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J. ·B. Porth Plant ~atholbgy. Ph.D. 

STUDIEl THE BIOLOGY AND 

~, FEEDING BITS OF SELECTED 
~ . 
'~~MATODES FROM THE RHIZOS~HERE OF LEGUMES 

, -... 

Effects of rhizobia, yeasts and temperature on saprozoic 

nematode growth and egç hatch, and nematode transport of rhizobia, 

were determined. Nematodes reproduced on several Rhizobium spp. 

and yeasts, in monoxenic culture. Egg~hatching increased with 

ternperature frem lSoC to 300 e. Nematodes transported R. phaseoli 

from non-rhizosphere to rhizosphere areas. 

Influence of fungi on preferentiai selection and repro-

duction of Aphelenchus avenae, and effect of this nematode on 

nbdulation-and damping-off was studied. More nèmatodes 
• 

aggregated in colonies of certain fungi than others. Fecundity 

was greatest on Fusarium sp., F~arium culmorurn and Verticillium 

albo-atrum. ~atodes suppresséd nodulation of excised bean 

roots "and cdntroll~d ~amPing-Off. 

Effects of~bean cultivar, fungi and systemic chemi~als on 

gal1ing and developrnent of ~e1oidoqyne hapla, were investigated. 

None of the cultivars were resistant te ~. 'hapla. Yeasts 

inhibited nematode develepment while ether fUngi stimulated 

galling~nd egq-hat~hing. Nodulation w~s~increased by M. hapla • 
. 

Foliar and soi1 applied Sys~ox and ~ethyl Sulfoxide reduced 

9a11ing. 
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RBSUME -

Ph.D. R.B. Porth Phytopathologie 

ETUDES SUR LA BIOLOGIE ET LES MOEURS ALIMENTAIRES D'UNE 

SELECTION DE NEMATODES DE LA RHIZOSPHERE DES LEGUMINEUSES 
11 

Les effets des Rhizobia, des levures et, de la température 

s~r/la croissance et l'éclosion des oeufs de n~matodes sapro-' 

zoltes, sont étudiés, ainsi que le transport des Rhizobia par 

ces nématodes. Ceux-ci se reproduisent en c~lture monoxène avec 

.. plusieurs espèces de Rhizobium et de levures. L'éclÇ>sion des 

oeufs augmente lorsque la température passe de lSoC à 30°C. Ces 

nématodes transportent Rhizobium Ehaseoli des régio'ns hors de la 

rhizosphère à la rhizosphère. 

L'action des champignons sur la ~élection préférentielle et 
\. 

la reproduction de Aphelenchus avenae, et l'effet de ce nérnatode 
i 

, .".. 

sur' la formation des nodules symbiotique~ et la fonte des semis 

sont étudiés~ Ce «érnatode s'a~se en plus nbrnbre autour de~ 

colonies de'certains champignons que d'autres. La plus grande 
l 

f~condit~ s'observe en pr~sence de Fusarium sp., Fusarium culmorurn 
\ 

et Verticillium albo-atrurn. C~ nérnatode supprime la nodisit~"chè2 

les racines isolées et réduit la fonte des semis. 

-L'influence des .champiçnons, des composés systémiques, et de 

différentes variétés ~ultivé~s du haricots sur la nématocécidie et 

le développemént de Meloidogyne Hapla a fait l'objet de notre re

cherche. Aucune des variétés du haricot est résistante à ~. hapla. 

Les levures inhibent le développeme~~ du nématode, tandis que 

d'autres champignons stimulent la nématoc~cidie e~ l'éco1osion .. 
• 
des oeufs. La nodosité symbiotique est accrue par ce némat~de. 

__ L'apPli~atio, de sys~~x ét du sulfoxide de dirnéthyle sur le feuil

~age. et sur lè1lo1 réduit la nématocécidie. 
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GENERAL INTRODUCTION 

The'soil solution surrounding roots of leguminous plants 

contains a relatively large and complex cornmunity of organisms, 

including bacteria of the genus Rhizobium. Little is known of 

the roles being played by ne~atodes in the rhizosphere biota, 

not only in the development of legumes but in the nodulation 

of their roots. 'Because of the agricultural impor~pnce of 

legum~s in atrnospheric nitrogert fixation, a large part of th~s 

work has heen devot~d to a ~t~dy of interactions between legumes, 

nodule bacteria and nematades. AIso, the growtb and develop-

mént of freeliving nematodes on certain members of the rhizo-

sphere was studied. 

Sorne of the interrelation~hips of Aphelenchus avenae 
1 

with var~ous soil f~nqi including plant pathogens, and with , 

legume r~dule bacteria, have been included in th~s stbdy. 

Sinc~ Meloidogyne hapla is recognized for its destructi~ 
./ ) 

attacks Ort agricultural and horticultural plants, attempts were 

made to control this, parasite using a systemic inseqticide 

having nematicidal properties. 

,1 
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GENERAL LITERA TURE REVIEW 

1. The Rhizosphere of Leguminous Plants 

a. Importance of the Rhizosphere 

The extension of growing pl~nt roots in soil has a marked 

influence on the microflora and microfauna immediately adjacent 

to the root-surface. Hiltner (1904, cited by Garrett, 1960) 

was the first persan to observe that microorganisms were more 

abundant near root surfaces than in distant soil and he defined 

the zone under the influence of plant roots as the rhizosphere. 

Since Hiltner's pioneering work, a considerable number 

of papers have been devoted to the study of microorganisms and 

living roots. Two zones of root influence upon soil micro-

organisms have subsequently been characterized : (i) the root 

surface or rhizoplane (Clark, 1949), and (ii) the rhizosphere. 

Generally, three kinds of relationships between soil 

microorganisms and roota ot higher plants are' discernible: 

(i) rhizosphere and root surface phenomena (~icrobes occur in 

high nutnbers around or on the root):, (ii) parasitic (microbes 

invade the living root cells and debilitate the host plant)~ 

(iii) symbiotic (microbes invade the root cells and benefit 

the host plant, e.g. mycorrhizae, legume nodules.) 

Sinee adequat1~surveys and discussion of the numerous 

rhizosphere studies have been presented' in several reviews 

(Starkey, 1958: Xatznelson et al., 1948; Clark, 1949: Krasil

nikov, 1958; Lochead, 1959; Katznelson, 1961; K~tzne18on, 1965; 

2 
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t Rovira, 1965a,b; Parkinson, 1961: Rovira and McDougall, 1967), 
t 

the purpose af this introductioq is to describe the influence 

3 

of the rhizosphere phenomenon on the important microbial groups 
, 

found' in solI. 

(i) Bacteria 

The' early rhizosphere studies were predominant1y concerned 

'wi th the responses of bacteria wi thin the sphere of influence 

of plant roots (Hiltner, 1904 (cited by Garret~, 1960): Sta~key, 

1929 a,b,c). Gradually, studies of other microbes were com-

pleted and the original concept was extended considerably to 

include fungi,. actinomycetes, algae, protozoa and nematodes. 

(ii) Fungi 

The responses of fungi to the influence of the rhizosphere 

are le9s weIl known than those of the bacteria, primarily bé-

cause the attention qiven to the study.of rhizosphere fungi 

has been considerably 1ess than-that accorded to the bacteria 

(Parkinson, 1967). The consensus of most workers is that fungi 

are stimu1atèd by plant roots, but to a lesser degree th an are 

bacteria. This generalization is not shared by aIl workers: 

indeed, the view has been expressed that plant roots do not 

.alter appreciably the total counts of fungi (Alexander, 1961). 

The above general conclusion that fungi are stimulated to a 

~~ les8er degree by plant roots than are bacteria must be examined 

carefully. lt ~hould be noted that the most commonly used 

• 
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method in counting rhizosphere fungi has been the dilution 

plating technique. This method permits an estimation of the
L 

numbers of rapidly growing and spore-forming types of fungi 

4 

(Warcup,·l960) but neglects the slower growing and predominantly 

mycelial forms. Methods for assessing amounts of mycelial 

development in soil and rhizospheres have been developed, 

which, if applied, may change-the above mentioned concept 

(Parkinson, 1967). There is good reason to support Parkinson's 

hypothesis as Katznelson (1965) has pointed out that one strand 

of fungus mycelium may be equivalent in weight and meta~lic ~ 

activity to many bacteria. In fact, Rovira (1965a) has specu-

lated that the rhizosphere effect, on the pasis of cell volume 
~ 

or cell mass, might even favor fungi over bacteria. 

(iii) Actinornycetes 

Despite recognition of their wldespread occurrence in soil 

(Alexander, 1961) and importance in the cycling of soil nutri

ents (Kuster, 1961), actinomycetes have received much less 

attention,than bacteria in relation to the rhizosphere (Katz-

neison, 1965). Where they have been studied, the majority of 

investigations Rave dweit predominant1y on their antimicrobial 

potentia1ities, especially against root pathogenic organisms 

and nitrogen cycle bacteria Buch as Azotobacter and Rhizobium 

(Gray and Williams, 1971; Katznelson, 1965). A1thbugh limited 

in number, these etudies have shown that the roots of many 

p1~nt types favour the deve10pment of greater numbers of 

, 
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antibacterial and antifungal actinomycetes compared with root-

free soil. 

(iv) Algae 

Information èoRcerning the influence of plant roots on 

soi1 algà~-is confined to a sma11 number of studies (Katznelson, 

1965). There are indications of a range of relationships be-

tween plant roots and algae. A few workers have observed 
\ 

enhanced growth of a1gae in the rhizosphere while others have 

not (Lund, 1967). Unfortunately the Cyanophyta (blue-green 

algae) are often included in algal counts with the Chlorophyta 

(green dlgae), despite great differences-in structure and 

physiology between tbe two groups. 

Cv) Protozoa 

The rhizosphere effect on protozoa has been studied by 

several authors, and, in general, greater numbers of amoebae, 

flagellates and ciliates have been isolated from rhizosphere 
~ 

Boil than from non-rhizosphere soil (Stout and ~eal, 1967; 

Darbyshire and GreaveB, 1973}. Presumably there is a cor-

relation between increased proto~oan activity and the number 

of bacteria and other microorganisma serving aB sources of 

food in the rhizosp,here (Stout and Heal, 1967). 

(vi) Nematodes, 

According to the few relevant studies PUblished) rhizo

sphere 80il a180 contains àppreciably greater numbers of 
, 

nematodes than root-free 80il (Katznelson, 1965). 80th plant 
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parasitic and nonparasitic forms are influenced although the 

freeliv~ng nonparasitic nematodes have received very little 

attention in rhizosphere investigations. Jones (1959) is of 

the opinion that the accumulation of plant parasitic nernatodes . 
at the root-soil interface is due to the supply of organic 

substances in tbis zone, whereas plant rooti do not hdve any 

specifie attracting ability for the non-plant parasitic .nematodes. 

Henderson and Katznelson (1961) and Rouatt et al., (~963) found 

that oats, barley, wheat, soybean and pea rh~zospheres were 

'occupied by a broad spectrum of soil nematodes with greater . , 

numbers occurring in rhizosphere soil suspensions of peas, 

wheat and soybeans than in those from oats and barley. 

b\ Microbiology of the Legume Rhizosphere 

The importance of fixation of atmospheric nitrogen by 

cornplex associations of legumes and bacteria of the genus 

Rhizobium has been widely recognized for many years. The wide-

spread cultivation of leguminous crops attests to the enormity 

of their importance in the agricultura1 econorny of the world 

(Fred, Baldwin and McCoy, 1932). Figures of 100 to 200 lb 
, \ ' 

per ye~n each acre of agricu1tura1 land under normal farm 

conditions represent the amount of N
2 

fixed by effective1y 

'nodu1ated 1egumes (Alexander, 1961). ,', 

- Thus it la not surprising to find that a great deal of 

interest has been shown in the symbioti'c relationships of 

legumes and their rhizobia. The process of nodule formation, 

. ' 



<. 

" J 
",-

-
7 

• 
including infeètion of the root hair, bacteroid formation and 

rnorphological development of the nodule are, however, beyond 

the scope of this literature review and will not be discussed 

here. General accounts of infection and the biochemistry of 

symbiotic nitrogen fixation are given elsewhere (Raggio and 

Raggio, 1962; Ca~~~han and Cast1e, 1963; Virtanen and Miettinen, 

1963; Nutman, 1965: Burris; 1966). 
~ 

The objective of this review is to discuss the micro-

biology of the legurne rhizosphere. lt is weIl known that 

different plant species have widely divergent nurnbers of organ-

isms in their rhizosphere~. And almost without exception, 

of a random series of plants, including legumes and 

n-legurne~ have shown that legurnes produce a more pronounced 

rhizosphere effect than non-1egurnes. General acceptance of 

the unique capacity of the 1egume to support larger rhizosphere 

populations than the ~on~1egume is indicàted in the 1iterature 

(Clark, 1949; Alexander( 1961; Katznelson, 1965; Clark, a969). 
1 

(i) Rhizosphere Effect of 
Legumes on Bacteria 

" 

Ear1y investigations showed that the rhizospheres of 

leguminous plants afford highly favourab1e conditions for 

bacteria1 deve1oprnent, with 1arger nurnber~ of bacteria occurring 

in the immediate vicinity of legurne plant roots (Caron, 1895; 
c 

Stoklasa and Ernest~ 1905; Creuzberg, 1928; cited by Fred, 

Baldwin and MçCoy, 1932) compared with non-1egumes. 
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Acçording to the observations of Starkey (1929b), rhizo

sphere counts of bacteria were greater~for clover than for 

beets or wheat. 

Graf, 1930 and Adati, 193~ tcitèd by Katznelson et al., 
-f..-." 

1948) noted that the incr~se in total numbers of bacteria was 

least in the case of cereals and most with leg~es. 

Starkey (1931) found that long lived 1eg~mes such as 

8 

sweet clover exerted profound' effee'ts on the rhizosphere, ~ 

yielding R:S ratios of 50 at 356 days and 217 at 437 days. 

Thom and Humfe1d (1932) reported a distinct increase in 

the number of bacteria in the vicinity of alfalfa and vetch 

roots compared with rye. 
. .. 

The rhizosphere effect of soybeans on bacteria was shown' 
\ 

to be two times that of bar1ey, according to R:S ratios cal- } 

cu1ated from data provided by Rouatt et al., (1960). 

Similar1y, R:S ratios ca1cu1ated from the data of Rouatt 

and Katznelson (1961), revealed that red clover stimu1ated 
~ 

bacteria1 numbers four times that of f1ax, oats apq wheat and 

seveh times that of maize and barley. 

Rouatt et !l., (1963), noted a greater rhizosphere effect, 

at 85 - 90°F, of soybean on bacteria1 numbers ~an with wheat. 

AS the temperature decreased the wheat plants were seen ta 

stimu~ate'9reater numbers o~bacteria around their root~ than 

soybeans, illustratinq the effects of temperature on the 

rhizosphere population. 

.t 
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The greater ~undance of ammonifying bacteria in clover 

rhizospheres compared to timothy was reported by Shi1~va and 
{ 

Xondrateva (1955). 

Bacteria resistant to streptomycin were preferentia11y . , , 

stimu1ated in the rhizÇ>spheres of' 11 plant species tested but 

rnost matkedly'witQ legumes (Brown, 1961). ~ 

} 'The role in plan~ rhizospheres of two of the best known 

gepera of so~l bacteria - Azotobacter and Rhizobium, both in-

volved in nitrogen fixation - has been extensively studied. 

Investigatio~s into.the comparative effects of legurne and non-, . 
legurne rhizospheres on Azotobacter ha~e been 1imited, however, 

9 

and~onflicting evidence has been presented. Beijerinck (1908, 

cited by Fred, Baldwin and McCoy, 1932) found greater nurnbers , 

of Azotobacter in soil around 1eguminous plants than non-legumes . ... 
~ KJ!'asi1nikov (1958) ,reported a number of examples of Azotobacter 

stimulation in the root region of clover, alfalfa and peas 
.' 

whereas growth was much lees on wheat, corn, f1,ax and cotton. 

Contrasting evidence, neYer.theless, was presehled by Katznelson 

and .Strzelczyk (1961) whô'demonstrated that, of 17 Crop plants 

tested, counts of Azotobacter. were similar ln 1egume and non-

aphere'ha6 been known for aorne time (pred, Baldwin and McCoy, 
• 1 • 

. , ' 

1932). Althouqh the exact c«uee of this .~imu1ation ia not 
l , 

, . 
known, the'imp6rtance of certain root exudatea wa, tirst shawn 

~ 

by Me.t, (1939) ~ho ob •• rved that biot!n an$ thiamine, exereted 

l , 

'/ 
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by fla~ and tobacco, were stimulatory to R. tri'folii. A year 

la~er, West and Wilson (1940) discovered the requirement of 
f 

rhizobia for biotin. Rovira (1955, 1961~) foun~ that root 

exudates were more varied and abundant~from legumes than from 

other plants. The stirnulgtory effect of red ~lover on R. ·trifolii 

was recorded by Rovira (1961) who reported FkS ratios ranging 
• 

from 8 to 200 for red clover and only 6 to 13 for a grass. 

The enormi~y of population development was noted by Purchase 
" 6 and NutInan (1957) who counted rhizosphere popu1a,tions of 10 to 

109 Rhizobium spp. per m~ of rhizosphere soil. Notab1y,.legumes 

have been found to stirnu1ate nodule bacteria to a greater extent 
• 

than other rh~Jo9p~ere < ~icroorgani9ms (Nutman" 1965)., Nutn\an 

concluded that R:S ratios of Rhizobium in the rhizosphere are 

rareiy smal1er than 10 2 ,and frften exceed 106 , whereas ratios 

sporulation of certain~pecies, which rnake this group more 

d,i-fficu1t to quantitatively assess than bac<teria (Rovira,: 1965a) . ' . 
most studies show,a stronger rhizosphere effect by leguminous 

plants t~an non-legumes. ., 
Starkey (1931) was the first to show that filamentous 

t'ùngi wer-; more abundant on légumes than non-1egumes. He re.

oor6ed an R:S ratio of 10 for ~weet clover. 

.. 
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Peterson (1958), however, found larger numbers of fungi 
'. . on and around the roots of wheat than red clover. Peterson 

noted, though, that realistic comparison of the two crops was 

questionable due to the rate of deve10pment of the wheat plants 

which had reached a more advanced state of maturity than the 

clover,plants. 

Comparing the number of fungi in the rhizospheres of 

barley and soybean,. Rouatt et al., (1960) recorded R:S ratios 

of 2.2 for barley and 3.6 for soybean, indicating the enhanced 

effecb of the legume (R:S ratios were calculated from data 

provided by the above authors). 

In an extensive rhizosphere and rhizop1ane ~tudy of the 

microflora of several cu1tivated'pla~ts; Ordin (1961) observed 

that the legume rhizosphere effect was not significant1y greater 

than that of non-legumes. At the same time, Rovira (1961) 

showed that the n~ers of sporing fungi in the rhizos~ere zone 

of red clover were 3 to 4 times greater than in the rhizosphere 

ot the grass Paspalum. 

Evidence presented by Rouatt et al., (1963) demonstrated 

appreciably l~ger numbers of mycelial forms of fungi on the 
., 

-
roots-of soybeans than wheat., 

"' , 
While most of the studies of fungi associated with roots 

have bèen.carried oub on the hyphOl and sporing forms, evidence 
lof • '. 

fram on1y a few studies' has shOwn c1e~F1y that numbers of yeasts 
" ' 

a180 increase in the rhizosphere (Babeva and Belyanin, 1966). 

" 

t 
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In an earlier s~udy of yeasts in the rhizosphere of plants, 

Babeva and Saveleva (1963) reported that of elev~~ crop plants, 

clover had the third highest R:S ratio, indicating the effect-

i veness of legumes in stimu1ating the growth of yeasts. ' 

(iii) Rhizosphere Effect of 
Legumes on Actinomycetes 

Little attentioh has been given to the influence of plant 

type on the actinomycete population of the rhizosphere. Starkey 

(1931) demonstrated the stimula tory effect of legumes on rhizo-

sphere actinomycetes, reporting an R:S ratio of 8.6 for sweet 

c10ver at 437.days of growth. Ha found that young plants, 

such as bean, exerted a slight effect, while mangel, beets and 

corn showed no influence. 

(iv) Rhizesphere Effect of 
Legumes on A1gae 

'. 

There are conf1icting reports on the influence of,legume 

plant reots on a1g~e: sorne authors claim stimulation, and others 

no stimulation. 

Starkey (1958) stated tha~'~lgae are not affected ànd 
f 1 

may even be less numerous in th~ rhizosphere than in the soil: 

nevertheless, hè did not support his statement with references 

or data. 

Shtina (1954) reported that numbers of algae in the rhizo

sph~re8 of clover, lupins and timothy ~re similar to those in 

the aurrounding soil. Lupins and clover, however, were shown 

te harbour a high population of green algae carnpared with 
~ . -
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timothy, rye and potatoes. 

In later work, Shtina (1957) found that ~he çultivation 

of prolific, 1ong-lived legume root systems led to the build 

up of green algae around their roots. 

Under gnotobiotic conditions, pea roots were observed to 
~ 

stimu1at~ profuse growth of a".mixture of a1gae (Cu11imore and 

Woodbine, 1963). Sinee the above work involved aseptic con-

ditions, direct comparison with roots growing in soil in the 

presence of a mixed microf10ra cannot be made. 

(v) Rhizosphere Effect of 
Legumes on Protozoa 

As already mentioned, greater numbers of protozoa are 

foun9 in the rhizosphere than in root-free soi1. 

Shilova and Kondrateva (1955) ~rded a 1arger 

protozoa in the rhizosphere of clover than timothy. 
~ 

number of 

( 
'In a detailed study of protozoa iQ\ the rhizosphere, 

Darbyshire and Greaves (1967) noted that more falqellates were 

stimulated in the rhizospheres of white clover than in the 

rhizospheres of either white mustard or perennia1 rye grasse 

On the other hand,'numbers of amoebae were greater around , 
roots of white mustard than the clover or rye grass. 

(vi} Rhizosphere Effect of Le9umes 
on Saprozoic Nematodes . 1 

\ 

Freelivinq nonparasitic ~atodee are a180 more abundant 

in the rhizosphere than in the soil around it (Katznelson, 1965). 
~ 

Few studies have been'conducted, though, on the influence of . , 
, , 
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plant type on the freeliving nematode population of the soil. 

Henderson and Katznelsôn (1961) observed the highest 

total numbers of nonparasitic nematodes in the rhizosphere of· 

pea~, and lowest in that of oats. R:S ratios ~alculated from" 

their dat~ are 13.5, 27.5, 30.9, 60.1 and 70.8 for oats, barley, 

soybeans, wheat and peas, respectively_ 

Many more Acrobeloides, Cephalobus and Dorylaimus were 

counted in rhizo~phere soil suspensions of soybean than of 

wheat (ROUBtt et al., 1963). 

1 
2. The Biology of Saprozoic Nematodes 

in the Plant Rhizosphere 

ô 

A survey of the-literature indicates that many different 

terms are used to describe the non-plant parasitic nèmatodes. 

Several of ·these terms such as microbial feeders (Banage, 1963), 

saprozoic (Jensen, 1967), freeliving (Nielsen, 1949b), sapro-

phagous (Kozlowska and.Domurat, 1971), microherbiyorous (Yeates, 

1971, saprobiotic (Soloveva, 1965) and microphagous (Cooper 

and Van Gundy, 1970) are used in a general sense to include . ; 

aIl forms of non-plant parasitie nematodes. Others are more 

specifie: for example, the words bacteriophagous and myeophagous 

(Cooper a~d Van ~undy, 1970) represent forms which feed on 

bacteria and fungi respectively. Predators are species of 

nematodes which feed on other, relatively large, organisms such 

as protozoa, nematodes and"rotifers (Nieisen, 1967). Although 
r 

•• 
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attempts have been made to classify the sail nemat~des on the 

basis of food sourca (Nielsen, 1949b~ Banage, 1963; Yeates, 1971) 

and thereby consolidate the above terminology, general accept-

ance has not been achieved. For this reason, therefore, several 

"Of the terms described above will be used throughout this 

literature review and study. 

~. Microbial Food Sources for 
Saprozoic Nematodes 

The kind of microorganism fed upon by sapro20ic sail 

nematodes i8 related to the type of feeding apparatus possessed 

by the nematode i~ question. The majority of spear-bearing 

nernatodes obtain their food from parasibism of higher plants. 

There are several sp~cies, however, belonging primarily ta the 

order Dorylairnida, which also possess piercing spears but are 

thought to feed on rnicroorganisms such as algae, protozoa or 

other nematodes. This latter group, while commonly included in 
, 

the freeliving category since plant roota are not considered 

to be a primary food source, will not be considered here. 

Another group of freeliving nematodes,which will not be included 

in this li terature review are those which pos'sess strongly 

developed tooth-like structures. These soil nematodes obtain 

their nutrimantthrough predation on invertebrateS suc~ as 

protozoa or other nematodes. Interestinqly, however, sorne of 

these predatory fo~s can be maintained on bacteria for several 

weeks (Nieisen, 1949b). 

\ 
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For the purposes of this literature review, therefore, 

only those soil nematodes belonging to the order Rhabditida 

and characterized by a buccal capsule, the stoma of which does 

nO,t contain a spear or a tooth, will be discussed. 

(i) Bacteria 

Early studies on the feeding habits of saprozoic soil 

nernatodes, which were based primari1y on microscopic visual-
"il" '1 

ization of the gut contents, indicated that bacteria were a 

prirnary source of food. Despite these observations, the 
'\ 

utilization of bacteria as a food source by saprozoic nernatodes 

was not proven unti1 1946 by Briggs (discussed in Doughêrty 
,fi , 

and Calhoun, 1948). Briggs succeeded in freeing the eggs of 

" Rhabditis 9legan~' from associated bacteria, transferring the 

eggs to agar media containing single species of bacteria and 

successfully building up large nematode populations. 

Essentia1ly tfte same conclusion was reached rnany years 

earlier' b~,MCCOY (1929) who cultured la~vae of an ahimal para-

sitic nematode (Ancylosto~urn caninum) monoxenica11y with 
, 

several different bacteria. McCoy concluded that living 

bacteria were the essential food uti1ized by hook~worrn larvae 

developing ta the infective stage. 

Douqherty and CalhoUR (1948) Wêre able to culture 9 

species of saprozoic 'nematodes on Pseudomonas fluorescens 

and Sscherichia ~. 
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A year later, Nie1sen (1949b) pub1ished his extensive 

studies on free1iving nernatodes, which inc1uded an investigation 

into the growth and deve10pment of 37 species of free1iving 

soil nernatodes on different bacteria'using monoxenic hanging 

drop cultures. 

Stock cultures of Caenorhabditis elegans and Rhabditis 

anornalà were kept for periods of 2 and 4 years respectively on 

the bacterium E. coli by Nicholas et al., (1959). 

Soh1enius (1968) found that severaldifferent bacteria 

supported the continued growth and reproduct~on of two species 

of free1iving nematodes. 

Other workers succesafu1 in rnaintaining rnonoxenic cultures 

of free1iving nematodès includes: Chantanao and Jensen (1969); 

Lee et al., (1970); Tietjen et al., (1970); Yeates (1970); 

-Smerda et al., (1971) and Pa1rnisano and Turchetti (1972). 

Studies On the suitabitity Qf various bacteria as food for 

freeliving nematodes were firet begun by McCoy (1929) who ob-

serveq that for successful monoxenic rearing of the 80i1-

dwelling, preparasitic stages of the dog hook-worm, Ancylostomum 

caninum, several species of bacteria, notab1y gram negative 

rod-shaped forms, couJld serve. 

In extensiv~ work with Rhabditis eleqans, Briggs (1946, 

cited by Douqherty and Ca1houn, 1948) demonstrated that this 

n~~tode'could be maintained on a number of qram negative rod

shaped bacteria and with one gram positive baci11us, but not 

;, 
\ 

" 
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with most bacil1i or with other gr~m positive bacteria such as . 
streptococci or staphylococci. 

In 1ight of the work by McCoy (1929) and Briggs (1946) 

above, Dougherty and Calhoun (1948) concluded that the gram 

ne9ative rod-shaped bacteria were the most suitable food for 

rhabdi tid forms. 

Later, Sohlenius (1968) studied the effect of diffe.ent 
,:.. 

18 

bacteria upon gr?wth rate and reproduction of Diploga~er 

'nudicapitatus and Rhabditis maupasi, and, in support of Dougherty 

and Calhoun (1948) above, found that only one of three gram 

positive bacteria supported dense populations of both nernatodes 

whereas aIl four gram negative bacteria promoted prolific 

nematode reproduction. 

Usi~g tracer etudies, Tietjen et al., (1970)' càlculated 

the consumption of different bacteria by the freeliving marine 

nematode Rhabditis marina. With few exceptions, their results 

clearly showed that the largest amounts of bacteria ingested 

were from two gram negative bacteria,/FlaVObacterilf and 

Pseudomonas, whereas comparatively' l~numbers of gram positive 

bacteria were consumed. 

Evidence of a contrasting nature to the above generaliz-

ation has been publ~shed. In studying the development of several 

freèliving nematodes mono enically in depression slides with 
. 

pure culture suspensions of various bacteri,a, Nielsen (1949b) 
• 

noted the effecfiveness f a qram positive M~crococcus sp. in 

1 
,1 
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supporting the maturation of· nematodes from eggs to the adult 

stage. Neverthe1ess, it should be pointed out that Nie1sen's 

o~ective was maturation of a single generation in contrast to 

previous and fol1owing examples of sustained nematode cu1tivàtion. 

Maintenance of six dune sand nematode species in monoxenic 

culture with the gram positive bacterium Baci1lus cereus var. 
/' 

mycoides was reported by Yeates (1970). 

Pa1misano and Turchetti (1972) cultured Mesodiplogaster 

lheritieri on two gram positive bacteria, Bacillus subtilis and 

~. megaterium, under monoxenic cultural conditions. It was 

noteworthy that growth of the nematode population was slower 

and maximal density 1ower, than values reported by other workers 

for rhabditid nematodes on gram negative bacteria. 

The effect of agricultura11y important bacteria such as 

, the root nodule organism was inc1uded by Nie1sen (1949b) in 

his extensive study on the ro1e of different bacteria and other 

microorganisms in the nutrition of saprophagous ~ematodes. 

Nie1sen found that a mixture of unidentified bacteria from root 

nodules of Trifolium, one of which presumably was Rhizobium 

trifolii, supported growth, to the ~~ult stage, of larvae of 
, 
1 

Plectus granulosus, !. parvus and Rhabditis monhystera. Other , 

than Nieisen's synxenic study above, no investigations have 

bèen made on the effe~tivenes8 of different species of Rhizobium 

in supporting the growth of freeliving nematodes under monoxenic 

conditions. The apparent complete absence of etudies of this 



type is rather curious since the widespread occurrence of 

rhizobia and freeliving nematodes in soil is weIl known. 

(ii) Fungi 

The visualization of fungal spores and mycelia in the 

oesophagéal ~umen or intestinal tract pf rhabditid nematodes 

h~s raised the question of the extent to which ingestion of 

20 

these fungal structures occurs. In an early study, Cobb (1924) 

noted that two species of Rhabditis contained numerous spores 

of Trichoderma and hyphae of an unknown fungus. Both types of ... 
fungus structures were thought to provide the principal, if 

not the only, ingested food. 

The 'discov~ry of partially digested fungus rnycelia in the 

intestine of Plectus communis led Steiner (1927) to conclude 

that this forrn lives, at least partly, on fungus rnycelia. 

Nearly fort y years later, and using controlled feeding 

conditions, Jense,n (1967) observed that Diplogaster lheritieri 

readily ingested spores of several different fungi ineluding 

Fusariurn oxysporurn f. lycopersici, Verticilliurn dahliae, 

Geotrichum sp., Hormodendrum sp., Penicillium sp., and Stysanus 

sp., but not Alternaria dauei or Aseochyta pisi. Spores of 

certain fungi such as ~. dahliae almost cornpletely occupied 

the intestine, whereas others, notably Geotriehum sp. oecurred 

only occasionally. Althouqh strands of unidentified hyphae' 

were occassionally observed in the intestine, Jensen clairned 

that funqal spores an8 bacterial contàminants were more common • 

• , 

1 
1 
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Jensenwas also able to demonstrate the passage of ing~st~d 

spores of several fungi through the digestive tract and excretion, 

in a viable state, onto a plate of agar. The excreted spores 

were a110wed to germinate and 1ater identified. 

So10veva (1965) noted the'presence of spores of P1asmodio-

phora brassicae insidé the intestine of a saprobiotic nematode, 

Panagr01aimus rigidus. 

Jensen and Siemer ~_1969} concluded that Mesodiplogaster 

Iheritieri not oniy ingested spores of two plant parasitic fun9i, 

but protected them against certain fungicides and various con-

centrations of chlorine. 

Yeates (1970) found that free1iving nematodes is01ated 

from dune sands, ~arried fungal spores in their intestinal tracts. 

Further evidence concerning the capability of fungus spore 

'ingestion by freeliving nematodes was provided by Barron (1970) 

who ~howed that relatively large numbers of co~idia of Harpo-
l' 

sporium helicoides, a soil-borne nematophagous hyphomycete, 

~ere rapidly consumed 'by a Rhabditis sp. Due to their parasitic 

nature, the fungal structures did not serve as a food source to 

the nematode. 

The above exa~les indicate the apparent frequency and 

ea~e with which freeliving nematodes ingest the spores of certain 

terres~ial fungi. TO date, however, no statements other than 

those of Cobb (1924) and Steiner (1928) above, have been made 

"1 
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concerning the nutritional importance of the in~est~d fungi. ~ 

Monoxenié cultures of rhabditids with single species o~ fungi 
/ 

have not b~en successful. 

Conflicting evidenèe concerning the culture of freeliving 

nemato~es on yeasts, which taxonomists consi~er to be fungi{ . ' 

has been presented in the literature. 

McCoy (1929) concluded that the yeast Torula rasea would 

not support cultivation of larvae of Ancylostomum caninum. ~ 

Although Nielsen (1949b) observed large numbers of cells 

of a colourless yeast in the saprozoic nematode Alaimus prim-

itivus, he was unable to culture Rhabditis monhystera on the 

yeast Cryptococcus. 

Feed~~g and reproduction of the marine nematodes, Meton-, 

cholaimus sp. and Acanthonchus cobbi on marine yeasts was 

reported by Hopper and Meyers (1966,a,b). It is quite likely, 

though, that bacteria carried as contaminants by the above 

nematodes, developed a10ng with the yeast cells and were 

uti1ized by the rapid1y deve10ping nematodes. 

The cu1turing of Panaqre1 f us si1usiae pn.aqar-qrown yeasts 

w~s reported by Yuen (1968). Again the growth of contaminating 

bacteria can be suspected AS detai1s regarding the preservation 

of monoxenic conditions were not qiven by Yuen. ' 

r 
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b. Effect of Temperature on Saprozoic 
Nematode Egg Hatch 

Little is known about the influence of specifie environ-
.. , 

mental factors, such as témperature, 'on ~gg hatch of freeliving 

nematodes. Although Nielsen's (1949b) comprehensive study of 
" , 

freeliving soil nematodes dia not include the effects of tem-
l , 

perature on egg hatch; the importance of temperature on the 

rate of reproduction was acknowledged by Nielset:l to''''~e significcint. 

~~ a studY,of par:igOlaimella be~s and Fictor anchico

praphaga, Pillai and Taylor (196S~ found that eggs of P. berensis 
a < -. 

~a~ched between 10 and 32 C whereas ~. anchicoprophaga hatched 

be~een 10 and 3SoC. Egg ?eath occurred at 3SoC for ~. berensis 

and 380C for ~. anchicoprophaga. The time required for egg 

. hatch at ~pecifié temperatures (10, 15, 20, 25, 30, and 350 C) , 
between the above ranges was similar for both nematodes. Pillai 

and Taylor further noted that at 100e the hatched juveniles 

remained viable but did not reach maturity. 

Sohlenius (1968) observed that the upper limit of h~tching 
/ 

for Rhabditis terricola was between 28.5 and 30oe. Sohlenius 

was also able to demohstrate egg produçtibn by R. terricola and 

r Mesodiplogaster sp. at SoC. Although hatching did not occur at 
, " 

thls teinperature, eggs transferred to 2SoC hatched and develop- ., 
f 

ment was normal. 

Yeates (1970) determined the effect of ,temperature on eqg 

hatch of eggs produced during the 1ifespan of sfx dune sand 

• 
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nematodes cultured monoxenica11y on BaciI1us cereus var. 

In:lcoides. With the exception of one nernatode, petcent egg hatch 

was greater at 200 e than lSoe (pereentages 

the data of Yeates) . 

c. Biologieal Role of Saprozoie 
Nematodes in Soil 

() 

were ealeu1ated from 

... 

The extensive s'tudies of Nie1sen (1949b) show' that apprec-

iable nurnbers and kinds of freeliving nematodes occur in soil. 

Although distribution of these organisms in various 80ils is 

uneven (Winslow, 1960), greatest nurnbers are a1ways found in 
j ~.1 ~ 

are as of Qrganic decay (Croll and Smith, 1970; Sohlenius, 1973)~.~~ 
1 - , 

From a survey of the literature, which will be discussed below, 

the ~ole of soil-borne freeliving nematodes appears ta be two

fold: Cl) 'consumption and (2) dissemination of soil micro-
r 

organisms, including the plant pathogens. 

(i) eonsumption of Soi1 Microorganisms 

One of the major funptio~s of saprozoic nèmatodes in soi1 

invo1ves ingestion and uti1ization of various microorgaRisms 

as sources of food. Microscopie gut content analysis of saveral 

Rhabditid species isolated from soil has revealed,that these 
... 
"-

nematodes often ingest large numbers of algae (Nielsen, 1949b; 

Leake and Jenaen, 1970; Tietjen !1 al.! 1970), fungi (CObb, 1924; 

Jensen, 1967) ahd bacteria (Nie~sen, 1949b). Evidençe from 

feeding atudies a1so indicatea a aelectivity toward certain 

mierobial groupa. lndeed, because of the relative e~se with . 
which freeliving nematodes oan be monoxenically culture~ with 

1,., 
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many bacteria (Nie1sen, 1949b; Dougherty and Calhoun, 1948) , 

and the heretofore unsucéessful attempts to culture these nema-

todes under monoxenic conditions with algae (Tietjen et al., 

1970) 'or fungi (Jensen, 1967), it is highly probable that 

baqteria are the major food source for saprozoic.sQi1 nematodes. 

This ls in agreement with other workers (Nielsen, 1949b; Winslow, 
,J 

1960; Nicholas and Jantunen, 1966; Sohlenius, 1968; Yeates, 1970) 

who have sugges~ed that bacteria appear to be the primary food 

source for freeliving soil nematodes. 

Not aIl bacterial gehera are suitable food sources. 

Several pure culture studies reveal that sorne bacteria will not .. ' 

support nernatode growth (McCoy, 1929; Briggs (1946, cited by 

Dougherty and Calhoun, 1948); Nielsen, 1949b; Soh1enius, 1968; 

Tietjen et al., 1970). This May be due to: Cr) formation of 

toxie substances (Sohlenius, 1968), (2) lack of certain nutrients 

required at vitamin level (Tietjen et al., 1970), (3) structural 
\ 1 

reasons·sueh as large c-ellular aggregates too massive to be 

ingested by the nematode (Nie1sen, 1949b), or (4) absence of 

enzymes required by the"nematode to digest a broad spec~rum ofi 

bacterial forms (Tietjen ~t al., 1970). Inasmuch as there ia 

some evidence co~cer~ing the kinds of bacteria nematodes will 

ingest and utilize for growth, it is intereating to note that 

nothing ia known of what they digest and assimilat~ (Yeates, 1971). 

Purthe~ore, since the majority of studies concerninq the diet 

• 
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of the free1iving nematode have been conducted using agar 

plate cultures, the role of bacteria in the natural diet is 

re,11y unknown" (Yeates, 1971). 

One of several factors influencing the growth of soil 

bacteria, and indirectly, the,growth of freeliving nematodes, 

i8 the plant root system. Although Jones (1959) stated that 

plant roots do'not produce specific attracting substances for 

non.plant parasitic nernatodes, evidedce exists for an indirect 

rneCht.ism involving àttraction and growth of saprozoic nernatodes 

in p ôQt rhizospheres. In 1961 Henderson and Katznelson postu

lat~d that population growth of certain parasitic soil nernatodes 

is directly governed in the rhizosphere by the amine acid con

teryt released by the roots in question. In later wbrk, Katz

nelson and Henderson (1962) dernonstrated the attractiveness of 

co~onies of actinomycetes ~nd fungi, n~rrnally non-food hosts, 

toi Rhabditis oxycerca. The authors concluded that attraction 
1 

ofl1reeliving nernatodes ta plant roota may be due to the metabolic 

P~ucts of the rnicroorganisms present. several of which rnay 

no~ be food sources. Katznelson and Henderson (1963) went on 

to\show that movement of freeliving nematodes such as R. oxycerca, 
l ' 

toltha rhizosphere, may also be due to the production of ammonia 

by ammonifyinq bacteria acting on amino aCid~leased by plant 

roota. Kozlowsxa and Domurat (1971) fqund great incre8sea in 

the number of two forms of fre~living nematodes in the root 

zone of rye seedlings, with no increase in root ... free so.i1.' A 
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.., 
direct correlation was noted bètween bacterial numbers in 

rhizosphere and non-rhizo$pher~ so!l and nematode numbers. 

The above information may help to explain why certain species 

of freelivïng nematodes predominate around the roots of certain 

plants (Goodey, 1963; Deubert'; 1959, cited by Katznelson, 1965). 

Enumeration of bacterial cells ~sted by freeliving 

nematodes has been recorded by only three workers. Chantanao 

and Jensen (1969b) calculated' an average of 46,000 Agrobacterium 

tumefaciens cells consumed ~~ema1e pristio~chUS lherit~eri 
in 24 hours. They found that male P. Iheritieri ingested only - . 
10,000 cel1s in the same period. Tietjen et al., (1970) deter

mined the number of ce11~ of 14 different bacteria taken up by 

Rhabditis marina. Approximate1y 43,000,000 cells of a Pseudomonas 

sp. and 530,000 cells of a Flavobacterium sp. were consumed per 
11 

\ 

nematode per day. Other bacteria were taken up in relatively 

low numbers. The number of cells of an unidentified bacterium 
. 

ingested by male and female Pe1Qdera chitwoodi, over an eight 

day 1ife span, were estimated as 3,100,000 and 10,000,000 

respective1y (Mercer and Cairns, 1973). 

The "fate of ing.ested microorganisms includes either death 

in the digestive tract of the nematode, or'defecation in a 

. viable condition. Palmer and MacDonald (1974) noted that the 

number of propagules of Fusarium moni1iforme per unit of soil 

were reduced by aaprozoic nematodea, indicating destruction of 

. .. 
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the fungus by the nematodes. A wide variety of microbial 

structures have been shown to survive passage through the 

alimentary tract of freeliving nematodes. These include bac

terial cells (Chantanao and Jensen, 196~merda et al., 1971), 

mycoplasrna (Jensen and Stevens, 1969), bacterial viruses 

(Jensen and Gilmour, 1968; Chantanao and Jensen, 1969a), fungal 

spores (Jensen, 1967) and algae (Leake and Jensen, 1970; 

Tietjen et al., 1970). Saprozoic nernatodes can also ingest and 

protect pathogenic fungal spores against fungicides (Jensen and 

" 
SieI1\er, 1969). 

Although evidence at present is limited, it appears that 

the ability to survive the digestive system of freeliving nema-

todes depends on the amount of the available food source, the 

species of ingested microorganism and the type of nematode. 

Chantanao and Jensen (1969b) suggested that the massive growth 
( 

of bacteria on nutrient agar media may exoeed the digestive 
1 

capacity of the freeliving nematode Pristionchus Iheritieri, 

thereby al~owing the défecation of more unharmed cells than if 
Il 

fewer bacteria were ingested. Of two kinds of algae consumed 

by ~. lheritieri, viable cells of one were reèovered from 

intestinal contents and faeces, whereas viable cells of the 

second type ~ere rarely recovered (Leake and Jensen, 1970). 

Smerda et al., (1971) noted the sensit!vity of two species of

Salmonella to passage through the digestive system of P. lheritieri. 
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"If' 
They found that ~. typhi could be recovered in only 20% of the 

trials whereas ~. wichita recovery was 93% under the same con

ditions. The excretion of an infectious bacteriophag~ by two 

of three\, freeliving ne<natodes, was shown by Jensen and Gilmour 
" 

(U68) . ''\,,\ 

'Ii 

", 

Not only are ingested microorganisms defecated in a normal 

viable condition, as indicated above, but they may also be 

metabolically damaged in such a way that abnormal growth patterns 

occur after defecation. Jensen and Stevens (1969) observed 

atypical colony formation by Mycoplasma gallisepticum cells 

after excretion by three different saprozoic nematodes. 

The effect of saprozoic nematodes on population levels of .. 
soi1 bacteria ia poorly known but is thought to be significant 

(Alexander, 1971), and extrerne1y comp1ex (Nielsen, 1967). 

Nielsen (1949a) suggested that the main bu1k of freeliving 

nematodes in soil tended to reduce the number of bacteria, 

thereby reducing the total physiological activities ot these 

organisms. However, the activities and numbers of grazed 

bacteria did not continue ta decline as Nielsen (1949b) stated 

that an acceleration occurs in the division rate of nearby 

non-ingested bacteria resulting in occupation of the space 

previously held and an increase in the bacterial population. 

î • 
Data was not provided by N1elsen in support of the above 

, . 
generalizations. Observations made by Dougherty and Calhoun 

,,. . 
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(1948) using slant cultures, and by Sohlenius (1969) using agar 

plate cultures, support the above contention of Nielsen (l949a). 

The latter auth~rs noted that saprozoi~nematodes common1y kept 

the bacterial population considerab1y reduced. On the other 
o 

hand, Yeates (1971) pointed out that bacteria1 densities in 

the natural soi1 environment do not approach those on nutrient 

supplemented agar media. 

(ii) Dissemination of Soil 
Microorganisms 

During movement through natural soil or cultures on arti-

fiéial media, and subsequent ingestion of microorganism~, free

living nematodes'acquire an external and internaI microflora. 

As the nematodes travel from, one microhabitat to another, 

• 
adhering surface microorganisms are dislodged, and digestive 

contents containing microbial cells are voided, thus providing 

a mechanism for dissemination. The significance of nematode 

~ 
assisted microbia1 dissemination in soil i8 observed in: (1) 

decomposition processes in soil, and (2) the rhizospherè. 

Cobb (1924) stated that saprohagous nematodes were important 

dispersal agents of decay-promoting, and humus-forming, micro-

organisms. Transfer of a Streptomyces gri8eus phage by surface 

cuticle absorption and transmission through the digestive 

system of freeliving nematodes was shawn by Jensen and Gilmour . \ 
(1968). The authors speculated that normal dispersal of soi1-, 

borne phage is slow but may he incrsased br fr~iVinq nematode 

.!, 
~' 
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activity. Mercer and Cairns (1973) pointed o~t that freeliving 

nernatodes'mechanically stir organic matter and associated bac-

terial colonies. This results in the sepàration of dead cells 

in old colonies and simultaneously exposes these cells, con-

taining immobilized nutrients, to extracellular dtgestive 

en:ymes in the soil solution which were unable to penetrate the 
1 '"" aged colonies prior to ~ematode action. 

As pointed out previously, larger humbers of freeliving 

nernatodes oécur in rhizosphere zones than in root-fre~ soil. By 

inference, therefore, it is reasonable to suspect that the se 

rhizosphere nematodes are very active agents of microbial dis
\ 

semination. With the exception of one arti.cle, though, there 

is almost a complete Iack of information on the interrelation-

ships between saprozoic nematodes and dispersal of the rQizo-

sphere microflora, despite several recorded observations of 

their cohabitation of the sarne environment. Bonifacio and 
'c 
Marinari (1970) found that surface steri1ized sap~ozoic nema-

todes were able to multiply on voided bacteria which were 
i 

deposited around the roots of wheat seedlings. The authors 

conciuded that dissemination of the internaI microflora assured 

survival of the nematodes. 

Severai st~dies pertaining to interaction between saprozoic • 
nematodes and plant pathogenic microorganisms have been docurnented. 

Christie (1960) suggested ~hat frèeliving nematodes, through 
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transfer of decay bacteria and fungi into non-colonized plant 

tissue at the edge of plant root lesions, were important agents 

in enlargement of root lesions. From laboratory investigations, 

Jensen (1967) concluded that in plapt rhizospheres, pathogens 

may be mobilized and directed to vulnerable sites along the 

roots by freeliving nematodes. Soloveva (1965) found that 

zoospores df Plasmodiophqra brassicae were'carried into the 

root zone of healthy cabbage plants by Panagrolaimus rigidus. 
; 

Microscopie analysis revealed zoospores on the cuticle and in 

the intestine of the nematode. In a study on interactions 

between four plant pathogenic bacterïa and Pristionchus 

Iheritieri, Chantanao and Jensen (1969a) suggested that the 

most important role of the saprozoic nematode was one of dis-

semination. Upon demOnstration of nematode transmission of 

phage particles able to lyse cells of Agrobacteriurn turnefaciens, 

an important plant pathogen, Chantanao and Jensen (1969b) 

claimed that saprozoic nematodes ~n plant rhizospheres may be 

of potential importance in plant disease control. 

3. Interaction of Apfielenchus avenae with· 
Soil-borne runqi and Plant Roo,ts 

Assessment. of, ~he. ~i~ds of nematodes aisociated with dif-

( 
, / 

ferent crops Taylor et al., 19581 Taylor~nd Schleder, 1959) 

and the pioneering rhizoaphere studies of Henderson and Katznelson 
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('1961) and Rouatt et al., (1963), have led to the generally 

acçepted conclusion that Aphelenchus avenae can be located 

regularly in almost any sample taken from the roots of plants 

(Thorne, 1961; Jenkins and Taylor, 1967). Much interest has 

been shown in this nematode and the literature is replete 
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with studies on its physiology, toxicology, taxonomy and inter-

action with the animate and inanimate environment. The literature 

to be revieweQherein will be concerned with four behavioral 

aspects of A. avenae interacting with other organisms: (1) 

attraction to different fungal hosts, (2) multiplication on 

different fungal hosts, (3) parasitism of higher plant roots, 

and (4) control of root diseases caused by fungi . 

a. Th~ Attractiveness of Different 
Fung i to ~. ,avenae 

• 

Pertinent information relating to the ecology of freeliving 
, , 

and plant parasitic soil nematodes was summarized in 1960 by 
, 

Winslow. 
~ 

At this o time relatively li ttle was known about the ~ 

attractiveness of fungi for nematodes such as A. avenae. From 

the evidence avai1able" Winslow (1960) concluded that A. avenae 

W8S not attr~cted by fungi fram a distance, and that contact 

between the fungus and motile nematode was due only to chance. 

In a study concerning the relationship between Aphe1en~ 
) 

choides parietinuB and various soil microorganisms, Katznelson 

and Henderson (1964) showed that WinB~ interpretation above 

was incorrect, and that a nematode could ~ndeed be , 
, 
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'attracted~rom a distance to fungi. They added\O.2 ml of a 

heavy suspension of ~. parietinus at the edge o~la plate of 

Potato Dextrose Agar (PDA) opposite a fungal colony and observed, 

after 6 days at 150C~ the distribution pattern of the nematodes 

with reference to the fungal colony. Of 54 cultures tested, 

43 were favorabl~ attractive, whereas a number (Aspergillus 

niger, Myrothecium sp., Penicillium sp. and Phoma sp.) were not 

favorable to the nematode. 

A detailed investigation of the attractiveness of 53 fungi 

to A. avenae in PDA culture (Townshend, 1964) demonstrated that - , 

within 18 hr at 2SoC, ~his nematode was attracted to aIl fungi 

except SClerotiÙm rolfsii and Agaricus hortensis. Townshend 

noted that migration toward the fungal colonies occurred immed-

iately for many of the nematodes and those that did not respond, 

as quickly did not become attracted unti1 migrating randomly 

over the agar. 

In 1967, Pillai and Taylor recorded a diàtinct preference 

by five different mycophagous~ematodes, including ~. avenae, 

for certain species of funqi and showed that a fungus preferred 

·by one nematode was not necessarily preferred by another nema

tode. ~. avenae aggregated around Mortierella pusil1a and 

Fusarium moniliforme in 1arg~ numbers whereas Phytofhtho~ 
, 

cactorum and polyporus sulfureus were not highly pref,erred by 

th!. nematode. 

1 .................................... ~ ..... ~~,~ 
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Foreman (1968) observed movement or four species of myco-

phagous nematodes towards different fungi when each species of 

nematode .as placed 4 mm and 8 mm away from the fungal colonies. 

He regarded the nematode food finding process as consisting of 

two phases: (1) random movement until a gradient created by the 

fungus was reached, and (2) directional movement under the in-

fluence of the gradient. 

Klink et al., (1970), using a modified version of Townshend's 

(1964) technique, investigated the degree of attractiveness of 

four fungi ta Neotylenchus linfordi, as measured by the time 

required for the nematode to reach the different funga1 colonies. 

Gliocladiurn roseurn was shown ta be more preferable than Pyreno-

chaeta terrestris, Chaetomium indicum and Rhizoctonia solani, in 

Microscopie observation of ~. linfordi movement on that order. 
::~ .... 

the same plate as ~. roseum revealed, initially, arcing motions 

of the nematode heads as the individual nematodes circled at 

random. AS the nematodes began to move toward the G. roseum 

eolony, however, the length of the arc decreased, and within 1 

em of the co1ony, the nematodes moved quickly to the edge and 

• commenced to feed on the outgrowing hyphae. These results are 

in agreement with the above observatiohs of Foreman (1968). 

Not only·a.e mycophagous nematodes capable of preferen

tially selecting between fungal hosts" as evident by rapid 

aggregation around c~r~ain colonies, but, the fac~ that they 

respond in a similar fashion to culture filtrates indicates that , 
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diffusible attracting agents excreted by the fungus may be in-

volved. Foreman (1968) reported that four mycophagous nematodes 

congregated in different numbers about areas where fungal exu-

dates were placed. This worker emphasized that caution be used 

in the in~erpretation of culture filtrate studies. Foreman 

measured the response of nematodes to two methods of fungal 

exudate filtration and showed that the more sensitive filtration 

process removed sorne substance(s) favourable to the nernatodes, 

thereby resulting in little or no aggregation in areas of fil-

trate deposition. Klink et al., (1970) studied the response of 

Neotylenchus linfordi to culture filtrates of Gliocladium roseum 

and discovered that, inasmuch as the technique by which the nema

todes were introduced and assayed aftected the response of the 

nematode, 70 to 86% of the nematodes moved to G. roseum filtrate 

within 4 hr after introduction. Not aIl excreted fungal metab-
, 

olites are ~timulatory. Mankau (1969 a,b) founffthat exposure 

of A. avenae to culture filtrates of Aspergillps niger ~aused 

100% irnmobilization o~ the nematode in 4 hr. Mankau further 

noted that in plates inoculated wi th both Rhizoctonia ~solani 

and ~. niger, ~. avenae survived only within areas occupied by 
f 

R. solani. Additional to the role of fungal mycelia and dif-
1 

fusible compounds-in attracting mycophago'us nematodes, ia the 

factor of pH. Townshend (1964) suggested that the repellent 

nature of Sclerotium rolfsii wa8 due to the low pH around the 

fungus and Edmund. (l9f7) oorrooorated Town.hend "s speculatioh 

., 

~I 
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by showing that A. avenae aggregated in ~gions with a higher 
" 

pH 'than in areas with a pH value equal to or less than the 

surrounding agar. 
r 

Organisms other than fungi have beèn discovered to attract 

mycophagous nematodes. Of 56 actinomycetes tested, Katznelson 

and Henderson (1964) observed that 15% exerted an attraction for 

Aphelenchoides parietinus after 5 days incubation and 30% after 

15 days. They found that certain culture filtrates w~re decidedly 

attractive to this-nematode. Townshend (1964) reported the at-

traction of ~. avenae to seedling roots of barIey, oats, peas 

and wheat in agar culture, and, where the leaves of the s~edlings, ' 

had come in contact,with the agar, nematode aggregation was aiso 

obserVed. Townshend pointed ~ut that ~.' avenae was attract~d 

more to certain fungi than to roots of the seedlings tested. 

Although evidence is limited, sorne bacteria have been found 

to have a repellent effect on mycophagous nematodes. Baker et al., 

(1954) stated that the potato rot nematode, DltylenChus destruc-
-+ 

~, 'which is capable of feeding on fungi as weIl as several • 

higher plants, rapidly evacuated infected tubers exhibiting 

bacterial wet rot. Their results were àubstantiated by Faulkner 

and Darling (1961) who detected few D. d~structo~ in tubers 

manifes~inq rapidly proqressinq bacterial wet rot. Later, 

Katznelson and Henderson (1964) demonstrated that pure cultures 

of bacteria and their culture filtratea were repelle~t to the 

mycophaqous nematode Aphelenchoides parietinus. These workers 

.' 
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calculatet that 51 of 60 bacterial isolates repulsed A. parietinus 

while in on1y one instance were nematodes'observed to accum~te 

in and around a bacterial co1ony. 

Attraction of my~ophagous nematodéS by fungi, other soil 

microorg~nisms, or plant roots probably occurs to a significant 
" 

extent in the rhizosphere of plants. Katznelson and Henderson 

(1964) ,suggested that aggregation of Aphelenchoides parietinus 

around'plant roots was due to the attractiveness of a food 

source such as fungi, and was regulated by the concentration of 

bacterial metabolites. Migration of mycophagous nematodes into 

the rhizosph~re may also be governed by the attractiveness of 

the fungal flora, which is pre~ominantiy in the myce1ial state 
, 

(Harley ard Waid, 1955), and by the ~ttractiveness of the roots 

themselves (Townshend, 1964). 

b. G~owth and Multiplication 
of ~. avenae on Fungi 

Despite the fact that mycophagous nematodes are known.to 

multiply on callus tissue of plants (as will be discussed la)èr), 

and have been cultured axenically (Buecher et al., 1970; Hansen 
\ .\ --. 

!i al., 1910), the,results of several workers have revealed 

that in nature their primary food sourèe consists of the fungi. 

Faulkner and Dariing (1961)" atudied the reproduction of 

Ditylenohu8 destructor, the potato rot nematode, on Ils 8pecie~ 

of fungi isolated from soil or decaying potata tubers. They 
'" 

found that D. destructor fed and reproduced on 64species of 
.\ 

,) 

~I 

.' 1 
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fungi representing 40 genera, 8 orders and aIl classes of the 

higher fungf. Faulkner and Darling further not,ed' that repro

duction did not occur1oh Penicillium janthinellurn, but developed 

,"' ' in great nurnbers on ~. javanicum and S other species belonging 

to this genus. No apparent reproductîon was observed on Rhizoc-

tonia solani, Volutella roseola, Stachybo~rys sp., Fusarium 

oxysporum f. pisi race land 2,Cephalosporium sp., Botrytis sp., 

Thielavia basicpla, Penicillium variable, Aspergillus niger and 

17 of 19 specie; of Phycomycetes. , 
Effective feeding-and reproduction of Neotylenchus linfordi 

en Pyrenochaeta terrestris was detected by Hech1er (1962a). On "~ 

PDA, the progeny of single gravid females'reached 40,000 to 

70,000 in, 30 days. Hech1er (1962b) a1so showed that A. avenaè 

could,multiply on P. terrestris reaching population levels of 

75,000 to 100, 000 ~n 1) to 16 days at ';Soc. 

Mahkau and Mankau (1962) reported extensive population 

deve10pment of ~. avenae on sev~ral phytopathogenic soil fungi. 

Several Phytophtho'ra sp. and PXt:hium u1ti,mum did not support 

multiplication of the nematode. A number of sapr~phytic·soil 

fungi appear~d to ~roduce, meager populations of~. aveq@e. 

Barker (1964) stated that reproduction of A. avenae was 

highly'variablè on diffe~ent isolates of Rhizoctonia solani 

~ultured on PDA or Czapek's me~ium. That different iao1ates 

of !. 801~nl vary greatly in their capacity to support high 

,populations of ~~ avenae le~ Barker to conclude that the rate 
\ 

4 
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of multiplication of ~he nematode i8 affected by the genetic 

makeup of the fungus. 
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~U8ing a visual .estimation technique to determine population 

density of 1. avenae, Townshend (l964) disèovered that 49 of 54 

different species of fungi were hosts for this nematode. Three 

species of Botrytis supported b~tween 50,000 to 243,000 progeny. 

Five fungi, namely Aspergillus niger, Gongronella butleri, 

Penicillium frequentans,_~. thomii and Sclerotipm rolfs~i were 

not hosts for A. avenae. 

Goodey and Hooper (1965) demonstrated the fecundity of A. 

avenae in agar culture on mushroom mycelia. Single larvae in-
j , 

creased within a three week period to approximately 70,000 to 

90,000 progeny. Mention of two other fungï capable of supporting 

reproduction of this neniatode was made but no data were given 

regarding progeny nurnhers. 

Arrold and Blake (1966) investigated the growth and multi-

plication of Ditylenœhus myceliophagus and Aphelenchoides compos

ticola on malt peptone agar-cul~ured 'garicus bisporus~ After 

o • 28 days at 25 C the mean number of ~. mycèliophagus varied from 

108,000 to 164,000 depending on the n~er of nematodes in the 

inoculum."' In comparison, only 16;000 to 28,000 A. composticola , 
, 

developed under the .ame conditions. 

A~ thOuq~' numerical data on pdpulation numbers was not 

provided, Chin and Estey (1966) noted rapid multiplication 6f 

A. avenae on several species of soi1 fungi. -
The~cunditY ~f five mycophagoUs'nematodes, including .. 
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/ , 
~. avenae, on ten different fungi was determined by Pi1~ai and 

Taylor (1967). Genera1ly, five of the fungi tested were ex-

cellent hosts for most of thé nematodes, two were good hosts, 

two were poor,' and Pythiurn ir,ulare wa,s considered a nonhost. 

These workers found that ~. avenae multiplied extensive1y on 

Al ternaria solani, Rhizoctonia solani, Fusariurn solani, F. moni-:o ... . -

liforme, Mortiere1la pusilla and Pyrenochaeta terrestris. On 

the pther nand, Chaetomiurn globosum al10wed on1y moderate 

reproduGtion and Pythium irregulare, Phytophthora c~ctorurn and 

PolYÈorus su1fureus did not support growth of this nematode. 

Eichenmu11er (1968) pointed out that while A. avenae and 

Neodiplogaster myceliophagus w~re able to multiply on a wide 

variety of fungi, sorne fungi consistent1y produced larger popu-

1ations than others. Thé most rapid nematode reproduction 

occurred when the nematodes were feeding on a fungus ,cu1tured 

on a weak medium. Both nematodes failed to reproduce on 

Sclerotiurn rolfsii, thUB supporting the results of Townshend 

(1964) • 

The effect of temperature on the reproduction of four 

iaolates of A. avenae on ~i~octonia solani was measured by 
'i 

Evans and Fisher (1970a). A~ter 10 daya, there were great 

differences in progeny number between ~solates at aIl temper

atures used. 

In a more detailed study, Evans and Fisher (1970b) pre

sented evidence demonstrating that different funçal hosts 
.l \,. 
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affect the number of A. avenae in a populatio~. AlI fungi 

tested were hosts for the nematode. These workers found that 
w 

the type of medium used to culture the fungi affected the 

magnitude of nematode prog~ny numbers. A total of 111,400 
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A. avenae developed on Rhizoctonia solani cultured on a special 

Rhizoctonia Medium (RM), whereas 576,500 developed on Potato 

Dextrose Agar. Evans and Fisher also determined the sui~bi1ity 

of each (ungus host for supporting the production of a given 

number of nematodes. Rhizoctonia solan1 on RM was most effic-

ient and Verticillium albo-atrum least efficient. 

Results derived from att~mpts ta correlate the attract-

iveness of fungi, and the ability of these fungi to serve as 

hosts for mycophagous nematodes,. are C,ant.radictory. Data pub

li shed by Katznelson and Henderson (1964), Townshend (1964) and , 
Pillai and Taylor (1967) ~ndicate that fungi which are attract-

ive to rnycophagous nematodes are not necessarily the most suit-

able hasts for population increase. Klink et al., (1970), 

however, showed that the attraction of Neatylenchus linfardi 

to four different fungi could be correlated with the relative 

suitab'ility of the fungi for reproduction of ·the- nematode. 

c. Parasitism of Roota of 
Higher Plants by A. avenae 

Although numerous studies have shown that uti1ization of 

fungal hyphae by ~. av7na'e for growth and developrnent la com

monplace, the eonflicting results of .sev~al workers have made 

'" ,.\. 
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the status of this nematode as a parasite of higher plants 

quite tenuous. 

A nurnber of reports have been published providing data 

which supports the parasitism concept of ~. avenae on higher 

plants. Adrnitting the difficulty of ascertaining,with certainty 

the pathogenicity of ~. avenae, Christie and Arndt (1936) sug-

gested that cells of living co~ton seedlings constitute part, 

and probably the greater part, of the nematodes food. Steiner 

(1936) presented histological eVidence that A. avenae not only - , 
, -,,* 

could mi?rate through root (phlox hybrid) parenchyrna tissue, 

but was capable of reproduction within the root system. As a , 
result of observing A. avenae in adjacent cortical tissue of 

cotton lesion8, and the stunting effect of large nurnbers of this 

nematode on cotton plants, Arndt and Christie (1937) argued 

that the pre'sence of ~. avenae in hypocotylar lesions would .. 
have a debilitating effect on the plants. Nielsen (1949b) noted 

that on several occasions, A. avenae had been found parasitizing 

plants. Goodey (1951) stated that A. avenae could penetrate 

and live in healthy plant tissues and function as a facultative 

parasite. Thorne (1961) reported that A. avenàe frequently had 

been found inhabiting crown, leaf sheath, root corte.x and other 

plant parts. This worker suggested that the nema,tode could 

feed on cellular contents of the living tissues. Considerable 

penetration of healthy bean roots by large populations of ~. 

~H ~ \ • 
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avenae was observed by Barker (1964). Barker concluded that the 

nematode was not pathogenic to bean as there was no reduction 

in growth of plants inoculated with as many as 100,000 nematodes. 

Chin (1964) observed ectoparasitic feeding of ~. avenae on root 

hairs of corn, oats, beet, turnip, cabbage'and radish but did 

not detect any reproduction after 3 weeks. This worker noted 

that root hairs of several plant cultivars wére not féd upon by 

A. avenae. Barker (19~6) detected appreciable p01yga1acturonase 

and ce11ulase activity in ~. avenae( indicating that puncturing 

of plant cell walls containing pectin and cellulose may occur 

• 
as a result of enzyme secretion by this nema~ode. Chin and 

Estey (1966) found that, after 60 days, large populations of A. 

avenae caused stunting and wilting of oat and cabbage seedlings 

on warm days, whereas control plants remained normal throughout 

the test period. Terry (1966) noted the presence of nematodes 

and eggs of A. avenae in roots of severai cultivars of corn and 
1 

tomato. This work~r also'observed reduction of plant height in 
\ 

nematode treated plants comp~red to the uninoculated control. 

K1ink and Barker (1968) c1aim~d that the root systems of'beans 

and peas were free1y in~aded when large populations of ~. avenae 

were present. These workers.suggested that the presence and 

reproduction of the nematode in the root system May enbance 

root deterioration through Iimited feeding on host tissue. 

Studies showing reproduction of !. avenae in sterile 

plant tissue culture (Doliver et al., 1962, Barker, 1963; Chin, 

\ 
j . , 
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1964; Barker and Darling, 1965~ Sudakova and Chernyak, 1967, 

cited by Zuckerman, 1971) and excised roots (Sudakova et al., 

1963; 1965, cited by Zuckerman, 1971) provide additonal support 

for the plant parasitic role of A. avenae. 

Other workers consider A. avenae as a mycophagous nematode 
\ 

of the soil or rhizosphere'environment, completely unable to 

reproduce on intact, healthy plant roots. Rhoades and Linford 

(1959) were unable to detect the presence,of~. avenae in corn 

roots inocu1ated with nematodes alone. These workers admitted 

that A. avenae May feed ectoparasitically ~n p~ant roots but 

conc1uded that nutrient provision was not sufficient to allow 

reproduction of the nematode. Wins10w (1960) emphasized that 

'fungi are probably the main, if not the sole~ource of food for 

A. avenae. Mankau and Mankau (1962) failed to detect any root 

damage of sweet orange seed1ings by ~. avenae despite addition 

of 10;000 to 200,000 larvae and adults. The authors were unable 

te recover any adu1ts or larvae after several ~onths indicating 

the inabi1ity of this nematode to reproduce on roots of a 

higher plant. No indication of bean root entry or damage, by 

~. avenae, was found by Mankau and Mankau (1963). Jenkins and 

Taylor (1967) expressed strong reservations regarding the claim 

that A. ~venae ia a para;~\e of higher plants. However, the 

auth6rs SU9'9,ésted that under certain conditions thià nematode 

could enter plant roota and may feed paraaitically. Sutherland .. 
(1967) concluded t~t~. avenae was unable to penetrate, and 

.. - . 
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:( 
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mu1tiply on the roots of seven types of conifer seedlings. 

, Sutherland emphasized that proof of plant parasitism by this 

nematode çannot be claimed by rnerely finding ~. avenae in the 
\ 

tissues of higher plants. Suther1apd and Fortin (1968) noted 

that A: avenae not only failed to enter roots of red pine but 

was incapable of destroying established mycorrhizae. In view 

of these resu1ts and since ~. avenae was able to reprod~ce on 

the mycorrhizal fungus in pure culture, Sutherlapd and Fortin 

concluded that A. avenae cannot enter, feed upon, or reproduce 

on intact healthy tissues of higher plants, but utilizes funqi 
~ 

as a source of food. 

d.' Influence of A. avenae on 
Root Diseases-Caused by Fungi 

,1 

Becauae of the propensity of ~. avenae for funga1 myce1ia, 

its potential for the control of fungal induced root diseases 

has been assessed by several workers. Schind1er and Stewart 

(1956) observed reduction of wi1t symptoms of carnation due to 

Fusarium oxysporum f. dianthi, when 3,20g Dity1enchus spp. were 

added per pot. ln an extensive study of the effects of ~. avenae 

on root'rot of corn incited by Pythium arrhenomanes,' Rhoades and 

Linford (1959) Îound that 125,000 nematoaes per pot gave control 

of the disease whereas 50,000 nematodes were only slight1y 

\effecbive in decreasing root rot incidence. Because their 

~esults were obtained using sterilized sail, Rhoades and Linford 

proclaimed that determination of the signi'ficance of A. avenae 

, 
/ 
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in'control of fungal root rots in natqre remained to be achieved. 

Barker (1964) studied the effect of A. avenae oA disease reduction 

of Rhizoctonia solani on beans and showed that 100,000 nematodes 

per 5-inch crock gave almost complete control, 50,000 gave 
'If 

moderate control;, and 10,000 gave only slight control. Barker 

" concluded that un~r greenhou~e conditions ~. avenae is bene-

ficial, therefore supporting the 'conclusion of Rhoadês and 

Linford (1961). In reasoning further, however, Barker emphasized 

that the bene~icial effects of this nernatode under field con-

ditions would be limited since the population leve1s necessary 

,to give a hi~h degree of control are normally not found in the 
• 

field. Root rots of pea and'bean, caused by six different 

fungi, were substantial1y reduced when populations of ~. avenae 

1ere approximately 4,000 to 6,OOO/ml of fungus inoculum (K1ink 

and Barker, 1968). These workers noted that higher or lower 

populations gave poorer root rot control. Rif~le (1973) use~d 
/ 

flask culture conditions to demonstrate suppression of Armil-

laria mellea root rot of Pinus ponderosa by A~helenchoides 

cibolensis and A. cpmposticola. 

On the other hand" experimental data has been published 

showing tha t 

sarne when A. 

root disease severity May .~cref~e or remain the 

avenae is combined with a p~enic root infectin~ 
fungus. Christie and ..Arndt (1936) 'discovered increased damping

off of cotton seedlings when ~. avenae was.~ombined with the .. 
fungus Fusarium moniliforme. Later, these authora (Arndt and 

~----------------------------~~~-, 
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Christie, 1937) were unab1e to detect Any influence of A. avenae 

or Aphelenchoides parietinus on the amount of cotton wi1t caused 

by Fusarium vasinfectum. Chin and Estey (1966) found that 

.t.omato 'seedlings . inoculated wi th Vertici1lium albo-atrum and 

Ga,aOD ~. avenae wi1ted to ~ greatér degree than pl~nts inocu-

1ated with V. albo-atrum alone. In a study on interaction 

_ between A. avenae and Ver~icillium dah1iae on sunflower seedlings, 
fi' 

Terry (1966) observed that, in cOmbinaticn, 40,000 ~. avenae 

plus ~. dahliae gave a higher disease percentage than plants 

receiving the fungus alone. 

4. Nematodes with Le urnes, 
ystem1c Pest1c1 es 

In this review, i t is not propo~ed to dea,l wi th~ the 

extensive literature pertaining to the physiology and biochernistry 

of Meloidogyne host-parasite relationship$. AIso, much of the 

detail concerning chemical .control of the root-knot nematode 

will be arnitted from thj s review. Instead, information will be 
.. f~-- ..... '1 

presented on four aspects of the interaction between ~. hap1a 

and legume plants, including: (1) growth and development on 

different plant cultivars, (2) influence of saprophytic and 

parasitic soil fungi on root petetration and~gg hatch, (3) 

effect of root-knot nematodes on interaction between Rhizobium 

SPP. and leg~ hosts, and (4) use of systernic phosphates on 

development and contr9l of M. napla. , 
• 
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a. Growth and Deve10pment of ~. hapla 
on Different Legume Cultivars 
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The effect of host cultivar on the morphologicqJ develop-

ment of the root-knot nematode has received little attention. 

Barrons (1939) studied the nature of root-knot resistance in 

many plant species including resistant and susceptible cultivars 

of beans. He found that whereas juvenile nematodes entered 
,) 

susceptible and resistant bean roots in equal numbers, after 

severa! weeks of plant growth, numerous large galls had formed 

on the susceptible cultivar (Kentucky Wonder) whereas only a 

few tiny galls were found on the resistant cul~tvar (Alabama 

No. 1). In lima beans, Vigna sinensis, he observed that the 

cultivars Hopi 155 and Henderson Bush werè equally invaded and 

ga11ed, initially, but the ga11s on the resistant Hopi 155 did 

not deve10p beyond slight swel1ings while those drt.the suscept
jI 

ible cultivar Henderson Bush developed rapidly. Barrons con-

cluded by hypothesizing that resistance te root-knot nematode 

development and reproduction was due to synthesis of substances 
1 

by the plant which counteracted the giant cell inducing effect . . ' 

of the salivary excretions of the juvenile nematodes. Christie 

(1946), in an inve$~igation of root-knot ~ematode development 

" 

on several plant species, ,ncluding seven béan cultivars, 

concurred with the results~Barron8 (1939) regarding juvenile 

entry into resistant and susceptible plants. Çhristie noted that 

while sorne plants were highly suitable hosts for the root-knot 

nematode and others were highly unsuitable hosts, a range of 

1 
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~. 
nematode development between these two extr,emes was normally 

observed for rnost plants. He also emphasized that the severity 

df galling was not necessarily related to development of the 

nematode since plants with consistently severe galling'often 

contained nematodes incapable of produçing eggs. ~n a thorough 

study of nematode resistance in the common bean, Blazey et al., 

(1964) found that 17 of 55 cultivars were resistant, but none 

were immune to M. incognita. These workers further noted that 

bean cultivars most resistant to M. incognita were heavily 

infesteà by ~. hapla, ~. javanica" and ~. arenaria They 

concluded that known resistance was probably 

) confined to M. incognita only. Fassuliotis et al., (1970) 

showed that resistance in bush type snap beanS to~. incognita 

was due to the absence of adequate giant cell development and 

to hypersensitive reaction within the infected portion of the 

root. No differences were observed by these workers in the 

number of juveniles penetrating susceptible or reslstant lines, 

( 

thus supporting the results of Barrons (1939) and Christie (1946). 

• 

Sorne Phaseolus species are more resistant than others to certain 
• 

species of Me1oidogyne. Hutton et al., (1972) showed that 36 

lines of Phaseolus atropurpureus tended to be quite resistant 
~ 

to M. arenaria, ~. incoqni~a and M. javanica, but not to M. 

hap1a. 

Reynolds et !!., (1970), in studies of the development of 

M. incognita acrita 'on alfalfa, demonstrated that juveniles 

\-. ' "". 
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entered resistant and susceptible cul~ivars in·approximately 
, 

the same numbers, but, after 7 days, most had migrated out of 

the resistant roots whereas in susceptib-le roots the nematodes 

became sedentary and developed normally. l" 

/'t 
The develOpme\; of Meloidogyne incognita acrita-k1n soybeans 

was studied by Crittenden (1958) who reportéd that in resistant , 

cultivars: (1) giant cells did not form around the nematode 

head, (2) a small number of giant cells were produced, (3) the 

giant cell area w~s small, (4) giant cell cytoplasm was sparse 
/ 

and not den~o/; (5) few enlarged nuclei were present in each 

giant cell, and (6) little enlargem~nt-of the pericycle was 

observed. Crittenden obtained the opposite results with sus-

ceptible soybean cultivars. In an extensive study of soybean 

resisUmce to four species of Meloidogyne,Oropkin (1959) found 

that: (1) number and size of egg masses producéd by ~. hapla 

varied'considerably between 19 soybean cultivars, (2) gall 'eize , 

was large for ~. incognita acrita, ~. incognita and ~. arenaria, 

whereas only ti~ galls were formed by ~. hapla, (3) giant cells 
\ 

Wére l~rge and smooth with uniformly stained contents and thick 

walls in susceptible cultivars, whereas the giant cells were 
\ 

small and appeared necrotic in resistant cultivars, and (4) .. 
egg p+oduetion was much greater in susceptible cultivars forming" 

larg~ giantcells th~~ in tho~e resistant ,t~ the nematode .. Bryant 

and Wy1lie (1968) noted that resistant soybean cultivars ~evel

oped fewer and smaller ga11s and supported nematode development 

... , . ..,.".. -----_ ... _-----_ .... _--------------_.'-
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incognita acrita. 

1 b. Effect of Soil Fungi on Development, 
Pathogenicity and Egg Hatch of Root
knot Nematodes 

/ 
The concept of plant disease etiology involying as soc-

iations oÉ plants with several pathogenic microorganiems has 

become weIl established, and published evidence of these compl~xes 

is accumulating rapidly. The inte~relationships of nematodes 

with other plant patnogens have·~ecently been reviewed by several 

authors: bacteria, fungi and viruses were covered by Pitcher 

(1965) and Powell (1971a): bacteria and fungi by Mountain (1965): 

bacteria by Pitcher (1963) and fungi by Powell (1963, 1971b). 
~ 

This review, however" will be devoted to the examination of 

certain known interactions involving nematodes and non-pathogenic 

fungi and bacteria which, a!though harmless by thernselves, ça use 

sévere plant disease in the presence of nematodes, especially 
.. 

members of the root-knot group. • 

Edmunde and Mai (1966a) studied the effect of alfalfa 

roots inoculated wi th Trichoderma viride and Ftfsa'rium oxyspdrum" 

on penetratidn by Pratylenchus penetrans. They found that 
, 

greater numbers of !. penetrans could be recovered from roota 

treated with varying spore concentrations of both fungi, than 

from,uninoculated roota. More P. penetrans juven~les entered 

!. vi ride infected alfalfa roots, at aIl four fungus inoculum 
--", 

cOJlcedtrations, t:han fungus-free rOQts, whereas in experiment·s 

.f' 

.. 

\ 
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with !. oxysporum, signifi~antly More nematodes entered fungus- •. 

infected roo'ts only at the higher concentrations of fungus 

inoculwn. 

In another study published the same year, ,Edmunds and Mai 
, -" 

(196Gb) noted that the population of ~. penetrans recovered from 

alfalfa roots after 8 w~eks w~s significantly greater in roots 

infected with a combination of ~. penetrans an~viride than 

in treatments wit:h nema todes 'alone. This relationship was not .. 
the same with celery. No reason was given by these authors for 

the signifiêant increase in nematode numbers in fungus infected 

plants. Edmunds and Mai also observed appreciable root and 

shoot fresh weight reduction in alfalfa and celery by the combined 

action of the two organisms. The greater attraction of ~. pen

etran~ to T. viride infected alfalfa seedlings than to healtby - ~r~=.;:;. 

roots was again reported by Edmunds 4nd Mai in 1967. They BUg-
\ 

. \ 

gested that this att~action may have resulted from an affinity 

of nemato~es for the greater quantity of CO 2 which was re1eased 

from the fûngus infected roota than-from healthy roots. 

Mayol ana Bergeson (l970) showed that secondary micro-

organisms, consisting of non-pathogenic bacteria and fungi, 

caused extensive weight reduction of follage and roots of tomato 

plants inoculated w!th Meloidogyne incognita. Aseptically , 

grown plants exposed to the same n~ber of juveniles were 

heavily galled artd exhibited reduced feliage growth and increased 

root qrowth. Galla on ~epttcally grown plants became necrotic, 

~' 

;' 
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yielding many bacterial colonies and a few fungi, whereas~aseptic 
~, ~ 

roots, although, considerably galled, remained firm and free from 

bacteria or fungi. Bacteria which were isolated from surface 

sterilized galls removed from roots exposed to secondary micro-

organisms, were found to'belong to the nutritional group assoc-

iated with root rots. The fungi, although few i~ number, were 

identified as Trichod~rma sp., Fusariurn sp. an~ Rhizoctonia 

solani. Mayol,and Bergeson concluded that secondary invasion 

by the rhizosphere microorganisms occurred as a result of ... 
increased host sU$ceptibility through nematode modification of 

root cell structure and physiology. 

Powell et al., (1911) investigated the interaction of 

'severai non-pathogenic soil-inhabiting fungi with ~. incognita 

on tobacqo. None of ~e fungi induced disease in the absence 

of ~. incognita whereas root necrosis occurred when plants were 

subjected to ~. incognita in cornbination with any One of the 
~ \ 

fungi. Necrosis was notably severe in treatments where nematodes 

preceded the fungi by several weekB. TheBe workers hypothesized 

that'root-knot ne~atodes tend to predispose certain hosts to 
• 

subsequent invasion by a range of other microorganisms pres~nt 

in the rhizosphere. Moreover, they claimed that root-knot 

nematode damage" to tobacco is Most seVere only when these 

pathogens are members of disease complexes. 
, 

Hatching of plant parasitic nematode eggs, and the factors 

which affect this process, have been reviewed by Shepherd and 

Clacke (1911). Little i8 known about hatching of nematode 

. ( 

, 
>" 
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species other than Heterodera. Although several authors have 

loosely suggested that e~g hatch may be influenced by soil 

inhabiting m~croorganisms, elucidation of the role of micro

organ{sms in egg hatOh of plant parasitic nematodes is restricted 

by lack of direct study. Be~gman and Van Duuren (1959) found 

that bacterial secretions may contain inhibitory substances 

, , 

which kill eggs within' the cyst of Heterodera schachtii. Giebel .~ 

(1963) studied the effect of different soil fungi, belonging to 

the genera Penicillium and Aspergillus, on hatching of g. !2!

tochienpis. He concluded that microorganisms living in the 

rhizosphere play a role in the formation, of a hatching ·factor 

which eve~tually stimulates the cyst-contained eggs to hatch. 

c. -Interrelati'bnships Between Rhizobium SPPO"f 
) J" Plant Parasi tic Nematodes and Leguminous 
( Plants 

) 

The raIe, or status, of plant parasitic nematode components 
1 

of legume-root nodule bacteria interactions has received atten-

tion from root disease investiqators. 

Jones and Mor,iarty (1956) were the first workers to. record 

raduced nodule formation on lequmes in the presence of p1rasitic 

nematodes. Accordinq to thes~ workers, nitrogen fertil 

counteracted the suppresaive e~fect of ffeterodera 
1 

on.pea nodulation. 1 / 
l ' 

Stimulation of root-knot nematodes by legume ba7terial 

inoculum was obaerved by Shanda and Crittenden (1957)/. They 
, . 

found, in greenhouse pot tests, that the amount of gallinq on 

1 
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the susceptible soybean cultivar Adams J and penetration of the 

resistant cultivar Anderson, increased when Meloidogyne incog

nita acrita interacted with legume bacteria. 

In assessing the role of root-knot nematodes in legume 

nodulation, Masefield (1958) reasoned that nematode galls 

impaired nodulation in two ways: (1) chemically, by utilizing' 

plant nutrients at the expense of nodule bacteria, and (2) . 
physically, 'by occupyinq si tes norrnally available for nodules. 

An inverse correlation'between n~bers of nodule~ and 
\ 

cysts on ,Lee soybeans was shown by Endo and Sasser (1958) in 
/ ~ 

soil fumigation experiments. Plants heavily infested with 
1 

c~sts of HeterOd?ra glycine.s were spar~lY nodulated, while 

in treatments which reduced the cyst i dex, plant~ were 

heavily nodulated. ,\ 

Reduced yields of soybeans were attributed by Ichinohe 
,> 

1 
(1959) to inhibition of nodulation by Rhizobium japonicum in 

<l 

, the presence of the soybean èyst nematpde, H. glycines. Root 

nodules per 'unit we!ght of root were·fewer on susceptible than 

56 

/resistant cultivars. Ichinohe observed that heavi1y nodulated 

/ 

plants often had the 'smallest number of female's per unit weight 

o~ root. This indicated to Ichinoh~ that the 'bacterial component 

of the legume-bacteria1-nematode complex was ca~able of inhib-

itinq development of the nematode, thus supporting the obser-

vatioAs of Endo and Sasser (1958). 

Ross (1959) reported complete inhibition of nodulation 

On soybeans by heavy infestation of H. glycines. 

----_ .. ~ 
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Extensive invasion of pea, alfaIfa and clover nodules by 

Pr~y1enchus globulicola, and subsequent nodule deterioration( 
, i 

~" 

were considered by Romaniko (1961) as primary factors in re-

duced yields of these leguminous plants in Russia. 
" 

The infestation of cowpea nodul~s and other root sites 

by the root-knot nematode Meloidogyne javanica, was found by 

R~binson (1961) to~~ccur extensively on portions of root 

systems growing ne4r the soil surface. Solitary nodules in the 

lower root zones were normally free from nematodes. Robinson 

pointed out that nodules attacked by juveniles during early 

stages of development often became galls, whereas when"nodules 

were invaded at a later stage they retained the normal nodular 

morphelogy. , 
Epps and·cChambers (1962) noted that the addition of 

Rhizobium japonicum inoculum ~o soybean seeds did not increaBe 

nodulation in soil heav~ly infested with Heterodera ,lycines. ~ 

Inste~d, reduced nodulation occurred. Soil fumigation increased 

nodulation significantly, apparently through tematode des-
\ 

truction. Epps and Chambers clai~ed that nodule reduction was 

due to interaction of roet-rot organisms and nematodes which 
1 .., 

causea rotting of the soybean roots, a 10ss of nodules a1ready ... 
developinq, and destructi~n of sites for additional, nodules. 

In a study on the éffect of Meloidogyne inCoqnit~ acrita 

on nodulating and non-nodulating strains of soybeans, Crittenden 

(196~) obser~éd root en1argemeht and slow f~ale mAturatiOn on 

the nodulating strain, wheress roct enlargement was siight and 

... 
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female nematodedevelopment rapid on the non-nodulating strain. 

Giant cell appearance was similar in both nodulating ~nd.non

nodulating strains. Since the nodulating soybeAn strain was 

not favorable for rapid female maturation compared with the 

non-nodulating strain, it is possible that the single gene for 

nodu~ation represBes the development of this nematode. 
, .' , 

Heavy galling of hairy vetch rOots shortly after inocu

lation with Rhizobium legurninosarum, and complete inhîbition 
i 

of nodulation, convinced Malek and Jenkins (1964) that root-

knot nematodes interfere directly with the establishment of 

nodule-forming bacteria. Nodulation was also inhibited greatly 

by two other nematoQes, Trichodarus christiei and Criceftemoides 

curvatum. Malek and Jenkins reasoned that either the ~~ hair 

infection sites were destroyed, or the roots were made incom-

patible with the bacteria, by the feeding actions of the 

nematodes. 
, 

, 

Nigh (1966) found that~. javanica reduced nodule formation 

in alfalfa by 50% when treatments were applied at the time of 

p1anting, and by 30% when nodule inoculation was delayed 32 

days. In contrast to,the results of Shands and Crittenden 

(1957), Nigh discovere4 that the amount of galling was reduced, 

,and not increased, in tn8 presence ,of Rhizobium. 

Besides reduced root nodulation and niurogen fixation, 

Ross (1969) showed tha~Heterodera glyoines caus~d soybean 
• 

y'ield reduction which was greatest when nematode-infected Psoy-

beanB became i~crea8ingl~ deficient in nitrogen • 
. 

In a critical,atudy of the effects~f nematodes on legume 
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nodu1ation, Taha and Raski (1969) noted that Meloidogyne 

javanica and Heterodera trifolii infecti~n did not significan:1y 

reduce the number of nodules per gram of ~hite.cJover root, 
,J' 

a1though the nematodes reproduced readily in nodu1ar tissues. 

They pointed out that nodule reduction was due to reduced root 

gr~th and not the direct effect of the nematode treatment. 

panayi (1970) reported decreased nodulation in roots of 

beans inoculated with Rhizobium phaseo1i and Meloidogyne hapla. 

Thfs worker did not observe nodule invasion using 15 eggmasses 

as inoculum, but with 100 eggmasses added simultaneously with 

rhizobia, nodules were invaded bY'nematodes. 

Barker ~ al., (1971) obsarved that the number of cysts 

of " Heterodera glycines was reduced by the simultaneous inocu

lation of soybean roota and Rhizobium japonicum. Since nematode 

hatch, pen~ation and ~yat development on soybean were reduced 

by applications of NaN0 3 or NH 4N0 3 , .these workers concluded 

that the reduced numbers of cysts could have been due to the 

inhibitory effects of nitrate on juvenile hatch or emergence. 

Races of the soybean cyst nematode we~ f~und to diff r 

quantitative1y not only in their influence on ~du1ation bu 

also on nitrogen fixation and nodule efficiency (Lehman et 
. 1 

1971). Race 1 of~. glycines, toget~r with S. j~hicum, 
cauaed a significant decrease in,nodules per graml~~ root tissue 

and nitrogen-fixing capacity per plant as compared with R. 

japonicum control pr.nts. Races 2 and 4, h~eve~, at the sarne 

inoculum dènsities as ra~ l, did not decrease nodules per gram 
• 

1 
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of root"tissue or the nitrogen-fixipg capacity per plant. Race 

~ l, but not races 2 and 4, caused severe chlor9sis of soybean. 

Reduction in bacterial nodulation of soybean roots 'by 

three species or root-knot nematodes was detected by Balasu-

bramanian (1971). Plants inaculated with ~. javanica suffered" 

reduction of root nodulation and showed a higher root-knot index 

than plants receiving ~. incagnita or ~. hapla. 
1 

Root-hair 

1 
L/ 

production was less on plants inoculated with the nematode~. 
/ 

Inoculum levels of 100 and 1,000 JuveniLes resulted in marked 

nodule ~eduction whereas 10 juveniles did not influence nodule 

formation. 

Inhibition of nodule development on soybean was found to 

be greatest when Heterodera glycines race l was added with 

Rhizobium japonicum simultaneo~sly or shortly a"fter' adding R. 

jaRonicum (Barker et ~l., 1972). Introduction of"~. glycines 

14 daysjatter~. japonicum resulted in only slight inhibition 

of nodulation. Although race 1 was observed to penetrate 

. ". nodular tissue, unlike race 4, development of juveniles of either 

race was inhibited by nodular tissue. Induction of giant cel1 

formation wAS repressed by nodule tissue in the few cases ~ 

where juven~ had developed into mature cystB.: 

d. The. Effect of Organosphosphate Nematicides 
and Syner9ists on Infectivity and Development 

" ,lof Root-knot Nematodes 

Information concerning the use of ~ystemic organophosphate 

insecticides for the control of various plant parasitic n~ma

tode~, includ1nq Melo1doqyne spp. 18 weIl documented in the 

8cientific literature_ 

.. 
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Although Hetcalf (l95S~ stated that absorption of systemic 

insecticides by plant roots is relatively inefficien~, soil 

application of these pesticides has been widely used by other 

workers. Sas,ser et al., (l~l), in preliminary tests, found 

that soil dren.ches of Systox resulted in control of root-knot 

nematodes on tomatoes but concentrations of Systox used were 

highly phytotoxic. These workers also found that although 

Heterodera rostochiensis juvenile emergence from cysts was 

inhibited, and hatched~juveniles were killed at aIl concen-
• 

ttations of ,Systox used, soiI drenches resulted in low germination 

of potato seed, poor foliage growth and no reduction of golden 

nematope cyst formation. Later, Sasser (1952) observed reduc-, 

tion of infection and reproduction of root-knot nematodes on 

tornatges and cucumbers using Systox concentrations ranging from 

0.005 to 1.0%. At concentrations greater than 0.1%, the chemical 

was phytotoxic to both plants. Sasser noted slight inhibition 

of egg hatch and paralysis of hatched juveniles in solutions 

of Systox. Reduction of pratylenchus penetrans in roots of ) 

Easter Lillies, from 600 per 9 in cont~ol roots to 37 per gin" 
"-

treated roots, was achieved with soil application of Thimet, an 

Qrganophosphate soi1 insecticide fJensen and Konicek, 1960). 

Elimination of Meloidogyne hapla from tubers and roots of 

potatoes, with only sliqht phytotO~icity, was accomplished using 

seed piece dips in 800 ppm .,solutions of Dimethoate (Hel,ton, 1964). 

Usinq pot experiments désigned to simulate field cohditions, 

" 

" 
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Gersdorf and Lucke (1965) concluded that the systemic nematicide, 
-

Disyston, did not prevent new infections of Meloidogyne 'sp. or 

reduce infections already present on potato. Helton (1965) 

showed that soils drenched with Dimethoate at 50 to 1,800 ppm 

~ere effective in reducing root-~not of tomatoes. Phytotoxicity 

was not observed below,l,800 ppm. Winchester and Averre (1966) 

compared several nematicides in attempts to control Meloidogyne 
• 

sp. on tomato seed1ings. They reported near perfect control 
. " 

with the systemic organophosphate Dasanit. Damage to gladiolus 

corms by Meloido2yne sp. was decreased by Parathion, Zinophos, 

Thimet and Sarotex app1ied~er the corms in open furrow or in 

advance of the growing roots ~verman, 1967). Soil applications 
\ . 

of Dasanit, Diazinon, Cynem, Phorate and Tern1k controlled 

sting and 'at~~root nematodes for up to 12 weeks and promoted 

good growthiof severa1 vegetable crops (Brodie, '1968). 

Effective control of root parasitic nernatodes has also 

been achieved by some workers using foliage applications of 

systemic insecticides. Comp1etely ineffective control of 

Heterodera rostochiensis on potatoes and Meloidogyne sp. on 
• 

tomato and tobacco seedlings was observed by Sasser ~ al., 

'(1951) using foliar sprays of Systox ranging from 0.006 to 1. 0% • 

.. r At the l' con'Centration, burninq, and curling of the 1eaves of 

sprayed Plants~were\noted by these workers. Populations of 

Meloidoqyne hapla on Dimethoate sprayed potato plants were 

completely eliminated fram the tubera and roots by foliage run-
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) 
off sprays of 800 ppm (Helton, 1964). A year 1ater, Helton 

/' -

~1965) reported suppression of root-knot nematode deve10pment 

on toma-to by fo1iar sprays of Dimethoa te at 1,800 ppIll. Symptoms 

o~ phytotoxicity were not observed below 1,800 ppm. Also 
. 

effective in reducing root-knot damage in tomato is Vamidothion 

which was found by Dantas and da Matta (1971) to be more effec-

ti ve than Metasystox when app1ied to the f,oliage a t 15 and 30 

days after Me1oidogyne incognita infection. These workers 

further observed that the- number and weight of fruit was in-

creased markedly by Vamidothion app1icat~o~ 

Interesting work has been reported concerning the use of 

dimethyl su1foxide (n'MSO). Although, resea:çch on DMSO has ,been 
.... 

prirnarily concerned with potehtial medical qenefits (Leake, 

1966) its Bolvent and membfane penetrant properties 'have led to 

\

' its being tested as a synergist in plant di~ease control. 

Keil et al., (1965), noted that control of haqterial leaf spot 

of peaches was significantly enhanced by spraying low concen-, 

trations (28 te 42 ppm) of oxytetracycline with 0.25 to 2.0% ·r 

DMSO in the sp~ay mixture. Sprays containing DMSO alone were 

ineffective, as were Dodine and zinc sulfate, both alone and 

in combination with OHSO. Using radioactive DMSO, Keil et al., 

(1967) demonstrated greater radioactivity in peach leaves 

sprayed with a DMSO - oxytetracycline combination than DMSO 

alone, indicatinq that the antibiotic auqmented leaf uptake of 

DMSO. Synerqiam between DMSO and sodium pentachlorophenate 

.... 

, 
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mixtures was observed by Corbin et al., (1966) in the reduction . 
of radial mycelial growth of Monilinia fruçticola on an agar 

medium. No synergy was observed by Pinè (l~67) when testing 

the reactions of virus inoculated peaèh tre~~to various.com

birtations of DMSO and known viral inhibitors. ~rdman and Hsieh 

(1969) detected sïgnificant increase in uptake of calcium, 

magnesium, potassium and phosphorous with concentration of 
""l . ' 

DMSO.· However, because df pWYtotoxic effects at high concen-

tration, these workers recommended that concentrations of less 

than 0.1% be used where DMSO is employed as a synergist for 
, 

pesticides or fertilizers. Use qf DMSO in research concerning 

~ontrol of plant root pathogens,such as nematodes, fungi or 

bacteria, has to this writerts knowledge, never been attempted. 

,f 
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STUDIES OF SAPROZOIC NEMATODES J 

l~ Feeding and Multiplication of Saprozoic 
Nematodes on Rhizobipm spp. 

" 
A weIl established phenomenon in nature is that the 

rhizosphere of plants contains greater numbers of microorganisms 

than the adjacent, non-rhizosphere soil (Krasilnikov, 1958; 

Lochead, 1959; Starkey, 1959). This applies to various micro-

organisms in soil, including nematodes (Katznelson, 1965). It 

ha~ been noted by Henderson and Katznelson (1961) that free-

living nematodes are found in greater nurnbers ±n the rhizosphere . . 

of several economic plants, than in non-rhizosphere soil. 

Jensen and co'lleagues (Jensen, 1967J Jensen and Gi1rnour, 1968: 

Jensen and Siemer, 1969: ehantanao and Jensen, 1969a,b: ~ensen 

and Stevens, 196~) have studied the feeding ability of saprozoic 

nematodes on cer~ain members of, the~soil microf1ora, such as 

bacteria1 'ce~s, fungal spores, and 'b~cterial viruses: in . ' 

relation to the survival of these organisms. They have beèn 
• 

co~cerned with the possible role of saprozoic nematodes in the 

epidemiology of s~il-borne plant diseases, and consequently, 

their s~ies have focused.rnainly_on plant-pathogenic micro-/"', ' 
~sms. No work has ~en done, bowever, on the growth of • 

saprozoic nematodes on Rhizobif,un spp., ,~e' symblotict,bacterial \ 
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partners of legumes that initiate nodule formation. Several 

experiments were undertaken, therefore, to de termine whether 

saprozoic nematodes were capable of ingesting and multiplying , 
on different Rhizobium spp. 

a. Methods and Materials 

(i)· Isolation and Culture of Rhizobium spp. 

An attempt was made to isolate Rhizobium spp. from a. 

commercial legume seed inoculant, -Legume Aida. A moistened 
) 

;. 
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sterile glass rod was dipped into the black, powdery inoc,ulant 

and streaked.lightly "over the surface of Nutman's yeast extract -. ..-
~. ' 

mannitol agar (Bergers'en, 1961) contained in 100 mm Petri di'shes. 

Five replicates were used. After streaking, the plates were 

incubated at 24 0 C for three days. Examination of the plates 

revealed a mixture of several different ~icroorganisms. Large, 
~ 

rapidly spreading colonies of Rhizobium spp. werê found along 

with a smaller number of yeast and fungal'colonies. Due to the 

presence of contarninating organisms and the lack of control 

over selection of specifie Rhizobium sp. from the general pur-

pose inoculant, a method of.obtaining pure cultures of Rhizobium 

sp. from legume nodules was used. 

Large, mature nodules w~re ~emoved from the root systems 

of the following legumes: beàn (Phaseolus vulgaris L.), cultivar 
. 

Slendergreeni red claver (Trifolium pratense L.), cultivar 

Dollardi and a eommon garden vetch (Vicia sp. L.). The nodules 
, 

, 1 

aAqricultural Laboratories Ine., Columbus, Ohio 
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r were washed vigorously severa1 times in tap water to remove 

c10sely adhering particles of, ~oil, placed in stèrile, rubber 

stoppered 50 ml Erlenmeyer flasks and surface sierilized in a 

solution of 0.1% HgC1 2 for five minutes. ThQ nodules were fre

quéntly agibated to expose aIl· are?s equally ta the chemical. 

The HgC1 2 was then drained off and the nodule~ washed three 

time's 'IIi th sterile distill~ 

water 'lias then added ta ~ach 

.. 
water. One Ml of sterile distilled 

flask and the nodul~S we~e crushed, 

using a sterile glass roO. This lef~ a yery dense population 

of bacterial cells ,ànd nodule remnant~ ln 'eacH flask. In arder 
• 0' 

to obtain pure cu.ltures of each type of Rhizobium sp. (~. phaseoli: 

Dangeard, from Phas,eolus vulgaris L.; ~. trifolii" Dangeard, 

from Trifolium pratense L.: and~. leguminosarum, ~rank) Baldwin 
; 

.and Fred, from Vicia sp. L.) a seriee of dilution blanke were 

prepared. Eight 15 x 150 mm screw cap culture tubes containing 

9 ml of distilied water were autoclaved and after coo1ing, one ,. 
ml of the crushed nodule srtspension 'lias tranglerred to the 

firet tube, using a sterile pipette. 
li 

Thé contents weré thoroughly . ... 

mixed and one ml wae transferred ta a'second'~ube using a 
f" " .fi, • r - . \ . . 

st;c.ri pipette. This procedure w~ ... :t.e pe'a. te à ~ in ~succ'ession 

gi lng a series of dilutions from 10 bo 100:000,000. One m~ ,-
aliquots were then transferred from each diluti~ to stèrile . ; 
100 mm Petri dishas. Thtee replicates per dil~tio~.were used. 

Sterile Difeo Nutrient Agar, eooled to 45°C, w~s ehé~ added to 
... 

eaoh plate and the oontenta agitated gently in a s~irling 
e r-

.. 
" 
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1 
motion to allow the rhizobial cells to disperse evenly throughout 

f 
-- the agar medium. The plates were incubated at<2SoC for four. 

days and examined for the presence of bacterial colonies. In 

general, platings of dilutions 10 te 100,000 were so heavily 

populated with coloniefo that enumeration and morphology studies 

we~e impossible. The most successful dilutions were in the 

range of 1,000,000 to 10,000,000. Colony morphology and colour 

appeared uniform in aIl plates. Colonies were quite small and 

did not appear to increase in size after four days. Because of 

the inadequate nutrition provided by Difco Nutrient Agar, three 

difterent recommended media were tried inc1uding congo red 

mannitol agar (Harrigan and McCance, 1966), Nutman's yeast 

extract -'mannitol agar and Norris' synthetic medium (Bergersen, 

Samples of Rhizobium sp. from bean, clover and vetch 
.-

isolates were streaked over the s~rface of the above media and 

growth compàred after i~cubating at 2SoC for four days. Of the 

three media, congo red mannitol agar (CRMA) supported the most 

abundant growth. Colonies appeared' opaque, white and mucoid 
, , 

, 
on this medium. The pink colour of CRMA provided a good con-

trast for the spreading, white growth of Rhizobium. The com-

position of the medium i8 as folloW8: mannitol, 10g/~; K2HP04' 

SOOmg/11 Mg S,0407H20, 200mg/l; NaCl,' 100mg/1, cac0 3, 3.0 g/l; 
• yeast extract, 1.0g/l; Agar, 15.0 g/l; congo red, 1% aqueous , 

solution, 2.5ml/l; distil1ed water, 1,000 ml. 

Samples of the bean, clqver ~nd veçch iso~s were . , -

transferxed to Blante of CRMA for study of growth charac~eristics 

j 
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of t~ different species or strains of Rhizobium. Observations 

of growth from streak inoculations 'and phas~-contrast micro-

scopie studies at 450 and 1,000 magnifications indicated that 

the isolates were representative of ~. phaseoli, R. trifolii and 

R. leguminosarum respectively (Breed, Murray and Smith, 1957) . 

. Cultures were maintained at 40C on CRMA slants and trans-

ferred to fresh media at monthly intervals. 

(ii) Isolation and Culture of Saprozoic Nematodes 

Cultures of unidentified species of Chiloplacus (Thorne) 

a.nd Cephalobus (Bastian) were obtained from Dr. R. H. Estey, 

Department of Plant Pathology, McGill univers,i}y, Macdonald 
r~ , 

Campus. Two isolates (RIa and R2) of Rhabdi tis (Duj'ardin) were 

extracted from a 80il sample taken from the root zone of Slender-

green beans grown in the Department of Plant Pathology Experim-

entaI field, at Ste. Anne de Bellevue, P. Quebec. The Baermann 

funnel technique of extracting nematodes fram soi1 was used 

(C~irns, 1960). The nematodes were maintained on a mixture of 

unknown soil bacteria cultured on a modified Difco Nutrient Agar 

(0.8 g/l Nutrient Broth powder~ 15.0 g/l Agar) medi~. The 

bacteria muitiplied extre~ly rapidly on the full strength . 
, 

Difco Nutrient Agar (8.0 9/1) and in severai instances, appeared 

~_ to retard the ~ultiPl~atio~ of;e nematode in question. This 

May have been due to the decressinq oxyqen tension of the 
1 

medium caused by the rapidly dividing bacteria, ,and the high 

requir~ments of this neM4tode for oxy~n (Nicholas and'Jantunen, 

~ ....--/. 

, ' 
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1966) • Also, due to rapid multiplication of the nematodes and 

subsequent loss of water from the Petri dish, the agar began to 

crack and shrivel. In order to overcom~ these' problems the 

nematodes werè subcultured to fresh modified Difco Nutrient Agar 

every month, and the "dishes were placed in polyethylene bags 

to conserve moisture. lIt should be pointed out that the nematodes 

were reared in this way only for routine population maintenance 

and for experiments wh~re very small nurnbers of nematodes were 

required. For different methods of rearing very large populations 

of saprozoic nematodes, see Part l, section 4. 

Unless otherwise mentioned, individual nematodes were 

handled and transferred using KerrR Root'Canal Files, Style D, 

Number 1. 

(iii) Surface Sterilization of Nematode Eggs 

Saprozoic nematodes transferred ta the modified Difco 
" 
Nutrient Agar carried bacteria with them. Twenty-four hours 

\ 

afte~ transfer, the bacteria had multiplied to such an extent 

that co1ony formation was visible. At this point the nematodes 

had begun to fee? vigorously on the edge of the bacteria}cmass, 

and, in the subsequent prod~ss ~f migration over the plate, 

bacteria were transferred to fresh uncolonized portions of the 

e nutrie'nt agar surface. Egg 1aying began three days after 

transfer. althou9h a few mature gravid femalés deposited e9gs 

aft~r o~ly one day. As soon as a qolony of bacterià was 
. 

located by the actively movinq nematodea, the movements across 
... 
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the plate ceased and feeding began to take place. Often only 

the head parts of the nematodes could be seen to move, the rest 

of the body remaining quiescent. Eggs were laid while the 

nematodes fed, often totalling as many as 10 to 20 per female. 
1,"'-

The egg9 were found usually in a group, giving the plate a 

"patchy" appearance, each patch consisting of oclusters of eggs. 
i 

The concentration of thE agar used in the medium influenced the 

capacity of the nematodes to migrate through it. When the con-

centration of ag~r was less than 1.5% (15.0 g/l), the nematodes 

JI easily moved downward into the medium, and in rnany cases, often 

deposited their 'eggs under the surface. An agar concentration 

of 2% (20.0 g/l) provided sufficient firmness to the medium,to 

prevent the nematodes from mo"ing below t.6e surface; therefore, 

aIl eggs deposited were left on top'of the medium. This facil-

itated direct acce~s to the eggs and enabled collections to pe 

made easity and rapidly. 

Itwas found that the state of embryonic development' 

witnin the egg, at the time of egg collection, was extrernely 

-important fo'r surface -sterilization treatments. Etnbryonic 

development, was, therefore, followed ~lo.ely. Immediately':" 

following egg deposition by qravid ~emalea, initiation of 

embryo devèlopment occurred, with the blastula and gastrula 

stages forming after three to five days. Eggs were collect~ 

aqortly after gastrulation took place~ ~t this time the 

emflYo conaiated of a small number of angular cella (ectoderm) 
~ 

" 
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with one end of the embryo appearing darker than the other. 

Eggs which were collected at this time easily withstood the 
l 

surface sterilization process, whereas those collected prior to 
1 

gastrulatïon seldom hatched after surface sterilization treatments. 

After collectïon, 24 to 48 hours were required before 

recognition of the vermiform shape within the egg was possible. 

Hatching followed quickly, usually within an additional 24 hours. 

Wi th the aid of a Wild M- 5 stere~microscope (from Wild' 

of Canada, St. Lambert, Quebec) equipped with a base for trans-

mitted light and handr~sts, eggs were collected with non-sterile 

Pasteur pipettes'drawn from 6 mm glass tUbing and plugged at 

one end with cotton. Rapid collection of mature eggs was made 

possible by drawing out the narrow end of the pipette to 1.0 mm. 

Moistening of the pipettes prior to egg collection prevented 

sticking of the eggs ta t~e inner glass wall of the pipette. 

Also, t* addition of a few drops of water over the area of " 
• i 1 

agar cO~~ining the eggs made it easier to dislodge'eggs from 

the viscous bacterial surface. 

After the eggs were collected, they were transferred to 

a depression slide (15 x 25 mm, with a conèave circular de-

pression, 16 mm diameter x 3 mm depth) containing a few drops 
1 

of 0.75' NaCl. The saline solution prevented osmotic bursting 

of the eggs which occurred when the eggs were placed in distilled 

or tap water. The eggs were washed three times lightly to 

remove excess bacteria and particles of agar drawn into the 

J"" 
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pipette along With the eggs. Then, using a sterile Pasteur 

pipette, the eggs were covered with a 0.05% solution of NaOCl 

(commerc;ial bl'eâch, Javex) and left for 15 minutes. A·ft-er this 

time the NaOCl was drawn off and the eggs rinsed three times 

with sterile 0.75% NaCl. AIl operations were car:ièd out on 

the stage of the stereomicroscope mentioned above. Several 
1 

1 

tests were ~ade to check the surface sterilizing efficiency of 
1 

t~e NaOCl tteatment. For example, treated eggs, and untreated 
l ' 

eggs for contFol, were transferred to ~terile plates of modified 

Difco Nu~rient Agar. No bacteria developed on the plates ot 

treated eggs bef~re or after hatchi~9, whereas the cQntrol 

plates were cove)kd with bacterial colonies. A test was also 
( 

made using sterile Nutrient Broth. Treated and untreated 

eggs were added to the broth and after 24 hours at 24oC, it was 

examined for turbidity. 
. . , ' , 

The broth containing the treated eggs 
, 

remained clear, wherèas a cloudy, turbid solution formed within 

24 hours in th~ broth to which untreated eggB were added. 

(iv) Transfer of Nem~tode Eggs to Rhizobium spp. 

In order to clearly observe egg embryonic development, 

the proces8 of hatching, and feeding habits of the emerged 

juveniles on colonies of Rhizobium SRP,,' it'was necessary to use 

an agar medium which transmitted sufficient light to reveal the 

internaI features of the maturi.ng embryo8 and young j uveniles. 

The previously used C~, although excellent for the growth of 

...... 
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Rhizobium, did not a~low sufficient transmitted light for easy 

visualization of nematodes on the surface" 5ince calcium car

bqnate wa's responsible for the agar' S opaci ty, a modified CRMA 
f 

was devised, The composition of this medium i8 as follows: 

mannitol, 10 g/li K2HP0 4 , 500 mg/li MgS0 4 ·7H 20, 200 mg/li NaCI, 

100 mg/li ,CaC1 2 , 200 mg/li yea8t extract, 1. 0 g/l; agar, 20 g/l; 

distilled water, 1,000 ml. A second problem wa8 then encountered 

with the medium. Growth of Rhizobium was 89 great that nematodes 

feeding within the bacterial mass could not be seen due ta the 

opaquenes8 of the bacterial c~lls. A slower, more controlled 

growth was obtained using the foJlowing concentrations: mannitol, 

500 mg/li K2ijP0 4 , 500 mg/li MgS0 4 ·7H;O, 200 mg/li NaCI, 100 mg/li 

caCl2, 200 mg/li yeast extract, 50 mg/li agar, 20 g/l; distilled 

water, 1,000 ml. ~e above medium was prepared and poured into 

60 rnm-diamete~ sterile Petri dishCs. After solidification the 

plates were streaked with the desired Rhizobium sp. and incubated 

at 240 C for 24 hours. Eggs of Rhabditis sp. were collected, 

surface sterili~ed according to the ~bove method and deposited, 
" . 

onto and. arOrnd, the small bacterial mass qrowinq from the 

st~eaked area. ~he plates were placed in POIyethYle~e baqs, 

to prevent drying of the medium, and incubated in the dark at 

24°C.. Hatchinq and feeding movements of the juveniles were 

observed daily under the stereomicroscope et 20 to ~OO maqni

fications. 

\.1 
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b. Results 

(i) Experiment One 

In this experiment, the feeding habits and growth, to the 

adult stage, of three saprozoic nematodes on three species of 

Rhizobium was followed, using modified Difco Nutrient Agar. 

Nematodes used were two isolates of Rhabditis, both unnamed at 

the species level, but sufficiently different morphologically 

to be easily identified, and a Chiloplacus sp. The Rhizobium 

species were ~. phaseoli, ~. trifolii and ~. leguminosarum. 

Preparation, collection and chemical treatment of nematode eggs 

• followed the procedures outlined previously. Rhizobium spp. 

were streaked onto mod~ied Difc? Nutrient Agar and incubated 
,1 

for two days before addition of approximately 50 surface 

sterilize~ eggs to.these and to control plates. The cultures 
J 

were incubated at 240 C in-th~ dark, with nematode growth and 

activity' noted at l to 2 day interva1s, for a period of 14 days . . ~ 
The results are summarized below in Table 1. 

It is apparent from Table 1, that the nutrient require-

mente necessary for growth of saprozoic nematodes are provided 

by living cells of Rhizobium spp. grown on modified Nutrient 

Agar (Difco). Although m~asurements of nematode size were not 

taken, vieuai estimates of develppment indicate that, over a 

time period of 14 days, increase in size occurred slowly from 

juvenile to adu1t stage. COntrol experime?ts (without, Rhizobia) 

failed to support nematode growth. 

, . . ... 
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Table 1.- Developmenta of two isolates of Rhabditis and 'one of Chiloplacus on three 
~ species of Rhizobium cu1tured on modified oifco Nutrient Agar 

, 
Rhabditis sp. Chi1op1acus sp. 

" 
Isolate Rla Iso~ate R

2 
Rhizobium spp. Time (days) Time (days) Time ,(days) 

- 2 3 4 ~ 8 14 2- 3 4 6 8 14 1 3 5 9 Il 

R. Ehaseoli + + + ++ ++ ++++b + + + + + ++ + ++ ++ +++ ++++b 

R. trifolii + + + ++ ++ ++++b + + + ++ ++ +++ d 

R. -- lequmi~osarum + + + ++ +++ ++++b + + ++ ++ +++ ++++b d 

Control + + + + t"..- +c + + + +< + +c + + + 
(No Rhizobium) 

a w 

+ - very small, ++ = small, +++ = medium, ++~+ = large (adult) 

bAlthOugh adu1t stage had been reached, egg deposition did not occur. 

cJuveniles were alive and active after Il and 14 days. 

~ata not taken for these bacteria due to insufficient nurnber of Chiloplacus eggs. 

_. 
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There appeared to be little différence in growth rate 

between nematode species on the different Rhizobium isolates. 

Chiloplacus sp., although a much îarger nematode than the two 

isolates of Rhabditis, demonstrated a similar development rate. 

Isolate R2 of Rhabditis sp. appeared to grow more slowly on , 
~. phaseoli than on ~. trifolii or~. l~%~inosarum. This may 

have been due to a sm~ller amount of ba~terial l~oculum nf R. 

phaseoli than the other species. 

Periodic phase contrast microscopie exarnination of the 

Rhizobium spp. during growth of the nematodes revealed the 

presenc. of a mixture of normal rod-shaped Rhizobium cells and 

much larger Y, star and oval bacteroid forms. The bacteroid 

forms, which predominated the total bacterial grewth, have been 

found to be affected by the kind of medium on which the Rhizo-

bium species are grown (Jordan and Coulter, 1965).' It can be 

assumed, therefore, that the nematodes were able to feed and 

grow on these bacteroid cells of Rhizobium. 

(ii) Experiment Two 

Th~bjective of this experiment was to determine whether 

Rh~zobium spp. would support the growth and development Qf the 

R2 isolate of Rhabdi tis sp,' te the egg laying stage. Rhizàbium 

spp., the sarne a8 ~ Experiment One, were streaked onto plates 

of modified CRMA and 10 tp 20 surface sterilized e9gs were 
. 

transferred ta each plate. AIl cultures were incubated at 24oC. 

The, plates were examined every three days for nematode develop-
~. , 

ment and presence of 89gs. The results are summarized in Table 2. 

-
\ . 
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The data presented in Table 2 indicate that different 
/ 

species of Rhizobium, grown on modified CRMA, support nematode 

growth a'nd deposition of eggs by the Rhabditis sp. (i~ùlate R2 ); 

Initia1ly, a few eggs were deposited at 12 days. This 

was followèd by rapid egg production whièh continued for several 

days. It should be pointed out that due to the variation in 

maturation rate of individual nematodes, egg formation took 

place over an extended peri0d of time, al though i t wa's possible 

to detect an initial "burst" in egg formation and deposition., 

Different Rhizobium spp. did not influence ,the time of ~gg 

deposition. 

As soon as egg hatch occurred, the juveniles moved guickly 

to the~9~rial mass and ,began feeding on the periphery of f'" 

the colony. Feeding in this position continued for sev~ral 

days until the nematodes had grown to the small size stage (++). 

The la~ger juveniles then mov~d into the bacterial mass, re-
l, 

maining there for several days at a time. This was mo~t likel! 

due to th~ drying out of the agar medium surrounding the moist 

bacterial growth. 

Following egg hatch in the.cont~Ol·treatment{ juvenilea 

moved tando~ly over the plate, anq, aIt~ough not growing in size, 

they continued ~o be active until the experiment was terrninated 

at the twenty-tirst day. Although several juveniles died 

:before 21 days e1agsed, the majority were actively moving but 

at a much slower ~ate 4han when ~he experiment~.initiated. 
\ .' 
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Table 2. Bffect of Rhizobium spp.' on nematode growth and egg production 
. by the R2 lsolate of, Rhabdi tis sp. 

! . .phaseo1i R. trifolii R. le2uminosarum 

"HIle MeJD&todeA Eqg Nema~ode a Egg Nematode a Egg 
(deys) Growth Deposition Growth Deposition Gr~th ,Deposition 

, ~ 
3 + + + 

6 ++ ++ ++ 
. 

9 ++to+++ ~ ++to+++ ++to+++ 

f 
12 ++++ +b +++ +b '+++ 

15 ++++ .+c ++++ +c ++++' 

18 ++++ + ++++ + ++.+-+ .' 
21 ++++ 't ' .. ++++ + ++++ 

\: 6 

A+ _ v~ry-small, ++ = small, +++ :'mêdium, ++++ =' large (adult) 

bAfter 12-days, few eggs were deposited. 

~g deposition now rapide 

dJuveniles a1ive and active after 21 'days. 

.. 
.-

+b 

+c 

+ 

+, 
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Control 

Nematode a Egg 
Growth 

+ 

+ 

+ 

+ 

+ 

+ 

+d 

Deposition 
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2. Feeding and Multiplication of 
'. Saprozoic Nematodes on Boil Yeasts 

.Despite the enormous effort in the exploitation of ... 

aD 

.. 
yeasts for industrial purp~es, and the concomitant increase in 

. 
know1edge, ver~ little i5 known about the role of yeasts in 

"-the ecology of microorganisms of the soil. Among the few 

studiés that have been compl~ted, techniques for isolation of 

yeasts from soil have been developed (di Menna, 1957; Miller 

and Webb, 1954; Carmo Sousa, 1969) and yeasns from certain 
\ 

plant rhizospheres have been identified (Babeva and Saveleva, 

1963: Babeva and Bêlyanin,. 1966; 'L'Bat and Priee, 19t"L9). Since 

it ie known that: (1) yeast çells a~e often as large as fungal 
, 

spores, ~) saprozoic nematodes such as Rhabditis sp. are found 

in plant ~zospherèa and (3) saprozoic nematode~ can ingest 

"funqa1 spores, (Jensen, 1967; .1ensen and Siemer, 1969), exper

iments ~ere designed to de termine whether saprozoic nematodes 

• 

could grow and deve10p on sail yeasts and whether these members' 
.. 

of the soi1 rhizosphere microflor~ would ~upport nematode egg 

formation. The only experiment found in the literature was an 
" 

-investigation by McCoy (1929) who used several bacteria and a 

single yeast, Torula rosea, in determininq whether larvae of 
, , 

Ançyloatamum caninum, an animal'parasitie nematoâe, woul4 be 
i 

adequately supplied nutritionally. The experiment was negative 

vith the yeast. 

q. 
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a. Methods and Materials 

(i) Culture of Yeasts 

The following yeasts were obtained from the Department 

of.. ,Microbiology, Macdonald College,. S'te. Ann.e de Bellevue, Quebec: 

Candida ~ycoderma, Lodder and,Kreger-van Rij; Hansenul~schrleggi, 

(Weber) Wickerham; Rhodotorula pallid~ Lodder; Saccharomyces 

cerevisiae, Hansen; and Torulopsis magnoliael Lodder and Kreger

van Rij. Cultur'es Wfi'!re maintained at 40 C on slants of Difco 

Malt Agar, with transfer being made to fresh media every month. 
, 

In order to observe the feeding habits and development 

of saprozoic nematodes on the different yeasts, a form of 

Wickerham 1 S m.edium was used (Wickerham, 1951),. The medium 

contained glucose, 10 g/1; malt extract', 3 g/l; yeast extrilct~ 

3 g/l; peptone, 5 g/1; agar, 20 g/1; apd disti1led water., ItOOO ml .. 

"(ii) Saprozoic Nematodes 
, 

The R2 iso~ate of Rhabditls Bp. was used throughout the 

studie9 with yeasts. Methods of egg coldection, surface steril-

ization, transfer to yeast cultures, incubation and s'tereomicro-

scopic observatio~ were the same as those used in the prevtous 

stydies invo1ving bacteria. 

" 

b. Rellults, 

(i) Experiment One 

This experiment dealt wlth the qrowth ~nd develop.e~b of 

,Rhabditis sp. (leolate R2) on several speeies of y~ast •• 

• . 
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1 -,' 
Approximately four to five eggs wer~~~ced near eacq colony of 

yeast, using aseptiç technique. Observations were made at \ 
three day intervals over a twelve day period. The experiment 

was terminated after twelve days due to the excessively dense 

growth of t~e yeasts which made observation of nematode size 
1 

and movement difficult. The results are summarized in Table 3. 

The data indicate that isolate R2 of R~abditis sp. is 

capable of con~uming living cells of five diff.erent yeasts and 
'\ . 

of developing rapidly to the medium-large stage, 'prior to 

bec6ming adult size. Rhodotorula pallida appeared to support 

the most rapid growt~ of the nematode in the e~rly stages of 

development. Growth and development on Sacèharomyoes cerevisiae . 
was slower than on other yeasts. This was due llIainly to the 

1 

difficulty with which the juveniles fed on the large cella of 

this yeast. Egg deposition was not obser~ed. 

(ii) Experiment Two 

Following th~e above demonstrated evidence tha~ a'saprozotc 
. 

nematode can utilize yeast cells and develop through the first 
, 

thre'e juvenile stages (Table 3), it was decided to determine , 

whether such development would continue to the adult egg-layirg 

stage. 

In order,to observe clearly the growth and .d~velopment 

of the nematodes in the yeaat colonies, a further modification~ 

" of thê'above medium vas empl~Yéd. The fOllowing concentrations 

------ -
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Table 3. Development\ of Rhabditis sp. (~solate R ) on 
,\ five yeasts cultured on mod;'fied Wickerhim' s Agar 

,"f 
\ 

\.. 
, 

Time in Days 

\ 
Yeast 3 6 9 12 

" c'andida mycoderrna + + ++ +++ 

Hansenu1a schneggi + + ++ +++ 

Rhodotoru1a pall&da + ++ +++ +++ \ 

Saccharom:ices cerevisiae + '+ ++ ++ 

'" Torulopsis magnoliae ' -+: + +++ +++ 
"l"'" 

Control (No 'Yeast) + + + +b 

a+ ... very small, ++ "" ·small, +++ : medium', ++++ ... larqe (adult) 

b " Juveniles were alive and active after 12 days. 

'l 
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( 

were used: glucose, 250 mg/li agar, 20 g/l and distil1ed water, 
1 

1,000 ml. This much-diluted modification of the standard 

medium devised by Wickerham, was found idea1 for allowing a 

slower, controlled growth of the yeast isolates. Excellent 

light transmission, e'nabling rapid location of feeding nematodes 

"" in the yeast colonies, was a1so obtai~d using~this modified 

medium. 

Experimental methods and procedures were the same as 

in the above experiment, with the exception that approximately 

twenty e9g~ were added to each colony of yeast. Six replicat,s 

were used. The experiment was completed after twenty-one days. 

T~e resul~s are compiled in Table 4. 

From the data shown in Table 4, it can be seen that aIl . 
yeast species supported the development of a Rhabditis sp. 

(isolate R2 ) to the egg laying stage. Generally, eggs were laid 

in small ntimbers after 15 dàys, with rapid production occurring 

on and after day 18. 

Althoug~~e init~al numbe~ was sma!l, egg formation 
- '. 

and deposition occurred earlier on ,çolonies of Rhodotorula 
, il 

pallida than on anY'other Y~ast. ~ematode growth and maturation 
"1 

was also more rapid on ~. pallida. 

AlI growth phenomena, including molti~g and egg formation 

and liberatioh, appeared to be retarded by Saccharomyces ~

vie~ae. ~t is Most likely that the delay was caused by the 

greater length of time required for the juveniles to seek out 
,À 

the smaller, more easily ingeated cella of !. cerevisiae. • 

( 
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Table 4. Effect of different yeasts on development and egg deposition 
of a~abditis sp. (isolate R2 ) 

, -', 

. 
/' 

Nematode ..... Time in Days 
Yeast Developmènt 3 6 9 -l} 15 18 

Candida mycoderma Nematode Growtha + :++ +++ +++ ++++ i-+++ 

Egg D~PositionMt 
~" 

+ + 

Hansenula schne~ 
r a 

J Nematode Growth + + ++ +++ ++++ +++,+ 

Egg Depositionb : + + 

Rhodotorula pallida ~ematode GrowthÛ 
+ ++ +++ ++++ ++.++ ++++ 

Egg Deposition _. 
""': " 

b + + + 
T , 

sacch~r~~ê~,' ' Nematode Growtha + +- ++ ++ +++ +++ 
cer~sl.ae 

Egg Depositi~nb ~ r: . 

Torulopsis magnoliae Nematode Growtha + + ++ +++ ++++ ++++ 

Egg Depositionb + + 

Control (No yeast) Nematode Growtha + + + + + + 

'Egg Depositionb -, . -
a ' ,; 

+ = very smalt, ++ = smalt, +++ = medium, ++++ = large (adult) _ • 
b = no egg produc~ion, + = eggs produced. c 
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A comparison of Table 4 and Table 2 shows that 
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Rhizobium spp. are better nùtrltive sources than certain soi1 

yeasts~ in supporting the growth of saprozoic nematodes. 

3. Effect of Saprozoic Nematodes on the Transfer 
of Gells of R. phaseoli ipto the Root Zone of Beans 

Although recent research on the bio10g~ of saprozoic 

nematodes has shown that a variety of microorganisms, includi~g. 

bacteria (Dougherty and Ca1houn, 1948: Dougherty, 1960), funga1 

spores (Jensen, 1967; Jensen and Siemer, 1969), mycop1asma 
... 

(Jensen and Stevens, 1969), actinomycetes (Jensen and Gilmore, 

1968) and a1gae'(Nie1sen, 1949b) are used as food substrates, 

it is genera1ly agreed that bacteria comprise the major component 

of their diet (McCoy,ll929; Nie1sen, 1949b Nicholas and '. 

Jantunen, 1966: and Sohlenius; 1968). 

Because of their bacterial food preferencés and inv~luntary 

movement-in the medium in which they are suspended, saprozoic 

nematodes are capable of conveying bacteria1 cal1s short 

distances. This may be easily observed in tne 1aboratory. 

When feeding on colonies of bacteria cu1tured on nutrient agar, 

the nematodes coat their bodies with bacteria1 ce1ls, and in 

subsequent migra tory movements to unco10nized areas on the 

medium, these cells are d.eposited at vaiious points where'they 

can he recognized by the appearance of' colonies. In this way, , 
the bacteria are moved fram one ~ubstrate site to another. 

---~ 

-----
------- -~-
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In eonsiderin~ the ecology of sail microorganisms in 

general, and in particuIar, the distribution of Rhizobium, the 

question arises of the raIe of baeterial feedin~ nematodes in 

the transport of Rhizobium from one mierohabitaè ta another. 

'" Can saprozoie nematodes, ei ther through ingestion and passage, 

through the digestive system, or by contamination of the outer 

euticle, convey viable cells of Rhizobium phaseoli into the 

root zone (rhizosphere). of beans from a non-rhizosphere area? 

A number of experiments, based on .the, presence or absence of 

nodules on bean roots, ~ere devised to determirie whether nema-

• 

todes of Rhabditis sp. (isolate R2), Chiioplacus sp. or Cehpalobus 
, 

sp., could transfer R. phaseoli in the above manner. 

• • a. Exper1ment One 

The purpose of this preliminary experiment was to determine 

the migratory ability of Rhabditis sp. through a c~lindrieal 

eolumn of soil. 

(i) Methods and Materials )/r 

Rhabditis sp. (isolat~ ft 2") was reared on a mixture of soil 
( .. ---

bacteria gro~ on m~iêd Difeo Nutrient Agar. After severai 

days a large population o~ nematodes had developed. The agar 

was then cut into smali sections and transferred to Baermann 

funnels for nematode extraètion. After 24 hours the nematodes 

were drawn off and wa~hed several 'ti.es in sterile water using 

a amall laboratory centrifuge. This wAa,done to r~ve the 



1 

large population of bacteria 1n the extracti~g fluid. After 
( \ 
wash~ng, the nematodes ~ere çoncentrated in two ml of sterile 

distilled water. 
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The soil used in this experiment was an air dried sandy' 
.. ' 

loam passed through a sieve of United States Standard (USS) 
, 
\ 

nurnber 10 mesh. The soil was transferred to five glass tubes 

(2 cm diam,ter x 7.5 cm length) and filled to a depth of 5 cm. 

Th~ tubes were then stoppered wit~ absorbent cotton, covered 

with aluminurn foil and autoclaved in a vertical position at 

lOl.3kPa (15 lb/in2 ) f~~~?~~. The moisture holding 

cApacity (m.h.c.) of the soil was deterrni~d to be 58%. 

Steri1e'water was added, after the soil in th~ tubes had cooled, 

to givè the soil a moisture content of 60% of i~s m.h.c. The 
'Y 

tubes were 1eft for 2 hours to allow for moisture ~quilibration. 

One drop of the previously prepared Rhabditis àp. " . 
suspension, containing 100 to 200 nematodes per drop, was then 

added to the surface of the soil in each tube. The inocu~ated 

soi1 columns were incubated at rOQm tèmperatclre for?periods ~f 
\ 

12, 24, 36, 48, and 60 hours. At each time'period, one 'tube 

was selected at random and, using a clean spatula, "the soil: 

column removed carefully in 12.5 mm portions. taèh port-ion was 

transferred to a Baermann funnel and the number of nematodes 

determined usinq a Wild M-S stereomicroscope. Counting was 

faci1itated by use of a plastic disposab1e Petri dish ~12 x 50 

mm), with a grid etched intQ the underside of the dish .. In 

.... " 

\. 

J 
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,view of the preliminary nature of this experiment the data 
\ 

were not sUbjected to statistical analysis. 

(ii) Resul ts 
1 

A summarization of the results' of the above'experiment 

.is found in Table 5. 
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Although the number of nematodes deposited on each soil 

column varied greatly, it is neverthelèss evident from the data 

in Table 5, that Rhabditis sp. (isolate R2) is capable of moving 

through a 5 cm column of soil. The depth of the soil had a 

profound effect on the numbers of nematodes migrati~g into the 

deeper parts of the column. Very few nematodes were isolated 
l' 

in the bottom portion. It is clear that the nematodes pr~ferred 

to remain near the top of the soi~ tube. This was probably due 

to more favorable oxygen conditions, as it is known that 

Rhabditis sp. have an unusually high oxygen requirement (Nicholas 

and Jantunen, 1966). Longer incubation periods did not alter 

the above noted migra tory pattern • ., 

Table 5. Migration of Rhabditis sp. 
loam soil 

\ 

(isolate R2) in a sandy 

Sect',ion of Soil Number of Nematodes Per Extracted Sample 
Column Sampled Time in Hours 

12 24 ' 36 48 60 

Top Pdrtion 
(Inoculated) 105 1~7 106 66 56 

'1> 

Second Portion 51 18 Il /39 30 

Third Portion 42 4( 3 Il 43 

Bottom Portion 30 16 6 8 15 

\ 
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b. Experiment Two 
cl 

In view of the resul.ts fram experimen t one, in which i t 

was sh6wn that a.saprozoic nematode could migrate through a 5 

cm soil.zone, an experiment was conducted to determine whether 

cells of Rhizobium phaseoli could be tra~sported through the 

soil into, the rhizosphere of beans. 

(i) Methods and Materials 

The nematode used for this experiment was a Chiloplacus 

sp. Large populations were reared on a pure culture of 

Escherichia coli (Migula) Castellani and Chalmers cultured ort' 

modified Difco Nutrient Agar. The method by which the Chiloplacus 

sp. was cultured on R. phaseoli will be described later in this 

experiment. 

The culture method for ~. phaseoli was the same as that 

used in the feeding and multiplication experiments in section one. 

Phaseolus vulgaris seed preparation (cultivar, Pencil Pod) 

consisted of soaking the seeds in tap water for 6 hours, surface 

sterilization in 0.1% HgCl 2 for S minutes and three rinses,in 

sterile water. Seeds were th en transferred ta Petri plates of 
. 

CRMA for germination. E~ination was made for contarninating 

microorganlsms. Upon emergence of the radicle, the germinated -
seeds were placed in a refrigerator (SoC) to slow down grpwth, 

unti1 required in the·experiment. 

In order to provide a sterile environment for bean root 

growth a special apparatus was used (Figure 1). The apparatus 

consisted of a 12cm wide-mouth glass batt1e enc10sed by a thick 

.' 
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layer of cotton covered on both s1des by fibreglass screening 

and held together by staples. The cqver, flrmly attached to 

the bottle by a strong elastic band, contained two circular , 
~ 

openings, each large enough to permit the fitting of two cotton~ 

plugged glass tubes (18 mm diameter. x 60 mm length). One tube 

served for the addition of inoculum (inoculation tube), the 

other for containing the rapidly growing bean seedling 

(planting tube). 

Approximately 620 grams of a sandy l~m soi1 were weighed 
~ 

and transferred to each bottle. The m.h.c. was determined to 

be 68%. The soi1 moisture content was adjusted to 60~of the 

m.h.c. by addition of distilled water. Each container was then 

assembled, the coYer with fitted ,inoculation and planting tubes 

firmly attached, and the entire unit left 2 hours for soil 

moisutre equilibration. Vermiculite was added to the planting 

tube to a depth of approximately 2 cm and moistened lightly. 

The assembled units were then autoclaved for 2 hours at 101.3 

kPa. When cool the pH of the autoclaved soil was determined 

to be 6.2, using a Beckman pH meter. 

The units were then placed in an ultraviolet transfer 

chamber. Freshly germinated, microbial - free bean seege, 

• with radicle lengths of 1 to 2 cm were then inserted into the 

planting tube with the radicle immersed iA the ve~iculite 
c 

layér. A small piece of water soaked, sterilized cotton was 

then placed immediately over the upper protruding seed surface 

in order to prevent rapid drying of the, seed coat and subsequen. -abortive expansion of the cotyledons. The units were kept in 

\ 

\ 
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the laboratory until aIl seedlings had emerged<through the 
o 

planting tube. As each seedling cqntacted and pu shed off the 

cotton plug 'at the top of the planting tube, a ffesh piece of 

sterile cotton was fitted ev.~nly and firmly)around the elon-

gating hypocotyl. This was done to prevent microbial contam-

ination of the root system. Upon emergence of the terminal 

leaf1ets from the planting tube, aIl units were wrapped with 

aluminum foil to keep light f~orn the roots, and placed in a 

93 

greenhouse. At variaus times during the experiment soil moisture 
" 

det~nations were made by,removing the aluminum fail and 

visua1ly examining the roats and soil. When required, sterile 
~, 

wa~er'was added through the planting tube, never through the 

inoculation tube. 

The treatments in this expe~iment were as follows: 

1. Uninocu1ated control 

2. Chi10placus sp. cu1tured on soil bacteria 

3. ~~ phase91i ' 

4. Chi10placus sp. cu1tured on ! . .phaseoli 

In trèatment two, approximately 1,000 ~hi1oplacus sp. were 

added ta each inoculation tube, in 0 .. 5 ml of sterile water: 

In treatment three, 0.5 ml of an R. phaseo1i suspensio~ 

(5 loops from an ~. ph~8eoli colony in 1.0 ml of sterile water 

in a small culture tube) was added ta the inoculation tube, 

usinga l'ml pipette. 

In ~reatm.~t four, approximately 1,0~ Chiloplacus sp., 

previoualy cultured f~r three days on CRMA plates of R. p~aseoli' 

and ~~trifuge-wa8h.d five timea in sterile ~ater, were added , .. 
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to ~ach inoculation tube in 0.5 ml of ste~ile water. 

Upon completion of the treatments, each of which was 

replicated six times, aIl units were arranged randomly on a 

greenhouse bench. The~temperature of the soil within each 

unit varied fram lB to 24oC. In addition to normal daylight" 

the plants received approximately 13,000 to 16,000 lx (t,200 

ta 1,500 foot candIes) of artificial illumination for sixteen 

hours per day. The plants were allowed to grow for 24 days, 

after which they were carefully removed from the glass jars 

and the roota washed. Nodule counts were then made to deter

mine whether a sapro~oic nematode could transport cells of 

R. phaseoli fram a non-root zone of soi1 into the rhizosphere 

of beans. 

The data of this experiment,<and, where appropriate, in 

subsequent experi~ents as weIl, were analyzed by the ahalysis 

df vari~nce according to a randomized complete block design 

(Snedecor and Cochran, 1967). In thoae cases where such 

analyses indica~ed a significant treatment effect to exist, 

Scheffe" s Test (Snèdec~r and Cochran, 1961) waa employed to 
. 

diacriminate between individual treatment differences. 
~~ , " 

(ii) Resulta 

o , The reaults of thi. experiment are summarized in Table 6. 
~ 
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Table <6. The effect of Chiloplacus'~n the rnovement of 
R. phaseoli into the rhizosphere of beans 

Number of Nodules per 
Replicate 

Treatment 1 2 3.",4 

1. Uninoculated control ' Q 0 

2. Chiloplacus sp. cultured 0 ~O 

on soil bacteria 
3. !. phaseoli 3 4 

4. Chiloplacus sp. cultured 13 2 
on R. phaseoli 

o 

o 

a 

a 

o 

o 

8 

o 

Plant' 

5 6 

o 0 

o 0 

o 0 

o 13 

Total Average 

o 

o 

15 

28 

IAny two means in a column with the sarne superscript are not 
significantly different (P~ 0.05). 

In preliminary tests, using autoclaved soil in 10 cm cray 

pots, control plants frequently becarne nodulated. Despite the 

use of autoclaved water and careful watering procedures, the 

appearance of nodules on control plants persisted. From the 

data in Table 6, it is clear tha~, using the apparatus shown 

in Figure l, contamination by !. phaseoli was prevented. 

The ability of Chiloplacus sp. to çarry ~. phase?li cells 

through a soil medium and lnto the rhizosphere of\Phaseolus 

" vulgaris is supportéd by the data in Table 6: However, the 

results are somewhat confuSèd by the appearance of nodules ,on 

plants in whfch only 0.5 ml of an R. phaseoli suspension was 

added to the inoculation tube. From thia it can be inferred 

that either motilé R. phaeeoli cells moved Along water films 

.. -, 
~' 
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on soil particles to plant 'roots, or that a portion of the bean 

root,system gxew very close to the inoculation tube. Although 

differences between treatment rneans were not significant 

(Appendix Table 1), mQre nodules formed on plants treated with 

Rhizobium-fed Chiloplaçus Spa than Rhizobium alone. This suggests 

that, under the conditions of this ~xperirnent, Chiloplacus Spa 

does pla~ a role, perhaps minimal~ in the movernent of this 

biologically important bacterium through the soil. 

c. Experiment Three 

Because of the above apparent, but somewhat inconclusive 

evidence, that a saprozoic nematode can convey Rhizobium cells 
1 _ 

in sail to"a legume host, it was decided to repeat the experiment 

u'sing similazl treatments but greatly modifying thé apparatus, 

rooting medium and form of plant~ It was hoped that by elimin-

ating the periodic addition of water to the root system, the 

unwanted movem~nt of ~. phaseoli would be arresbed. Therefore, 

the true role of saprozoic nematodes in relation ta passage of 

bacterial cells in a particulate medium could be determined. 
4 

Accordingly, a technique of growing excised, nodule , 

forming bean roots was used. Originally devised by Raggio a~ 
Raggio (1956) and later modified 'by Bunting and Horrocks (1964) 

and Car~wright (1967), this method provided an adequate nutrient

moisture environment ,for the sUccessful growth and nodulation 

of iaolatad'roots. A description of the above téchnique, plus 

nec8ssary modifications, ia outlined bélow'. 
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(i) Methods and Materials 

Excised roots were obtained from surface sterilized and 

germinated seeds of PhaSeolus vltlgaris cultivar, :,Pencil Pod' 

black wax bean. Upon emergence of the radicle the seedlings 

were transferred aseptically to culture tubes (150 x 18 mm) of 

sterile moist vermiculite closed with polypropylene Bacti -

Capall's (from Fisher Scientific Co., Montreal). The moist 

vermiculite proved superior to soil or perlite in al10wing 

straight, rapid, primary root elongation. The length of the 

rapidly growing root was easily determined by observing the 

growing radicle as it moved down the side of the tube. When 

the roots had reached a length of six t9 eight éentimetres, the 

,tubes were ~efrigerated until the roots were required for 

excising. 

Dry silica sand was used as the'rooting medium. One 

hundred and seventy grams of si1ica sand "Number 24 (coarse 

grain) were placed in each of twenty-foUr 250 ml Er1enmeyer 

flasks. Onto this was 1ayered 20 9 of Number 8 silica' sand 

(see Fig. 2). Each flask was wrapped with aluminum foil and 

oven steri1ized for 4 hours at l750C. 

When doo1, an "inorganic" nutrient solution, similar to 

tnat used by Cartwright (1967), was added to the si1ica sand. 

The composition of the medium used was as fol1ows: caco
3

, 

3.0 9/1~ MgS0 4 '7H20, 700 mg/l~ Na2S0
4

, 200 mg/11 XCI, 185 mg/1; 

KR2P04' 2~0 mq/l; XI, 0.75 ~/~J FeCI3 °6H20, 2.50 ~ B3B03' 

1.86 mg/l; MnS0 4 "4B20, 2.25 mg/l, CuS0 4 -S B20, O"2~ mg/11 
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ZQS04'7H20, 0.25 mg/l; NaMo0 4 , 0.25 mg/li and distilled water 

to 1,000 ml. The pH of tge medium was determin~d ta be 7.6. 

After preparation, 20 ml of this mineral-salt solution was 

~ip'etted to each vessel and left for three hours ta allow for 

equilibration with the silica sand particles. 

An inoculation tube (diameter 10 mm, length 20 mm) was 

gently inserted a small distance into the maist layer of No. 24 

sand by carefully removing a small area of the ,coarse No. 8 
\ 

layer. The tube was placed immediately adjacent ta the wall 

of the flask. A rubber stopper, previously fitted with two 
.... 

cotton plugged glass tubes (diameter 4 mm, length 40 mm) and a 

glass vial (diame~er 15, length 45 mm), was attached as shown 

in Figure 2. The intact units were then autoclaved for 30 

minutes at 101.3kPa. 

After autoclaving, the sterile units were transferred 

to an ultraviolet transfer chamber. The rubber stoppers were 

'r~aveŒ, inverted, and carefully placed anto the rim of the 
) 

neck of the 250 ml Erlenmeyer flasks. Into each vial, now in 

an upright position, was poured a melted and cooled "organic rt 

agar medium. Each vial was compietely filled. Contained in 

thj.s medium were the following chemicals: sucrase, '100 g/l; 

inositol, 1.0 g/l; niootinic acid, 10 mg/li pyridoxine, 2 mg/Ir . 
thiamine, 2 mg/l; agar 10 g/1 and distilled water ta 1,000 ml 

(Cartwright, 1967). Nicotinic acid required heating to 5ÔoC 

in arder to dissplve the crystal~. When prepared, the organic 

J> 
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Fiqure 2. Di.gr .. of apparatua fO~iràWin9' exC .. ised roots 
of haanBo. • 
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agar medium was sterilized in cotton stoppered, 250 ml 
j 

100 

Erlenmeyer flasks, by autocl~~ing for 15 minutes at lOl.3kPa. 

As the meltted agar in ·each. vial was solidifying, the bean 

roots were ex'cised. This was donè in the sterile environment 

of the trans.fer chamber, using a sharp, sterile scalpel blade. 
- .., 

The bean roots, prepared as above, were carefully removed from 

each tube, excess 'vermiculite gently brushed off, and the root 

plus a segment (approximately 10 mm) of hypocotyl tissue excised. 

Hypocotyl tissue was included as part of the expIant beçause 

Bunting and Horrocks (1964) found that this tissue promoted _ 

• greater nodule formation on excised roots of Phaseolus vulgarise 

Using sterile forbeps, the freshly cut end of each dissected 

root was inserted ten to fifteen rnillimetres into the solidified 

organic agar medium. The stopper was then replaced 50 that the 

root contacted the surface of the moistened silica sand medium. 
; 

If the root was very long, and in danger of,breaking as it 

struck the surface of the silica sand, a thin groove was scraped 

in the sand uSLng a sterile glass rod. The root tip was then 

!nserted into this groove. 

The treatrnents were as follows: 

l. Uninoculat~ control 

2. Rhabdi tis Isp. cultured on E. coli 

3. R. Ehaseoli 

4. Rhabditis sp • cultured on !. Eh.seoli 

. Treatment one consisted of exeised roots and a drop of 

sterile water in each inoculation tUbe. 



, 

r 

101 

In treatment two, a drop of sterile water containing 600 
'\ 

Rhabditis sp. (isolate R2 ) cultured on !. coli, was added to 
" 

each inoculation tube. The details of nematode preparation 

were the same as those outlined ab ove for Chiloplacus sp. 

Treatmênt three consisted of a drop of R. phaseoli 

previously cultured on slants of CRMA. A suspension was made 

by adding five ml of sterile distilled water to a rubber 

stoppered agar slant culture tube.and shaking violently several 

times 50 as to dislodge and evenly suspend the mucilaginous 

rhizobial growth. 

Treatment four consisted of a drop of sterile water 

containing appro~imately 600 Rhabditis sp. (isolate R
2

) cultured 

on ~. phaseoli and prepared for inoculation as described pre

viously for Chiloplacus sp. 

In aIl treatrnents, ,the inoculum was placed directly into 

the sm?ll inoculation tube slightly embedded in the 51lica 

aan~~1 eàch container. 

Each treatment was replicated six times. AlI units were 

incubated at 240 C in a dark incubator for twenty-five days. 

After this time, the roots were removed carefully fram the sandy 

medium, washed, and the)number 0: nodules counted. 

(ii) Reaul ts 

In this experiment, under controlled conditions of moisture 

and temperature, the role of a aaprozoic, bacterial feeding 

; 
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nematode in transporting viable cells of Rhizobium 'was detef

mined. The results are summarized în Table 7. 

In comparison with the results of experiment two, in 

Table 6, the data in Table 7 are almost identical. Despite the 
\ 

more exacting conditions of moisture balance and temperature, 

cells of ~. phaseoli, without the aid of nematndes, contacted 

and formed nodules on the growing excised foots. Although the , 
" motility of this bacterium may have been primarily responsible 

for the movement of the cells towards the exciSed roots, it 

is also possible that the cells remained in the immediate 

vicinity of the inoculation tube while the rapidly growing an~ 

branchi~g roots moved near the inoculation 'tube, thereby 

facilitating contact between the two organisms. 

~ 
Table 7. The effect of Rhabditis on the movement of R. phaseoli 

into the rhizoaphere of ,excised bean roots 

1-

t. 

3. 

4. 

. , 

Treatment 

Uninoculated control 

Rhabditis sp. 
cultured on !. coli ..... 

~ 

R. 2haseoli 

Rhabditie sp. 

Number of Nodules per Root 

Re~licate 
1 2 3 4 5 ,6 Total Average 

o 

o 

o 

o 

o 

l 

o o o 

o o 
2 o 23 

o 

o 

o 

o 

o 

26 

o 

o 

4.3 

cultured on R. 2has801i l 17 o o o 10 28 4.7 

) 

", 

Il 
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There was very little difference between roots treated with 

~. phaseoli and those treated with RhizoQiurn-fed Rhabditis sp., 

indicating that, under the conditions of this experiment, 

Rhabditis sp. was not effective in transmitting cells of ~. 

phaseoli into the root zone of Phaseolus vulgaris. Because of 

this the data were not analyzed statistically. 

Growth and development of the excised roots was rapid. 

Numerous, thin, white rootlets were produced immediately below 

the agar-immersed root segment. Many of these roots did not 

" contact the silica sand below, an?, in treatments where ~. 

phaseoli was present, nodules were never formed on these aerial 

rootle~s. Roots that contacted the silica sand were able to 

p~netrate and utilize the nutrients available. This was 

especially so for the main root which was usually seen emerging 

through the sand at the bottom of the flask. 

In aIl treatments (including the uninOculated controls), 

the inserted hypocotyl portion of the root frequently became 

necrotic toward the end of the experiment. Only rarely did 

this browninqspread to the rootlets below. There was no 

appar\nt correlation betw~en root browning and age of the 

roots.~"the ex~riments termination, root tip browning was 

noticeable, but its occurance was variable between treatments. 

INod~le formation à~ared to affect the gro.Jth of the .. 
root8~ In those treatmentB where nodules formed, root growth 

and &evelopment was more extensive than in non-nodulated 

() 
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• root systems of treatments one and two. It should be noted 

that, in comparison with the ~ize of nodules fprmed on foliated 

bean plants, the majority of nodules formed on excised roots 

were small (1.0 to 2.0 mm in diameter). However, many of the 

larger nodules formed on excised roots were pink and had white 

bands around the periphery of the nodule which is characteristic 

of nodules formed by inoculated intact plahts of Phaseolus 

vulgaris. ~though nitrogen fixation was not determined, it 
/'"-

'Î 
may be assumed that this process occurred, since Raggio, Raggio 

and Burris {1959}'demonstrated a positive nitrogen fixing 

ability for nodulated, excised bean roots. This may account ., 
for the above noted difference in root growth between nodulating 

and non-nodulating root systems. 

d. Experiment Four 

It was found in experiment two and three, that because of 

the natural motility of ~. phaseoli and/or the movement of the 

bacterium on films of moisture over sail or silica parti~les, 

sorne roots of Rhizobium treatments were nodulating. This 

occurred despite the initial placement of the rhizobial inoculum 

some distance away, from the growing root system., In each case, 

however, root growth took place in the direction of the inoçu

lation tube. In order ta avoid the occurrence of root nodulation 

in the above manner, the experiment was repeated using a 

different type of vessel and inoculation technique. 
,1 
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(i) Methods and Materials 

Preparation of Pencil Pod bean see~s for germination, 

and later, for root excision, was the sarne as in the experirnent 

outlined above. 

Th~.~ype of vessel used to grow the excised roots was a 

Blake culture bottle (capacity 1,000 ml: dimensions are 273 mm 
~ 

high and 63 mm x 95 mm at outside cross sections). Two hundred 

grarns of dry sil4ca sand, Number 24, was placed into each of 

thirty-two Blake culture vessels. The bottles were then placed 

fIat and the silica evenly distributed. Fifty ml of Cartwrights 

n inorganic" medium was pipetted slowly into each bottle and 

allowed to equilibrate throughout the silica sand over a period 

of three hours. The\bottles were then plugged with cotton ~nd ~ 

autoclaved at 10lT~_~~a. for 30 minutes. Upon cooling, the \ 

autoclaved bottles were placed in a transfer chamber. This ... 
was immediately prior to addition of excised bean roots and 

various treatments. ~utoclaved vials' (diameter, 12 mm: length, 

35 mm) were filled with warrn "organic" agar medium and excised 

roots inserted after the agar solidified. Each vial and'root 

expIant was then carefully placed in a bottle of nutrient 

si1ica sand, with the root tip pointing in the opposite 
" 

direqtion fram the neck of the culture battle (see Fig. 3). 
1 

The vial of orqanic.medi~ rested on the sQrface of the sand 
1 

and thé,' root tip gently contacted, but did not at this time 

penetr~tè, the moistened si1ica sand. Bach culture bottle was 
• 
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then fit~~ ,with an autoc1aved rubber stopper containing a 

sma11 cotton~filled air tube. Details of inocu1um preparation 
/ " 

for the dif~~i~nt treatments will be d:Bcribed below. 

The treatrnents used in this experiment are simi1ar ta 

those in the above experirnent: 

1. Unlnoculated control - 2. Cepialobus.sp. cu1tured on E. coli 

3. !! .. phaseoli, 

4.·~ephalobus sp. cultured on R. phaseoli 

Methods of cUltu,ring Cep~alobus sp. on !. ~ or R. 

phaseoli were the sarne as for 'Rhab~itis sp. in experiment three. 

A"significant éhange, however, was the use of smal1 (10 mm) 

Numb~r~ 2'Whatman ~ilter paper d~CS as inoculation devices. 

Treatment one consisted of excised roots and autoclaved 

'1., 

i~oau1ation discs inserted into the 9i11ca sand behind the vials 

of organic agar. . 
o .' 

Treatment two consisted of excised roots'and inoculation' ! 

qiscs containing 1,000 Cepha10bus sp. previously cultured on 

!.~. The nematodes vere c~ltured, coi1ected in Baermann 

funnels, rinsed in 'steri1e water and concentrated in a small 

volume of water. One drop, containing approximately 1,OQO 
, 

nematod~./;. "waa added to a folded sterile filter paper disc 
, • ~ 1 _ 

'. 

embedded in"an a~tocl .. ~~d .glasa ring. Several drops of 8t~~1-l~ 
.....

diatille6 wate~ were a4ded to the nematQ4ea in order to remove 
" 

axe ••• blSot.rial oella.. Th. moiet in~ulUB diaç waa then 

.. .... 
\ 

1 ; , ... , 
-, 

-p' 

r. ,1f 

" 
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1 
placed on a seqment of qry sterile filter paper to ~emove 

<' ' 

excess water. The inocu1urn di sc was immediately transferred 

to a culture bottle and embedded in a narraw 5lit in the si1ica 

sand, previously made with a sterile needle. 

Treatment three consisted of ~xcised roots and an inocu-

lation dise eontaining a drop of ~. phaseoli. The bacterium 

was grown in a liquid medium on a 1aboratory shaker apparatus: 

The medium contained the fol1owing chemicals: mannitol, 10 g/l; 

yeast extract, 1.0 S/l; K2HP0 4 , 500 mg/li MgS0 4, 200 mg/1; 

NaC1, 10? mg/1; C~CI2' 200 mg/1; and distil1ed water, to 1,000 ml. 

In treatment four, 1,000 Cephalobus sp., eultured on R. 

phaseoli (as described above for Chiloplacus sp.) were prepared 

for filter paper inoculation dïscs as in treatment two of this 

experiment •. 

_ Aseptic methods were used throughout the preparation of 
~ 

nematode and rhizobial inocula, root excisement, and fj(nal 

assembly of the different units. 

AlI treatments, each replicated six times, were randomized 

and placed in a dark incubator at 24°C. The experiment was 

terminated after twenty-sèven days. At this time the rOot .. 
systems wére carefully removed fram each Blake culture bottle 

... 
and the number of nodules determîned. 

(ii) Resulta 

The resulta of thi. experiment are ahawn below in Table 8. 
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Table 8. The effect of cethalOQus on the movement of R. phaseoli 
into the rhizosp ere ~f excised bean roots 

Number of Nodules per Root 

Replicate 

Treatment 1 2 3 4 5 6 Total Averaçe 

l. Uninoculated control 0 0 0 0 0 0 '0 0 
b l 

, 2. ce1halobus sp. 
cu tured on E. coli 0 0 0 0 0 0 0 Ob 

3. R. Ehaseoli 0 0 5 14 4 0 23 3.aab 

~ 

4. CeEhalobus sp: 
cultured on R. Ehaseoli 41 3 4 la 2 6 78 12.3a 

1 • Any two means in a column with the same superscript are not 
significantly different (P 0.05). 

Using the above technique of inoculation and excised root 

cul ture, i t can be seen from the data in 't'able' 8 that nodulation 

of excised roots by~. phaseoli,alone was not,prevented. Through 

self motility or passive flow in films of moisture, cells of R. 

phaseoli were able to'move from the 10 mm inoculati9n dises, • 
, 

plaeed behind the excised root-eontaining vi'al of "organic" agar, 

to sites of nodulation along the roat system. Effective res-

triction of this ~ovement May not be possible in the required 

moist root environment. 

It May be noted, however, that evidence for the transfer 

of rhizobial cells by,saprozoic nematodes, into the rhizosphere 

of legumes, is clearly revealed by the data in Table 8. AlI 

repltcates of treatment four, in which Rhizobium-fed Cephalobus 

Sp. were added to axei •• d bean rcots, formed nodules. 
~ 

'l'his 
, 
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suggests that Cephalobus sp. rnigrated away from the inoculation 

disc toward the growing excised root system, and deposited 

viable cells of ~. phaseoli at nodulation sites along the roots. 

Differences between the ~. phaseoli treatment mean and the 

Cepha10bus sp. plus R. phaseoli treatmen't mean were not significant 

(Appendix Tab~e II). 

4. Influence of Saerozoic Nematodes 
on Nodulation of Beans , 

In section one it was shown that saprozoic nematodes were 

ca~ab1e of feeding on different species of Rhizobium in pure 

culture. In view of this, and sinee it is generally conceded 

that Rhizobium spp. (Alexander, 1961; p.331) and saprozoic 

nemûtodc~ (Dcubcrt, 1959, citad by Katznelson, 1965: Hcnd~rGon 

and Katznelson, 1961i Rouatt et al., 196~re common inhabitants 

of 1egume rhizospheres, it may be assumed t~at, a10ng with other 
.:;. 

baeteria, these saprozoic nematodes are feeding on the ~hizobium 

spp. From the reasoning of Yeates ,(1971), who eommented that 

whi1e Aphelenehus avenae la normally eonsidered a mycophagous 

nematode, it could be termed plant parasitic in situations 

where myçorrhizae are attacked, it is possible to infer that 

, saprozoic nematodes can debilitate legume plant growth through 

the reduction of Rhizobium population levels in soil. Therefore 
\ 

the relationship between saprozoic nematodes'f'uch as Rhabditis 

sp., and Rhizobium sp. raises an important ques~on: can 

Rh~bditis sp., feedinq on a population of R. phaseoli cells in 

the Toot zone of iJèans, alter sign,ificantly the rhizobial 
, t 
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population so that nodulation is affected? In arder ta answer 

this question, experirnents were designed ta deterrnine what 

effect, if any, Rhabditis sp. had on the number of nodules 

formed on beans by ~. phaseoli. 

a. Experi~ent One 

The objective of this experiment was to determine the 

effect of Rhabditis sp. on nodulation of beans grown in stearned 

sail in clay pots. 

(i) Methods and Materials 

A suspension of ~( phaseoli cells was prepared by adding 
-

20 ml of sterile distiiied water to five-day old CRMA slants of 

R. phaseoli ~nd shaking' violently. A five ml suspensi~n was 

used ta inoculate'the appropriate roots of the respective 

treatrnents described below. 

The saprozoic nernatode used in this experirnent was an 

~ndeterrnined species of Rhabditis. Large numbers were prepared 

by culturing the nematodes on unknown bacteria on Corn Meal 

Agar. When sufficient numbers had developed, the'nematodes 

were extracted through Baermann funnels, collected, and washed 

five ttmes in sterile distilled water. Approximately 4,500 
1 

nematodes were pipetted in one ml amoun~s to' each replicate of 

the appropriate treatment. 

The cultivar of bean used was Slendergreen. Seeds were 

soaked in water, surface sterilized in 0.1% HgCl2 for five 

minutes, and after rinsing in sterile water, plated on sterile 
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moist filter paper in Petri dishes. Only normal germinated 
. 

seeds were selected for planting. One seedling was added to 

each of 36 ten cm clay pot~ of steamed sandy 10am soil. 

Steaming was carried out on two successive days, 30 

minutes the first day and 90 minutes the second day. In order 

to remove potential toxic substances formed as a result of the 

steam treatment, the soil was leached with sterile tap water 

three times. The moist soil was left for 4 days on a green-

house bench to dry. 

The treatments were as follaws: 

1. Control 

2: ~ , 
~~~~haseoli 

~ 3. Rhabditis sp. 

4. R. Ehaseoli and Rhabditis sp. 

A depression was made in the soi1 of each pot ~nd the 
, 

inoculum added immediately prior to the seedling. The soil was 

replaced over the seedlings and tamped 'down firmly. Each pot 

was placed on a sterile saucer and randomized on a greenhouse 

be~9h~ Watering was done with sterile tap ~ater. The plants 

were illuminated by sunlight supplemented with 'l5,OOO'lx of 

artificial light for a daylength of 16 hours. The experiment 

was conducted for il weeks, at which time the plants w~re 

harvested and the number of nodules determined. 

(li) Results 

The resulta'of this experiment are summarlzed in Table 9. 
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Al though nodules formed on uninoculated ~ont'l'ol plants, 

and two replicates of the ~. ph~~eoli treatment did not grow, 

the data in Table 9 suggest that Rhabditis sp. m~y reduce the 

population of ~. phaseoli. The number of nodules in plants 

treat,ed wi th ~. phaseoli and Rhabdi tis sp. we,re 32% fewer than 

in those treated with R. phaseoli alone. This data is somewhat 

confusing because of the greater (28%) number of nodules formed 

in the Rhabditis sp. treatment compared to the uninoculated 

"'" control. In this latter case, the nematodes were probably , 
acting to disseminate the rapidly djviding rhizobia, hence a 

greater average number of nodules. Because of the nodulation 

of uninoculated control roots and Rhabditis sp. treated roots, 
Il 

the data were not analyzed statistically. 

'~he appea~ahce of nOdu~es in the uninoculated control 

t~eatment was unexpected: Te~ts were conducted to determine 

whether viable cells of R. Pha~eoli were present in the atmo

sphere and in sail !fter steam treatment~ of the soil. The 
~ 'J, 

results were negative inl aIl tes'ts. 

Bean plant growth was normal, with the produ~tion of 

dark green foliage and bean pods at the termination of the 

experiment. Plant height was variable, but there,was little 

difference between treatments regarding dry weight. 

The number of nematodes was determined when the experiment 

• was compl~ted. In both treatments where Rhabditis sp. was 

added, there was a slight increase in the.number of nematodes 

between inoculation and harvest. The numbers were ndt, 

however, much greater than the initial inoculum, nor were they 

.. , 



• ça 

1 

• 

114 

1 

different be~~een treatments. Tt appears, therefore, that in 

the Rhabditis sp. treatment, bacteria introduced by the nematodes 

multiplied and served as a source of food for the nematodes. 

Table 9. Effect of Rhabditis sp. on nodulation of Slendergreen 
beans by ~. phaseoli 

Replicate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Total 

Average 

Control 

48 

102 

69 

115 

27 

86 

78 

97 

764 
, 

84. 

Treatment 

R. phaseoli 

66 

162 , 

149 

131 

172 

b\ -
120 

1024 

146.3 

Rhabditis sp. 

231 

18 

55 

87 

29 

95 

245 

111 

107 

979 

108.7 

R. phaseoli & 
Rhabditis Spa 

43 

34 

91 

59 

79 

191 
b 

113 

169 

805 

100.6 

~igures represent total nurnber of nodules per plant. 

bPlants failed to 9 ow. ~~ 

b. Experiment Two 

Due to the forma~ion of nodules in the uninoculat~d 
control treatment in the above experiment, it was decidkd to 

eliminate 80il and exp08ed clay pots by U8i~q perlite 1 

.......................................................................... \ 
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and enclosable glass vessels. The objective of thi~experiment, 

therefore, was to de termine the effect of a large population of 

Rhabditis sp. on the nodulation of, beans grown in n'Utrient 

soaked perlite in special 500 ml Erlenmeyer flasks. 

(i) Methods and Materials 

The apparatus used to grow the bean plants was a rubber 

stopper enclosed 500 ml wide-mo~th Erlenmeyer form flask. Each 

of twenty-four flasks was filled with dry perlite and fitted ~ 

with a Number 10 rubber stopper containing an air tube (outside 
" 

diameter 6 mm, 1ength 175 mm), two inoculation tubes (diameter 

6'mID, length 75 mm) and a plantinq tube (diameter 20 mm, length 

75 to 80 mm). The entire length of the air tube was packed 

with non-absorbent cotton. The completed units were autoclaved 

for 15 minutes at 101.3 kPa. Using aseptic technique, 200 ml 

of a sterile nutrient solution (Piper, 1941; Mulder, 1948; 

and Hewitt, 1952) suitable for the growth of legumes, were 

added to each flask. This modified nutrient solution contained 

the following chemicals: K2HP0 4, 200 mg/l; KH2P04~00 

50 mg/l; ferric citra~ ~5. mg/l; MgS04 , 

mg/l; 

250 mg/l; 

caS04 , 250 mg/l: MnS0 4 , 1.0 mg/l; znso 4 , 0.25 mg/l; CuS0 4 , 

0.25 mg/Ir H380 3 , 0.25 mg/l; Na 2Mo0 4 , 0.25 mgll and,distilled 

water to 1,000 ml. - Nitrogen was omitted from the medium. In 

arder to avold precipitation of salts, different components of 
• l 

the medium were autoclaved separately. The phosphates (combined) 

and iron Vére diasolved aeparately in 100 ml of dist!lléd water 
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and autoclaved for 15 minutes at 101.3 kPa. The rest of tli 

chemicals (mainly sulphates) were dissolved in 800 ml of 

distilled water and autoclaved. AlI three groups were combined, 

• using aseptic transfer technique, when the solutions had cooled 

to room temperature. Little precipitation occurred using this 

Methode The final pH value of the nutrient solution was 7.5. 
\. 

Slendergreen bean seeds were water soaked for 5 hours~ 

" surface sterilized in a solution of 0.1% HgC1 2 for 5 minutes, 

rinsed in sterile water and plated on CRMA~ Germinated seedlings 

were selected and transferred, one per flask, ta the planting 

tubes. This was done by detaching the planting tube and 

inserting the seedling until the radicle contacted the moist 

perlite. The planting tube was then replaced and the seedling 

covered with s~erile moist perlite. Each flask vas wrapped 

with aluminum foil and placed in a growth chamber at ~ constant 
) 0 

temperature of 26 C. 

At four to six çays the bean cotyledons had emerged and 

the planting tubes vere filling with the elongating~growth of 
, 

the plants. At this time the units vere returned ta the labor-

atary for inoculum treatments. 

The treatments, each replicated six tim~s, were as follows: 

1. Control 

2. !. ehaseoli 

3. Rhabditis 'sp. 

4. !. phaseoli and Rhabditis sp. 
\ ~ 

ln treatment one, the plantinq tubes were removed and the 

exposed area batv.en the hypoootyl and edqe of the rubber 

. . 
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stopper filled with petroleum jelly. This served to prevent 

not only microbial contamination of the root system and watêr 

loss, but al 50 allowed for expansion of the growing stern. In 

aIl other treatments, petroleurn jelly was applied immediately 

after inoculation • . 
In treatrnent two a 10 ml suspen~ipn of R. phaseoli, 

prepared as in experiment one, was added around the base of the 

hypocotyl region. 

In treatment three, a five ml suspension of Rhabditis sp. 

(containing approximately 3,700 nematodes), prepared as in 

experiment one, was added in the sarne way as w~ the ~. phaseoli. 

Treatrnent four consisted of bath R. phaseoli and 

Rhabdi tis sp. 'inoculations. 

When the treatments had been applied the flasks were 

returned to the gr6wth chamber and adjustments were made for' 

daylength and temperature (described below). Due to the extreme 

moistness of the rooting medium and slight aeration provided 

by the inoculum and ,air tubes, the plants were given 30 minutes 

of forced Aeration everyday. This was accomplished,by fitting 

rubber tubing to all flasks and pumping air slowly through 

the cotton-packed air tube. An automatic electric time switch 

was used to regulate the desired length of the aeration. 

The plants were given 20,,009 lx of artificial illumination 

for a period of 16 hou'ra per day. This was followed by an 8 

ho ur dark period. . , 

• 
, 

• 
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At five-day intervals freshly prepared sterile medium 

was added to each unit to rêptace moisture lost from the rooting 

medium due to vigorous plant growth. The medium was dispensed 

to each unit thrQugh the inoculum tubes using a sterilized, 

autûmatically refillin9, syringe pipettor. 

~ The experiment continued for 23 days. On the twenty-

third day, the roots were harvested, carefully washed, and the 

number of nodules counted. 

(ii) Results 

The results of this experiment, in which the effect of 

Rhabditis sp. on the nodulation of beans was determined, are 

summarized in Table 10. 

It is immediately evident that successful control was 

obtained over contamination or the uninocul~ted control treatment 

by g. phaseoli. Because nodule formation did not occur, and 

nitrogen ~as omitted from the nutrient solution, plant growth 

in this treatme~t exhibited typical nitrogen deficiency symptoms . 
. 

Terminal leaflets were light green in colour whereas the lower 

Jleaves ranged from a lightgreen to a mottled dark green with 

yellow-orange bordera and were easily dislodged fram the plant. 

The data in this experiment were not analyzed statistically 

due to the appearance of nodules in the Rhabditis sp. treatment. , 

NOdulation of roots treated with Rhabditis sp. indicates that 

the specles composition of the uhxnown bacterla used ta culture 

Rhabditia sp. included !. phaseoli. It should be pointed out 
, 

• 
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t 
that it has been clairned no Rhizobium spp. is capable of 

nodulating mernbers of the bean group, Phaseolus vulgarip , 

other tnan ~. phaseoli (Alexander, 1961). Compared with the 

number of nodules in the R. phaseoli treatment, or~the ~. 
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phaseoli plus Rhabditis sp. treatment, there were appreciably 

\: 1 fewer nodules formed on the plants ~at welOe presumed to have . , 

> been treated by Rhabditis Spa alone. This was most likely due 
'oh 

l,'" to the ini tially low nurnber of viable R. phaseoli cells in the 

population of bacterial cells introduced into the root zone by 

Rhabditis sp. Despite nodule' formation, deficiency symptoms 

similar to those in the uninoculated cOAtrol treatrnent were 

apparent. Average dry welght measurements of plant growth in 

the Rhabditis Spa treatment (foliage, 0.33 g; roots, G.18 g) 

were near1y indentical to tnose in the uninoculated.control 

(foliage, 0.30 gi roots, 0.18 g). 

The figures for nodulation in treatments two and four 

are approximate1y simi1ar, although slightly more (359.6) 

nodules were formed in the ~. phaseoli and Rhabditis Spa treat

ment than in~. phaseoli alone (341.5). This slight diffarence 

in nodulation between treatments may have been due to the R. 

phaseoli cells introduced with the nematode inocu1um. Dry 

weight rneasurement of plant growth in the ~. phaseo1i treatment 

(foliage, 0.39 Ig~ roots, 0.25 g) compared with the R. phaseoli 

and Rhabditis sp. treatrnent (fOli~e, 0.50 g; roots 0.23g) 
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Table 10. Effect of Rhabditis sp. on nodulation of Slendergreen 
beans by !!. phaseQli 

~ T+eatment 

Replicate Control R. phaseoli Rhabdit~ !. ~aseoli & 
,Rha i,tis sp. 

1 Oa, 332a .. 60a 423a 

2 0 295 116 327 

3 0 438 84 445 

4 0 -b 55 217 
• b 5 O. 301 28 • 
6 0 -b b' 

386 

Total 0 1/366 343 1,798 
v 

Average 0 341.5 68.6 359.6 
'~ 

~umber of nodules per plant. 1 Î .. 

bPlants failed 'to grow. 
"\ 

revea1ed a 28.2' greater foliage growth in the combined 
-,< 

inoculum .. . 
treatments th an in -R. phaseoli alone." In both treatments the . 
. termina·l <1eaves were dark gr~en while the lower; older leaves 

1 ,1 

vere ~lso dark green with.narrow, cqlorotic borders. 

Plant 9rawth in R. phaséoli pr combined !. phaseoli plus 

Rhabditis sp. treatments was qreater than in either the control 
• 

or BPabdit!~ sp. treatment. !. p~seoli treated plants showed 

38.8\ greater root qrowth than the control or Rhabditis sp. . , 

treatment., wherea;~in the aombined inocuium trea~ent, root 

growth was 27.7' greater than control or Rhabditia sp. alone.~· 
t 

'~j 
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Foliage dry weight in ~. phaseoli treated plants was 30% 

and 18.2% greater than control or Rhabditis sp. treatments, 

respectively. However, in comparison with the ~. phaseoli 

121 

treatment alone, foliage dry weights for the combined irroculum 

treatment were even greater with 66.6% and 51.5% more growth 

being produc~ than control or Rhabditis ap. respectivély., 

5. Effect of Temperature on the Hatching of 
Sapro2oic Nematode Eggs 

Temperature ef~ects on certain biological aspects of 

saprozoic (free-li~ing) nematodes have been weIl documented. 

Nielsen (1949b) fbund th~t apart from the age of the nematode, 

,temperature was the fact~ •. whiCh caused the most profound 

alterations· in the respiratory rate of saprozoic nématodes. 
\ 

He foïnd that ~s the temper'~,ture increased from 130 e to 28oe, 

. the oxy~~n co~sumption of MOrl,?nchus papillatus and, P1ectus 
), , 

cirratus dou~led. Pillai and ,aylor (1968) noted that temper- ) 1 

\ ! 
Ature. inf1uepced the time required for egg hatch of Paroigol-

! 

aimella bertnsi,s and Fictor anchicoprophaga. The effect of 
1 

temperatur~ on the length, b0dy proportions and rate of repro-

duction of/sorne rhabditid n'ematodes was stu~ied by Sohlenius 

, (1968). 

, . 
~~wever~ ,the ~ffect of temperature on the"hatching 
/ ' 1 

df' rhabditid nemat~es has not'been determined. of eqgs 
, 

, the experimental work described be10w reports on 

the of temperature on eqg hatch of a Rhabditis sp. 
, 

(Bpee. . ~. 

, 
.. __________ ... _____ ... _II.~·<:..-
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a. Methods and Materia1s 

Eggs were obtain~d from the RI isolate of Rhabditis Spa 

reared on a mixture of bacteria on corn rneal agar. The eggs 

were surface sterilized in 0.05% NaOCl and transferred to sterile 

disposable Petri dishés (60 mm diameter, 15 mm height) in five 

ml of sterile disti11ed water. ~ifteen eqgs were transferred 

to each plate. 

The plates were placed in four tempe rature contro1led 

incubators located in a 40 e co1d room. Temperatures used for 

this study were 15, 20, 25 and 300 e. Each treatrnent was 

rep1icated four times. To determine whether nut~ients in 

solution, compared with distilled water, would promote egg 
\ 

hatch, one plate containing 5 ml of a simple nutrient solution , 

was included at each temperature. The composition of the medium 

was as follows: mannitol, la g/l: K2HP0 4, 50,0 mg/l~ MgS04·7H20~ 

200 mg/l: NaC.J., 100 mg/l; caS04 , 200 mg/l: yeast extract, 1. 0 g/1 

and distilled water to 1,000 ml (Harrigan and McCance,. 1966). 

The number of hatched juveniles'were counted at 12, 36 

60 an~ 96 hours'using a 'Wild M-5 stereomicroscope. The exper

iment was terminated after 96 hours. 

b. Results 

"~he results of this experiment are summarized in Table Il 

and Figures 4 and 5. 

The effect of tempera~ure on eqg hatch is clearly revealed 

in Table Il and Figure 4. The~number of hatched juveniles 

( 
.,,' 

\ 
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ificreased with temperature, the best temperature of this test 

series being 25 to 30oe. ,Differences in egg hatch were not 
, . . 

statistica11y significant (Appen~ix Tab1~ III). The highest 

and"lowest temperature at which egg hatch wou1d occur was not 

dete~ed~ Fifteen degrees centigrade strong1y reduced egg 

hatch~ith only three eggs out of sixt y proàucing juveniles 

(Table 11). 

Table Il. Effect of temperature on egg hatch of 
Rhabditis sp. 

Humber of Eggs Hatched 

Time in Hours 
Temperature Medium 

Oist. water 
Nutr. solution 

Oist. water ' 
Nutr. solution 

Oist. water 
Nutr. solution 

Oist. water 
Nutr. solutioh 

12 '36 60 

0.25 2 0.50 0.75 
001 

0.75 0.75 1.25 
055 

1.00 2.00 3.50 
1 9 12 

1.50 4.50 4.50 
6 Il 13 

96 

1 
O.75a 

5 

2.25a 

7 

4.25a 

12 

4.50a 

13 

1 Any two means i~ a column with the same superscript are not 
aignificantly different (PSO.OS). 

2 ' 
Average of four repliçates. 

. . 

( 
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Stimulation of egg hatch by,nutrients in the medium is clearly 

seen in Figure 4. At 15, 20, 2~ and 30oe, egg hatch was 

increased 28, 32, 52 and 57% in nutri~nt sOlut~ns compared 

with dis~illed water. It must be kept in mi~ however, that 

the percentage values obtained for egg hatch in distilled water ~ 

are derived from averages of four replicates whereas only one 

replicate rep~esents the values for ~atched eggs in nutrient 

sol4tion. The effect of nutrients in the medium appeared to 

overcome the suppressive effects of the l50 e temperature with 
~ 

1 
egg hatch reaching 33% in the nutriertt solution compared to 5% 

in distilled water. This effect was so pronounced that there 

was a greater egg hatch at 15°C in nutrient solution (33.3%) 

than at 300 e in distilled water {30%). In this series of tests 

the optimal temperature for egg hatch in nutrient solution 

was 25 to 300 e, the Same value as in distilled water. 

rhe hatching response of isolate RI of Rhabditis s~. at 

different times is shown in Figure 5. In distilled water, 
( 

optimal ~gg ~atch at 300 e was,reached after 36 hours of incu-
G 

bation wher~as 60 to 96 hours were required for a simi1ar 

response at 2Soe. The cUrves plotted for egg hatc~ at 15 and 

200 e were much less steep than those for 25 and 30oe, indicating 

a considerab1y slower response at these temperatures. 

Figure SB depicts the resu1ts of egg hatching in a simple 

nutrient solution. The hatching response at lOoe was rapid . , 
with 40t of the eqgs producinq motiie juveniles within 12 hours. 

,. 

." 
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Hatching cont nued to occur rapidly until 60 hours after which 

the maximum n er 

'slow response, 

of eggs had hatched. Except for an initially 

curve for egg hatch a~ 2SoC is identical to 
D 

no eggs had hatched in the first 12 hours 

of incubation ~ mpared with 5% egg hatch in distilled water by 
, . 

this time. Hawever, hatching occurred ra~idly after 12 hours 

and continued u~til 36 hou~s after which the'curve lèvelled off. 

Egg hatch was strohgly inhibited at 15°C until the thirty~sixth 

hour. Afterwards, the appearance of hatched juveniles took 

place slowly until 60 hours, and rapidly thereafter. 

As a result ~f the necessity to remove the lids of the 
1 

Petri dishes for accurate counting of hatched juveniles, the 
\ 

nutrient media became contaminated. 
""it 

Afte.r 24 hours the 25 and-

200 e treatments were turbide The other temperature treatments 

remainèd visually uncontaminated but probably contained microbial 

cells. No attempt was made to verify. thls using bact:eriological 

testing. Hatched juveniles in dishes of nutrient solution 

remained active throughout the experiment whereas those in 

distille~ water werè quiescent and appeared dead. Microbial 

exudates, in the nutcient solution, May have stimulated the 

eggs to hatch. The nutrient solution, therefore, May have been 
... 

only indireotly stimulatory. 

l 
. ., 
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, . The capability of'different saprozoic nematodes to ingest, 

grow, and develop to maturity on different species of Rhizobium, 

has been shown to OCCUf "using monoxenic cultural ?onditions. 

These findings represent the first recorded observations con-

cerning growth of freeliving nematodes on Rhizobium spp. 

Nieisen (1949b) reported the growth'and developfuent of severai 

saprophagous nematodes, under synxenic condItions, on a mixed 

bacteriai culture derived from·root nodules of Trifolium. , 
Although the presence of Rhizobium trifolii would he suspected 

in the mixture, it i8 not possible to ascertain with ce~tainty 
,/ 

which bacterium the nematodes were consuming and utilizing for 

nutrient~. The only parallel study in the litérature is that 

of Singh (1942) who observed that of 16 strains of Rhizobium 

added to cultures of protozoa, none were consumed by either a 

soi1 flagellate or two amoebae. 

'The growth of free1iving nematodes on Rflizobium, a gram 

negative rod-shaped bacterium, ,is in ag~eement with the qeneral

ized conclusion, presented by Dougherty and dalhoun (1948) and, 
, 

supported by Sohlenius (196~) and Tietjen ~ !!., (1970), that 

gram negative rod-shaped bacteria are more suitable than gram 
.' 

p~itive bacteria a~ food for rhabditid forms. Contrasting 
F • 

evidence, however, has been recorded by Nielsen (1949b) and 

Yeetes (1970) who found that severai qram positive rods and 

cocci supported ample growth of free1iving·nematodes. 

The 1éngth of time required to develop from e9,9 to eg9 

was approximately 12 to 1S daye, w~ich Agrees with the· results 
~ 

,. 

, 
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of Nielsen (1949b). There appeared to be little difference in 
\ 

growth rate bet,ween nematode speéies on the differen't Rhizobium 

isolates. Although only one type of medium (CRMA) waS used to 

fo11ow freeliving nematode development on Rhizobia from egg to 

egg, Sohleniu8 (1968) noted that the type of medium used in 

saprozoic nematode culture affects their growth, development 

,and reproduction. Yeates (1970) suggested that differences in 

nematode reproduction on differerrt media reflected quantitative . . 
chan~es in the bacterial flora, which presumably was due ta 

variation in nutrient availabili ty of the dif,ferent media. 

In the first experiment, in which adiluted Nutrient Agar 

medium was used, the morphology of the Rhizobium spp. was 

observed periodically; Ex~ination reveale~~ presence of 

normal rOd-shaped Rhizobium cells and much larger, more predominant 

Y, L, star, oval and club shaped bacteroid forms. Initially, 

thes~ unusua1 forms were considered as contaminants. Bacteroid 

'forms of Rhizobium we~e found by Jordan and Cou1ter (1965) to 

be caused by the amouht"of yeast extract ih the medium. In this 

experiment, therefore, two conclusions are apparent: (1) that 

standard ~utrient Agar, which does ~ot contain yeast extract, 
~ 

must contain other nut~ients (probably proteins) which promote 

bacteroid forrnati~n and, (2) sinee there were very fe~normal 

tid-shap~4 rhizobial ee11~ present, sa~rozoic nematodes ean 

u~ilize the·bactero~d/forms of Rhizobium for their nutritiona~ 
./ 

requirements. 
-/ 

- ? ' 

• 

.. , 
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Hatched juveniles on control plates survived the ,entire 

incubation periods for both experiments, namely 14 and 21 days. 

These results are not in accord with Nielsen (1949b), who used 

different species of nematod~s. He found that newly hatched 

juveniles died after 7 ta 10 days in sterile water or sterile 

soil suspensions. Differences between the above results and 

th03e of Nieisen (1949b), rnay also reflect the use of different 

experimental techniques. Nielsen used petroleum jelly-sealed . 

hanging drop rnoist chambers ?n slides, which probably retarded 

the diffusion of oxygen 'and led to a relatively early death of 

the nematodes. The Petri dishes used in the experiment above, 

allowed adequate amounts of oxygen, necessary for these highly 

aerobic organisms (Nicholas and Jantunen, 1966). That juveniles 

survived for such considerable periods~f time may be due to 

various factors, inc1uding inner food reserves, low food 

_requirements, and moisture supplied by the medium. 

Normal growth and development of a Rhabditis sp. (isolate 

R2) took place in ~onoxenic culture on live different~easts. ~ 

TheBe resu1ts are in agreement with Hopper and Meyers (1966,a,b) 

who reported feeding and reproduction of two freeliving marine 

nematodes on marine yeasts, and Yu~n (1968), who cultured 

Panagrellus silusiae on agar-grown yeasts. It should be noted, 

however, that Hopper and Meyers (1966a,b) used as inoculum 

nematodes isolated fr a fungus~infested cellulo~e matri~. No 

attempt was made to fr e th~se nematodes of external or internaI 

contaminating bacteria. Iso Yuen (1968) gave no detàils 
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regarding the culture o~ Panagrellus silusiae on agar-grown 

yeast. Therefore, in the latter two studies, it\is highly 

probable that freeliving .nematode growth was prim~rilY due, 

not to the yeast cells, but ta smaller, more easily ingested 
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bacterial cells. McCay (1929) and Niels'en (l949b) were unsuc-

cessful in attempts ta culture juvenile saprophagous nematodes 

on yeasts. 

Growth and reproduction of freeliving nematodes on yeasts 

in culture may reflect important interactions between these two 

groups in soil and in the rhizosphere. Sorne yeasts, such as 

Rhodo~orula spp. and Torulopsis spp. are found in large numbers 

only in the rhizosphere of certain plants (Babeva andBe1yanin, 

1966). Since rhizosphere yeasts have been found to liberate 

appreciable amounts of amino acids (Babeva and Saveleva, 1963), 
• 

it ls conceivable that tftese compounds might not only play a 

role in supplying plants with bio10gically aotive compounds, as 

suggested by Babeva and Saveleva (1966), but also the rhizo-

sphere microflora, including. saprozoic nematodes and bacteria. 

Metcalfe and Chayen (1954)"discovered two isolates of soil, 

yeasts, one a Rhodotorula sp. and the other a Saccharomyces sp., 

capable of fixing atmospheric nitrogen. The Rhodotorula sp., 

which was found to have nitrogen fixing capacities greater than 

th~ Saccharomyces sp., was shown by Roberts and Wilson (liS4) 

to 6e capable of fixing molecular nitrogen at one-tenth 

capacity of Azotobacter, a well-known nitrogen fixing Aerobic 
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bacterium. Ingestion by nematodes therefore, of soil yeas~s 

capable of assimi1ating molecular nitrogen, and rhizosphere 

yeasts, whi~ liberate amino acids, may be of significant 

nutritional importance. 

The rate of reproduction as measured by the time required 

to develop from egg to egg was longer for yeast-cultured 

Rhabditis sp. (iso1ate R2 ) than for the same nematode on 

Rhizobium spp. Vigorous egg production occurred after 18 days 

on most yeasts whereas Rhizobium spp. supported rapid production 

after only 15 days. Of the five yeasts tested Rhodotorula 

pal1ida support~d the most rapid growth and development of the 

R2 isolate of Rhabditis sp., which reached the adult stage and 

started producing eggs after only 12 days. On Saccharomyces 

cerevisiae however, adu1thood was not reached unti1 the twenty.. ) 
firet day, at which time egg deposition began. 

Migration downward through surface inoculated sterile 50 

mm sail column~, of a Rhabditis sp. (isolate R2), was shown by 

recovery of the nematodes at various dépths in the co1umn after 

incubation periods of 12, 24, 36, 48 and 60 hours. Capabi1ity 

of movinq severai centimetres in a short time ~riod was indicated 
\ 

by retrieval of 46.1, 22 .. 4', 18.4 and 13.1 percent in the first, 

second, third and fourth portions, respectiveIy, of the soil 

column after 12 hours. Ouring this ear1y incubation period, 

on1y 46 pércent of the nematodes remained near the top of the 

co1umn, whereas 54 percent miqrated into the l~er zones. As 

" 
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the incubation time increased, however, the greàtest numbers of 

nematodes were extracted from the uppermost portions of the 

soil column, indicating that, after the initial downward 

migration, there was a reversaI of nematode movement. r't would 

appear that following inoculation of the soil surface, the 

nematodes, which previously had been cultured on a mixture of 

bacteria and given several rinses in sterile water, migrated 

downward through the soil column in search of food, or they may 

have done 50 in response to gravity. In the course of movement 

among the moist soil particles, one may assume that adhering 

bacteria were removed and internaI viable cells were,excretéd. 

The dislodged qr defecated bacteria would multiply on the fresh, 

uncolonized substrates in the sterile soil. These bacteria, 

being aerobic, could be expected to graw more rapidly in the 

uppermost portion of the tubed sail and to serve as food. sources 

for the retreating nematodes. It is reasonable to assume, 

'" therefore, that in.seeking a highly oxygenated e~vironment 

(Nicholas and Jantunen, 1966), the nematodes were also attracted 

to the rapidly dividing bacteria. 

Transport" of Rhia,obium phaseo!i cella into. root zones of 

Phaseolua vulgaris by different fr-eeliving nematodes, was con

sistently demonstrated by the appearance of nodules severai 

centi~etres distant fram the point of inoculation. Nodules 

also formed in sorne roots of the !.,phàseoli treatments in the 
J 

absence of nematodes. This indicates either: (1) movement of 

.' 
\ 
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the motile bact-erium along moisture films to the roots,' (2). 

~ro~h of ~he roots into ar~a~ occupied by the bacteriurn, or 

(3) both of the' above. Inasmuch as the 'average number of nodules 

counted in nematode plus R. phaseoli ,t::reatments waj; a1ways 1 - . 
~ 

greater than ~. phaseo1i trea~~hts a10ne, as indicated by 

increases of 84%, 9% and 2~4% in tqe three expe~iments performed, 
, .. 

it is clear that the nematodes were responsible for most o'f the 

rhizobial dissemination. Nematode transpor~ of rhizobia in 

soil, therefore, may contribute in a si9nificant, and perhaps 

immeasurable Wày.' to the nitrpgen economy of the soil. 
~/ 

These results are in agreement with the concépts of 
, L .... 

Jensen (1967) who theoriz~d, on the basis of 1aboratory évidence, 

that freeliving nematodea could convey plant pathogenic micro-

orgànisme 'within plant rhizospheres ~d from one rhizosphere to 

another. Soloveva (1965) supported Jensen's view by showing 

that spores of Plasmodiophora brassicae were carried by panagro-
~ . 

laimus rigi~us fro~ sites of inoculation into vulnerable areas 
.. > la 

4long cabbage roots. Soloveva noted th4t in the P. braseicae 

treatment alone, only plante close" to the site of inoculation 

·were infected, whe~eas in the combination with fungus and nema
a 

todes, ,!lll plants' showed élubroot disease symptoms. 

An ,important point of consideration is that not only do 

freeliving nematodes! tran8p~rt Rhizobium spp. to ~egume rhizo

aphere a~d rhizoplane areas directly, but because of random 

dissemination of the rhizobial inoculum during nematode movement 

in the soil and wideapread qrowth of the plant root system, 

contact between bOth symbiotic aS8ociates~is indirectly 
1 

'\ "'t , 
1 
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facili tated • • 
Also, JShOUld be remembered that since free-

living nernatodes can utilize different Rhizobium spp. as sources 

of food for growth, rnany. of the transported cells would be 

digested and destroyed, (Nielsen', 1949b; Alexander, 1971) or 
~..J 

chemically darnaged by the digestive pr09~8ses of the nernatodes 

(Jensen and Stevens, 1969). 

On the basis of his extensive soil studies, Nielsen (1949b) 

concluded that \he ecological significance of bacteriopnagoùs 

nernatodes in soil i8 twofold: (1) bacterial numbers and total 
1 

bacterial activity are reduced due to the food requirements of 

the nematode9, and (2) multiplication of the nearby non-ingested 

bacterial populati~n oocurs due to the availability of rnobilized 

nutrients co~tained in the dead bacterial' protoplasm, and space 

ocoupied by the previous bacteria. Nielsen, however, did not 

determine bacterial population decre4ses or increases, but 

merely generalized on the basis of other studies dealing with 

bacteria and protozoa. In addit~on to Nielsen's conclusions 

regarding the impo!tance of bacterial feeding nematodes, a 
/ 

third May 'now ~e added based on the studies above concerning 

conveyance of cella of !' phaseoli by freelivinq nematodes to 

nodulation sites Along roots of beans: (3) bacteria (or Any 

ingested or ~urface adberinq microorqanisms).are actively 

distr1buted throuqhout soil due to random or directionsl move-
î 

mé~ts ~·the nemàtodes brought about by attraction-repulsion 

mecha~îSma Df plant roots or members of the microflora • 
. \ 

J 
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Although Nielsen (l'949b) an:ci other wérkers (Dougherty 

and Calhoun, 1948; Sohlenius, 1968; Alexander, 1971) have 
. 

suggested 'that total numbers and activit:y of soil bacb·};ia 

decline ip the presence of bacteriophagous nem~todes, a slight 

inerease in tne number of ~. phaseoli cells (as indicated by 

nodule number) occurred in Rhabditi~ sp. and R. phaseoli inter

actions (Table 10), compared with the ~. phaseoli treatment 

alone. One of several tenable explanations of the above is 

that in addition to the ~. phaseoli inoculum deliberately added, 

the Rhabditis sp., which was cUltu~ed on a mixture of unknown 

sail baeteria, carried a strain of R. phaseoli capable of 

infecting and nodulating the roots of beans. This strain of R. 

phaseoli, whieh nodulated bean roots treated with Rhabditis sp., 

may be categorized as in ineffeetive root nodule bacterium 

(Alexander, 1961), since not Only were the nodules srnall and 
, 

widely distributed over the root syste~ but the plants wére 

ehlorotie indicating inability to assi~ilate rnolecular nitrogen. 

Therefore, despite the feeding activities of the Rhabditis sp., 

and the subsequent depressing effects this WQuld have on the 
'~ 

population of bath groups of R. phaseoli cells, the number of 

nodules in both treatments were approximately th~ sarne ?ecause 

of the addi tional l. phaseoli inoculum carried by thé nemato,des. 
# It is also possible that, due to tHe vast number of eells 

introdueed in the 10 ml !. phaseoli inoeulum, and in spite of 

~he amount consumed by the Rhabditis sp., no signifieant 

l 1 
',-
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depressing effect oçcurred in the Rhizobium sp. population. 

Hence, the number of nodules remained approximately the same' 

in both treatments. Furthermore, sinee it has been demonstrated 

that freeliving nematodes defecate viable bacteria wh en they 

consume bacteria in excess of their digeative capaeity' (Chantanao 

and Jensen, 19,t9b), and because the present study has shown 

that freeliving nematodes can transport ~. phaseoli cells into 

r'root zones of beans, it is highly prqbable that Rhabditis nema-

todes.ingested~. phaseoli cells'and during migra tory ;ovements, 

transported the bacteria to'-new nodulating sïtes aiong the 

roots. As a result of this _a slightly greater number of nodules 

formed in the combined inoculum treatment than in the Rhizobium 

treatment alone. 

Temperature, and the nature of the suspènding medium, 

strongly affected the hatching response -of eggs from a Rhabdifis 

sp. (isolate RI). The number of newly emerged juv~niles increased 

as thetèmperature increas~d from 15 to 300 e (Figure 4). This 

is comparable to the results of Pillai and Taylor (1968) ~ho 

found that the time required for the hatching of eggs of two 

freeliving nematodes decreased as the téjpera~ure increased, , 

and also supports the conclusion of Nielsen (1949b) that temper

a~ure affects gr~th and reproduction of treel!ving nematodes 

siqnificantly. 
o 

Egq hatchment not only re~onde~~o temperature changes 

but was affected by the chemical composition of the medium. 

i , 
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1 , 
Compared with distilled water, in which hatching was inhibited, 

the presence of mannitol, K2~P04' MgS0 4, NaCl,CaS04 a~d yeast 
, 

extract in the suspending fluid appeared to indirectly atimulaae 

egg hatch (Figure 4). Juvenile emergence from eggs in the 

contaminated nutrient solution was 33, 47, 80llnd 87%' at tem

peratures of 15, 20, 25 and 30°c, respectivel~ Egg hatch, 

calculated from the da'ta of Yeates (1970), who worked with six 

different dune sand nematodes, ranged from 54% to 85% at 15°C 

and 47% to 81% at 20°C. The higher values of Yeates probably 

refléct the use of a solid Agar medium allowing greater oxygen 

availability compared with the liquid medium above. 

'\ 
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PART II 

STUDIES OF APHELENCHU$ AVENAE 

- 1. Selective Prefere~ce of A. avenae for Different 
Host Fungi 

A nematode frequently isplated from the rhizospheres of 

plants is Aphelenchus avenae Bastian, (Thorne, 1961; Jenkin~· 

and Taylor, 1967). Afthough evidence exists which suggests J 

that, under certain conditions, ~. avenae is a parasite of 

higher plants"it is commonly accepted that A. avenae obtains 
1 -

nutrients necessary for completion of its life cycle from the 

fungi (Goodey, 1965: Jenkins and Taylor, 196,7). Published 

reaults of research indicate that this mycophagous nematode is 

not only able to reproduce on funqi, but, under certain conditions, 

can preferentially select its fungal hosto 

In order to determine whether ~. avenae would prefer

entially select specific fungi in both agar and soil conditions, 

a number of experiments were designed. T~ese are dèscribed on 

the fOllowing pages. 

4. Experiment One 

The objective of this experiment was to determine whether 

A. avenae would be attract~d to·coloni •• of difterent fung! 

usinq an Agar medium. 
. . 

139 / \ 
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(i) Methods and Materials 
\ 

Twelve sterile Pet~i dishes (diameter 100 mm, height 

15 mm) were poured wlth Difco PDA. When the medium solidified, 

three 7 mm discs cut with a sterile cork borer, were removed 

from each plate at approximately equal di~tances from the 

center. Each disc removed was equidistant·from each other. 

Into each vacant space was placed a 7 mm disc of PDA on which 

one of the fol1owing fungi was growing: Trichoderma viride, 

Pers .. ex Fr.; Sclerotinia sc1erotiorum, (Lib.) de Bary: Verti

cillium albo-atrum, Reinke and Berth.; ~ertici11ium dah1iae, 

·Kleb,; an unidentified species of Fusarium, (Link ex. Fr.) and 
( 

Fusarium culmorum, (W. G. Sm.) sàcc. Tne fungi were arbitrari1y 

placed in groups of three in the following waYi Group A: ! . . 
viride, ~. sclerotiorum and ~. albo-atrwm,; Group BI ~. dahliae, 

[. culmor~ and Fusarium sp. and Group C. control. There were 
.. 

four repliçates per treatment. The inoculated plates we~ 

incubated at room temperature for 24 hours to allow for initial .. 

growth of each fungus into the surrounding PDA. 

A. avenae was cultured on Sclerotium bataticola Taub. 

which was grown on PDA. The nematodes were e~tracted by means 

of aaermann funnels, washed for 5 min in 0.01% HgCl 2 an~ rinsed 

twioe in sterile distil1ed water using a small laboratory 

~entrifuge. The final volume of the ~. avenae suspension was 

a~justed to 5 ml, ,and 0.1 ml amounts were pipetted onto the 

center of each plate of fungi. '> 
The number of nematodes iO each 



-

141 

, 
0.01 ml aliquot was not immediately determined, but after the 

plates had incubated at 240 C for 19 hours, the ~. avenae within 

each fungal colony were counted with.the aid of a wild M-S 

stereomicroscope. 

(H) Results 

From the results summarized in Table 12, it is clear that, 

of the six fungi tested, only T. viride, with an average of . -
13.5 nematodes per colony, was stronglyrand significantly pre

ferred (Appendix Table IV) by ~. aveffàe. By comparison, ~. 

sc1erotiorum was on1y sli~htly preferred by this nematode as , 

.just 4.5 nematodes~ (average) were found in each colony of this 

fungus. Very few ~. avenae aggregated in colonies of F. 

cu1morum arld the unidentified Fusarium sp. indicating that , 
these fungi were not found attractive hy this nematode. Both 

colonies of the Verticill·ium specieS' te8ted did not contain 

any nematodes. It must he pointed out, however, that in aIl 
1 \ 

four replicates of !. viride ,nd in replicates two and four of 

!. sclerotiorum, fungal rnyceli\l growth extended, at the ~irne 

the experiment W&S terminated (43 hours), either immediately 

adjacent to the periphery of the inoculation zone or into·this 

zone. therefore, interpretation"of the data i8 difficult as 

the nematode accumulation May have heen due to a combination . 
of attracting suhstance(s)' and the rapid growth ·rate of the 

fungus. Another important factor to take into consideration 

• 

\ 



r--

1 
--~-- ----~----....----------_.-----.,.)-----------------

-

, 

1 

l '/ 

142 

" , 
Table 12. Preferential selection of different soil fun~i 

by ~. avenae in a PDA ~edium 

No. of A. avenae 
Per Replicate in 
Fungus or Control, 
Zone ;, 

Fungus Grouping """)1 2 3 4 Total Average 
r ,. , 

Group a 

T. viride 31 5 4 14 54 13.Sa 1 

s. sclerotiorum 3 2 4 9 18' 4.5~b 

v. albo-atrum 

Group B 

Fusarium sp. 

F. culmorum-

v. dahliae 

Group C 

Control 

0 

2 

3 

Q 

o 

0 

o 

1 

o , 

o 

0 

5 

o 

o 

o 

0 

1 

1 

0' 

o 

0 Ob 

8 

5 

.:J 0 

d 

Any two means in a column with the same superscrip~ are not 
significantly different (P~O.05). 

, iB that despite efforts to surface sterilize A. avenae, a 
, 

small number of oontaminating bacteria and fungi (mainly ~. 

... 

bataticola) were present in the nematode inoculum. Consequently, 

the contaminants obtained nutrients from the PDA and multiplied. 
, ~~ 

In Beveral ins,tances !. avenae waB observed feeding on small 

mycelial strands in the nematode inoculation ZOne. 

c~·. 

, . 

. \ 
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In the control plates, aIl nematodes added were loeated 

in the inoculation zone. Many 'were feeding on growing mycelial 

strands of S. batatieola whieh had survived the nematode surface . 
sterilization treatment. 

b. Experiment ~wo 

In experiment one dt was shown that A. avenae was attraeted 

in largest numbers to only two of six fungi. In this experiment 

the number of fungi tested was increased and slight, but sig

nifieant,'ehanges were made in the agar medium. 
't' 

(i) Methods and Materials 

In this experiment t~enty sterile Petri plates w~re pour~d 

with 2% Oifco Agar (Water Agar = WA). Beeause of its nutrition-

, less qualiey, WA was used to avoid pro~oting rapid mycelial 

qrowth of the test funqus and to prevent the growth of any 

possible contaminants in the nematode inoculum. Wben the medium 

had solidified 7 mm dises were removed as in experiment one 

above. Inserted into the spaces rem~ininq were dises of fungi 

eultured on PDA. In addition te the six fungi used in the 

previous experiment, the followinq funqi were tested for 

attraetiveneas to A. avenae: Verticillium cinnab!rinum, Berk.: 

;8. bataticola, GlioCladium roseum, Bainier: Aspergillus nige~, 
1 • 

va Tiegh.: TrichetheciUm roseum, Link; and Helminthosporium 

sat vum pamm~, Ring and,Bakke. The fungi were arranged in 
• 

groups of three as follow8: Group A: T. viride, S. sclerotiorum 

, 
/ 
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and Fusarium sp.; Group B: ~. al~o-atrum, v. dahliae and V. 
'f 

einnabarinum; Group C: ~. eulmorurn, ~. bataticola and G. roseum; 

Group D: ~. niger, T. roseum and H. sativÙID; Group E: Control, 

no fungi. • 
preparatio-~of A. avenae inoeulum was the sama as in " . !l;\ 

experiment one, exeept that the nematodes were not treated 

with HgC1 2 and instead were washed four tim7s.with sterile 

distillèd water. The nematodes were concentrated to ~.O ml and 

0.1 ml aliquot~ were pipetted to the center of each fungal 

inoculated plate. Four replieates wére used for eaeh treatment. 

Control platet eontained dises of PDA only. The nematodes were 

added Nnm~diately after the different fungi were inoeulated. 

,e inunediacy of nemat:ode addition in relation ta fungal 

inoculatïon was made neeessary in order to avoid extensive 

fungal growth toward the nematode inoculation zone. 

The plates were incubated ~ the dark at 24°C and at 18 
and 24 hours, the nt..Ullber of nematode's wi thin each fungal eoJony 

was determined using a stereomieroscope. 

(ii) Results 

The resul~s of this experimant are summarized in Tables 

13, ~14 and Figu.fe 6. Because~. Avenae frequéntly fe\;<>n ~ub

merqed hyphae of differen~ funqi, it WAS often néceS8~~ 

invert the plate in arder ta count the·number of nematodes 
• 

within a funqal zone. 1 

•• 
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At 18 hours ,after inoculat~on, there were widespread 

differences (not significant statistically, Appendix Table V) 
. 
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in the number of A. avenae counted in differe~t fungus colonies 

(~ab~e 13). A. avenae was attracted most strongly to Fusarium 

sp. (average 14.2) and V. dahliae (9.7). Several fungi (~. 
, 

roseum (5.7), !. roseum (3.7), !. viride (3.2), y. cinnabarinum 

(3.2)~ ~. niger (3.2) and~. culmorum (2.0) appeared to be only 

slightly attractive to~. avenae at this time. The nurnber of' 

nematodes observed in colonies of ~. sclerotiorum, y. albo-atrum, 

S. bataticola and H. sativum were equal to or less than the 

number in control PDA discs, indicating that these fungi were 

( unattractive to ~. avenae. 

" 

'.) F.rom the data summarized in Table 14, i t can be seen that 

after an incubation of 24 hours, the greatest number of .nematodes 

were found in colonies of F. culmorum (average 22.0) followed 
- i 

closely by V. albo-atrum (21.5) and 'y. cinnabarinum (20.5). 

Large nun,ü>ers were also found in Fusarium sp. (19.0)', 1'.. viride 

(18.2) ~nd Q. roseum (17.2). A. avenae was als6 àttracted to 

!. roseum j15.0) and V. dahliae (14.5). Several fungi in bhis 

experiment were unattractive to A. avenae. The number of 

nematodes in colonies of ~. sclerotiorum (2.2), S. bataticola 

(l.S) and H. sativum (2.2) closely resembled the,number found . 
in the control dises of PDA. In the majority of.cases, nematodes 

found within a fungal colony were feedinq or probing on the 

mycelial strands. None of the Aboye differences between .r. 

treatment means were siqnificantly different, however (Appen~x 

Table VI). 
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Table 13. Preferential selection of different soil fungi 
by ~. avenae in a WA medium 

No. 2 of A. avenae Per 
Replicate in Fungus or 
Control Zone 

, 146 

Fungus Grouping l 2 3 4 Total Average 

Group A 

T. virfde 

S. sclerotiorum 

Fusarium sp. 

Group B 

V. albo-atrU!!l 

V. dahliae 

v. cinnabarinum 

Group C 

F. culmorum 

S. batatico1a 

G. rosèum 

Group D 

A. niger 

T. rosewn 

H. sativum 

Group E 

Control 

4 

o 

2 

o 

6 

1 

\~ 1 

1 

5 

o 

o 
o 

1 

. 2 

o 

17 

o 

28 

7 

5 

o 

4 

6 

13 

o 

o 

3 

o 

26 

o 

5 

o 

1 

o 

2 

o 

o 

o 

2 

4 

o 

12 

3 

o 

5 

1 

1 

12 

7 

2 

o 

o 

13 

o 

57 

3 

39 

13 

8 

2 

23 

13 

15 

o 

3 

lAny two meana ~n a column.with the a&me auperacript are not 
aiqnificant1y differént (PSO.05). 

20etermined 18~hQura after.in~tion. 
• 
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The number of ~. avenae ente ring certain fungal colonies 

increased sharply between la hO~ and 24 hours (Figure 6). 

This can be easily determined by subtracting the average number 

of A. avenae in the l8-hour cultures from the'number in the 24-

hour cultur~s. Fungi al10wing the greatest increase we~ ~. 

albo-atrum (20.7), ~. cu1morum (20.0), ~. cinnabarinum (17.2) 

and T. viride (15.0). A1though not as great as the above fungi, 
# 

~. ro~eum (11.5) !. roseurn (11.2) and ~. niger (7.5) demonstrated 

fairly marked increases. The values~or V. dahliae (4.7) and 

Fusarium sp. (4.7), were low, but it is interesting to note that 

both fungi had the highest number of ~. avenae of all the fungi 

in the 18-hour test. Three fungi, ~. sativum (2.2) ~. sclero-, 
tiorum- (2.2) and ~. bataticola (1.0), demonstrated very slight 

increases in the number of neffi?todes entering their colonies 

between 18 and 24 hours. 

c. Experiment Three 

The previous two experiments ind~ated that !. avenae May 

~referentially select certain fungi when ~iven a choice on agar 

media. Since soil is the natural medium for ~. avenae, it was 

decided to determine whether A. aVenae would select specifie 

fungi in a soil,medium. 

(i) Methods and Materials 
r 

In order to have adequate comparison, the Barne fungi and 

group~nq arrangements were used in t9is experiment as used in 

~experiment two. The method used to culture the different fungi 

on soil was similar to that of Marshall and Alexander~(1960). 
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Table 14. Preferential selection of different soil fungi 
\by A. avenae -iD a WA medium 

2 No. of A. avenae Per 
Replicate in Fungus 
or Control Zone 

funsus GrouEinS{ l 2 3 4 Total Average 

Group A 

,T. viride 10 27 8 28 73 18.2a 1 

s. -sc1erotiorum 2 2 2 3 9 2.2a 

. 
FusariU1'(l 4 17 sp. 31 '24 76 19.0a 

Group B 

V. a1bo-atrum 17 14 44 ' Il 86 21. Sa 
1 

14.5a V. dahlias 10 34 12 2 58 
i 

v. cinnabarinUln i 5 19 35 23 82 20.5a 
.. 

" Group C 

r~. cu1morum 35 -19 22 12 88 22.08 

, 0 s. batatico1a 3 1 . 0 2 6 '1.5a 
1 

G. rosi!UM 19 ~ 5 36 69 17.2a 

Group D 
.,. 

A. ni2er 6 17 10 10 43 10.7a 

" 
T. roseum 3 34 10 13 60 15.0a , 

i' ..... 
1 

H. sativum 7 1 l 0 9 , 2.2a 

1 

, 'Group E 

Control 4 . 7 ,4 3 18 4.5a 

IAny two means in a c::o'lUJl\n with the 
slgniticantly different. (P10.0S). 

SaBle superscript are not 

0 1 2' 24 hours after inoculation. Determined '\ 

.. 
" " 

! 

1 
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Each of tweJ;lty clean Petrï dishes were given 35 g of an air-

dry sàndy loam soil enriched with glucose. Glucose was added 

to the soil to give a sugar-soi1 ratio of 0.5% on a weight/ 

weight basis. This was accomp1ished by mixing carefu11y 

glucose with 1,000 g of the above air-dry 80i1. The soi1 
...." 

moisture content was adjusted to 60% of the water-holding 

5 g 

capacity of the soil. This value is close to the upper 1imit 

of 

for, optimal microbial activity in soil (Alexande~6l). 

plates were left for 12 hrs for the moisture ta equilibrate 

The 

even1y throughout the soil. They were then autoclaved at 

101.3 kPa for 20 minutes. After'coo1ing, three 7 mm soi1 
, 

cores were removed from each plate at equa1 distances from the 

center of the plate and equidistant from each other. A sterile 

7 mm cork borer: was used to remove the soil 'co11es. 

Each vacant space left by removal 'of the soil core was 

given a 7 mm disc of PDA culturkd fungus. The fungus' inoculated 
\ 

plates were 1eft at room temperature for 24 hrs. Control 

plates received sterile dises of PDA. 

Nematode inocu1um was·pr.pared as in experiment one. 

Aliquote of 0.2 ml were placed in the center of each 80il 

plate. The number of nfmatodes in each 0.2 ml volume varied 

from 50 ta 80. The plates, four per -treatrnent, were incubated 

at '240 C in thë dark for 48 hours. 

Upon termination of the 48 hour incubation period, each 

disç of fungus or agar plus surrounding sail to 'a diameter~ 
3.5 cm was removèd using a 3.5 ~ diameter cork borer. The 
1 

soil and Agar dises wi~ each 3.5 cm zone were transferred to 

, 

• 
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Baermann ,funnels an.,.c:Y'"nematode counts were made 24 hours later~. 

Jii) Results 

, The data of this experiment is presented in ~ble 15 and 

Figure 7 . . ' 

After a period of 48 ,hr, only !. viride, witb an average' 

of 33.0 nernatodes pe~ colony was significantly preferred 

(Appe~dix Table VII) by ~. avenae, cornpared with control 

PDA dises. Large but not significant numbers of A. avenae 
~ .. 

were also found in the fungal-soil zones of V. albo-atrurn (29.7) 

and Q. roseurn (27.5). Three other fungi recorded high averagesi 
1 

. Fusariurn sp. (23.2), ~. niger (23.0) and F. culmorum (21.5). 

Very few nematodes could be"found in the fungal"-soil. zones of 

·S. sclerotiorum (10.0), ~. rose~ (7.0), y. cinnabarinum (5.5), 
~ 

H. sativum (5.5) and~. bataticola (4.5). 

Despite differences in incubation tLDe and type of 

medium, sirnilar responses by A. av~nae to ~.t funqi can be 

observed in experirnents two and three. Th~~ funqi.gave dif

ferent resttlts, however. More nematodes we~ attracted to S. 
( .,. 
, 

sclerotiorum in the soi1 medium than on agar whereas the 

reverse was true for V. c1nnabar1num and T. roseum • 

.. 

-', 
\ 

, . 
{. 

-i 



Tà~e 15. Preferential selection of different soil fungi . 
by ~. avenae in a glucose amended soil medium 

, 
No. of A. avenae 
Per R~Ticate 4n 
Fungus or Control 
Zone ' 
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2. Growth and Multiplication of A. avenae on Fungi 

Cultured in a Soil Medium . 

154 

The potentiql of different fungi to support multiplication 

of A. avenae and other mycophagous nematodep has· received con-

,\ siderable attentiop in recent years. Mankau and Mankau (1962) 

noted that A. avenae multiplied in large numbers on phytopath-

-• J 

ogenic fungi, in smaller numbers on saprophytic soil fungi and 

not at aIl on severa1 Pythium and Phytophthora specie.s. lsolates 

of·~. 901ani were found to vary greatly in their capacity to 

support large populations of A. avenae (Barker, 1964). A study 
i 

of the fungus hosts of ~. avenae by Townshend (1964) revealed 

that 54 of the 59 species that he uged were hosts. The influence 

of ten fungi on host preference, host suitability and morpho-

metrics of five mycophagous 'nematodes were studied by Pillai 

and T~ylor (1967). For~. avenae, these authors rated the 

fungi as follows: six fungi were excell~nt hosts, one was good 

and three were non-hosts. Evans -and Fisher (l~Ob) found that 
) ~ 

~. aVenae reproduced on seven of eight fungi teste~. 
1 

, It must be noted ~hat the above research on fun~uB host , 

efficien~y for ~ .• avenae ,and certain other mycophagous nematodes 'ï 

has be~n completed using nutrient-supplemented agar media. To 

date, no work has been done using soil, the natural habitat 
. 

for ~. avenae, and the fungi it feeds on. Also, the effect of 

time on the gr,owth of A. avenae on different fungi has not been 

1 
. , 
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'. deterrnined. In this section of research the objective was, 
i 

therefore, to determine the fecundity of ~, avenae on various 

soil-borne fungi using a soil system. 

a. Experiment One 

A preliminary experiment had shown that certain soil-borne' 

fungi could grow on steamed soil under well-defined laboratory 

conditions. In this experiment, the ability of ~. avenae to 

feed and multiply on soil-grown fungi was determined. 
,.::. 

(i) Methods and Materials 

Glucose amended sandy loam soil was prepared by adding , 

glucose to dry sail so as to give glucose/soil èoncentrations 

of 0, 1 and 4% glucose on a weight/weight basis. Ten grams of 

the amended dry ~oil' were placed in each of fourteen 60 x 15 mm 

Petri dishes and, using distilled water, the soil in each dish , . 
was qdjusted to 40% of the mo~sture-holding capacity. The 

plates were autoclaved at 101.3 kPa for 20 min. When cool, 

each plate was given 1 ml of a ~ycelial-spore suspension of 

ei ther Fusflrium sp •. or T. viride. There were two replica tes 

per treatment. Addition of the inoculum waa calculated to 

adjust the previously moistened soil to 50% of its moisture

holding capacity. The cultures were'incubated in the dark at' 

240 C for .14 days. The plates were placed in polyethylene ,baga 
.. . , 
to ensure minimal moisture loes during incubation. After 14 

, 
daye, approximately 100 nematodes were added to each culture. 

~ 

• 
'il" . , 

1: 

.. 



156 

" 

These were from a suspension of A. avenae that had been carefully 

washed 5 ti~s in sterile distilled water, after 0.01% HgCl 2 

treatment, and adjusted so that the conc~ntration of nematodes 

was 100 per ml. After A. avenae inoculation, aIl ~~ltures wer~ 
- l '~ 

incubated at ~4oC for 14 days after which the content of each 

dish was transferred to a Baermann funnel, left for 20 hr and 

the num~~ of nematodes determined in a counting dish. Because 

th~ population of ~. avenae in cèrtain treatments was very 

large, suitable dilutions were made before counting was under-

ta~en. The data were not analyzeô statîstically due to the 

preliminary nature of this experiment. 

(ii) Results 

From the data presented in Table 16 and Figure 8, it is" 

reaqily ap~arent that development'and reproduction of A. avenae ., : 
is &upported by soil-borne fungi. In this experiment~ greater 

.numbers of A. avenae were produced on the Fusarium sp. than on 

T. viride. The effect of the glucose arne~dment on nematode 

numbers is clearly revealed in Fig .. , 8. The progressive increase 

in nematode numbers with glucose concentration is probably 

"to the corresponding increase in fungus mycelial growth. 

the time of nematode addition the'qro~th of FUBarium/sp . 

1% and 4' glucose amended soils,had covered the e~~re soil 

surface, appearing as a dense, "cottony mass. Growth by this 

fungus on uhamend~q)soil was extensive enough to cover the. 

soil surface but it appeared very sparse. T. viride eho~ed a " 

- 1 
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, . 1- l' hl' 1 th d d simi1ar pattern, w1th 19 t myce 1a coverage on e unamert e 

soi1 and a very dense, heavï1y sporu1ating coverage of the 1% 

and 4% glucose am~nded soil. 

Table 16. Effect of fungi, cu1tured on glucose amended 
soi1, on the nUmber of A. avenae 

Concentration 
of Glucose 

0% 

1% 

4% 

o 

Replicate 

1 /1 
2 

1 

2 

1 

2 

a Avenae 'ber of A. Per Plate 

usarium sp. T. viride-

600 50 
<. 

500 80 

2,140 220 

2,560 300 

3,070 960 

4,330 1,260 

aNematodes were harvested 14 days after inoculation. 

bGlucose amended controls were nct used. 

b. Experiment Two 

Gontrol 

10 

30 
~ b 

b -
b 

b 

In view of the esults of the previous experimént, where 

it was s~o~n that two oil-qrOwn funqi were capable of support

ing exte sive multiplie( tion of A. avenae, it wa,s decided to 
'ft • 

ext~d ,the nurnher of test,fungi in an additional experiment. 

,r~~~ of a repbrt in the' literature (Katznelson and Hendèrson, 

~64) indicatini that certa~n cultures of Bo!l, actinomycetes 
1 
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were highly attractive to Aphelenchoides parietinus, two 

isolates of sail actinomycetes were also included. 

( i) Me.thods and Ma terials 

The following fungi were used in this experiment: 
't' 

Fusarium sp.; Trichoderma viride; 'Sclerotium bataticola; 

159, 

unidentified species of Verticillium, Nees ard Pullularia, 

Berk; and two different but unidentified isolates of actino-

mycetes. AlI fqngi exc~pt Pullularia sp. were maintained on 

PDA. The Pullularia sp. was grown on a yeast-extract supple-

mented malt agar medium. T~ actinomyce,te isolates were. 

isolated from sail and maintai~ed on a medium recommend~d by 

Kuster and Williams (1964). 

Ten grams of an air dry sandy loam sail, previously 

screened th~h a number 10 mesh sieve (USS) and amende~ with 

0.5% glucose, were placed into each of ninety-six.60 mm x 15 mm 

Petri dishes. These units were autoclaved at 101.3 kPa for 20 

min. The following day, 70 ml mycelial-spore suspensfons of 

the fungi and actinomycetes, except for Verticillium, were 

pr.epared by càrefully homogenizing, in a sterile blender, 

scrapings from the surface of each colony. usinq sterile 5 ml 

pipettes, 3.5 ml of the above homogenates were pipetted onto 

'the surface' of the' previously autoclave~ sOil., This amount 

vas calculated to bring the moisture content of the soil to 

58' of its moisture-holding capacity. The culture of Verticillium 

was cut into small ~Uq8, usinq a 4 ~ sûerile cork borer, and 

transferred to~he appropriat$ plate of sterile soil. Each 

treatment was replicAted three times_ The cultures vere 
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incubated in the·dark at 240 C for 6 days. 

A. avenae nematode inoculum was obtained trom cultures 

grown on S. bataticola. Collection and surface sterilization 

techniques were the same as in the previous experiment. One'ml 

aliquots, containing approxirnately 150 nematodes; ~were dis-
, . 

tribu~ed near the center of each plate. A~ the tirne of nernatode . , . 
inoculation several of the fungi:' had grown over a la~ pro-

portion of the soil surface. Mycelia of !. viride occupied 

. the .entire surface and was rapidl,1L forming spores. S. batati-

cola and Fusariurn sp. had cornpletely covered the sail surface 

with large amounts of aerial mycelia. Colonies of Verticillium 

sp. were only 1 cm in diameter and consisted of dense mycelial 

growth. There was no visible evidence of growth by the Pullul

aria sp •. Bath actinomycete ~ultures had formed dense localized 

a;;as~f conidial growth where the pipetted inpculurn had con~ 

t~d the soil. It was apparent that these colonies were not 

spreading. Control plates remained free of "microorganisms. 

AlI nematode inoculated cultures were incubated in the dark 

at 240 C. 

Nematode counts were made at 4, 8, 12 and 16 days. Both 

adulte and juveniles were couQted. Procedures of nematode 

extraction and countingwere the same as in the previous 

experlment. 

(ii) Resulta 

A aummary of the re.ulta of th~. experiment are pre~ented 
j 

in Table 17 and Pigure 9. 

... 
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Table 17. The effect of different fungi and actinomycetes 
on the fecundity of~. avenae 

Oll'ganism 

S. ba taticola 

Fusarium sp. 

T. viride 

Vertici1lium sp. 

Pullularia sp. 

Actinomycete a 
, 

Actinomycete b 

Control 

~umber2 of A. avenae Extracted 

4 

w r 
510.0

a 

341. 6abc 

421. 6ab 

l75.0bcd 

96.6d 

l53.3cd 

128.3cd 

61. 6d 

Time in Days 

8 

al 
4,650.0 

b 2,315.0 
" b 2,130.0 

b 1,833.3 

9a.3c 

100.Oc 

81. 6c 

l15.0c 

12 

al 
4,186.6 

b 2,040.1 

b 
~,450.0 

973:3b 

106.6e 

33.3c 

53.3c 

" S1.6c 

16 

al 
3,036.6 

1,7l3.3
ab 

633.3bc 

406.6
c 

35. Oc, 

38.3
c 

48.3c 

33.3c 

1 Any two means in a co1umn with the sarne superscript are not 
significantly different (P~O.OS). 

2 Average of three téplicates. 

From the data presented in Table 17 and graphed in 'Figure 

9, it ie cl~ar that the funqi tested varied greatly in ability 

to support ~. avenae. Mu~tiplication of !. avenae, cornpared 

with the control, was significantly greater (Appendix Table VIII) , 

at 4 days,o on!. batatiôpla, Fusarium sp. and !. viride but not 

on Vertieillium sp., Pullular1a ap. "and both actinomycete 

isolates. ~t B day., ne~tode numbera vere aiqnificantly 

.' 
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greater (Appendix Table IX) on S. b~taticola, Fusarium sp., 

T. viride and Verticillium sp. than on the control, with the 

population of ~. avenae on ~. bataticola being significantly 

larger than on the other three fungi. The sarn~ pattern, which 

was obse~ved at B days, occurred also at 12 days, with signif-

icantly greater nurnbers (Appendix Table x) of ~. avenae 

occurring on ~. bataticola cornpared wi~h Fusarium sp., !. 

viride and Verticilliurn sp. Sixteen days after nernatode inocu-

lation only ~. bataticola and Fusariurn sp. supported significantly 
\ 

larger (Appendix Table XI) populations of ~. avenae cornpared 

with the control. Although average values for nernatode nurnbers 

on T. viride and Verticilliurn 'sp .. appeared rnuch greater than 
• 

the ~ontrol, the differences were not significant stati~tically. 

Nernatode multiplication, due to egg laying of the gravid 

females, was slow during the first 4 days. Between 4 and 8 days 

of incubation, numbers of A. avenae inereased rapidly, reflect-

ing the maturation and reproduction of the juveniles from the 

'prev~ously laid eggs. For various r~a8ons, the populations of 

~. avenae 8up~rted by t~e diff.rent fungi dee1ined after 8 

days and appeared to be -still declining .at the end of the . ' . 
-

experiment (16 days). One explanation for the deeline i8 that 
( , 

aft .. r 8 days, and with limited nutrient supply, the fungus 

my~elium' available for nourishing the rapidly increasing 

nematode population, began to diminieh. It le 41so possible 

that there was a bu~ld-up of 8ub8tanee~ whieh were toxie to the 

\ 
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nernatodes or inhibited hatching of their eggs. 
\;> 

From the data in Table 17, it can be seen tnat the 

nurnber of nematodes r~covered from the Pullularia sp. and 

the two actinomycete isolates closely resembled those of 
. 1 

the control, indicating that A. avenae was unable to repro- ~I\ 

duce on these organisms. 

c. Experirnent Three 

\ .. 

The above experirnent was repeated with rno9ifications 

as noted below, and extended to include Sclerotinia scleroti-. 

~, an id~ntified species of F~sarium and two of Verticillium. 

(i) Methode and.Materials \ . 

Fungi used in this study w~re lsolated from sail or 
1 

diseased plant material and maintaihed on PDA •. They included 

!. viridei !. sèlerotiorum; Fusarium Sp.i F. culmorurni V. albo-, 

atrum and V. dahliae. 

Eighty-four 60 mm x 15 mm Petri dishes were given ten 

a g,lucose amended soil as used before. 

The.8oil W4S adjuated to 58' of the moisture holding', 

capaéi'ty with the -addition of 3'.5 ml of distilled water. The 

platee were le ft overnight for the,water to diffuse evenly 

throughout the soil. The uniformly moiat plates were then 
~ 

autoclaved for 20 min At. 101.3 kPa the following da~.. Upon 

cooling to room t~mpe~ature, the pl~te8 wereeinooulated with , 

1 
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4 mm discs of fungi cut with a sterile cork borer. The culture 

dishes were.wrapped in plastic bags to prevent moisture loss 

and incubated in the dark at 2SoC for a period of 7 days. 

" Fungal growth, with the exception of both Verticilliurn sp. and 
.,." 

~. sclerotiorum, consisted of extensive mycelial coverage of 

the soil surface ~y the ,seventh day. The color of the plates 

inoculated with !. viride was dark green, indicative o~ heav~ 

spore· formation. Plates of ~. sclerotiorurn were three quarters 

covered by a cottony aerial growth, with tufts of mycelia 

irregularly spaced over the soil surface. These mycelial tufts 

probably repFesented the initial stag~s of' sclerotia formation. 

Growth of V. albo-atrum and V. dahliae was slight, with dense 

white mycelial growth coverin~ only one quarter of the plate. 
( 

Approxlmately 42 adult~. avenae nematodes, in 1 ml 

aliquots, were added to the center :.t,f «~ch plate culture "~fter 

7 days of ~8 growth. Preparation of the nematode inoculum 

was the sarne as in the previou8 experiment. Details of incu-

bation, nurnber of replicates; times of harvest and method of 

determining nematode numbers were the sarne as in the above 

experiment. 

(ii) Results ~---
. -----

-----~------ . 
-------' 

A sWlUü4rization of the resullts of thi. experiment ls 

fou~d in Table 18 and Piqure 10; 
~ 

'.As in the prev{ou8 experu..nt., the funql t..sted were 

extremely variable in their ability t~-suppOrt. feeding and 

.iI 
ft 
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Table~18. The effect of di~fe~ent soil-borne fungi on 
multiplication of A~ avenae 

Number 2 of A. avenae Extracted 

Time in Days 

Fungu~ 4 8 12 ~ 

, 1 1 

16 
') 

1 
F. cu1morum 226.6ab 3,016.6 

al 
22,470.0 a 22 , 370. O~;:-, 

» 

Fusarium sp. 241. 6a 1,043.3 b . b 
1,531.6 1,370.0 b 

v. albo-atrum 168.3ab 700.0b 1,156.6 b 1,320.0 b 

S. sclerotiorum lS6.6 ab 910.0b 806.6b 225.0c 

T. vi,ride 155.0ab 680.0b 540.0b 446.6bc 

v. dahliae lis.3ab 725.0b 428.3b 225.0c 

Control (No Fungus) \6.6b 18.3b 4J). Ob B.3Ç 

1 Any two means in a column with the sarne superscript are not 
significant1y different (P~O.05). 

2 Average of three replicates. 
.. ... : 

multiplication of A. avenae. Compared with the control, nurnbers 

of A. avenae àt 4 days,were signiftcantly greater (Appendix 

Table XII) on only one fungus, namely Fusarium sp. Despite the 

fact that average values for nematode numbers on the remaining 

4tve fungi were much greater than the cotit,rol, the differences 

were not statistically significant. At 8 days,.nematode numbers 

were significantly greater (Appendix Table XIII) on ~ •. culmorum 

but not on'~usarium sp., y. albo-atrum, ~. sclerotiorum, !. 

viride and V. dahliae. The -sarne resu1ts were aiso observed at 

12 days ~Appendix Ta~~~IV). Sixteen days after nematode 
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inoculation, !. culmorum, Fusarium sp. and ~. albo-atrum . 
supported ~gn~ficantly greater (Appendix Table XV) progeny of 

A. avenae compared with the control. At this time,' multipli- ~ 

cation of A. avenae on ~. culmorum was statistically greater 

compared with Fusarium sp. and V. albo-atrum . 
• 

The maximum number of nematodes was reached in 8 days by 
\ 

S .. sèlerotiorum, !. viriq,é and ~. dahliae, whereas ~. culmorum 
i 

and FusariEffi sp. required 12 days for total A. avenae population 

development. One fungus, namely ~. albo-atrum, supported con-

Jtinuous popula~ion development of ~. avenae whose numbers'were 

Istill increasing at 16 days. The most rapid rate of A. avenae 

multiplication occur-red 'on ~. culmorum. Nematode numbers 

declined rapidly after 8 days in 'cultures of s1' sclerotiorum, 

T. viride and V. dahliae, whereas only slight reductions in 

numbers of A. avenae occurred in both Fusariurn cultures after 

12 days. 

3. Effect of A. avenae on Nodulation of Bean ~oots 
by Rhizobium phaseoli 

Investigation into the role of certain nematodes in the 

pa"thology and aetiol~gy of plant root lesions convinced G,odey 

(1935) that A. avenae was not a plant parasite, but instead, _ .0.;.....,,== 
was closely associated"with moribund root tissue. A year later, 

11' • \ 

Steiner (1936) vigorou~y refuted Goodey's. claim and presented 

histological evidence that A. avenae not on1y could migrate 

~ ~ 



• 

169 

, 

through root"',~ph1ox hybrid} parenchyma tissue but was capable 
'-, 

of reproduction Within the root system. Since Goodey and 
o \ \. 

Steiner's ear1y work'on the status of A. avenae as a plant 

parasite, evidence has ~~umulated showing that A. avenae can 
',

"-
feed on root hairs of severà{,higher plants (Chin and Estey, 

1966), penetrate the roots of càrn and tomato (Terry, 1966), 

and reproduce on certain tissue cuitures of higher plants 

(Barker, 1963; Chin, 1964; Barker and Darling, 1965). Not aIl 

• 
work has showed that ~. avenae cou1d parasitize higher plant-

roots. Sutherland (196]) 'and Sutherland and Fortin (1968) 
. 

fai1ed to find A. avenae in the roots of ~even species of conifer 
! 

? 
seedlings. They concluded ~hat ~. aveqàe could ~ot enter or 

feed upon intact, héa1thy tissues of higher plants. 

., In view of the somewhat controversia1 situation concerning 

parasitism of higher plants by A. avenae and the ubiquity oi 

this nematod~ in the rhizosphere of plants, especially 1egumes, 

~ 
it was decided to d~termine whether A. avenae wou1d affect the , , 

nodule forming process of beans by R. phaseoli. 

a. Experiment One 

This experiment was designèd to de termine whether A. avenae 

would ~ffect nodulation of beans by !. phaseoli. An ~xèised 

root technique was used. 

(i) Methods. and Materials' 

Excised roots of a Pencil Pod cultivar of beans phaseolus 
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vu1garis, were the test "plants" of this experiMent. Techniques' 

use'd in seed germination, root exc~,sement, preparation of 
;' inorganic aod organic media, and culture vessel steri1ization ,.., 

were the same as in previous experiments described in Part l, 

Section 3. 

Fresp ~. phaseoli inocu1um was prepared by transferring 

ten loopfuls of mucoid bacteria1 growth, taken from,48 hr Congo 

Red Mannitol Agar (CRMA) slant cultures, to 50 ml of sterile 

distilled wat~r in a steril,e, ru.bber-stoppered 125 ml Erlenmeyer 

f1ask. The contents were vigorous1y shaken and l, ml aliquots .. 
were distributed to appropriate excised roots. 

Large numbers of ~. avenae, previously cultured on S. 

ba aticola, were collected in Baerrnann funnels. The nematodes 

weke surface sterilized for 3 min in 0.01% HgCl 2 and washed 

three times in sterile tap water. Concentrations of lOO/ml, 

l,OOO/ml and lO,OOO/ml were prepared using suitab1e dilutions. 

O'ne ml volumes of each concentration were added to the appro-

priate treatment. ~o test for efficiency of surface ateril

ization, 0.1 ml aliquots of each nematode concentration were 

pipetted to plates of. sterile Difco Nutrient Agar. After an 

incubation ti~e of 4e hr at 24oC, the plates were examined 

using a stereomicroscope. Surface sterilization was judged 

suecessful sinee nematode activity was not impaired and aIl 

microorqanisms were eliminated. 

/ 

t 

) 
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.. 

The treatments, each replicated five times, were as 

s 
1. Con~rol, bean roots only 

2. !!. phaseoli 

3. 100 A. avenae 

4 .. 1,000 ~. avenae 

5. la, 000 t: avenae 

6. R. phaseoli + 108 A. avenae 

7. R. phaseoli + 1,000 ~. ayenae 

8. R. phaseoli + 10,000 ~. avenae 
J 

AlI treatments were randomized and transferreh to a dark, 

ventilated incubator at 24°C. The experiment was terminated 

after 24 days. The root system in each culture vessel was 

removed .carefu~ly and i ta fres'h.l weight and nUmber of nqdules 

determined. 

(ii) Results 
, 

A summarization of the r~ts of this experiment ia 
.{ 

presented in Table 19. 

U~on in~ubation of t~e ino~lated unite, severa! excieed 

roots were observed to be slightly above the surface of the , 

moiet s111ca sand. 
i 

However, after an incubation period of 24 

hr, these aerial roota were bending toward the surface and had 

penetrated it by 96 hr. No~ule formation was firet obser~ed 
\ 

thro~~h the transparent wall of the culture vessel on the hinth 

day. .. 
'--r-

"r 

• 
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Table 19. Effect of different nurnbers of A. avenae on 
weight and nodulation of excisea bean roots 

172 

i, 

Treatrnent 

II Fresh Weight 
, 2 

of Roots (9) 

No. of Nodules 

Per Root2 
No. 
, Ig 

of Nodules 

Root Fr.Wt. 2 

Control 

~. phaseoli 

100 A. avenae 

1,000 ~. averiae 

10,000-~. avenae 

~. phaseoli + 
~OO ~. avènae 

R. phaseoli + 
ï, 000 ~. avenae 

!!. phaseoli + 
10,000 ~. avenae 

0.360 

0 .. 348 

0.403 

0.416 

0.380' 

0.362 

0.387 

0.386 

l5.4é\ 

a -12.0 30.19ab 

1 ' Any two means in a co1umn with the same superscript are not 
significantly different (P~O.05). 

2 Average of five replicates. 

From Table 19 it can be seen that fewer nodules formed on 

bean roots exposed ta aIl concentrations of nematode ino~ulum. 

However, differences between treatment means were not significant, 
. 

both,for nodules per root (Appendix Table XVI) and nodules per 

gram of root (Appendix Tablë XVII). The fewest nodules ocèurred 

in treatments containing 10,000 A. avenae, where nodulation was . -, 
25.9' 1ess than in the treatments with!. ehaseoli a10ne. 

.. . 
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The other two inoculum levels of A. avenae inhibited nodule 

formation to a lesser degree. With regard to fresh weight of , 

the root systems, although initial excised root we~ght was not 

measured, there were only slight differences between replicates 

and between treatments. 

( b. Experiment Two 

In the above experiment, ~. ~venae prevented nodulation 

on excised roots of Phaseolus vulgaris, cultivar Penci1 Pod. 

In order to observe whether this nematode could feed on roots 

of beans, a preliminary investigation was carried out using 

an agar m~dium for bean root' cul·ture in Petri dishes. 

(1) Method~ and Mater1als 

Preparati~n of bean seeds for germination, and later, 

for root excisement, was the same as described in the above 

expérimente 

BeCàuse of heavy precipitation occurring whèn c,lcium, 

su1ph~te ànd phosphate compounds were autoclaved together, it 

was necessary to modify the composition and method of preparation 

of Cartwriqht's (1967) inorganic medium for excised root culture. 

Observation of nematoQe movem~nt around excised roots was 
.' 

greatly improved by substituting caC1 2 06H20 for C.ac0
3 

•. 

hundred ml~iéd Cartwri9h~'s medium was prepared 

tollowa: 223 mq of CaCl2 06H ZO and 100 mg of KH2P0 4 were 

Five 

as 

dis-

solved· aeparately in 50 ml of distilled wàter and sterilized 
" 
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by autoclaving. When cool, each 50 ml volume was divided in 

half, giving two 25 ml volumes of calèium and two 25 ml volumes 

of phosphate. Using a magnetic stirrer, aIl other chemicals 

were dissolved in 400 ml of distilled water in a 500 ml Erlen-

meyer flask. When the solu~ion was clear, 200 ml were removed 

and transferred to another 500 ml Erlenmeyer flask. To each 
• 

200 ml volume was added 3.75 9 of Difco Agar, the èontents 

blended weIl and autoclaved at 101.3 kPa for 15 min. When the 

media were aooled to approximately SOOC, each of the previously 

sterilized 25 ml volumes .f calcium and phosphate were added 

and mixed thoroughly. It was found in previous trials, that 

very little preciPi~€iO~ occurred when these compounds were 

mixed at near room temperature, whereas addition at near boiling 

temperatures resulted in immediate and h~aVy precipitation. 

When the media had cooled to approximately 45°C" a 10 ml cell 

suspension of ~. phaseoli was added to one of the ,media vessels. 

Depending on the treatment, the warm, inorganic aga~ medium, 

plus. or minus R. phaseoli cells, wa~ then poured over freshly 
1 

e~\ised roots contained in 16 sterile Petri dishes. Prior ta 

the addition of the inorganic Agar medium, the excised roots were 
" , 

~laced into vials of Cartwr~ght's (1967) organic agar,~edium. 

When the medium. solidified in the Petri dishes, a 0.1 ml . 
aliquot conta~ning approximately 5~ adult A. avenae was added 

~ tp the surface of thé medium in each dish. The cultures were 

inc~ated for 3 claye in a dark cabinet at 24°C. Egg deposition 

--
! 
.' 1 
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and nematode feeding habits on the plant roots were observed 
, 

periodically using a stereomicroscope. 

(ii) Results 

Although the lenqth of the experiment was not suffic~ent 

for nodule formation, A. avenae was observed to respond mor~ to 

roots inoculated with R. phaseoli, than to uninoculated roots. 
l' 

In most observations, more nematodes were seen ~ongregating 

around roots inoculated with ~. phaseo1i than bacteria-free 

~ots. Several of these nernatodes were actively feeding·on 

cells near the root cap area, and, in sorne instances, were 

'" completely immersed in the 100se cells ~ the r09t cap. R. 

phaseoli appeared to stirnulate ~. avenae, as the nernatodes 

moved mu ch more actively and deposited more eggs in the presence 

of this bacteriurn than"in its absence. Because of the~'concen-

trat.i.on (1.,5%) of the Agar, nematodes vere able to penetra te 

and migrate easi1y throughout the agaromedium. Actual numbers 

of nematodes near plant roota were not dete,rmined: however, 

it was generally observed that more nematodes gathered around 

rootlet tips which had penetrated the Agar, than those whlcn 

were growing Along the sufface. 

c. Expe~iment Three , r 
, . 

In the above preliminary experiment it vas demonstrated 

that in treatments with R. phaseoli, A •• venae accumu1ated in 
- ~ f 

larger pumbers, moved and fed more actively, and deposited more ~ 
1 :.~ 

/ 

1 , 

• 
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eggs than they did arounti roots not inoculated with this bacterium. 

Therefore, using the sarne treatrnents, the objective of this , 
additiônal experiment was to observe the feeding habits of A. 

avenae over a rnuch longer period of time than in the above 

experirnent. 

Methods and Materials J 
Procedures used in preparing seeds for germination, root 

elongation, root excisement and expIant culture were the sarne 

as in the above experiment. 
\ 

The method of inoculating the excised rdOts with ~. phaseoli, 

however, was changed. Roots were dipped in a 10 ml bacterial 

celi suspension contained in a sterile beaker, and transferred 

to sterile Petri dishes. Melted and warm inorganic solution 

agar (Cartwright, .1967) was then poured over the roots of aIl 

treatments. The length of roots excised varied from 6 to'l2 cm. 

Large numbers of A. :lenae were cultared on PDACgrown 

s. bataticola, extracted a surface ster11ized in 0.01% H9C1 2 , 

for 15 min. After washing four times in sterile tap water, a 

0.1 ml aliquot, containing approximately 1,000 nematodes, was 

pipetted to appropria te treatments. Efficiency of nematode 

disinfection was tested ,by transferring O.~ml volumes of the 

treated nernatode suspension to plates of Difco Nutrient Agar. 

After 48 hr, no bacterial or fungal growth was present and 

nematodes were active, indicating completely efficient nematode 

surface sterilization. 
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The treatments, each replicated three times, were as 

follows: 

1. Con.trol 

2. ~. phaseoli 

3. A._ avenae 
"-

4. ~. phaseoli + A.'avenae 
• " 0 .... 

The cultures were ,inc1,Ibated at 24 C in the dark. The experiment 

was terminated at the eighteenth day. Observations on root 
~ . 

'growth, nematode beha~iour and nodule development were made 

p'eriodica11y using a s'tereomicroscope or compound microscope. 

(ii) Results " 

Uninoculated roots of Phaseolus vulgaris (cultiv~r, 

Penci1 Pod) grew rapidly, forming numerous lateral roots after 

, 3 days. Many lateral roots penetrated the agar, ,whereas a few 

, extended along the surface, unable to penetrate. There was 

1ittle difference in size, after 18 days, between aeria1 and 

submerged roots. However, root hair formation by aerial roots 

was prolific compared with those surrounded by. the aga~ medium. 

When the experimeht wae terminated at 18 days, growth of 
1 (, l''f 

uninoculated roota was characterized by the f~ation of 

numerous, slender, white roots with smaii areas of discoloration 

scattered unevenly over Utte, '~ô«tt system. 
1 ~, : ., 

Despite heavy inoc&~ation with R. phaseoli, excised roots 
, 

treated with this, bacteri~ did n~t form nodules. Root morph-

ology, however~ was markedly different from the unlnoculated 

.. 
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control. After 7 days, bacterial inoculated roots appear~d 

slightly larger than those of the contrql,' and were beginning 

to atta~n a brownish color. A thin fi lm of' bacterial g,rowth 

was observed around roots on the surface of the agar. By Il , 

days, and continuing until the experirnent was terminated, 
, 1 

there was a noticeable distinction between the size and color 

of roots that were growing 'along the agar sur~ce and those 

that had penetrate~. Surface roots were very thick with a 
~ , • t 

somewhat 100se, dark layEr ar~u~d thern, whereas the submerged 

roots wére much thinner and did not have such a darkened 

appearance. It should be noted, however, that despite the 

above difference in size, the submerged inoculated roota were 
\ 

much larger than uninoculated control roots growing on the 

surface. 

Tpe effect of AI avenae on excise~ root growth was 
. 

difficult to follow within 24 hr of the experiment because of 
Iù 

water films. between the roots and surrounding agar,: Thé majority 
1 ~ 

of nematodes were caught in this water film and were extremely 

difficult to observe under th~ stereornicroscope. At 3 days, 

however, the water film disappeared and the nematodes had 

moved tow~rd rootlets that were penetrating the agar or lying 

on the surface. The nematodes were actively moving around the 
1 ~ • 

rootlets, especially near a root hair, or, in most cases, 

the root tip. Few nematodes were observed feeding on eithe{ 

root cap cells or root haira. 
, 

Feeding was indicated by rapid 
. 

pulsation of the median oesophageal bulb and movement of food . 
particles from'the plant through the oesophagus of the nematode:; 

... , .. î 

. 
~ 

\ " 
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and into the intestine. A few Jernatodes could be seen slowly 

probing root cells and rnoving from one site along the rodt to 

another site, but -not inserting ,their stylets. Complete 

penetration ihto the,root cap by a few nematodes was observep. 

Entry was gainecr by pressing against 100ge root cap cells and 
"i 

with slow swayi~g movement, gradually moving into the r ot cap. 

A small number of egg6 was seen on the surface of the agar in 

only one replicate. The majority of the nematçdes ere mature 

\dults and appeared highly vacuolated. By 7 days nématodes 

were still feeding on cells near the root cap. Root hair:s 

formed by submerged roots were sèverely dama d by the nematodes 

at th~ eleventh day. Many of the adults c tinued to actively 

feed on cells near the root cap and seve al continued to probe ' 

rootlet surfaces. There was litèle indication, however, that 
1\ 

the nematodes were finding the roots an ad~qUate source of 

~ood. This was evident by the short time ~sed for,feeding on 

the root cells; the nernatodes would feed for a few seconds, 
-, 

then withdraw their stylet and move on"'to a,nother site, where 
• 

the sarne pattern was repeated. In compar on ~ suitable iungus 

host woul~ have been fed upon for several mi tes before the 

nematodes would move to another location. Few e gs werè seenA • 

another sign that sa~isfacto~y nutritLon for reproduction was 

not being obtained; At 16 and 18 days, the nématodes continued 

to feed and probe on root$, espacia11y from beneath the agar 
of 

surr~9. ' A small number of juveniles, hatched from previously 

laid 999B, were observed tO.be,feeding on root,par~s. Ma~y 

,/ 
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., . 
,adult nematodes appeared alm~ colorless at this time. The 

characteristic datk contents in the intestinal and reproductive 
, 
tracts' of rapidly growing ~. avenae were absent" ci sign of . 

nutritional. impoverishment . 

The response of A. avenae to roots treated with R. phaseoli 
, . 

was different than it was to axenic roots. In the presence of 
,y 

bacteria" the nernatodes were very active, and feeding on root 

cells was observed often. At 3 days, bacterial growth was 

visible as a cloudy film a~ound the roots. The nematodes were 

moving const~htly in this z~ne. Nematode activity appeared to '., . , ., 
increase by 7 d~y~ as many eggs were observed near the, tips of 

submerged roota. Klthough counts were not made for aIl roots, 

cxusters of 18, 13 an~,35 eggs were found around each ~f 3 

root1ets. TheBe numbel!'s ~ere mUQh higher the.n any seen arou'nd 

roots in the absence of ~. phaseoli. E~ch rootlet was surrounded 

by a layer of granular particles, which becarne disrupted in . 
rnany places du~ to nematode activity. By Il dàys, many of the 

r, 

eggs laid previously had hatched and the'adults, after rnuch 

movement, and !~~g on the aubrnerged roots, had meved away from 
/ 

the damagéd roots. In several instances the,adults were observed 

to be moving around the roots, but at a distance, ~nd not attemp-
1 

ting to feed. In two replicates" small nodule"S were seeri to be 

forminq on aerial rootlets. Not a~l root~ets 'were damaged by 

the nematodes. At 16 and 18 
~\ / 

days, ~ral nodules had formed 
", 

on the aerial portions of some ~ots. seyere,damag~ of many 

sUbmerqed rootlets was eytâent. By thi. time the nematodes 

had ceased to f~ ~ the damaqed or the undamaqed roots. . 

~/ .... 

" ..... ............-.. ~ .. ~~--_ .... /"------'--'----~--
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, 4. Effect of A. avenae on Pre-emergence oamping-off 
of Bean Seedlings by Sclerotihia scDërotiorum 

The use of mycophagous'nematodes in the biological 

, control of certain soil-borne plant pathogens has been' inves-

tigated by several workers. Schiridler and Stewar~ (1956) found 

that 3,200 Oitylenchus spp. per pot re~uced wilt symptoms on 

carnation, due to Fusarium oxysporum f. dianthi. Rhoades and 

L~nford (1959) observed that 125,000 A. avenae per pot controlled 

Pythium root-rot of corn. In a study of ~. solani on beans, 

Barker (1964) showed that disease incitdment was'greatly. redu~d 
\ . 

by high populatiorts.{IOO,OOO nematodes per pot) of~. avenae. 

However, the &bove author pointed out that the population level 

~eGessary to glve a high degree of control is not usually found 
-

urtdér field conditions. Root-rot of beans and peas, caused by 

/~everal fungi, was reduced considerably when populations of A. 

/ avenae were ~proximately 4,OOO-6,OOO/rnl of fungus inoculum 

... " -~ 

, . .. 
(Klink and Barker, 1968). The above experimental evidence 

'''....!.. 
indicates:that A. avenae, in" large numbers, will reduce or 

elimin.te certain root diseases of plants. For tbis reason, ·the 

following experiment was carri~d out to determi.ne whether A. 
,l' 

avenae would reduce damping-off of bean seedl.ings causéo by 

Sclerotinia sclerotiorum. 

a. M~tho~ and Materials 
. 

Fort y clay pots (diameter 10 cm) were filled W~~h a 

1 previously sieved (number 10 mesh, USS) sandy loam ,:so~ 1 , and , 
•• 

/ _.IÎI .................. i"'IJ~II!I==.I!!I!'L--III!IZ~. ~8 ·IZl'l$l&&1i •• M.I .......... P.dll1J!!J" .... ~.~ ...... _~,. ~-::--:: •. '.' J 
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•• 
àutoclaved.at 101.3kPa fo~ 4 hr. When cool, depressions were~ 

made in the center of eacp<pot to a depth of 2 cm and one 
/;' \; . 

bacteria-free Pencil Pod bean seedling was pla~ed into each 
1 

depression. Surface sterilization of bean seeds was carried 
. 

out as in previous experiments. 
. , 

~. sclerotiorU! inoculurn was grown on a modified Czapek 

solution.i~ four'25d ml Erlenmeyer flask culture vessels. Each 

flask contained 25 ml of nutrieI'lt medium. The 'composition of 

the medium was a, .follows: NaN0 3 , 2.0 g/l; K
2

HP0 4 , 1.0 g/l; 
( . 

Kcl, 500,mg/l; MgS0 4 , 500 mg/li CaS0
4

', 500 mg/li FeS0
4

, ~O mg/li 

glucose, 20 g/l and distilled water to 1,000 ml. The flasks 
ob 

were inoculayed with 1,0 ~l'homogenates,of PDA cultured S. 

sclerotiorum, anA'after an incubation period of 6 9ays, the 

medium in each flask was completely ocèupied with dense mycelial 

growth. The cultures were then transferred to a sterile Waring . , 

blendor, and minced at slow speed for 1 minute. A one ml 

aliquok of the fungal suspension was pipetted over each of 32' 

bean seedlings. 
,) 

~ Lar~è numbers of A. avenae were extracted through Baermann 

fun;~ls ftom c~ltures of S. bataticola. The nematodes were . 
'surfac_'~terilized in 0.02% HgC1

2 
for 15 min, and rinsed three 

1 

times in 'sterile water. Using suitable d!lu'tions, nematode 

concentrations of l3,200/ml, 6,600/ml and 3,300/ml were prepared. 

• A one ml aliquot of each concentration was pipet'ted, immediately 
t 

after ~, sclerotiorum, ~o each of t~e appropriate 

pO~8. 
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After inoculation was completed, soil was pla~ed over 

each seedling, tamped down firmly and s~erile water added. In 

order to preven't rapid: moj.sture loss from the soi 1 surface, 

eaèh pot was covered with transparent polyethylene. The plastic 

was r'emoved after 4 days r when seedling emergence was rapidly 

taking place. The pots were watered perio'dically as required. 

Each treatment, replicated 8 times, was transferred to a 

plant growth chamber and randomized. Artificial illumination 

w?s supplied to the plants at 13,000 lx for 14 hr a "day. The -
temperature of the air and soil during illuminatiqn was_2l.SoC 

~and 19. 5°C respectively, whereas during the dark period, the 

te~pe,rature dropped to 18. SoC (air) al~d 16. Soc (soil). The 

length of the experiment was 31 days. 
1 

At this time, percent~ge ~eedling survival, plant height 

and ftesh weight of tops an.d roots was determined. 
# 

b. Resulta 

The results of this experiment are summarized in Table 

20. 

Twelve,days after the experiment was' initiated, unemerged 

seedlings i~ the~. sclerotiorum treatment were removed fro~ 

the soil and examined for the presence ,of this fungus. Small 
\ 

black sclerotia and whit~ mycelial tufts were found inside 

the damped-off seedlings.', Smalt sections of diseased seedling, 

tissue were surfaèe sterilized in 0.01' H9Cl2 for S min, 

" .. " 
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rinsed three times in sterile water and plated o~ PDA. 

Characteristic mycelial growth and sclerotia formation of 

~. séle~Qtiorum occurred after several days. I~was evident, 
.. , 1 

therefore, that bean seedling dampihg-off was caused by ~~ 

§clerotiorum. 

From the data surnmarized in Table 20~(which'was not 

analyzed statistically due to the obvious treatment, eff,ects) 

it can be seen that pra---emergence seed1ing damage, caused by 

S. sclerotiorum, was elireinated at'all inoculum levels of A. 

184 

avenae. No effect on p1ant grqwth bi the nem~tode was' observed. 

The above experiment was repeated, and, with the 

exception of a higher temperature(of in<!ubation and a s,lightly 
\ 

smaller nematode inoculum level, aIl treatments and materïals 

used were the same as above. At a 30 C temperature increase . 

(compared tp the previous experiment) seedling pre-emergence 
',N 

damping-off by~. sclero~iorum did not occur. It was there-

fore not possible to determine whether A. avenae played a role 

in reduc~ng the pathogenicity of this fungus, at the higher 

~emperatur~IS used. It was felt that becauee of the inc;reaeed 

temperatures of soil and air, the bean plants were able to' 
• 

outgrow the mycelia of this fungue. 

• 

.. 
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j Treatment ~Seedling Wt. Tops Wt.~~ots I
f Percent 'Height F:çesh "-~h 

if . ____________ ~,----__ ,E-m-e-r-g-e-n-,ê-e-----(-e-m-)-a-------(g--)-a _______ .(g __ ) ___ -'_-~_'_' __ 

j 7 Control 

1 CI s. ,C1erotiorum 

100 

12.5 

20.0 2.5 

21.2b 1.9b 

. ! 
Il .f /1 

;1-"' 
/' 
fi 

/' 
l 
" 

( 

() 

S. sclerotiorum + 
3,300 ~. avenae' 

S. sc1erotiorum * . -
s. 

6,60Q ~. avenae 

lerbtiorum + 
-13,200 A. avenae 

100 

lÔO 

100 

aAverage,of eight replicates. 

9r--~2.",~ 
21. 2 2.5 -

21. 2 
1 

2.6 

bValue r~pre8ents one surviving replicate. 
-' 

• 

( 

2.7 

. 
2.8 

2.6 
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DISCUSSION AND CONCLUSIONS FOR PART II 

\ 
Aphe~enchus avenae exhibited selective tendencies for 

~rtain of the fungl tested, but the degree of attractiveness 

of each fungus depended on the time between nematode introduction 
'-,....... 

and determination of the nematode response. Fungi which were 

preferred by ~. avenae during the first 18 hr were apparentiy 

not as attractive to the nematode at 24 hr. An unidentified 

Fusarium sp. is01ated from soil, Verticillium dahliae, and 

Gliocladium rose~, in that order, were the most attractive 

fungi at 18 hr. However, during the time between observations 

at~8 hr and 24 hr, fun~al preference by ~. avenae changed 

markedly1;aS indicated by the sharp increase in number of nema-

todes entering colonies of Verticilliurn albo-atrum, Fusarium 

culmorum, Verticillium cinnabarinum and Trichodèrma viride 

(greatest to least, in order of attractiveness). The extreme 

difference between the average number of nematodes observed 

within the fungal colonies, which were evenly separated on 

each plate, showed that,final choice was not random, but was 

governed by differences between the fungi tested. Although 

Pillai and Taylor (1967) concluded that faètors gov~rning 

fungus preference by mycophagous nernatodes were unknown, work 

by Katznelson and Henderson (1964), Foreman (196B) and Klink 

~ al., (1970), indicates that different chemical attractants, 

diffusible in agar,-and produced in varying amaunts by 

dif~erent fungi, served ta attract A. avenae. Chemical 

d .. L.& Z.U Ait • • 

... 
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• attractants were, therefore, probably responsible for the above 
? 

observed distrib~tion pattern. Prior to the 18 hr observation, 

then, the establishment by fungi of chemica1 'gradients in the 

Water Agar (WA) , was not extensive enough to attract ~. avenae 

in large numbers. The rapid increase in numbers of A. avenae 

in colonies of cert\in fungi between 18 hr and 24 hr, however, 

reflects the response of this nematode to discrete regions of 

chemically attractive stimuli. On the other hand, the possib-

ility of attractive volatile chemicals such as ethylene (Ilag 

and Curtis, 1968) cannot be over~ooked. 

The range of attractiveness demonstrated by the fungi 

tested could be interpreted on the basis of: Cl) different 

diffusion rates of attractants in WA, (2) production of several 

attractive substances by certain fungi, and (3) variable out-

growth of mycelia from the PDA dises. Although no work has 

been done on diffusion rates of attractants in WA, Klink et al., 

(1970) found that severai compounds chromatographed from culture 

filtrates of G1ioc1adium roseum could actively attract Neoty

lenchus 1infordi. Liberation of more than one attracting sub

stance by certain fungi may aid sensory perception of gradients 

.by mycophagous nematodes thus resulting in aggregatio~of more 

nematodes in one colony than another. Mycelial growth from 

the inoculum dis cs into the WA did not occur due to the 

nutritionless nature of the medium. At 24 hr, none of the 

fungal colonies were visibly greater in diameter than the 

original '7 mm size, although aerial mycelial growth had devel-

oped in certain colonies. Thereiore, variation observed in 

• 
" ~ ( ... a .. LU 
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nematode response to dif.ferent fungi probably .i.ndicates basic 

physiological differences between fungal g~nera. 

Attraction of a small number of A. àvenae to contrel PDA 

dises is in agreement wi th the resl.Ïl ts of Klink et al., (1970), ,. 

who recovered Neotylenchus linfordi in several instances from 

PDA dises, èven when fungi were present on the 'same plate. 

This suggests that one or more substances in PDA are diffusible 

and slightly attractive to A. avenae. 

None of the fungi tested were repellent te A. avenae. 

Nevertheless, at 24 hr, colonies of Sclerotinia sclerotiorum, 
; 

Sclerotium bataticola and Hel~inthosporium sativum c~ntained 

fewer nematodes than did the sterile PDA discs. The unattract~ 

iveness of these fungi could have been due ta: (1) little or-

no release of attractive substances, (2) the production of 

repellents, or (3) the fact that the sensory mechanisms of A. 

avenae are sensitive only to a certain concentration range in 

a chemical gradient. Although Sclerotinia sclerotiorum and 

Sclerotium bataticola have not been included by other workers 

in mycophagous nematode host preference studies, Katznelson 

and HendersOn (1964) !ound that, after an in~ubation period of 

6 days,Helminthosporium sativum~~as distinctly attractive ta 

Aphelenchoides parietinus. However, in view of the results of , 

. Pillai and Taylor (1967) and Klink et al., (1970), wh6 demon-

·strated that nematodes respond to fungus colonies within 18 
. 

hr, the choice of 6 days by Katznelson and Henderson to 

, 

\ 
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represent ,fungus' at'tractiveness to ~. parietinus ''ffiay be questioned. 

Moreover, 'sinee these workèts plac'ed only one fungus colony on 

a plate Oppos1te the nematode inoculum, it is highly probable 

that through food seeking and randorn movernent, the nematodes 

cou1d contact the ~ungus within 6 days. Even th9Ugh Sclerotium 

batatico1a was not attractive, this fungus was used routinely 

to bU11d ~nd maintain large populations of A. avenae for ex-

~ perimental work. Townshend J1964) found that Sc1erotium rolfsii 

repelled ~. avenae, and Agaricus hortensis was not attractive 

to this nematode. K~nelson and Henderson (1964) reported that 

colonies of Aspergillus niger, Myrothecium sp., Penicillium sp., 

and a Phoma sp., did not allow accumulation of rnany Ap'l'l'elÉmchoides 
1 

parietinys. Katznelson and Hender~on's resu1ts, ~wever, were 

ob~~ined after 6 days of incupation whereas Townshend deterrnined 

fun~us host attractiveness at 18 hr. Katznelson and Henderson 

(1964) furèher 'observed 't~at AphelenchoidêS parietinus was not 

attracted to, nor did it reproduce on, Aspergillus niger while 

Mankau (1969a,b) noted that Aspergillus niger produced a toxic . , 

substance and did not support the growth of.~. a~enae. In this 

study, "however, ~. niger was a moderately attractive fungus to 

A. avenae. The difference in response to ~. niger may be 

e~p1ained by different isolates of ~s~etgillus niger which vary 

in capacity to attract or repel A. avenae. 
i 1 

WitH the exception of Verticillium cinnabarinum, rnost of , 
the fungi se~ected by ~. avenae on WA were highly preferred 

, 
.'" 
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under soil con~i~~ons, although the order of preference changed 
, : 

considerably. ~~spite the fact that ~. avenae and many of the 

fungi tested by other workers are soil-borne, no pr~or information 

could he found on the selective preferences of this nernatode for 

fungi using soil as a medium. Verticillium cinnabarinurn, 

Helminthosporium sativum and Sclerotium bataticola were not 

highly preferred by ~. avenae. Itf~ould appear "that ~. sativum 

and S. bataticola do not producè attractant substances under' agar 

or soil conditions. On WA V. cinnabarinum was highly attractive 

to A. avenae. However, the average number of A. avenae in and 

aro:nd COIO~ of this fungus on soil equalled the control PDA 

discs. This suggests that either the production of attractant 

substances was repressed by sorne substance (5) in the autoclaved 
1 

soi1, or the soil did not allow gradient establishment to occur. 

None Df the fungi tested, except a Pullularia sp., 
, 

fai~ed to support reproduction of ~. av~nae. However, ~consider-

able va~iation in final neroatode numbers between fungi occurred 

after an incubation period of 16 days. Fusarium culmorum was 

clearly the most efficiently used h6st with progeny numbers 

reaching 22,470. Other fungi, namely Sclerotium bataticola, 

Fusariurn sp., Trichoderma vi ride and Verticillium sp., were 

less efficient than ~. cu~mofùrn, supporting 4,650, 2,315, 2,130 
-'" 

and 1,833 ~. avenae, respectively. Nematode reprodu~tion on 

Sclerotinia sclerotiorum and Verticillium dahliae was 1imited, 

with progeny tota11ing 910 aad 725, respective1y, whi1e on a 

• 

1 " G 
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, Pu1lularia sp., recovery of A. avenae was less than the number 

of nernatodes inoculated. , \ 

A1though numerous studies have been made on the growth 

and reproduction of mycophagous nematodes on fungi, therê is 

little information available on the r.eproduction of A. avenae 

on the fungi used in this study and no work has been doné using 

soil as a medium for fungus growth. In their work with Dit y-

1enchus destructor, Faulkner and Darling (1961) observed that 

reproduction at 9 weeks on PDA cu1tured fun~i was as fo110ws: 

Trichoderma v~ride, over 10,000; Verticilliurn albo-atrum from 

tomato" 100 to 1,OOO~ Y... a1bo-atrum from potato, over 10,000: 

Fusarium sp., over 10,000: a second Fusarium sp., 100 to 1,000: 

Âspergillus niger, no reproduction. Exact figures were not 

provided by these workers, nor was the method used for enumer-

ation mentioned.' Mankau and Mankau (196~) not'ed, that Vertici1-

" 

lium albo-atrum, and a Sclerotium sp. supported large populations. 

of A. âvena~ while Trichoder~a viride allow~d only rneager repro-
- 1 

duction of the nematoae. ~urnerical data was not presentèd by 
. 

theà~ authors, hence it is impossible to interpret t~e words 

"large" and'''meager''. Using â. vif?ual estimatioQ. technique for 

4 counting nematode numbérs, Townshend (1964) found that after 2 
) . , 

weeks on PDA, multiplication of A. avenae was as follows: 

Fusarium sp. and Trichoderma viride, between 10,000 and 50,000; 
i 

• 
Gliocladium~oseUm, Verticiilium'albo-atrum and v. dahliae, 
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between 1,000 ~nd 5,000. Although Pillai -'d Taylor (1967) 

studied the reproduction of A. aven~e on various fungi, none 

of the fungi used by these workers were included in this study. 

Evans and Fisher (l970b) Eound that after 28 days on PDA, 

numbers of ~. avenae reached 90,040 on Vertici11i~m à!bo-atrum. 

Realis'tic comparison, however, 'of any of the numer icah dàta on 

reproduction of ~. avenae provided by the above workers# with 

data found in this study, is not possible due to widespread 

differences in: (1) length of incubation time, (2) temperature 

'"during. incubation, (3) type of media, (4f nematode inoculum , 
, 

quantity, (5) size of culture dish (aff~cts the amount of media 
, 

available to the fungi), and (6) method of nematode enumerAtion. 

Interprpt~ti~n nf thp range in fecundity of ~. avenae on 

different soil-cu1tured fungi is complicated by the interaction 

of several factors involving nernatodes, fungi and the soil 

medium. The major factors which were operative in determining 

whether soil-grown fungi cou1d support high or 10w numbers of 
1 

~. avenae ~ere: (1) the amount of mycelium produced by differént 

fungi, and (2) the ~uitability of fungal protoplasrn for nernatode 

growth and reproduction. Those fungi which were'capable of 

rapidly c~nvertin9 soil substrates into mycelial gro~th, and, 

because of their Inherent genetic nature were suitable f~r 

conversion into nematode protoplasm, promoted the developrnent 

of larger populations of ~. avenae than fungi with lesser 

potential. Fusarium culmorum and Sclerotiurn bataticola not 
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" only supported the highest reproduction of A. avenae, but, at 
1 -

the time of nematode inoculation, were observed to have produced 

abundant mycelia1 growth over the entire surface of the 60 mm 
, 

soil plates. On the other hand, fewest\~umbers of ~. avenae 
1 

were recovered -from'colonies of Ver~cilli dah1iae and Pu1lu-

la.ia sp., whièh had grown only slightly with'n the 7 day 

incubation period prior to nematode inoculation. Observed 

differences in reproductio~'of ~. avenae on diffe~t fungi 
\ -

rnay aiso have been due to: (3) inhibiting substance~"fbrmed 

naturally by different fungi or stimulated by nematode feeding, 

which retarded feeding, food dige~ion and reproduction of ~. 

avenae, (4) hypersensitive reactions of certain fupgi, simi1ar 

to plants (Jenkins~and Taylor,.p 237, 1967), which, upon nema-' 

Jtode feeding, act to delay or inhibit nematode reproduction, 

(5) complete destruction of aIl funga1 myce1ia ~(Riff1e, 1967; 

Cooke and Pramer, 1968), thus preventing further nematode growth 

and deve1opment, (.6) stimulation of funga1 growth by nematode 
1 

secretions administe~ed through feeding, and (7) nematodes 

becoming quiescent in sorne, cultures. 

Three organisms, inc1uding the fungus Pullularia sp. and 

two unidentified actinomycetes, were nonhosts for A. aven~e as 

indic~ted by recovery of fewer nematodes than original1y 

inoculated. r Due t~ its inability to divlde rapid1y in soi1, 

and unicellular growth habit (Alexander, 1961), the Pu11u1aria 

sp. did not pravide !. avenae with a food supply sufficient 
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for reproduction. That~. avenae did'not mu1tip1y on either of 

1 

the actinomycete colonies supports the finding of Katznelson 
ù .. 

and Henderson (1964) who noted .. that AphEtienchoides parietinus 

did nat repraduce on 56' isolates of s~,!l actinOInycetes. However, 

OrganiS~S w~ich mycophagous nematoder cannot use as food, such 
/ 

as actinomycetes and bacteria, can pevertheless attract them 

strongly (Kat~nelson and Hende~sod~ 1964). 

Reproduction of ~. avefi~e Ôn different fung~l hosts ~as 
/ 

influenced b1, timé. The most rapid rates of nematode reproduc-
. 

tian were recorded o~ Fusarium culmarum and Sclerotium bataticola. 

: ~ 
On rnost fungi, the number of A. avenae recavered was low at 

4 days,\, and maximAl at 8 days. Population g,rowth declined 

qU~kl~ after 8 days. The nematodes required 12 days to reach 

total population.growth on Fusarium sp. and Fusarium culmorum', 

before declining in nurnbers at 16 days. The above results 

suggest t~at population distribution over a time period is most 

likely due to factors gov.erning population increase and decrease. 

Populàtion increase is regulated by several factors including 
/ 

nurnber of eggs laid per female, percentage of egg$ hatched, 

and percentage of juveniles reaching adulthood (Pillai and 

Tax10r, 1967). Since the number of ~. avenae determined during 

the period of population increase differè~~ith each fungua, 

it may be assumed ·that the quality and quantity of host 

subtrate determine the limit to which the above factors, 

suggested by Pillai and Taylor, can act to regU~POPulation 
increase. In view of the statement of Evans and Fisher (1970b), 

L,a. A 3li."» 22 JS.'EI pg-
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wh~ suggested that egg'production by~. avenae requires sub

sta~ial amounts of ,hitrogen, and the requirement of this 
/ , 

element for juve:ni,ie maturation,' it 'would seem reasonable that 
/ 

'tefmination of A./ avenae reproduction and onset of population 
! 

! 

~ decline is due'~rimari1y to insufficient nitrogen available 

to support th~~ nematode. Other nutritional factors, however, 

mal'" also be j.'nvolved. With the exception of Fusarium culmorum ~ 

and vertlcyi{ium albo-atrum, POPul~tion decrease of A. avenae 
. / 

proceeded Irap-idly on aIl fungi .. The reasons for this may 

include: (1) unavailability of fresh food sources, (2) space 

limitations, (3) entry of nematodes into an anabiotic state, 

or (4) production of inhïbiting substances by nematodes at 

high population densities. Th~ latter is the most unlikely 

re~son, however, because although the greatest pQpulation of 

~. avenae occurred, on Fusarium culmorum, it had declined only' 

slight1y after 12 'days, whereas -on other fungi, and at much . ,/. / 

smal1er densities, rapid population decline was observed as 

early as 8 days. The rep'roduction of ~. avenae on Vertici,llium • 

albo-atrum, unlike on the other f'ung.i, was still increasing 

after the sixteenth day. This probably was due ta the slow, 

sustained'growth qf the fungus in spite of aontinued nematode 

feeding. 

The validity of amending sterilized soil with 0.5% 

glucose migKt be questioned because of the pos~ibili~y of 

providing A. avenae with an extra nutritive facto~ sufficient 

! 

,', 
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to,affect r~proquction., However, this i9 highly improbable 
j :r 

since the average number of A. avenae extracted from control 

plat,es was a~ways lower than the original inoculum. \ . 

The results of a preliminary study demonstrated~at 

glucose' has a stimulating effect on the growth of .soil fungi, 

which.indirectly affects the reproduction uf ~. avenae. Com-, 

pared wi th unamended control soil f numbers of A. ave'nae were 

four times greater on Fusarium sp. and Trichoderma vi ride 

cultured on 1% g~ucose amended soil, while at 4% glucose 

levels,'numbers of this nematode were approximately six times 

greater on Fusarium sp. and 17 times greater on!. viride. 

A comparison of results on host attractiveness and host 

suitability indicate that a fungus preferred by~. avenae is 

not a1ways the most suitable host for population increase. 

The maximum mean population level of A. avenae on Fusarium' 
. 

culmorurn was 22,470 and this fungus wa~ highly preferred bath 

on aqar and sail media. However, although se~erotium bataticola 

suppGrtèd the second highest number (4,650) of nematodes, this 

fungus, under the Bame conditions as ~. culmorum, was the most 

unattractive of aIl hosts tested. These results confirm the 

conclusions of Pillai and Taylor (1967), notwithstanding the 

fact that the fungi tested by these workers were different 

from those used).D tfiis study. 

Nodule formation on excised roots of ~ea~s was inhibited 

by A. avenae, indicating that this nema~ode can detrimentally 

Av .. 1 4, iJt 

.. 
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hosto The degre~ of nodule reduation appeared to be dependent 

on the inoculurn numbers. Little effect was shown by levels of 
~ 

100 and 1,000 ~. aVenae, whereas 25.9% fewer nodules were formed 

on roots inoculated with lO,OOU of these nematodes. The dimin-

ished number of noclules could have been due to: (1) the pro-

duction, by high density ~. avenae inoculum levels, of substances 

toxic to ei,ther~. phaseoli orobean roots,' (2) irnpairment or . 
restriction of bacterial infection/threa'd developm~nt in rooe 

hairs, by feeding or probing of ~. avenae, (3) stimulation of 

lateral rQotlet formation, known to inhibit ,root hair -infection 

(Nutrnan, 1965), (4) disturbance of normal host synthesis and 

secretion of products stimulatory to ~. phas~oli, and (5) 

abnormally severe extrusion of protoplasm (Nutman, 1965) from 

apically weakened elongatirig root hairs, caused by a combination 

of host (Fahraeus and Ljunggren r '19-61JJ and hematode injected 

po1ygalacturonase A (Barker, 1966). 

The observed difference in root f'resh weight between A. 

avenae treatments and the uninoculated controls probably 

indicates nematode enhancement of excised root growth. Increased 
, 

root growth may have been due to substances injected by the 

nematodes during feeding o~ released by the nematode~ in respopse 

ta root excretions. 'As a result, the activity of lateral root 

meristem areas may have been stimulated. 

The average number (16) of nodules formed on roots 

inoculated with R. phaseoli was less than that reported by 

Cartwright (196.1>, who noted an average of 40 p~r excised .root 



.. 

system. ,The smaller, number of nodules produc d by excised 

root~ in this experiment may reflect diff~ nces in the kind 

of bean cultivar used, texture of the r06t medium, ·or strain 

and time of addition, of R. phaseoli ',' In Cartwric}ht 1 s exper-- / .' 
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iments, excised roots were obtain, from a Black Wax cultivar, 

of beans, grown vertically in very CQarse sand medium and 
~ 

inoculated twice with R. aseo~i. In this work, roots were 

removed from a Pencil ~d bean cultivar, grown in a horizontal 

position using a fine grain silica sand and inoculated only 

once with R. phaseoli. 

Severe root hair and rootlet damage p~oduced by A. aven?e 

on agar-cultured excised b~an roots suggests that the previously 

observed nodule reduction in the presence of this nematode,is 

due mainly to destruction of root hairs and the nodulating 

sites immediately adjacent to centers of root hair infection. 

The results of this study nct only conforrn with Chin and ,Esteyls 

(1966) observations on root hair feeding by ~. avenae, but, in 
Il 

view of the f~ct that solute absorption occuEs most rapidly in 

the root-hair zone (Scott, 1965) and can be serious1y affected 

in mutilated roots (Burstrom, 1965), the results probably 

indicate the mechanism responsible for the stunting and 

wilting noted by Chin and Estey on oat and cabbage plants. 

Detectable plant responses to A. avenae may, however, be 

~nfluenced by severai factors including the type of plant and 

the population level of the nematode. Chin and Estey (1~66) 

noted that A. avenae did not feed on root hairs of 9 of 15 

seed1ing plants tested and Barker (1964) was unable te detect 

/ 
/ 
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reduction in grow~n the presence of this nematode. 

Sutherl~~~ failed to detect any réduction in conifer 
-;::/' 

see~ng,gro~th using 70 A. avenae, while Barker (1963) noted 
, 1 

,/ " 
ifreat r duction in growth of Kentucky Blue grass at an inoculum 

leve1 f 2,000 nematodes per pot. Chin and Estey (1966) and 

Terr (1966) observed.growth reduction and wilting of plants , 

ino u1ated with 40,000 to 80,000 nematodes. However, Rhoades .. 
a~d Linford (1959) working with corn, Mankau and Mankau (1963) 

/ising or~nge see~lings, and Barker (1964) studying beans, did 

/ not 'ob~erve any debi1itating plant tffects using 'as many as 

100,000 to 125,000 nematodes per ~6t, although the pot slzes 
1 ( , , 

may have been quite different from those 0' the experiments 

referred to above. The va11dity of extrapolation from the 

results of experiments with excised roots to whole plants rnight 

be questioned on the basis of the inability of excised roots 

to perforrn normal root functions. However, studies by Raggio 

et al., (1957, 1959) indicate that isolated 1egume roots are 

capable of growth, root hair formation, nodule formation and 
1 

nitrogen fixation, functions,~hich are characteristic of normal 

olegume roots. The pre~e~ce of few nematode eggs and the color-

1ess appearance of adult A. avenae at 18 days suggest that, in 

spite of frequently observed food uptake from root hair and 

epidermal root1et cel1s, this nematode wa~ unable to obtain 

the necessary rtutrients for egg production and juvenile 

maturation. The lack of color demonstrated by adult ~) àvenae 

resembles the starved appearance of A. avenae sieved from ~oil 
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in which cor~ had been growing (Rhoades and Linford, 1959). 

Although nO ~eForts have been published showing reproduction 

of A. aVenae on healthy higher plants, these results, together 
-~ 

with the dis~overy of root hair feeding by Chin and Estey (1966), 

and the repO~t5 of A! avenae being found within roots (Christie 

and Arndt, 1936~ Steiner, 1936; Barker, 1964; Terry, 1966) 

indicate that ~nder certain conditions, this nematode can feed 

on and enter tbe ~oots of higher plants. This disagr~es with 

the conclusions of Sutherland (1967) and Sutherland and Fortin 

(1968) who claimed that A. avenae not only cannot feed on 

roots of higher Plants but i5 unable to enter hea1thy tissues 

of higher plants. Sutherland and Fortin (1968) admitted, 

fiowever, that ~. avenae may enter roots providing that a 
~... -

pathogenic funquS has preceded the nematode. This might explain 

the presence of ~. avenae in roota pf plants grown under green

house conditio~S, Entry of ~. avenàe into plant roots could 

also have been aided by liberation of cellulase and polygalac-

turonase bY large numbers of ~. avenae (Barker, 1966) which 

weakened the nor~allY resistant epidermal cell layer. 
\ 

The incre8Sed activity exhib~ted by A. avenae in the 
, 

of eh.aseoli indica,tes nematode stimulation prE7sen~~ g. either 

dit:ectly bY R. e!:taseo !.!. or indirectly through substances re-- " 

leased by int~ta~ting roots and cella of the bacteriurn. The 

nature of the 9tt~ulus is not known but is most likely chemical 

and may involve the profuse)olysaccharide secretions known to 

occur in diffete~t strains of ggizobium (Fahraeus and Ljunggren, 

-, 
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1968~ Alexander, 1971}, or compounds excreted by the roots in 

response to liberation of bacterial substances. The stimulus 

• is probably,not highly specifie for any one nematode function 

since severa1 responses including movement, feeding, and egg . 
laying were observed. The stimulated activity of ~. avenae 

during the f~rsl 7 days in 

agar cul tured e c.~' bean 

the presence of~~. ehaseoli and 

roots, and the movement o~ adult 

nematodes away from the severely damaged roots at Il days, 

suggest that the stimulus is effective when excised roots.are 

relatively undamaged. Thé production of eggs by ~. avenae was 

notably influenced by the presence of R. phaseoli. Although 

seve~al hatched juveniles were observed feeding on plant cells, 

maturation did not occur, probably due to the damaged root 

hairs, root caps and rootlet surfaces. These results strengthen 

the hypothesis of Katznelson and Henderson (1964~ who suggested 

that the rhizosphere microflora not only may have a profound 

effect on soil nematodes, but this effect may be completely 

unrelated to the food value of the microflora. 

Nematodes were observed to be most numerous and active 

in cloudy films or zones surrounding the submerged rootlets. 

These cloudy areas, which probably contained ~. phaseoli cells, 

were frequented by constantly moving, feeding, and egg laying 

adulte of A. avenae. It is possiBle ~hat the stimulus which 

promoted heigh'tened nematode activity was formed and retained 

in the slightly opaque zone adjacent to the roots. The trans-

formation at 7 days, of this continuous amorphous zone into a 
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particulate or granular, non-cloudy appearance, could have 

been due te ion complexes which formed as a result of iI'lter-
1 

~ction between nematode, root, and bacterial excretions, and 
l , • 

the mineraI substances of Cartwrigpt's inorganic medium sus-

pended in the agar. Since nodule formation in beans occurs 

'via bacterial root hair infection, the deficiency in nodule ., 
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numbers in these excised root experiments may have been due to 

the poor root hair development of the roots growing in the 

agar medium (Raggio et al., 1957). 

Darnping-off of beans incited by Sclerotinia sclerotierum, 

was controiled completely by aIl inoculum levels of A. avenae 

tested. The already established fact that A. avenae can feed 

and multiply on soil cultured S. sclerotiorum, the use of 

hornogenized rnycelial suspe(lsions as inoculum, and the lack of , 

darnping-off in nematode tréated plants, 1ndicate that this 

nernatode is capable of either total destruction of aIl rnyce1ial 

inoculum or reduction of the inoculum level below that required 

for root infection. Although numerous studies have shown that 

A. avenae can reduce root diseases caused by fungi (Rhoades 

and Linford, 1959; Barker, 1964: K1ink and Barker, 1968) the 
l 

effectiveness of A. avenae appears to depend rnain1y on the type 

of plant and the inoeulum level of the nematode. The results 

support the conclusion of Rho.des and Linford (1959), that 

under controlled environment conditions, A. avenae is a 

beneficial nernatode. 

l' 

t. 
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PART III 

STUDIES OF MELOIDOGYNE HAPLA 

1. The Effect of Bean Cultivar on Penetration and 
Development of M. hapla 

Despite numerous studies of the physiology of root-knot 

nematode-host relations, Yver;y little work has been done on the -

effects of different host cultivars on the morphological 

devêlopment of this ~matode. This is especial1y true for the 

early stages of root parasitisme Bar~ons (1939) found that 

juvenile root-knot nematodes penetrated the roots of resistant 

and s~sceptible beans in equal nurnbers. Later, however, Barrons 

obs'erved" heavy gal1ing on the susceptible cultivar and light 

ga~ling on the resistant cultivar. Crittenden (1958) studied 

the reactions of soybean cultivars to Me1oidogyne incognita 

acrita and noted that the nurnber, size and mocphology of giant 
" 

cells differed between resistant and susceptible cultivars. 

Blazey et al., (1964) showed that several bean cultivars which 

were resistant to~. incognita were highly susceptible to ~. 
~ 

hapla and two other root-knot nematodes. Reynolds et al., 

(1970) demonstrated that juveni1e root-knot nematodes migrated 
• 

out of khe root sy~tems of r~sistant alfalfa cultivars, whereas 

in susceptible CUltivars, juve~iles became seqentary and 
f 
" 

d~veloped normally. ,) 

The objeotive of this part of }he present reaearch was 

to determine the effect of difiere~ bean cultivars on the 

- 203 
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growth and development of Mel01dogyne hapla Chltwood during 

.the ear1y stages of nematode morphogenesis. 

a. Methods and Haterials 

Soaked seeds of Il bean cultivars were surface steri1ized 
, 

in 0.1% HgC1 2, rinsed three times in sterile water and plated 

on modified CRMA. Bean cultivars used were ~omano, Unriv~11ed 

Wax, Brittle Wax, Pencil Pod, Cherok~e Wax, Puregold, Contender, 

Bountiful, Tendergreen, High1ander and Kentucky Wonder Wax. 

Contaminant ,free seedlings were transferred to culture tubes 

(20 mm x 150 mm) of sahdy loam sail previously autoclaved for 

55 min at 101.3 kPa. One seed1ing was placed into a depression 

in the soil of eac~ tube. ) 
Egg masses of ~. hapla were rernoved from roots of infected 

tomato plants, and~surface sterilized in 0.12% NaOCl for 15 min. 

The surface sterilized egg ~asses were then transferred to 

Petri dishes containing sterile'water, and incubated for 5 days. 

Hatched juveniles were co11ected and 1.0 ml aliquots containing 

approxirnately 750 nematode9 were pipetted to each seedling. 

The seediings were covered with sterile soi1 and given 5 ml 

of ~terile water. The tubes were then wrapped with alurnin~ 
~ 

foi1 and placed in a growth 'cabinet. Artificial illumination 
, 

at 13,000 lx was supplied to the plants for 14 hr per day. . . . 

The air ternperature of the cabinet was 22°C throughout the 

experirnent • 
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At intervals.of 7,' 14 and 21 days, two inocula~ed plants 

of each cultivar were removed from the incubator, and the roots 

washed, fixed, and stained for nematodè size determination, 

The roots were fixed in FAA for at least 24 hr before staining 

in 0.05% cotton blue lactophenolJat Sooc for 1 min. Destaining 

was carried out using clear lactophenol. Young roots stained 

Iight blue, ~hereas the oider parts of the rbot system stained 
; 

.Iefs-deeP1Y. Root tips appeared a deep blue. 

To determine the eff~ct of each bean cultivar on~. hapla 

development, the roots were carefully dissected, ùsing teasing 

• needles, and nematode size and shape were compar~d to standards 

originally proposed by Christie (1946). A total of 100 n€matodes 

weré examined. The standard,shapes (Fig. Il) are described as -. 
fo11ows: Group A, includes juveniles fro~ the stage where growth . 

.' . 
has begun to the~stage where they. still possess a more or 1ess 

conical tail; Group B, includes ju~enile~ from the sta~e with' 

a more or less hemispherica1 posterior end, t~rminated by a 

spike, to the stage whe~'they are ahout to co~p1ete the final' 

mo1t; Group C, inctudes females from the stage of molt comp1etion . . 
" to the stage where they are almost fully grown;.Group D, inc1udes . . 

fully grown fe~ales (or nearly s9) that have not laid eggB; and 

Group E, includes ~gg-laying·female8. 
, " 

b~ Results 

The results of this experiment are presented in.Tables 
• 

21, 22 and Figures. 12, 13. • 

.' '. 
.. 
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Figure 1·1. Root-knot nematode deve1opmenta1 stage 
classification (after Christie, 1946). 
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Table 21. Effect of bean cultivar on deve10pment 
of M. hapla 14 days after inoculation 

Developmental Stage2 of.,~. 

Cultivar A 3 ~ B3 c 3 D3 

1 1 
Bountiful 4.5a 95.5a a 0 

Britt1e Wax 5.5a 94.Sa 0 0 

Cherokee Wax 7. Sa 20.Sa 0 () 

. 
5.0a 58.5a Contendet 0 0 

Highlander 5~Sa 94.5a 
-0 0 

Kentucky Wonder Wax 6.Sa 93.Sa a 0 

Pencil pod 11. 5a BB.Sa a 0 

Puregold l5.0a - 73.5a 

~ 
0 . 

Romano 8.0a 9~.Oa 0 

Tendergreen 19.,pI .69.5 a 0 0 

Unrivalled Wax 8.Sa 91. Oa 0.5 0 

\ 

haela 

• E3 

0' 

0 

0 

a 

a 

a 

a 

a 

0 

0 

0 

lAny two means in a column with the sarne superscript are 
not signif ic'antly different (P~ 0.05) • 
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Total 

100 

100 

28 

63.5 

100 

100 

100 

88.5 

100 

88.5 

1"00 

2See Figure Il for illustrations of the developmental stages 
of ~, hae).a. 

3Each number represents the average of two replicates. 

After an incubation per{od of 7 days, visible evidence in 

the forro of tiny root swellings, of nernatod~enetration and 
\: 

development, could not be observed. Root dissection revealed 

.' smalt numbers of recently penetrated second stage juteniles 

which h~ undergone little development. Since nernatode 

/ 

, , 
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• 
development qfter one week remained within Group A, only the 

data for the second and third week of incubation are reported. 

Nematode development between 7 and 14 days after inoculation 

was rapid (Table 21). The majori ty of nematodes' had reached th'e 

Group B stpge, characterized by spike-terrninated, hemispherical 

ends. Numbers of ~. hapla at the A and B stages of morphogenesis 

varied between cultivars; however, the differences were not 

significant (Appendix Tables XVIII, XIX). Cherokee Wax (Figure, 

12), allowed less root penetration than any of the cultivars 

tested. Wi th the except~on of on,ly one of several hundred 
1 

nematodes examined, development did not reach the Group C stage. 

Nematodes continued to develnp and increase in size .. 
until the third week. Considerable, but not statisticglly 

significant (Appendix Tables XX, XXI, XXII), differences between 

cui,tivars were observed at this time. Four bean cultivars, 

including Unrivalled Wax, Puregold, Contender and Bountiful, 

appeared to be the most resistant to nematode growth and 

development (Table 22 and Fig. 13). In each of the abdve 

cultivars the greatest percentage of nematodes examined had 
• 01" 

reached only the Gro~p B stage . 
1 

These cultivars, however, were 
1 

not comp1etely resistant. In each case a small percentage of 

nematode~ developed to the Group D stage. The cultivars 

a~owing greatest percentage of Group D stage development were 

Kentucky Wonder Wax, Brittle Wax, Highlander, Romano and Tender-

green. N0 cultivar supported nematode development ta the egg 

laying stage (Group E) in this three week periode 

la !iii J.t Lk!1 Me;:a, .. 
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Figure 12. Oev,lopmentAl stag~'of M. hapla on different 
bean cultivars 14 .days (average of two 
repl~cates) after inoculation. 
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Table 22. E fect of be,an cultivar on,development 
o ~. 'hapla 21 days afteT inoculation 

Developmental Stage~of M. hapla 

210 

Cuiti'var A 3 B3 C3 0 3 E3 Total 

Bountiful 

Brittle Wax 

Cherokee Wax 

Con tender 

"'Highlander 

Kentucky Wonder Wax 

Pencil Pod 

Puregold 

Romano 

Tendergreen 

Unrivalled Wax 

0.5 

0.5 

o 

o 

o 

0.5 

o 

o 

o 

o 

o 

46.0a 2~.Oa 0 

19.5a 26.0a 0 
.-

'23.Sa '\ 37.0a 39.Sa '0 

28.0a 

33.0
a 

52.Sa 

32.Sa 

30.0a 

42.0a 

30.Sa 41.0a 0 

3S. Sa 31. Sa 0' 

2B.Oa 39.Sa 0 

32.Sa 37.Sa 0 

33.0
a 

2S.0a 0 

l Any two means in a cOl~n 'with' thJ same superscript are 
not significantly different (P~O.OS). ' 

2See Figure Il for illustrations of the developmentai 
stages of ~. hapla. ' -

3Each number represents the average 0f two replicates. 
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Figure 13. Developmental 8taq~8 of !. hapla on different 
bean cultivars 21 days (averaqe of two 
replicates) after inoculation. 
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2. The Effect of Soil Yeasts on Penetr 
bevelopment of M. hap1a on Beans, P 

It is weIl known that certain/fUnga1 and bacterial 

members of the soil microf10ra affict the p'arasitism of plant • 
roots by root-knot nematodes. T date, however, studies have 

not been made on the effect of oil yeasts on root-knot 

nema tode-plant interactions, d spi te docurnented evidence of 

the existence df yeast. in soil (di Menna, 1957; Alexander, 

196+; Babeva and Sav~leva, 1963; Babeva and Beiyanin, 1966; 

Làst and Priee, 1969). 
, 

In this part of the present research, a study was under-

taken to determine the effects of differ~nt soil yeasts on the 

penetration and development of M. hapla on beans, peas, and 

clover. 

a.~Methods' and Materials 

, 

SOaked seeds of beans (Slendergréen), peas (Little Wonder) - ~ 

and red claver (bollard) were 

rinsed three times in sterile 

surfa~ sterilized in 0.1% 

disti11ed water and ~ted • on ' 

modified CRMA. Germinated seedlings, frèe'of contaminating 

microorganisms, were tr~nsferred to cotton-plugged 250 ml 

Er1enmeyer f1asks aL greenhouse ~pi1, steri1ized 24 hr before 

seed1ing addition. One seedlinq was p1aced into a depression 

made in tbe sail of each f1ask by a sterile glass rad. 
. ' 

Around thè root system of each plant was pipetted ~two 

ml suspension containing approximate1y Z,OOO juveniles of M. , 
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bapla. The juveni1es were obtained from surface sterilized 

egg,lmasses (gently agi tated for 10 min in 0.12% NaOCl (com-

mer~al bleach, Javex). After rinsing twice irt sterile distilled 

water, the egg masses were transferred to sterile sorewcap 

culture tubes and violently hand shaken for 3 min to dislodge 

the egg5 from the gelatinous matrix. Dislodged eggs and pieces 

l, (j)f egg mass material containi~g embedded eggs were tran~ferred 

to ste!ile Petri plate~ containing 15 ml sterile distilled 

water, and lef~ to hatch at room temperature. 

Yeasts were cultured on a modified Wickerham (1951) 

medium. This consisted of glucose, 10 g/l; malt extract, 

3.0 g/l; yeast extract, 3.0 g/l; peptone, 5.0 g/l and distilled 

water, 1,000 ml. Fifty ml of the above medium were placed in 
~ , l 

cotton-p1ugged 250 ml Erlenmeyer flaaks and autoclaved at 

101.3 kPa for 15 min. Upon cooling, the flasks were inoculateq. 

with Candida mycoderma, Lodder and Kreger-van Rij, Rhodotoru1a 

pallida, Lodder and Torulopsis magnoliae, Lodder and Kreger-van 
tI 

Rij, and incuba~ed at 2So C, on a rotary shaker, for 3 days. 

A five ml suspension of the required yeast culture was pipetted 

to~he root zone of appropriate plants. 

Exposed seedling roots were then covered with sterile 

soil and given 10 ml sterile watec. The soil portions qf the 

flasks were~wrapped with aluminum foil and placed in a temper-

ature çOhtrol1ed cabinet. The pl~nt8 were illuminated with 

artificial light at 13,000 lx fo~ 14 hr a day. The temperature 

of the air during illumination was 23°C, and laoe during the 

.. 
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~." • ..J __ .... .I.~'r..·_ " 
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dark periode The length of the experiment was 28 'days. 'Sterile 

water was added periodieally as required. 

The treatments, each replicated six times, were as follows: 

1. Beans + M. hapla 
't 

2. Beans ...... + M. hapla + T. magnoliae 

3. Beans + M. haEla + R. Eallida 

4. Beans + M. haEla + c. m:icoderma 

5. Peas + M. haEla 

6. Peas + M. haEla + T. masnoliae 

- 7. Peas + M.. haEla + R. Eallida ...., 

8. Peas + M. haEla + c. m:icoderma -
9. Clover + M. haEla 

10. Clover + M. haEla + T. masnoliae 
\ 

Eallida 11. tlover + M. hal2la + R. 

12. Clover + M. haEla + c. m:icoderma 

DUe to the rapid growth of the bean and pea seedlings, 

the elongating seedlinq hypocotyls quickly contacted the cotton 

stoppers, and pusl;ted' them from the Erlenmeyer flaSks. To pre

vent microor~l contamination, a piece of.s erile ~otton was 

fitted evenly around the elohgating hypocot 1. Because of the 

slower growth rate of the clover seedlings, ontact with the 
1 

cotton stopper did not occur until the termin tion of the 

experiment. 

Upon co~pletion of the experiment, roots were 
, . 

washed carefully, fixed in FAA for 24 hr ained in 0.05% 

• 

. . 
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cotton blue lactophenol at 80 C for 1 min. Destaining was 

omitted sinee portions of the root system containing nematodes 

did not stain deep1y. 

Roots were carefully dissect~d, using teasing needles, 
• 

and nematode maturity was deterrnined according to the rnetfiod 

of Christie (1946). AlI nematodes in each root system were 

observed for size, shape and presence of eggs. 

b. Results 

The results of this experiment, designed to study the 

'effects of different yeasts on the penetration and development 

of ~. hapla on beans, peas and red clover, are summarized in 

Tables 23, 24, 25 and Figures 14, 15, 16, 17, lB and 19. 

The total number of M. hapla disse~ted from axenic plant 

roots varied with the type of plant (Table 23, 24, 25). Peas 

8upported the large~t number, 217.6; beans, '133.8; and red clover, 

only 12.5. Probably the most tenable reason for such a low 
v 

number of nematodes in red clover roots is the slow growth rate 

of the plants. 

In general, fewer ~. hapla entered and developed in plant 

roots treated with yeast inocu1um (Fig. 14). With the exception 

of red c1over, which did not produce a vigorous, rapid1y 

extending root system (the data in Table 25 were not analyzed 

statistically due to apparent lack of treatment effects and 

number of dead plants), the number of M .. hapla in roota of 
, 
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Table 23. Effec~ of soil yeasts on penetration and 
development o,f. ~ haEla on beans 

Developmen't'Z 
'\ 

of t!. haEla 

Treatment A B C D E f!' 

l 1 1 
M. ha121a 0.5 3 39.7a 28.Sa S6.Sa al 

6.5 2.2 

M. ha121a + 
22.,Sab 20.8a 36.5a 6.2a T. ma9:noliae 0.2 3.2 

M. haPt~ + 
l4.5b l5.6a l7.3a 10.Sa R. Eal ~da a 3.0 

M. haEla + 
l8.~ab l7.1a 26.5a 11. Ba -ë. m:icoderma 0.2 3.5 

1 Any two means in a column with the same superscript 
are not significantly different (P~O.Q5). 

2See Figure Il for illustrations of the developmental 
stages of ~. haEla: 

3AVerage of six replicates • 

• r 
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Total 

133.8a 

89.3a 

61. oa 

77.3a 

beans and peas treated with either T. magnoliae, R. Eallida 

l 

~ or C. mycoderma wa~ less than th~ controls. In beans (Table 23)( 

'numbers of M. hapla counted in roots treated with !~ magnoliae, - , 

f. m:icoderma and ~. Eallida were 33.2%, 42.2\ and 54.5% lower, . ... 
respectively, than in uninoculated control plants (treatment 

differences were not significant, Appendix Table XXIII). A 

similar pattern wae observed in peas (Table 24), with lower 

numbers (not statistically significant, Appendix Table XXIV) 

of !. h~pla entering and developin4 in roots treated with 

yeàsts, than in contr9l plan~s. 
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Figure 14. Effect of soil yeasts on the number of ~. hapla 
developing in the roots of beans, peas and 
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Table 24. Effect of sQil yeasts on penetration and 
development'of M. hapla on peas 

) 

, ,'li .- ~ 2 
1 Development of M. hapla 

218 

Treatrnent A B Total 

M. hapla 

M. hapla + 
T. magnoliae 

M. hapla, + 
R. palliCia 

M. hapla + 
C. mycoderma 

3.6 

1.5 

0.7 

l 
108.5

a . 
l l \ 1 

35.5
a 

52.0
ab 19.0a 

0.2 

lAny two meàns in a colurnn with the same superscript are 
not significantly different (P~0.05). 

2See Figvre Il for illustrations of the developmental stages 
of ~. hapla. 

3 . 
Average of six replicates. 

Growth and development of ~. hap1a, as affected by 

different yeasts and plants, can be observed in Tables 23, 24, 

25 and in Figure~ 15, 16, 17, 18, and 19. 

Very few nematodes, which entered the roots of peas and 

beans, were still at thé A stage of deve10prnent after 28 days 

(Tables 23, 24 and Fig. 15). There was no observable effect 

of yeast treatment on ~. hapla development in these plants, 

hence analysis of variance was not carried out. ln red clover ,,' 

1 • 

<, 
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Table 25. Effect of" soil yeasts on penetration and 
developrnertt of ~. hapla on clover 

Development l of M. haEla 

Treatrnent A B C D E , 

M. haEla 0.3 2 
7.8 1.2 2.5 0.5 

M. haEla + T. masnoliae 1.5 8.0 0.5 0\3 0 

M. haEla + R. Eallida 3.7 10.0 0.3 0 0 

M. haEla + C. mycoderrna 1.3 8.3 0.7 0 0 

lSee Figure Il for illustr~tions of the developmental 
stages of ~. haEla. 

2 Average of six replicates. 
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if Total 

0.2 12.5 

0 10.3 

0 14.0 

0 10.3 

(Table 25) the nurnber of ~. thapla in r~ots treated with different 

yeasts was higher than in the control treatrnent. 

In contrast te the srnall nurnbers of ~. haE1a found at the A 

stage of developrnent, the largest percentage, in .general, of 

any level of matur~~!on of ~. haEla, w~s'the B stage (Fig,16). 

In red clover, the effecttpf yeast inoculum was ~irnilar to that 

aIl of the A stage above with lar~er numbers of M. haEla in 

yeast treatments (!. Eallida, 28.0%; !. masn~e, 3.0%; C. 

rnycoderma, 6.()%), compa'red with the control. 
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In beans and peas, however, the opposite result was 

observed. In beans, significantly fewer (Appendix Table XXV) 

M. hapla aÉ the B stage ~ere ~oubted in roots treated with 

l'R. pallida, whereas lower, but not statisti~ly significant, 

numbers ~ere found in roots treated with ~ magnoliae and C. 

mycoderma. Similarly, in peas, significantly lower numbers 
, ., 

(Appendix Table XXVI) of ~ stage ~. hapla were determined in 

~. pallida treated roots, while lower, (not"significant) popu

lations were counted in roots treated with T. magnoliae and 

c. mycoderma • 
• 

Fig. 17 illustrates the nurnber of ~. hapla at the C 

stage of growth. Nematodes. reaching this stage have completed 

the final molt and are almost fully grown. It was noted that 
. 

yeast-treated red clover plants supported fewer M. hapla than 

the control. This complete reversaI from the A and B stages, 

,in which plants inoculated with yeasts supported greater numbers 

of-M. hapla compa~ed to the control was also noticed ,in thef 

and E stages (Fig. 18 and 19 L. The number of C stage ~. hapla c) 
in all yeast inoculated beans and peas (Table t3, 24) was not 

Cl 

significantly different (Appendix Table XXVII, XXVIII) than 

controls, indicating that these soil yeasts di~ not affect the 

development of nematodes at this stage. 
, 

The number of ~: hapla at the D stage of growth is shown 

in Fiq. 18. Although fewer D stage nematodes we~~ found in 

bean roots treat~d with yeasts, cornpared with control plants 

/ 
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,(Table .23), the diffe.rences were not significant (Appendix 

Table~XXIX). In peas, there were Signi\icantlY greater numbers 

(Appendix Table XXX) of D stage ~. hapla in roots treated with 
• 

~ 

~. mycoderma, than in controls, whereas fewer (not significant) 
, 1 \ 

nematodes were counted in roots inoculated with T. rn~gnoliae 

and ~. palliqa. 

Few nematodes matured on either peas, beans or red cl~ver, 

to the egg-laying stage (Tables 23, 24, 25 ~nd Figure 19). 

Bean plants treated with yeast inoculum contained slightly 

phigher numbers tnot statistically significant, AppendixJTable 

XXXI) of E stage·~. ,hapla than the controls. In peas, fewer 

M. hapla were counted in roots ~reated with !. magno!iae and 
~ 

R. pallida, whereas greater numbers were observed ,in ~. myco--

dêrma inoculated roots. Differences due. to treatments were 

not, however, statistically significant (Appendix Table XXXII) 

than the controls. Numbers of E stag~~. hapla in'red clover 

were considerably lower in all yeast treatments. From ~he data 

.' '" presented in Fig. 17, 18, 19, it is çlear that the necessary 
, 

requirements for growth ahd develop~ent to the egg-laying stage, 

were not present in red clo'ver plants treated wi thl)different 

yeasts. 

Nodules were absent in aIl plants examined. The nurnher 
, 

of mature ~ale nematodes observed was slightly greater in 

beans (Table 23) than in peas and red clover {Tables 24, 25), 

but did not séern to be inf1uenced by any of th~east treatrnents. 

'-



.. 

Ul 
rz:l 
E-t 90 .-

· 5 
.H 
~ 
AI 

~ 
X 
H 
(/) 

\ . 60 "-

~ r--

.... 
Ul 
rz:l 
0 
0 
E-t 

, 1 .- ffi 30 ~ 
z 
~ 
0 

~ 
~ 
IX\ . , ~ 
Z 

0 

Figure 18. 

.. 

.. [J BEANS r 

• D.PEAS 

[il] CLOVER 

1 

! 

1 

f" 

1-- .. 

r--f--
r---

r--

..--

.. 
, . . ' 

lTn 1,' 

j + + 
~ 

~f~ ~ ~ 1« 
H 

~ 
~ ~ ~ 
0 ~ ~ . Z 

:1:1 t!) -Il< 

xl ~ . 
:1: 1 • 

fl::1 . 
E-41 

Number 'of M. ~aPla at the 0 stage of 
de,vel'bpment a ter 28- days. ' 

t ' 

225 

+ 
j ~ 
III r&l 

~ Q 
0 
U 

:SI~ . 
lUI 

• 



'" \ . ' 
~,.I .. 

Il 
", 

~, -1 
t. 
'1 , 

\1 , 

t 
~ .. 
, , 

(/) 40 .... 
~ 

"'. 8 

• 
fI:t; 
tJ 
H 
t-=I 
~ 

.~ l ~ ~ 30 l-
X 
H 
(/) . 
~ ...., 

2C 1-
(/) 

~ 
Cl 
0 

i 
Z 10 l-
r:.. 
0 

0:: r:-
~ 
I!I 
~ 
::> .. 
z (1 

( ., 
Figure 19. 

\ 

, 

'" 

1 

DBE~s .- P 

o PEAS 

!llJ CLOVER 

r--

.. 

,.----.:. 

.--

....--

hïl 

':s + 
III j ~ 
~ H 

~ ~ . 

+ + 

j ~ j ! H 

~ 
t-=I 

~ 
~ 

~ Cl 
0 

~ u J:I ~ 

il ~ 
. XI ~ ::E: l' • 0::1 . 

81 

.. 
1 

1 

Number of M. ~ap1a at the E stage of 
deve10pment a ~er 28 days • 

• 

. 
ul 

226 

! 
/.-/ 

• 



Since there were no apparent differences between treatment .. 
~eans, analysis of'variance was not completed for this form 

() 

of ~. hapla development. 

3. The Effect of Soil Fungi Upon Root Invasion 
and Eqg Hatch of M. hapla 

227 

The rnajority of studies involving associatio~s of nematodes, 

fungi and plants have been concerned with the effe~s of para-

si tic nematodes on plant diseases caused by.-oil-borne ,fungi. 

Such studies have shawn that add,ition of nematodes to plants 
• 1 

infested with disease inducing furtgi caused: fI) eatlier 

disease syrnptom appearance{Mountain, 1965), (2) greater yield 

reduction (Powell, 1971b), and (3) more rapid 1055 of plant 

... di!3ease resistance, th",n in f1mglls i nnC:111 (! t,pô pl nnt's alonè 

(Powell, 1963). 

. Complex interaction of nematodes and saprophytic fungi 

has been noted by Edmunds and Mai (1966,a) who showed that 

higher numbers of Pratylenchus penetrans were recovered from 
( ~ 

alfalfa roots, three days after treatment with varying spore -

concentrations of Trichoderma viride and Fusarium oxysporum, 

th an were recovered from noninooulated roots. In' another\study 

Edmunds and Mai (1966,b) observed'that the population "of P. 

penetrans recovered from alfalfa roots after a period of eigQt 

weeks, was significantly larger i'n roota infécted with a 90m

bination of P. penetran. and !~ than in. treatments, 

with nematodes alone. 

" In the present resea~~ experimenta were designed to 

test,the effect of fUp9US inoculated bean and pea roots on the 

.'" 
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amount ofgalling by ~. hapla. An experiment testing the 

'influence of soil-borne fungi on egg hatch of M. hapla was 

also conducted. 

a. Effect of Different Soil FUnqil 
,on Root Invasion o~ Beans by 1 . 

(i) Methods and Materials ' 

. hapla 
.. 

Procedures for this experiment were as follows. Fresh 

field soil was sieved fhrough a USS number 10 rnesh siev~ arid 
'1<, 

placed into each of forty-eight 500 ml wide mou th Erlenmeyer 

·flasks .• The flasks were stoppered'with cotton, autocl~d 

in the laboratory to aerate f~threè. for three hours and left 

days. 
'" Fungus inocula of Trichoderma viride, Pers. ex Fr., 

Fusarium roseum, Link a~d,pn unidentified species of Penicillium, 

Link were grown in 25 ml of. a modified Czapek solution in 250 

ml Erlenmeyer flask culture vessels. The composiDion of the 
, 

medium was the same as described in Part 'II, Section 4. After 
, 

a period of six days, four cultures of each fungus we!e homo-

genized for 30 seconds in a sma!l sterile metal blender, and 

5 ml of this ,pore-mycelia suspension were' pipetted to 

depressions made in the soil of oertain units. 

Juveniles of ~. hapla were obtained from surface ster(lized 

~gg" mâsses. 
.. 

Approximately 1,590 ~ematodes were pipetted in 

l ml volumes to the required treatments • 

• 



.z. ,. , 

• 

)] 

o 

229 

Axenic, freshly gerrninated Pencil pod bean seedlirtgs 

were then pllced into soil depressions and covered with sterile 

soil. As 'the seedlings ernerged from the flasks sterile cotton 

was fitted around' the plaht stems, thereby preventing contam-

ination of the root system . 

The experirnent consisted of eight treatments, eaèh rep-

licated six times. The treatments were as follows: 

1. Bean plants 

2. Bean plants + T. viride 
\ 

3. Bean plants + F. roseum 

4. Bean plants + Penicillium sp. 

5. Sean plants + M. hapla 

6. Bean plants + T. viride + M. hapla 

7. Bean plants + F. roseum + M. hapla 
r-

a. Bean plants + Penicillium sp. + ~~ hapla 

AlI plants were given 20 ml of sterile distilled water 

and randomized in a growth cabinet. Prevention of root exposure 

to light was accomplished by enclosing the flasks with aluminum 

foi!. The plants were illuminated' at 13,000 lx·for 14 hours. 

The s~il ternperature during the light period was 230 C and 170 C 

dur~ng the dark period. Sterile water ~as added periodically 

as required. Due to the- rapid plant growth it was necessary 

to provide support by inserting ~er~le st~aight, wire rods 
r. 

into the soil of each flask. 

L.2L 
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'" The pla~ts were harvested after 28 days. Fre~p weights 

of the above-ground plant portions and of roots were taken and 

the nurnber of nematode galls were counted. 

(ii) Resul ts 

The effect of different soil-berne fungi on the amo~nt of 

roo~ galling of beans by ~. hapla is surnmarized in Table 26. 

Galling of bean roots was 56% greater per gram root fresh 

weight and 34% greater per plant in T. yiride treated roots 

(not significant statistically, APpendix ~ables XXXIII and 

XXXIV). In plants treated with F. roseum the number of gal18 

per gram of root, incited by ~. hapla, was' 56% lower (npt 

8ignificant) than uninoculated roots', whereas on a per plant . 
~asis, galling was 47% lower (statistically significant) than 

control roots. A Blight decrease (nonsignificant) in galling 

was nofed in bean roots treated with ?enicilliurn sp., compared 

with control roots. 

Root growth was reüarded by aIl organisms, alone or 

combined. Growth of shoots, however, was increased by most 

treatments but especially those including either M. hapla 

alone or in combination with a fungus. 

b. The Effect of Trichoderma viride 
on Root Invasion of Beans by~. hapla 

{il Methods and ·Materials 

The methods used in aoil preparation, fungua and neruatode 

... 

inoculum preparation, seed surface sterilization and treatment , 
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Table 2'6. Effec1.. of ~. hapla and various fungi on 
weight and root galling of beans 

Fres'h Weight (g) 2 Root Galling 

2:31 

1 

Treatrnent Foliage Roots Number/Plant No./gRoot,Fr.Wt. 

cl l 
Control 4.4 3.2 0 OC 

T. viride 4.7 2.5 OC 
l 

OC 

F. roseum 4.7 2.4 OC OC 

Penicillium sp. 4.0 2.0 OC OC 

M. ha:e la 3 6.7 3.0 104.S
a 34.7ab 

T. viride + 
~4O.6~ 54. la M. ha:e la 7.0 2.7 

F. roseum + 
55.6b 22.2b M. ha:e1a 6.0 2.5 

Penicillium sp. 
a9.lab 34.2ab + M. ha:e la 6.7 2.6 

l two rneans in a colurnn with the superscript are ntt Any same 
significantly different (P~O.05) . 

2Aver~ge of six replicates. 
3 ' 
1,500 nernatodes/flask as inoculum. 

replication were the sarne as described above. 

Five ml suspensions of !. viride, consistirtg,of spores and 

rninced rnycelia, were'delivered to soil depressions in certain 

500 ml Erlenmeyer flasks. Germinated Pencil Pod bean seeds 

were planted irnrn~diately after the T. viride treatment. Plant 

growth, and colonization of the soil by T. viride, was allbwed ,-

to take place for a period of nine days. At this time 3,000 

., 

nematodes were added in l ml of sterile water around the plant roots. 
"i' 
( 
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The experirnent consisted of four treatrnents, which were 

as follows: • 

1. Bean plants 

.,. 2. Bean plants + T. viride 

3. Bean plants + M. hae la .~,'" 

4 • Bean plants + M. hae la + T. yiride 

AlI treatments were ,randomized in a g-reenhouse and waterei 

when necessary with sterile distilled water. The average soil 

temperature during the day was 25°C and 20 0 C during the night. 

The experirnent was terrninated after 42 days. Fresh weight 

data of foliage and roots was obtained and the number of galls 

on each root system determined. 

~~ In a second experiment, the conditions of which were 

essentially the sarne as above, slight changes werè made in 

nematode and fungus inocula, number of replicates and duration 

of plant growth. 

Ten rnr aliquots of rninced spore-mycelia suspensions of 

T. viride were dispensed to sail 'depressi~ns as above. Aftet 

nine days 4,0~ juveniles of ~. haela were applied in 10 ml ~ 

of water. Treatments were replicated six times and the plants 

were narvested after 28 days. 

(ii) Results 

In the first experiment the number of galls per gram of 

\root on a fresh weight basis, and on a per plant basis, was 

~ignifièantly greater (Appendix Tables XXXV, XXXVI) in roots 
\ 

) 

1 
1 
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infected with a com~ination of M. hapla and T. viride than in 

treatments with nematodes alone (Table 27). This rela.tionship 

held true in the second'eXperiment (Table 28), but not to the 

same extent, as t~ number of galls per gram of root on a fresh 

weig,ht basis was greater, but not significaptly (Appendix .Table 

XXXVII), in roots treated with M. hapla and!. viride compared 

with nematode treated controls. On a per plant basis, fewer 

galls (statistically nonsign!ficant, Appendix Table XXXVIII) 
.~ 

formed in roots t~eated with the combined nematode-fungus 

inoculum than in those receiving nematodes \lone. 

Table 27. The effect of M. hapla ancl T. viride on weight 
and root galling of ,beans 

Treatment 

Control 

T. viride 

M. hapla 3 

T. viride + 
M. haEI:a 

Fresh Weight (g)2 
Foliage Roots 

'10.8 5.7 

12.0 5.2 

8.8 / 5.0 

10 0 5.0 

Root Galling 2 

Number/Plant No./g Root 

J 

lAny two means in a column with the sarne supersc~ipt are 
'not significantly. different (P~O.05). 

iAVerage of Six·~eplicates. 

330crn~ernatodes/flaSk as.inocu~um. 

t 

Fr.Wt. 
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Table 28. The effect of 4,000 M: hapla and T. viride 
on weight and root galling of beans 

Fresh Weight (g) 2 Root Galling 

234 

2 

Treatment Foliage Roots Number/Plant No./g Root'Fr.Wt. 

·Control 9.3 5.0 0 b
l 

0 
b l 

, 
T. viride 12.5 5.0 Ob ·,0 b 

M. haEla- 8.3 4.8 486a 101. 2a 

T. viride + 
'M. .haEIa 8.4 t 4.0 452 tt ll3.0a 

lAny two méans in a colurnn with the same superscript are 
not significantly different (P~O.05). 

2 . Average of six replicates. 

c. The effect of Selerotinia sclerotiorurn on Root Invasion 
of Peas and Beans by ~. hapla 1 

(i) Methods and Materials 

Greenhouse steamed sail was placed int~ 3~ clay pots 

(diameter 10 cm) previously a~toclaved for 30 minutes at 101.3kPa. 

When cool, the pots were taken ta the laboratory and depressions 

were made, in the center of each pot to a depth of 2 to 3 cm. 

One Peneil Poo bean seed, surface ste)ilized as describèd 'in 

previous experiments, wps placed into each depreseion. 
.' \ 

Four mycelial mats of Sclerotinia sclerotiorum, (Lib.) 

de B~ry: gro~n in a. iiquid basal medium as in the above experi-

mente, were homogenized in a sterile b~nder'and 1 ml aliquots 

of the mycelial suspension were pipetted, over the seed surface . 

.. 
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/ , 
One thousand juveniles~of ~. hapla, collected from surface 

steri~ized egg masses, w~te added in lnl of sterile water immed-

iately after addition of the' fungus. 

The treatments, replicated seven times, consisted of the 

following: 

l. Bean plants ~ 
2. Bean plants + S. sclerotiorum 

,., 
3. Bean plants + M. hapla • 

4'. Bean plants + S. sclerotiorum + M. hapla. -
The pots were kept in a growth chqmber maintained at 23

0
C 

during the light period and l70 C during the dark period, with 

a cycle of 14 hours light (13/~OO lx) and 10 hours darkness. 

The stuclY ~as terminated 42 days after seedling inoculation. 
l 

As in the previous experiments, fresh weight data was 

obtained for root foliage growth and the number of gal15 were 

count-ed. 

In a second experiment, the objective was to repeat the 

- above e:Kperirneht but w~ th peas, to determine whether S. sclero

tiorum would influence the amount 'of galling by ~. hapla on 

Little Wohder peas. The arnount of hornogenized mycelial 

inocul'um added was 10 mi' and the number of root-knot nernatodes 

tdelivered to each pot was 2,000. . . AlI other v~riables were the .. 
'same as in the previous experiment. 

• 
7.,:~::ti .. t-i • .Ii\,~~~...aI;§kîe'riêbf·i"'èi ",. 
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(ii) Resu1ts 

The number of galls per plant was 84% more extensive 

(statistically significant, Appendix Table XXXIX) in bean 

roots inoculated with M. hapla and~. sclerotiorurn than in the 

nematode treatment a10ne (Table 29). Although galling was 34% 

greater, on a per gram root fresh weight basis, in roots 

receiving the combined inoculum treatment compared with tfose 

inoculated with nematodes alone, the difference was not 

significant (Appendix Table XL). 

Table 29. The effect of ~. hapla and ~. sclerotiorum on 
weight and galling of beans 

Fresh Weight (g) 2 Root.Galling 2 

Treatment Foliage Roots Number/P1ant No./g Root Fr. wt. 

Control 17.4 2.7 OC 
1 b l 

0 

S. sclerotiorum 16.5 2.3 OC Ob 

M. hapla 3 14.9 3.3 204.Sb 62.1a 

.. 
S. sclerotiorum 

373.6
a + M. hapla 19.6 4.5 83.0a 

lAny two means in a column with the same sUPerscript are 
not significantly different (P~O.05). 

f,. 

2AVerage'of seven replicates. 

31 ,000 nematodes/pot as inocuium. 

" 

... 

\ 
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In the êxperiment with peas, the phenomenon of increased 

galling ln the presence of ~. scleTotiorum w~ again manifested 

(Table 30). The number of galls per gram of root on a frash 

weight basis was 118% more extensive (statistically significant, 

.' Appendix Table XLI) in roots inoculated with ~. hapla and ~. 

sclerotiorurn than in nematode treated roots. On a per plant 

basis, the number of galls was 64% greater in roots treated 

with the combined inocula compared with roots receiv~ng ~. hapla 

alone. The difference, however, was nof significant statistically 

(Appendix Table XLII). Shoot growth ,of peas was severely 
, , 

reduced by ~. hapla and ~. hapla plus ~. sclerotiorurn, whereas 
. , 

roo~ growth was not influenced by any treatment. Gall formation 

~n pea roots was far more extensive than it was on beans . 

. 
Table 30. The effect of M. hap~a and S. sclerotiorum on 

weight and galling 0 peas 

'"" 
... 

Ft"esh Weight (g) 2 Root Galling2 

'--

( 
Treatment F~liage Roots Nurnber/Plant No./g Root Fr.Nt. 

~~ Il. • • 

Control 5.6 1 .. 0 0 b
l 

OC 

S. sclerotiorurn 5.0 1.0 Ob OC 

M. 
" 3 

haEla 1.7 1.2 530a 442b 

~ 
s. sclerotiorW'A + 
M. ha~Ia 1.0 O.g 86Sa 964a 

lAny two means in a colurnn with the same superscript are'not 
significantly different (P~0.05). 

2 ' 
Average of eight replicates. 

32 ,000 nematodes/pot "as inoculum • 

. '. 

l 

~ 
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d. The Effect of Soil Fungi 
on the ~gg Hatch of ~. hapla 

Increased root galling by ~. hapla in the prese~ce of 

two soil fungi was clearly show,n in the pr~vious experiments. 

To test the effect 

nematode egg hatch 

of one of these and~ther soil-f~ngi on 

the fOll~experiment was conducted. 

(i) Methods and Materials 

Two percent Difco ~gar was poured into fifty sterile. 60 

x 15 mm Petri dishes and allowed to ~lidify: Using sterile 

technique a 10 mm circular disc of autoclaved Whatm~No. 1 

filter paper was suspended into either a blended mYC~ial-spore 
suspension of !. viride, t. roseum, ~enicillium sp., Sclerotium 

bataticola-Taub., or sterile distilled water and transferred 

to the center of one of the above Petri dishes. 

Ten surface steril~zed egg ma"sses of ~ •. hapla were then 

placed onto each o.f the above fungus treated or untreated discs. 
l ' 

The treatments, replicated t~times, are listed below. 

1. Egg masses on untre téd sterile discs 

~g 
, 

2. masses + T. vi ide 

3. Egg masSes + F. roseum 

4. Egg masses + Penicil,lium sp. 

5. Egg masses + S. bataticola 
. 

The plates were incubated in a dark chambe{ kept at 2SoC. 

After four days, the number of juveniles hatched from each group 

of ten egg masses was determined using a stereomicroscope. 
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(ii) Results 

The results of this experiment are given in Table 31. 

The nurnber of juveniles emerging from egg masses of M. hapla 

varied with the treatrnent. Compared with uninoculated controIs, 

egg hatch was greater in treatrnents with Penicillium sp., !. 

viride, and F. roseurn ~ 25%, 38% and 68% resbectively. The 

only fungus to cause· a si9nificant increase in egg hatch was 

~. roseurn (Appendix Table XLIII). Egg mass treatment with,S~ 

bataticola resulted in a 25% decrease (not statis~ically sig

nificant) in egg hatch, compared with the controis. 

Table 31. Influence of treatment with S. bataticola, Penicillium 
sp., T. viride and F. roseum on egg hatch of M. hapla 

Treatment 

3 Control 

S. bataticola 
~ 

• 

Penicillium sp. 

T. viride 

F. roseum 

3 2 
Juveniles Hatched/ 

Ten Egg Masses 

1 
742 bc 

554c 

93S
abc 

l024ab 

I248 a 

lAny two means in a column with the sarne superscript are 
not significantly different (P~O.05). 

2 ~-\, 1 Average of ten replicates. 

3Surface sterilized egg masses plus sterile discs. 

, , 
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,4. Effect of M. hapla on Nodu1ation of Beans by R. phaseo1i 

The effects of roo~-knot nemato~es on legume-rhizobia 
~ 

re1ationships.have recently ~eceived, attention from plant 

pathologists. A study ~ompleted by.Shandp and Crittenden 

(1.957) showed that Rhizobium may increase the pathogenicity of 

~. incognita acrita on soybeans. In aêsessing the role of root

knot nematodes in legume nodulation, Masefield (1958) reasoned 

that nematode ga1ls irnpaired nodulation in two ways: (1) 

chemical~y, by utilizing plant nutriehts at the expense of 

nodule bacteria, and (2) physical1y, by occupying sites normally 

available for nodules. Crittenden J1962) observed that nodule 

formation, on a nodulating strain of soybean, was reduced by 

~treatment with M. incognita acrita. Complete inhibition of 
.1 --

nodule formation on hairy vetch by ~. hap1a was hoted by Malek 

and Jenkins (1964). Nigh (1966) found that alfa1fa nodulation 

was reduced 50% by ~. javanica when t~ents were applied at 

the time of planting'and by 30% ~hen rhizobia inoculation was 

delayed 32 days. Nigh discovered that the amount of ga1ling , 
was reduced, and not increased, irt the presence of Rhizobium. 

Taha and Ra~ki (1969) showed that ~. javanica did not s~gnific

antly reduce the number of nodules pèr gram of white clover 

root. They noted that.nodule reduction was due to r~duced ). 

root growth and not the 'direct effect of nematode treatment. 

panayi (1970) found that nodule ,formation in beans was reduced 

by treatment with ~. hapla. 

Il / 
1 

.. 
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For the present study, experiments were designed to 

determine the effect of ~. hapla on nodule formation of beans 

by ~. phaseoli. In order to avoid nodulation of uninoculated 

cdhtrol plants as experienced in experiments reported in section 

(,~ , 
one, and by Pan~yl \(1970), bean roots were grown under more 

carefully controlled sterile environments. ~ . \ 

a. Whole Plant Experiments 

(i) Methods,and Materials 
.1 

" 

Each of forty-eight 250 ml Erlenmeyer flasks were given 

" 

260 9 of 'a d~ soil-sand mixture, prepared by mixing three parts. 

of .an air drie~field soil wi~h one part No. 24 silica sand. 

,he sand was added to facilitate better ae~ation of the sail. 

The fl~s w~re then fitted with cotton plugs, and autoclaved 

for 2~ hours. The final pH of the autoclaved and cooled soil 

was 6.6. 
/ 

,Egg masses of ~. hapla were pipetted to the soil surface 

at the rate of 10, 50 or 100 per unit depending on th~ treatment, 

after they were surface sterilized in 0.12%'NaOCl (commercial 

bleach, Javex) for 5 minutes and rinsed once in sterile water. 

Using a sterile glass rod the egg mas'ses were mixed into the 

top 5 cm of soil. Egg hatch in sterile water was oetermined 

to be approximately 2,OO~ juveniles in 10 egg masses, 10,000 

in 50 ~masses, and 20',000 in 100 egg masses. 

lfioculum of Rhizobium phaseoli, Dangeard wes prepared 

from streaked slants on congo red mann~tol~agar (CRMA). Five 

ml aliquots were pipetted onto the surface of app priate 

, <1" 

trea t ments. 

. 11&&A' 

1 



-----1111!1111-.\... 

" 

.' , 

.. 

el 

LI" ri 

( 

1 242 

. Germinated Slende~green bean seeds, free from contamin-

ation, wére then p1aced into a "depression made in the soi1 of 

each flask. The.soil was'replaced over each seed. 

Sterile disti1led water was added immediate1y after bean 

seeds and inoculum treatments. The amount of water was calcula'ted 

to bring' the soil to 60% of its moisture holding capacity. 
• 1 

The experiment, consistinq of eigh.t treatments, ,each 

replicated six times, lasted for 31 days. The treatmen~s were 

as folloINs: 

1. Bean plants 

2. Bean plants + 10 'e.gq masses 

.v 3. Bean plants + 50 egg·masses 

.4. Bean plants + 100 egg masses 

5. Bean plant~ + R. E~aseoli 

6. Bean plants + 10 egg maSSéS + R. - phaseoli '. 

7. Bean plants + 50 egg masses + R. Ehaseoli -
'" 8 . . Bean plJants + 100 egg masses + R. Ehaseoli 

Maintenance of a sterile root environment 
' . 

was.ensurea'by 

inserting sterile 125 ml long-neck Erlenmeyer flasks'(the neck 

portion being wrapped with a thin piece of cotton) into the 

necks of the 250 ml flasks' when each seedling contacted the . . 
cotton stopper. After the rapidly elongating hypocotyl had 

< entered the smaller inverted Erlenmeyer flask, sterile cotton 

was pac,ked evenly around the plant stem. 

• 

, , , 
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Prevention of ~oot exp~ure to light was accomplished 
, \ 

by wrapping the basal portion ~f each unit, with alurninurn foil. 

AlI units were.randomized in 

given 13,000 to l6,0~0 lx of 

atures of the greenhouse were 

\ 
a Igreenhouse where plan ts were 
. \ 

su~plemental light. The temp~r-
1 

appr~ximately 22 to 250 e during 

the day and 17 to 200 e during the night. 
~ 

At the end of the experiment root fresh weight data was 

obtained and nodu1ation on each root system was determined. 

In a second experiment, ~he effect of adding ~. phaseo!i 

five and ten days arter ~. hapla treatrnent, on·the nodu1a~ion 

and root growth of beans was studied. 

Details of soil preparation, seed surface sterilization, 

treatrnent r~p1ication, sterile root environment maintenance, and 

'conditions of plant growth were the'sarne as described above. 

A ten ml susper\.sion containint], approJ,(imately 5,'000 

juveniles of ~. hapla was pipetted evenly over the surface 'of 

previously ~tened soil in appropriately designated vessels. 

Gerrninated bean seeds ~re immediately placed on the poil surface, 

covered with sterile silica sand, and moistened with sterile 

.water. Five ml aliquots of g. phaseoli were delivered to the 

correçt treatments after five and tenldays. The experiment, 

which lasted 29 days, consisted of the following treatm~nts, 

each replicated six tirnes: 

1. Bean !,'lants 

2. Bean plants + M. hapla 
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3. Bean plants + R. E!laseoli after 5 days 

4. Bean plants +' ~. Ehaseoli after 10 da ys 
, "l-

l 

5. Bean 'Plants + M. l')aEla + R. Ehaseoli after 5 days 

6. Bean plants + M. haEla + R. Ehaseoli after 10 days 

-In a third,experiment conditions wére essentially the 

same as in experiment .twd, except that a smaller nematode 

inoculurn was used and rhizobia inoculation was made ten days 

a~ter the addition of nematodes. Approximately 3,000 juveniles' 

in ten ml aliquots were used as nematode inoculum. This exper-

imenti consisting of four treatments, each·replicated seven 
. 

times, lasted for 24 days. The treatments were as follbws: 

l. Bean pÎants 

2. Bean plc:~nts + M. haElâ 

3. Bean plants +' R. Ehaseoli 

4. Bean plants + M. haEla + R. Ehaseoli 

(il) Results 

The results of the experiments outlined above are surn-

marized in Tables 32, 33 and 34. 

From the data presented in Table 32, it can be seen that 

'simultaneous addition of ~. Ehaseoli and ~. haEla, compared 

with ~. phas~oli aione, resulted in increased nodulation of 

bean roots. Plants treated with R. phaseoli"and 10 e99 masses ," 
~ 

had an average increase in nurnber of nodules of~er plant 

and 89% per gram root fresh weight, (neither of these diffe œnces f 
were signifi;::ant, Appendix Tables XLIV, XLV). Wit? an inoculurn l 

, 1 

5 5 
HA 
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Table 32. The effe,ct of 10, 50, and 100 egg masses of 
beans.-1' M. hapla on the nodulation of 

Av. Root 2 Av. NO' 2 Av. No. Nodule~ 
Treatment Fresh Wt. (g) Nodul~s /g Root Fr.Wt. 

b1 1 
Control 3.16 0 OC 

10 egg masses 1. 80 Ob QC 

Ob 
1 

50 egg masses 1. 94 OC 

100 egg masses 2.24 Ob OC 

R. }2haseoli 2.23 40.8a 
17.4b 

R. }2haseoli + 

10 egg masses 2.05 70.0 a 33.0ab 

" R. }2haseoli + 

50 egg masses 2.15 78.5a 
36.3

a 

R. }2haseoli + 

100 egg masses 1. 91 56.0
a 

28.9ab 

1 . 
Any two means in a column with the sarne superscript are not 
significantly different (PSO.05). 

1 

2 Average number of six replicates. 

of 50 egg masses per plant, the_average increase in nodules 

per plant was 92% (not significa~t), whereas the number of 

\ 

\ 

nodules per gram root fresh weight increased 108% (statistically 

significant). The highest nematode inoculum (100 egg masses) 

also increased the average number of nodules per plant (37%)-
, 
'and pet gram root fresh weight (66%), although the increase 

was not significant . 

. -_._-----------------..... _-_.' ... _-----_ ...... 
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Table 33. The effect of ~. hapla and delayed rhizobiàl 
inoculatlon on nodulation of beans 

Treatment 

Control 

M. hapla 

R. phaseoli 
5 days 

R. phaseoli 
10 days 

M. hapla + 
R. phaseoli 

5 days 

M. hapla + 
R. phaseoli 
la days 

Av. Root 2 
Fresh Wt. (g) 

2.48 

2.24 

2.95 

2.75 

2.87 

Av. NO.
2 Nodules 

Av. No. Nodule2 
/g Root Fr.Wt. 

Ob 0 
b l 

Ob Ob 

60.S
a 

20.6
a 

43.6
a 

15.S
a 

, 65. Sa 22.9 a 

56.0
a 

21. 6
a 

1 Any two means in a column with the same superscript are not 
significantly different (P~O.05). 

2Average number of six replicates. 

In~reased nodulation was alsa observed in bean plants 

treated witn rhizobia five and ten days after infestation with 

nematodes (Table 33). Plants receiving rhizobia five days after 
1 

~. hap1a treatment showed an averag,e increase in number of 

nodules of 8% per plant and 11% per gram root fresh weight. 

The treatment differences were not statistically significant, 

however (Appendix Table~XLVI, XLVII). Similarly, but to a 

greater degree, àn plants receiving ~. phaseoli ten days after 

M. hap1a treatment, the average irtcrease in nodules per plant , 

.' , , 

-~- -'---~'"'Il.tr-,-""~""" -~.-,j, • .....".,.,!!"', -.<>._' ,-,----
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Table 34. The effect of inoculation of beans with R. ~haseoli 
after 10 days exposure to M. hapla 

Av. Root 2 Av. NO' 2 Av. No. Nodules 2 Treattnent Fresh Wt. (g) Nodules /g Root Fr. Wt. 
, 

b l bl 
Control 2.33 0 0 

M. hapla 2.37 Ob Ob 

R. Ehaseoli 2.49 44.8a 18.0a 

M. ha~la + 
R. Eh-seoH 2.38 50.7a 21. 3a 

l . 
Any two means in a co1umn with the same superscript are not 
significantly different (P~O.05). 

2 Average number of seven rep1icates. 

• 

and nodules per gram root fresh weight was 28% and 37% respec-

...., 

tive1y. Again, the treatment differences were not significant. 

In a third experiment, nodu1ation~as again seen to 

increase in bean plants treated with rhizobia ten days. after 

infestation with ~. haEla (Table 34) .. The average increase in 

nodules per plant was 13% compared ta an 18% increase in number 

of nodules per gram root fresh weight. Neither of the abov~ 

treatrnent differences} analyzed by analysis of variance a~ 
Scheffé's test, were significant (Appendix Tables.XLVIII, XLIX) • 

. ~ 
• 

b. Excised R90t Experimenta 

The effect of M. haEla on nodulation of excised bean roots 

wa~ also studied. 

./ ,t 
f 

; 

• 
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(i) Methods and Mat~als 

Methods used in the preparation of Pencil Pod bean seeds 

for germination and root excision were the same as described , . 

in Part l, Section 3, experiment 3. The type of culture ve~seI 

and media used ta grow the excised roots were the same as 

described in Part l, Section 3, experiment 4. 

Approximately 250 juveniles of ~. hapla were pipetted in 

l ml aliquots along the root system of appropriate treatments. 

The nematode inoculum was prepared by collecting egg-Iaying 

females from dissected roots of tomato plants and transferring 

these to nutrient solutions in Petri dishes. The females laid 

eggs Gontinuously in these solutions. 

The composition of the medium, described by Ishibashi 

et al., (1963), was as follows: NaCl 8.0 g/l; KCl 100 mg/li' 

CaC1 2 100 mg/li NaHC0 3 200 mg/li and distilled water 1,000 ml. 

Females were transferred every two days ta fresh solutions. 

Eggs were collected and allowed to develop until the vermiform 

shape within the egg was recogniz~ble. At this time the eggs 

were refrigerated until ready for surface sterilization. Eggs 

were surface sterilized as described in Part l, Section l, 

using 0.05% NaOCl (commercial bleach, Javex). 

One ml aliquots of freshly prepared ~. phaseoli inoculum 

were distributed to appropriate excised roots. 

Inoculum treatments were applied thirteen days afte,r the 

growth of fresh~y excised roots was initiated. 'The treatments, 

~~~~--~--~~~----.... --------~------------
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each replicated six times, ~ere as follows: 

1. Excised roots 

" 2. 
Excised roots + M. hapla 

3. Excised roots + R. phaseoli /i 
\t 

./ 

/ 
1 

! 

'1 • 
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4. Excised roots + M. hapla + ~.jphaseoli 

AlI treatments were randomized in a){ark f ventilâted 

incubator at 24 oC. The experiment was ~rminated 27 days after 

a'ddition of rhizobia and nettlatode 1n~lum. The root system 

in eqch culture vessel was carefu~ removed and the number of 

nodules and extent of galling q~~rmined. 
. In a second experimentt, the effect of a larger nematode 

inoculum on nodulation of xcised bean roots (cultivar, Slender-

green) was determined. he culture vessel used to grow the 

excised roots was t~ sarne as described in Part l, Section 3, 

experiment 4. ~~tre.(ments, each rePlic~ted nine times, were 

the same as i~he above experiment. Approximately 2,000 

added 

tained Trom surface ster~lized egg masses, wera 

appropriate treatrnent in one ml volumes. The' 
1 

was terminated after 19 days. 

In a third 'experiment, the effect'of a massive number of 

hapla on the nodulation of excised béan roots (cultivar, 

Pencil Pod) was studied. Ten ml aliquots each containing a 

total of approxirnately 5,000 juveniles were pipetted a~und 

excised roots of the correct treatment. Rhizobium inoculum 

W 8 added at the rate of 5 ml per excised roo~ system. 

)~ 

/ 



\ 

· " 

250 

\ 
Treatments corresponded to those in the above two experiments. 

The experiment was terminated after 21 days. 

(H) Results 

The data of the above experiments are presented in Tables 

35, 36 and 37. 

Inoculation of excised bean Toots with R. phaseoli and 

low numbers of M. hapla resulted in an increase (not significant, 

Appendix Table L) in the number of nodules compared to ~xcised 

roots inoculated with Rhizobium alone (Table 35). This increase 

in formation of nodules amount~d to an average of 54% per plant. 

The majority of nodules formed in eithèr of the above treât-

ments appeared immature.' No attempt was made to determine 

fresh weights o( each root system. The amount of root galling 

observed was slight. In roots treated with M. hapla, females 

had completed the final moult and were ~lmost fully mature. 

However in the combined ino9ulum treatment, development had 
, 

advanced to the egg laying stage. In order to observe whether 

sufficient nutrients were bein'g obtained by the females to 

support viable egg production, several eggs 'were collected and 

incubated ~n a small amount of water in Petri dishes. After, 

12 days motiJe jUlVeniles were observed, indicating thât ~.I hapla 

was cabable of reproducing on excised bean roots. 

~he effedt of a somewhat larger nematode inoculum 

(a,OOO juveniles per root sys~rn) on root growth and nodulation 

i8 shown in Table 36. The av'erage nwnber of nodules fO,rrnülg on 

, 
1 
/ 

..... 
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Table 35. The effect of low inoculum2 numbers of H. hapla 
on noduiation of éxcised bean roots 

Treatment 

Control . 

M. hapla 

R. ehaseoli 

M. hapla + R. phaseoli 

Av. NO' 3 Nodules 

l Any two means in a column with the same superscript are not 
significantly different (P~0.05). 

1 

2 250 juveniles per excised root system. 

3Average of six replicates. 

po 
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excised roots inoculated with ~. hapla and ~. pnaseoli increased 

24% per root system and 15% per gram root fresh weight, compared 

with roots treated, with ~. phaseo'li alone. Neither of these / 

treatment effects were significantly different, however '~ 
(Appendix Tables LI", LII). Relatively few galls w~re ~ on 

the plant roots. The galls were small and femal~:lopment 
had proceeded to the completion of ~oulting:~ 

r 

In testing the effect of 5,000 ~iles of ~. hapla per 

root system on the ~rmation of ~~es by ~. phaseoli, larger .. / 
numbers of nodules were ~~ved in the nematode treated roots 

than in those treated,~~th Rhizobium alone (Table 37). The 

average inctease in nodules per root and nodules per gram root 
. 1 
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Table 36. The effect of 2,000 juveniles of ~. hapla on the 
nodulation and growth of exclsed bean roots 

252 

Av. Root 
(g) 2 

Av. NO. 2 
Av. No. Nodules 2 Treatment Fresh Wt. Nodules Ig Root Fr. Wt. 

Control 0.356 0 b
l 

0 b
l 

M. hapla 0.394 Ob Oh 

R. ehaseoll 0.383 29.7a 77. Sa 

M. hapla + 
R. ehaseoli 0.412 36.8a 

89.S a 
-

l : ' 
Any ~ means ln a column with the same superscript are not 
si~ficantly differe~P~O.OS). 

~erage of nine replicates. 

fresh weight was 79% Qnd 76%, respectively. These treatment 

differences were not statistical~y significant (Appendix Tables 

LIlI, LIV). Gall formation was more extensiye than in the 
1 

previous two e*periments. Mature, Sgg producing females ~ere 

observed in severai gA~ls. 

lt was noted in each of the above experimepts, that when 

Rhizobium inoculated root systems were"removed from the vessels 
, 

in which they were growing, great difficulty was experienced in 

separating the silica sand particles from the root masS due to 

the cohesion and stickiness provided by the bacterial cells. 
1 , 

This was not experienced with roots of the èontrol or M. haela 

treatntents. 

( 

," 
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Table 37. Effect of 5,000~. hapla juveniles on nodulation 
and growth of excised bean roots 

Av. Root 
(g) 2 

Av. NO' 2 Av. No. Nodules 2 Treatment Fresh wt. Nodules /g Root Fr. Wt. 

. b l b l 
Control 0.'371 0 0 

M. ha,e1a 0.389 Ob- Ob 

R. Ehaseoli 0.379 7.3
a 

19.2 a 

M. haEla + 
R. Ehaseoli O. 388 13.1a 33. Sa 

1 
Any two means in a column with the same superscript are not 
significantly different (P~0.05). 

2 Average of ten replicates. 

5. Systox and Dimethyl Su1fo~ide (DMSQ) Effects on Infectivity 
and,Development of ~. hapla on Beans , 

, Control of plant parasitic nematodes, including species 

Qf Meloidog~ne, by systemic organophosphate chemicals, has 

been widely studied. Sasser et al:/-. (1951) and Sasser (1952) 

showed that soil drenches of Systox resulted in reduction of 

root-knot of potatoes and tomatoes, with concentrations as 10w 

as 0.005%. Elimination of M. ha,ela from tubers and roots of - ( 

potatoes was achieved using seed pieces dipped in BOO ppm 

solutions of Dimethoate (Helton, ,1964). Helton (1965) also 
~t1 

showed that soi15 drenched with Dimethoate at 50 to 1800 ppm 

were effective in reducing root-knot of tornatoes. Phytotoxicity 

was not observed below 180~ pprn. Effectiv~ 'control of root 
l 

---..... ----..,.4~----"""'!"l---~-f-, ---',-, '-·-'fL-.""'.i~-, ------------- _ ...... .., 
.. ~ .:\ -:, .. p,f ·~y;,,~""1 •. ~~J' .. __ . .tl~;:.. 
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parasitic nernatodes h?s been achieved by sorne workers uJing \ 

foliage applied systemic insecticides, but Sasser et aIt, (1951) \ 

1 

\ found that fÔ~lar sprays of tomato and tobacco seedlin~s with 

concentrations of Systox up to 1.0% did not control ropt-knot \ 
1 

and were phytotoxic. Helton (l964) however, was able/to show \ 
• 

reduction in numbers of root-~not nemrtodes in roots bf potatoes \ 

1 using follar sprays of Dimethoate at one, twà, or four weeks 
t 

reported suppreSsl0nt 
\ 
1 

after plant emergence. Lat;er,' He Iton, (1965) 

of root-knot nematodes with fO~lar sprays of Dirnethoate at 

1,800 ppm. \ 

Investigations into the u~e of di~ethYl SUlfo~ide (DMSÔ) 

in plant dlsease control have b~en conoerned with bacterial 
( \ 

leaf spot of peaches (Rell et aIt, 1965, \1967) and peach tree 
1 

viruses (Plne, 1967). The use o~ DMSO irt.research concerning 

\ 

1 

j 
cohtrol of .plant root pathogens, !Ch as nematodes, fungi, or 

bacteria, is still 'a relatively u explored area for research. 

In view of the above findin , the specific,objectives / 
\ 

of the experiments in this sectiOn\Of the present research were: 

(1) to investigate the germination pf bean seeds in different 
\ 

concentrations of OMSO, (2) to test\the effects of bean seed 

treatment with mixtures of DMSO and \~ystox On plànt growth, / 

(3) to explore the nematiçidal effecr of foliar applied Sysyox 

and DMSO against ~. hapla~ and (4) t~ odeternl'ine th§.. influen~e 
~ 1 

of soil drenched with Systox and DMSQI on bean root gallin1 and 
, \ ~ 

\ 
developrnent of M. hapla. Only the ex~erimental data from 

r 
\ '1 / 

\ 

\ 
l, 

i 
'. 

1 

/ 

1 

1 
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studies with M. papla were subjected ta analysis of variance. 

t 
a. Effect of DMSO on Germination of Bean Seeds 

(i) Met/lOds and Materials 

Four lots of 100 Slendergreen bean seeds wete surfaaé 
1 

sterilized in 0,1% HgC1 2 for 5 minutes and rinse4 five times in 

sterile distilled water. Taking lnto account the recommènd-
- 1 

ations of Erdman apd Hsieh (1969), that concentrations of less 

than 0.1% DMSO shou]d be used in research with higher plants, 

the above seeds were exposed ta 100 ml of 0, 0.01, 0.05, or 0.1% 

DMSO for 5 hours. Afterwards they were r~nsed three times in 

sterile distilled water and p~ated, five seeds per plate on 

modified CRMA. The seeds were ~ncubated at-room temperature in 

the la~oratory. On the third day, measurements of sbed germ

ination wère made, and ten seedlings from each treatment were 

planted in steamed s.oil in 10 cm clay pots for long jterm 
obServation of poss~ble phytotoxic effects. / 

(H) Results 

Bean seed germination was slightly inhibited by aIl con-
1 

centra tians ~f DMSO (Table 3B), although suppress on below the 
, 

control value àmounted to less than 5%. 

Table 38. Germination of bean seeds subjected to varying 
concentrations of DMSO 

Percent DMSO 

o 0.01 0.05 

% seed germination 79 76 78 

0.1 
\ 

75\ 
\ 
\ 
\ 

\ 
__________________ .. __ ............................ ~ .... ~~j~--~~4~;--~.~-- - ~ 
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Plant growth was observed for ~'périod of 25 days. No symptoms . 
of DMSO phytotoxicity were detected in any plants to which DMSO 

was appll.E~d. Foliage colour ari6 pl~nt height were uniform in 
.f 

aIL treatments. 

b. Effect of DMSO and Systox on Plant Growth 

(il Methods and Materials 

Twenty Slendergreen bean seeds were placed in 250 ml 

Erle~eyer f1asks and exposed for 5 hours to solutions of DMSO, 

Systox, or DMSO-Systox combinations. Concentrations of DMSO 

and Systox used were 0.01, 0.05, and 0.1%. Mixtures of DMSO 

and Systox were prepar'ed by combining 25 ml of the fo11o\.iiog 

concentrations: 0.01% DMSO with 0.01% Systox; 0.05% DMSO with \ 

0.05% Systox; and 0.1% DMSO with 0.1% Systox. A distilled 

water control was inc1uded. After soaking, the seeds were 

rinsed in distilled water, surface sterilized, plated, and 

incubated as in the above experiment. Determination of seed 

germination was made after three days. Height measurements of 

five plants selected from Systox and DMSO-Systox treatments 

planted in clay pots as above, were recorded after four weeks. 

(ii) Reeul ts 
. 

Seed germinati~n was reduced by aIL concentrationi and 

combinations of DMSÔ and Systox (Table 39). There was no 

evidence of. synergism between DMSO and Systox~ The lower per-
o 

centages recorded for germination of DMSO treated seeds, compared 

with the previous experiment, may be attributed tO'a smaller r 

number of •• ed~.ted. Retardation of plant height was 

.... 
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observed in all Systox and DMSQ-Systox treatments. However-

th~ amount ~f growth reduction in beans treated with solutions 

of DMSO and Systox wa~ less than for Systox alone. 

Table 39. Germination of bean seeds exposed to different 
-concentrations of DMSO, Systox, and DMSO-Systox 
combina tions 

Tre)atment Percentage 
Seed Germination . 

Control 70 

DMSO, 0.01% 50 

DMSO, 0.05% 45 

DMSO, 0.1% 55 

~stox, O. OU 35 

Systox, 0.05% 35 

SysttltO.l% 60 
j 

DMSO + Systox, 0.01% 50 , 

DMSO + Systox, 0.05% 25 

DMSO + Systox, 0.1% 50' 

c. Effect of Foliar ApplicatiOns of Systox and DMSO 
on Infectivity of ~. hapla on Beans 

(i) Methods and Materrals 

,., 

I~ 

Twenty, 8 cm clay pots were filled with a steamed green-

house sandy loam soil, depressions were made, and 5,000 juveniles , 
of ~. hapla were pipetted in 5 ml amounts, into each deprission. 

-

... 
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The nernatodés were obtained from surface ~terilized egg masses. 

" 
Ten aay old Sl~ndergreen bean seedlings, grown in 100 ml beakers 

of steamed greenhouse soil, were then transplanted to the above 

nematode infested pots. 

Immediately upon seedling transfer, the foliage' portion 

of five plants per treatment were dipped for approximately 5 . 

seconds into 125 ml beakers containing solutions of '0.1% DMSO, 

0.1% Systox, 0.1% DMSO + 

The pots were then 

rnaintained at 24°C during 

Syst~ or distilled water. 
, "-

" " , "-

randomizè~,~ a gro~th cabinet and 
"- ' 

the light p~iiod and 17°C during the 

dark period, with a cycle of 14 hours light"-~l~~OOO lx) and 10 
"-

" 
hours darkne s s . 

Plants were harvested after 3~ days. Fresh wei~ts of the 
, 

root systems were deterrnined and the nurnber of nematode gàlls 

were counted. 

(ii) Results 

'tr'he effect of' foliar treatrnent of beans wi th DMSO and 

'S~stox, on the amount of root g~lling by ~. hapla, i6 summarized' . ' , 
in Tàble

o
40 and Figure 20. 

Gall formation was reducedby aIl chernica1 treatments. 

Analysis of và~~ance indicated that treatment difference6 were 

not significant, however (Appendix Tables LV, LVI). There were . ' 

13%, 29%, and 34% fewer gal18 pèr gram root fresh weight in 

plants treated with DMSO, Systox, and' a mixture of DMSO and 
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\ 
Systox, respectlvely, tran the distliled water control. Root 

galllng on a per pl'imt basls was 12%, 43% and 45% lower in ' 

plants treated with DMSO, Systox and the combined DMSO~Systox 

mlxture. In thfs experiment th~ number of galls per gram root 

fresh weight in plants treated with DMSO plus Systox was less 

than in Systox applications. The data, however, does not 

suggest a synergistlc interaction between the two chemlcals. 

~ -
Table 40. Influence of bean follage treatmerit withoDMSO, 

Systox, or DMSO-Systox solutions on root weight 
and galling by M. hapla 

Fresh Weight (g) 2 Root Galling 2 
Treatment Roots Number/Plant Number/g Root . 

Contro1 3 l 
2.4 323 a l3S a 

DMSO 2.4 285a l18a 

Systox 1.9 184a ~na 

DMSO + Systox 10 2.0 178a -89 a 

, lAny two means in a column with the same superscript are no\ 
significantly different (P~O~OSl. 

2 . f f' l' Average, 0 1ve rep lcates. 

35 ,000 nematodes/pot as inocu1um. 
~ 

'd. Effect of Soil Drench Application of DMSO and Systox Dn 
Infectivity and Oevelopment of M. hap1a on Beans 

(il Methods ~d Materials 

l 

G~eènhouse.steamed, sandy loam soil was plac~d ~to one 
0,1 

hundred 10 cm clay pots and compacted s lightl,y' by tamping the 

, , 
, 
)) 
Il 

Fr.Wt. 
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pots lightly on a bench. Ten ml of a 0.01, 0.05 or 0.1% DMSO, 

Systox or DMSO-Systox mixture was pipetted to the, surface of 
/ 

appropriate pots, and drencheq in with 90 ml distilled water. 

The pots were left over~ight for moisture eq~ilibration through-

out the soil. 

The following day soil impressions were made and 4,000 

juvehiles of ~. hapla pipetted to appropriate treatments. 

Freshly germinated Slendergreen bean seeds were then sowed in 

each pot, one per pot. 

The treatments, each replicated five tirnes, were as fo11ows: 

l. Beans 

2. Beans + ,0.01% DMSO 
j 

1 l 
3. Beans + 0.05% OMSO . , " 

4. Beans + 0.1% DMSO 

t 
l 
f ' 

5. Beans + 0.01% Systox 

6. Beans + 0.05% 5ystox 

7. Beans . + 0.1% Systox 

8. Beans + 0.01% 010150 - Systox 

9. Beans + 0.05% DMSO - Systox 

10. Beans + 0 •. 1% DMSO - Systox 

11. Beans + M. ha121a 

12. Beans + M. haEla + 0.01% DMSO 

13. Beans + M. haEla + 0.05% DMSO 
~ 

14. Beans + M. hapla + 0.1% DMSO 

~ 

1 lEi. aill! _,; JJ.,U, 
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\ 

\ 15. Beans + M. haE1a + 0.01% Systox 

\ 16. B"eans + M. haE1a + 0.05% Systox 

17. Beans + M. haE1a + 0.1% Systox 

18. Beans + M. haE1a + 0.01% DMSO - Systox 

19. Beans + M. haEla + e,: OS % DMSO - Systox 

20. Beans + M. haEla + 0.1% DMSO - Systox 

AlI treatments were randomized in a greenhouse and watered t 

periodically with distilled water. 
~ . 

The average ~oll temperature 

during the day was 230C and 180e during the night. 

After 35 da ys the experirnent was terminated and fresh 

weight data of foliage and roots were obtained. The roots were 

fixed in FAA for 48 hr and stained in O.05%·cotton blue lacto-

-phenol for 2 min. The number of ga1ls were counted i and uSlng 

teasing need1es, aIl nematodes were dissected carefully from 

each root system. The deve10pment of ~. hapla was determined, 

according to the m~~ of Christie (194t). 

/ 

(ii) Results --.w 

Tables 41 and 42 and Figures 21, 22, 23 and 24 show f»esh 

weights, root infection ratings, and rrematode developmenb 

recorded in the above experiment. 

A1though certain chemica1 treatments aff,ected gall formation 

and development of the nematode, the tOliage and root fresh 

. • weight dat~does not reveal an influence of any DMSO, Systox or 

DMSO-Systox treatment on plant growth (Table 41)-. Nematode 

' . 

._-----~----- - . _.~-_ .. ~-
" 
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trpated plants usually weighed mâre (either foliage or root 

fresh weight) than ~omparab,le control plants. At the time of. 

harvest aIl plants were flowering and 1n several instances, 

bean pods of 1.5 cm had formed. The foliage was dark ,green .. 

and there were no symptoms of phytotoX1city. 

, 

The number of ~. hapla, per plant and·per.gram root fresh 

weight, forming galls on bean roots was gteatly, and significantly 

reduced (Appendi~ Tables LVII, LVIII), by 0.05% and 0.1% con-

centrations of Systox and by the 0.1% combined DMSO-Systox 

treatrnent (Table 41, Figure ~). Although differences between 

al~ other treatrnent means were not"s1gnificant, root gilling 

was less extensive in the rnajority of plants receiving,chPmical 

treatments compared with the ~. hae1a controls. Root ga11ing 

(per gram of root fresh weight) c~as sl,ightly stllTIulated over 

the control (13%) by tœO.~l% Systox treatment. The number of 

nernatodes counted in roots tre~~~â with various concentrations 

of combined DMSO-Systox was slightly greater than the nurnber ' 

deterrnined in roots receiving Systox solutions alone. There-

fore, the data indicate thp.t miSO does not act as a synergist 

when combined with Systox, in reducing the infectiyity of M. , 

hapla on beans in a sail medium. 

After 35 days, very few nematodes dissected from any of 

'the treated raots were at the A ~tage of development (Table 42). 

Because of the small numbers,' treatment effects oould not be 

detected and analysis of ,variance for thi$ phas~ of ~. hapla 

development was not employed. 
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Table 41. Effect of soi1 application of DMSO, Systox 

Systox mixtures on bean rèo~ ga11ing by'~. 

Fresh Weight (g) a 

and DMSO
hapla 

\,.. 

Root Galling a 

Treatment Poliage Roots o No./Plant No./g Root Fr. Wt. 

1. Control 7.1 1.6 a 
dl . l 

OC 

2. 0.01% DMSO 9.1 2.7 ad OC 

3. 0.05' DMSO ~.l 2.0 od OC 

4. 0.1% DMSO 6.1 l'. 3- Od OC 

5. 0.01% Systox 8.9 2.0 
l. d a OC 

6. '0.05% Systox 8.6 1.5 Od OC 

, 7. 0.1% Systox 7.0 1.6 
. ad OC 

B. 0.01% DMSO - Systo~ 4.6 1.4 Od OC 

9. 0.~5% DMSO - Systox 8.0 1.5 Od OC 

10. 0.1% DMSO - Systox 7.6 1.8 ad 0 
~ 

" (Cont'd) 

t"""-....... "\ 

e 

N 
0'1 
A 
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Table 41. Cont'd. \ 

\ 
-- ---- -_. - ----- \ 

a \ a 
Fresh Welght (g) Root Gàlling 

Treatment ... -;; Fo1iage Roots No./Plant No./g Root Fr. Wt. 

1l..,,-- ~ •. nap1a B. 7 
.... ~~ 

_1~. M. ~Ol% DMSO 8.8 

1 l 
2.7 173.0a 64.1a 

2.3 130.6\b 56.8
a ~ 

\ "-, ......... 
13. M. hap.la + 0.05% DMS{}-.....6......1 2.4 119.6abc 49.7ab 

- .... - -

~ 

14. M. hap1a + 0.1% DMSO 8.0 , 
15. M. hap1a + 0.01% Systox 6.3 

2.6 147.2ab 56.4ab 

1.6 11S.Sabc 
72.3a 

16. M. hap1a + 0.05% Systox 10.0 2.1 lS.4 od 7.3c 

17. M. hap1a + 0.01% Systox 7.2 1.5 5.6@ 3.7c 

~ +8. M. hap1a + 0.01% DMSO - 7.8 2.6 ISe.8ab 61. Oa 

~
: Systox 

19. ~. hapla + 0.05% DMSO - 7.3 
, Systox 

, O. ~. hapla + 0.1% DMSO - 8.9 

2.1 ~"'49.0abcd 23.4abc 

2.2 '31. Obcd I4.1bc 

1Any t~ means in a column with the same superscrlpt are not slgnîficantly 
differe~, (~O. 05) . 

2Average Of~~ rep1icates. 
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Numbers of ~. hapla ât the -B stage (characterized by 

s~ike-terminated, hemispherical ends, Figure Il) of morpho

gensis varied between ··treatmen ts; the differences, however, 

were not great enough to be cOnS~Significant (Appendix 

Table LIX). Concentrations of 0.01% and 0.05% DMSO did not 

influence the nurnber of B stage ~. hapla whereas 28% more 

267 

/ 

nematodes were counted in roots treated wlth 0.1% UMSO, corn red 

/ 
/ 

ho the M. hapla control. Nematodes isolated from roots eceivlng 

0.01% Systox, cornpared wlth the control, were 42% eater in 

number, whereas 0.05% and 0.1% Systox treâtmen resulted in 

75% and 90% fewer ~. hapla than ln control roots. A p~ttern 

similar to that Qf Systox was observ~~ in plants treated with 

DMSO-Systox solutions. Eighteen percent more B stage nematodes 

were isolated from roots treated with 0.01% DMSO-Systox, than 

in ~. hapla contraIs, whereas 3~% and 57% fewer nematodes were \ 

determined in roots given 0.05% and.O.l% DMSO-Systox treatments. 

Considerable, but not significant (Appendix Table LX), 
, 

differences in populations of C stage ~. hapla occurred between 

the various treatments, çornpared with roots recélving ~. hapla 

alone (Table 42). In plants ~ecaiving 0.01%, 0.05% and 0.1% 
1 • /' 

DMSO, the numbers of Ilfmatodes counted were? 15% and 44% 

greé!-te.r', respectively, than in ~. hapla . oculated control 
.. 1 

roots. 
1 • 

Nematodes iso1ated from roo receiving the 0.01% Systox 

treatment, cornpared with the control, were 62% greater in 

number, where~s' 0.05% and' 0.1% Systox concentrations resulted 
. ). " 
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Table 42. The effect of DMSO and Systox on deve10prnent of ~. hap1a on beans 

j 

A 3 
No./g 

L -Deve1oprnent 
B 3 

No./g 

of ~. hapla 
C 3 

No.7g 
o 3 E 3 

No./g No./g 
~reatment4 Root Fr.Wt. Root Fr.Wt. Root Fr. Wt. Root Fr.Wt. Root Fr.Wt. 

l 1 1 .L 
Control 0.3 13.0ab 12.2

a 31. Oa 7.6
a 

\ ' , 

0.01% DMSO 0.2 ~'i-' 13.2ab 14.7
a 23.7ab s..Oa 

0.05% DMSO 0 I2.B ab 14.0
a I9.9abc 3.1a 

0.1% DMSO 0.2 I6.6ab I7.6 a 21. oab ... 1. 2a 

.-
0.01% Systox - 0.1 lB.Sa 19.5a 26.9a 4.1a 

0.05% Systox 0 3.2ab 
2.S

a 1. 3c Oa 

0.1% Systox 0.3 1. 3b 1. sa 0.7c 1 Oa ......... 

0.01% DMSO - S~x "- 0.2 
.~ 

15.4a 16.1a 26.7ab 1. Sa \ 

0.05% DMSO - Systox 0.1 a-.Oab 8.1 à, 6.8abc O.2-d: , 

0.1% DMSO - Systox 0.4 S.6ab 4.0 a 3.9bc O.2a 
( 

lAny two means in a column with the ~rne superscript are not significantly 
different (P~O.05). 

2See ,Figure 11 for illustrations of the developmental stages of M. hapla. 

3Average of (ive replicates. 

4-Each treatIOent ~ontain-s Mo' hapla. 
"- '-
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in 77% and 88% fewer M. hapla than in control roots. 1 Wi th 1 

DMSO-Sy'stox c~mbinatlon treatments, 32% more C stage nematodes 

were isolat~d from roots receiving 0.01% DMSO-Systox, than ln 

" ~. hapla controls, while 34% and 67% fewer nematodes were 

counted in roots glven 0.05% and 0.1% DMSO-Systox trèàtments. 

The 1argest number (31.0/g root fresh welght) of,nematodes 
\ 

in untreated plants was at the D stage of developmeht, WhlCh, ~ 

~cCording to Christie (1946), 1nc1udes females that have become 

f~y grown but not egg-1aying (Figure Il). Three treatments, 

namel~ 0.05% and 0.1% concentrations of Systox and the O~l% 

combination of DMSO and Systox, were responsible for the Slg-

nifïcantly fewez;- (Appendix Table LXI) number of ~. hapla 

,forming galls on bean roots treated with these chernicals, 

qompared with control r90ts inoculated with M. hapla alone. 
l ' ,-

The nurnber of nematodes i'n roots~of plants receiving aIl other 

treatments was lower (not significantl than in control roots, 

indicating a repressive effect of these treatments On the D 

stage of ~. hapla d~ve1opment. 

The number of nematodes which developed to the E, or egg-

laying stage (Figure Il) w~s considerably lower (not significant , 

Appendix Table LXII) in roots receiving 0.1% DMSO, Systox and 
, 

combinep DMSO-Systox, comp~red with roota treated with only M. 

hapla. The 0.05% and 0.01% concentrations aiso reduced ~he 

number of- nematodes' reaching this deveIopmental stage, but nct .. 

as severely as the 0.1% concentration. 
/ 
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, The number of nematod~s whi~h developed to the E, or 

egg-laying stage (Figu~e 11) was considerably lower (not s{g-

nificant, Appendix Table LXII) in roots receiving 0.1% DMS9, 

Systox and combined DMSO ... Systox, compared with roo~s "treated 

with only ~. hapla. 1he' 0.05% and 0.01% concentrations also 

reduced the number of nernatodes reaching this dev~loprn~ntal 

stage, but not as severely as the 0.1% .concentration. 

The influence of various OMSO-Systox.cOmbinations on the 
, 

maturation process of ~. hapla was approximately the sarne as 

" fo'r Systox a10ne (Fig'. 23, 24). The main difference between 

Systox and DMSO-jystox treatments was that of degree. Systox 

alone suppressed nematode de~el9P~ent to a greater extent than 
\ 

DMSQ-Systox combinationa. Syriergism was not observed in Any / 

of the treatments. " 

\ 
OISCUSS10N AND CONCLUSIONS FOR PART III 

With the exception of the bean cultivars Bountiful and 

puregold: thè rnajority of the bea~ h~8ts tested we~e app~~

imately equally suitable for matura~io~ of, Meloido~ne hapla. 

The lowest nurnbers of Illa'ture ~. hapla fémalea were iso'lated 

1 trom roots of Bountiful and opuregold, indicating sorne resistance t . 
in these plants to ~. hael~, compared with other bean hosts. 

<,.,.
Ther~ ,hâve been few studies on the d~velopment of the r~o 

nematode in beana or other legumes, and in' only two instanc 1 
, 

have cultivars used in:this wQrk, baen. teated rs. 

o . ' 
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Christie (1946) found the cultivar Bountiful highly ~usceptible 

to the root-knot nematode, which disagrees with these results. 

At the time of Chri$t~e's work, however, the root-knot nema

todes were considered to belong to a single species, Heterodera 
, 

marioni. Thus, the species composit~on of the inoculum used 

by Christie i8 unknown. In the other study wherein similar , 
l 'r 

bean cultivars were tested for resistance to root-knot nematodes, 

Blazey et al., (1964) observed heavy ga11ing and egg mass pro

,duction by ~. hapla on Cherokee Wax and Ccntender, reactions 

which agree with re8ults of this study. 

The absence of egg~laying females in rocts of aIl cultivars 

examined at 21 days was most 1ike1y due te temperature. Davide 

and Triataphyllo~ {1967a) noted that M. incognita and M. 

~avanica produced egg8 on tomato roots as ear1y as 13 days after 

inoc~lation at 30 to' 35°C, whereas at lSoC egg layin~ was first 

~~teq ~ days after in~culation. Ther~fore the temperature 

~at which pla~ts were grown in this work, namèly 22oC, may not 

have been high 'enough to promote the formation and release of 
, , 

eggs by~. hapla within 21 days. < J .. 
') 

The incorporation of resistance to root-knot nematodes 

in",beans has been aOhieved by several workers (Blazey et al., 
\ 

19641 Fassuliotis ~ al. 1 1970; Hartmann, '1971; HuttQn et al., 
'"' --

1972). However, in·view o~ the results of Blazey ~t al., 

(1964) " who pointed out that seven bean cultivars most resistant 

to!!. incoqni ta were heavily
e

' infeated by M. hap1a, and Hutton 

et al., (1972), wh~di8eovèred reaiatance in 36 iines of 
~- --- il 

v 

\. 

" 
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Ph~seolus atropurpureus to several root-knot nernatodes except 
" 

,M. hapla, 'it i5 evident that resistance in ther~ommon bean to 
, . 

this species of root-knot nernatode is not weIl deve1oped. j The 

general susceptibiiity of rnost bean cultiva~ used in this 

study would ~upport the above conclusion • • 
~ 

Factors other than host cultivar, which have been found 
1 

to af~ect root-~not ne~atode development are ternperature (Tyler, 

1933; Bird and Wallace, 1965; Davide àn~ T!iantaphyllou, 1967a; 

Griffin, 1969; Fassu1iotis et al., 1910), nutrition (Davidr and 

Triantaphy11ou, 1967b; ~allace, 1969), inoculum density (Davide 

and Triantaphyl~ou, 1967a) and moisture (Couch and Bloom, 1960)., 

Although a' limited number of recent experiments have 

shown striking evidence of cornp1ex interactions invo1ving root

knot nernatod~s and various saprophytic soil fungi, information 

concerning interrelationships of parasitic nernatode,s wi th . 
saprophytic mernber~ of the ,rhizo~aere, such as yeasts, is 

tott:lly lacking. In this study, Rhodotorula pàllida, Candida . 
mycoderrna and Torulopsie rnagnoliae were observ.ed to reduce the 

nurnber of ~~ hapla which entered and deve10ped in roots of 

beans, pea,s and red clovèr" eornpared with plants receiving M • .. " ~ 
hapla alone. The inabi~y of unicellular organisms such as 

yeasts to penetrate the root8~of higheF plahts, the favorable 

development of Many !. ,hapla in yeast treated roots, and ~he 
. . 

stationary feèding position within roo~~ of the sedentary root-

knot group of nematodes, suggest that the-lowe~ populations of 

, 

< 
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M. hapla isolated from yeast-treated roots were due to conditions 

which retarded penetration of the·nernatodes. Reduced penetration 

by~. hapla in the presence of~soil yeasts eould have been 

~aused by direct,interference with nematode metabolism tkrough 

release of inhibitory substances by yeast inoculum or' modific-

ation of nematode penetrating site~ by plant uptak~ of yeast 

metaboli tes. .However, in view of the fact that root-knot nema-

tode juveniles are known to move out of phYèiologically unsuit-

able roots (Reynolds et al~, 1970)', and sirke yeast cells may 
.' 

have accompanied~. hapih juvertiles into the reots, the most 

tenable reason for the ryumerical decline of ~. hapla in roots 

of yeast inoculated: plants is the migration of "this nematode 

out of the yeast-modified, physiologically unfavorable, root 

The greatest reduction in numbers of ~. hapla was noted 

in R. pallida treatments. Compared with M. hapla ~eated con-
, -

troIs, 54.5% fewer nematodes were dissected~from bean roots 

treated with this yeast, wherea.s in peas, 39.7% vfewer nematodes 

~ere isolated. C. '. ' . magno11ae caused decreases 

of 42.2% and 33.2% respectively, beans, and t.8% and 9.7% 
. 

in peas, compared with.~. hapla inoculated contrblg. Although 

M. hapla reproduction was not nPticeably affected by Any of the 

yeasts tested, the number of nematodes wbich developeA to the 
• • 

,,1 

1 
1 

Group D s.tage in beans and to· Group E in peas, were very low " 

in roots treated with R. pallida compared to nematode infeste~ 

roots alone. 

.1 
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Davide and Triantàphyllou (1967b) found that the per
~ 

.~ 

centage of males of M. incognita was higher in tomato plants 

deficient in nitrogen, phosphorous, and potassium compared to 

plants receiving complete nutrients. They 'concluded that the-

nutritional status of the host was related to the development 

of males in ~. incognita. Furthermore, Davide and Triantaphyllou 

pointed out that it was most likely through changes in the 

general physiolbgy and nutritional condition of the deficient 

p~ts that the change in male percentage occurred. Therefore, 
/' 

in light of the information proviqed by the ~bove workers, 

the observed increase in number' o~males in bean plants receiving 

yeast inàculum, compared to ~. hapla contro1s, was probably 

due to deleteri~~s changes 'inpoat metabolism caused by the 

cOmbined activi ties of yeasts a'nd nematodes within root tissues. 

The percent of male M. hapla tn the bea~ controis constituted 

1ess than 1% of the nematodes isolated, wh~ch agrees with the 
~ 

results of Davide and Triantaphyllou (1967aL for M. incognita 
~ - -

on tomato. 

Ga1ling of bean roots was observed to be consistehtly 

greater in plants jointly inoculated with~. haP1a and Tricho

de'rma viri.de than those exposed to the nematode alon~~ Th~se 
1 

results can be interpretea on the basis of Powell's (197Ib) 

speculation that extensive physiological changes may oceur in 

roo~s ~a1rsitized by nematodes in the presence of non-pathogenic 

fungi. If powell'B suggestion ie true, then the major funetion 
• 
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of T. viride must have involved host root tissue modification, 

which as a result, provided favorable conditions for the 

growth an d development of ~. hapla. Increased stimulation and 

mainten~nce of giant cells, which are necessary for normal .... 

growth and reproduction of the root-knot nematode (Bird, 1974), 
) 

could have occurred as a result of interaction between meta-

bolites releaSed by T. viride and the developing syncyt1a. 

On the ot~er hand, it is possible that more juveniles entered 

bean roots infected with a combination of ~. hapla and !. viri4e 

than in treatments with nematod~ alone, since Edmunds and Mai 

(l966a,b) fou~d greater numbers of Pratylenchus penetrans in 

roots of alfa1fa plants treated with T. viride than in treatments 

with ~. penetrans a1one. In view of these results, therefore, 

ît may be concluded that common soil-borne fungi regarded as 

innocuous on plants in the aQsence of nematodes, stimulate the 

amount of ~oot galling by root-knot nematodes, as weIl As induce 

extens~~ecroSis in nematode-altered roots (Powell et al., 

1971) and retard plant growth (Edmunds and Mai, 1966b). Further-

more, these results strengthen the hypothesis. of Mountain (1965) 

and Powell (1971a) who suggested that interactions between 

nematode,s and the soi1 micrqflora maY"proYe to be more important 

in the etiology of plant disease than the pathogenicity of 

plant nematodes per se. 

Galling of bean-roots by~. hapla was,not influeneetl 6y 

.' a Penicillium sp. but it was notab~y retarded Dy F~sarium roseum. 
;, , 

-, 
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These results indicate that different fungi .ffect the path-
~ 

ogenicity of ~. hap~ on beans in différent ways. Decreased 

gal!in/observed on plants inoculated with a combin~tion of 

~. hapla and ~. roseum could have been due to inhibition.of 

root penetration by juveniles of ~. hapla,\or unfavorable 
" . ~ 

con~itions in the root tissues caused by secretetl rnetabolites 

of'the fungus. 

The incr'eased galling of 'bean and pea rùots observed in 

M. hapla and Sclerotinia sclerotiorum treated plants, cornpared 
;- -
with ~. harla inoculated controls, indicates that this fungus, 

although,capable of plant in jury by itself, c~n increase the 

amount pf root deformation caused by ~. hapla. Although it is 

weIl known~hatihigher populations of certain nematodes occur 

in fungus-infected roots (Mountain, 1965), to this writer's 

knowledge there is only one report (Tu and Cheng, 1971) showing 

greater root-knot nernatode penetration in roots inoculated .. 
wi th a fun9a'1 pathogen. 

The resul ts of, studies on hatching wi th egg masses of ~. 

hapla show that egg hatching can be g~eatly affected by different , . 
soil-borne fungi. Hatching counts taken 4 days after the 

initiation of incubation indicate that penicillium sp." !. 

viride and F. roseum, inpreased eg9 hatch by 26%, 38% and 68%, 

respectively, whereas S. bataticola süppressèd egg hatch~by 25%. 

Stimulation of egg hatch'was probably due to funqus. secretion 

,. 
'1:, . . , 

., 
, '. 
) 
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of chemical substances similar to hatching factors (Shepherd 

and Clarke, 1971) produced by sorne host plant roots. In 

"'"'~' addition, enhanced egg hatch may have been due to CO 2 produced 

by the funga1 inoculum on which the egg masses were placed. 

The concentration of CO 2 has been found critica1 in hatching 

of sorne animal parasitic nematodes (Shepherd and Clarke, 1971). 

Evidence for a funga1 pr~duced hatcbing factor was given by 

Giebel (1963), who noted that egg hatch of Heteroderâ rosto-

chiensis rose from 0.5% to 25% when sterile 'soil was inoculated 

with severai fungi inciuding Fusariurn ep., Trichoderma sp., 

Penicillium s~. and Zygorhynchus sp. In view of the resu1ts of 

~ames (1966, 1968), who showed that the fungus causing brown 

root rot of tomatoes produced substances that inhibited the 

hatching ~f ~. rost?chiensis, the reduced emergence of juveniles ' 

from egg masses treated with S. bataticola was probably due to 

liberation of inhibitory compounds by this fungus. ~ese re

sults suggeet, therefore, that hatching may be influe~ced by 

non-pathogenic rhizosphere fungi. 

T~e majority of studies regarding interrelationships 

among nitrogen-fixing bacteria (Rhizobium spp.), plant parasitic' 

nematodes, and their ,leguminous hosts ind!cate that suppression 

of nodule formation is the rule, rather than the exception. 

I~ this study, however, increased nodulation was observed 

repeatedly on roota of w~~le plantBoor exciaed roots receiving 

a mixture of M. hapla and R. ~haseoli, oompared with roo~ 

1 

\~ 
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inooulated with ~. phaseoli alone. From a thorough search of 

the literature pertaining directly to studies of inhibition of 

nodulation by Meloidogyne.spp. or Heterodera spp., it is evident 

that surface dis infestation pf egg masses or cysts was not 

carried out. Since, in the present work, egg masses were 

r'egularly treated by immersion for several minutes in Javex 

contalning 5.25% sodium hypochlorite (NaOCl), it is possible 

that such treatrnents metabolically altered the maturing juveniles 

contained within eggs embeàded in the egg masse Althbugh there 

is not as yet evidence to support the above proposaI, sodium 

hypochlorite has been found to dissolve several nematode 

structures including cyst walls, eggshells and cuticles, and 

in low concentrations will cause egg hatch (Shepherd and Cl!ke, 

1971). In addition, certain chemical agents have been dise ered 

to stimulate glandular secretions of juveniles within the egg . ~~ 

(Shepherd and Clarke, 1971). In light of these findings, it i9 

proposed that physiologically a1tered ~_ hapla juveniles, 

emerqinq from ~odium hypochlorite treated egg mass~s, caused 

increased bean nodulation due to nernatode secretion of stirnu-

latory substances. These substances may have been similar to 

chemicals found stimula tory to root nodulatio~ by Molina and 

Alexander (1967). Althouqh, Taha and Raski (1969) reported 

reduced numbers Of nodules on M. javanica-infacted plants, 

their data (Table 3) aiso suqqests that, under certain conditions, 

nodulation can be stimulated by root-knot nematodes. These 
.' 

workers found that 30 day oid white clover plants receiving 
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~. trifolii 15 days after inoculation wi~h ~. javanica, 

developed an average of 1,320 nodules, whereas control plants . . 
receiving R. trifolii alone, forrned Only 829 no<1ulesO'-_.In 

addition, Nutman, (1965) pOinted out that certain rhizosphere 

fungi could stimulate root hair infection and nodule formation 

by Rhizobium. 

Although successful culture of Meloidogyne sp. on excised 

roots of various plants has been accomplished (~ckerman, 1971), 

this is the li~~!ep~R~ showing the reproduction of ~. hapla 

on nodulating ~~iS:~ roots of beans. The greater rat~ of 

reproduction of M. hap1a on excised bean roots treated with R. 

phaseo1i, than on roots inoculated with the nematode alooe, 

indicates that substances ~equired for nematode maturation 'and 

egg formation, such as nitrogen, were supp1ied more abundantly ,. 
by the nodulating roots than those parasitized by the nematodes. 

These resu1ts concerning the stimulation of root-knot nematode 

reproduction by 1egume bacteria1 inocula support the findings 

of Shands and Crittenden (1957), but not those of Ichinohe 

(1959) and Nigh (1966). 

Dimethyl sulfoxide (DMSO), the systemic organaphosphate 

Systox, and a co.mbination of'DMSO and Systox, used as fa1iage 

treatments at 0.1% concentration, caused reduction of galling 
f 

on beans by ~. hapla. Knotting decreases in the order of 13%, 

28% and 34% were observed i~ plants who~e leaves were dipped 

in DMSO, Systox, and a DMSO-Systox co~bination, respective1y, 
.( 
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compared with M. hapla control plants. Altbough no work on 

nematode control has been done with DMSO, the results with 

Systox are in agreement with studies on Dimethoate tiy Helton 

(1964, 1965), and Vamidothion by Dantas and daMatta (1971), who 

found that foliage applications of these systemic organophos-

phates effectively reduced infection by the root-knot nematode. 

Sasser (1951) was unable to control Heterodera rostochiensis 

on patata, and Meloidogyne sp. on tomato and tobacco seedlings, 

using foliar sprays of Systox at congentrations ranging from 

0.006% ta 1.0%. Bergeson (1955), however, ,obtained good control 

of Ditylenchus dipsaci on daffodil using a fo1iage spray of 

Systox at concentrations of 0.1%, 0.5% and 1.0%. Suppression 

of root-knot g'àlling of beans by foliage application of Systox 

was probably due to translocation of Systox itse1f or metabol-

ized derivatives of this insecticide into the roôt system. 

While rnovement of Systox from roots and stems into leaves of 

bean seedlings occurs rapidly (Metcalfe et al., 1954), absorption 

and translocation of this compound from foliage into the root 

zone is a1so highly possible in view of the work of He1ton 

(1964), who showed that a related organophosphorous compound, 

Dimethoaté, was translocated systemica11y from fo1iage into 

the tubera of potatoes where it effective1y reduced galling 

due to M. hapla. Studies of the quantitative metabo1ism of 

Systox in bea~ plants by ~etcalf et al., (1954); showing that 

nearly 100 per cent of the thiol- and t9iono-isomers of Systox 

were in metabolized forms within 24 hr of application, indicate 



1 

4 

, that decreased root galling of beans was due primarily to 

'metabolized forms of both isomers of Systox. The smaller 

number of galls observed on plants treated with DMSO could 

have been caused by inhibition of ~. hapla penetration and 

defrelopment by Dl(SO translocated into the root zone', or as 

suggested by O'Brien (1967), DMSO·solute complexes formed in 

the plant. Since reduction in root-knot nematode galling by 

284 

the combined DMSO-Systox treatment was only 6,% greate;r than 

for Systox alone, i t may be conclu~d that miSO does n'~t have 

synergistic properties when usetl as a solvent for Systox and 

applied to the leavea of beans. 

As a sail dr~nch Systox was more effectIve than a com

bination of DMSO and Systox, or DMSO alone, in reduction of 

galling and reproduction of ~. ha~l~ on beans. In aIl treat

ments, 0.05% and 0.1% concentrations of chemicals useB were 

more effective than the 0.01% concentration.' Galli~g of plants 

which grew in sail at 0.05% and 0.1% Syatox concentrations, 

was observed ta be reduced by 88.7% and 94.3%, respéctively, 

compared with untreated ~. hapla control plants. These results 

compare favorably with those reported by Sasser (19S2), for -
root-knot redùction on tomato, and a~rgeson (1955), for control, 

of Ditylenchus dip •• ci on daffodi1s. O,ne hund,red per cent 

inhibition of reproduction by M. hapla was a1so obtained with 
r 

0.05% and o.i% Systox concentrations. Although Sasser (1952) 

was unab1e to de termine the exact nature of Meloidoqyne 

.. 

• I
~' .. -, . ~ 

'1 
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incognita acrita control using various concentrations of soi1-

app1ied Systox, he concluded that control may have~een due to 

inhibition of juvenile hatch and'paralysis of hatched juveniles 

in soil. Since juveniles of ~. hapla were used as inotulum in 

this study, it is most likely that nematode paralysis as 

. observed by Sasser (1952), was responsible for the severe 

reduction in galling and egg production on beans. The efficacy 

of soil-applied Systox may also have beeh due to long term 

systemic activity of this compound within the roots of beans. 

Evidence for this latter suggestion was provided by Metcalf et 

al., (1954) who showed that 60 days after seedling root uptake 

of Systox, there was an appreciable arnount of Systox remaining 

in the root system despite translocation of much of the compound 

into stem and leaf tissue. i9 evidence of a 

cholinergie nerve system in ne (Bird, 1966), it i8 
+~c......;_ ......... ;;.;. 

likely that the effectiveness of Systox was due to inhibition 

of cholinesterase. Slight reduction in root galling by ~. 

hapla in soils drenched with 0.05% and 0.1% concentrations of 

DMSO, compared with marked inhibition of reproduction, ?ndicate 

that this compound is effective in retarding egg development 

rather than suppressing nematode root penetration. These 

results would further suggest that DMSO iS,most effective 

within the plant tissues either: (1) directly interfering ) 

with the later stages of nematode development, (2~ forming 

complexes with plant Metabolites which prevent egg formation 
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( 

~~ 
by female M, hapla, "or (3) !?timulating the plant: to synthesize 

• 
sub~tances which are them/elves toxiè to M4 hapla or which , 

combine with DMSO to inhibit egg prod:ction. Sy:t~x, in com-~ 
bination with DMSO'I was le.ss effective in suppressing root 

\ 

galling and nematode development than Systox alone, suggesting 

that"when sail applied, DMSO il1terferes with Systox activity, 
" ' 

possibly by forming less active complexes with soi1 minera1s ' 

'or within root tissues. 

, 
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GENERAL DISCUSSION AND CONCLUSIONS 

• 
Saprozoic nematode growth, maturation and egg deposition 

~ 

occurred in monoxenic agar culture with several species of 

Rhizobium. ~he results suggest that in the natural soil 
, , 

environrnent, the root no~ule bacteria of legumes may play a 

role in the provi~1on of food for saprozoic nematodes. In view 
1 • 

of the abundanoe of rh~~bia around legume host roots (Nutman, 
, .. 

~965), it is unlîkely'that their populations would be reduced, 

through nematode feeding, to levels where diminished nodulation 

would result. Also, results showing development and maturation 

~ of saprozoic nematodes on rhizobia consisting of predominantly' 
• bacteroid cells suggests that, upon microbial de,composition of, 

'noQules in soil, portiops of the bacterial contents as weIl as 

the smaller number of normal rod-shaped rhizobia, may be con-

sumed by bacterial fee\;;;i::::tode .. Some of the nitroqèn 
nod 1 may, therefore, be temporarily assimilated during 

immobilized in the cytoplasm of saprozoic nematodes. 

Five species of yeasts were shawn to suppo~t growth and 

reprodu~tion of an unidentified species of Rhabditis. It 

appears that a part of the nutritional requirements of frée-

living soil nematodes such as Rhabditis sp. may be Qerivea 

'" from ingestion of yeasts. This should be more extensively 

studied, especially in relation to the rhi~osphere, where· , 

numbers and kinds of soil yeasts are greatest '(Babeva and 

Saveleva, 1963; Babeva and Belyanin, 1966). 

287· .. , 
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Demonstration of juvenile sur~ival for 21 days in the, 

absence of bacteria or yeasts indicates that, in nature, this 

stage' of the life cycle of saprozoic nemato,des may be capable 

of withstanding long periods of ~ime without food. This may 
1 

be a factor ensuring their surviva1 during perio~s of food 

stre.s~. 

Although it is generally accepted that freeliving soil 

nematodes are consumers of bacteria, little emphasis has been 

placed on the disseminatory function of these soil organisms. , , 

The movement of rhizobia from areas distant to leg~e roots, 

into the rhizosphere, was shown to be facilitated by saprozoic 

nematodes. As a result, distribution of rhi~obia along tte 

growing root system May have become more extensive and the 
, 

number of nodules increased. Dissemination of ~embers of the 

90il community by saprozôic nematodes is not confined solely 

to beneficial organisms such as Rhizobium 9pp. Studies by 

Solov~va (1965) and Chantanao and J~nsen (1969b) indicate that 

plant pathogenic fungi and bacteria are 'carried throygh soil 

by freeliving nematodes. Since it i9 weIl known that ùntreat~d 

soil ato,p' plant roots- ~tmtains pathogenic microorganisms 

the presence of sap~ozoic nematodes, capable 

of transporti 9 these pathogena in~o the rhizosphere and onto 

the rhizoplane surface, should not be ignor~~ by root-disease 

inveatigators using natura! 80il as a rooting medium. 

• 

~, 

• 
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Egg hatch oi a Rhabditis· sp. was stirnulated in nutrient 
'~ 

solutions, compared with ·distilled water. Inèreased egg hatch 

may have been due to excreted microbial metabolites since the 

solutions became contaminated due to the necessity of opening 

the dishes for counting purposes. This suggests that certain 

rnicroorganis~s, which adhere, or are adjacent to, freeliving 

nemato.de eggl;\ in soil, may affect the hatching process. This 
... 

rnay occur directly through release of compounds which stimulate 

hatching by prornoting enzyrnatic act~vi~y within the egg, ~ 

indirectly by' external enzyrnatic weakening of the egg cuticle. 

Cons'iderable vàriation observed between selective pre-

ference and multiplication of Aphelenchus avenae with different 

fungi implies that the,result of each association is due to 
. 

characteristics which are peculiar to that particular assoc-

iation. Th~h rnycophag0us nernatodes in ~atura~oil are 

influenced by ~ral factors simultaneou~ly, the. use of 
... 

autoclaved soil in experiments with ~. avenae May simulate • 

natural sbil conditions. Hence, a preferential aggregation of 

~. aven·ae around a funqu8 may be representative of the expected 

respon8e in natural 80il. Furtherrnore, the suitability of a 

particular funqus for A. avenae population increase cart be 
- 1 

expected to play a part in the population dynarnics of this 

nematode in soil. 

'v 

) 
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Suppression of nodule formation on excised bean roots, 

and severe rootlet damage by ~. avenae in the presence of R. 

phaseoli indicate that"under certain conditions, this nematode 

can detrimentally affect roots of higher plants. The inter-

action of mycophagous nematodes such as(~. avenae, and soi1 

bacteria, normally regarded as innocuous or beneficial to 

plant growth, merits further study. This would apply partic

~larly to situations where soil i8 tre~ted with fungicides~ 

1 which raduce or eliminate the normal food source of mycophagous 

nematodes. 

A. avenae eliminated damping-off of beans caused by 

Sclerotinia sclerotiorum when nematod~ and fungus inocula were 

added simultaneously. Since damping-off of seed1ings caused by 

~. sclerotiorum is more severe at lowe~ soi1 temperatures l' 
(Parth, 1966), investigations with several soil temperatures 

and time intervals between the addition of nematodes and fungus, 

may provide a better understanding of the role of this nematode 

in the control of damping-off caused by ~. sclerotiorum. 
~ 

Resistance of Phase~lus vulgaris t~ rQot-kno~nematodes 

has been observed by several workers (Blazey ~ al., 1964J 1 

Fassuliotis et al., 1970; Hartmann, 1971; Hutton et al., 1972). 

The susceptibi1ity of all bean cultivars tested in this study 

t~Me1oidogyne hap1a, and the discovery by Blazey ~ al., (1964) 
1 

and Hutton '!! !l., (1972) that bean resistance to species of 

root-knot nematodes except ~. h~lla exists, sugqests that plant 



breeders should include M. hapla in breeding programmes 

designed to develop geherai resistance to root-knbt nematoOës. 

Different yeasts reduced the number of ~. hapla w~ich 

enter,ed and developed in bean roots. On the other hand, the 

number of galls caused by ~. hapla were increased by Tricho-

derma viride and S. 9clerotiorum. Eurthermore, egg hatch of 
t ; 

~. hapla was influenced by several common sail fungi. Egg 

hatch was stimulated by a Penicillium' sp., T. viride and 

Fusarium roseum whereas Sclerotium bataticola inhibited egg , 

hatch. These results raise the question As to the interrelation

,ships between root-knot nematodes and the wide variety of#micro-
1\ \ 

organisme in the rhizosphere of plants. This aspect of mi~ro-
. ," 

bia1 interaction deserves further study because of the ubiqujty 

of these groups,of microorgànisms and their possible role in 

root diseases. 

~. hapla caused an incr~ase in the number of nodules on 

beans using whole plants or excised roots. Many reports have 
,l' 

irtdicated inhibition of nodulation by plant parasitic ne~atodl~s, 

but ,in< ~iew of the results of Taha and Raski (1969)·, who noted 

increased nodulation under certain conditions of~. javanic~, 

Rhizobium trifolii and white claver interaction, and Lehman 

et al., (1971), who showed that certain races of Heterodera 
, 

glycines do not affect nodulation, the relationship between 

strains of nodule bacteria and root-knot nematodes needs, 

further examination. 
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,Fo1iage application c ~"-a combihation of DMSO and Systox 

at 0.1% was more ef~ective·than either c6mpound'separately, 

in reducing ga11ing of bèans by ~: ha~la. j the other hand, 

Systox applied as a, soil drench treatment, was, more effective 

in reducing galling than the cornbination or DMSO aIdne. The 

results indicate that DMSO and related compounds should be 

tested for systemic nematicidal ~ffects in combination witn 

other organophosphate nernaticides applied as fo1iage sprays. 

It would also appear, at least from these experiments, that 

DMSO is of no value as a synergist, when soil applied for 

control of root-knot nematodes. 

1 
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SUMMARY 

/ 
1. Speçies of the saprozoic nematodes Rhabditis and 

Chiloplacus grew and produced eggs in monoxenic cu'l.1:.ure wi th 

Rhizobium phaseoli, R. trifolii and~. leguminosarum. Egg 

deposition began at 12 days and was rapid at 15 days. Nema-

tdde growth was approx"imately equal on aIl species of Rhizobium. 

Hatched juveniles on control plates were alive and motile for 

periods of 21 days. Morphological development of Rhabditis 

sp. was also observed in bacteroid cultures of Rhizobium spp. 

grown on Nutrient Agar. 

2. Maturation and egg deposition of a Rhabditis sp. 

/:1 occurred ~n tl:e yeas ts Candida mycoderma, Hansenula schnegg i, 

Rhodotorula pallida, Saccharomyces cerevisiae and Torulopsis 

magnoliae cultured monoxenically on a modified Wickerham's 

medium. Egg production was slow at 15 days, becoming rapfd ' 

st 18 days •. Nematode development was most rapid on ~. pallida 

whereas S. cerevisiae retarded the pevelopment of this nematode. 

3. Transport of viable cell~ of Rhizobium phaseoli into 

the rhizospheres of intact or excised bean roota, was aided 

"'-by species of Chiloplacus, Cephalobus and Rhabditis. Large 
• 

numbers of a Rhabditis sp. did not~ affect the n'-J,Jnber of 
~ . 

nodules formed on intaot bean plant~. 
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4.:Egg hatch of surface sterilized eggs of a Rhabditis 

sp. in sterile distilled water increased with increasing 

f 15°C 300C E h t h t t t 30°C temperature rom ta . 99 a c was grea es a 

and was stimulated by certain nutrients and contaminating -
microorganisms. " 

5. Aphelenchus avenae was attracted strongly to colonies 

of soil-or Water Agar-cultured Verticillium alba-atrum, 

Fusarium culmorum, Vert'cilliurn cinnabarinurn and Trichoderma 

viride whereas Sclerotini sclerotiorum, Sçlerotium bataticola 

and Helminthosporiurn sat'vum were found unattractive by this' 

nematode. 

6. progeny numbers of A. avenae were greatest at 16 days 

on F. culmorum, ~. bataticola, Fusarium.sp. and T. viride 
/ . 

cultured in a glucose amended sO'il mediwn. A -Vullularia sp. 

and two actinomycete isolates did not suppo~t reproduction of 

this nematode. Fungi preferred by ~. aVenae were not necessarily 

the most suitable hosts for progeny increase. 

7. Nodulation of excised bean roots was suppressed by 

~. avenae. Nematode activities including rapldness Jof movement, 

root-hair and root surfa~ feeding and e99 deposition were 

stimulated by!. phaseoli. R,oot damag~ by .~. avenae was greatest. 

when cells of R. phaseoli were present • 

• 
~. 

-. , 
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8. Populations of 3,300 to 13,200 indi vidua1s of ~. f 

avenae controlled pre-emergence damping-off of beans induced 

by Sclerotinia sclerotiorum. 

9. Eleven cultivars of the common bean (Phaseolus 
, 

vulgaris) were found to b: susceptible to Meloidogyne hapla. 

There were no signifiéant differances in development of M. 

hapla between cultivars. 

10. Entry and development of~. hapla in roots of beans, 

peas and clover was suppressed by the yeasts Torulopsis 

magnoliae, Rhodotorula pallida and Candida mycoderma. 

11. The number of ga11s on bean or pea roots caused by 

M. hapla wa& increased by the saprophyte Trichoderma viride 

and the pathogen Sclerotinia sclerotiorum • 
• 

. 
12. M. hapla juvenile hatch from egg masses was stimulated . 

by a Penicillium sp., !. viride and Fusarium ro.eum whereas 

egg hatch was suppressed by Sclerotium· bataticol!a. 

13. 
~ 

In the presence of Rhizobium phaseoli, M. hapla , 

caused an increase irt the number of nodules bath on intact 

bean plant roots and on excised bean roots. 

14. lk>th fo11age treatment and 80il drenchee of DMSO, . 
Systox and a cbmbination of DMSO and Systox ran~ing from 0.01 

• 

, i 

,1 
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, 

, .' 

•• 
to 0.1% suppressèd root-knot of beans caused by M. hapla. 

Soil drench application of the above chemicals inhibited 

development and reduced reproduction of this nematode. There 

was no ev~dence of phytotoxicity at the concentrations used, 

either for foliar or soil applicatio~. 

~ ~ 
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CLAIMS OF ORIGINAL WORK 

1. Found evidence that severa1 Rhizobium spp. a~d yeasts 

supported growth, development and egg production of 

saprozoic nematodes in monoxenic culture. 

2. Stüdied the transport of ~. phase01i by saprozoic 

nematodes to the rhizospherès of intact and excised 

bean roots. 

3. Studied the effect of large numbers of saprozoic nema-

todes on nodule formation on beans. 

4. Studied the effect of temperature on egg hatch of a 

species of Rhabditis. 

5. Found evidence of selective tendencies of Aphelenchus 

avenae for certain fungi in soil. 

6. Studied the effect of fungal hosts cultured in soil on 
• 

the fecundity of~. avenae. 

'7. Found evidence of interaction between A. avenae, R. 

phaaeoli and excised bean roota. 

8. Found evidence that ~. avenae controll~d damping-off of , 

beans caused by Sclerotinia scleroti~rum. 

9. Studied the development of MeloidogYne hapla in the 
i 

roota of Bevera1'cultivars of beanB. 
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10. Found evidence that yeasts suppressed entry and develop-

ment of M. hapla in beans, peas and clover. 

Il. Found evidence of interaction between M. hapla, Tricho

derma viride and S: sclerotiorum. 
, . 

' .. 
~. Found evidence that M. hap~a juvenile hatch from egg 

masses was influenced by soil fungi. 

13. Studied the effect of M. haE1a on the formation of 

nodules on intact and excised bean roots. 
<> 

14. Studied the use of a systemic insecticide and a BoIvent 

for thb control of M. hal2la on beans. -

'. 
'. 
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Table 1- The effect of Chiloplacus on th~ movernent of 
R. ehaseoli into the rhizosphere of beans 

Source of Degrees of Mean 

• Variation Freedom Square 

Treabnent 3 1. 35 
Replication 5 0.56 -w 

R,esidual 15 0.71 

Table II. The effect of Cephalobus on the movement of 
R. ehaseoli into ~he rhizosphere of excised 
bean roota 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O.Ol 

Degrees of 
Freedom 

3 
5 

"" 15 

Mean 
Square 

6.73** 
1.17 
LIB 

Table III.Effèct of temperature on egg hatch of a 
Rhabditis sp. 

Source of 
Variation 

Treatment 
Replication 
Residual 

*P,5,O.05 

Degrees of 
Freedom 

3 
3 
9 

• 

Mean 
Square 

0.85* 
0.43 
0.18 

Table IV. Selection of different 80il fungi by A. avenae 
in a PDA medium 

Source of 
Variation 

Treatment ' 
Replication 
Reeidual 

**PSO.Ol 

Degrees of 
Freedom 

'6 
3 

18 

\ 

Mean 
Square 

3.54** 
0.64 
0.46 
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Table V. Selection at lB hr of different soil fungi 
by ~. avenae in a WA medium 

Source of Degrees of Mean 
Variation Freedom Square 

Treatment 12 2.57** 
Replica tion 3 1. 61** 
Residual 36 0.67 

**P~O.OI 

Table VI. Select!Ï.on at 24 hr of different soil fungi 
by ~. avenae in a WA medium 

Source of Degrees of Mean 
V~riation Freedom Square 

# 

Treatment 12 5.46** 
Replication 3 LIB 
Residual 36 1. 46 

**PSO.Ol 

Table VII. Selection of different soi1 fungi by ~ •. avenae .: 
in a glucose amended soil medium 

Source of Degrees of Mean 
Variation Freedom Square 

Treatment 12 6.96** 
Replication 3 0.80 
Residual 36 0.84 

**P~O.Ol 

Table VIII. The effect at 4 days of f'ungi and actinomycetes 
on the fecundity of A. avenae 

Source of Degrees of Mean 
Variation 1 Freedom Square 

Treatment 7· 86.74** 
Replication 2 O~67 
Residual 14 4.50 

**p,50. 01 , 
, 
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Table IX. The effect at B days of funqi and "actinomycetes 
on the fecundity of ~. avenae 

Source of Degrees of Mean 
Variation Freedom Square 

Treatlnent 7 1651..03** 
Replication 2 1. 20 
Residual 14 13.91 

**P50.0l 

--Table x. The effect at 12 days of fung.i and actinomycetes 
o~ the fecundiuy of A. avenae 

~rce of Degrees of Mean 
ariation Freedom Square 

·Treatment 7 1448.01** 
Rep1icatüm 2 22.4 
Residua1 14 18.90,. 

**P~O.Ol 
t 

Table XI. The effect at 16 days of fungi and âctinomycetes 
on the fecundity of A. avenae 

.. 

Source of 
Variation 

Treatment 
Replication 
Residua-1 

**P~O.Ol 

-Deqreës of 
Freedom 

7 
2 

., 14 

Mean 
Square 

1041. 07 
19.19 " 
32.46 

t a 

Table XII.The effect at 4 days of different fungi on the 
, fecundity of A .. avenae 0 , 

Source of 
Variation 

Treatmént 
Replication 
Rèsidual 

**P~O.Ol 

Deqrees of 
Preedom 

6 
2 

12 

Mean 
Square 

0.01.7** 
0.00\ 
0.004 
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Tabl-. XIII. The effect at B days of diff,~en,t fungi on 
the fecundity of A. avenae 

Source of 
Variation 

Treatment 
Replication 
Residua1 

**PS.O.Ol 

Degrees of 
Freedom 

",. 

6 

"il 
12 

Mean 
Square 

2.65** 
0.06 
0.11 

Table XIV. The effect at 12 days of different fungi on 
the fecundity of A. avenae 

Source of > 

Variation 

Treatment 
bReplication 
R~sidua1 

, **p50. 01 

Degrees of 
Freeaom 

6 
2 

,12 

Mean 
Square 

.202.89*· 
1. 31 
0.81 

Table XV. The effect at 16 days of different fungi on 
the fecundity of A. avenae 

Source of Deqrees of Mean 
Variation Freec;1om Square .. , 
Treatment '6 751.15** 
Replication 2 4,31 
Residual' .. 12 3.01 

**P~O. 01 

Table XVI. The effect of A. avenae'on the number of 
nodules per rooE on'~xelsed bean roots 

r- ,-

Source of 
VAl;'iation 

Treatment 
Replication 
Residual 

**,PSO.Ol 

Deqrees of 
Freedo1ll 

7 
4 

28 

Mean 
Square 

10.39** 
0.45 
1.43 

1 -

\ 
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Table XVII. The effect of A. avenae on the number of nodulés 
per gram of root-on excised bean roots 

Source of 
Variation 

Treatment 
Replic~tion 
Residual 

**PSO.Ol 

Degrees of 
Fr'eedom 

7 
4 

28 

Mean 
Square 

34.88** 
1. 84-
3.39 

Table XVIII. The effect of bean cultivar on the A stage 
of !1. hapla.-.development at 14 days 

Table 

Table 

Source of 
"variation 

Treatment 
Replication 
Residu~l 

, 
• 

Degrees of. 
Freedom 

10 
1 

10 

Mean 
Square 

42.43 
131.50 

57.20 

XIX. The effect of bean cqltivar on the B st~ge 
of M. hapla deve~opment at 14 days 

Source of Degrees of . Mean 
Variation Freedom Square 

Treatment 
, l~ 11.03 

Replication 10.64 
Residua1 10 3.7.9 

, 
XX. The effe~t of bean cultivar on the B stage 

M. hapla development ~t 21 days 

Source of Degrees of Mean 
Variation Freedom Square 

Treatment t O 3.05 
Replication 1 2.4g 
'Reaidual 10 0.66 

of 

" 
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Table XXI. The effect of'bean cultivar on the C stage 
of M. haEla development at 21 days 

, , 
Source of Degrees of Mean • Variation Freedom Square 

Trea tmên 1: 10 1.16 
Replication 1 0.17 
Residua1 10 0.27 

Table XXII. The effec~ of bean cultivar on the D stag~ 
pf M. haEla deve~opment at 21 days 

, Source of Degrees of Mean 
Variation Freedom Square 

Treatment 10 2.25 
Replication 1 1.32 
Residua1' 10 0.72 , 

Table XXIII. The effect of soil yeasts on the total 
, number of ~. hapla invading roots of beans 

Source of Degrees of Mean 
Variation Freed,om Square 

. Treatrnent 3 -14.72 
Replication' S 10.80 
RE!sidua1 15 8.35 

Table XXIV. The effect of soi1 yeasts on the total 
number of M. hapla invading roots of peas 

Sourc~ of Degrees of Mean 
Variation Freedom Square 

Treatment 3 12.71 .... Replication 5 14.22 
Reaidua1 lS 4.85 

() 

" 
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Table XXIX. The effect of sail yéasts on the 0 stage 
of M. hapla development in beans 

Source of . 
Variation 

Treatment 
.Replication 
Residual 

Degrees of 
, Freedom 

3 
5 

15 

Mean 
Square 

9.23 
8.76 
7.44 

. 1 Table xxx. The effect of s01l yeasts on the D stage 
of M. hapla devel,?pment in peas, 

Source of 
Variation 

Treatment 
'Rèp1ication 
Residual 

**P~O.Ol 

Dégrees of 
Freedom 

3 
5 

15 

Mean 
Square 

17.70** 
3.31 
2.74 

Table XXXI. The effect of soil yeasts on the E stage of 
M. hapla development in beans 

Source of 
Varfation 

Treatment 
Replication 
Residual 

Degrees of 
Freedom 

3 
5 

15 

Mean 
Square 

1.81 
1. 24 
1. 87 

.\ 
\ 

~ble 
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XXXII. The effect of sail yeasts on the E stage 
of ~. hapla 'develàpmen~ in peas 

Source of 
Variation 

Treatment 
Replication 
Residual 

Degrees of 
Freedom 

3 
5 

15 

/ 

Mean 
Square 

1.63 
2.32 
8.55 
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. ' Table XXXIII .• The effect of 5011 fungi on the number of 
g~115 per 'gram of bean root caused by ~. hap1a 

Source of 
, ·Vari.ation 

'l'reatment 
Replication 
Residual 

0, 

**P~O.Ol 

'Degrees of
Freedom 

7 
S 

35 

Mean 
Square 

46.94** 
0.14 

,0.60 

Table XXXIV. The effect of sail fungi .pn t'he number of 
'galls per bean root caused by M. hapla • 

Source of Degrees of Mean 
. Variation Freedom Square 

Treatment 1 138.18** 
Replication 5 0.14 
Residual 35 1. 21 

**P5.0.01 

Table XXxV. The effect of T. vi~ide on the number of 
ga11s per gram 07 bean root caused by M. hapla 

:..,1 

Source of 
Variation 

~ 'l'reatment 
Replication 
Residua1 

1 **P~O.Ol 

/' Degrees 'of 
Freedom 

3 
5 

1S 
( 

Mean 
Square 

129.28** 
2.01 
0.93 

Table XXXVI. The effect of T. viride on the number of 
ga1l8 per bean root caused by·!. hap1a 

Source of 
. VaX"iation 

'f~eatment 
Replication 
Reaidual 

*'ltP50.0l 

.. 

Degrees of 
Freedom 

Mean 
Squa~e 

720. 17'1t'lt 
11. 87 

6.73 
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Table XXXVII. The e(fect of 4~OOO ~. hapla ànd T. viride 
on the numher of galls per gram of bean root 

Source of 
Variation 

Treatlnent 
Replication 
Resid'ual 

**P~O.Ol 

Degrees of 
Freedom 

3 
5 

15 

Mean 
Square 

172.16** 
1. 63 
1. 78 

Table"XXXVIII. -The effect of 4,000 ~. hapla and T. viride 
on the number of galls per bean root 

Source of 
Variation 

Treatment 
• Replication 

Residual 

**P50.0l 

Degrees of 
Freedom 

3 
5 

15 

Mean 
Square 

806.95** 
32.44 
16.01 

Table XXXIX. The effect of S. sclerotiorum on the number 
of galls per bean-plant carused by M. hap1a 

Source of 
," Variation 

Treatrnent 
Repli~ation 
Residual 

** PS.O. 01 

Degrees of 
Freedom 

3 
6 

18 
• 

Mean 
Sq1;lare 

601.17** 
3.21 

• 5.28 

Table XL. The effect of S. sclerotiorum on the number 
of galls per gram of bean root caused by 
~. hapl~ . 

Source of 
Variation 

Treatment 
Replication 
Residual 

**PSO.Ol 

, 
Degrees of 

Freedom 

3 
6 

18 

Mean 
Square 

137.90** 
1.28 
0.97 
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Table XLI. The effect of S. sc1érotiorum on the number of 
galls per gram of pea root incited by M. hapla 

. Source of 
Variation 

'l'reatment 
Replication 
Residual 

**P50.01 

Degrees of 
Freedorn 

3 
. 7 
21 

Mean 
Square 

1228.87** 
10.37 
10.52 

Table XLII. The effect of S. sclerotiorum on the number of 
galls per pea root incited by M. hapla 

Source of 
variation 

Treatment 
Replication 
Residual 

**P~o. 01 

Degrees of 
Freedom 

3 
7 

21 

't ' 

Mean 
Square 

1277.85** 
62.,62 
25.87 

Table XLIII. Influence of different fungi on 
hatch of M. hapla e1g 

~ean 
Square 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O. Olt 
i/ 

Degrees of 
Freedom 

4 
9 

36 

211. 59** 
35~65 
29.40 

'l'able XLIV. The-i effect of M. hapla egg mass number on 
the number of no~~le8 per'bean root 

Source of 
Variation 

.'TreatJDent 
Replication 
Resldual 

';'*P~O.Ol 

',. 

Degrees of. 
Freedom ',., 

7\ 
5 

35 

Mean 
Square 

74.34** 
1. 27 
2.31 

. . 
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Table XLV. The effect of M. hapla egg mass n~er on 
the number of nodules per gram of bean root 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P$O.Ol 

Degrees of 
Freedorn 

7 
5 

35 

Hean 
Square 

32.9i** 
0.23 
0.49 

\ 
Table XLVI. The effect of'H. hapla and delayed rhizobial 

inoculation on nümber of nodules per bean root 

Source of 
Variation 

Treatment 
Replication 
Res'idual 

**P!O.Ol 

Degrees of 
Freedorn 

5 
5 

25 

Table XLVII. 'The effect of ~. hapla 
inoculation on number ol 
bean root 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O.Ol 

Degree of 
"rae 

5 
5 

25 

1 

. Hean 
Square 

/ 

63.86** 
2.55 
2.87 

nd delayed rhizobial 
dulèS per gram of , 

Hean 
Squar~ 

18.54** 
0.52 
0.87 

,. 
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Table XLVIII.' Tl}e effect of bean inoculation with ~. phaseoli 
10 days after exposure to~. hap1a on number of 
nodules per root 

Source of 
Variation 

Treatment 
Rep'lication 
Residual 

**P~O.Ol 

/ 

Degrees of· 
Freedom 

3 
6 

18 

Mean 
Square 

69.63** 
0.77 
0.83 
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Table XLIX. The effect of bean inoculation with ~. phaseoli 

10 days after exposure to ~. hapla on numEer of 
nodules per gram of root 

Table.L. 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O.Ol 

The effect 
of excised 

Source. of 
Variation 

Treatment 
Replication 
Residual 

**P5,O.Ol 

Degrees of 
Freedom 

3 
6 

18 

of 250 M. 
bean roots 

ha;ela 

Degrees of 
Freedom 

3 
5 

15 

Mean 
Square 

26.04~* 
0.17 
0.13 

on nodulation 

Mean 
Square 

56.12** 
1.00 
1. 49 

Table LI. The effect of 2,000 ~. ha;ela on number of 
nodules per excised bean root 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O.Ol 

Degrees of 
Freedom 

3 
8 

24 

Mean 
Square 

67.93** 
0.78 
0.63 

. Table LII. The affect of 2,000 ~ •. haalb on number of 
nodules per gram-of eXC1se ean root 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O.Ol 

Degrees of 
Freedom 

3 
8 

24 

~ 

Mean 
Square 

197. ,~** 
2.25 
1.47 
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Table LIlI. The effect of 5,000 M. hapla on number of 
nodules per exci'sed bean root r 

Source of. 
Variation 

Treatment 
Replication 
Residual 

**P~O.Ol 

• 

Degrees of 
Freedom 

3 
9 

27 

Mean 
Square 

15.76** 
0.50 
0.81 

Table LIV. The effect of 5,000 ~. haala on number of 
nodules per gram of excise bean root 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P50.0l 

Degrees of 
. Freedom 

3 
9 

27 

Mean 
Square 

50.86** 
1. 43 
2.~4 

Table LV. The effect of DMSQ, Systox and DMSO-Systox 
foliage treatment of beans on number of 
galls per root caused by ~. hapla 

Source of Degrees of Mean 
Variation Freedom Square 

.t , 
Treatment 3 34.43 
Replication 4 23.17 
Re"sidual 12 25.57 

Table LVI. The effect of DMSO, Systox and DMSO-Systox 
foliage treatment of beans on number of galls 
per gram of root caused by ~. hapla 

Source of 
Variation 

Degrees of 
Freedour 

Mean 
Square 

Treatment 3 8~92 
Replication 4 r 1.29 
Residual 12 4.62 
---------------------------------------------"------- . 

J 
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Table LVII. The effect of soi1 applied DMSO, Systox and 
DMSO-Systox mixtures on number of galls per 
bean root caused by ~. hapla 

Table 

1 
Table 

'~ 

Table 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P50.01 

Degrees of 
Freedom 

19 
4 

76 

Mean 
Square 

112.54** 
2.15 
4.03 

LVIII. The effect of soil applied DMSO, Systox 
and DMSO-Systox mixtures on number of galls 
per gram of bean root caused by ~. hapla 

Source of Degrees of Meân 
Variation Freedom Square 

Treâtment 19 46.10** 
Replication 4 0.27 
Residual 76 1. 30 

**P50.01 

LIX. The effect of DMSO, Systox and DMSO-Systox 
on the number of B stage ~. ha,ela in beans 

Source of Degrèes of Meah 
Variation Freedom Square 

Treatment- 9 5.08** 
Replication 4 0.12 
Residual 36 0.94 

**P~O.Ol· , 
, 

LX. The effect of DMSO, Systox and DMSO-Systox 
on the number of C stage ~. hapla in beans 

Source of Deqrees of Mean 
Variation Freedom Square 

Treatment 9 5.66** 
'Replication 4 0.43 
Residual 36 1.27 

**P~O. 01 , 

,~ , 
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Table LXI. The effect of DMSO; systbx and DMSO-Systox 
on the number of D stage ~. hapla in beans 

Source of 
Variation 

Treatment 
Replication 
Residual 

"**p~o. 01 

Degrees of 
Freedom 

Mean 
Square 

13.22** 
0.68 

, 1. 36 

Table LXII: The effect of DMSO, Systox and DMSOeSystox 
on the number of E stage ~. hap1a in beans 

• 

Source of 
Variation 

Treatment 
Replication 
Residual 

**P~O.01· 

1 

Degrees of 
Freedom 

9 
4 

36 

Mean 
Square 

.. 

1. 84 ** 
0.71 
0.43 

1 

\ 
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