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INTRODUCTION

The economic importance of root-knot nematodes can hardly be over-
emphasized. Their wide distribution, extensive host range and the special
difficulties involved in their control are some of the factors that make
them serious crop pests. Steiner, in a recent paper (28), estimates that
nematodes cause an annual crop loss in this country of between four and five
hundred million dollars. He further points out that some twenty species of
nematodes are considered to be major crop pests and, of these, the root-knot
nematodes are the most serious.

The use of resistant varieties for the control of plant disease is
always a desirable practice when such varieties are available. In the case
of root knot, control by other means is difficult and the value of resistant
varieties is increased.

Resistance in plants to root-knot nematodes, however, has not always
been properly evaluated to assure maximum benefits from the use of resistant
varieties or species. The term "resistant" applied to a plant on the basis
of symptomatology does not convey an adequate conception of the effect of
the parasite on the host or of the effect of the host on the parasite. A
plant may become severely galled when exposed to root-knot nematodes and yet
markedly retard development of the worms (7). Furthermore, a plant may
allow normal development and reproduction of root-knot nematodes without
showing the typical galling of roots (27). Clayton (10), for example, found
that "resistant corn", which showed few or no galls on the roots, was no
better in a rotation for controlling root knot than was susceptible tobacco.

In view of the situation outlined in the foregoing paragraphs, it
seems clear that any evaluation of resistance must take into account host-
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parasite relations. It is unsafe to assume that a plant which does not
become galled will therefore serve to reduce a population of nematodes in
the soil. Conversely, it should not be assumed that a plant which does
become galled cannot be used in a rotation to depress the amount of soil
infestation.

The present work was begun with the aim of gaining a better under-
standing of resistance and susceptibility to the root-~knot nematode,
Meloidogyne incognita (Kofoid and White) Chitwood, in certain lines of

tomatoes. Later the problem was expanded to include a few sweet potato
lines. It was planned to work with known resistant and susceptible plants
and to seek an explanation of the processes whereby some plants are injured
very little by root-knot nematodes while others are severely injured. This
led to a study of host-parasite interactions including the effect of the
host on the parasite and the effect of the parasite on the host.

The problems involved in this study are of primary interest to the
nematologist, plant pathoclogist, and plant breeder.

There is evidence that information on the nature of resistance in one
plant to one nematode species may apply, in a general way, to other plants
and other nematodes. Species of Meloidogyne (7), Heterodera schactii

Schmidt (13), and Rotylenchulus reniformis Linford and Oliveira (17), at

least, appear to be affected in a similar manner by resistant plants.



REVIEW OF LITERATURE

The work of Christie and Albin (6), Christie (7) and Christie and
Havis (8), demonstrated that Heterodera marioni (Cormu) Goodey comprised

several races, each differing from the others in some measure with regard
to the plant species and varieties which they could successfully parasitize.

Chitwood (3) compared the morphology of several populations of H.
marioni and concluded that the group constituted a genus apart from

Heterodera. Melcidogyne was recognized as the earliest, valid, generic name.

Chitwood recognized five species and one variety in this genus.

The life cycle of H. marioni has been clarified by Christie and Cobb
(5)s The specimens used in their study were from a population that had
been maintained in culture on tomatoes in the greenhouse for a year or twoe.
That life cycle is given here in some detail since it must be kept in mind
in an evaluation of host-parasite relations, particularly with reference to
the influence of the host on the parasite.

A larva spends its first stage within the egge The first molt occurs
while the larva is still within the egg and before it has attained its
maximum lengthe. Following the first molt of the ovic larva, there is a
period of further growth before it hatches from the egg. The second stage
ends with the second molt, which occurs in the tissues of a host plant.

There is no third stage of either male or female since two cuticles are
loosened simultaneously, representing the second and third molts. Since the
female molts a fourth time almost immediately following the third molt, the
fourth stage of the female is very short.

In the life cycle of the male, however, there is a longer interval

between the third and fourth molts, resulting in a definite fourth stage.



It is in this stage that metamorphosis of the male occurs. In this meta-
morphosis the male is transformed from a relatively short and broad form,
similar to that of the female before the second and third molts, to the
slender elongate form of the mature male., Upon completion of metamorphosis
the male molts a fourth and last time and is mature. Both the metamorphosis
and the final molt of the male occur while the animal is still within the
sac-like structure which comprises the loosened cuticles of the second and
third molts. At maturity the male emerges from this sac. It is then free
to migrate through root tissues or soil.

According to Christie and Cobb, males and females cannot be distinguished
until the end of the second stage. By this time both sexes have increased
considerably in width but very little in length. After the second and third
molts, which terminate the second stage, the male begins metamorphosis and
the female loses the caudal spike. The female, upon completion of the final
molt, increases greatly in both length and width and gradually assumes the
pear-shaped form characteristic of the mature female.

It is generally assumed al present that the males have no funetion in
reproduction. It has been demonstrated that females lay viable eggs without
mating (30).

When the maximum size of the female is attained, egg laying begins. The
eggs are extruded from the wvulva of the female, and they accumulate around
the posterior end of her body. A gelatinous matrix is extruded with the
eggs, and the matrix with the contained eggs may rupture the cortex and the
epidermis of a root. In this case the egg mass becomes situated externally
on the root where it is visible macroscopically as a whitish mass about the
size of, or slightly larger than, a mature female. The egg mass yellows with

age and eventually becomes reddish or dark brown. Often the egg mass does



not rupture the epidermis but is contained within the root tissue.

Except for the mature males, the preparasitic, second-stage larva is
the only form of the root-knot nematode that migrates freely in the soil.
This is the only form that enters a host plant to initiate infection. It
has been repeatedly observed that the larvae enter roots close to the tip,
although this is not considered the only portal of entry.

The initial stages of infection by root-knot nematode larvae have been
describved by Linford (19). The nematodes begin their feeding on root
tissues before they meke an entrance to a root. They penetrate epidermal
cell walls with their stylets and feed on the cell contents. Several cells
may thus be penetrated by a single larva before it finally enters the root.
Entrance is effected by use of the stylet, either to make an opening through
a cell or between cells. Once inside a root, a larva travels intercellu-
larly for the most part and migrates through the tissues for some time,
stopping here and there to puncture and feed upon a cell. Eventually it
stops migrating and takes a permanent pesition in the root.

All the molts of a root-knot nematode except the first one, which
oceurs within the egg, teke place after the animal has taken this permanent
position.

When a larva assumes its final position, it usually lies with its head
in the plerome, and often the posterior end extends into the periblem. This,
however, is not always the case, as sometimes the entire body of the parasite
lies in the plerome parallel to the longitudinal axis of the root (k).

The feeding of a root-knot nematode after it becomes established in a
final position has been studied by Linford (16). As in the earlier stages,
the parasite punctures cells and sucks cell contents through the hollow
buccal stylet. The nematode remains in a fixed position but swings its head



from side to side and feeds first on one and then on another of the cells
within reach of the stylet. Linford has photographed the saliva expelled
from the stylets of nematodes in nutrient solution. Cells around the head
of a2 nematode feeding in plant tissue are profoundly influenced by some
agent in the salivary secretion.

The tissue changes induced by the feeding of root-knot nematodes in
tomato have been deseribed by Christie (L). Twenty-four hours after inocu-
lation cortical cells are seen to be enlarged; this condition is not neces-
sarily confined to cells lying immediately adjacent to the path taken by a
worm. Cells of the pericycle and endodermis near the path of a larva may
also show slight enlargement. In some cases mitotic activity in the apical
meristem is suppressed and forward growth of the root tip is slowed or
stopped, particularly if several larvae enter at about the same time.

After a nematode has assumed a permanent position in the root; previded
that this occurs a short distance behind the apical meristem, as is frequently
the case, the cells in the perome immediately around the head of the parasite
remain undifferentiated for the first L8 to 60 hours. At the end of this
period these cells enlarge somewhat and some of them may divide with the
formation of a very thin cell wall which soon disappears. The original
cell walls also gradually disappear, and the cell contents of adjoining
cells fuse, resulting in the formation of a giant cell. Surrounding cells
are gradually appropriated by the giant cell by a dissolution of the sepa-
rating walls.

This assimilation of surrounding cells conbinues for 10 to 20 dayse.

The process gradually slows and eventually stops. Usually from three to
six giant cells are formed in each gall. This giant cell formation usually
occurs in the central cylinder but may ocewr in the cortex.



The first cells to be used in the formation of a giant cell are often
members of a row of cells in the plerome that normally would have differen-
tiated into part of a xylem vessel; thus, certain of the xylem vessels are
interrupted. Others are not interrupted but are pushed out of alignment
around the region of giant cell formation.

Christie observed, as have others, that lateral roots are formed with
abnormal frequency in the region of a gall. The presence of the parasite
seems to stimulate mitotic activity in the pericycle which results in the
formation of a layer of small-celled parenchyma tissue not found in normal
roots. It is in this tissue that the increased number of lateral roots
have their origin. Christie further states that as the gall grows older
some of these parenchyma cells become differentiated into short, misshapen,
reticulate xylem elements with no definite organization.

The length of the life cycle of root-knot nematodes is known to vary
greatly with the temperature and the host plant. However, it is usually
stated in the literature that under conditions favorable for the growth of
the organism the length of the life cycle is 25 to 30 days. Tyler (31),
using tomato as a host, obtained the shortest life cycle at 27°C. This
temperature gave a complete life cycle, from larva to larva, in 25 days.
Full development of the females was reached in 16 days, and an additional
nine days were required for the development and hatching of eggs. At
16.5°C., under otherwise similar conditions, the life cycle was lengthened
to 87 days, with 56 days required for the full development of females and
31 days required for the development and hatching of eggs. A complete life
cycle did not oceur below 14.3°C. or above 31.5°%C. Godfrey and Oliveira
(1) found the life cycle of Heterodera marioni to vary from 19 days on

cowpea to 35 days on pineapple.



Apparently wvery little attention was given to the nature of resistance
in plants to root-knot nematodes before 1939. In 1925 Steiner (26) wrote
that resistance in plants to plant parasitic nematodes means that the plant
opposes the entrance of nematodes by some mechanical or chemical means. In
1941 Tyler (33) defined resistance with special reference to root-knot
nematodes as the ability of plants to obstruct the invasion of parasitese

With the work of Barrons (2) in 1939, it became clear that resistance
in plants to root-knot nematodes could not be regarded as a simple failure
of the larvae to enter the roots. Barrons had observed slight swellings on

the root tips of Alabama No. 1 and Alabama No. 2 beans (Phaseolus vulgaris

L.), but these swellings, he observed, did not persist and develop into
galls. These observations seemed to indicate that nematodes were entering
the roots of resistant plants but were failing in some way to produce the
typical symptoms of root knot.

To investigate this possibility, Barrons compared resistant and
susceptible plants with respect to the number of larvae that were found
present in the roots after a short period of exposure to infection. IHe
used 2l different kinds of resistant plants (varieties and species) and
six different kinds of susceptible plants. It was decided arbitrarily to
count the number of nematodes present in the terminal centimeter of a given
root; from 20 to 39 roots were studied from each variety or species. The
study included highly resistant plants such as Crotalaria spectabilis (L) Roth,

rye, oats, and wheat. With regard to the number of larvae present per root
tip, there was no significant difference between the means of susceptible
and resistant plants.

The nature of resistance to Heterodera schactii in potato varieties

has been studied by Germel (13). He compared resistant with susceptible



varieties with respect to the number of cysts produced, the size of the
cysts, and the number of larvae produced per cyste.

Gemmel did not take data on the number of nematodes that entered the
roots of the plants in the original period of infection. Therefore, the
reduced rumber of cysts borne on resistant plants could be explained either
uafailmaf_mmmtarmmm«unmofm
to survive after entering. The reduced size of cysts from resistant plants
and the reduced number of larvae that these cysts produced can be explained,
however, only as an inhibitory effect of the host on the parasite.

Christie and Albin (6) were concerned primarily with the problem of
races of root-knot nematodes, but from their work came valuable information
as to the nature of resistance in plants to these parasites. For example,
in one experiment several populations of nematodes were tested on Persian
clover. Examinations of the root systems were made 30 days after the seeds
were planted in infested soil. Nematodes of one population were found to
be entirely absent from the roots when the examination was made and there
was no indication of galling. The root systems of plants inoculated with
another population were beaded with small swellings but again no nematodes
were found. Roots of Persian clover inoculated with a third population were
found to harbor few nematodes; of those present, most were dead, and none
had developed past the second stage.

MeBeth (21) tested eighteen grasses for resistance to root-knot nematodes.
In these tests roots were stained and examined microscopically. Nematodes
were found to reproduce on several of the grasses, in some cases with the
formation of only very small galls on the roots. Digitaria erianths var.
stolonifera Stapf. allowed development and egg laying by the parasites but
the roots of this plant showed no trace of swellingse.




In an experiment designed to test the influence of various host plants
on various populations of root-knot nematodes, Christie (7) found that
resistant plants prevented, in some measure, the development of nematodes
within their roots. Some of the plants which were resistant to one or
another of the popuhtimg of root-knot nematodes were Orange Little Stem

sweet potato, Coker 100 cotton, Lantana camera L., and Pelargonium graveolens

(Thunb.) L.'Hérit. In some cases larvae, after galning entrance to the roots,
failed to reach the second molt. In other instances few females ever reached
the egg-laying stage and those that did were small and laid few eggse In a
plant only slightly resistant there was merely a lengthening of the period
of development with no appreciable effect on the number of egg-laying females
or the number of eggs laid per female,

The problem of the nature of resistance in plants to root-knot nematodes
has been discussed by Christie (9). In his view, resistance is due to
fallure cf the tissues of the host plant to respond properly to the stimulus
of infection. In an elaboration of this hypothesis, Christie points out
that nematodes are sedentary parasites and are able to feed only upon a
few cells that are within reach of their heads. If the salivary secretion,
which 2 nematode injects into swrrounding cells, fails to change their
normal development and differentiation, the parasite is soon surrounded by
cells that either are too thick walled to be penetrated by the stylet or
are sc highly vacuolated as to be of no value as a source of feod.

In the hypothesis of Barrons (?2) giant ecell formation was considered
necessary to furnish the developing nematode with a continuing supply of
foed. Resistance was postulated to be due to the synthesis by the plant of
a substance which neutralizes the glant cell inducing agent in the salivary

secretion of the nematode. Christie (9), however, reports that Machmer has



observed egg-laying females in Pelargonium graveolens which had not induced

giant cell formation. These nematodes were situated in small outgrowths
from the bases of propagative cuttings where the surrounding tissue was
composed of thin-walled parenchyma cells. In the roots of these same plants
only very small galls had formed. Some of these galls contained no trace
of a parasite; others contained dead or only partly developed nematodes.
Christie points out that all plants are not necessarily resistant for the
same reason. He considers it possible that some plants may be quite resist-
ant or even immne to the entry of nematodes.

Resistance to root-knot nematodes in Lycopersicon peruvianum Mill.

has been reported by several workers (1, 2L, 11, 2'2, 34, 12). Five species
of tomato were tested for resistance to root-knot nematodes by Bailey (1).
Included in these tests were 95 commercial varieties, several selections

from experimental laboratories, and 420 seed-lots of Lycopersicon esculentum

Mill. from the United States Bureau of Plant Industry, Division of Plant
Exploration and Introduction. Bailey reported no resistance from these
plants with the possible exception of three lots of the 420 seed-lots of

L. esculentum. Also tested were L. glandulosum, L. hirsutum H.B.K. and L.

pimpinellifolium Dunal. No resistance was found from these sources. From

11 seed-lots of L. peruvianum, 299 selections were made. Twenty of those
selections had remained free of galls after growing for six months in
infested scil. It is interesting to note that Bailey did not use the term
"resistance" in his paper but used "tolerance" instead.

The information available seems to indicate that resistance in at
least some selections of L. peruvianum is controlled by two dominant genes

(34).
Frazier and Dennet (12) stained and examined roots of tomatoes with



resistance from a L. peruviamum source. Nematodes in these plants were
immature whereas nematodes in susceptible tomatoes grown under the same
conditions contained numerous well-developed females. These writers
reported that some cell necrosis was observed where nematodes were present
in resistant plants. No counts were made of the number of nematodes present
in resistant and susceptible plants but "many" nematodes were observed in
resistant plants. The writers pointed out that this evidence supported the
view of Barrons (2) that "resistance" was not a resistance to the entry of |
nematodes but a resistance to gall formation.

Liac and Dunlap (15) have described what they refer to as arrested
invasion of L. peruvianum roots by root-knot nematodes. They observed that
the larvae began penetration of roots but most of them either died before
getting their bodies completely inside a root or failed to pass beyond the
peripheral layers of cells.

It has been shovm that L. peruvianum may be quite resistant to one
species of Meloidogyne and quite susceptible to another. L. peruvianum
was not infected by M. incognita, was heavily infected by M. arenaria (Neal)
Chitwood and was moderately infected by M. incognita var. acrita Chitwood
and M. hapla Chitwood (29). These authors did not indicate their criterion
of infeetion.

Varieties of sweet potatoes have been tested for resistance to nematodes
by Weimer and Harter (35) and Poole and Schmidt (23). In both of these
papers Yellow Jersey, Red Jersey, Big Stem Jersey, and Porto Rico were
reported resistant.

Christie (7) checked several sweet potato varieties for the number and
state of development of nematodes in their roots three weeks and six weeks
after inoculation. He found differences between varieties in the number of
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nemavodes that developed to maturity in this periods In this experiment
Christie checked either 50 nematodes per plant or all the nematedes a plant
harbored. Daba was recorded for two planbs of each variety. With two

3

excepbions every plant checked yielded at least 50 parasites. The two

plants of the variety Orange Little Stem, a mubant originsting from Yellow

Jersey, yielded only six and eight nematodes respectively. Christie

frange Little Stem than entered the roots of other varieties.



MATERIALS ANWND METHODS

To ensure a continuous supply of inoculum throughout the period of the
work, a greenhouse bench was filled with nematode infested field soil.
Susceptible tomato plants, var. Marglobe, were kept growing in the bench ab
all times te maintain a population of nematodes in the soil and to provide
inoculum in the form of galls or egg masses. Wemabtodes from the root systems
of tomatoes and sweel pobatoes groun in the bench were identified as

Heloidogyne incognita.

In bthe tcomato experiments, the variety Marglobe served as a nematode

suscepbible standards. The resistant plants were introductions ¢of Lycopersicon
peruvianum or hybrids with L. peruvianum parentage. The resistant tomatoes
referred to in this paper arc designated by the following numbers:

Ii3-1-1 (L. peruviaenum x L. hirsutum) x L. esculentum. The history
of this hyerid is given Dy Frazisr and Denne% (12)e In
their paper it was des:Lgnated HES 3366, %ndlv:_dual
selection from iBS 3366 was designated L?—l. The
plants used in the present work were from seeds produced
on an individual of L3-1 growing in nematode infested
soil in the preenhouse in 1950,

63 Le peruvianum, Po I. 1209Li6.

6l L. peruvianum, P. I. 1206651,

Allgold sweet pobabo was used as a suscepbible standard for the sweet
potato experiments. The resistant sweet potatoes were:

Orlis-—-a mubtant from Yellow Jersey selected by 0. He Blmer in Kansas.

‘L’l’h:xs identification was made by A« L. Taylor, Division of Hematology,
Ue S« Department of Agriculture.

“This selecbion was made by . Be Cordner, Horticulbure Depariment,
Oklahoma Agricultural and Mechanieal Gollege, in 1948,
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tively short period of exposure to infecticn in the bench, then removed and

2

transplanted to autoclaved soil in potw.

Further attempts to find & suitable method for inoculation involved
the use of chopped nematode galls for inoculum. At first the incculum was
applied directly to the planbts in pots; later it was mixed with soil in a
large conﬁainer, left for a few days to allow fer habching and dispersal of
larvae, then sieved out of the soils This soil was then used to pobt plants
which were to be inoeculated. In all the inoculasticn experiments in which
chopped galls were used for inoculum, the plants were given an initial,

ort period of exposure tc infectiocn, then their rocts were washed thoroughly

in rwnning water, after which they were transplanted to auboclaved soil in
potea

None of the methods for inoculabing planbts so far described were
satisfactory. Examinations of the stained root systems of bthese plants
disclosed thalt in every case exbensive root decay had occurred, and it
further appeared ithat thils condition was worse on resisbant than on suscep-
tible plants. Isolations {rom roots of several plants yielded Rhizocbonia
8pe Because of this decsy of rooi systens, it was impossible to interprei
certain obéervaticms. For exanple, it wos observed that tihere were fewer

vbodes in the roots of resistant tomatoes a few days afber inoculation
than there were in roots of Marglobe. The question of how to account for
this difference then arose. Conceivably it coudd hove been due to a differ-
ence in the number of nemstodes that originally entered the plants, or to
a difference in bhe mmiber that survived after enbtering. If the latter were
true, it was desired bo know uhether fungns decay of vroots ovr factors in the
plants themgelves were responsible for the eliminabion of nemabtodes from the

roct systemsa
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To obtain more information on these probléms, a technique was needed
which would give reasonably uniform infection in a known, short interwval
of time, and which would avoid the problem of root decay incited by fungi.

It seemed that the technique used by Christie (4) for studying the
development of root-~knot nematode galls would serve this purpose. The
method consists of inoculating plants in Petri dishes with a water suspen-
sion of nematode larvas. In these experiments, plants as large as could be
- fitted into a Petri dish were used. These plants had considerably branched
root systems about two inches in lengthe OGingle planvs were inoculated by
pipetting a larval suspensign over the entire root system of each plant as
it lay in the bottom of the dish. The root system was then covered with
sand, soil, or vermiculite and watered. A cover was placed on the dish and
the plant left in the dish for 2l or L8 hours. At the end of the period of
exposure to infection the plant was floated free of the substrate, its rool
system was carefully washed in running water, and it was either transplanted
to autoclaved soil in a pot or stained'fur exanination.

Experiments of this general nature were repeated many times varying
the period of exposure, the substrate used to cover the rool systems, the
temperature, and the number of larvae applied. By use of this method, fungus
decay of roots was avoided. Consistent infection, however, could nob be
obtained. In one experiment it was possible to demonstrate nematodes in all
inoculated plants, but in several attempts to repeat this experiment under
as nearly the same conditions as possible no more than 50% of the inoculated
plants ever became infected.

Thé method that finally proved to be satisfactory was described by
Christie (7). Small tomato plants or sweet potato cuttings_were set into

autoclaved soil in 2-inech pots. The plants wvere allowed to grow in these
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until they had become pot-bound and a network of roots had formed at the
interface between the walls of the pot and the soil nass. The soil mass
containing a plant was then dislodged and removed intaclt from the pote.
Five nl. of a suspsnsion of nematode larvae in wabter was applied with a
pipette to the sides and bottom of the soil masse. The plant was then re-
turned to the pot and left for 24 or L8 hours. At the end of this period,
the plants were again removed from the pois, their root systens carefully
washed in running water, and they were transplanted to auvtoclaved soil in
Lh-inch potse. Washing the roct systems served to remove those nematodes
which had not already entered roots. By virtuve of this methed, the time of
entry of nematodes into the roots of any plant was known to within 2 or
L8 hours depending upon which period of exposure to infection was used.

To obbtain the large numbers of larvae that were reguired to incculate
plants by bhis method, the following procedurc was used. Root systems of
Marglobe tomato plants heavily laden with egg masses were iwmersed in water
in a large dish and manipulated wntil most of the egg masses became dislodged
and sank to the bottom of the dishe The roots were then removed from the
dish and the contents of the dish including debris and egg wasses were poured
over a l0-mesh screen. Some of the egg masses were collecited in a container,
but most were trapped in the coarse material held by the screene. A stream of
vater from the tap was run bthrough the material on the screen dislodging the

egg masses and allowing them to pass inteo the container.

hiater it was learned bhat Allgold sweet potato served as a better
source of egg masses bhan tomatoes. Nematode infected roobs of Allgold
sweet potato do not become as severely galled as Marglobe tomato roots and
practically all of the egg masses on small roots are situated externally
wiere they can be easily dislodged.
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To accomplish further separation, the egg masses were poured into a
large graduate cylinder. The egg masses guickly settled to the bottom and
the water with suspended debris was poured off. The egg masses were then
placed on a piece of checseclobh suspended by means of a nichrome wire
support in contact with water in a glass fumnel. Attached to the stem of
the funnel was a short plece of rubber tubing which was fitted with a pinch
clamp. The funnel apparatus was left at room temperatuvre for the larvae to
hatchi. Twice daily the pinch clamp was opened and the larvae were collected
and stored in a refrigerator at SQC to 706 until a sufficient supply was
accumilated.

In several experiments it was desired to count all ths nomatodes
present in the vroob systems of the plantse. To accomplish this, the intact
roob system of a2 plaut was floated out in a dish of lactophenol. A small
portion of the root gystem was cubt of £ and placed in lactophernol in a
syracuse watch glass. With the aid of a dissecbing microscope and a pair
of finely pointed needles, every nematode thalt could he found in this
portion of the root system was dissected out of the root tissue and counted.
This process was repeated unbil bhe entire root system of the plant had

been examined.



RESULTS

Tomatoes
Plants Inoculated in Pots with a Larval Suspension, Experiment 1

The tomato lines used in this experiment were Marglobe, lL3-l-l, and
6li. Kach plant was inoculated with approximately 3,000 larvae and left in
the inoculated pot for 48 hours before it was removed and transplanted to
autoclaved soil. Two plants of each tomato line were removed and stained
for examination after each period indicated in table l. Also shown in the
table is the number of nematodes in the entire root system of each plant.

A part or all of the nematodes in each plant were classified according
to their state of development. This classification was based on the cate-
gories used by Christie (7), shown in figure 1. Classes A and B include
all larvae up to the state at which the final molt is almost completed.
Classes C and D include those nematodes that have completed all the molts
but have not laid eggs. Class E includes only egg-laying females. The
distinctions between A and B and between C and D are based simply upon
differences in size and shape. Nematodes which had not reached the state
shown for Class A in figure 1 were also included in that class. In
Christie's work Sudan III was used to stain nematodes and according to him,
that dye will not stain larvae that have undergone no development. In the
present work acid fuchsin, which stains nematodes in all stages, was used.

Fewer larvae were found in the root systems of resistant plants than
in susceptible plants two days after inoculation. The number of nematodes
in Marglobe plants remained about the same throughout the experiment whereas
the nematodes in li3-1-1 had disappeared completely by the end of 17 days
after inoculation.



Fig. 1. Classes into which nematodes were grouped according
to the amount of development they had undergone. (After Christie)
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Table le.--fumbers of nematodes in entire root systems of tomate plants
at various periods afver iaoculation.

Period after Nematodes in each of stated btomato lines

. . Replicate
inoculation Marglobe h3-1-1 6l
Days Hoe Ho. Noe Noe.

2 1 211 sl L7
2 189 27 25
6 1 7l ) 10
2 136 3 i2
10 1 2@9 30 il
2 165 21 6
17 1 7 0 -
2 202 0 -
23 1 228 0 -
2 180 0 -
28 1 199 0 -

2 152 0
31 1 133 0 -
2 129 Q -

L¥



Both of the L3-1-1 plants removed for examination ten days after inccu=

lation appeared to be somewhal susceptible Lo nomatodes. Ih is beliewved

t bhese bwo planbs differed genetically frowm the other plants of the same

line with respect to nemabode resistance. The numbers of nematodes in these

AW

two plants, 30 and 21, respectively, is considerably lower thon the nuibors
in Harglobe plants removed at the same date bunb is nob substantially differ-
ent from the mumbers in hi=1-l plants removed h8 hours after imoculation.

The nemobodes present in the W3-1-1 plants ot ten days after incculetion had

undergone alnost ap much develeow

eont as the nematodes in Marglobe at this
same dotes  Although a few nematodes in Marpglobe plants were placed in Cless
w 1) and 21l nematodes in L2-1-1 werc placed in Class A, no nemabodes
in eltner tomabo line had advanced boyond the sceond larval stage and the

377 %31 -

difference in the shage of devwelom nemnbodes bebween lines was nob

Tield tesbts for nematode reslishaace also Dave indicoited geneble varicw

4

tion in bthe Lines of resishbant tomaboss neced in this worl. In these tesis

e secording to galling
of rocta., A rating of one was given to plants showing ns galls and a rating
of Tive was given to the wmost

mnjority of individuals ia read

ratings of one. 0Oceas were found, however, which were given

ratincs of thoee or fourse

There secms to have been & tendency also for nematodes to disappear

7

-

from the root systems of line 6l tometoes. Wo plants of this line were

vilable for study more than ten days after irnoculation bub the number snd

T

[
0

These testh

Lo
[SH

wore made by . Be Coydner in 1948 and 19h9.
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condition of the nematodes present at that time indicated that line 6L has
the same type of resistance as }j3-l-l.

No nematodes in resistant plants had developed beyond Class A ab any
date. Host of the nematodes in these plants had not developed ab all znd
the appearance of many of them indicated that they were dead at the time
that the plants were removed for exemination. A1l nematodes in Harglobe
plants removed less than ten days after inoculabticn were in Closs A. The
stage of development of 50 nematodss in each Marglobe plant from ten days
after inoculation to the end of the experiment,; 31 days after inocculation,

»

is shown in beble 2. dgg laying in Marglsbhe firsh begen at some time bebueen

A
(WT)
ity

A

nd 29 days after inoculation., By the end of 31 days after incculationm,

batween 90 and 95 per cent of the nematedes checked were egg-laying fomalese

Table 2.~--0tages of development of nematodes in Marglobe tomato ab
vorious periods following inoculation.

Period after . Nematodes in each of stated classes |
inoculation Replicate n 3 & 3 % Tobal
Days Nos Noe No. Noe Hoe Neo  Hoo

10 1 Lo 10 0 0 0 50

2 L& Y 0 0 0 50

17 1 10 27 13 0 c 50

2 12 29 9 0 0 50

23 1 0 7 11 32 0 50

2 1 3 13 33 0 50

28 1 0 1 2 6 L1 50

2 0 2 1 13 3 50

31 1 0 1 2 2 L5 50

2 1 0 1 1 W7 50
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222 nenavodss. One ndred of those weve checked for bheir shtate of develope

ahe  OF thone clecked 62 wore ploced in Class A and 3 in Olass B Dne of

“he 3-1-1 plants removed 1b daye after inoculation conbolined 62 nenstodes,
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four of ch were placed in Class B oand the remainder in Class A

Tal:le 3e--Nombers of nemabodes in entire root systems of tomato plants

ot various periceds after lonculshion.
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Ho nematodes in Marglobe tomabo had developed as far as Class B until
eight days afber inoculabtlon. The stage of development of 100 nematodes

from each plant from this date on vo the end of the experimeant ave given in
table Lo A few nematodes in each Margicbe plant examined 1 days afier
inoculation had completed all the molts. Ho nematodes in any resisband
plants ever reached the second molbe Mozt of the nematodes found in resiste

ant plants seven or more days after inoculation had undergone no visible
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development and many of them had obviously been dead at the time the plants

were removed from the soil.

Table l.~-3tages of development of nematodes in Marglobe tomato at
various periods after inoculation.

Period after Nematodes in each of stabted classes

inoculation Replicate n 5 G 5 = Total

Days Hoe Noe No - NO - Hoe. NO . o,

8 1 70 30 0 0 0 100

2 63 37 Q 0O 0 100

1 1 12 88 0 0 0 100

2 26 Tl 0 0 0 100

i 1 l 90 6 0 ) 100

2 8 88 L 0 0 100

HNeerosis of Tissue in Petri Dish Ixperiments

Attempts to inoculate plants in Petri dishes did not give consistent
infection and was not used for studies on the number of nematodes entering
plants or their rate of disappearance from the roots after entering. How-
ever,'nematodes did enter some roots of both resistant and susceptible
plants. Rooﬁ systems of plants.from these experiments were small enough to
be mounted intact on a microscope slide under a 50 mme x 23 nm. coverslip.
Bxamination of such mounts disclosed that larvae entering root tips of
resistant tomato plants had caused extensive injury tovcells by the eﬁd of
I8 bours after inoculation and had produced no swelling of root tips.
Nematodes entefing Marglobe root tips had injured a few cells in some cases
but the injury was very light by comparison with that produced on resistant
tomatoese. This difference is shown by a comparison of figures 2 and 3. T%

may also be noted that the merglobe root tip had begun to swell.



Fig. 2. Invaded root tip of tomato L3-l-l two days after
inoculation. The dark area surrounding the anterior portion
of the nematode is necrotic tissue. (X78)

Fig. 3. Invaded root tip of Marglobe tomato two days
after inoculation. Note small amount of cell injury and
swelling back of root tip. (X78)
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Tissue injury on resistant plants was easily discernible as a dark
area in fresh, unstained root tips examined with the dissecting microscope
at a magnification of 60 diameters. For this reason it was possible to
pick out invaded root tips to be killed and fixed for cytological studies.
Stained microtome sections of such root tips are shown in figures L and 5.
The dark areas are due for the most part to collapsed cells which were very
heavily stained by safranin-0, It seemed alsc that there may have been
some sort of extracellular deposit on the cell walls of some cells which
had been in contact with the body of a nematode. It could not be definitely
decided, however, whether this was the case or whether all the heavily
stained material consisted of collapsed host tissue.

Necrosis of Tissue in Pot Experiments

Nematode invaded root tips on resistant tomatoes from the pot experi-
ments exhibited the same type of injury L8 hours after inoculation as that
described for the Petri dish experiments. A comparison of root tips L8
hours and six or seven days after inoculation showed that in a few cases
nematodes had entered root tips, killed the growing point and had subsequently
died amid collapsed meristematic cells. This condition perhaps approaches
that described by Liao and Dunlap (15) in which nematodes were said to have
died before they had penetrated more than a few cell layers. In most cases,
however, nematodes entered root tips, caused extensive damage to the immature
tissues near the root tip, then migrated into mature tissue. Forty-eight
hours after inoculation many nematodes were found that had passed into
mature tissues and at this time cell damage surrounding the nematodes was
very slight. A week or more after inoculation most nematodes were in mature

root tissue and many were surrounded by dead cells. Many of the nematodes



Fig. L. Longitudinal section through invaded root tip
of tomato l3-1-1 two days after inoculation. Note collapsed
cells along path taken by a larva. (X325)
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Fig. 5. Longitudinal section through root tip of L3-1-1 tomato
showing nematode entering. The head of the nematode is toward the
right; the tail was cut off in sectioning. The collapsed cells to
the left of the nematode presumably were injured by the nematode
before it entered the root. (X325)
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Fige 6. Heavily invaded root of tomato L3-l-l seven

days after inoculation.

All the tissue below the nematode

at center was dead and disintegrating. (X78)
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Sweet Potatoes

Plants Inoceulated in Greenhouse Bench

Cuttings of Allgold, Orlis, Oklahoma 29, and Oklshoma L6 sweet potatoes
were placed in water and left until rcobs were just beginning to emerge.
The plants were then set into the infested soil in the greenhouse bench in
a Latin square designe. Rach plot contained two plants, making a hotal of
eight plants of each sweet potabto line., The plants were allowed to grow in
the bench for five days alter which they were removed and their roots
‘sampled. Four roots were selectsd at random from each plant except that no
roots less than 0.5 cm. long wers used. The roobs ranged from 0.5 to 10.L
cit. in length and all were unbranched. When the roots were stained and
examined, the length of each root and the number of nematodes it contained
were recorded, Average figures for these data are presented in table 5.

Table S.-~Hematodes in swect potato roots exposed to infection five
days..® ' '

Sweet potato Nematodes
line Root length Per root Per cm. of root
Cils Koo Noe
A1lgold 3.10 2.4k Ge75
Orlis 3.21 2.19 0,68
Okla. L6 Le72 5.l 1.1

2ach number in the table is an average for 32 roobs.

Oklakhona 29 and Oklahoma L6, two resistant lines, were high in the

number of nematodes they acquired while Allgold, a very susceptible line,



and Orlis, a very resistant line, were low. Thus it is seen bthat no rela-
tionship between resistance or susceptibility and the mwber of nemaitodes
originally entering a root is indicated. The differences obbained appear

Lo be related Lo root length rather than to registance and suscepbibility.
As shown in table 5 the potato lines that averaged high for root length
also averaged high for number of nematodes. Flants with longer roots nobt
only acquired more parasites per rool but more per unit length of root. To
explain this it seems necessary to assume that the longer roots were longer
not because they had grown fasbter, bub because they were older and thervefore
had been exposed to nematodes for a greater period of bime.

The very high number of nematodes recorded for Oklahoma 29 was due to
the fact that the two planbs in one particular plot were very heavily
invaded. The mmber of nematodes recorded from this plot was more than
eight times the average for the obher three plots of Oklahoma 29. If the
average Tigure for the other three plots is subsbitubted for the very high
figure obtained in the one plot, Oklahoma 29 is very similar to Oklahoma L6
with respect to the number of nematodes acquired. An snalysis of variance
indicated no significant differences between the means of different varieties
with regard to the number of nemabodes per plant. For purposes of bthis
analysis the length of roots was disregarded.

The variation in this experiment was very large and small differences
in the numbers of larvae entering different varieties could well have been
missed. Since, however, the differences that were suggested were not related
1o resistonce and susceptibility, no atienpt was made to refine and repeat

the experiment.

Plants Tnoculated in Pots with a Larval Suspension, Fxperiwent 1
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In this experiment plants wsre insculated with a larval suspension in
pobs, lefl exposed to infectbion for LB hours, and transplented to sterilized
soil. The number of Jlarvae applied per vlant was not determined. The
first plents were removed and stained for examination 16 days after inocula-
tione. Plants were removed alsc at 22 days and L3 days after inoculation.
Only one plant of each variety was removed at a given date. Because one
Adlgold plant died after inoculation, it was necessary to substitute znother
wlant for examination at two different dates. The plant was removed from
the pot for the 22-day examination and only a part of its root systen was
taken. Then the plant was re-potted and the remainder of ths root system
used for the h3-day examination. A1l the nematodes in each plant were
counbed and all nematodes were classified according to their state of
development. This datz is shown in table 6.

As in the tomabto experiments the nematodes tended to disappear from
the root systems of resistant plants with the passage of time after inocu-
lation. Those nematodes that persisted were retarded in their development.,
Sixteen days after inoculation almost half of the nematodes in Allgold had
completed the series of molbs thalt cceur in plant tissues. Two nematodes
in Oklahoma 29, one in Orlis and none in Oklahoma L6 had reached this state
of development. Only two‘egg—laying females were found in Orlis L3 days
after incculation. Both of these nematodes were considerably undersize and
had laid not more than 25 or 30 eggs.

An inspection of table 6 suggests that a second generation of nematodes
was encountered in Allgold 13 days after inocculation. The relatively high
number of nematodes in Classes A and B and bhe very few in Class § with an
increase again in Class D would seem to indicate that the most advanced of

the second generabion had not developed beyond Class C. The number of



Tavle G.==Sbages of development of nematodes in sweel pobatoes ab
various periods after inoculation.

Pericd after Sweet pobato Wematodes in each of stabted classes

inoculation line AT c N Totel
Days Hoe No. Noe No. No. o

16 All;:-eld 55 7 166 0 0 368

Qe 29 136 L2 2 ] O 180

Ukla. hé 127 7 G 0 0 13

Orlis 16l 6 1 0 0 17t

o0 Alleold” 13 4o 25 38 0 113
Okla. 29 5l 39 15 i 0 1

Okla. L6 LS 19 1 0 0 78

Orliis 36 19 6 O 0 61

13 Allgord® 15 o5 2 L2 63 17
Okla. 29 ! 13 3 8 33 58

Okla. L6 1 3 9] 6 16 26

Crlis 1 1 3 3 i 8

Kal

#he root system of this plant was divided at the examination made 22
days efter incculutiocn. Part of the root system was removed from vhe plant
and examined at that time, the plant was then reburned to a pot and the
repainder of the root systen examined L3 days after inoculotioii.
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second generation larvae seemed much lower than would be expected since the
color of the egg masses on bhe plant indicated thet they were quite maturee.
A possible explanation for this would be the large number of presumably
predatory mites that were found in collapsed galls on this plant. These

mites were not found on any other plant in the experimente

Plambs Incculated in Pobs with a Lexval Suspension, Dxperiment 2

The same procedure used in the oreceding experiment was followed here
except thalt arcund 10,000 larvae were applied to each plant and the planis

ey

were sxpoced to infection for only 2k howrse The resulbs of the experiment

(.

ave giwen in table Te

\,:l:!
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The results of the examination made immediabtely afier inoculation would

seem bto indicate no appreeclable differences between varieties with regard io

the numbeyr of larvae that hed enbered the plants.

recorded for Oklahoma U6 and the lowest for Orlis.

are very resistant.

The highest number was

Both of these plants

Twenty~one days following ineculation the number of nematvodes in

resisbtant varieties seems to have been considerably reduced,

were rebarded in thelr development.

At this date no nematodes in resistant

Those present

nlants had progressed beyond the second larval stage whereas in Allgold

alnost 79%4 of the nematodes had completed all the molts.

Table 7.--Stages of development of nematodes in sweet poltatoes at
various perieds after inoculation.

Period after

Sweet potato HNematodes in each of stated classes

inoculation Lline A B - D T Total
Days No. No. No. Wo. Noe  Ho.
1 Allgold 211, 0 0 0 0 211
Ckla. 29 151 O 0 0 0 151

Okla. 46 29 #} Y] §] O 221

Orlis L3 0 0 o) 0 148

21 Allgold 2 53 217 22 O 294
Ckla, 29 67 hh O 0 O 111

Okla. 46 60 21 0 0 0 81

Orlis 11 0 ] O ] 11

31 A1lgold 3 32 16 25 1568 2Ll
Oklae 29 19 31 16 17 2 85

Okla. L& 9 26 6 8 1 50

Orlis 1 6 0 0 0 T

Thirty~one days after inecculation no unemabtodes in Orlis had reached

the molting stage or if they had, they had subseguenbly died and wewre nec



longer discernible. Only seven nematodes were found in this plant. One
nematode in Oklahome h6é and two in Oklakoma 29 had laid eggse AlL three
of these epg merses were very small compared to those on Allgold and the
mature females were badly stunted. In this particulayr experiment, however,
the egg masses on Allgold were smaller than usual for that variebty.

Apparently no second generation nematodes were encountered in this

experiment.

Necrosis in Sweet Potatoes

Examinations of root systems qf resistant sweet potato plants 2L or
L8 hours after inoculation revealed that nematodes entering root tips
oceasionally produced necrosis of meristematic cells siwilar to that
described for resistant tomatoes. Tissue necrosis at this short interval
alter inoculation, however, was rare in sweet potatoes. HNematodes in
resistant sweet potato roots did produce a very considerable amount of
necrosis but this occurred later and usually involved mature bissues of
the cortex. No sweet potato roots were examined between L8 hours and 16
days after inoculation.

Sixteen days after incculation some nematodes in resistant roots were
located with their heads in the vascular cylinder where glant cells had
formed. The nematodes in this situation usually showed some signs of
develorment although their development was retarded compared to nemabodes
in Allgold roots. Many other nematodes were lecated in cortieal tissues
where they had undergone no visible development. These parasites were
.. usually surrounded by dead cells and in any case no giant cells had formed.
The condition of many of the nematodes found in this area of the root left

- no doubbt that they were dead al the time the roots were stained. Dead
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Fig. 7« Section of cortex and epidermis of Orlis sweet
potato root containing a larva surrounded by dead cells. The
body of the nematode extends out of the lesion toward the left.
The head of the parasite is imbedded in the lesion. (X78)
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dark, gramalsr cyboplasm. Newatod
sbages of disintegration. As in bhe resistant tomatoss, nemabtodes could be
Tound which were recognizable along only a part of their lengths When
counths were made, under the microscope, only nematodes that could be
definmitely distinguished were includede

With respect to necrosis of host tissue and death of nemstodes, Orlis
and Oklahoma )6 presenbed about the same picture. In Oklahoma 29 tbhere
were more nenabodes whieh kad nob produced the necrotic reaction in host
tlesue and wore nemovodes developed to wmaturitye

Abundant galls were formed on roebts of Allgold and to & much lesser
depree on Oklahoma 29. In these experiments swelling was aluost absend
from voots of Oklahoma L6 and Orlis,

The description given for plants at 16 days after inoculation applies
about as well for 21 and 22 days after inoculation. At 31 and L3 days few
nematodes were found surrounded by necrotic tissue. Most of the few
nemabodes remaining in resistant plants at these dates were locabed with

their heads in the stelayr region and usually had uandergone at leagt some

develooment.



DISCUSSION

Barrons (2) could find no evidence that resistant and susceptible
plants differed with regard to the number of nematodes that entered their
roots. Christie (7), on the other hand, presented data from which he
concluded that some plants are invaded by only a very.fEW'nematodes. In
Barrons' work the plants were continuously exposed to infection in infested
goil until the tiwme the roots were exsmined. Barrons counted the nematodes
in the terminal centimeter of each sampled root. This method would be
expected to reveal only those nematodes which had entered the reot during
the period of growth of the terminal cenbimeter. Therefore the nematodes
observed by Barrons had been present in the roots for only a relatively
short pericd and evidently no reduction in number had occurred in resistant
roots due to death of nematodes. In Christie's work plants were exposed to
infection for a period of only 2L hours then examined three to eight weeks
after incculabion. In the light of the present research it seems possible
that the reduced nuwnber of nematodes found by Christie in resistant plants
was due not to a failure of the larvae to enter but to thelr death and
disappearance after enteringe This would seem particularly to apply to
Christie's sweet potatc experiments which have already been deseribed. I%
may be remembered thalt Christie found few parasites in Orange Littie Stem
three weeks or six weeks after incculation. In the present work, few
nematodes were found in resistant sweel potaboes at about these same periocds
‘after inoculation but little difference could be noted between resisbant and
susceptible sweet potatoes one day after inoculation. One of the resistant
sweet potatoes used in this work was Orlis which, like Orange Little Stem,

originated as a mutation from Yellow Jersey. It seems probable that Orange

h
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L6

generalized necrosis throughont the ares.
Necrosis of root tlssue as a result of invasion by reob-knot nematbodes
has been mentioned in the literature. Frazier and Dennet (12) stated that

some necrosis was observed around nemabodes in tomatoes with Lycopersicon

peruvianum parentage. The extent of this necrosis or its possible signifi-
cance in relation to resistance was not discussed. Christie (9) states that
if a plant is slightly to moderately resistant, entering larvae will often
produce a small necrotic area at the region c¢f invasion. The significance
which Christie attributes to this observation is indicated by the following
guotatione
That larvae faill to develop in resistant plants because

they kill the tissues on which they depend for food is an

atvtractive theory but one that, on close scrutiny, does not

appear to be adequate. It seems probable, however, that tnis

reaction of the tissues is one of the factors that make some

plants wasuitable hosts and thal sometimes it may be largely

responsible for the deatih of larvae.

Tt appesrs that a necrobic reaction of host tissue in response Lo
the presence of nematodes should be considered of fundamenbal importance
to the defense wechanism of the resistant plants used in the present
investigabtione It maey be noted that in the sweet potato experiments
nematodes with their heads iwbedded in the central eylindsry usually had
failed bto cause death of swrrounding cells but had instead induced giant
cell Fformation. These parasiles usually were undergoing a retarded develop~
ment whereas nemabtodes in the cortex had pel produced giant cells and had
failed completely to develop. A roob-lmot nematode in final feeding position
in a root usually lles with the head in the vascular cylinder, but Linford
(19) has demonstrated that wigrating larvae feed in the cortex before

asswiing the final position. Many of the nematodes in registant sweet

. potatoes died in the ecortex before becoming establisbed with their heads
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disappeared. - In the latlter case; necrobic areas in the root may have been
present but it would not have been evident that they were due to nematodess
In the present work if no sweet potato plants had been examined between L8
hours and 30 days after inoculation, it is not likely thalt the samll amount
of tissue damage cbserved at these times would have attracted abtention.

In addition to the matbter of timing, fungus decay of roob systems
may have been z factor in obscuring observation of nematode incited necrosis
in resisbant plants. Several workers have reported difficulty in this
respechs Bailey (1) and Frazier and Dennet (12) used a solution of copper
oxide on seil in an attempt to reduce fungus decay of tomato roots. Frazier
and Demnet reported that decay of root systems of resistant tomatoes

(Lycopersicon peruvianum hybrids) was common. Possibly a part of this decay

was produced by the nematodes themselves bubt it was lmpossible to separate
the effects of the fungi from those of the nemabodes,

A survey of the liberature has shown how the concept of resistance Lo
roob~knot nematodes has chanped from the early view that nematodes failed
to enter resistant roots Lo the view that nematodes do enter, in most cases
ab least, bub fail to survive after entering. Perhaps it may now be added
that, at least in some cases, the failure of the parasites to swrviwve is
due bo the fact that they kill the cells upon which they are dependent for
food,

The point has been made that resistance iun plants to root-knot nematodes
must be evaluated in terms of host-parasite relations before such plants may
be utilized nost effectively. The present research has necessarily been of
an exploratory nature, but the results indicate that plants with the type
of resistance found in bomato lines 63, 6l; and L3-l-l and sweeb potato

lines Oklahoma L6 and Orlis, could be expected to grow in nematode infested



soil, to escape serious injury and, indirectly, to depress the scil
population of nematodes thus affording some protection to a future crop.

L9



SUMHARY

Hemabode resistant tomatoes, Lines 63, 6L, and h3-=l-l, have been
coppared with a susceptible tomato, variety Morglobe, wibth respect Lo
host=parasite relations involving the root~knot nematode Heleldogyne

incognita. Small plants growing in pots were inoculated with standardized

o

lerval suspensionse. All larvoe uhich had not entered the root systems in

L& hours were removed by thorough washings the plants were then renotbed

L—t.

in sterilized solle After vorious time intervals, roobt systems were remcveds
mahed, shained; and obgerved for the number and shale of developrment of
the nematodess Babdre rooh systems were used for determining the number

of nematodes present. Uherever available 50 or one hundred nematodes per

=19 47T

olont were checked for their shbate of develom

By the end of L8 hours after inoculation there were at loast twice as
many nematodes in the root sysbems of susceptible plants as there were in
rasistant plants. Twenby=-four hours after incculation, however, there were
no appreciable differences.

The nenatedes entering roobs of resistant plants in the original
infection period falled to develop as far as the second melt, 2Lbout two
weeks following inoculation most of the nematodes had died snd diseppeared
from resistant roobs. Hemabodes in resistant roots were usually surrounded
by necrotic host btissue. The mumber of nematodes in susceptible planis did
not chanse with the passage of time after inoculation, ab least up Lo a
seriod of choub a monbh, and in this period the nematodes developzd bo
erg=laying maburity. Lithle or no cell injury was observed in susceptible

nlant materials

Resistant and susceptible sweebt potatoes were studied using the same



registant lines used.

teen used with tomatoes.

The variety, Allgold was used as

Stible stendord; Oklahome 29, Okiahoma L6, and Orlis were the

ith respect to the number of newatodes entering sweel potato rools

in the original period of infection, no apprecilable differences were noted.

As in the tomatoes, however, nematodes tended to disappear from resistand

roots with the passage of time after inoculation.

Development of nematodes in resis

not so much as in resistant tonatoes.

tant rools was sharply retarded bub
¥

A few nematodes in all sweet potato

lines reached egp-laying maturity. The few egg masses produced on resistant

roobks were small and the mature females were below normal size.

As in the tomatoes, nematodes produced necrosis of nost tissue in

resistant roots. This reaction, however, appeared somewhabd iater in sweeh

potaboes than it did in tomatoes.
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