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imtrodbctiom and review of litem tubs

Root knot, a plant disease caused fay nematodes of the genus 
Meloidogyne, Soldi, 18S7, 1 m s  first reported fay Berkeley (£) ̂ in

on cue ember roots taken from an greenhouse • The first
printed reference to root-knot in the United States is that of J. 1* 
lay (l6) in which he states that he saw the disease on violets in 18?6 . 
Homographs of Heal (Ip) and Atkinson (2) In 1889, Stone and Smith (27) 
in 1898 and Bessey (U) in 1911̂  constitute the first extensive investi­
gations on the disease in this country• These early American workers 
obviously recognised that nematodes causing root knot were obligate 
parasites since they recommended control by growing non-ausceptible 
crops* and probably were the first to recommend crop rotation for 
eontrol of this disease* The discovery, however, that root-knot 
nematodes are obligate parasites should be credited to Goldi (11*) who 
in 1887 studied the embryology and development of a root-knot nematode 
infecting coffee in Brasil, which he called Xsloldogyne exigua. Be 
observed that young larvae would hatch in the laboratory but would not 
develop further. He knew, however, that they could complete their life 
cycle in roots of certain plants.

Various developmental stages in the life cycle of a root-knot

T̂iematodes of this genus were formerly grouped under the genus 
Heterodera marioni (Cornu, 187 )̂ Goodey, 1932.

2numbers in parentheses refer to literature cited.(21) .
%hls was apparently the first published mention of occurrence 

of root knot in Maryland.
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nematode are shown in Figures 1 and 2. Eggs (Fig* 1-A and B) laid by 
the adult female (Fig. 2) develop into larvae (Fig. 1-C) which migrate 
through the soil and enter roots of host plants. In the roots, the 
larvae migrate to a position near the axial cylinder and become 
sedentary. Here they begin to feed and rapidly become sausago-shap©d 
(Fig. 1-D). At this point the last of four molts take place. Females 
become pear-shaped (Fig. 1-0 and Fig. 2), while males are transformed 
into elongated eel-shaped worms about 1.3 mm. long (Fig. 1-E and F) • 
the full grown females which measure about 0 .8 mm. long by 0 .5  mm. 
wide produce an average of 30° to 600 eggs which are deposited in a 
mass held together by a Jelly-like substance (Fig. 2). Males are fre­
quently found but there is some evidence that they are not necessary 
In the production of progeny (30) •

Mareinowskl (17) in 1909 prepared the first extended list of 
plants attacked by the root-knot nematode by listing 235 species. 
Subsequently in 1911, Bessey (U) enumerated about U80 susceptible plant 
species. In 1931, the Imperial. Bureau of Agriculutral Parasitology, 
Winches Farm, St. Albans, England, issued a list containing 569 names 
of plants attacked • In 1933, Buhrer, Cooper and Steiner (6) and in 
1938, Buhrer (7) listed a total of 1332 host plants. The present 
list (1952) maintained in the files of the Division of Hematology,
D. S. Department of Agriculture, numbers 1865 species.

As the root-knot nematodes were more extensively studied, evidence 
was found that there were differences in the host preferences of these 
parasites from various locations. For example, Sherbakoff (2!*) in 
1939 reported considerable root knot injury to cotton grown on land 
previously planted to cotton but observed no injury to cotton grown
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on land previously planted to tomatoes even though the tomatoes had 
been severely* injured by root knot* Tyler (31) in 19hl compiled 
the available information on plant species and varieties that had 
been called either resistant or tolerant, revealing may inconsist­
ences in host reactions to the root-knot nematode* The outstanding 
work of Christie and Albin (10) in 19U1* and Christie (11) in 19U6 
established beyond all doubt that there mere several strains or races 
of the root-knot nematode* These investigators demonstrated that 
differences in the host-pamsite relationships of the different races 
may become manifest in at least two wayst (l) a plant may be suscept­
ible to one race and resistant to another; or (2) a plant may be 
susceptible to each of two reees but the type of root galling produced 
by one race may differ from that produced by the other* Chitwood (8) 
in 19h9 after making a morphological study of the root-knot nematodes, 
removed them from the genus Heterodera* reassigning them to Meioldogme * 
Five species and one variety were described by Chitwood at this time* 
Later (1952) he described another subspecies (9) • In 1953, another 
new species m s  described from Ceylon by Loos (15) *

The above work explains to a great extent why control of root 
knot by crop rotation (12, 22, 23, 32) has been successful in some 
instances and not in others* Hoot-knot nematodes being obligate 
parasites, depend upon suitable host plants for development and repro­
duction* Alternating Immune or resistant crops with susceptible crops 
decreases the amount of reproduction of the nematodes and keeps the 
population at a low level. In selecting suitable crop plants to be 
used in rotation programs, it is necessary to know (l) the species 
of root-knot nematode present and (2) plant species which are immune,
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resistant or susceptible to that particular nematode species* It is 
also helpful to know If larvae enter the roots bat fail to develop to 
maturity and reproduce ♦ Plant species which the larvae enter but in 
which they fail to develop may be used to trap nematodes and such 
plants should be more efficient in a rotation program than plants 
which they fail to enter* Barrens (3) in 1939 while apparently working 
with a single species, or a mixture of two or more species, found no 
significant differences between the mean number of larvae entering the 
roots of resistant and susceptible plants when all were equally exposed 
to root knot inoculum* However, in 19U6 Christie (11) working with 
several races of the nematode (later shown to be species) demonstrated 
that larvae of some races did not enter the roots of seme plants as 
readily as did others*

The present research was undertaken with the following alms in 
view? (1) to determine susceptibility of important agronomic crops 
which might be used in rotation programs to control species of root- 
knot nematode known to occur in the eastern Hnited States and (2) to 
determine the behavior of these nematodes in resistant plants* Other 
studies included a survey to determine which of the root-knot nematode 
species occur in Maryland and their approximate distribution within 
the state*



MATERIALS AMD IffiTHOISS
A . Definitions

In literature relating to nematode diseases of plants in general 
and root knot in particular, numerous terras such as Infection, resist­
ance, susceptibility, tolerance, immunity and the like are used. These 
have been borrowed from related sciences and used with more or less 
diverse meanings according to the circumstances. In nematological 
literature, only a few authors have made an effort to'define their 
terms exactly —  Steiner (2£) 1929, Barrens (3) 19?9# and Tyler (31)
19 UU. &ven where this has been done, there is little exact agreement 
between authors as to the meanings of certain terms. In addition, 
concepts have changed as additional information has bean obtained. 
Usually the borrowed terras relate to somewhat parallel cases in other 
fields and are understandable from the context. Nevertheless, the 
relationships of root-knot nematodes to plants are often such that 
they cannot be fully understood by study of the definitions of terms 
in standard dictionaries or by reference to definitions such as those 
published by the Committee on Technical Words of the American Phyto- 
pathologlcal Society (20). However, the relationships of nematodes 
to plants do not warrant the coining of new words to express these 
concepts. Rather, it seems best to define the terras as used in this 
thesis to facilitate an understanding of the problem. The following 
definitions are not Intended to apply to the whole field of neraatology, 
but only to root-knot nematodes and their relations to plants.

Infection is used to mean invasion of the plant by larvae of the 
root-knot nematode. It does not imply that the nematode is feeding on
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the plant tissue or even that it can live in plant tissue for more than 
a short time, but simply that the living nematode Is in the plant 
tissue • To infect is to invade the plantj an infected plant is on® that 
has been invaded, and infection is the process of invading the plant 
or the state of being in the plant.

An iiantttis plant is one which is never invaded by the larvae of the 
root-knot nematode • Evidence for existence of immunity must necessarily 
rest on negative examinations and therefore there can always be some 
doubt that a plant is really immune* In practice, it means that nema­
todes wer® not found in the plant after a thorough examination.

Resistance to infection indicates that the plant is invaded by 
reduced number of nematodes, even in the presence of large numbers of 
larvae and under conditions where there is no apparent external cir- 
o urn stance which would prevent Invasion of the plant. In practice, it 
would indicate that the plant had been subjected to experimental condi­
tions favorable for infection similar to those in which another plant 
had been heavily infected. Resistance to infection is highly variable, 
ranging from near immunity to high susceptibility according to plant 
species and perhaps to other factors•

Susceptibility to infection is the opposite of resistance, and can 
be used interchangeably with resistance provided the sense of the modi­
fying adjective is changed* A highly resistant plant has low suscept­
ibility.

According to th© definition of the Committee on Technical Words, 
a host is a "living organism harboring another organism or virus 
dependent on it for existence." If existence is defined as continued
existence of th© species and not merely temporary existence of the
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individual, a host would b© a plant in which th© nematodes can repro­
duce* A host plant of a root-knot nematode species is a plant in which 
the species can reproduce* Bnder this definition, infected plants may 
or may not be host plants* Host plants may be susceptible host plants 
in which nematodes reproduce freely or resistant host plants in which 
reproduction is inhibited* The important distinction between plants 
resistant or susceptible to infection and resistant or susceptible host 
plants is that reproduction takes place in host plants, but may or may 
not take place in plants resistant or susceptible to infection*

A useful antonym of host plant is non-host plant* This is a plant 
in which the nematodes are unable to reproduce* Hon-host plants may 
range from immune to highly susceptible to infection, provided that 
there is no reproduction by th® nematodes*

Tolerance is used in the moaning given by th® Committee on Techni­
cal Words s "Ability of the Infected organism to endure the operation 
of a pathogenic factor or Invasion by a pathogenic organism or virus 
with little or no reaction, as shown by the more or less complete 
absence of symptom expression and damage." Tolerance relates to root 
knot as a plant disease*

B* Identification of th© Root-Knot Nematodes(Meloidogyne son*)
Before undertaking the investigations outlined in the introduction, 

it was necessary to become thoroughly faisiiliar with the different root- 
knot nematode species to be used in the study and to be able to make 
species determinations rapidly and accurately. Since the characters 
used by Chitwood (8) in his differentiation of species were either 
variable or applied to the males which were not always readily available,
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under the microscope, using the oil immersion lens, type material was 
also examined. Photomicrographs were made of many of the perineal 
patterns for further study and comparison, these were made with a 
Letts *lfe.kauiw camera mounted on a Bausch and Losh research microscope 
under the following conditions5

Magnification —  666.
Objective —  Apochromatic 90X-2mm-l.30 H.A., oil immersion.
Ocular —  8x periplanatie - tube length 160 mm.
Illumination and condenser —  Bausch and Lomb Panfocal 

Illuminator with permanently aligned integral 
achromatic condenser and light. M. A. of condenser was 
set at 1.0. Illumination consisted of a 6-8 volt bulb 
operated directly from 11*? volt, 60-eyele A. C. line 
through adjustable transformer.

Filter —  Nonej stain; none.
Film —  Contrast process panchromatic 9X12 cm* cut film.
Exposure —  Variable depending on specimen; usually 10 sec.
Developer —  D-ll diluted 1*1 for recommended time-temperature 

development •

C . Isolation and Culture of the Root-Knot Hematode Species
Roots of several plant species severely infected with root-knot 

nematodes were collected in the fall of 19$0 from several locations in 
Maryland. These were brought into the laboratory and all soil removed 
by washing. Individual egg masses which usually protrude from the 
roots, were removed from th® female nematode with the aid of forceps 
and placed in a No. 00 gelatin capsule containing moist soil. Each
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capsule m s  nus&ered. The embedded female from which th© egg mss cam 
ms then removed from the .root tissue and preserved in five percent 
f ormldehyde * Bach female m s  given a number corresponding to the 
egg mass and later identified as to species* Several capsules were 
prepared as described above and taken to th© greenhouse where single 
capsules were placed in h-ineh pots of steam sterilised soil with a 
tomato seedling which had been propagated in sterile soil* The pots 
were watered thoroughly and placed on greenhouse benches on inverted 
clagr saucers* Th© purpose of the saucers was to prevent contamination 
from th© greenhouse benches* Contamination by splashing water during 
watering was eliminated by wide spacing of the pots. Capsules contain­
ing eggs were found to dissolve in about 21 hours in moist soil. After 
about 30 days the root systems were examined for infection and nematod© 
reproduction. Infected root systems which contained mature females 
with egg masses were then divided into several lots and used as inoculum 
for other pots also filled with sterile soil and planted with tomato 
seedlings grown in steam sterilised soil. By this procedure large 
quantities of inoculum from single female cultures were obtained in about 
four months for Ifeloidogyn© Incognita (Kofoid and White, 1919) Chitwood, 
19U9, M. incognita var. acrlta Chitwood, 19U9 and Jf. hapla Chitwood, 1919. 
Single female cultures of M. arenaria (Meal, 1889) Chitwood, 19U9 and 
M. .lavanica (Treub, 1885) Chitwood, 19b9, also used in this study were 
obtained from cultures maintained by the Division of Hematology, TJ. S, 
Department of Agriculture, Beltsville, Maryland. This was necessary 
since neither of these species were found in any of th© collections 
obtained in Eferyland. Hutgers tomato plants were used to maintain th© 
cultures since this variety is highly susceptible to all the above
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root-knot nematode species* M* arenarla subspecies thamssi. Chitwood,
19£2, and M. brevlcauda Loos, 19 £3, bad not been described when these 
investigations were begun and were not included in these studies.

nNeither was W* exigua Qoldi, 1887, included since it has never been 
reported as occurring in the United States, except at the New York 
Botanical Gardens•

P. Studies on Susceptibility of Plant Species to Root-Knot Nematodes
Seed for most of th® crop plants tested were obtained from a com­

mercial seed producer? to insure that seed of high germination percentage 
and known origin were used in these tests* Seed for some of the crop 
plants not available from this source, were obtained either from the 
U* S. Department of Agriculture or from local reputable seed dealers• 
Seedlings of test plants were grown in flats of sterile soil and trans­
planted to thumb pots for about 10 days to permit growth of a good root 
system. In some of the tests, depending on the crop plant, th® seed 
were sown directly into the inoculated soil*

Four-inch pots used in these experiments were partially filled with 
a sterile mixture of on® part soil and one part sand* Approximately 
five grams of roots heavily infected with one of the root-knot nematode 
species being tested were then added to each pot and th® pots filled 
with the sterile soil mixture. The various t̂ st plants were then 
planted. There were five replications for each test. For each series 
of plants tested, five pots each receiving approximately five grams of

Ŝupplied through the courtesy of Associated Seed Growers, Inc.,
New Haven, Connecticut.
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infected roots from the same lot of inoculum were planted with Rutgers 
variety tomato seedlings. These served to indicate inoculum potential. 
Test plants and tomato indicator controls grew for periods of time 
ranging from U5 to 60 days, depending on the plant. Th® only exceptions 
to this were with woody-type plants which were allowed to grow for as 
long as six months. All tests were conducted in the greenhouse with 
temperatures of 6£° F. or above. Adequate space was allowed between 
series of test pots involving different nematode species to prevent 
contamination from splashing. Furthermore, all pots were placed on 
inverted clay saucers to prevent possible contamination from the green­
house benches. Whenever possible, tests for the various crop plants 
were conducted during the season of year in which they would normally 
grow in the field. Susceptibility of th© test plants to the various 
root-knot nematode species was determined by carefully washing all 
soil from roots and observing the amount of infection and reproduction 
on the roots. Reproduction was assumed to have occurred only when egg 
masseh were observed. Tomato indicator controls were also examined and 
unless these were severely galled the tests were repeated. A rating 
system with the following symbols and definitions was used to indicate 
the degree of infectiont 0, no infection or if larva© entered th© 
roots they did not develop into mature egg-laying females; 1, extremely 
light infection with only an occasional mature female with egg mass 
found; 2, light infection with mature females and egg masses easily 
seen with the naked eye; 3, moderate infection with full grown females 
and egg masses moderately abundant; h» severe infection with mature 
females and egg masses very abundant.



13

In all cases in which infection coaid not he detected with th© 
naked eye or by aid of the dissecting microscope, th© roots of the test 
plants were stained with lacto~phenol-acid fuchin (18)* After clearing, 
these were examined under the dissecting microscope for the presence 
of nematode Infection* Tests yielding negative results were repeated 
except in a few cases in which it was not possible to obtain additional 
cuttings or seedlings for making the tests* In some cases where nega­
tive results were obtained for a given crop variety, additional 
varieties of that crop were tested, but only against the nematode 
species which gave negative results* For those crop species which were 
obviously infected, a small portion of the root system was preserved 
In five percent formaldehyde and a microscopic determination of th© 
nematode species involved was made before the crop was recorded as a 
host*

E* Studies on Infection and Development of Root—Knot Nematodes 
^  ̂ g^l^an^ and Susceptible Maoris
Inoculum for each of the nematode species used in these tests was 

prepared as follows s Roots of various plants severely infected with a 
single species of the root-knot nematode, were washed free of soil with 
a gentle stream of water* Infected roots with numerous egg masses pro­
truding from them, were then cut into small pieces* Approximately five 
gram samples were then placed in a Waring Blend or with 80 ml* of water* 
The blend or was allowed to run for 10 seconds, and the contents then 
poured onto a three sieve combination consisting of a 30-mesh over a 
100-mesh over a 325-mesh. A forceful spray of water was directed on 
the top sieve which washed the dislodged egg masses and larvae through 
onto the 100-mesh sieve. Root debris caught on the 30-raesh sieve was
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discarded. A gentle stream of water was then directed on the 100-mesh 
sieve which washed larvae and any eggs which had become detached from 
the egg mass, onto the 325>-mesh sieve. Intact egg masses caught on 
the 100-mesh sieve were washed off with a small amount of water and 
again placed in the Waring Blender. The blender was run for 60 seconds 
to dislodge all eggs from the egg masses. This suspension of eggs was 
then poured into a large beaker. Eggs and larvae caught on the 3215- 
mesh sieve were washed into the same beaker with a small amount of 
water. Several hundred milliliters of inoculum consisting of a suspen­
sion of eggs, larvae and root debris were prepared in this manner for 
each of the root-knot nematode species to be tested. Four-inch pots 
used in th® experiments were prepared by partially filling with sterile 
soil. Inoculum was then added and the pots filled with sterile soil. 
Inoculum in the series of pots used for each species of nematode was 
equally divided among all the pots of that series but no effort was 
made to insure that pots in different series received equal amounts of 
inoculum. Plant species ranging from apparently immune to highly sus­
ceptible for the particular nematode species being tested, were planted 
in the pots. Five pots were used for each combination of nematode 
species and plant species, and th® plants were allowed to grow for 20 days 
under greenhouse conditions. At the end of this period, the soil was 
carefully removed fro®, th® roots by washing, -which also removed any nema­
todes which might be on th© outside of th© roots. Nematodes in the 
roots were freed fro® th© root tissue by a modification of th® technique 
described by Taylor and Loegaring (29). Samples of approximately five 
grams of root cut interlaces not more than two cm. long were macerated 
in the Glaring Blender. The blend or was allowed to run for 20 seconds.



The macerated tissue and water was then poured onto a three sieve com­
bination as previously described# A forceful stream of water was then 
used to wash the nematodes through the top two sieves onto the 32£-mesh 
sieve# Most of the root tissue was caught on the top two sieves and 
discarded# The nematodes were removed from th® 32̂ -mesh sieve bgr 
placing it upside down at an angle of 1*5>° with the edge on a 6oo ml. 
beaker in such a manner that water poured on the bottom of the sieve 
ran into th® beaker. About 1*0 ml. of water was used for this purpose. 
The water containing th® nematodes was then poured into a 90 mm. petri 
dish. The number of nematodes in 20 fields of a dissecting microscope 
or 1/l?th of the area of the petri dish was recorded in two groups.
One group included nematodes showing obvious signs of development 
beyond the first parasitic stage and th® other included nematodes 
showing no such development* The total number of nematodes which 
entered the root and the percentage showing development was then calcu­
lated.

F. Survey of Roofr-Knot Nematode Species in Maryland
In the fall of 195>0 and the summer and fall of 19̂ 1 roots of 

various plants affected with root knot were collected frost various 
areas of Maryland. Data recorded with each sample Included host plant, 
location and date of collection. AH samples were preserved in five 
percent formaldehyde for 2h hours or longer. Root-knot nematode species 
found in the root samples were identified by morphological characters 
in th® manner described in section B.
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A* Identification of the Root-Knot Nematode Specie a
Identification of root-knot nematode species need In these tests 

was based primarily cm morphology of th© perineal region of adult 
females. This character was found to be wry reliable for species 
determination* It was observed that while perineal patterns of the 
females were as individual as human finger prints, which they somewhat 
resemble; like finger prints, they could be grouped in classes for 
each species* Sometimes the species could be determined by observing 
a single pattern* At other times, because of normal variations in 
perineal patterns, it was necessary to study a series of patterns*
Some of these variations are shown in Figures 3 through ?• While eaeh 
pattern differs, there is a close similarity between the four patterns 
of a given species as compared to patterns of different species* 
Moloidogyne incognita and M. incognita var* acrlta were found to be 
veiy similar morphologically and at times it was difficult to distin­
guish between them by a study of the perineal pattern alone. All the 
species, aside from normal variation, apparently remained morphologically 
and physiologicaliy stable throughout these tests* There ms no evi­
dence of influence of the host on morphology of the nematode*

B* Susceptibility of Plant Species to Root-Knot Nematodes
To determine susceptibility of various plant species to root knot 

caused by species of Meloldogyne experiments were conducted in which 
plants were inoculated with single female cultures of root-knot nematodes. 
Inoculated plants were allowed to grow k$ to 60 days under greenhouse
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conditions and then examined for nematode Infection. Susceptibility 
ratings for all plants tsstad against Hsloldogyna spp. are shorn* In 
Tables I through V.

Fifty plant species and varieties were tested for resistance to the 
five root-knot nematodes. Fifteen or 30 percent were highly resistant 
t° jj* incognitai lii, or 28 percent mere highly resistant to M. incognita 
var. acrltaj 23,or 1*6 percent were highly resistant to M* haplai 16, or 
32 percent were highly resistant to JjU javanica and l£, or 30 percent 
highly resistant to M. arenarla.

Table VI lists all plant species tested with ratings of suscepti­
bility to all the nematode species. This table shows that some plant 
species were highly resistant to all the nematode species and others 
were highly susceptible to all the nematode species* The majority of 
plants tested, however, were found to be between these two extremes in 
susceptibility, I.e., resistant to some nematode species and susceptible 
to others.

Of the !>0 plant species and varieties tested against the five root- 
knot nematodes, only eight were found to be highly resistant (i.e., 
ratings of 0 or 1) to all. These included oat, geranium (two varieties), 
azalea, eossoa ragweed, Strophanthas and two species of Crotalaria.

nineteen plant species and varieties were found to be susceptible 
(i.e., ratings of 2, 3 and it) to all the nematode species. These in­
cluded eggplant, potato, tobacco (two varieties), alfalfa, bean (two 
varietiesi garden pea, soybean (three varieties), cabbage, radish, beet, 
Calendula, muskmelon, carrot, sultan snapweed, and tomato.

Fourteen plant species and varieties were found to be susceptible 
to four of th© root-knot nematodes and resistant to th® other one.
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TABLE X* Susceptibility ratings of plant species to
incognita*

Meloldogyne

Scientific nai Common nai Horticultural
variety

SUSCEPTIBILITY BATIK* 0s
Ambrosia artemisilfolia L. 
Araehis hypogaea L. 
Crotalaria macronsta Desv* 
Crotalaria spectabllls Roth 
~( l ̂ agarla ananassaBuch •) 
(X l^garia ananassa Duch.) 
(X Fragaria ananassa Duch.)
(X Fragaria ananassa Duch* ) 
Gosaypium hirsutum L. 
Lyeoperstcon peruvianum (L.)

Mill 
Pelargonium sp«
Vla'iWnium sp.
Rhododendron sp*

SUSCEPTIBILITY RATIK* 1

Avena sativa L.
Stroohanthus sarmentosus DC

oat
arrowpoison
strophanthus

SUSOIFTIBILITY RATIK1 2 
batatas (L*) Lam* sweet potato

SUSCEPTIBILITY RATIK* 3
Capsicum frutescene L* 
Dianthus caryophyllus L«
Glycine max (L.) Herr* 
Glycine max (L.) Merr* 
Hibiscus esculentua L.
Msdicago sativa L. 
Herium oleander L*

Secale cereals L.
Zea mays L*l
Zea mays L*

common ragweed —
peanut Spanish
striped crotalaria
showy crotalaria
str&wbeny Blakemore
strawberry Gatskill
strawberry Premier
strawberry Temple
upland cotton Coker 100

geranium John Doyle
geranium Rosana
amlea Glenn Dale

Hybrid

Arlington

Maiyland
Golden

red pepper California
Wonder

carnation Riviera
Giant Mixed

soybean Lincoln
soybean Wabash
okra Clemson

Spineless
alfalfa Atlantic
common oleander — —

bean State Half
Runner

rye Prolific
com Golden Cross

Bantam
corn Cogent

111* 8 x 6
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TABLE I* (Continued) Susceptibility ratings of plant species to
Msloidogyne Incognita.

Scientific nan© Common name Horticultural
variety

SUSCEPTIBILITY RATHE* li
hlltem ssss. L-
Amaranthua re tro flex u a  L.

vulgaris L.
oleracea var. capitata 
sp*

Cuourala agio var.
llatuff Naud. 
stwyja L*SJEtiACucurbita atogjm Duchesne

g.AVSMag s a B tft f  Sohrad, Paucua carota L*
Glycine max (1.) Merr* 

iscus cannabinua L* 
vulgar© L*

iaaft&sag gftaag Hook* f*Lycoperslcon esculent urn Mill, 
Kicotlana tabacum L.
Hicotiana tabacum L.

®P*
asUisa L«Ragtiatiuy sativus L.

.»3«b  « ! « « « L*
Splanum 
Tritlcmtlcum aestivum L.

onion Egyptian
Winter

pigweed — —

beet Detroit Bark 
Red

cabbage Golden Acre
calendula

Jumbo Halefs
imiskmelon Best
cucumber Marketer
squash Early Prolific

Straightneck
watermelon Dixie Queen
carrot Red Cor© 

Chantenay
soybean Hawkey©
kenaf hibiscus PI. 18920813
barley Moor®
sultan sn&pweed
tom to Rutgers
tobacco Maryland

Mammoth
tobacco I4O2
bean Top Crop
garden pea Thomas Laxton
radish Early Scarlet 

Globe
garden eggplant Burpee1s

Black Beauty
potato Irish Cobbler
wheat Coastal

aSe© section D of Materials and Methods for definitions of suscept­
ibility ratings*

^Refers to U. S* Dept* of Agriculture plant introduction number*
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TABLE II. Susceptibility ratings of plant species to Meloldogyne
incognita var. acrita.

Scientific name Common name Horticultural
variety

SUSCEPTIBILITY MTIBG 0
Ambrosia artemlsilfolia L. 
Arachis
A vena satlva L.
Crotalarla aucronata Besv. 
Crotalarla spectabllis Both
' x *[ragarla ananassa Bueh.) 
(X Fragaria ananassa Buch.) 
<x yragarlA a a w t m  Duoh.) 
Pelargonium sp.
Pelargonium sp.
Rhododendron sp.

common ragweed
peanut
oat
striped crotalarla
showy crotalarla
strawberry
strawberry 
strawberry
strawberry
geranium
geranium
azalea

SUSCEPTIBILITY RATIHG 1
Barium oleander L. 
Strophanthus sanaentosus BO

common oleander 
arrowpoison
strophanthus

Capsicum frutescans L.
tlanthus caryophyllua L.
Glycine max (L.) Iferr* 
Ipomoea batatas (L.) Lam.

SUSCEPTIBILITY HATIBQ 2 
red pepper 
carnation

Lycopersicon peruvianum (L>) Hill, 
Phageolus sp.
Seeale cereals L.
Trltlcuat aestlvum L.
Zea mays L. "

soybean 
sweet potato

bean
rye
wheat
corn

Gossyplum hirsutum L. 
Hibiscus""eannablnua L, 
Hordeam vulgare t . 
Hadioago satlva L. 
Solanum melongena L.

urn tuberosum L.
Zea mays L.

SUSCEPTIBILITY RATDD 3 
cottbn
kenaf hibiscus
barley
alfalfa
garden eggplant
potato
corn

Spanish
Arlington

Blakemore 
Catskill 
Premier 
Temple 
John Boyle 
Rosana 
Glenn Bale 
Hybrid

California 
bonder 

Riviera Giant 
Mixed 

Hawkeys 
Maryland 
Golden

State Half 
Runner 

Prolific 
Coastal 
Cogent
111. 8 x 6

Coker 100 
PI. 189208 
Moore 
Atlantic 
Burpee^
Black Beauty 

Irish Cobbler 
Golden Cross 
Bantam
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TABIE II. (Continued) Susceptibility* ratings of plant species to
Ifeloidogyns Incognita var. acrlta.

Scientific name Common name Horticultural
variety

SUSCEPTIBILITY BATING !i
Allium c_epa L. onion Egyptian

Winter
Aimranthus retroflexua L. pigweed
Beta wlgaris L. beet Detroit 

Dark Red
Brassies oleracea var. capitate L. cabbage Golden Acre
Calendula sp. calendula
Citrullus vulgaris Schrad. 
Cucuiids anguria L.
Cucusds a»io var.

watermelon Dixie Queen
gherkin

Jumbo Hale*s
reticulatus Naud• muskmelon Bsst

Cucumis sativus L. cucumber Marketer
Cucubita SsaSnia Duchesne squash Early Prolific 

Straightneck
Daneus carota L. carrot Red Cor® 

Chantenay
Glycine max (L.) Mon-. soybean Lincoln
Glycine m ( l . )  Merr. soybean Wabash
Hibiscus esculentus L. okra Clemson 

Spineless
Impatiens sultanii Hook, f. sultan snapweed **********
Xarcopersicon esculentum Mill. tomato Rutgers
Nicotiana tabacum L. tobacco Maryland

Mammoth
Hicotiana tabacum L. tobaoeo h02
Fbaseolus so. bean Top Crop
Pisua sativum L. garden pea Thomas Laxton
Raphanus sativus L. radish Early Scarlet 

Globe
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TABLE III. Susceptibility ratings of plant species to 
Ifeloidogyne hapla.

Scientific name Common name Horticultural 
variety

SUSCEPTIBILITY RATING 0
Amaranthus retrofLexus L. 
Ambrosia artemisiifolla L.
Avena sativa L.
Cltrullus vulgaris Schrad• 
Crotalarla mucronata Desv. 
Crotalarla spectabills Roth 
Cossypium hirsutum L. 
Hibiscus eannablnus L. 
Hibiscus esculentus L.
Hibiscus esculentus L. 
Hordeum vulgare L.
Nerlum oleander L. 
Pelargonium sp*
Pelargonium sp*
Rhododendron sp.
Secale cereale L#
Strophanthus sarmentosus PC *
Triticum aestivum L*
Zea mays L.
%ea mays L*

pigweed 
common ragweed 
oat
watermelon 
striped crotalarla 
showy crotalarla 
cotton
kenaf hibiscus 
okra
okra
barley
common oleander 
geranium 
geranium 
azalea
rye
arrowpoison
strophanthus
wheat
corn
corn

SUSCEPTIBILITY RATING 1

Arlington 
Dixie Queen

Coker 100
Clemson
Spineless 
Spring Dwarf 
Moore
John Poyle 
Rosana 
Glenn Dale 
Hybrid 
Prolific

Coastal 
Cogent 111* 
8 x 6  
Golden Cross 
Bantam

Allium cepa L. onion
Citrullus vulgaris Schrad. watermelon
fcitrullus vulgaris Schrad. waters Ion
Cucumis sativus L. cucumber
Oueumls sativus L. cucumber
Cucurbita maxima Duchesne squash
Cucurbits maxima Duchesne squash
Cucurbita maxima Duchesne squash
Cucurbita maxima Duchesne squash
Pianthus caryophyllus L. carnation

Egyptian
Winter
Congo
Hawkesbury 
Cubit 
Marketer 
Black Zucchini 
Butter Nut 
Oaserta 
Early Prolific 
Straightneck 
Riviera Giant 
Mixed

Beta vulgaris L*
SUSCEPTIBILITY RATING 2

beets Detroit Dark 
Red
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TABIE HI* (Continued) Susceptibility ratings of plant species to
Meloldogyn© hapla.

Scientific name Common name Horticultural
variety

SUSCKPnHIIJTX RATim 2
Cue unlli sativus L. 
Datums carota L. cucumber A & 0

carrot Bed Core 
Chant©nayGlycine max (L.) Merr. soybean WabashIpomoea batatas (L.) Lam* sweet potato Maryland
GoldenLycooersicon peruvianum (L.) Mill.

SUSCEPTIBILITT RATim 3
Brasaica oleracea var. capitata L. cabbage Golden AcreCapsicum fruteseens L. red pepper California

Wonder
lamSAaxm sultanii Hook. f. sultan snapweed
Nicotiana tabacum L. tobacco Maryland

MammothHicotiana tabacum L. tobacco 1*02
Siam j»3aaaeL-Sapharrao satlvua L. garden pea Thomas Laxton

radish Early Scarlet 
Glob©Solanum tuberosum L. potato Irish Cobbler

SUSCEPTIBIUTY RATIWG h
ir*cJ?ia JKEaasa L* peanut SpanishCalendula sp. calendula
Grounds raelo var. Jumbo Hale* sreticui|Ltus Baud. muskmelon Best(X Fracaria ananassa Duch.) strawberry Blakemore(X fraustaria ananassa Duch.) strawberry Catskill
(X Fraearia ananapsa Duch.) strawberry Premier(X ̂ raaaria ananassa Duch.) strawberry templeGlycine max (l.) Merr. 
Glycine max (L.) Uerr. soybean Hawkeye

soybean Lincoln
lycopersicon ©sculentum mil.Medicajto sativa L. tomato Rutgersalfalfa AtlanticFhaseolus sp. bean State Half 

RunnerFlmseolus so. bean Top CropSolamua meloî ena L. garden eggplant Burpeefs
Black Beauty
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TABIE I?. Susceptibility ratings of plant species to

Scientific name Common name Horticultural
variety

SUSCEPTIBILITY HATIHGr 0
Ambrosia artemlallfolia L,
Ae m M «  t e a s e s  *>«Capsicum fruteseens L.
Cap»lct» frwtMewaa L.
gggaasaft sm$s*s& »«?*•Crotalarla ■pactaM.Ua Roth
Cttsjaai aaasas. L»
C* Fragaria ananassa Duch.) 
(X ananassa Duch.)

Pelargojutoa sp
Rhododendron sp. 
Strophanthus sanaentoaus DC

common ragweed
peanut Spanish
red pepper California

Wonder
red pepper Worldbeater
striped crotalarla
showy crotalarla
gherkin
strawberry Blakemore
strawberry Catskill
strawberry Premier
strawberry Temple
cotton Coker 100
sweet potato Maryland

Golden
geranium John Boyle
geranium Rosana
asalea Glenn Bale

Tf.,1 .1,t J|nyorxe
arrowpoison

A vena sativa  L.

Amaranthus re

strophanthus 
SUSCETOHXLrrY RATim 1 

oat
SUSCEPTIBILITY RATH® 2

L.

_ irsicon oeruvianum (L.) Mill. 
Secale cereals IV

pigweed
barley
rye

SUSCEPTIBILITY RATING* 3 
Allium eepa L. onion
Planthua caryoohyllus L. carnation
Olyelne max (1 .) Mmrr.
Glycine max (L.) Merr. 
Hibiscus esculentus L.

soybean
soybean
okra

Arlington

Moore
Prolific

Egyptian 
Wmter 

Riviera Giant 
Mixed 

Lincoln 
Wabash 
Gleason 
Spineless
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TABUS 17* (Continued) Susceptibility ratings of plant species to
Ifeloidogyne iavanlca.

Scientific naum Common nan® Horticultural
variety

Medlcago M tlv a  L .
Berlum oleander L. 
Flsum sativum 1. 
Solanum tuberosum L<

Z#a, mays L.

SHSCIPTIBILITX RATX1C* 3 
alfalfa
coimaon oleander 
garden pea 
potato 
com
com

3B3CSFTXBXUTX RATIfO h

Atlantic
Thoms laxton 
Irish Gobbler 
Golden Cross 
Bantam 

Cogent
111. 8 x 6

S s M  2£&£SS& L- beet Detroit
Dark BedBĵ gBica olejaeea var. capitata L. 

Calendula ap. cabbage
calendula

Golden Acre
Citrullus yu^a/ls Schrad. vatormelon Dixie QueenCucue&s mlo var. Jumbo Hale's
reticû itus Haud. jmiskmelon BestCucunla aaMvua t. cucumber MarketerCucurbita maxim Duchesne squash Early Prolific

23MP«» ssSSit D.
Straightneck

carrot Red Gore
Glycine m x  (L.) Herr. Chantenay

soybean Hawkey©
Hibiscus cannabinus 1.

jsas^jsfr ̂ook. *•
kenaf hibiscus PI. 189208
sultan snapweed W M«IW I

Lycoperslcon ©sculentum Mill. tomato RutgersHicottana tabacum D. tobacco Maryland
MammothNicotiam tabacum L. tobacco U02

Pbaseoius s p . bean State Half 
RunnerPhaseolus sp. bean Top CropRaphanus sativus L. radish Early Scarlet

Solanum raelongena L. Globe
garden eggplant Burpee's

Black BeautyTritlcum aestivu® L. idieat Coastal
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TABUS V* Susceptibility ratings of plant species to 
arenaria.

Scientific name Common name Horticultural
. ______:____ .     variety

SUSCEPTIBILITY RATIIS3 0
Ambrosia artemislifolia L. 
Crotalarla mcromta~Ssv. 
Crotalarla speetabilis Roth 
Tx  ̂ ^ m S r W h . )
(I gragar^. aasftgga Bueh.) 
^  £yagaria ananassa Duch*) 
t* ̂ S a S a  ananassa Duch.) Gosavpium hirsutum L. 
Ipomoea batatas' (L.) Xaa.
Pelargonium sp.
Pelargonium sp.
Rhododendron sp.
Strophanthus aarmantosrus BG,

common ragweed 
striped crotalarla 
showy crotalarla 
strawberry 
strawberry
strawberry 
strawberry 
cotton 
sweet potato
geranium 
geranium 
asales
arrowpoison
strophanthus.

A vena satlva L. 
Cucumis uraturia L. 
Hibiscus esculentus L«

B^SCEPHBXUTY RATUP 1 
oat
gherkin
okra

SUSCEPTIBILITY RATIBCr 2 
Bianthus oaryoohyllua L* carnation
Hibiscus esculentus L. 
Hordeum vulgare L'r 
Secale e m S s  'L.
m r f e j r r -

&2&XS SSB* L-
Amerenthus retroflexus L< 
Capsicum frutescerus L.
Glycine rnx (L.) Iferr. 
glycine max (L.) Merr. 
Glycine max (L.) S%rr.

okra
barley
rye
com

SUSCEPTIBILITY RATIHG 3 
onion
pigweed 
red pepper
soybean
soybean
soybean

Blakemore 
Catskill 
Premier 
Temple 
Coker 100 
Maryland 
Golden 
John Boyle 
Rosana 
Glenn Bale

rr m. » *Hybrid

Arlington
Clemson
Spineless

Riviera Giant 
Mixed 

Spring Bwarf 
Moore 
Prolific 
Golden Cross 
Bantam

Egyptian
Winter

■ ami wi—

California
Wonder

Hawkeye
Lincoln
Wabash
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TABLE 7* (Continued) Susceptibility ratings of plant species to

Scientific name Common name Horticultural
variety

Medjcago satlva L. 
Herium oleander L. 
Solanua melongarm L.

msm L.
L.
X,.

AmghlE M22SES^ L* Beta vulgaris L.

SUSCEPTIBILITY RATIHX 1 
alfalfa
common oleander 
garden eggplant
potato 
shea t 
com

SI^C^FgXlILITY RATIH3 h

peanut
beet

flrWMtaff w *  eaptfta I.Calendula sp*
Citrullus vulgaris Schrad. 
ducuaais aeio var* 
reticulatus Raud*

Guoumis sativus L*
ta maxima Duchesne

Dauous carota L
Mklfemf L.

k. f*
Lycooersicon esculentum Mill. 
Lyconerslcon peruvlanum (L.) mil, 
Kicotiara tabacum L.
Kicetiana tabacum L*

Lseolus sp.
Phaseolus sp.
Pi gum sativus L# 
Raphanus sativus L,

cabbage
calendula
vater&slon
muskmeloncucumber
squash
carrot
kenaf hibiscus 
sultan snapweed 
tomato
tobacco
tobacco
bean
bean
garden pea 
radish

Atlantic
Burpee*sBlack Beauty 
Irish Gobbler 
Coastal 
Cogent
111. 8 x 6

Spanish
Detroit
Dark Red 

Golden Acre
mmmmmwmm»
Dixie Queen 
Jumb© Hale9 s 
Best 

Marketer 
Early Prolific 
Straightneck 

Red Core 
Chantenay

n . 189208

Rutgers

Maryland
Mammoth

h02
State Half 
Runner 

Top Crop 
Thomas Laxton 
Early Scarlet 
Globe



TABI£ VI. Susceptibility ratings of plant species to root-knot nematodes (leloidogyne spp.).

Scientific name Common Horticultural Susceptibility rating
name variety M. M. incognita M. M. M.

Incognita var. hapla javanica arenarla 
acrita

Allium cepa L. onion Egyptian Winter h Ii 1 3 3
Amaranthus retroflexus L. pigweed - — — h h 0 2 3
Ambrosia arteiaisiifolia L. common ragweed -— MW— 0 0 0 0 0
Arachis hypogaea L. peanut Spanish 0 0 ii 0 ii
Avena sativa L. oat Arlington 1 0 0 1 1
Beta vulgaris L. beet Detroit Dark Bed k ii 2 ii ii
Brassies oleracea var. 
capitata L. cabbage Golden Acre k k 3 ii ii

Calendula sp.
SlESJc™ frutesceM L.

calendula - k h ii h ii
red pepper California Wonder 3 2 3 0 3

Capsicum frutescene L. red pepper Worldbeater • - - 0 -
Citrullus vulgaris Schrad. watermelon Congo - - 1 - -
Citrullus vulgaris Schrad. watermelon Dixie Queen k h 0 ii ii
Citrullus vulgaris Schrad. watermelon Hawkesbury mm 1 • -
Crotalarla aucronata 
Besv.

striped
crotalarla -rrn___ 0 0 0 0 0

Crotalarla spectabilia 
Roth

showy
crotalarla -Tirm-Br_rnl, 0 0 0 0 0

Cucuais anguria L. gherkin - h - 0 1
Cacumis aelo var. 
reticula tus Baud. muskmelon

Jumbo Haletd 
Best k ii k ii ii

Cucuais sativus L. cucumber A lc C - - 2 - -
Cueumis sativns L. cucumber Gubit m 1 - m

C.uenji? saOyus I.. cucumber Iferketer ii h 1 k h

Cucurbita maxima 
Duchesne squash

Black
Zucchini m mm 1 m

Cucurbita maxima 
Duchesne squash Butter Hut — m 1 m
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TABLE VI. (Continued) Susceptibility ratings of plant species to root-knot nematodes (Meloidogyne spp.).

Scientific name Common
name

Hort5 cultural
variety M.

incognita
Susceptibility rating®

M. incognita I .  M. 
var. hapla javanica 
acrita

M.
aremria

Medicâ o j»tlTO L. alfalfa Atlantic 3 3 ii 3 3
Seriuia oleander L. comaon

oleander 3 1 0 3 3
Micotiana tabacum L. tobacco Maryland Mammoth h ii } it b
Nicotians tabacum L. tobacco 1*02 k Ii 3 k ii
Pelargonium sp. geranium John Doyle 0 0 0 0 0
Pelargonium sp. geranium Rosana 0 0 0 0 0
Ph&seolus sp. bean State Half Runner 3 2 ii ii ii
Ihaaeolug sp. bean Top Crop k ii h ii ii
Pisum sativum L. garden pea Thomas Laxton Ii ii 3 3 ii
Raphanus sativus L« radish Early Scarlet

Globe k ii 3 h ii
Rhododendron sp. azalea Glenn Dale Hybrid 0 0 0 0 0
Secale cereale I. rye Prolific 3 2 0 2 2
Solanma mlotmm L. garden Burpee*s

eggplant Black Beauty It 3 k li 3
Solanum tuberosum L. potato Irish Cobbler ii 3 3 3 3
Strophanthus arrompoison
sarmentosus PC. strophanthus 1 1 0 0 0

Triticua aestivum L. wheat Coastal ii 2 0 ii 3
Zea mays L. com Cogent 111. 6x6 3 2 0 3 3
Zea mays L. com Golden Cross

Bantam 3 3 0 3 2

o
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Sweet potato, okra and common oleander were susceptible to three of the 
nematode species and resistant to the other two* Only one (peanut) was 
susceptible to two of the nematode species and resistant to the other 
three* Strawberry and cotton were susceptible to one of the nematode 
species and resistant to the other four.

Varietal differences In susceptibility were not very great for 
those plant species in which more than one variety was tested* All 
were either highly resistant (ratings of 0 or 1) or highly susceptible 
(ratings of 2, 3* and h) for the nematode species involved.

From the relatively small number of plants tested, it was diffi­
cult to correlate resistance with plant families, except in the case 
of M* hapla* Plant species tested in the families, Gramineae, Mal­
vaceae and Cucurbltaceae, excepting muskmelon, were all highly resistant 
to Meloldogyne hapla*

C. Infection and Development of Root-Knot Hematodes in 
Mesiatani'ai^^ "........... .

To compare infection and development of various species of 
Meloidogyne in resistant and susceptible plants, experiments were con­
ducted in which both highly resistant and highly susceptible plants 
were inoculated with a single root-knot nematode species* Plants were 
allowed to grow for 20 days and the total number of larvae which entered 
the root system and the percentage showing development beyond the first 
parasitic stage was then determined* This was done for each of the 
nematode species* These data are shown in Tables VII through XI*

In general, resistant plants were not infected as readily as sus­
ceptible plants* An exception to this, in which a resistant plant was 
heavily infected was in the case of oat with M* incognita and M. arenaria*
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TABLE VII. Infection and development of M. Incognita in resistant 
and susceptible plants.

Test plant Susceptibility 
..ratings...

Average Ho. 
larvae in roots*

% showing 
development

Lvcopersicon peruvianum 0 £8 £ 12* 0
Oat (Arlington) 1 999 £ 90* 0
Peanut (Spanish) 0 315^ 8* 0

Rye (Prolific) 3 55l £ 37* 31
Strawberry (Blakemore) 0 k2 £ 8* 0

Tomato (Rutgers) k 756 110 17

aTh© total number of larvae which entered each of five plants m e  
averaged instead of calculating the number per gram of root# This method 
m s  found to more adequately express the data due to extreme variations 
in sis© of root systems of different plant species.

vindicates a significant difference as compared with tomato.

TABLE VIII. Infection and development of M. incognita var. acrita in 
resistant and susceptible plants. ~

Test plant Susceptibility
ratings

Average Ho. 
larvae in roots

% showing 
development

Bean (State Half Runner) 2 326 ̂  *>ii* 66

Bean (Top Crop) h 306 £ 6£* 77
Itvcopersicon peruvianum 2 58 +, 17* 0

f$y© (Prolific) 2 6h +, 18* 21
Tomato (Rutgers) U 166 ̂  21 60
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TABIX IX. Infection and development of M. hapla In resistant and 
susceptible plants.

test plant Susceptibility
ratings

Average Ho. 
larvae in roots

% showingAfnsavt*!1

Oat (Arlington) 0 0

Peanut (Spanish) h 306 £ 38 30
%® (Prolific) 0 0* 0
Strawberry (Blakeaore) h 2B9 £ 55 5
Watermslon (Dixie Queen) 0 195 +. 22* 7
Tomato (Rutgers) k 265 +, li* 66

TABIE X. Infection and development of M« 
susceptible plants.

, iavanica in resistant and

Test plant Susceptibility
.................

Average Ho. 
larvae in roots

% showing

Red pepper (California 
Wonder) 0 122 ̂  30* 0

Strawberry (Blakemore) 0 115 £ 11* 0
Sweet potato (Maryland 
Golden) 0 683 ̂  9ii* 0

Tomato (Rutgers) 1* 1090 ♦, 112 5
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TABLE XI. Infection and development of M* arenaria in resistant and 
susceptible plants*

Test plants Susceptibility Average So* 
larvae in roots

% showing
development

Oat (Arlington) 1 $17 £  8$ 0
Sweet potato (Maryland 
Golden) 0 217 t 0

Tomato (Rutgers) h hl9 +. 62 $0

Cereal crops tested (oat and iye) apparently sere not infected with ]f,

In resistant plants, although a considerable number of larvae 
entered the roots, there m s  practically no development of the larvae 
beyond the first parasitic larval stag®. In other words, the larvae 
apparently had not began to feed on the plant cells. This was true of 
all the nematode species tested. In susceptible plants, however, 
larvae had commenced feeding as evidenced by the percentage of those 
showing development beyond the first parasitic larval stage.

In suianarlslng the behavior of the different nematode species in 
regards to infection and development in all plants tested, four distinct 
conditions were observed i (l) no larvae were found in the roots |
(2) larvae were found in reduced numbers in the roots, but there were 
few or none in an advanced stage of development; (3) larvae were found 
in large numbers in the roots, but there were few or none in the ad­
vanced stage of development; (U) larvae were found in the roots in 
large numbers and a considerable percentage were in the advanced stages 
of development. These types of nematode behavior, as well as species

•
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and plant involved are further shown in Table XII*

TABIE HI. Summarisation of the behavior of Meloidogyne spp. in 
resistant and susceptible plants.

Nematode behavior Nematode species Plant species

No larvae were found 
in the roots.

M. hapla Oat, rye

M. incognita Peanut, strawberry, 
Lvcopersicon 
peruvianum

Larvae were found in 
reduced numbers.

M. incognita var. 
acrita

Rye. Lvcoperslcon

M. , .lavanica Strawberry, pepper
M. arenaria Sweet potato

Larvae were found in 
large numbers with 
little or no 
development.

M. incognita 
I- lavanlca 
«• *£SI»rta

Oat
Sweet potato 
Oat

All species tested Tomato

Larvae were found in 
large numbers and 
developed normally.

M. incognita
M. incognita var. 
acrita

nye
Bean (State Half
Runner and Top Crop)

1* MplS Strawberry, peanut

D. Occurrence of Root-Knot Nematode Species in Maryland
During a partial survey two species and one variety of Meloldogyne 

were found to occur in Mainland. These were M. incognita. M. incognita 
var. acrita. and M. hapla. Approximate locations fro® which these 
species were collected are shown in Figure 8. Root knot was found in
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12 of th® XU counties visited. M. hapla and M. incognita var. acrita 
acre found much more frequently than M. incognita. In general root 
knot m s  more prevalent in the sandy loam type soils than in the 
heavier.soil types..

Crop plants from which root samples were collected during the 
survey and the nematode species causing root knot on them are shown in 
fable XIII. Results of the survey with reference to susceptibility 
agree with greenhouse tests for the nematode and plant species concerned, 
although varieties of plant species collected in the survey were not 
determined.

TABLE XIII. Plants found infected with root-knot nematodes under 
natural conditions in Maryland, and the species of Meloldogyne 
involved.

M. incognita M. incognita var. acrita !■ £ap2&

Beet Bean (Lima) Clover
Carrot Bean (String) Eggplant
Kale Beet Potato
Onion Carrot Strawberry
Potato Kale Sweet potato
Red pepper Onion Tobacco
Squash Pigweed Tomato
Sweet potato Red pepper
Tomato Squash

Sweet potato
Tobacco
Tomato
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It has boon known for many years that plants differ in their sus­
ceptibility to root knot and that nematode populations of the soil can 
be reduced by crop rotation. Growing susceptible crops year after 
year on infested soil permits the nsmtode population to build up to 
the point where severe damage or crop failure is almost certain to 
occur* On the other hand, the practice of alternating resistant or 
immune crops with susceptible ones, interrupts such rapid development 
of these parasites and greatly reduces losses due to root knot.

Application of this method of control has been handicapped 
largely because of the general belief that all nematodes causing root 
knot were the same species, and that any established host would be 
susceptible wherever root knot was present. As a result of this 
erroneous assumption, various host lists have included practically all 
economic crops and th® possibility of control by rotation has not 
seemed practical because of the small number of resistant plants to 
choose from. The discovery, however, by Christie and Albin (10) that 
there were races of the root-knot nematode which differed from one 
another in their host preferences and th® subsequent separation of the 
root-knot nematodes into several morphologically distinguishable species 
by Chitwood (8) has made It possible to study the host-paraslte relation­
ships of these species individually. These studies have provided infor­
mation on resistance and susceptibility of various crop plants to each 
of the nematode species and not only provide a wider choice of crops 
to use in rotations, but permit the selection of crops best suited to
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control the particular nematode concerned* However, proper selection 
of th® best crops to use, further depends upon (l) identification of 
the m mated© species to be controlled and (2) a knowledge of the 
geographical distribution of the species since given areas usually are 
not Infested with all the species but by only one, two ©r three. In 
areas where only one species is present, control by rotation is less 
difficult than in areas where several species are present, the pre­
sence of two or more species in an area reduces the number of crops 
which can be used. The present investigation is a step toward supply­
ing the above information so far as Maryland is concerned.

The principal character used throughout this study for species 
determination has been the morphology of the perineal pattern of adult 
females. Allen (l), however, while studying perineal patterns from a 
single female population showed variations much greater than those 
encountered in the present study. Bropkin (13), on the other hand, 
studied perineal pattern variations in the offspring of single larvae of 
two species and showed statistically that the general shape and perhaps, 
some of the details of these patterns are under the control of heredity, 
and states that "not a single ease has been observed in which a parent 
of on© species produced offspring which could be classified as belong­
ing to another species." Studies in preparation of the present paper 
support the view of Dropkin since single female cultures used in this 
work apparently remained morphologically stable and no particular 
difficulty was encountered in recognising the various species. It is 
true that perineal patterns are variable and that th© extremes of these 
variations can be mistaken for the pattern of an entirely different 
species. But if enough patterns from a given population are examined
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ulth th® Idea of finding similarities rather than differences, it Is 
always possible to find a prepondrance of patterns obviously of the 
general type of pattern described for that species*

Variations in morphology make it apparent that identification of 
species by a sta^y of the nematodes themselves will be a reliable 
method only in the hands of the specialist* The present stu<$y, however, 
has suggested that a simple and perhaps practical method of identifi­
cation can be based on host reaction* Two types of host reaction can 
be used for this purposes (1) susceptibility of certain plant species 
to various nematode species and (2) type of galls produced on the 
roots of infected plants* Several plant species which are highly 
resistant to at least one of the nematode species used in the present 
study but highly susceptible to the others are shown in Table XIV*
A plus sign indicates susceptibility while a minus sign indicates 
resistance* For example, peanuts are susceptible to Meloldogyne hapla 
and M* arenaria* but resistant to the other nematode species* Water­
melons, wheat, barley and com are susceptible to Jj* arenaria but 
resistant or immune to M. hapla* Bed pepper is resistant to M. javanlca* 
lycooersicon oeruvianum Is susceptible to M* incognita var. acrita but 
resistant to M. incognita (28) •

Thus it should be possible to identify s® unknown root-knot nema­
tode population by using the four plant species —  peanuts, watermelon 
(or any of the cereals shown in Table XIV), red pepper, and larooperslcoa 
peravianum. as shown in Figure 9* For example, should an unknown popu­
lation not attack peanuts, the species present would be either M* 

.Iavanica* incognita* or M* incognita var. acrita* If the population 
did not attack red pepper, the species present would be M. .Iavanica*
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TABLE XXV. Susceptibility of certain plant species to root-knot
nematodes (Heloidogyne spp*).a

ifeloidogyns
species

Peanuts
Plant species®

Watermelon, wheat 
barley or com

,, Pepper larcooersicon
oeruvianuM

M. hftRU +■ - 4> 4

£• 5S28BZ3& ♦ ♦ 4- 4*
». ,S*391$SS. - 4* - 4-
M. incognita - ♦ 4> -
M. inconnita
var. .acrita mm 4- + 4*

^lus indicates susceptibil 1 ty j minus indicates resistance ©r
iimasxnity*

bTari«tie» used seres peanuts, Spanish| watermelon, Dixie Queeni 
wheat, Coastal| barley, Moore j com, Golden Cross Bantam* pepper, 
California Wonder*

while a moderate to heavy infection would indicate either M. incognita 
or M* Incognita var* acrita* The latter two species are further 
separated by testing the population against h. peruvianuau A moderate 
infection on I*, peruvlanum would indicate if. incognita var* acrita while 
negative results would indicate 2f- teatsaLU- Should an unknown popu­
lation infect peanuts, the species present would be either M* hapla or 
M. arenaria* these two species can be separated by testing the root 
knot population against watermelons or any of the cereal crops listed, 
legative results would indicate that th® species present was if. hapla, 
while positive results would indicate Jg. arenaria.

In these investigations, only M. hapla could be Identified by the 
type of galling produced on host roots. Plants infected by this species
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were found to hav® ve*y mill galls and extensive root proliferation; 
the roots often forming a dsns® mat when infection was severe* This 
tfp® of galling is shown in Figures 10* 11* 12* ll* Production of 
lateral roots just above th® gall was found to b® typical of plants 
infected with M* hapla. This effect 1® almost entirely absent in the 
case of th® other species (Fig. 13 and !£}*

It should be pointed out that this procedure for identification is 
applicable only to these species used in this stuĉ r* though the general 
method can be used for identification of other species when the neces­
sary data are collected*

The relatively small number of plants tested in thee® studies did 
not reveal any general pattern which would enable th® prediction of 
resistance or susceptibility among plant species* The only indication 
of a correlation of resistance In plants with a nematode species m s  in 
the case of plant species of the families Cucurbltaceae (except canta­
loup) * Oramineae and Malvaceae which were resistant to W* hapla* Addi­
tional testing might show similar correlations between other root-knot 
nematode species and plant families* but in th© meantime it appears 
necessary to test each nematode species and plant species and varieties 
separately*

Studies with the different nematode species* using both resistant 
and susceptible plants* revealed that infection and development of 
nematodes varied* depending upon the plant and the nematode • Th© 
different behaviors observed would indicate that resistance is not of 
th® same nature in all plants* An explanation of resistance to root- 
knot nematodes has been that the larvae are not attracted to the roots 
of certain plants or are prevented from entering by the structural
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nature of the root. From the present study It Is apparent that son® veiy 
definite type of resistance exists In the eases of the plant and nema- 
tod© species in which no larva© were found In th© roots and perhaps 
also for those In which larvae were found in reduced numbers, the 
difference, however, between plants in which larva© were found in 
large number® with little or no development and those in which larvae 
entered in large numbers and developed normally, obviously is not of 
this nature sine© large numbers of larvae entered th© roots. Failure 
of nematodes to develop normally in those plants in which they entered 
freely, could only be due to some unknown physiological factor.

Practical us© can be mil© of these observations • For the nematode 
species concerned, plants in which larvae do not enter and those in 
which larvae enter in reduced numbers, could be used in crop rotation* 
designed to starve the nematodes. Plant which ar© highly susceptible 
to infection but resistant to development and reproduction of nematodes 
could be used to trap these organisms as suggested by Barrens (3).

Th© fact that those nematode species found in Maryland occurred 
rather generally throughout th© state, would indicate that they hav© 
become well established. The other species probably are very rare or 
do not occur in Maryland sine© they were not found in any of th© collec­
tions . Therefore, these need not be considered in designing rotation 
programs •

Practical significance of the work reported in this paper is that 
it provides a basis for scientific rotation of crops to control root 
knot. For purposes of crop rotation, th© Maryland farmer has only 
two types of root-knot nematode to consider —  M. hapla and M* incognita 
var. acrita. In designing a rotation program, th© first step would be
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to  id e n tify  t lm  nematode species present* This can be don© by 

C l) a stogy o f morphology*, (2 ) h r boot te s ts  o r, (3 ) by observation 

o f the type o f g a ll produced* The host l is t  can then be consulted 

fo r  the purpose o f fin d in g  erops which are inmrone or re s is ta n t to  the 

neaatods species present* fro®  th is  l i s t  the erops aost su itab le  

fo r use in  the farm  program can be selected .
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F if ty  p la n t species and v a rie tie s , consisting c h ie fly  o f agronomic 

crops commonly used in  ro ta tio n  programs In  the southeastern United 

S ta tes , sere tested  fo r  s u s c e p tib ility  to  the roo t-kno t nematodes, 

jfeloldogya* Incognita.. M. Incogn ita v a r. a c r ita . M. hap la , a . aronarla  

and M, iavan ica . Some p la n t species were found to he re s is ta n t to  a ll 

the nematode species w hile others mere susceptible to  a l l .  However, 

the m ajo rity  o f p lants te s te d , mere found to  be between these tmo ex­

tremes in  s u s c e p tib ility , l,e « , re s is ta n t to  one or more o f the nematode 

species and susceptible to  the o th ers , More p lan t species mere re s is ta n t 

to  M. hapla than axy o f the o ther nematodes.

Studies on in fe c tio n  and development o f the d iffe re n t nematode 

species in  re s is ta n t and susceptible p lan ts  revealed th a t in  general 

re s is ta n t p lan ts mere not in fec ted  as re a d ily  as susceptible p la n ts , 

mhen both mere eq u ally  exposed to  ro o t knot inoculum. Larvae which 

entered roots o f re s is ta n t p lan ts showed l i t t l e  or no development be­

yond the f ir s t  p a ra s itic  la rv a l stage, w hile considerable development 

occurred in  susceptible p la n ts .

the p rin c ip a l character used fo r speeies determ ination was the 

p erin ea l p a tte rn  o f the a d u lt fem ale. V aria tio n s  In  morphology make 

i t  apparent th a t Id e n tific a tio n  o f species by a study o f the nematodes 

themselves w ill be re lia b le  only in  the hands o f s p e c ia lis ts . The 

present study, however, suggested a simple and perhaps p ra c tic a l 

method o f id e n tific a tio n  based on s u s c e p tib ility  o f c e rta in  p lan t 

species to  the various nematode species and type o f g a lls  produced on 

the roots o f in fec ted  p la n ts .
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During a limited survey, two species and one variety of root-knot 
nematodes were found to occur In Maryland* Theee were incognita* 

incognita var* acrlta. and M. hapja. The latter two were found 
more frequently* Occurrence of root knot wae rather general throughout 
the state, having been found in 12 of the lU counties visited* Severe 
infestations were more comroonly found in the sandy loam type soils of 
the Eastern Shore than in the heavier type soil.

The practical significance of the work reported In this paper is 
that it provides a basis for scientific rotation of crops to control 
root knot*
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Figure 3* Some commn v a ria tio n s  found in perineal pattern# of 
adult femles of Hslotdeggrae incognita« the four epeoiwn® 
were taken fro® the fo llow ing  crop plant#« A* tom to  5 

B. tomto$ C• alfalfa| P* cat&mge.





Figure It* Seme common variations found in perineal patterns of 
' adult females of HaXofdegme incognita mi*. acrita. The 
four specimens were taken from the following crop plants?
A. wheat$ B# pigweed; C. sweet potato; B* eggplant.
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Figure *>• Some common variations found in perineal patterns of 
adult females of Sfeloidogyna hapla. The four speoimens mere 
taken from the following crop plants* A* onionj B. onionj
0 . tomato} B. strawberry*





Figure 6, Som eomnon -variations found in perineal patterns of 
adult females of ?feloidogym .javanica* The four specimens 
sere taken from the following crop plants; A. oniony 
B* carnation} C. wheat} D. alfalfa*
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Figure 7* Some common variations found in perineal patterns of 
adult females of Maloidogyn© aremria« The four specimens 
wen© taken from the following crop plants* A. red pepper}
B. common oleander; C. tobacco; D« watermelon.
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Figure 8, Approximate locations from which species of Meloidogyn* 
■were collected in Maryland, Heloidogyne incognita is desig­
ns ted by a triangle 5 M. incognita var# acrita by a square %
M. hapla by a circle# Root knot was not found in Carroll or 
Howard Counties*

Figure 9# Identification of root-knot nematodes (Meloldogyne spp,) 
by host reaction# A plus sign indicates susceptibility to root 
knot5 a minus sign indicates resistance to root knot.
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Figure 12* Tomato roots infected with Maloidogyna hapla show* 
ing small galls and netted root system.

Figure 13* Tomato roots infeeted with Msloidogyne javaniea*
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Figure 11** Snap beans infected with Heloidograe hanla. Small 
galls are somewhat ©bscured hgr extreme proliferation of 
tbs root system.

Figaro 15* Snap beans Infected with Sfoloidogyno Incognita. 
The galls are large and extensive proliferation of the 
root system as sheen in Figure lb is lacking.



p'O(•



VITA

Hams in falls Joseph Heal Sasser
Permanent address: Box 5397,Worth Carolina State College, Raleigh, H. C.
Degree to be conferred! dates Doctor of Philosophy —  1953 
Date of birth* May 19, 1921

Place of birth* Wayne County, Goldsboro, Worth Carolina 
Secondary Education* Rosewood High School, Goldsboro, Worth Carolina 
Collegiate Institutions attended s Dates Degrees Date of Degree 

Worth Carolina State College 1939-1*3 B.S. June 191*3
Worth Carolina State College 191*8-50 M.S. June 1950

Publications *
1. 1951* Population dynamics of nematode parasites of tobacco

in certain crop rotations• (Abs.) Phytopathology hit 31 •
2. 1951* Studies on the control of Golden Hematode of potatoes

with Systex spray (E-1059), an organic phosphate insecti­
cide. 0 . S, Dept. Agr. Pi. Bis. Rptr. 35* 152-155.
(with J. Peldmesser and G. Fassuliotls)•

3. 1951. The use of gelatin capsules for making single egg-mass
inoculations with the root-knot nematode (Meloldogyne 
spp.) • (Abs.) Phytopathology hit 561**

1*. 1952* Studies on the control of root-knot nematodes (Meloido-
srm spp.) with Systox spray (E-1059), an organic 
phosphate insecticide. 0. S. Dept. Agr. PI. Dls. Rptr. 
36* 228-233.

5. 1952. Identification of root-knot nematodes (Msloidogyne spp.)
by host reaction. 0. S. Dept. Agr. PI. Ms. Rptr.
36 s 81*—86 •

6 . 1952. Studies on the entry of larvae of root-knot nematodes
Into roots of susceptible and resistant plants. (Abs*) 
Phytopathology 2*2* 2*72*. (with A. L. Taylor).

7. 1952. Observations on Heterodera welssl Steiner, 192*9 (Hetero-
derldaa, Wematoda). ProcT Seim* Soc• Wash, (in press) • 
(Junior author with A. G. Tarjan).

8 . 1952. The plant nematode problem on the Belmarva peninsula.
Dept, of Hort., Univ. of Md., Misc. Pub. 131* 27-29.



s
aI
£

1 1

I f
5 5

ca **\


