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A saprozoic nematode, Diplogaster lheriteiri Maupas 1919,

was studied to determine its relationship to the plant pathogenic bac-

teria, Agrobacterium tumefaciens (Smith and Townsend) Conn.,

Erwinia amylovora (Burrill) Winslow et al., Erwinia carotovora

(Jones) Holland, Pseudomonas phaseolicola (Burk. ) Dows.,

Xanthomonas campestris (Pam. ) Dows. and to a phage of A.

tumefaciens. The nematodes were allowed to feed on these bacteria

and the phage as they grew on nutrient agar plates. It was deter-

mined qualitatively and quantitatively that viable bacteria and phages

were present in the alimentary canal of the nematodes. The trans-

mission of viable bacteria and phages by the carrier nematodes also

were evident in this investigation.



Diplogaster lheriteiri is highly tolerant to the toxic action of

chlorine as compared with the tested bacteria and phage. The nerra-

to es survived 20 ppm of chlorine in a 40 minute treatment while none

of the bacteria or the phage survived in three ppm of chlorine in a two

minute contact. Surface sterilization of nematodes by immersing

them in a solution of 20 ppm of chlorine for 20 minutes was adequate

to eliminate all tested bacteria and phage contaminants.

The results of this investigation indicate that D. lheriteiri is

capable of ingesting the bacteria, A. tumefaciens, E. amylovora, E.

carotovora, P. phaseolicola and a phage of A. tumefaciens. It ap-

peared that a bacterium X. campestris is not a suitable host for the

nematodes since they could not multiply in nutrient agar plates con-

taining this bacterium. These ingested plant pathogenic bacteria sur-

vived passage through the alimentary canal of the nematode and sub-

sequently formed colonies when plated on nutrient agar. Phages also

survived passage through the alimentary canal. The excreted phages

were able to lyse the host bacterium when the carrier nematodes were

allowed to excrete phages in the nutrient agar plates containing A.

tumefaciens.

Quantitative studies of bacteria and phage in D. lheriteiri indi-

cated that each female carried approximately 46, 200 viable cells of

A. tumefaciens. Male nematodes carried fewer bacteria, approxi-

mately 9, 900 cells. D. lheriteiri was found to carry a smaller



number of A. tumefaciens phage particles as compared to the number

of bacterial cells. Each female nematode carried an average of 6, 965

particles while males carried 1, 482 particles. The larger size and

appetite of the female were responsible for their effectiveness in

carrying more bacteria and phage particles than the males.

There was evidence of retention and transmission of bacteria

and phage by D. lheriteiri. Transmission of A. tumefaciens and P.

phaseolicola occurred up to 27 hours and of E. amylovora and E.

carotovora up to 21 hours after feeding by female nematodes. Male

nematodes transmitted all tested bacteria up to nine hours after

feeding. In the case of A. tumefaciens phage, transmission was de-

tected within 15 hours after feeding in females and nine hours in

males if the nematodes were kept under starvation. If phage carrier

nematodes were allowed to feed continuously on a non-lysed bacterium

(Erwinia carotovora), transmission occurred in shorter periods of

nine and six hours in female and male nematodes respectively.

This investigation proved that the saprozoic nematode, D.

lheriteiri served as a reservoir and a transmitter of certain plant

pathogenic bacteria and phage. The nematode may be an important

agent in carrying and spreading plant diseases. The ingested plant

pathogenic bacteria and phages could survive chlorination which was

very harmful to the exposed pathogens. This indicated that the nema-

tode also protects ingested bacteria and phages from toxic chemicals



and possibly other adverse conditions. This phenomenon may be im-

portant when bactericides or other chemicals are applied to control

bacterial plant diseases. Ingested pathogens may survive chemical

ani cultural control procedures and the nematodes would be available

to disseminate anc e'(crete pathogens.
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TRANSMISSION OF PLANT PATHOGENIC BACTERIA AND A
BACTERIOPHAGE OF AGROBACTERIUM TUMEFACIENS

(SMITH AND TOWNSEND) CONN BY A SAPROZOIC NEMATODE,
DIPLOGASTER LHERITEIRI MAUPAS, 1919

INTRODUCTION

Nematodes are one of the most abundant and important groups

of organisms. They exist in nearly every type of environment. Some

are very important because they live as parasites of animals and

cause many serious diseases. Other nematodes have established

parasitic relationships with plants and are important as agricultural

pests. The majority of nematodes, however, are known to be omniv-

orous feeders associated with organic decay. These are known as

saprozoic nematodes and may be inhabitants of soil, fresh water, and

marine environments. In recent years, there has been a growing

recognition of the interrelationships between nematodes and other

microorganisms. A great deal of work has been done on interrela-

tionships of plant parasitic nematodes and other plant pathogenic

microorganisms. Interrelationships between saprozoic nematodes

and plant pathogen have received little attention.

Diplogaster lheriteiri Maupas, 1919 is a saprozoic nematode

which is frequently found associated with organic decay. It has been

cultivated successfully on nutrient agar plates seeded with bacteria,

Recently Jensen (1967) reported that D. lheriteiri could ingest



several kinds of fungus spores including those of the plant pathogens;

Fusarium oxysporum f, lycopersici (Sacc. ) Snyd. and Hans. and

Verticillium dahliae Kleb. (mint strain). Spores of these fungi sur-

vived passage through the alimentary canal and were subsequently

germinated. It was also discovered that D. lheriteiri can transmit a

Streptomyces griseus phage (designated as 514-3, Gilmour and

Buthala) to Streptomyces griseus cultures (Jensen and Gilmour, 1968).

These associations are interesting and may be important because the

nematodes may serve as the carriers or reservoirs of plant pathogens

and bacteriophages. Plant pathogens may be disseminated to healthy

plants if the nematodes which carry pathogens are introduced into

producing areas. For example, D. lheriteiri is a common inhabitant

of barnyard manure and is carried into fields as fertilizer. On the

other hand, the nematodes also may be beneficial in controlling some

bacterial plant diseases if they carry the bacteriophage and excrete

them into the surrounding environment where the host bacteria are

predominant.

The purposes of this study were: (1) to investigate the ability

of a saprozoic nematode D. lheriteiri to feed on plant pathogenic bac-

teria; (2) to determine the length of time the bacterium, Agrobac-

terium tumefaciens can survive in the nematode intestinal tract; (3)

to study the efficiency of the nematode in carrying the bacterium;

(4) to ascertain the evidence of the excretion of viable bacteria by the
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nematode; (5) to study the persistence of a phage of A. tumefaciens

in the nematode; (6) to find the periods of phage transmission, and

(7) to determine the number of phage particles resident in the nema-

tode.



4

LITERATURE REVIEW

Nematode-Fungus Relationships

Nematodes are associated with bacteria, fungi and viruses in

numerous plant diseases. Many cases of interaction among nematodes

and other plant pathogens, as well as nematodes and animal pathogens

have been demonstrated in recent years. Atkinson (1892) noticed that

infection by root-knot nematodes seemed to increase the incidence and

severity of Fusarium wilt in his experiments with cotton. His obser-

vation stimulated many investigations in this new area of experimenta-

tion in plant pathology. After Atkinson's observation, there were

numerous papers concerning this subject. Most of them dealt with

nematode-fungal interrelationships. Among them, Fusarium wilt-

root-knot nematode and Verticillium wilt-root-lesion nematode com-

plexes received the most attention. Gill (1958) investigated Fusarium

wilt of mimosa (Albizza julibissin Durazz) and found an increased in-

cidence of wilt when soil was infected with Fusarium oxysporum f.

perniciosum (Hepting) Toole and either Meloidogyne incognita

(Kofoid and White) Chitwood, 1949 or M. javanica (Treub) Chitwood,

1949. Other synergistic Fusarium-root-knot nematode interactions

also were reported in tomato (Young, 1939; Jenkins and Coursen,

1957), in cotton (Martin et al. , 1956), in alfalfa (McGuire et al.,
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1958), in cowpea (Thomason et al., 1959 and in carnations

(Schindler et al. , 1961). In many cases, the resistant varieties be-__

came infected only when root-knot nematodes were present. Such an

instance was recorded by Jenkins and Coursen (1957) who found that

the Fusarium wilt resistant variety of tomato, Chesapeake, did not

wilt except when root-knot nematodes were used in combination with

an inoculum of F. oxysporum f. lycopersici. Black shank disease of

tobacco provides another example of a resistant variety, Dixie Blight

101, which was infected by the pathogen Phytophora parasitica var.

nicotinae Tucker only when the root-knot nematodes were present

(Powell and Nusbaum, 1960). The authors indicated that the nema-

tode infection altered the chemical constituency of the root tissues

of tobacco to the extent that roots of resistant plants became an ideal

substrate for the growth of pathogens.

The root-lesion nematode and the Verticillium wilt disease

complex was reported by Mc Keen and Mountain (1960). A synergistic

relationship between Pratylenchus penetrans (Cobb) Filipjev and

Stekhoven, 1941 and Verticillium albo-atrum Reinke and Berth. re-

sulted in an increase of wilt in eggplant. An interesting interrelation-

ship between V. dahliae Kleb. and P. penetrans was also noted by

Mountain and Mc Keen (1962), The fungus increased the relative re-

production rate of the nematode in roots of eggplant and tomato. This

effect was not found in the roots of pepper.
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Nematode -Bacterium Relationships

The interaction of nematodes and bacteria also is a great area

of interest to many investigators. According to Pitcher (1963), the

earliest work was published by Hunger in 1901 on the incidence of

tomato bacterial wilt caused by Pseudomonas solanacearum E. F.

Sm. Plants grown in root-knot infested soil were readily attacked by

the bacteria whereas plants in nematode-free soil did not contact the

wilt disease. In most cases the nematode probably acts as a vector

of the bacteria or a wound agent or both. The synergistic effect of

Anguina tritici (Steinbuch) Filipjev, 1936 on an incidence of the yellow

slime disease of wheat was studied by many investigators (Carne,

1926; Cheo, 1946; Fahmy and Mikhail, 192.5; Sabet, 1954; Vasudeva

and Hingorani, 1952). It was concluded that the nematode served as

the vector of the causal bacterium, Corynebacterium tritici

(Hutchinson) Bergey et al. Nematodes carried bacteria on their body

surfaces and entered the wheat apical meristem. The pathogens then

rapidly multiplied and produced the disease. C. tritici was unable to

cause the disease in the absence of the nematode. The role of the

nematode is considered to be essential in this association because it

is the main reason for the disease (Pitcher, 1965). A similar type of

interaction was found in "cauliflower disease" of strawberry, an as-

sociation of Aphelenchoides ritzema-bosi (Schwartz) Steiner, 1932 and
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Corynebacterium faciens (Tilford) Dowson. Both pathogens had to be

present for the development of cauliflower dis.ease on strawberry

plants. Inoculation with either organism alone did not produce typical

cauliflower symptoms (Crosse and Pitcher, 1952). Inoculations of C.

faciens alone produced leafy-gall symptoms while other experiments

with nematode A. tritici alone produced alarninate leaves. Co-inocu-

lation of both pathogens produced the typical cauliflower symptoms

(Pitcher and Crosse, 1958). Another case of a nematode as a vector,

a plant disease pathogen also recently was reported by Hawn (1963).

He noted that Corynebacterium insidiosum Mc Cull was transmitted by

Ditylenchus dipsaci (Kuhn) Filipjev, 1936 into alfalfa crown buds.

This resulted in increased incidence of bacterial wilt in alfalfa. The

author suggested that the bacterium was carried on, rather than with-

in, the body of the nematode. This nematode had been reported

earlier by Metcalfe (1940) as the vector of Erwinia rhapontici

(Millard) Metcalfe, the crown rot disease of rhubarb. The nematode

carried the pathogen from soil to the crown of rhubarb where feeding

on the crown made wounds allowing bacteria entrance and thus estab-

lished infection. The nematode, Helicotylenchus mannus Steiner,

1945 also is involved in interaction with plant disease bacteria.

Stewart and Schindler (1956) found that H. mannus caused a highly

significant increase in the rate of carnation wilt when the causal bac-

teria Pseudomonas caryophylli Burk, were present. Lucas et al.
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(1964) worked on the interaction of H. nannus and P. solanacearum

E. F. Sm. The presence of nematodes definitely increased incidence

and severity of wilt in tomato plants.

There have been many studies of root-knot nematode and bac-

terial interrelationships. The nematodes are believed to assist the

penetration of the pathogens into the roots by making wounds. Wilt

bacteria of the genus Pseudomonas are frequently involved in such an

association. Lucas et al. (1955) studied the effect of M. incognita

acrita Chitwood, 1949 on the incidence of the bacterial wilt of tobacco

caused by P. solanacearum. A moderately wilt resistant tobacco

variety, Dixie Blight 101, was used in their experiments. Wilt symp-

toms occurred earlier and to a greater extent to the plants grown in

soil infested with both pathogens than to plants grown in soil infested

with the bacterium alone. Recent work by Libman et al. (1964) con-

firmed this synergistic effect when M. hapla Chitwood, 1949 increased

incidence and severity of wilt disease (P. solanacearum) in t1 eir ex-

periments with tobacco. Similar results were obtained by Stewart

and Schindler (1956) in their study of a carnation wilt disease. In this

study five species of root-knot nematodes were used to increase the

rate of wilting in the presence of the bacterium (P. caryophylli).

A different interaction was reported by Stewart and Schindler

(1956) who demonstrated a reduction of disease severity. The rate of

wilting in carnations was decreased when Ditylenchus sp. were
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present along with P. caryophylli.

Nematode -Virus Relationships

Interrelationships between nematodes and viruses are much

more complex than those of fungi and bacteria. The mechanisms of

these interactions also are fundamentally different. The close associ-

ation between nematodes and viruses are still virtually unexplained

(Pitcher, 1965). In many respects this association is similar to

insect-plant virus complexes. Nematode-virus interrelationships

were known some 27 years ago when Shope (1941) demonstrated that

the swine lungworm transmits influenza virus to swine. The para-

sitic nematode serves as a reservoir and intermediate host for the

virus. The virus can persist in its intermediate host, the swine lung-

worm, for at least two years. It took almost 20 years after Shope's

discovery to demonstrate that there also are plant virus and plant

parasitic nematode interactions. Hewitt, Raski and Gohen (1958)

proved that a dagger nematode, Xiphinema index Thorne and Allen,

1950, is the vector of the soil borne grapevine fanleaf virus (GFV).

Further studies by Raski and Hewitt (1963) indicated that the GFV

could persist in the nematode vector up to 122 days. Viruliferous X.

index were capable of transmitting GFV after being held in moist,

sterile soil under starvation conditions for periods up to 122 days.

Attempts to inoculate plant hosts with eggs obtained from viruliferous
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females were negative, indicating that the virus is not carried from

one generation to another.

At the present time, 14 or more species of plant parasitic

nematodes have been reported to transmit 12 soil-borne plant viruses.

All nematode vectors belong to the class Adenophorea and occur with-

in two families of the superfamily Dorylaimoidea, namely

Longidoridae and Diphtherophoridae. Moreover only three genera

are involved: Xiphinema, Longidorus and Trichodorus. No species

of the order Tylenchida (which contains most of the plant parasitic

nematodes) yet have been implicated. The nematode transmitted

viruses also are separated into two groups. Viruses in the first

group possess isometric or polyhedral particles about 25 to 30 milli-

micron diameter (Harrison and Nixon, 1963), These viruses are

named by Cadman (1963) as NEPO viruses (nematode-transmitted

viruses with polyhedral particles). Species of Xiphinema or

Longidorus are vectors of NEPO viruses. The viruses in the second

group possess tubular particles and they are called NETU viruses

(nematode-transmitted viruses with tubular particles) (Harrison,

1964). Species of Trichodorus are vectors of NETU viruses.

Saprozoic Nematode-Pathogen Relationships

Only a few workers have been interested in associations be-

tween saprozoic nematodes and bacteria, fungi and viruses including
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bacteriophages. Thorne (1961) mentioned that many species of

Diplogasteridae feed on various microorganisms. Digestive systems

of many saprozoic nematodes begin with a large hollow stoma which

allows them to swallow bacteria, fungi, viruses and other small par-

ticles. This phenomenon arouses several points of interest. First,

can those microorganisms survive in the nematode alimentary canal,

if so, for how long. Second, are viable microorganisms excreted by

the nematodes. Third, are there any advantages or disadvantages in

these associations.

Steiner (1933) reported the first association between saprozoic

nematodes and plant pathogen. Rhaditis lambdiensis Maupas, 1919,

a saprozoic nematode, was involved in a brownspot disease of mush-

room caused by the bacterium, Pseudomonas tolaasii Paine. The

author discussed the possibility that the nematode was a carrier and

distributor of the pathogenic bacterium in mushroom beds and cellars.

He suggested that R. lambdiensis, as well as many other species of

Rhabditis, feed exclusively on bacteria and fungi. Steiner also sug-

gested that the nematode transports bacteria attached to the body sur-

face or the oral opening; or that bacteria are carried in the pharynx,

or in the intestine, and discharged with the feces.

Two other papers, regarding this association, were published

by Jensen (1967) and Chang et al. (1960). The former paper dealt with

plant pathogens while the latter was concerned with human pathogenic
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bacteria. Jensen demonstrated that spores of various plant patho-

genic fungi and bacteria ingested by saprozoic nematodes survived

passage through the alimentary canal. The saprozoic nematodes in-

volved in his study were Diplogaster lheriteiri Maupas, 1919;

Panagrellus redivivus (Linn. ) Goodey, 1945; Panagrolaimus

subelongatus (Cobb) Thorne, 1937 and Rhabditis spp. The ingested

plant pathogens were the spores of the fungi, Fusarium oxysporum f.

lycopersici (Sacc. ) Snyd. and Hans. (Race R5-6), Verticillium dahliae

Kleb. (mint strain) and the bacterium, Pseudomonas syringae Van

Hall. Chang et al. (1960) studied the association between saprozoic

nematodes and pathogenic bacteria of humans in city water supplies.

The authors concluded that the nematodes, Cheilobus quadrilabiatus

Cobb, 1924 and Diplogaster nudicapitatus Steiner, 1914 are capable

of feeding on human enteric bacteria, Shigella sonnei (Levine)Weldin.,

Salmonella typosa (Zopf) White and S. paratyphi (Kayser) Castellani

and Chalmers. The ingested pathogens survived one to two days in

nematode's alimentary canal but no evidence of excretion of viable

pathogens by the nematodes was found. The same authors also dem-

onstrated the effect of nematodes as protectors of their enteric patho-

gens from chlorination. The ingested pathogens survived excessive

chlorination treatments (100 ppm chlorine), even though the nematode

was killed. The authors noted that these survivors might be impor-

tant in the dissemination of human diseases. For example, nematodes



13

of sewage-treatment origin are potential carriers of human enteric

bacteria because the nematodes and their enteric pathogens can sur-

vive routine chlorination of water supplies.

Another interesting association is between viruses or bacterio-

phages and saprozoic nematodes. Chang et al. (1960) reported that

saprozoic nematodes are capable of feeding on pathogenic Coxackie

and Echo viruses. Ingested viruses survived routine chlorination and

passage through the nematode's alimentary canal. Recent studies by

Jensen and Gilmour (1968) showed that the saprozoic nematodes D.

lheriteiri and Panagrellus redivivus (Linn., 1767) Goodey, 1945 can

transmit a Streptomyces griseus phage (designated as 514-3, Gilmour

and Buthala, 1950) to Streptomyces griseus (Krainsky) Waksman

(Strain 3475 Waksman) cultures. Nematodes may not intentionally feed

on phage, but phage may be accidentally taken along with its host bac-

teria. The authors also noted that phage can be disseminated mach

more effectively by nematodes as surface contaminants or by e

ternal adsorption than by ingestion and excretion.

Phages of Agrobacterium tumefaciens

Phages of Agrobacterium tumefaciens (Smith and Townsend)

Conn. 1942 were first isolated by Coons and Kotila (1925). The phages

they obtained were prevalent and capable of lysing several plant path-

ogenic bacteria including Erwinia carotovora (Jones) Holland,
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E. atoseptica (Van Hall) Jennison and A. tumefaciens. Phages are

obtained from various sources. Coons and Kotila (1925) isolated

them from rotten carrot, soil and river water. Brown and Quirk

(1929) were able to isolate phages from bacterial filtrates of E.

carotovora and A. tumefaciens, extracts of normal carrot tissue, and

Ricinis tumor tissues and sugar beet tumors. Kent (1937) isolated

phages from crown gall tissues of diseased bryophyllum plants, prune

and cherry trees. It is probable that the best source of A. tumefa-

ciens phages is raw sewage. From this source, 20 phages were iso-

lated by Zajic (1953), six by Chen (1962), and 20 by Buangsuwon

(1965).
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Materials

Culture Media

15

The following formulae for media were used in the various

studies of this investigation.

1. Nutrient agar consisting of three grams beef extract, five

grams Bacto peptone, 15 grams agar and 1000 milliliters

of distilled water. Before using the medium was sterilized

in an autoclave for 20 minutes at 17 psi.

2. Nutrient broth was prepared as above except the agar was

omitted.

3. Antibiotic agar including Tetracycline hydrochloride

(Nutritional Biochemicals Corporation; Cleveland, Ohio)

was used in the medium. A stock solution of 10, 000 ppm

of the antibiotic was prepared in sterile distilled water.

One ml of this stock solution was added to each nine ml of

melted sterile nutrient agar at 45-50° C. The agar was

then shaken gently to assure a uniform distribution of the

antibiotic. The final concentration of Tetracycline in the

medium was 1,000 ppm.
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General Procedures

Obtaining and Maintaining Cultures of Nematodes

The saprozoic nematode used in these experiments was

Diplogaster lheriteiri Maupas, 1919. They were obtained from rotten

carrots approximately two years ago by Jensen (1968). Nematode cul-

tures have been maintained since then at the Nematological Laboratory

in the Department of Botany and Plant Pathology, Oregon State Univer-

sity, Corvallis, Oregon. The cultures have been reared on a lawn of

an unidentified bacterium on nutrient agar plates. Viable cultures

were maintained with weekly transfers, adding a few nematodes to a

new set of nutrient agar plates.

Splintered pieces of bamboo, sharpened to delicate points,

were used to transfer nematodes. These splinters were autoclaved

before using in order to eliminate contamination.

Obtaining and Maintaining Cultures of Bacteria

Five plant pathogenic and one saprophytic species of bacteria

were used for the study of their relationships to the nematodes. Their

names and sources appear in Table 1. Nutrient agar slants with pH

of 7 were used to maintain cultures of the bacteria. To keep them in

a viable condition, the bacteria were transferred every two weeks and
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Table 1. Species of bacteria and sources of strains used in this in-
vestigation.

Bacterium Source

Agrobacterium tumefaciens
(Smith and Townsend) Conn.

5-14

Erwinia amylovora
(Burrill) Winslow et al.

Erwinia carotovora
(Jones) Holland

Pseudomonas phaseolicola
(Burk. ) Dows.

ICPB -PM3

Serratia marcescens Bizio

Xanthomonas campestris
(Pam. ) Dows.

Obtained from I. W. Deep, Dept. of
Botany and Plant Pathology, Oregon
State University, Corvallis, Oregon.

Obtained from Carolina Biological
Supply Company, Powell Laboratories
Division, Gladstone, Oregon.

Same as above

Obtained from M. P. Starr, Curator,
International Collection of Phyto-
pathologenic Bacteria, University of
California, Davis, California.

Obtained from H. Hayes, Dept. of
Microbiology, Oregon State Univer-
sity, Corvallis, Oregon.

Obtained from Carolina Biological
Supply Company, Powell Laboratories
Division, Gladstone, Oregon.
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were stored at room temperature.

Bacteria in a log phase of growth were used in the various

investigations. This vigorous growth stage was obtained from 24 hour

nutrient agar slant cultures. When the broth cultures were used, the

bacteria were allowed to grow for 24 hours in shaking nutrient broth.

Sometimes subcultures were made by transferring one part of a 24

hour broth culture to nine parts of fresh sterile broth medium. The

subcultures again were shaken 24 hours at room temperature before

using.

Obtaining and Maintaining Phages of A. tumefaciens

Raw sewage was the best available source of A. tumefaciens

phages (Buangsuwon, 1965; Chen, 1962; Zajic, 1953). Raw sewage

from treatment plant of Corvallis, Oregon, was the source of mate-

rial for phage isolation. Nutrient broth cultures stored at 4 °C was

used to maintain the phages.

Chlorination

Various concentrations of chlorine solution used to chlorinate

nematodes, bacteria and phages were prepared from a commercial

solution of sodium hypochlorite (Chlorosc). The concentration of chlo-

rine in solution was determined as parts per million of chlorine by the

Iodometric Method (American Public Health Association, 1965). Stock
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solutions containing 100 ppm and 200 ppm of chlorine were then pre-

pared by diluting Chlorox with sterile distilled water. The chlorine

stock solutions and subsequent dilutions were checked repeatedly for

correct concentrations before using in chlorination. Generally a 20

ppm solution of chlorine and a 20 minutes exposure were used to sur-

face sterilize the nematodes.

Sodium thiosulfate (Na2S203. 5H20) was used to stop the action

of chlorine. An excess of 1. 0 percent Na2S203. 5H20 solution was

added to the chlorinating solution to neutralize the remaining chlorine.
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TOLERANCE OF CERTAIN BACTERIA TO CHLORINE

Preface

A serious obstacle to study of nematode interrelationship is

the bacterial contamination of the nematode's exterior surfaces. A

brief immersion in a dilute chlorine solution has been reported as a

satisfactory decontaminant (Chang et al., 1960; Jensen and Gilmour,

1968). The objective is to expose the contaminants, usually bacteria,

to as much chlorine as possible without seriously injuring the poten-

tial carrier, the nematode. In this investigation, various bacteria

were tested for susceptibility to chlorine and the concentrations and

exposure times required to destroy exposed bacteria also were deter-

mined.

Procedures

The bacteria, A. tumefaciens, E. amylovora, E. carotovora,

P. phaseolicola, S. marcescens and X. campestris, were used as

test organisms in this experiment. Suspensions of bacteria were

made from pure cultures which had been grown on a nutrient agar

slant for 24 hours. Twenty ml of the suspension were added to a 125

ml Erlenmeyer flask. This flask contained 20 ml of twice the re-

quired chlorine concentration to compensate for the addition of 20 ml



21

of distilled water containing the bacteria. (Example: If 3. 0 ppm

concentration was required in the flask, then a 6. 0 ppm solution was

made so that after the additional dilution, the final concentration

would become 3. 0 ppm. ) This mixture was agitated continuously by

a magnetic stirring device, At scheduled intervals, one ml samples

were removed from the flask and pipetted into test tubes containing

9. 0 ml of 0. 1 percent sterile sodium thiosulfate to stop chlorine ac-

tion. Serial dilutions then were made from these neutralized solu-

tions. One ml from each dilution of 1:100, 1:1, 000, 1:10, 000,

1:100, 000 and 1:1, 000, 000 were plated with approximately 20 ml

melted nutrient agar (45°C). Plates were incubated at room tempera-

ture and the bacteria colonies counted within 48 hours. Controls were

prepared in the same manner except 20 ml sterile distilled water was

used instead of chlorine solutions.

Results and Conclusion

Concentrations of chlorine in ppm and contact times required

to destroy the test bacteria appear in Tables 11 to 15 (Appendix). All

bacteria tested were susceptible to chlorine and were completely de-

stroyed in two minutes with three ppm of chlorine. Rate of mortality

in chlorine varied among the bacteria. E. carotovora was most sus-

ceptible and could not tolerate 1. 5 ppm of chlorine for two minutes.

On the contrary, P. phaseolicola could survive for ten minutes in
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2. 5 ppm. A. tumefaciens, E. amylovora, S. marcescens and X.

campestris were moderately susceptible to chlorine. These bacteria,

however, were completely destroyed in two minutes by two ppm chlo-

rine. The survival of bacteria decreased gradually at the lower chlo-

rine concentration treatment as the length of exposure increased

(Figures 1 to 6). At higher levels of chlorine, susceptibility was

much greater at the early stage of exposure. The susceptibility de-

creased during the latter stage. In A. tumefaciens, 42 percent of the

bacteria survived after ten minutes of exposure at 1. 2 ppm. The sur-

vival was reduced to 40 percent in 15 minutes and 15 additional min-

utes were necessary for the total disappearance of viable bacteria.

When the concentration was increased to 1. 5 ppm, less than 1. 0 per-

cent of bacteria survived after the first ten minutes of treatment. It

then required as long as 15 more minutes to eliminate all of the re-

maining bacteria.

Thus contaminants are easily destroyed in two minutes with

only three ppm of chlorine. Submersion of D. lheriteiri in a solution

of 20 ppm of chlorine for 20 minutes should be more than adequate to

prevent surface contamination by the tested bacteria.
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TOLERANCE OF DIPLOGASTER LHERITEIRI TO CHLORINE

Preface

Chlorine was used as a sterilizing agent to eliminate the sur-

face contaminants of D. lheriteiri. The nematodes were submerged

in a chlorine solution to eliminate bacterial contaminants on the cuti-

cle. The chlorine concentration in combination with the exposure

time used in the treatment, had to be adequate to destroy the contam-

inents without injury to the nematodes. In this investigation the toler-

ance of the nematode, D. lheriteiri, to various concentrations of

chlorine at various periods of exposure time was studied. The con-

centration suitable and exposure time which was not harmful to the

nematodes but sufficient to kill all of the tested bacteria was used for

surface sterilization in further experiments.

Procedures

Nematodes obtained from cultures of S. marcescens, were

washed on a 325 mesh screen and collected in a Syracuse watch glass.

One hundred active nematodes were collected from the watch glass

and placed into a small vial containing two ml of sterile distilled

water. To obtain specific amounts of the required chlorine (ppm),

chlorine solutions of proper volumes and concentrations were added
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to the vials to compensate for the volume of distilled water con-

taining the nematodes. (Example: If 50 ppm was required to treat

the nematodes, then two ml of 100 ppm solution was added so that

after the dilution the final concentration of chlorine in the vial would

become 50 ppm. ) The mixture was agitated continuously to ensure

uniform distribution of the chlorine. Nematodes then were exposed

to the chlorine solutions on a concentration and time basis. Live

and dead nematodes were counted at scheduled intervals with a stero-

scopic microscope. Nematodes which continued to move after the

chlorine treatment were considered to be alive. The immobile nema-

todes were tested for movement by touching them with a bamboo

splinter. Those nematodes which did not respond to touch by moving

were assumed dead. Controls were prepared in the same manner ex-

cept sterile distilled water was used instead of a chlorine solution.

The concentrations of chlorine used in this experiment were

10, LO, 30, 40, 50, 60, 80 and 100 ppm. Nematodes were examined

at five minute intervals to 70 minutes. This experiment was repeated

four times to insure accuracy.

Results and Discussion

It appears that the nematode D. lheriteiri is highly tolerant to

the toxicity of chlorine. Apparently all nematodes can survive 100

ppm of chlorine for at least five minutes. The nematodes showed no
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evidence of mortality in a 40-minute treatment at 20 ppm of chlorine.

The rate of survival declined slowly as the exposure time was in-

creased to 50 minutes at which 92 percent survived. Percent of sur-

vival then dropped sharply from 92 to 0 percent as the exposure time

was increased from 50 to 55 minutes. The survival of D. lheriteiri

decreased as the chlorine concentration was increased (Table 16).

For instance, the rate of mortality was 100 percent in 70, 65, 20 and

15 minutes at 10, 20, 80 and 100 ppm of chlorine respectively (Figure

7). There was no mortality, however, in a 50 minute contact at 10

ppm or a five minute contact at 80 and 100 ppm treatments.

There was some similarity in the results obtained in this in-

vestigation to those of other investigators. Jensen and Gilmour (1968)

surface sterilized the saprozoic nematodes, Diplogaster lheriteiri,

Panagrellus redivivus and Turbatrix aceti in a 20 ppm solution of

chlorine for 20 minutes without any harmful effect to the nematodes.

Chang et al. (1960) worked with different saprozoic nematodes and

reported that 50-60 percent of Cheilobus quadrilabiatus Cobb, 1924

and Diplogaster nudicapitatus Steiner, 1914 survived a five minute

contact and 10-20 percent survived a 15 minute contact at 95-100 ppm

of chlorine.

Diplogaster lheriteiri is much more tolerant to chlorine than

the plant pathogenic bacteria, A. tumefaciens, E. amylovora, E.

carotovora, P. phaseolicola and X. campestris. None of these
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bacteria survived three ppm in a two minute contact. Thus it can be

assumed that surface sterilizing of nematodes using 10 to 20 ppm of

chlorine for 10 to 20 minutes will destroy all tested bacterial con-

taminants without effecting nematode mortality.

High resistance of the nematode to chlorine may be due to the

properties of its cuticle. Nematode cuticle is a non-cellular layer of

the body wall and serves as both skeletal and protective functions.

The cuticle may act as a semipermeable membrane. It is permeable

to water, but it is generally impermeable to some poisonous chemi-

cals (Lee, 1965). Thus cuticle may protect the nematode from chlo-

rine action. This protective nature of cuticle also may offer protec-

tion to bacteria and other microorganisms in its alimentary canal

from bacteriocides or other harmful chemicals. Chang et al. (1960)

reported that ingested human pathogens survived excessive chlorina-

tion treatment (100 ppm chlorine), even though the nematode was

killed.
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CULTIVATION OF DIPLOGASTER LHERITEIRI ON VARIOUS
PLANT PATHOGENIC BACTERIA

Preface

Attempts to rear nematodes on pure cultures of test bacteria

were handicapped by a serious obstacle of contamination originating

from the nematode cultures. Contamination particularly bacterial,

was difficult to recognize and to control because of similarities in

cultural behavior between test bacteria and those from the stock cul-

tures. To overcome this problem, nematodes were first reared in

cultures containing an indicator bacterium, Serratia marcescens.

The advantage of having nematodes feed on pure culture of this bac-

terium lies in its ability to produce a bright red pigment. Then any

contamination in D. lheriteiri S. marcescens cultures can be easily

observed. This red pigment bacterium also served as an indicator

of contamination when nematodes from S. marcescens cultures were

reared on pure cultures of test bacteria.

Procedures

Nematodes were hand picked from propagation cultures and

placed in a test tube containing 10 ml sterile distilled water. An

equal amount, 40 ppm, of chlorine was added to make a 20 ppm solu-

tion to surface sterilize the nematodes. This mixture was shaken
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intermittently for 20 minutes, then 1. 0 ml of ten percent sodium thio-

sulfate was added to neutralize and stop the activity of chlorine. Ac-

tive nematodes were then transferred, with an autoclaved splinter of

bamboo, into nutrient agar plates previously seeded with S. rrarces-

cens. Nematodes were allowed to feed for 24-36 hours then they

were remove,?, rechlorinated and reinoculated in new S. rrarcescens

nutrient agar plates. Rechlorinations anu reinoculations were re-

peated at least three times or until no contamination was observed.

Transfer of nematodes from S. rrarcescens cultures into

plates containing pure cultures of A. tumefaciens, E. an-,ylovora, E.

carotovora, P. phaseolicola and X. campestris was done by one of

either two techniques. First, like the technique described above,

nerrato,- es were chlorinated and rechlorinated until there was no red

colony contamination from previous cultures. In the second

technique, gravid females were chlorinated and

transferred into 1, 000 ppm Tetracycline nutrient agar plates. After

13 hours, eggs laid by adult nematodes were collected, surface ster-

ilized and transferred onto bacterial-seeded nutrient agar plates that

ha l been incubated 24 hours. Larva emerging from these eggs were

free of contaminants and started to feed on inoculated bacteria.

Results and. Discussion

The nematode, D. lheriteiri, grew and reproduced on other
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bacteria including: A. tumefaciens, E. amylovora, E. carotovora

and P. phaseolicola. The nematodes failed to grow on X. campestris

and were dead within four to five days after inoculation.

An antibiotic, Tetracycline, was effective in obtaining the

bacteria-free nematodes used in this study. Serratia marcescens, a

red pigment bacterium used as an indicator of contamination, and

certain plant pathogenic bacteria were unable to grow on nutrient agar

plates treated with 1, 000 ppm Tetracycline. Larva emerging from

eggs laid by nematodes in the Tetracycline-nutrient agar plates were

practically free of bacterial contamination. By this technique, nema-

todes were separated from contaminants and allowed to feed on pure

culture of a desirable bacterium to produce test cultures.

It was more satisfactory to use the nematodes from the S.

marcescens cultures than from the original ones because the original

cultures sometimes contained antibiotic resistant bacteria. These

bacteria also could contaminate the Tetracycline plates. Another

advantage in using S. marcescens fed nematodes was that the red

pigment cells of the bacterium served as a contamination indicator in

nematode-plant pathogenic bacterium culture plates. The presence

of red colonies of S. marcescens in those plates indicated the in-

complete surface sterilization of the nematode eggs taken from the

antibiotic plates.
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PERSISTENCE OF BACTERIA IN NEMATODES
AND EXCRETION OF VIABLE BACTERIA

Preface

It has been shown in a previous experiment that the nematode,

D. lheriteiri, is capable of feeding on the following plant pathogenic

bacteria: A. tumefaciens, E. amylovora, E. carotovora and P.

phaseolicola. It also was demonstrated that this nematode is in-

capable of feeding on the bacterium X. compestris. There was evi-

dence that the ingested bacteria survive for some time in nematodes

and are discharged in a viable condition (Jensen, 1967). Chang et al.

(1960) indicated that human enteric bacteria, Salmonella andSheigella,

survived three to four days in the nematode gut but they were unable

to find evidence of viability after discharge by the nematodes.

Thus this investigation was made to determine if viable bac-

teria are excreted by D. lheriteiri; and the longevity of viable bac-

teria in nematodes.

Procedures for the Determination of the
Persistence of Bacteria Ingested by Nematodes

Nematodes from bacterial cultures were surface sterilized in

L0 ppm of chlorine for 20 minutes to remove surface bacterial con-

taminants. Nematodes then were transferred into plates of nutrient
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agar containing 1, 000 ppm Tetracycline. Bacteria were incapable of

surviving on these antibiotic treated plates. Thus the nematodes were

kept under starvation conditions since there were no bacteria available

for food. At scheduled intervals, nematodes were removed and sur-

face sterilized. The remaining chlorine was neutralized by addition

of a sterile sodium thiosulfate solution. The nematodes then were

transferred into small vials containing one ml sterile distilled water.

By using sterile dissecting needles, the nematodes were crushed and

bacteria from their alimentary tract were released into water. These

bacterial suspensions were pipetted into test tubes containing nine ml

sterile distilled water and were shaken vigorously. Serial dilutions

were made and then plated with nutrient agar at 45°C to detect viable

bacteria quantitatively. Plates were kept at room temperature and

the bacterial colonies were counted within 48 hours.

In this study, the bacterium A. tumefaciens, was used as a

test organism. The study consisted of three separate tests including

experiments with females, males and eggs. When females or males

were used in the experiments, four nematodes were used in each of

the four replications. Nematodes were examined at three hour inter-

vals. Tests, to determine if there are bacteria in the nematode

eggs, were made with ten eggs in each of four replications.
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Procedures Used to Determine the Excretion of Viable Bacteria

Nematodes from A. tumefaciens, E. amylovora, E. caroto-

vora and P. phaseolicola cultures were used in this study. The mate-

rials for this study were prepared and used as previously described.

At scheduled intervals of three hours, four females and four males

were taken from the antibiotic agar plates, surface sterilized with a

chlorine solution that was then neutralized with sodium thiosulfate

solution. Nematodes then were placed upon nutrient agar plates.

Plates were kept at room temperature and were observed for bacteria

excreted by nematodes. Each experiment was repeated four times.

Results and Discussion

It was interesting to note that the nematode, D. lheriteiri,

may serve as an effective carrier and transmitter of the plant patho-

genic bacteria. After ingestion by the nematodes, A. tumefaciens

survived in the nematode alimentary canal. Observations of persist-

ence of A. tumefaciens in D. lheriteiri are shown in Tables 2 and 3

where several points of interest may be noted. First, the persistence

of this plant pathogenic bacterium in male and female nematodes was

distinctly different. A. tumefaciens was capable of surviving in the

female to 30 hours, compared to 12 hours in the male. Second, the

female nematode carried an average of 46,219 viable cells of A.
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Table 2. Bacterial plate counts of Agrobacterium tumefaciens in-
gested by female Diplogaster lheriteiri, after various
periods of starvation.

Time After Average Number of Excretion
Starvation Bacteria Per Nematode l

of

(hours) Rep. 1 Rep. 2 Rep. 3 Rep. 4 Average Bacteria

0 49, 000 43, 625 32, 250 57, 000 46, 219

3 25, 375 34, 750 27, 875 33, 625 30, 406

6 21,000 24,250 9,375 8,750 15,844

9 8, 712 6, 987 7, 262 7, 237 7, 550

12 6, 812 6, 100 6, 700 5, 600 6, 303

15 5, 350 4, 675 5, 225 4, 862 5, 028

18 2, 550 3, 850 2, 975 3, 637 3, 252

21 1, 437 1, 837 1, 987 1, 925 1, 797

24 364 402 291 252 327

27 101 107 92 122 106

30 44 19 54 36 38

33 0 0 0 0 0

1 Average from four replications of four nematodes each.
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Table 3. Bacterial plate counts of Agrobacterium tumefaciens in-
gested by male Diplogaster lheriteiri, after various
periods of starvation.

Time After
Starvation

(hours)

Average Number of
Bacteria Per Nematode

Excretion
of

Average' BacteriaRep. 1 Rep, 2 Rep. 3 Rep. 4

0 10, 375 7, 615 12, 375 9, 375 9, 937

3 376 384 522. 680 491

6 187 171 235 2.52 211

9 79 156 112 141 122

12 12 16 32 39 25

15 0 0 0 0 0

'Average from four replications of four nematodes each.
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tumefaciens as compared with only 9, 937 cells average for a male

nematode. The smaller number of bacteria carried by male may be

explained by the smaller size. Third, numbers of ingested A. tume-

faciens cells were found to decrease gradually until they eventually

disappeared from nematodes. This occurred in 33 hours for the fe-

males and 15 hours for the males that were kept in starvation condi-

tions (on antibiotic plates without a food supply). The disappearance

of viable bacteria was apparently due to digestion and excretion by

the nematodes. Fourth, the decrement was rapid during the early

stage of starvation, then slowly declined. In female nematodes, the

bacterial population dropped from 100 percent to 16 percent within

nine hours of starvation. It took an additional 24 hours to reduce

this 16 percent to 0 percent. This decline may occur because the

starving nematodes become weak and less active. These conditions

effect the normal digestion and excretion processes which resulted in

a slow decline of the bacteria in the alimentary canal. It also was

observed that the nematodes became less active after they were

placed on antibiotic plates to restrict the food source.

Similar observations were made by Chang et al. (1960) on

Diplogaster nudicapitatus and Cheilobus quadrilabiatus in which the

Salmonella typhosa, S. paratyphi and Sheigella sonni were associated.

They reported that survivals of these human pathogens in the nema-

todes were reduced to about 0.1 to 1. 0 percent after 48 hours.



43

Persistence may vary among ingested bacteria or among the nematode

carriers.

Negative results were obtained in attempts to isolate bacteria

from eggs of the carriers indicating bacteria are not carried in the

nematode eggs.

Evidence of excretion of viable bacteria from carrier nema-

todes was found. Female carriers of A. tumefaciens and P. Eha.se-

olicola excreted viable bacteria for 27 hours after feeding. While

excretion of E. amylovora and E. carotovora by female nematode

carriers did not occur after the 21st hour, male carriers excreted

viable bacteria up to the 9th hour after feeding in all cases. This

phenomenon was in agreement with observations of Jensen (1967) who

reported that spores of various fungi and also bacteria survived pas-

sage through the alimentary canal of saprozoic nematodes and were

subsequently germinated.
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ISOLATION OF AN AGROBACTERIUM TUMEFACIENS
PHAGE FOR RAW SEWAGE

Preface

Although A. tumefaciens phages have been reported to have

been obtained from various sources, the best available source of

them is in raw sewage. In this investigation both activated and pri-

mary sewages from the treatment plant in Corvallis, Oregon were

used as the materials for the isolation of A. tumefaciens phages.

Procedures

The method of phage isolation was similar to that described by

Buangsuwon (1965). Ten ml of raw sewage were mixed with one ml of

a 24 hour culture of A. tumefaciens in 25 ml of fresh sterile nutrient

broth. The mixture was incubated at room temperature for 24 hours

then centrifuged at 5, 000 rpm for 30 minutes to concentrate bacterial

cells. Chloroform was added to the clear broth obtained from centri-

fugation at the rate 0. 1 ml of chloroform per 5 ml of broth in order to

kill any bacteria remaining in the liquid. This mixture was shaken

vigorously, and then the chloroform was allowed to settle to the bot-

tom of the container. The clear broth pipetted from the top was used

to detect the presence of phage.

The double layer agar method described by Adam (1959) proved
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satisfactory for detecting phage. The first layer was prepared by

pouring about 20 ml of melted two percent agar nutrient medium in

sterile Petri dishes. The agar was allowed to solidify at room tem-

perature and left over night to eliminate excess moisture. One ml of

the bacterial broth culture lysate, obtained by the processes described

previously, was transferred with a sterile pipette to nine ml of nutri-

ent broth in tubes for serial dilutions. A series of 1:1, 000, 1:10, 000,

1:100, 00 and 1:1, 000, 000 dilutions was made. One ml of each dilu-

tion was mixed with one ml of a 24 hour broth culture of A. tume-

faciens in tubes containing 2. 5 ml of melted soft nutrient agar at 45°C.

This soft nutrient medium contained 0. 8 percent agar. These compo-

nents were mixed thoroughly by shaking, then poured onto the surface

of the first layer of agar. The plate was rotated immediately to in-

sure that the second layer was spread evenly over the first agar layer.

The plates were incubated at room temperature for 13-24

hours. When the clear areas appeared on the plates, the soft agar

medium from a single plaque was removed and transferred to a test

tube containing nine ml of sterile nutrient broth. The single plaque

was then reisolated by repeating the previous steps of the double

layer agar method. This single plaque isolation was repeated at least

five times until the phage was purified as indicated by uniformity of

size, shape and appearance of plaques on the same plates. The phages

then were collected and stored in nutrient broth at 4°C for further
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Results and Discussion
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Two isolates of phage of A. tumefaciens were obtained from

raw sewage. Plaques produced by these phages were clear and

round with a definite edge. The phage isolates differed in the sizes of

their plaques. The first isolate produced a large plaque with an aver-

age diameter of Z. 0 to 2. 5 mm. The second isolate produced a small

plaque, with the average diameter of 1. 0 to 1. 5 mm. These results

were similar to those of Buangsuwon (1965) whose isolated phages

from raw sewage produced plaque size of 1. 0 to 2. 0 mm in diameter.

He also noted that the plaque size did not appear to be a stable char-

acteristic as it varied depending on the host bacterium.

Phages obtained in this isolation were very specific in their

host range. They lysed only A. tumefaciens (strain 5-14, Deep).

Negative results were obtained when these phages were tested against

E. amylovora, E. carotovora, P. phaseolicola (strain ICPB-PM3),

S. marcescens and X. campestris. The specificity of phage to strains

of A. tumefaciens was reported in many places (Buangsuwon, 1965;

Chen, 1962; Zajic, 1953).

Both activated and primary sewages were used as the mate-

rials for the isolation of phage. Phage was found only in activated

sewage. Specific treatment of activated sewage apparently encouraged
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bacterial growth and also increased the phage activity. The primary

sewage only consist of a dilute portion of sewage which apparently

harbor few bacteria and phages.

Additional tests were made to isolate phages of E. amylovora,

E. carotovora, P. phaseolicola, S. marcescens and X. campestris.

Only a phage of P. phaseolicola was obtained. This phage formed

clear round plaques of 6. 0 to 8. 0 mm in diameter. It was specific

only to P. phaseolicola. None of the other bacteria used in this in-

vestigation were lysed by this phage.
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SUSCEPTIBILITY OF AN AGROBACTERIUM
TUMEFACIENS PHAGE TO CHLORINE

Preface

Nematodes free of phage contaminants on the surface were re-

quired to study the phages in the nematode alimentary tract. Chlo-

rine was used to surface sterilize the nematodes. It was necessary

to know the chlorine concentration in combination with the exposure

time required to kill phages of A. tumefaciens. In this investigation

the phages were tested for their susceptibility to various concentra-

tions of chlorine for various periods of exposure time. The suitable

concentration and exposure time which was not harmful to the nema-

todes, D. lheriteiri, but sufficient to kill A. tumefaciens phages was

used for surface sterilization in further experiments.

Procedures

An Agrobacterium tumefaciens phage isolate with a plaque size

of 2. 0 to Z. 5 mm was selected for this investigation. The phage sus-

pension was obtained from plate cultures developed as before except

ten ml of sterile distilled water was used instead of sterile nutrient

broth. One ml of this suspension was transferred into a 125 ml

Erlenmeyer flask containing 19 ml sterile distilled water. The phages

were then chlorinated with 0.2, 0.3, 0. 4 and 0. 5 ppm of chlorine by
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addition of a compensating amount of chlorine solution into the flasks.

The mixtures were agitated by a magnetic stirring device. The pres-

ence of viable phages after chlorination was detected by transferring

one ml of the mixtures into test tubes containing nine ml sterile solu-

tion of sodium thiosulfate. These neutralized solutions were then

plated by the double layer agar method.

Results and Discussion

Phages were detected at from one to six minutes after chlo-

rination. Observation of susceptibility of A. tumefaciens phage to

chlorine are shown in Table 17 (Appendix). Chlorine is very toxic to

phage and phages were completely destroyed in one minute by 0. 5

ppm of chlorine. The complete destruction of phages also were

found at lower chlorine concentrations of 0. 2, 0.3 and 0. 4 ppm in six,

four and three minutes respectively (Figure 8).

Agrobacterium tumefaciens phage appears to be more sus-

ceptible to chlorine than certain plant pathogenic bacteria. It is much

more susceptible than the carrier nematode, D. lheriteiri. Chlorina-

tion of the nematodes with 20 ppm of chlorine is more than adequate

to destroy surface contamination by this phage.
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NEMATODES AS PHAGE CARRIERS AND TRANSMITTERS

Preface

Saprozoic nematodes are known to carry and transmit phages

and viruses (Chang et al., 1960; Jensen and Gilmour, 1968). This in-

vestigation was undertaken to determine if there is a transmission of

a A. tumefaciens phage by the nematode, D. lheriteiri. The amount

of phage carried by nematodes, length of incubation and transmission

periods also were studied.

An earlier study of phage chlorination indicated that a phage

of A. tumefaciens was completely eliminated with 0. 4 ppm of chlo-

rine in three minutes. To make sure that all phage and bacterial

contaminants on the nematode exterior were destroyed, treatments

with 20 ppm of chlorine for 20 minutes were used for surface steril-

ization.

Procedures

Plates incubated 24 hours and heavily seeded with A. tume-

faciens phage were prepared by the double layer agar method de-

scribed by Adam (1959). Nematodes from A. tumefaciens cultures

were chlorinated and transferred into the phage plates. At scheduled

intervals, four female and four male nematodes from phage plates
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were chlorinated. After addition of sodium thiosulfate to stop

chlorine action, the nematodes were crushed and placed in small vials

containing one ml sterile distilled water. Phage suspensions were

then pipetted into test tubes and serial dilutions were made. Pres-

ence of phage particles in the dilutions were detected by the double

layer agar method. Plaque areas were observed and counted after

12 hours of incubation at room temperature. The experiment was

replicated four times.

Another set of plates inoculated with four females and four

males from phage cultures also were prepared to investigate phage

transmission. After chlorination and neutralized with sodium thiosul-

fate, the nematodes were transferred onto nutrient agar plates newly

seeded with A. tumefaciens by the double layer agar method. These

plates remained at room temperature and were observed for the pres-

ence of plaques after 12 hours. Four replications of this study were

made.

The sterilizing solutions also were examined for phages by

dropping a small portion onto the surface of the double layer agar

seeded with A. tumefaciens. The presence of plaque areas indicated

incomplete surface sterilization of nematodes and the experiment was

discarded and the procedure repeated.

The number of phages in female nematodes and their trans-

mission activity were determined at 1. 5, 3. 0, 4. 5, 6. 0 and 12. 0
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hours of feeding. In male nematodes, two additional periods of 15. 0

and 18. 0 hours also were examined. Additional tests were made to

determine if there are phages in the nematode eggs. The same meth-

od was applied except ten surface sterilized eggs were used in each

replication instead of adult nematodes.

Results and Discussion

The nematode, D. lheriteiri, acted as a reservoir and a

transmitter of A. tumefaciens phage (Figure 9). Female nematodes

(Tables 4 and 5) carry more phage particles than male nematodes.

Each female carried an approximate maximum of 6965 particles as

compared with 1482 particles carried by a male. Again as indicated

by data from bacteria ingestion experiments, this may be explained

simply by the larger size and appetite of the female nematodes. The

nematodes appeared to carry a considerably smaller number of phage

particles as compared to the number of bacterial cells. Apparently

the nematodes did not feed directly on phage particles which probably

were taken in accidentally along with the infected bacterial cells.

In quantitative studies, the number of phage particles ingested

by the female nematodes increased very slowly after six hours of

feeding. The particle counts did not change distinctively when the

feeding times were extended 9 and 12 hours. Male nematodes re-

quired a longer feeding period to accumulate the maximum number of
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Figure 9. Phage transmission by nematodes. Left, plaque
areas in an Agrobacterium tumefaciens lawn, dem-
onstrating the transmission of phage by Diplogaster
lheriteiri. Note the occurrence of plaque along the
path of movement of nematodes. Phage carrier
nematodes had been sterilized in a 20 ppm solution
of chlorine for 20 minutes. Right, control, bacterial
lawn, inoculated with nematodes from phage-free
cultures.
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Table 4. Plate counts of phages ingested by female D. lheriteiri,
after various feeding periods.

Time After
Feeding
(hours)

Average Number of Phage
Particles Per Nematode

1

Trans-
mission
of PhageRep. 1 Rep. L Rep. 3 Rep. 4 Average

0.0 0 0 0 0 0

1. 5 61 91 161 99 103 +

3. 0 989 1, 900 1, 150 950 1, 247 +

4. 5 1, 700 2, 575 2, 162 2, 925 2, 341 +

6. 0 7, 662. 5, 742 6, 462 5, 600 6, 367 +

9. 0 6, 162 6, 138 6, 962 7, 562 6, 956 +

12. 0 6, 212 6, 812 7, 662 7, 175 6, 965 +

'Average from four replications of four nematodes each.
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Table 5. Plate counts of phages ingested by male D. lheriteiri,
after various feeding periods.

Time After Average Number of Phage Trans -
Feeding Particles Per Nematode mission
(hours) Rep. 1 Rep. 2 Rep. 3 Rep. 4 Average 1 of Phage

0.0

1.5

0

36

0

17

0

25

0

12

0

23 +

3. 0 32 66 120 82 75 +

4. 5 107 157 127 180 143 +

6. 0 197 332 326 252 277 +

9. 0 575 362 637 600 544 +

12. 0 1, 200 887 1, 087 812 997 +

15. 0 1, 450 1, 278 1, 887 1, 337 1, 487 +

18.0 1, 400 1, 475 1, 675 1, 377 1, 482 +

'Average from four replications of four nematodes each.
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phage particles. Maximum number of phage particles in males were

detected after 15 hours of feeding. The shorter acquisition time of

feeding required by females for maximum ingested phage particles

indicates that the female nematodes are more effective in acquiring

phage than the males. This was supported by an observation of nema-

tode feeding in bacterial plates. Male nematodes appeared to be slug-

gish and fed periodically while the female nematodes were active and

fed continuously. The maintenance of the maximum phage density in

the nematode alimentary canal is apparently due to the ratio of phage

intake and phage excretion.

Excretion of viable phage occurred at every scheduled feeding

period from 1.5 to 18. 0 hours regardless of sex of adult nematodes.

Phages are probably excreted soon after ingestion by nematodes.

Thus the minimum acquisition time required by phages for nematode

transmission occurred before the first sample period, since excretion

of viable particles was observed as early as the one and one-half hour

feeding period.

The search for phage in nematode eggs obtained from phage

carrier nematodes was negative suggesting that the nematode egg does

not carry viable phage.



PERSISTENCE OF AN AGROBACTERIUM
TUMEFACIENS PHAGE IN DIPLOGASTER LHERITEIRI

Preface
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The nematode, D. lheriteiri was shown to carry phages of A.

tumefaciens. Phages also were excreted by nematodes at various

periods of time. This investigation was undertaken to determine the

longevity of phages in nematodes. Two general approaches were used

in this investigation. First, phage carrying nematodes were reared

in starvation conditions, and second, phage carrying nematodes were

allowed to feed on specific bacteria that were not hosts of the phage.

Procedures

Nematodes from A. tumefaciens cultures were chlorinated and

then allowed to feed on phage plates. Phage plates of A. tumefaciens

were prepared by the double layer agar method and were 24 hours old

when inoculated with the nematodes. After Z4 hours of feeding, the

nematodes were rechlorinated and were ready for testing.

To study phage persistence in nematodes reared under starva-

tion conditions, the nematodes were transferred onto 1, 000 ppm

Tetracycline nutrient agar plates. These antibiotic treated plates

prevented bacterial growth, hence, eliminating the food source of the

nematodes.
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To study phage persistence in nematodes which were allowed

to feed, the nematodes were transferred onto 24 hour-seeded Erwinia

carotovora plates. Nematodes were given continuous access to these

bacteria which are not lysed by phage.

At scheduled intervals of three hours, four females and four

males from each test condition were removed and chlorinated. Then

they crushed in sterile distilled water to detect the presence of phages

by the method previously described.

An additional set of females and males to serve as controls

also were tested for the evidence of phage excretion by placing them

upon newly-seeded A. tumefaciens plates prepared by double layer

agar method.

In each case, sodium thiosulfate was used to terminate chlo-

rination. Contamination checks were also made by placing a few

drops of the neutralized solution upon the surface of A. tumefaciens

plates.

The experiment was replicated four times for each test.

Plaque areas were examined and counted after 12-15 hours of incuba-

tion.

Results and Discussion

The results of the experiments on phage persistence in

starving nematodes and in those allowed to feed are summarized in
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Tables 6 to 9 respectively. The length of phage survival in the nema-

tode alimentary canal differs in male and female nematodes. This

conclusion is similar to that obtained in experiments with bacteria.

Phages survived 15 hours in females and nine hours in males when

food was unavailable to phage carrier nematodes. These periods

were shortened when phage carrier nematodes were given free access

to food. In this case, phages survived nine hours in females; six

hours shorter than the comparative experiment, and six hours in

males; three hours shorter. Excretion of phages by nematodes

occurred during temporary storage in the alimentary canal, even

though the excretion was more prevalent at earlier periods.

The shorter survival period of phages in fed nematodes than

those without food are explained by two reasons. First, as the car-

rier nematodes continue to feed, phages in the alimentary canal are

replaced by newly ingested bacteria. Excretion of phages by nema-

todes fed continuously is generally much more active than that of

starved ones. Second, the continuously fed nematodes behave norm-

ally as compared to the starved nematodes which are less active.

Excretion and other physiological activities of the normal nematodes

are certainly more active than in the weaker ones.

It should be noted that even though the association between D.

lheriteiri and some plant pathogenic bacteria and phage of A. tume-

faciens was established, the association seems to be a simple one.
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Table 6. Plate counts of Agrobacterium tumefaciens phage in female
Diplogaster lheriteiri, reared in starvation conditions.

Time After Average Number of Phage
Starvation Particles Per Nematode Excretion

(hours) Rep. 1 Rep. 2 Rep. 3 Rep. 4 Average' of Phage

0 7, 262 6, 150 8, 500 8, 200 7, 528 +

3 3, 012 3, 700 4, 027 2, 650 3, 350 +

6 1, 662 1, 850 2, 500 2, 050 1, 765 +

9 645 722 507 552 607 +

12 67 92 64 139 91 +

15 32 24 50 71 44 +

18 0 0 0 0 0

'Average from four replications of four nematodes each.

Table 7. Plate counts of Agrobacterium tumefaciens phage in male
Diplogaster lheriteiri, reared in starvation conditions.

Time After Average Number of Phage
Starvation Particles Per Nematode Excretion
(hours) Rep. 1 Rep. 2 Rep. 3 Rep. 4 Average' of Phage

0

3

6

9

12

1, 140

75

36

11

0

1, 122

72

37

15

0

1, 987

97

45

24

0

1, 950

59

52

19

0

1, 300

76

43

17

0

+

+

+

+

'Average from four replications of four nematodes each.
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Table 8. Plate counts of Agrobacterium tumefaciens phage in female
Diplogaster lheriteiri, reared in feeding conditions.

Time After
Feeding
(hours)

Average Number of Phage
Particles Per Nematode

Average'
Excretion
of PhageRep. 1 Rep. 2 Rep. 3 Rep. 4

0 11, 250 7, 500 9, 500 9, 875 9, 531 +

3 537 425 475 500 484 +

6 227 369 314 359 317 +

9 41 30 34 66 43 +

12 0 0 0 0 0

'Average from four replications of four nematodes each.

Table 9. Plate counts of Agrobacterium tumefaciens phage in male
Diplogaster lheriteiri, reared in feeding conditions.

Time After Average Number of Phage
Feeding Particles Per Nematode Excretion
(hours) Rep. 1 Rep. 2 Rep. 3 Rep. 4 Average' of Phage

0

3

6

9

1, 125

47

5

0

1, 912

41

10

0

2, 075

40

9

0

1, 612

26

7

0

1, 681

39

8

0

+

+

+

'Average from four replications of four nematodes each.
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Although the nematodes are capable of carrying and transmitting these

microorganisms, there was no evidence of any complexity in the re-

lationship between the organisms involved in the association. For

instance, no latent period requirement, no multiplication or lengthy

persistence of the microorganisms in the nematodes were observed.

The interrelationship between a saprozoic nematode and plant patho-

genic bacteria and a phage in this investigation appeared to be simpler

than most known cases of plant parasitic nematode and plant disease

agent interrelationships. For example, in the interrelationship be-

tween arabis mosaic virus and Xiphinema index, the virus persisted

for nine months in the nematode vectors (Raski and Hewitt, 1963). In

rare cases, an acquisition time also was required in the transmission

of arabis mosaic virus and Xiphinema sp. because no transmission

occurred in one day of feeding (Jha and Posnette, 1959).
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SUMMARY

The findings established in this thesis are summarized as fol-

lows:

1. The saprozoic nematode, D. lheriteiri are highly resistant

to chlorine. They were not affected by ten ppm of chlorine in a 50

minute exposure. Even at 100 ppm, 100 percent of the nematodes

survived a five minute contact. The plant pathogenic bacteria, A.

tumefaciens, E. amylovora, E. carotovora, P. phaseolicola and X.

campestris and a phage of A. tumefaciens are very susceptible to

chlorine. None of these bacteria survived at three ppm of chlorine

in a two minute exposure. Phages are more susceptible than bacteria

and were completely destroyed at 0.3 ppm in two minutes.

2. It was demonstrated that D. lheriteiri fed on a number of

bacteria which were excreted in viable conditions. Excretion of A,

tumefaciens and P. phaseolicola was limited to 27 hours and E.

amylovora and E. carotovora to 21 hours by female nematodes. In

male nematodes, no excretion occurred after nine hours after feeding.

3. A female nematode carried 46, 200 viable cells of A. tume-

faciens while the male carried only 9,900 cells. There was no evi-

dence of the bacteria being carried in nematode eggs.

4. Agrobacterium tumefaciens survived for 30 hours in the

alimentary tract of the female and for 12 hours of the male nematodes
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after they were transferred from bacterial plate cultures to Tetra-

cycline-nutrient agar plates. The reduction of bacterial cells

occurred rapidly in early periods then afterward became a gradual

decline.

5. A phage of A. tumefaciens was isolated from raw sewage.

Viable phages were detected in those nematodes which had been al-

lowed to feed on phage plates. Transmission of phage from carrier

nematodes also was detected. Approximately 6, 965 and 1, 482 phage

particles were carried in the alimentary canal of the female and male

nematodes respectively. Also there was no evidence of phage being

carried in nematode eggs.

6. Persistence of phage in the nematode was only for a short

period, 15 hours in the female and nine hours in the male when the

carrier nematodes were kept in a starvation condition. These peri-

ods became even shorter if the nematodes were allowed to continue

feeding. In this case, phages completely disappeared from the fe-

male and male nematodes in nine and six hours respectively.

7. Transmission of phage appeared to occur immediately

after the phages had been ingested. No indication of latent or

resting period was required in the transmission. The transmission

occurred continuously until the phages totally disappeared from the

carriers.
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Table 10. Bacterial plate counts of Agrobacterium tumefaciens
after treatment with chlorine.

Exposure Concentrations of Residual Chlorine
(min.) 1. 2 ppm 1.5 ppm 1.8 ppm 2.0 ppm

0 184 x 105 184 x 105 184 x 105 184 x 105

(control)

2 - - 0

5 17x 105 0

10 115 x 105 161 x 103 111 x 103 0

15 75 x 105 76 x 103 11 x 103 0

20 35 x 105 22 x 103 0 0

25 4 x 105 0 0 0

30 0 0 0 0

Table 11. Bacterial plate counts of Erwinia amylovora after treat-
ment with chlorine.

Exposure Concentrations of Residual Chlorine
(min.) 1.3 ppm 1.6 ppm 2.0 ppm

0 (control) 43 x 105 43 x 105 43 x 105

2 - 170x 104 0

5 27 x 105 70 x 104 0

1 0 14 x 105 25 x 104 0

15 50x 104 0 0

20 30 x 104 0 0

25 0 0 0
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Table 12. Bacterial plate counts of
ment with chlorine.

Erwinia carotovora after treat-

Exposure
(min)

Concentrations of Residual Chlorine
1,0 ppm 1.2 ppm 1,5 ppm

0 (control) 112 x 106 112 x 106 112 x 106

2 266 x 105 49 x 105 0

5 158 x 105 20 x 105 0

10 102 x 105 47 x 104 0

15 65 x 105 49 x 102 0

20 35 x 105 20 x 102 0

25 170 x 104 0 0

Table 13. Bacterial plate counts of Pseudomonas phaseolicola after
treatment with chlorine.

Exposure Concentrations of Residual Chlorine
(min) 1.5 ppm 2.0 ppm 2.5 ppm 3.0 ppm

0 (control) 187 x 106 187 x 106 187 x 106 187 x 106

2 144 x 105 0

5 - 117 x 105 45 x 105 0

10 121 x 105 78 x 105 61 x 104 0

15 46 x 105 30 x 105 0 0

20 140 x 104 5 x 104 0 0

25 198x 103 0 0 0

30 0 0 0 0
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Table 14. Bacterial plate counts
ment with chlorine.

of Serratia marcesens after treat-

Exposure
(min)

Concentrations of Residual Chlorine
1.0 ppm 1.2 ppm 1.5 ppm 1.8 ppm

0 (control) 175 x 105 175 x 105 175 x 105 175 x 105

2 110 x 105 0

5 113x 105 79x 105 0

10 110 x 105 66 x 105 31 x 105 0

15 35 x 105 29 x 105 156 x 103 0

20 121 x 104 98 x 104 0 0

25 35 x 104 114 x 103 0 0

30 0 0 0 0

Table 15. Bacterial plate counts
treatment with chlorine.

of Xanthomonas campestris after

Exposure
(min)

Concentration of Residual Chlorine
1.2 ppm 1.5 ppm 1.8 ppm 2.0 ppm

0 (control) 84 x 106 84 x 106 84 x 106 84 x 106

2 101 x 105

5 98 x 104 0

10 406 x 105 343 x 105 30 x 102 0

15 76 x 105 63 x 105 0 0

20 30 x 105 86 x 104 0 0

25 45 x 103 150 x 102 0 0

30 0 0 0 0



Table 16. Percentage of survival of Diplogaster lheriteiri after treatment with various concentrations
of chlorine.

Exposure Concentrations of Residual Chlorine and Percentages of Surviving Nematodes
(min) 0 ppm 10 ppm 20 ppm 30 ppm 40 ppm 50 ppm 60 ppm 80 ppm 100 ppm

0 100 100 100 100 100 100 100 100 100
5 100 100 100 100 100 100 100 100 100

10 100 100 100 100 100 100 96 98 92
15 100 100 100 100 100 96 88 82 0

20 100 100 100 100 96 90 70 0 0

25 100 100 100 100 88 84 0 0 0

30 100 100 100 100 80 0 0 0 0

35 100 100 100 96 0 0 0 0 0

40 100 100 100 60 0 0 0 0 0

45 100 100 98 0 0 0 0 0 0

50 100 100 92 0 0 0 0 0 0

55 100 94 0 0 0 0 0 0 0

60 100 90 0 0 0 0 0 0 0

65 100 80 0 0 0 0 0 0 0

70 100 0 0 0 0 0 0 0
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Table 17. Plate counts on
after treatment

the phage of Agrobacterium tumefaciens
with chlorine.

Exposure
(min)

Concentrations of Residual Chlorine
0.2 ppm 0. 3 ppm 0. 4 ppm 0.5 ppm

0 (control)

1

2

47.0 x 106

-

5. 5 x 104

47. 0 x 106

6. 4 x 104

7. 0 x 103

47.0 x 106 4

8.9 x 103

2.0 x 102

7. 0 x 106

0

0

3 1.0 x 103 5.0 x 10 0 0

4 1.0 x 102 0 0 0

5 3.0 x 10 0 0 0

6 0 0 0 0


