tool 

but it may make a valuable contribution in the realm of 

numerical taxonomy. 
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SECTION II. STUDIES ON THE: TRAPPING ACTIVITY OF SELECTED 

NEI~iATOPHAGOUS FUNGI 

I. THE EFFECT OF AGE ON TRAPPING ACTIVITY OF 

NEIvlATOPHAGOUS FUNGI 

A. INTRODUCTION 

When a large number of' nematodes is added te a 

culture of a predacious hyphomycete, the fungus usually 

displays a rapid increase in trapping activity which is 

maintained for a time and then the acti vit Y declines 

(Duddington, 1957a). Commandon and deFonbrune (193$) 

investigated the adhesive mechanisms of Dactylella 

ellipsospora which produces adhesive knobs, and Arthrobotrys 

oligo spora in ... ;hich sticky networks are formed. In both 

species, the stickiness increased to a maximum at a certain 

period in the life of the fUngus and then gradually declined. 

They found a similar optimal age for trapping activity in 

Stylopage hadra, which is a member of the Zoopagales. In 

2. hadra the whole surface of the mycelium is sticky. 

Couch (1937) was unable to get the constricting 

rings of Dactylella bembicoides to close by introducing a 

glass needle into them and stroking them. Duddington (1962a) 

suggested, as one of the reasons for Couch's failure to 

obtain closure of the rings by this method, the possibility 

.} 
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that the rings he \'las working wi th were old ~nd had lost 

their ability to react to the mechanical stimulus. 

Further knowledge of the effect of age on the 

trapping activity of the nematophagous hyphomycetes is 

necessary if they are to be successfully employed in the 

biological control of plant parasitic nematodes. Hams and 

Wilkin (1961) pointed out the importance, in the biological 

control of Heterodera species, of synchronizing the peak of 

fun gal activity with the peak emergence of larvae from cysts. 

Cooke (1963a) stated that peak predacious activity appeared 

to occur soon after the fungi were added to soil, and the 

subsequent decline was often rapide 

B. NATERIALS AND lvETHODS 

The fungus used was Arthrobotrys oligospora and it 

was cultured on weak Corn meal agar. 

Three long rectangular culture plates fitted with 

lids, \'/hose outside dimensions were 24" x 2" x !", were 

sterilized by immersing them in a 10 per cent solution of 

Javex* for 12 hours and washing them with sterile water. 

One hundred and fifty millilitres of the medium 

were poured into each dish and a small square of a culture of 

!. oligospora on weak Corn meal agar was inoculated in the 

centre. 

*- a product of Domtar Consumer Products Ltd., filontreal, Canada. 
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Rhabditis oxycerca nematodes reared on soil-peanut 

butter (Thomas, 1963) were washed ~rom the lids o~ the culture 

dishes and cleared o~ any accompanying debris by passing them 

through a Baermann ~unnel (Baermann, 19l7) using two double 

thicknesses of ~acial tissue. The nematodes were washed in 

ten changes o~ sterile tap water and the final suspension 

standardized so that each drop contained approximately 50 

nematodes. 

The inoculated plate-cultures, with or without 

nematodes, were wrapped in polythene and incubated at room 

temperature in dark cupboards which were first sprayed with 

Kelthane* and then swabbed down with kerosene to kill any 

mites that may have been present. 

C. EXPERIIwiENTS __ AND itESULTS 

1. 'ro DETERlVU:NE THE EFFECT OF AGE OF X-rrCELIUH ON 

ITS ABILITY TG PRODUCE TRAPS 

The lateral growth made by the fungus in each 24 

hour period, in the absence of nematodes, was marked off on 

the bottoIns of the long plates with a grease pencil. 

At the end of the 24th day, the average lateral 

gro\-/th was 22.03cm. The culture in each plate \-/as divided 

into 6 segments on each side of the point of inoculation, 

*- a product of Rohm and Haas Co. of Canada Ltd., 2 Nanse Road, 
\'lest Hill, Ontario, Canada. 

1 

! 
1 
) 

j 

1 iL 



c 

l. 

96 

each segment corresponding to the approxima te 4cm of growth 

per four day periode These segments were then transferred to 

sterile Petri plates and approximately 100 nematodes added to 

each. Counts were made of the number of traps for.med and the 

number of nematodes captured 96 hours after the nematodes 

were added. 

Two measurements were recorded from each long plate 

(one on each side of the original inoculum) and the data 

presented in Table (1) are the averages of 6 readings from J 

plates. The last segment, representing the growth made 

between the 21st and the 24th day, produced a large number of 

traps averaging about 1,200 per segment. Traps were first 

produced by the 2Jrd day's growth (2 day old Mycelium) and 

then trap production spread on either side of this area. The 

Mycelium which was 5 to 8 days old produced a few traps, while 

the older Mycelium produced fewer, if any, traps. However, 

when about 500 nematodes were put on each of the older 

segments 96 hours after the first lot of nematodes was added, 

trap production occured. It appeared that the threshold for 

trap induction was low in the young Mycelium and high in the 

old Mycelium. Further, the Most sensitive part of the 

Mycelium was the portion just behind the growing edge of the 

colony. 

2. TO DETERI~l\TE IF THE STII\'iULUS FOR TRAP PRODUCTION 

COULD PASS FRml YOUNG ro OLDER MYCELIUZ'l 

1 
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After 24 days of fungal growth in the absence of 

nematodes, approximately 100 nematodes were added just 

outside the growing edges of the colonies in the long dishes. 

Trap production started in that part of the 

mycelium which was 2 days old, and within 96 hours it had 

spread all along the mycelium, being most profuse in the 

younger parts. 

J. TO DETERMINE IF A FUNGAL COLONY WOULD CONTINUE TO 

TRAP NEMATODES IF ITS LATERAL GROWTH viERE UNIMPEDED 

A day after inoculating the medium in the 3 long 

plates, with !. oligospora, approximately 200 nematodes were 

added to each plate, 100 on each side of the fungal inoculum. 

Observations were made every 24 hours. 

The cultures reached the ends of the plates in an 

average of 28 days. The myceliulIl was sparse and did not 

permeate the medium as it does in the absence of nematodes. 

The majority of the nematodes were trapped within the first 

3 days but those that escaped soon multiplied so that 

nematodes were available for trapping by the fungus at aIl 

times. It was consistently noted that the young mycelium 

near the extremities of the advancing edges of the colonies 

in aIl 3 plates trapped nematodes actively while the traps 

towards the centre of the colony progressively lost their 

ability to capture nematodes. 
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Table 1. 

The effect of age on the trapping activity of Arthrobotrys 

oligospora on weak Corn meal agar incubated at room 

temperature in the dark. 

Age of culture 
in days 

l 4 da ys 

5 - 8 tf 

9 - 12 " 

13 _ 16 tf 

17 - 20 " 

21 24 tf 

Av. No. of traps 
formed in 48 hrs. 

approx. 1,200* 

50.0* 

1.3* 

0.6* 

1.0* 

6.3* 

Av. per cent nematodes 
captured in 48 hrs. 

84.1* 

2.9* 

0.0* 

0.0* 

0.0* 

0.2* 

*- Average of 6 readings froln 3 plates. 

., 
~ , 

'j 

:. 



( 

( 

99 

II. THE EFFECTS OF ENVIRONMENTAL FACTORS ON TRAPPING 

ACTIVITY OF NENATOPHAGOUS FUNGI 

A. EFFECT OF HYDROGEN ION CONCENTRATION 

1. INTRODUCTION 

Much work has been done on the e~~ect o~ hydrogen 

ion concentration on growth and sporulation but little 

attention has been paid to the e~~ect o~ pH on trap ~ormation 

and the trapping e~~iciency o~ nematophagous ~ungi. Gorlenko 

(1956), in his report on the control o~ root-knot o~ cucumber 

by the addition o~ Trichothecium pravicovi and Arthrobotrys 

kirghizica to the soil, stated that ammonium carbonate 

increased the predatory activity o~ the ~ngi. Soprunov 

(1950) had earlier ~ound that a Didymozoophaga sp. developed 

predatory properties in alkaline and neutral but not in acid 

media. Tarjan (1961) reported that the adhesive knobs o~ 

Dactylella drechsleri were not formed in the absence o~ 

nematodes at pH 5.2 but were at other pH values in the range 

3.3 to 9.2. The observation of Duddington (1955), that 

nematode-trapping ~gi are less ~requent in acid peaty soils 

although nematodes are plentiful, is also noteworthy. 

Hydrogen ion concentration is one soil ~actor that 

lends itself to easy adjustment not only in the greenhouse 

but also on a large scale in the field. Hence, information on 

J ,. 
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the effect of pH on trapping activity is an important 

preliminary to the successful employment of nematode-trapping 

fungi in the biological control of plant parasitic nematodes. 

2. VlATERIALS AND l-lETHODS 

The fungus used ''1as Arthrobotrys oligospora. 

Corn meal broth \'1as prepared by fil tering a 

suspension of 40g of Corn meal that had been heated at 700 C 

for 1 hour in 1.2 litres of tap water and the final volume 

adjusted to 1 litre. The following quantities of O.l5M 

Na2HP04 and 0.l5M KH2P04 were added to 100ml lots of the broth 

to obtain the desired pH values: 

pH value 0.l5M Na2HPO~ O.15M KH2PO~ 

5 2.0ml 9S.0ml 

6 14.0 n S6.o 11 

6.5 .35.0 Il 65.0 Il 

7 S2.0 Il lS.O Il 

8 96.0 n 4.0 Il 

One and a half grams of agar were added to each of 

the media which were then autoclaved at l2loC for 15 minutes. 

~~en they had cooled to 40oC, the pH values were adjusted 

\'11. th ei the r IN NaOH or IN HCl. 

Fifte~n millilitres of the medium at each of the 

desired pH values, were poured into each of 6 Petri plates. 
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AlI the plates were inoculated in the centre with 2mm squares 

of a young culture of the fungus on weak Corn meal agar. The 

plates were wrapped in polythene and incubated at room 

temperature (about 22 0 C) on a laboratory table. 

After a week, approximately 150 Rhabditis oxycerca 

nematodes that had been passed through a Baermann tunnel 

(Baermann, 19l7) and washed in ten changes of sterile water 

were added to 3 of the 6 plates at each pH value; the 

remaining plates were the controls. The addition of nematodes 

was made after removing and discarding the original block of 

inoculum, as previous observations had shown that nematodes 

tend to get into the inoculum block where they are relatively 

unavailable for trapping. 

Visual estimates of the number of traps formed 48 

hours after the addition of nernatodes, were made by comparing 

the plate-cultures with standard plate-cultures of the same 

size (85mm in diameter), containing approximately 1,200 and 

2,400 traps, on which the traps had been meticulously counted. 

The percentage of nematodes captured was calculated after 

counting the number of nematodes trapped out of the total 

number of nematodes in a plate. The total number of nematodes 

varied from plate to plate as sorne received more than others 

and further, sorne nematodes ",randered onto the glass walls of 

the plates and perished. 

Trap operating efficiency was assessed by ta king 
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the ratio between the per cent of nematodes captured and the 

numbar of traps par square centimeter. 

J. RESULTS 

The diameters of the colonies were essentially the 

sarne at aIl the 5 pH values (85mm). No traps were produced 

in any of the nematode-free control cultures. 

Figures J8 and J9 show the average number of traps 

per square centimeter and the average percentage of nematodes 

captured respectively, at 5 pH values 48 hours after nematodes 

were added. Trapping efficiency of the colony, or the ratio 

between the percentage of nematodes captured and the area of 

the colony, at different pH values is also shown by Figure 39. 

This is because the area of each colony was essentially the 

sarne at aIl pH values between 5 and 8. 

Trap production progressively increased with 

increasing pH (Fig.J8) as did the percentage of nematodes 

captured (Fig.39). Trapping efficiencies of colonies (Fig.39) 

and trap operating efficiencies (Fig.40) viere lowest at pH 5 

and highest at pH 8. The traps produced at pH 5 appeared to 

have lost their ability to produce the sticky substance that 

is responsible for nematodes adhereing to them or the 

substance i'laS not adhesive at this pH value. Nematodes 

crawled Over and through the traps a,nd prolonged microscopie 

examination did not detect the slightest evidence of 

stickiness. After 96 hours, there was an increase in the 
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Figure 3$. Average nurnber of traps per square centirneter 
produced at 5 pH values by 7-day old cultures of A. oligospora 
on \'leaÎ<: Corn meal agar, 48 hours after adding nematodes. 
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Figure 39. Percentage of nematodes captured by 7-day old 
cultures of A. oligospora at 5 pH values on weak Corn meal 
agar, 48 hours after adding nematodes. 
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Figure 40. Operêtting e~~iciency o~ A. oligospora traps 
produced by the ~ungus at 5 pH values on weak Corn meal 
agar, 48 hours after adding nematodes. 
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number of traps and in the percentage of nematodes captured 

within the pH range 6 to g but not at pH 5. 

Two drops of 0.151>1 Na2HP04' the basic salt of the 

buffer system used, were placed at each of five marked 

locations on one half of the medium having a pH value of 5 in 

each of the three Petri dish cultures which received nematodes. 

Within 10 minutes, nematodes adhered to the traps in those 

areas to which Na2HP04 was added and trapping continued for a 

further 24 hours. 

4. DISCUSSION 

Both trap production and trapping efficiency were 

higher under neutral to alkaline than under acidic conditions. 

This may explain the finding of Gorlenko (1956) that better 

control of root-knot of cucumber by Trichothecium pravicovi 

and Arthrobotrys kirghizica was obtained by adding ammonium 

carbonate to the soil. It also agrees with Soprunov's (1950) 

report of the development of predatory properties by 

Didymozoophaga sp. in alkaline and neutral but not in acid 

media. 

Duddington's (1955) observation that nematode­

trapping fungi are less frequent in acid, peaty soi15 although 

their nematode hosts are plentiful, may be explained by their 

inability to trap nematodes under these conditions. 

It is of interest to note that l\,ankau (1963) found, 

" 

", 

; , . 



( 

( 

( 

106 

from in vitro tests, that the addition of ammonium salts, 

giving a pH of 7.7 to 8, adversely affected larvae of plant 

parasitic nematodes but did not affect species which were 

free living. If this were true under soil conditions, then 

the addition of ammonium salts together with nematode-trapping 

fUngi would result in more efficient control of plant 

parasitic nematodes; firstly, through their direct effect on 

these nematodes and, secondly, by making the soil alkaline 

and thus increasing the trapping efficiency of the fungi. 

B. EFFECT OF TEMPERATURE 

1. INTRODUCTION 

Tolmsoff (1959) reported that Arthrobotrys superba 

did not form traps at 100C and that trapping was greatly 

retarded at l50C and 300C. Tarjan (1961) found that 

Dactylella drechsleri did not form adhesive knobs on Corn meal 

agar in the absence of nematodes at temperatures of 700F and 

above. He called attention to the importance of cooler 

temperatures for the formation of traps in pure culture. 

Feder (1963) tested at four temperatures, the 

nematode-trapping efficiencies of five Dactylella species 

which capture nematodes by three types of mechanisms, 

constricting rings, adhesive knobs and adhesive networks. He 

found that in aIl five species, nematode-trapping efficiencies 
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were highest at 15°C and decreased markedly as the temperature 

rose. 

These reports are, to a certain extent, conflictingj 

therefore it was decided to study the effect of temperature on 

both trap production and trapping efficiency. Feder's (1963) 

studies did not take into account the number of traps produced 

at the different temperatures, probably because the species he 

worked with produce their traps spontaneously in the absence 

of nematodes. 

2. IviATERIALS AND IVJETHODS 

The fungus used was Arthrobotrys oligospora and it 

was grown on l5ml amounts of unbuffered weak Corn meal agar, 

at an initial pH value of 5.6, contained in 90ml Petri plates. 

In an earlier experiment, 3 plates of the medium 

were inoculated with 2mm squares of a young culture of the 

fungus and incubated for 7 days at each of 6 temperatures, 

10°C, lSoC, 20°C, 2SoC, 30°C and 35°C. Rhabditis oxycerca 

nematodes were added te the plate-cultures at the end of this 

periode Ninety six hours later, no traps were formed at 30°C 

and 35°C. The experiment was therefore repeated employing 

temperature levels 10°C, lSoC, l7°C, 20°C, 22°C, 25°C and 6 

replications. 

At the end of 7 days, the colony diameters were 

recorded and approximately 150 nematodes were added te each 
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plate-culture. The nematodes were added in three equidistant 

locations just outside the growing edges of the colonies. 

Nematode-free control cultures at each of the desired 

temperature values were also employed. 

Fort y eight hours after adding the nematodes, the 

numbers of traps produced per square centimeter and the 

percentages of nematodes captured were recorded. Efficiency 

of trap operation was assessed by taking the ratio between 

the per cent of nematodes captured and the number of traps 

produced per square centimeter. The trapping efficiency of 

the colony as a whole was determined by taking the ratio 

between the per cent of nematodes captured and the area of 

the colony. 

Eighteen cultures were incubated at room temperature 

(220 0) for a week and approximately 150 nematodes added ~o 

each culture at the end of this periode Three of these 

cultures were then incubated at each of the 6 test temperature 

values. 

3. RESULTS 

No traps were formed on any of the nematode-free 

control cultures. The average area of the fUngal colonies 

and the average trap production per square centimeter at each 

of the 6 temperature levels are presented in Figures 41and 42 

respectively. Trap production per square centimeter was 
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highest at 17°C and lowest at 10°C. At the other temperatures 

used, trap production per square centimeter approximated that 

at 17°C. 

The trapping efficiency of the colony (Fig.45) 

progressively decreased with rise in temperature from 10°C to 

250C while the efficiency of operation of traps (Fig.44) was 

approximately the sarne at aIl 6 test temperatures. 

At 10°C the traps were small, of simple construction 

and se1dom compounded (Fig.46). The vast majority were of the 

single ring type but they appeared to be very efficient - a 

single small ring lying flat on the substrate could ho1d a 

large nematode. 

The fungus gro~m at room tempe rature and then 

transferred to the 6 test temperatures after adding nematodes, 

produced traps at aIl temperature values between 10°C and 

30°C but not at 35°C. However, those traps prbduced at 30°C 

were atypical in that they were largely fIat and 2-dimensiona1 

(lacking the aerial phase) and they proliferated to give 

large net~rorks with the majority of the individual components 

not completing their rings but growing out haphazardly (Fig.47). 

4. DISCUSSION 

The results of this study are in general accord 

with thosc of Feder (1963) on Dactylella species. It is 

therefore possible that trapping efficiency decreases with 
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Figure 41. Area in square centimeters of -da old colùnies 
of A. oligospora at temperatures on unbuffered weak Corn mea1 
a~ar at pH 5.6, kg hours after adding nematodes. 
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Figure 42. Average trap production per square centimeter by 
7-day old cultures of A .. oligospora at 6 temperatures on 'ileak 
Corn meal agar, 48 hours after adding nematodes. 
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Figure 43. Percentage of nematodes captured by 7-day old 
cultures of A. oligospora at 6 temperatures on weak Corn mea1 
agar, 48 hours after adding nematodes. 
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Figure 44. Operating efficiency of A. oligospora traps 
produced br the fungus at 6 temperatures on weak Corn meal 
agar. 48 hours after adding nematodes. 
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Figure 45. Trappine efficiency of 7-day old A. oligospora 
cultures at 6 temperéltures on ,.,.eak Corn meal agar. 48 hours 
after adding nematodes. 
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Fig;ur~ 46. 3;;1.3.11, simp1y constructed traps, 1ying f1é:l t on the 
substr.:t te, produced by Art!1robotrys olÜ;o spora on 
unbuffercd \'lcak Corn l;;col acar at 10oe, 48 hours 
after the addition of nematodes. 

~'ï",ure h7. ilaph'-izar-l, con~t:'uctior: ,of ;.rt~,)17oboj:rvs 21..i:-;osDora 
trzlp::; proctUc'~G Dy t.h(~ lun:~'_1S ' .. ;:12n lt '.oJas :~rO\'ln nt 
r00!:. t'::!;::!J81'é,t.uro:'! (atout 2~~O~), nL!!.i&toJes ad,:ied 
an ci th~~ c:J1tures tr3.nsfc~rred to 30o,~. 
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rise in temperature for most, if not a11, nematode-trapping 

hyphomycetes. It is, however, difficult to reconci1e these 

findings with those of To1msoff (1959) who found that 

Arthrobotrys superba did not form traps at 10°0 and that 

trapping activity was great1y retarded at 1500. To1msoff 

stated that he used Ir..i1k agar and Potato dextrose agar to 

iso1ate !. superba from soi1 but did not mention what medium 

he used for his tempe rature studies. 

Feder (1963) appeared to favour the theory that the 

10wered moti1ity of the nematodes at 10w temperatures resu1ted 

in fewer escapes from traps to which they adhered, but he did 

not ru1e out the possibi1ity that 10w temperatures 10wered the 

"thresho1d of reactivity" of the fungus. The results of this 

study indicate that the 10wered moti1ity of nematodes was not 

responsib1e for the high trapping efficiencies at 10w 

temperatures. Fewer traps were produced at 1000 than at the 

other temperatures but they were more efficient; thus, 

increased adhesiveness of the traps or increased production 

of the adhesive substance was responsib1e for the high 

trapping efficiencies at 10w temperatures. 

O. EFFEOTS OF DIFFERENT lVlEDIA AND LIGHT OONDI TIONS 

1. IN 'l'RODUC 'rION 

r:'uch of the work on the effects of' culture media 
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and light conditions on the nematode-trapping fungi has been 

carried out primarily to determine the conditions best suited 

for growth and sporulation of the fungi with a view to their 

production in bulk for biological control of plant parasitic 

nematodes. Olthof (1962) studied the effects of 12 different 

media and 3 light conditions on the growth of 4 species of 

nematode-trapping fungi. He also summarized-the previous 

work do ne on the subject. 

Little work has been done on the effects of culture 

media and light conditions on trapping activity of the 

nematode-trapping fungi. Tarjan (1960) tested the trapping 

activities of five species of nematode-trapping hyphomycetes 

by adding them to Erlenmeyer îlasks containing different 

types of organic matter and Panagrellus redivivus nematodes. 

He concluded that Arthrobotrys musiformis was the Most active 

of the five, and unground oat hulls the best organic substrate. 

Couch (1937) concluded, froIn experiments on the factors 

responsible for inducing formation of constricting rings in 

Dactylella bembicoides, that ring production greatly increased 

as food supply in the medium was reduced. He also observed 

that no rings were produced on Potato dextrose agar. Tolmsoff 

(1959) stated that he was able to consistently recover Arthro­

botrys superba froIn soil when he used Ildlk agar but he 

recovered the fungus froID the same soil in only one of several 

thousand Petri plates of Potato dextrose agar. 

Il 
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2. IviATERIALS AND l'iETHODS 

The 14 media employed in studies on the variability 

of Arthrobotrys oligospora (page 45) were used. Twelve Petri 

plates, each containing l5ml of the medium, were inoculated 

with 2mm squares of a young culture of !. oligospora from 

'l-leak Corn meal agar. Six cultures on each medium were kept in 

a dark cupboard and 6 in the light supplied by the normal 

fluorescent lighting of a laboratory. Incubation was at 

room temperature which was about 220 C. 

After 1 week, the squares of inocula were removed 

and approximately 150 Rhabditis oxycerca nematodes were added 

to each of 3 cultures on each medium kept in the light and to 

3 of those kept in the dark. The remaining 3 cultures on 

each medium in the light and in the dark , ... ere the nema tode­

free controls. 

The number of traps produced and the percentage of 

nematodes captured were recorded 24 hours after adding the 

nena todes. 

3. RESULTS 

The resul ts, as presented in Table 2, sho'.''' tha t 

traps viere forrned within 24 hours on Lima bean agar, Hice 

extract agar, Corn meal agar, Czapek Dox agar, ~ycological 

agar and Oat meal a~ar but not on Potato dextrose agar, Oxgall 

.......... -,......- ..... -
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Table 2. 

Trapping activities of 7-day old cultures of Arthrobotrxs oligospora under 2 lighting 
conditions on 14 different media, assessed 24 hours after adding nematodes. 

l·iedium 

Lima bean agar 
Rice extract agar 
Corn meal agar 
Czapek Dox agar 
Oxga11 agar 
\'Jort agar 
r'lycologica1 agar 

Oat meal agar 

Potato dextrose agar 

I·ial t extract agar 

Chlamydo spore agar 

Prune agar 

Lycophil agar 

Czapek Dox yeast extract 

Light 
Av.No. of traps 

fum. Control 

284 
180 

789 
558 

o 
o 
-* 
-* 
o 
o 
o 
o 
o 
o 

o 
7 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

Per cent 
nematodes 
captured 

52.0 
27.0 

75.5 
26.2 
0.0 
0.0 

-* 
-* 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Dark 
Av.No. of traps 

Exp. Control 

35 
o 

283 
1620 

o 
o 

-* 
-* 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

Per cent 
nematodes 
ëaPtured 

7.8 
0.0 

29.9 
14.8 

0.0 
0.0 

-* 
-* 
0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

*- Traps \'lere formed but counting tœm and finding the percentage of nematodes 
captured viere difficult because sporulation was very dense. 

" 
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agar, \vort agar, Malt extract agar, lf.tycophi1 agar, 

Chlamydospore agar and Czapek Dox agar amended with yeast 

extract ev en 96 hours a~ter nematodes were added. On Prune 

agar, no traps were ~ormed either in the 1ight or in the 

dark in 48 hours but traps were seen 72 hours a~ter adding 

nematodes in those plates which were in the 1ight and at 96 

hours in those that were in the dark. Eventua11y, more 

traps l'lere ~ormed on the Prune agar th"lO on Rice extract agar 

or on Lima bean agar. 

With the exception o~ Czapek Dox agar, more traps 

were ~ormed and the percentage o~ nematodes trapped was higher 

on the cultures incubated in the 1ight than in the dark. 

No traps were ~ormed by the fUngus cultured on 

Oxga11 agar or on Wort agar but the nematodes died on these 

media. These two media probab1y contain substances toxic 

to nematodes. 

On Rice extract agar, traps .. /ere ~ormed spontaneous1y 

by the control cultures in the 1ight; the average ~or J 

rep1ications was 7 traps per plate-culture. Further, on Rice 

extract agar in the 1ight, there was a marked increase in the 

number o~ traps within an hour o~ adding nematodes and in 5 

hours the average number was 115; however, a~ter 24 hours 

the average number had risen to only 180. In the dark, no 

traps had been ~ormed 48 hours a~ter adding nematodes, but 

traps were seen when the plate-cultures were next observed, 

tha t is 72 hours a~ter nematodes vIere added. 
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The highest percentage of nematodes captured 

occured on Corn meal agar. From this it appears that Corn 

meal agar is the best of the tested media for studies on 

trapping efficiencies. 

4. DISCUSSION 

A consistent finding, except in the case of Czapek 

Dox agar, was that more traps were produced and the percentage 

trapping was higher in the light than in the dark. This is 

an unexpected result as the fungus normally lives and operates 

in the dark. 

The other results are coroplex and it is difficult 

to interpret them. Since little is known of the nutritional 

requirements of !. oligospora, the results obtained cannot 

be explained on a nutritional basis. However, it appears 

that a low nutritional status is conducive to trap formation, 

and Corn meal agar is probably the best of the commonly 

prepared culture media for studies on the efficiency of 

trapping by !. oligospora. 

D. EFFECT OF NEl"IA TODES OF DIFFERENT GENERA 

1. INTRODUCTION 

According to Duddington (1955), the predacious 
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hyphomycetes are polyphagous and show little host specificity, 

being able to capture a wide range of nematode species. He 

expressed the opinion that size is the factor which determines 

whether a nematode is going to be captured or not: a robust 

fungus captures large nematodes while a delicate fungus can 

only capture small nematodes. Duddington (1955) also 

considered ~he possibility that the degree of striation of 

the nematode cuticle may play a part in determining whether a 

nematode is going to be trapped or not. 

Commandon and deFonbrune (193S), when stating that 

a sterile culture filtrate in which nematodes had lived would 

stimulate trap formation in the nematophagous f'ungi, omitted 

to mention the numbers or the species of nematodes the y used. 

Pramer and Stoll (1959) reared Neoaplectana glas seri nematodes 

in meat infusion broth and found that the sterile culture 

filtrate induced the formation of traps in Arthrobotrys 

conoides. l'lhen 110,000 nematodes were present in 60-day old 

cultures, aliquots of the culture filtrates showed maximum 

activity when diluted 1/5 and slight activity when diluted 

1/100; weaker activity was shown by filtrates from cultures 

containing fewer nematodes. Duddington (1962a) was unable to 

induce trap formation in A •. oligospora and !. robusta with 

sterile filtrates from cultures of Ditylenchus dipsaci con­

taining up to 256 nematodes per millilitre. Feder ~ al. 

(1960) demonstrated that a single dried, freshly killed 

Panagrellus redivivus nematode induced trap formation in 

1 
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Dacty1ella doedycoides. Feder ~ al. {1963} reported that 

the sterile fi1trate, from washed E. redivivus nematodes that 

had been boiled for 1 minute, was able to stimulate trap form­

ation in three of four species of Dactylel1a tested at conc­

entrations varying from one part in ten to one per million. 

From this it would appear that, apart from different 

nematode-trapping fungi having different thresholds for trap 

induction, the trap inducing substance or substances from f. 
redivivus are more active than those from ]. glasseri and Q. 

dipsaci. Up to the present time, no systematic effort has 

been made to study the response of a particular nematophagous 

fungus to different genera or species of nematodes. 

2. l'lATERIALS AND IvJETHODS 

Five species of nematodes belonging to 5 different 

genera were used in this study. They were Rhabditis oxycerca, 

l'leloidogyne hapla, Aphelenchoides sp., Aphelenchus sp. and 

Mononchu~ sp. The effects of both adults and juvcniles of 

all species were tested, except for those of H. hapla, the 

adult females of which are usually immobile. 

R. oxycerca nematodes were reared on soil-peanut 

butter plates {Thomas, 1963}; M. hapla juveniles were 

obtained from recently hatched eggs; Aphelenchoides sp. 

were reared on a fungus of the genus Alternaria; Aphelenchus 

sp. on the fungus Pyrenochaeta terrestris; and lvIononchus sp. 

l ' 
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on R. oxycerca nematodes in plates of Corn meal agar. 

The nematodes were washed in 10 changes of sterile 

water and the different nematode suspensions were standardized 

so each drop contained approximately 50 nematodes. 

Twenty four 50mm Petri plates, each containing 3ml' 

of Water agar, were inoculated with 2rr~ squares of a culture 

of Arthrobotrys oligospora from weak Corn meal agar and 

incubated at 220 C. Water agar was used to reduce the bacterial 

contamination, and the amount of 3ml was chosen in order to 

keep the medium so thin that nematodes, notably Aphelenchus sp., 

could not escape by burrowing into the medium and lying against 

the bottoms of the culture plates. 

vihen the plate-cultures were 3 days old, approximately 

100 nematodes of each species were added to each of 4 cultures. 

The number of traps formed and the per cent of nematodes 

captured were recorded 48 hours after adding the nematodes. 

3. RESULTS 

The most noteworthy observation from the data of 

Table 3 is the apparent inability of Arthrobotrys oligospora, 

under the conditions of the experiment, ta capture adult 

mononchs and Aphelenchus sp. as a result of the absence or 

paucity of trap formation. Four days after the addition of 

the nematodes, those plate-cultures containing I\iononchus 

adults still produced no traps while those with Aphelenchus sp. 

Il 
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Table 3. 

Average number of traps produced and average per cent 
capture of nematodes of 5 genera by 3-day old cultures 
of Arthrobotrys oligospora on \Vater agar at 22oC, 48 
hours afte! adding the nematodes. 

Nematodes Av.No. traps Av. per cent 
per 50mm plate nematodes captured 

Mononchus sp. 
(adults only) 0.0 0.0 

If (juveniles only) 15.0 7.1 

Meloidogyne hapla 
(juveniles only) 38.0 37.2 

Aphelenchus sp.* 2.5 0.0 

Rhabditis oxycerca* 764.0 82.1 

Aphel enchoides sp.* 1400.0 100.0 

*- mixed population of adults and juveniles. 

,,"x...:... -
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showed a very slight increase in number of traps over that 

recorded 48 hours after adding the nematodes; the average from 

4 cultures was 7 per culture, but nematodes were not captured. 

Juvenile mononchs induced the formation of a few traps and the 

percentage captured was low. 

The greatest number of traps (an average of 1,400 

per plate) and the highest percentage capture (100 per cent) 

were recorded in plate-cultures to which Aphelenchoides sp. 

were added. Seventy two hours after the addition of these 

nematodes, all had been captured and even their integuments 

had disappeared. The traps induced by Aphelenchoides sp. 

appeared to be more delicate and less compounded than those 

induced by E. oxycerca (Figs. 48 and 49). 

The traps induced by M. hapla \"lere confined to the 

two spots where the nematode inoculum fell and the number of 

juvenile nematodes captured was greater than the number of 

traps. This latter result may be explained by the fact that 

the traps were very much compounded and as many as 6 nematodes 

were captured by one trap (Fig.50). Those worms that escaped 

from the drops of inoculum, wandered aIl over the fungal 

culture but did not induce trap formation in locations other 

than where the drops fell. 

4. DISCUSSION 

The results of this study demonstrate the existence 
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of differential trapping by !. oligospora. Not only do 

different nematodes stimulate trap production by the fungus 

in different degrees but they are also trapped to different 

extents. 

Nematode species of the genus IVlononchus, as possible 

agents for controlling plant parasitic nematodes, have 

attracted more attention than any other soil-inhabiting 

nematode predators but no experimental work in this direction 

has been performed (Christie, 1960). The possibility of 

obtaining control of plant parasitic nematodes through the 

combined action of MOnonchus sp. and nematode-trapping fUngi 

assumes importance as the mononchs are not trapped by the 

fungi and so there might be synergistic action of the 

predacious nematode and the predacious fungi to overcome the 

nematode parasites. 
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III. DETERlviINATION OF THE TRAP INDUCING CAPABILITIES 

OF NEI,;.ATODE AND SERU1vl PROTEINS 

A. IN TRaDUCTION 

Roubaud and Deschiens (1939) carried out simple 

quantitative tests on the trap inducing capabilities of a 

nwnbar of substances of animal origine They observed that 

human serum and human dung induced many traps "mile rabbit 

serum and rabbi t dung sho\ied \ieak trap inducing acti vi ty. 

According to Duddington (1962a), this suggests that the trap 

inducing principle may be a specifie proteine Commandon and 

deFonbrune (193S) stated that the active principle, in \iater 

in which nematodes were suspended, W8S destroyed by boiling. 

Deschiens and Lamy (1942) rcported that the trap inducing 

substance in guinea pig se~ was not destroyed by heatin~ or 

by treatment 1-lith alcohol. It appears, therefore, that the 

active principles frOlll nematodes and guinea pig serum are 

different. 

Pra~er and Stoll (1959), using one extraction 

procedure, obtained the activa principles from human serum 

and from a sterile nematode-frae culture filtrata in which 

nematodes had been reared; they called the latter "Ner:1in" 0 

Bath Nemin and the active principle from human serum vIere 

not destroyed by acetane or by a tamperature of lOOoe for la 

winutel'5o They statad that this \'las an indication of the t"VIO 

1 
! 
i 
1 

1 

1 
\ 

~ 
j 
î 
\ 
~ 

Il 
1 
i 
i 
~ 



( 

1 

( 

( 

129 

substances be ing simi1ar if' not identica1. 

According to Feder ~ al. (1963), nemin-1ike 

materia1 induces trap forr:lation after drying, boi1ing, 

freezing and alcohol treatment just 1ike the semi-specific 

organizers that induce the forma tion of organ rudiments in 

vertebrate embryos. 'l'he embryologica1 work of l"lillier ~ al. 

(1955) suggests that steroid compounds and fatty acids are 

most active. The work of Pramer and Stoll (1959) indicates 

that proteins are not responsible for trap induction as the 

pro teins, in their sterile nematode-free culture fi1trate in 

which nematodes had been reared, would have been denatured 

during the drastic treatment the filtrate was subjected to 

during the process of extractine; nemin. However, Kuyallla and 

Pramer (1962) purified and described the properties of a 

protein which induced trap formation in nematophagous fungi. 

The test funeus was Arthrobotrys oligospora and it 

\'las gro\'ln on weak Corn rneal agar. 

A fresh sarnple of hen' s serum and a fresh extract of 

Rhabditis oxycerca neQatodes were tested for trap inducing 

ability by placing drops of the extracts at the periphe~J of 

3-day old cultures of the fungus. Polyacrylarnide gel e1ectro­

phoretic separations of proteins in the t\'JO sarnples were 

carried out. The procedure, the buffers and the conditions 
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of the separations were the same as those described on pages 

82, 83, 86, 87. 

The nematode extract was the supernatant obtained 

by grinding, in Tris-citrate buffer (0.07@~ Tris, 0.5mM 

ethylenediamine tetraacetic acid and 0.005M citric acid) at 

pH 8.6 and centrifuging at 41,000g for 30 minutes, a freeze 

dried sample of nematodes that had been reared on soil-peanut 

butter plates (Thomas, 1963), passed through a Baermann 

funnel, washed in 10 changes of sterile water and concentrated 

by settling and decanting. 

Eight electrophoretic strips, containing proteins 

from each sample, were present in a gel. One of the g strips 

was cut out of the gel and the protein bands in it were 

located by means of staining and destaining procedures. The 

positions of the protein bands in the remaining 7 strips were 

thus determined. The proteins from the unstained strips were 

cut out of the gel and placed at the periphery of 3-day old 

cultures of !. oligospora on weak Corn meal agar. Pieces of 

unstained gel containing no proteins (controls) were placed 

at the periphery of young cultures of the fungus and nematodes 

l'lere added. The cultures were incubated a t 230 C and examined 

every day for the occurence of traps. 

C. RESULTS AND DISCUSSION 

Ten protein bands were located in hen's serum 

(Fig.51) and 2 in the nematode extract (Fig.52). None of 

l . 
! 
r 

f 
l, 

i i . 
! , 
! 



Fi:':ure 51. POly~l cr:;l::r.:idc ,-:;'~1 éü0ctrr; i.,hor:'t,ic sej!2r':i tion 
oi' th:~ ;;olllble :-,rot,.,ins in h,~n' s s(~rUi::. 

i'oly~lcr~,'} ;,: .. i,le 
o.~' '" :.'! ::.()] ubl·; 

.. ~ J I,.::l e .~~ t r 0 l -' h CI r (-! L. i c s ~ P t-· r ,'.~ t, i () n 
rro~2ins in ~~ ~xLract of 



COl 

ï 

li 
" ·'1 

~ 

CJ 

-~------""'7""" -- ---.. ---- ... i _______________ . ___ . _____ -"- ______ . ___ -__ .... 

132 

the proteins induced the formation of traps in!. oligospora 

although both hen's serum and the nematode extract did so. 

In the control cultures, traps were formed adjacent to the 

pieces of unstained gel containing no proteine This indicated 

that no trap-forming inhibitor was present in the gel. 

It appears from this study that the trap inducing 

principle in hen's serum and in nematode extract is not a 

proteine However, the possibility exists that two or more 

prot~ins working together may induce trap formation. 
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IV. EFFECT OF THE GENE TIC CONSTITUTION OF ~~TOPHAGOUS 

FUNGI ON ruEIR CAPACITY TO FORN TRAPS 

A. INTRODUCTION 

The work of Feder et al. (1960) suggests that 

Dactylella doedycoides is heterocaryotic with regards to its 

capacity to form constricting rings. Because conclusive 

proof of this was lacking, an investigation was made to 

determine if a fungus has to be heterocaryotic in order to 

produce traps. 

B. l-'lATERIALS AND METHODS 

a) Fungus. Arthrobotrys daetyloides strain l24D, whieh was 

selected from the wild type of!. dactyloides (page 63), was 

used. It produces microeonidia and it was considered possible 

that the mieroeonidia had uninueleated cells, in which case 

the myeelium arising from one of the eells of a microconidium 

would be homocaryotic. 

b) Staining. ~aeroeonidia, produced when the fungus was 

growing on weak Corn meal agar, were stained by the AzureA -

S02 method of Huebschman (1952). 

c) Germ tube isolations. Germ tubes on l-day old cellophane 

cultured microconidia liisre loeated wi th the x50 magnification 

of a stereoscopie microscope. After verifying, with a 
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binocular microscope at x200 magni~ication, that a germ tube 

was discrete, it was cut with a razor-blade chip kni~e 

(\,lhitney and Parmeter, 1963) and trans~erred on a piece o~ 

the underlying cellophane to a Petri plate o~ weak Corn Meal 

agar. Sixteen such single germ tube isolations were made. 

The plate cultures were incubated at 220 C and examined at 

intervals ~or the production o~ rings. 

C. RESULTS 

About 95 per cent o~ the stained microconidia showed 

only 1 nucleus per cell of the conidium (Fig. 53). A little 

over 4 per cent had 2 nuclei in each cell and the remainder 

showed 3 nuclei in one cell and 2 in the other. More than 

3 nuclei per cell were not seen. In those microconidial cells 

which had 2 nuclei, the proximity o~ the nuclei to one another 

suggested that the two had arisen ~rom the division of a 

single nucleus. (Fig.54). 

The sixteen microconidial germ tubes gave rise to 

Mycelium which, in every case, produced rings spontaneously 

in the absence o~ nematodes. 

D. DISCUSSION 

By making several single spore isolations, Feder ~ 

al., (1960) were able to di stinguish between -two types of 
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Fi::;ure 53. hicroconidia of Arthrobotrys dactyloides strain 
l24D showing one nucleus per cell of a conidium. 
The cytoplasm and nucleus have come out of one celle 

Figure 54. Ii. microconidiurr: of i.rthrobotrys dactyloides stra in 
124D showint; two nuclei in eoci1 cell of the 
conidiun •• 
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spores in Dactylella doedycoides: type A spores whose 

mycelium produced rings spontaneously in the absence of 

nematodes, and type B spores whose mycelium did not do so. 

Eighty threeper cent of spores which arose from type A 

mycelium retained the type A character on germination in the 

absence of nematodes, and an additional 4 per cent did so when 

nematodes were added. Of the spores that arosefrom type B 

mycelium, 13 per cent produced rings (type A character) on 

germination in the absence of nematodes and 30 per cent did 

so in the presence of nematodes. An explanation that rits 

these results is that there are at least two types of nuclei, 

one of which determines the production of rings. In a multi­

nucleate cell of a spore, the absence of this type of nucleus 

would mean that the resulting mycelium and its spores on 

germination would not form rings either spontaneously or in 

the presence of nematodes. If the nucleus which determined 

ring production were present to the exclusion of the other 

type of nucleus, then all the spores arising from mycelium of 

this type of cell would, on germination, forro rings whether 

nematodes were present or note If both nuclear types were 

present, the capacity to forro rings spontaneously and in the 

presence of nematocles would be determined by the ratios 

between them. 

The individual cells of microconidia of Arthrobotrys 

dactyloides strain l24D are predominantly uninucleate. \'Jhen 

2 or 3 nuclei were present in a single cell of a microconid.:bun, 
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it is believed that they arose from a single nucleus. 

Consequently, the mycelium arising froID a germ tube developing 

from such a cell is considered to be hOIDocaryotic. The 

spontaneous production of rings by this mycelium indicates 

that the fungus does not have to be heterocaryotic in order to 

produce rings. However, the possibility cannot be ruled out 

that, in the selection of!. dactyloides strain 1240 from the 

wild type, the nuclear type that determines ring production 

was selected froID a mixture of nuclear types. 
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v. THE DESTINY OF TRAP CELLS 

A. INTRODUCTION 

The constricting ring has attracted more attention 

than any other type of trapping organ (Duddington, 1962a). 

This study was undertaken to determine: 

i) whether a detached ring-initial ,"lOu1d complete the 

formation of a ring or whether it would grow as an ordinary 

myce1ia1 hypha 

ii) if the individua1 ce11s of inf1ated and non-inf1ated 

detached rings cou1d be induced to grow into myce1ia1 hyphae 

iii) whether tropisms were responsib1e for the comp1etion 

of initiated rings. 

B. liIATERIALS AND XœTHODS 

Arthrobotrys dactyloides was the fungus used. 

Conidia of the fungus \'lere grown at 220 C on peeled cellophane 

squares lying on the surface of weak Corn meal agar in 90mm 

Petri plates. 

Rhabditis oxycerca nematodes were washed from the 

lids of soil-peanut butter plates (Thomas, 1963) and the 

nematode wash passed through a Seitz filter. A drop of the 

sterile filtrate was put on each cellophane culture of the 

fungus to induce the formation of constricting rings. i'lith 

,1 



( 

( 

( 

139 

a razor-blade chip knife (~lhitney and Parme ter, 1963), 2-celled 

incomplete rings and inflated and non-inflated 3-celled rings 

were detached froIn their parent hyphae and transferred, on 

pieces of the underlying cellophane, to weak Corn meal agar. 

One or two cells of sorne inflated and non-inf1ated rings were 

punctured, the rings detached froID their parent hyphae, and 

the unpunctured cell or cells cultured on weak Corn meal agar. 

All detached rings were incubated at 22oC. 

The locations of several incomp1ete rings on 

cellophane cultures were marked, by piercing the cellophane 

in their vicinity, and the cultures were subjected to the 

influence of the magne tic fields of simple bar magnets or 

placed upside down and at various angles to determine if 

magnetotropism or geotropism were responsible for the in­

complete rings completing" their ring structure. 

C. RESULTS AND DISCUSSION 

If an incomplete ring was detached a t the 2-cell 

stage of its development and laid on its side, when the 

terminal cell was curved tO'\'lards the stalk of the ring, the 

terminal cell invariably grew towards the stalk to complete 

the ring; however, if the terminal cell hnd not begun to 

curve towards the stalk when the incomplete ring was detached, 

it invariably grew as an ordinary mycelial hypha (Fig.55). It 

\'las observed on two occasions, when an incomplete detached 
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ring was placed on its end with the terminal cell in the air, 

that the ring was completed although the terminal cell had 

not begun to curve towards the stalk of the ring. 

The individual cells of detached inflated and 

non-inflated rings did not grow but when one of the ring cella 

was punctured, one of the remaining two cella grew to become 

an ordinary mycelial hypha. 

Neither magnetotropism nor geotropism were found to 

be responsible for initiated rings completing their ring 

structure. l 
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VI. A COMPARISON OF THE POTENTIAL FOR SPONTANEOUS TRAP 

PRODUC TION BY DIFF'ERENT CELLS OF A MULTICELLULAR 

NENATOPHAGOUS FUN GAL SPORE 

A. INTRODUCTION 

This investigation was conducted because of a 

suggestion by Feder (1962) that he had not noticed ring 

formation in any of his cultures that arose from the middle 

cell of the 3-celled spores of Dactylella doedycoides. 

B. NATERIALS AND METHODS 

Dactylella doedycoides was grown at 220 C on Petri 

plates of weak Corn meal agar. The spores were \'/ashed wi th 

sterile tap water, placed on peeled cellophane squares lying 

on the surface of weak Corn meal agar in 90mm Petri plates, 

and incubated at 220 C. Thirty six hours later, 50 germ tubes 

arising from the proximal cells and 50 from the distal cells 

of the spores were eut off and subcultured on Petri plates of 

weak Corn meal agar. The plate-cultures were incubated at 220 C 

and. the number of constricting rings formed was recorded 72 

hours after the germ tubes were subcultured. 
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C. RESULTS AND DISCUSSION 

No germ tubes arose from the swollen middle cells 

of more than 1,000 spores that were observed. Invariably, 

2 and as many as 5 germ tubes arose from each proximal and 

distal cell of a spore. As few as 2 and as many as 47 rings 

were formed in the plate-cultures 72 hours after the germ 

tubes were subcultured. There was no significant difference 

between the capacities for ring production in the colonies 

that arose from the proximal and the distal cells of a spore. 
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SECTION III. OBSERVATIONS ON THE CONTROL OF PLANT PARASITIC 

NEMATODES BY NEMATOPHAGOUS FUNGI AND PREDACIOUS NEl-'lATODES 

A. INTRODUCTION 

Following the experiments of Linford and his 

associates (1937, 1938, 1939) in Hawaii, several attempts have 

been made to overcome the effects of nematode attack on 

certain crops by inoculating nematode-infested soil with 

predacious fUngi or by stimulating indigenous predacious fungi 

in soil to greater trapping activity. Most of the se attempts 

have been directed against root-knot and cyst-forming 

nematodes (Linford ~ al., 1938; Linford and Yap, 1939; 

Deschiens ~ ~., 1943; Hutchinson and ~ai, 1954; Dixon, 

1954; Shepherd, 1955; Duddington ~ al., 1956; Gorlenko, 

1956; Duddington and Duthoit, 1960; Duddington ~ al., 1961; 

Hams and \'lilkin, 1961; l:Iankau, 1961b, 1961c; 01thof, 1962; 

Duthoit and Godfrey, 1963). Tarjan (1962) attempted the 

biologica1 control of citrusburrowing nematodes (Radopholus 

similis) • 

The majority of these attempts have been unsuccessful, 

probab1y because they have aIl been directed against endo-

parasitic nematodes which are within their host tissues and 

therefore unavailable for trapping by the nematophagous fungi 

except for the re1atively short period of their 1ife outside 

the host. Thus, the fungi have not been given an adequate 
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opportunity to prove their worth in controlling nematodes. 

Predacious nematodes, especially Mbnonchus sp., have 

attracted attention as potential agents of control of plant 

parasitic nematodes but no experimental work on this aspect of 

control has been attempted (Christie, 1960). In view of this, 

and the conflicting reports on the efficacy of nematophagous 

fUngi in controlling plant parasitic nematodes, an investigat­

ion of biological control \~s made. 

B. MATERIALS AND I-ETHODS 

a) Soil types. Normal greenhouse potting soil was used, the 

pH of which was adjusted to 8.2 with ammonium carbonate. The 

soil was contained in 80 three-inch clay pots, half of which 

was sterilized by autoclaving at l2loC for 2 hours. 

b) Host plants. Dent corn variety CO 106, an inbred 

variety obtained from the Agronomy Department of I-lacdonald 

College, was used. Eighty seedlings were se1ected, 40 in 

each soil type, and they were grouped into 5 lots according 

to their heights. Each lot of 16 seedlings was made up of 8 

in autoclaved soi1 and 8 in non-autoclaved soi1. 

c) Plant parasitic nematode. An Aphe1enchus species, which 

''las iso1ated from the rhizosphere of corn plants growing in 

the Agronomy plots of Hacdona1d Co11ege, was used. The 

pathogenicity of Aphe1enchus sp. has not been proven but 

Terry (1965) observed marked stunting and whitening of 1eaves 
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of dent corn variety CO 106 within 2 weeks of inoculating 

sterile sand containing the seedlings with approximately 2000 

of the nematodes per 3-inch pot. 

d) Predacious fungi. Arthrobotrys strain 24 (an adhesive 

network former) and Dactylella ellipsospora (an adhesive knob 

fonner) were used singly and in combination wit h one another. 

Strain!. 24 was chosen because an earlier 

experiment had indicated that it was able to compete with the 

normal flora and fauna of the soil better than the other 

adhesive network formers available; Cooke (1963a) stated that 

adhesive knob and co nstricting ring formers \"lere more 

efficient nernatode predators than the adhesive network forrners 

and for this reason Q. ellipsospora was used. Further, Linford 

and Yap (1939) were successful in controlling root-knot of 

pineapple with Q. ellipsospor~. 

e) Predacious nernatode. Adult nematodes of the genus 

l>lononchus were used, as studies on host specificity (page 122) 

disclosed that they neither stimulate trap production in the 

predacious fungi, nor are they trapped when traps are 

produced as a result of the presence of other nematodes. It 

was considered possible that a synergistic action of the 

predacious fungi an d the predél.cious nematode would resul t in 

better control than just the fungi al one • The hononchus sp. 

used in this experime nt .. las originally obtained as a 

contaminant in the greenhouse where it had decimated a whole 

population of Hemicycliophora similis nematodes. 
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1') Treatments. The fungi were added to the pots of auto­

claved and non-autoclaved soil containing 2-week old seedlings, 

alone and in combination with one another and with the 

predatory nematode, one week before the plant parasitic 

nematodes were added. The g treatrnents, designated by the 

symbols Tl to Tg, are shown in Table 4; they shall, 

hereafter, be referreà to by their symbols. Tl was the 

uninoculated control and T2 was the plant parasitic nematode 

alone. Both Tl and T2 pots received 10ml of an autoclaved 

funga1 suspension to compensate for any manurial effect that 

may have occured in the other pots that received 1ike amounts 

of live fungi. \'lhen both fungi were added together (T5 to Tg), 

5ml of each fUngus were used. Approximate1y 2,500 surface 

steri1ized plant parasitic nematodes were added to the pots 

which received treatments T2 - Tg. Treatments T6 - Tg, in 

addition, each reccived 20 adult predacious nematodes. A11 

inoculations were performed with sterile \'lide-mouth pipe.ttes 

at a depth of approximate1y 2cm in the soil in 3 locations 

around the seed1ings. 

g) Preparation of funga1 and nematode inocula. Conidia1 and 

myce1ial preparations of the fungi \'lere obtained by growing 

the fungi for l week at room temperature on Oatmea1 agar (pre­

pared frOlll Difco Bacto powder) am in sh3.ke cultures of 0.1 

per cent yeast extract amended Czapek Dox broth respective1y. 

As Q. el1ipsospora grows slower than Arthrobotrys strain 24, 

twenty plate-cultures and ten 1iquid shake cultures of the 
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former were used to obtain the inoculum against ten and five, 

respectively, of the latter. Conidia were flushed from the 

Oatmeal agar cultures and suspended in 250ml of sterile 

distilled water. The mycelium was collected from the shake 

cultures of each fungus and fragmented, in 250ml of sterile 

distilled water, for 30 seconds in a sterile Waring Blendor. 

The conidial and the mycelial suspensions of each fungus 

were combined. 

The plant para si tic nematodes were reared for 2 

weeks at room temperature on Petri plate-cultures of 

Pyrenochaeta terrestris. l'Iass extractions of nematodes were 

made by the following procedure: a 9" x 11'' rectangle of 

stiff t" l'lire mesh was fi tt ad wi th t" legs and placed in a 

10" x 12" enamelled dish. Facial tissues were placed on the 

wire mesh and the contents of 25 plate-cultures of the 

nematode spread out on the facial tissues. i'iater was carefully 

poured into the dish from one side till its level was just 

above the wire mesh. Twenty four hours later, the water was 

collected in 100ml graduated cylinders and allowed to stand 

for 12 hours, by which time most of the nematodes had 

settled to the bottom. The top 70ml of water in each cylinder 

were decanted and the concentrated nematode suspensions 

combined. The nematodes were surface sterilized and rid of 

their accompanying debris by passing thera through Baermann 

(1917) funnels containing a bactericidal-fungicidal non-

nematocidal solution instead of water. The sterilizing 
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solution (l'iountain and Patrick, 1959) had the f'ollowing 

composition: ethoxyethyl mercury sulphate 4ppm, dihydro­

streptomycin sulphate 1000ppm, and 30ppm of' aureomycin in 

hydrochloric acid. Af'ter 24 hours in the sterilant, the 

nematodes were washed 5 times in sterile distilled water. The 

f'inal nematode suspension was standardized 50 each millilitre 

contained approximately 500 nematodes. 

The predacious nematodes \'lere reared f'or 4 months on 

Rhabdi tis oxycerca nematodes contained in Petri plates of' \'leak 

Corn rneal agar. The nematodes \'1ere extracted through Baerrnann 

f'unnels using I,iountain and Patrick' s (1959) sterilant in place 

of' water. The nernatodes were lef't f'or 24 hours in the 

sterilant, and adult j\.ononchus sp. \'lere picked by hand, \'iith 

the use of' a dental canal pulp f'ile, and put into sterile 

distilled water. 

h) Design of the experirnent. The 80 pots of the experiment 

containing 2 soil types and 8 treatments in each of' 5 

replicate blocks \'lere completely randomized (Fig. 56) • The 

pots were placed on Petri plates to avoid contact \','Ï th the 

gravel of the greenhouse bed. 

i) Greenhouse conditions. For the 2 month period of' the 

experiment follo .. ling ino cula ti on of' the soil .. lit h parasi ti c 

nematodes, the tempe rature of the greenhouse f'luctuated 

bet\'leen 720F and 910F. The pots 'dere watered daily \.d. th 

40ru of tap water except on very ,'larIn days when they ,'lere 

'.latered twice a day \',d. th 30rnl amounts each time. Splashing 
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was avoided during the watering. At 14 day intervals, each 

pot received lOml of a weak solution of a liquid fertilizer. 

j) Data. At the end of the experiment, the soil around the 

roots of each plant was carefully washed off, the reots 

blotted between pads of paper towels, and the whole plants 

weighed to the nearest decigram. The roots of those plants 

which received the T2 treatment were stained with lactophenol­

acid fuchsin and cl eared in unstained lactophenol (McBeth et 

al., 1941). They were examined with a stereoscopie micro­

scope at x50 magnification for evidence of pathogenicity by 

Aphelenchus sp. 

k) Recovery of the fungi. Soil from each treatment was 

plated on weak Corn meal agar to reisolate the two fungi 

used. Rhabditis oxycerca nematodes were added to the plates 

to encourage emergence of the fungi (Shepherd, 1955). 

C. RESULTS 

Average fresh plant weights of the 5 replicates in 

èach of the g treatments and 2 soil types are presented in 

Table 5. The original data are presented in Table 4 and the 

analysis of variance in Table 6. 

Application of Duncan's (1955) multiple range test 

(Table 5) showed that Tl' the control, was significantly 

(P~.05) greater than T2 (plant parasitic nematodes only). 

HO\'lever, Tl was not significantly different frOID the other 
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Table 5. 

Average fresh weights of dent corn plants (variety co 106) grown in 2 soil types with 
8 treatrnents. 

Treatrnents 

Soil types 1 T~ T2 T3 :1t ~ T6 ::z T8 Mean 

-23.4 15.3 20.7 17.4 19.3 22.0 22.3 20.7 20.1 X 

Autoc1a.ved 1.9 1.9 3.2 1.1 1.4 2.7 1.1 0.9 SE 

18.0 28.2 34.3 14.6 16.6 27.7 11.2 9.7 cV% 

12.6 9.0 10.2 10.3 11.7 11.4 12.5 12.1 11.2 X 

Non-autoc1aved 1.6 LI 1.4 1.9 1.0 1.9 1.2 1.6 SE 

28.6 26.7 31.4 41.7 18.8 37.7 21.6 28.9 C\,% 

Soil types 
18.0 considered 12.2 15.5 13.9 15.5 16.7 17.4 16.4 

together 

T* 
1 T

7 
T6 T8 T

5 
T
3 

T
4 

T2 

18.0 17.4 16.7 16.4 15.5 15.5 13.9 12.2 

*- Control. 

cr"'\, 

1-' 
\J'I 
'-" 
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Table 6 

Analysis of variance of data presented in Table 4 

Sources \ df M.S. F P .05 P .01 

Sub-groups 15 
1-' 
\Il 

Treatments 7 37.38 2.65* 2.15 2.95 .;:-

Soi1 types 1 1590.61 112.80** 3.99 7.04 

Treatments x Soi1 types 7 7.57 0.54 2.15 2.95 

Error 64 14.10 

Standard error of treatment means 1.7 
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treatments (T3, T4 , T5, T6 , T7 , Tg). As regards the soil 

types, fresh weights of the plants grown in autoclaved soil 

were significantly (P<.Ol) greater than those grown in non­

autoclaved soil. 

Examination of the stained roots did not show any 

of the parasitic nematodes. Arthrobotrys strain 24 was 

recovered from every pot to \'Thich it was added while Dacty-

1911a ellipsospora was recovered only from autoclaved soil 

and not froID non-autoclaved soil. 

D. DISCUSSION 

From the results it is apparent that the ne~atodes 

of Aphelenchus sp. significantly retarded the growth of corn 

variety CO 106 although they were not recovered from the 

roots of the plants to which they were added. It is possible 

that the nematodes produce a toxine Further study on this 

aspect of the Aphelenchus-corn relationship is indicated. 

Addition of the fungi singly and in combination 

with one another gave an increase in plant weight over the 

treatment containing the plant parasitic nematode alone, which 

was significant at the 5 per cent level. Control of the 

parasitic nernatode was not significantly improved by super­

imposing the predacious nematode treatment on the predacious 

fungal treatments. 

It is not known why the corn plants grown in auto-
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c1aved soil weighed more than those in non-autoclaved soil. 

Autoclaving may have released or otherwise made available to 

the plants in that soil more nutrients than were available to 

the plants in the non-autoclaved soil; or autoclaving may 

have eliminated some unknown parasitic or inhibitory organism 

from the soil. 
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GENERAL DISCUSSION AND CONCLUSIONS 

The spores of Arthrobotrys oligospora, !. superba, 

!. robusta and!. dactyloides were shawn to have multinucleate 

cells. New stable strains were selected from these species 

am it was presumed from this evidence that th: fungi were 

heterocaryotic. 

Circumstantial evidence from anastomosis experiments 

and from electrophoretic studies indicated that !. oligospora, 

!. superba and !. robusta were probably strains of a single 

species. 

It is not known what re1ationship the selection of 

new strains in the laboratory bears with the frequency of 

their occurence in nature. On the basis of the system of 

classification that has been used, where minor morpho1ogical 

characters were used for delimiting spe cies of ne ma tophagous 

fungi, one \'10 uld be justified in calling each of the new 

strains a new species and workers encountering them as 

isolates from the so il wou Id be tempted to do just this. It 

is possible tha t several of the named sp ecie s of nematophagous 

fungi are in reality strains of a fe\'/er nwnber of species. 

If the limits of varia tion of rnorphological 

characters "rere determined, this ... lOuld r .. inimize the problems 

created by their use. A comparative study of adequate 

numbers of di verse populations of sp ecies from different 

geographic areas may be of help in this connection. 
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Trapping activity of !. oligospora was shown to be 

affected by the age of the myceliurn, type of me diurn the fungus 

was gro~m on, light conditions, temperature, hydrogen ion 

concentration, and genus of ne ms. tode present. The young 

mye el ium, near the periphery of the fungal colony, required 

less stimulation from ne matodes to produce traps than did the 

older mycelium in the centre of the colony. In general, 

trapping efficiency increased with increasing hydrogen ion 

concentration or decreasing temperature over the range tested. 

r-r.ore traps \'lere formed by the fungus in the light than in the 

dark and it was shown that nematodes of different genera 

induced different degrees of trap production and were trapped 

to different extents. 

The effects of hydrogen ion concentration and 

tempe rature on trapping efficiency are noteworthy, as these 

two environmental facto rs can be controlled in a greenhouse. 

A cornbination of sl ightIy alkaline soil and low tempera ture 

may result in effective control of plant parasitic nematodes 

by nematophagous fungi under greenhouse condi tions. Testing 

of the nematophagous fu ngi for trapping acti vi ty against 

ectoparasitic nematodes of several genera is necessary as a 

preparatory step to their future employrnent in the control of 

these nematodes. DifferentiaI trapping activity may al 50 

make a contribution te the numerical taxonomy of species. 

Individual prot8ins; separated from hen's serum and 

nematode extract did not induce the formation of traps in !. 
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oligospora. 

Homocaryons produced by !. dactyloides strain 1240 

pro duced traps spontaneously in the ab sence of nematodes 

indicating that the fungus does not Mve te be heterocaryotic 

in order ta produce traps. However, the possibility exists 

that, in the process of selecting strain 1240 from the wild 

type of !. dactYloides, only the nuclear type which determined 

trap production , .. as selected frorn a mixture of nuclear types. 

The individual cells of the constricting ring traps 

of!. dactyloides could be induced ta grow as ordinary 

mycelial hyphae and no si gnificant di fferenc e was found te 

exist between the potentials for trap production by mycelium 

arising from the terminal and proximal cells of 3-celled 

Dactylella doedycoides spores; the middle cells of the many 

spores examined were not observed to gerrninate. 

An Aphelenchus sp. on dent corn variety CO 106 was 

controlled by12. ellipsospora (an adhesive knob former) and 

~. strain 24 (an adhesive network forming strain that arose 

from an anastomosis figure that occured between ~. robusta 

and !. superba) when used singly and in combination with one 

another. This experiment indicated that the adhesive network 

formers are as efficient in controlling nematodes as the 

adhesive knob formers. 

Predacious nematodes were used for the first time 

in an experiment on nematode control. \'l1"len predacious 

nematodes weru added te the fungal treatments, they did not 

improve control of Aphelenchus sp. 
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SUNIvIARY 

1. The morphologies of Arthrobotrys oligospora, !. 

superba, !. robusta, !. dactyloides and Dactylella ellipso­

spora were studied under standard conditions, primarily so 

that they would serve as a basis of comparison with new 

strains developed from them. 

2. The vegetative mycelia and the conidia of the wild 

types of !. oligospora, !. superba, !. robusta and!. dacty­

loides were stained to ascertain the nuclear condition of the 

cells as a preliminary to the study of heterocaryotic 

phenomena in these fungi. Conidial cells, terminal cells of 

conidiophores, hyphal tips and the vast majority of hyphal 

cells were round to be multinucleate. 

J. The effect of environment on variability of !. 

oligospora was studied. The aim was to produce new stable 

strains of the fungus by altering the environment. The 

results indicated that the fungus, if heterocaryotic, had a 

nuclear ratio that was not easily altered. 

Four ne .. , stable strains of !. robusta, 2 of !. 

superba, l of ~. oligospora and 2 of !. dactyloides were 

selected from their respective wild types by successive 

isolation and subsequent culturing of individual intercalary 

cells. The selection of 50 many strains in a relatively 

short period of time provides circumstantial evidence for 

the existence of heterocaryosis in these fungi. 
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Anastomoses were observed to occur between the wild 

types of !. oligo spora, !. superba and !. ro busta. Anasto­

mosis figures, from cellophane cultures of anastomosing fungi, 

were cut out and cultured. A new stable strain was obtained 

from an anastomosis figure tbat occured between hyphae of !. 
superba and !. robusta. Anastomosis figures that arose from 

the other matings, when cut out and cultured, initially gave 

rise to some enlarged 3-celled conidia mixed with normal 

conidia of !. oligp spora. The 3-celled conidia, when sub­

cultured, developed into colonies that were indistinguishable 

frorn those of wild type !. oligospora. The apparent ease 

with which anastomosis occured between the three species 

suggested that they were probably strains of a single species. 

6. Electrophoretic separations of the soluble proteins 

from mycelium of the wi Id ty pes of !. oligospora, !. superba 

and !. robusta and from new strains of these species were 

carried out. There were dis tinct differences between the 

protein patterns of the three species but the positions of 

between 25 and 43 per cent of their protein bands corresponded. 

Differences between protein patterns of the new strains and 

the wi Id types from which they l'lere selected were of about the 

same rnagni tude as the differences bet, .... een the species 

themsel ves. This also suggested tha t the three sp ecies l'lere 

variants of a single species. 

7. The effect of physiological age o! !. oligospora 

mycelium on the trapping activity of the flingus was studied. 
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Traps were ~irst produced by the mycelium that was 2 days old 

and the stimulus then spread throughout the colony along 

uninterrupted mycelial hyphae. Young traps, towards the 

periphery o~ a colony, captured nematodes e~~iciently while 

the older ones towards the centre were losing their adhesive-

ness. 

8. In general, low tempe ratures and pH values towards 

alkalinity enhanced the trapping e~~iciency o~ !. oligospora. 

No traps were ~ormed at JOoC and J5 0 C. 

9. Ueak Corn me al agar was found to be the best o~ 14 

media tested ~or studies on the trapping activity o~ nemato­

phagous fungi. Light af~ected trap production in !. oligo­

spora, more traps being produced in the light than in the 

dark. No traps were produced on Potato dextrose agar, Yalt 

extract agar, r'lycophil agar, Chlamydospore agar, and Czapek 

Dox agar amended with yeast extract. 

10. The effect of nematodes o~ di~ferent genera on the 

trapping activity of ~. oligospora was tested. It was found 

that nematodes of some genera induced the ~ormation of traps 

by the fungus while others did note 

11. The majority of the 2-celled microconidia of !. 

dactyloides Strain l24D had one nucleus per cell o~ the 

conidium. Vihen 2 or 3 nuclei were present in a single cell 

of a conidium, they were presumed to have arisen by division 

from a single nucleus. The homocaryotic myceliwn derived 

from a single cell of a microconidium produced traps 
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spontaneous1y in the absence of nematodes. 

12. The proteins from hen's serum and fresh nematode 

extract were separated by po1yacrylamide gel electrophoresis. 

ThP, lndividua1 proteins contained in the unstained gel did 

not induce the fonnation of traps in !. oligospora. 

13. The destiny of detached, incomplete ring traps and 

individual cells of non-inf1ated and inf1ated rings of wild 

type !. dacty10ides was studied. Detached incomplete rings, 

during their ear1y stages, could be induced to gro\-I as 

ordinary mycelial hyphae. The cells of complete and near­

complete rings could be induced to grow as mycelial hyphae 

by puncturing one of the three cells in a ring. 

14. The potentialities for spontaneous constricting ring 

production, by hyphae arising from individual cells of 3-

celled spores of Dactylella doedycoides, were tested. The 

middle cell of a spore was not observed to germinate and there 

vias no significant difference between the number of rings 

produced by hyphae arising from proximal and distal cells of 

a spore. 

15. Nematodes of the genus Aphelenchus on dent corn 

variety CO 106 \'1ere controlled by the fungi Arthrobotrys 

Strain 24 and Dactylella ellipsospora when used singly and in 

combination vdth one another. The superimposition of 

predacious nematodes of the genus I·.ononchus on the fungal 

treatments did not significantly improve control of the 

parasitic nrunatode. 

i 
i 
1 

Il 
1 



1 

( " 

(' 

" 

CLAlrrJS OF ORIGnML l'jORK 

1. Ivlycelial and conidial cells, of 4 species of nemato­

phagous fungi, were shown to be multinucleate. 

2. Ten new strains of 4 species of nematophagous fungi 

were selected from their wild types. 

3. Anastomoses between 3 wild type species of the genus 

Arthrobotrys were produced. 

4. Electrophoretic techniques were used as aids in the 

taxonomy of the nematophagous hyphomycetes. 

5. The effects of environmental factors on the trapping 

efficiency of Arthrobotrys oligospora were studied. 

6. Nematodes of different genera were shown to stimulate 

trapping activity by ~. oligospora to different extents. 

7. The destiny of incomplete rings and complete inflated 

and non-inflated rings of ~. dactyloi~ was studied. 

S. Proteins from hen's serum and from nematode extract, 

separated by electrophoresis, were tested for ability 

to produce traps in!. oligospora. 

9. The effect of the genetic condition of !. dactyloides 

on trap production was studied. 

la. Dactylella ellipsospora and a new strain of Arthrobotrys, 

Strain A. 24, were found to protect dent corn variety 

CO lOô against Aphelenchus sp. when used singly and in 

combination with one another. 
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