PATHOGENIC BENAVIOR AND LIFE RISTORIES

Armen Charles Tarjan

Thesis submitted %o the Faculty of the Oraduate

3chool of the Univessity of Maryland in pertisl

fulfillment of the requivements for the degree
of Doctor of Philosephy



UMI Number: DP71138

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishing T

UMI DP71138
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



APPROVAL SHERT

Armen Charles Tarjan, Doctor of Philosophy, 1951

PATHOGENIC BCBAVIOR AND LIFE HISTORIES OF THE ROOT-FNOT HEMATODES,

{6 0MT



ACKNOWLEDGNENT

The auther would like to express his sincere appreciation to the
following:

To Dr, Walter F. Jeffers feor the invaluable ceunsel which he
offered during the course of this research and for his advice in the
preparation of the manusoript.

To Dr. Gettheld Steimer for the suggestion of this problem and fer
making available the facilities of the Division of Nematolegy.

Te Dr. Benjamin O, Chitweod for valusble information concerning
the nematodes studied and fer the suggestion of several eof the
techniques used,

To Mr, James E, Eoch for help on statistical methods used,

Te lirs, Jaocqueline G, Bennett for her excellent werk ia typing
this thesis,



INTRODUCTION AND REVIEW OF LITERATUEE .

19&9?@#”.;:&:&‘0'1&&‘-
MMnQOGioiuiv’t

DISCUSSION OF RESULTS .

L

]

]

*

»

]

L

¥

L 2R I N BN Y B 2 A

® 8 0 & 5 9 s ¢ e

* ¥ 5 ¥ & &N e b "

LN TN BN 2NN NN R JEE BNR R R ER



Table

7I

VII

LIST OF TABIES

llean top weight per plant of S smepdragon
varieties at 3 lovels of inoculum o« o o o o «

loan top weights of plants inoculated with
58&01@5&23&1@&&%&@316%13@
InOCUluMe ¢« ¢ ¢ 2 % o 2 2 b s s v o e e s

¥ean top welght per plant of 5 smapdragon
varietiea WﬁaﬁﬁtﬁSWMeﬁ

Woocou-g-oo.c-aoo:

ean top weight per plant of wmimoulated
SYApIRgon conbYOlE ¢ o o + v o s 0 0 6 s

wmeight per plant of 5 smapdragon
wriafs&esat?»lmlsafimm.... ..

lean root weights of plants imccwlated with
5 species of Heloidogyne at 3 levels of
INCClUMe o o 5 o 0 5 6 6 6 8 s e 6 s s e

liean root weight per plant of 5 smapdragon
varieties incculated with 5 species of

WGO'0.00)U‘«'O'.OO

llean root welght per plant of wninoeulated
SEApdragon conbIols o o o 4 ¢ ¢ 6 0 0 s 4 o0

Yean root-knot index per plant of 5 smp-
dragon varietdes at 3 levels of inoculuwa. .

Mean roote-imot indices of plants inoculated
with 5 species of lploidomme at 3 lowels
ofimm‘.'..t.’.....’...

lsan root-kmot index per plant of 5 snap-
dragon varicties inmoculated with 5 species
Qf_wtoooovnutbvtnssi

*m mutbor of female nomabtodes per plant
5 spapdragon varieties at 3 levels
inmwa-¢...-.....ac...

tnooulated with 5 speciss of Eloidoge.
ula 8 8
atBlﬂw}sMimmlwng.‘.;...e.

o 11

» 11

. 13

o 1



Table Page

av ﬁanm@bwwfem nambodes per plant
5 smapdregon varieties inoculated with

gmwgagzw'I.l.'.......i...zl

b Hean mpiber of ege masses por plant in
5 spapdragon varietiss at 3 levels
Of 1000ULME o o & » ¢ 5 ¢ ¢ 6« 6 6 o 0 ¢« o 0 2 6 5 0 0 s s 22

bA'SY isgn mmr%of ggg maeses inkglants
inoculated with 5 species of leloidogynme
8% 3 levels of Inooulu® o o ¢ o o ¢ ¢« ¢ 5 o o 0 6 0 0 8 8 22

viz lean numher of exg masgses per plant in
5mpmganm8m1wm&%h
58;%“1:@3 ,@mm%EmQIQODOD.O..'.C.OOEB

IVIII lean mate of nematods reproduction per
plant in 5 smapdragon varisties at
BIMB»SMW---..'!'O‘00-0-0.002}4

IIx lkan rates of nematode reproduction in
Egamﬁ inooulated with 5 specles of
_?-Q:‘f“ a-tBMBlaﬁfimml\w. ¢« 5 s 0 s & v > & 035

pud Pean rate of nemtede repvoduction per
plant in 5 spapdragon verdeties
incculated with 5 specles of Moloidopynes v o o o v o o o 25

I Hean top welght per plant of 5 smapdragon
Wmﬁ - * » [} [ ] » * ¢ @ 9 [ ] [ ] [ 3 [ ] * @ . L d [ N ) - » ® e 26

IXII  lean top weight per plant of 5 smapdragon
varietios impeulated with © snecles

atbﬁlﬁid% 0..0.'0'..01.'0.010"027

IXTII Iean top welght per plant of uninoculated
ﬁmpmgﬁﬁwnﬁmla.....o.......-.'..-2&

IXIV  Mean root weight per plant of 5 smapdragon
Wti@ﬁ £ ] » . . % » & & » » & 5 » » ¢ & L] v & . ¢ & & & 28

v mmmﬁmmbaf5mpmgm
varietiss incculated with 5 species of

Wbocoouo.a0oo-o¢oqocooo-29

PN Yean root weight per plant of uninoculated
smmgoncﬁntmls..-.....‘.-........30

IWII  lean root-knot index per plant of 5 smap-
ér&geamri%‘&ﬁﬁs..o.¢..-...-~........30



Table

IXVIII llsan roct-keot index per plant of 5
smapdregon varieties inoculated with
Smaiaaw%mﬂm.a..‘....

IXIZ  ean musber of fm:w nomatodes per
Frm m 5 ‘?"'"".” R m

IO lean mwber of fomle nematodes per
plant in 5 smapdvagon variectios
incculated with 5 speciss of leloidogyy

5 s o 3 o

*» ¢ & & 95 & & @

XXXII %mmnrafaggmmpm‘b
in 5 smapdragon varieties inccalated
ﬁ&smiﬁa@fmm&& ¢ 5 e " o0

XXXIIT lean rate of nematode reproduction per
pl&n‘ainSmngmwmm. . s 00

XIXIV  loan veto of rematode reproduction per
plant in 5 seapdragon varieties
WMﬂ&SmM&wmw

parisen of stages of development of
tshs rm@nm nematodes on sMApdragons. .

VI Comparison of stages of develomment of
the root=inot nematodes in smapdragon
a.ndm%‘.‘...tt‘.‘.t‘ol

« 31

. 32

« 33

. 34

. 35

a3§

. 36

. L2

iv



TNTRODUCTION AMND REVIZW OF LITERATUREL

For some time the degree of pathogenicity of the root-knot nematode
to various crop plants has been the subject of extonsive imvestigations.
Humerous inconsistencies in resulis had indicated the possibility that
populations or races of the mematode existed. Tufts and Day (22)
reported that Bokhare, Shalil, and Tunman poaches, when grown in soll
wiifornly infested with root-knot nemtodes, were not attacked by these
pathogens. In a later report (10), however, these investigators reported
that each of the three peach varietics could show light iwfection by
these nematodes, They referred to the faot that while growing hundreds
of Shalil seedlings in & rooteknot nomatode infested mursery for &
years, not one plant wasz attacked by nematodas, yet when the mursery
site wag changed t0 a location & mile away, 2L percent of the Shalil
seedlings were atiacked. These investigators concluded that different
nematode strains existed at the two growine sites.

In experiments attempting to infect Shalil and Natural peach
sesdlings using root~inot nematode infested soil from 5 different
locations, Clayton (9) found that in soil from 3 orchards Shalil roots
remined free from root-imot while 50 to 70 percent of the Hatural
seodlings were affected. Doth varieties, however, were equally
suscephible 4o root-lmot when growm in soil from orchards wherse shalil
seedlings were affected. Un the basis of similar observations various
investigators concluded that the root-kmot nematode was comprised of
rages or strains (4, 6, 11, 17, 20, 2L). Several of these races have

l‘z'his project was carried out under & cooperative agrecment with
the Bureauw of ilant Industry, Soils, and Agricultural Engineering,
Beltsville, 1d.



been tested against important fruit and vegetable crop plamts. Christie
and Havis (8) tested seoveral races of the root-knot nematode against
varietics of peach trees. Thelr resulte showed that individual varietles
reacted differently in gall formetion when infected with different races
of the root~lknot nematode. Reynolds (15) found that when 3 reces of
root~knot nematodes were tested on Lgyptian and Upland cotton, differ-
ences in the mean musber of nsmatods egg masses per plant resuliing
from the inoculations were all signiticant at odds of 99 4o 1. Christie
and Albin (6), who did some of the most thorough work investigating

the possibility of the ocewrrence of races of the root-knot nematode,
stated that plants may be susceptible to 1 race bul reaistant to
another or that plants may be susceptible to cach of 2 different races
but my differ in the Hype of root galling produced by 1 race in
compardgon to that produced by the other. Ihey found that peanut,
cotton, and alfalfa wore all guscepiible to some races but resistant

to others. In working with tometo which was equally susceptible to

all races, they found that some races produced galls that were small,
inconspicucus, and mogtly confined to smll roots with large roots

near the base of the stem not belny appreciadbly affected. Other popu-
lations producced similar galling of tomato plants exeept that most

of the galls developed mmerous rdiating rootletes which in turn hore
galls with radiating rootlets, resulting in & reticulate root system.
One popalation, they found, caused swelling of all roots, mny large
galls, and a conspicuous absence of fine roots. They concluded that
there wore probably 5 or more distinet races of the root-knot nematode
and claimod "the possibility that some races m3y possess distimguishing
morphological characters camnot, as yet, be ruled out.”



The ocewrrence of races or populations of the root-lnot nematode
wag an accepted theory when Chitwood (3) separeted the root-knot
nematodos into 5 distinet species and revived the gensric mame Moloidogyme.
The species of Heloidogyme, according to Chitwood, are separeted by
distinet morphological characters ag well as differences in pathogenicity
to various hoste in most cases. leloidogyme exigus Goeldi 1887 was
ordpinally observed on coffee roots in Brasil. Adsquats preserved
mtorial was avallable for study of the species but to date, abundant
living meterial has been wnavailable. Heloidogyne javanica (Treub
1885) Chnitwood 1949 was origimally described as infecting sugar cane
in Java. In the United States, this specics has been found infecting
roots of roct-imot susceptible and "resistant” peach varieties as well
as severel ormamental and vegetable crop plants. ieloidogynme hapla
Chitwood 1949 was found originally on Ureen Mountain variety potato
but has also been observed on strawberries, parsmips, psamts, and
tomatoss. leloldogyms imcognite (Kofodd and vhite 1919) Chitwood
1949 mas originally found in fecal samples of ascldiers in Texas and
other southern states and was thought 4o have been presgent in vege-
tables eaten by the soldiers. leloidogyne incognita is regarded as
being the most common root-knot nematode in a large part of the
United States (21). It has been reported infecting camaigre (Rumex
Iymenoscpalug) 1n Arisom (16) and einchora (Ginchers micratba) in
Guatemsla (19). Chitwood (3) states that this nemtods reproduces
on Tellow Olobe cnions, cotbtonm, celery, lima beans, peppers, and
cactus. It does not reproduce on peamuts or Yumman and Shalil peach
roots. Taylor and Chitwood (21) claim that ILycopersicon
is not affected by M. incognita.
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Meloidogyme imcopnita var. acrita Chitwood 1949 closely resesbles
the parent spocics in both morphology and pathogenicity. Slight differ-
eneces in morphology are apparest in comparisons of the perineal reglions
and shapes of shyled knobs of nematodes botwesn the variety and the
parent species. Yeloidogyme imeopnita var. zerita may be separsted
from 4. incopnita in that the former will infect Lycopersicon peruviamum
while the latber will mot (21). Meloidogyme aremaria (Neal 1889)
Chitwood 1747 was first observed causing extensive damage on peanut,
Although 1% is pathogenic to Lovell peach, it reprcduces poorly if at
all, on this host,

Srapdragon (Antirrhimm matus 1.) was first listed as being eus-
ceptible 4o root-inot by Bessey (2). Vatkins (23}, strangely enough,
rogerded Antirrhimm as being resistant o root-knot nomatode infection
vhile Barrus, et. al. (1), Godfrey (12), and Parris (1)) have all
clained that smapdrazon was defindtoly susceptible o attack by the
root-knot nemitode. There are a number of instances on record in the
files of the Division of Nematology, U. 5. Department of Agriculture,
Beltaville, id., in which snapdrogon roohs have been found $o bear
woll-established infectlions of root-knot nemsiodes.

The revision of the root~kmot nematodes necessarily invalidaded
a great deal of the work which had been done previcusly on pathogenicity
of this group %o various plants. Now that several species of the roote

knot nematods are recognized, the possibility exists that each may
invoke a distinctly different patholegical response from a specific
hoat.

Research reported in this thesis imvolves the use of several root-
knot nemetode speclies in determining the effects of these parasites
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on snapdragon as well ag the effects of the host on the paresites. It
wes felt that such bagic ressarch inteo the problem might ald mterdally
in determining additiomsl similaritiecs or differences betwsen species.



Hematode inocculum, used in the following experiments, consisted
of egg masges of loloidopyne aremaria, M, hapla, }. incognita, M.
incopndta var. acrits, and M, javaniea. All species were maintained on
the Rutgers variety of temato, lycopersicon esculentum 11, on which
production of egg messes readily occcurs. In 2 of the 3 experiments to
be discussed, the 3 levels of inoculum employed were 1, 10, and 100
ogy masses. The 1 and 10 egg mess inoculums were obtained by the
selection of small sections of root tissue in esch of which was
gituated an ovipositing female nematode. This method was preferred in
lieu of accumulating only the egg masses simce it had been observed,
in using the latter method, that many times a considerable mmber of
eggs will adhere to the female in the process of separation. In
obtaining the 100 egg mass inoculunms, heavily infected roots bearing
muerous mssos were finely chopped and thoroughly mixed. Bgp
msges contained in 4 representative portiom of this material were
then counted wnder s digsecting microscope and the corresponding weight
of roots econtaining approximately 100 egg masses was computed. It
should be stressed that before any inoculum wag selected from an
infected plant, sevoral repregentative egy masses were broken open,
wider & dissectiny microscope, and the conbents checked to insmme
the presence of either first stage or sccond stage larvae.

The 5 varietics of spapdragon used in these tests ware Ball Red
HBybrid #7, Christmas Cheer, Margaret, Maryland Fink, and Ball Yellow
Hebrid #1. Plants were grown from seed germimated in vermiculite and
transplanted, after growth for approximately a month, 4o five-inch
pots half filled with a potting mixture of 1 part sand to 1 part soil.




After the proper imeoculun was inbroduced imko each pob and thorcughly
mixed into the surface of the soil, petting mixture nscessary to £111
sach pot wag added and the pots watered thoroughly.

e 4o the lack of adequate greenmhouse gpace, plants wers necessarily
grown quite close to one another. This created the hazard of contami-
nation of treaimente from aplashing bebtween pots during watering. To
eliminate this danger, a spray rig consisting of 8 dispersing noszles
wag mounted on wires above the bonch and was used %o water the plants
throughout these experiments (Fig. 1). This apparatus delivered a fine
water spray to the plants and was effective in elimimating splashing
between pots.

In barvesting, the root gystems of the plants vere washed gently
in water so that all debris was elimimated. All weight measurements
were exprossed in grams., Indexing of infected roots was accomplished
using the systen proposed by Smith and Taylor (18). In this system
of indexing, plants withont amy visible root infection received a
rating of 0, those with root systems bearing 1 to 25 pervent infection
of the total amount eof root swrface received a rating of 1, those with
root infections of 26 %o 50 percent received a rading of 2, plants with
51 to 75 percent of their root systems infected received a rating of 3,
and those with root systems bearing 76 to 100 percent infections re-
ceived a ratdng of L. Ome half of the root gystem of ouch infected
plant was preserved.in 5 percent formalin for futwre counts of females
and egg masses at which time the roots were washed free of formalin,
finely chopped, and thoroughly mixed, In ael%’sing appropriate samples
for counts of adult female mematodes and egg masses, 200 mg. of all
plants which wers originally inooculated with 1 egg mass, 200 mg. of




plants inoculated with 10 egg masses, and 100 ng. of plants inoculated

with proper cautdon being sxercised so that no 1 sample dried out move
than cthers. Zach weighed sample of roots was placed in a shallow
layer of water in a 3yracuse watch glass and carefully examined for the
presance of adult femals m%edesmdeggmm} daving obtained
counts from each sample, values were then computed, on the basis of
root weight of cach plamt, in order %o represent the total nusber of
fernles and egg magses por plant. Valuss for the rate of nematode
roproduction for each plant were cbiained by dividing the total nusber
of egg masses per pland Ly the totsl muber of femalas.

In the final experiment in which details of the development of
each neratode species were studied, smapdvagon secdlings of the largaret
varicty growing in 3-inch pots were inceulated with egg mmsscs collected
from the roots of smapdragons grown in a previows experiment. A single
egz mass war inserted inmto emah of 5 smell holes around the crown of
each plant after which the holes were filled with soll and the plants
watered,

The staining technique employed for demonstrating the presemce of
root-knot nemtodes was suggested by H. ¥, Reynolds.’ In preparation
of the staining solutiom, & cc. of distilled weter, 10 ecc. of ) percent
chromic acid, 10 oc. of 10 pereent acetic acid, and 2 ce, of 2 percent
oamic acid were combined and headved to approximetely 55° C. Roets were

s aus%sted by B. G. Chitwood, Departument of Blology, Catholic
Univeraity, “Washington, D. C.

Associate Nemstologist, Division of Nematology, U. S. Field



stained in this sefiution for about 1} hours after which they were
washed in rumning water for 3 hours. They were then immersed in

15 percent ethyl alcchol for 15 min,., 30 percent for 30 min., 50
percent for 1 hour, 70 percent for overnight, 80 percent for 2 hours,
95 percent for 2 hours, and absolute for 2 howrs. The dehydrated roots
wers then cleared overnight im methyl salicylate (synthetic oil of
wintergreen). Permanent mounts of root sections were mede using Camada
balsam as the mounting medium,

Photographs of plants were made with & L X $ Facemaker Speed
Graphic using Ansco Isopan film. All charts were photographed with
the same camera equipped with Kodak Comtrast Process Panchromatic
film. Fhotomicrographs of nemstodes in root tissuss were made with
a leits "akam* (Mkro-Aufsatzkamera) using Kodak Contrast Process
Panchromatic £ilm wmounted on a Spencer microscope.



EXPERTMENTS AND RESULIS

The first experiment was designed to investigate the effect of
S species of root-kmot nematodes at 3 levels of imoculwm on 5 varieties
of spapdragon. All possible combimations of these variables as well
as 1 uninooulated conbrol plant of each smapdragon variety were repli-
cated in each of 5 blocks. Plants were placed in the greeshouse in
a split plot dosign and growm at an averape temperature of 22° C,

After 2. months data were obtained on top welght {weight of aerial
parts), root weight, root-knot index, mumber of females, rumber of
egg masses, and rate of nematode repreduction of each plant. An
account of the procedures used in obtaining thesec data has previously
besn given., Tables I tlmwough XX present these data for nematode
spocies, smapdragon varieties, and levels of imoculum as well as for
the interactions of the above variables with each other,

In the interpreftation of results throughout this paper,
leloidopyme incognita var. acrits will be regarded as a separate specles
and shall be referred to as li. incognita acrita. This is dome for
purposes of brevify in the presentation of these data. HNo attempt
will be made mmemmwmmm%m shown in the various

tables pregented. In all cases, only those data which show significant
differences botween ‘Bloidopyme species will be referred to except
when otherwise astated.

Table I shows the mean top wolght per plant of 5 smapdragon
varieties at 3 levels of inoculum,

In inspecting the data for top weights of plants, differences
botesen top weiphts of some varietlss of smapdragons were evident.



These differences also ccowrred at each lovel of imooulum,
Table I. lean top weight per plant eof 5 smapdragon varichies at 3
levels of inoculum.

Srapdragon ... Lig Jasses In Seiles ~variety
.mmm 4 ' _ ] Yean
16,02 16,2 12.9 15,1
Chriam Cheer 20.9 18.2 1.2 17.8
mﬁ 17.8 13.9 10.4 1k.0
80 .csb ceescescoscnae - . T 1.5
LD 0L Ceeeeeeseneene Y ETTTTTTIEY 2.2

8511 weights are expressed in grams.
bLSI) - Laaab difference between means necessary for significance

———

The effect in reduction of top wiight due to increasing imcrements
of inoculum is highly significant (Table II).
Table II. lean top weights of plants incculated with 5 species of
Meloidogyme at 3 levels of inooulwm.

17.2 21.6 19.0 22 .6 15.1 19,1

15.2 18.a 17.9 17.3 15.8  16.9
]éoa 3};-1 11.6 8.8 15-6 3—2.7
erreneens 2u8% i 6P Ll 1.3
00.00‘100-' }.? 6000068000600 0 0 8.9 (XX XX EEXX] 10?

alum levels, within a species,
oen Speciss within the same or different inoculum levels.
Further examination of these data shows considerable variation
in the #xmt due to inoculum levels for different species., For
instance, &wmmdm decrease in top weight as inoculum
mmd,%ammsammmmmﬁmg.m
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acrita infected plants when the level was increased from 1 to 10 egg
mages and from 10 to 100 egg masses, leloidogype imcopmita infected
plants showed 2 significant decrease in top weight only when the
inoculwm wes increased to 100 egr masses, As with plants infected
with }i, incopnita serita, the mean top weight for ylants infected with
each inoculum level of K, hapls was different than that of plants at
* the other levels., Planta at the 1 egg mass inoculum level for 1,
aremaria had & higher top weight than these at the 100 egz mass level.
In comparisons between species at the same level of inocculum,
plants infected with X, javanios had a lower mean top weight than
K. incopnita acrita Infected plamts at the 1 egg mass inoeulum level,
while the converse was true at the 100 egz masge level of inoculum.

There wore no significant differences between mean top welghts
of varieties infected with Meloidogyme species as shown in Tabls IIT.
Table III. lsan bop weight per plant of 5 smapdrgon varieties

Eloldemme
specilos
hapla 18.0 183 17.7 21.3 1h.7 179
incognita 8.k 16.2 12.9 19.4 1.0 1642
incognita ,
scrita 13.9 17.1 13.5 20.9 15.6 16.2
Joventes 12,2 20.L 13,1 15,6 16,2 15.5
IA\’SD .Os oooooo-oo30?»..00-0.0..--0-. ?.Gl) ------- 0 n.ﬁoa
mm;ﬁl oooooo oooé,'a -.ooooo.oc's.--ow IEEXEEXXER] ﬂ,,ﬁ.

Bpetween varieties, within a species.
bpetween spocies, within the same or different varieties.
®n.g. == differences are mot statistically significant.
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In the anmalysis of these data for the effsct of interactions be-

evident betwesn top welghta for some nesniode specics infecting the
various varicties of smapdragon. FPlants of the Ball Red varisty
infectad with X, hapla and I, incopmits had greater weights than
plants infected with the other species. Christmes Cheer varisty smap-
dragons infected with U, incognita had a lower top weight than plants
infected with i, javanica. Within Margaret varlety, plambs infectod
with M. bapla had a greater weight than planis infected ty the other

species of Meloidogyme. Wheveas }. Javenica infected plants of Mary-
MWWM&WMWW&}M&#MMMW

He papla, X. incognita, and X, incognits sorits, plants infected with
Y. aremaria bad & lower weight than }. DApla and . imcognits acrite
infected planta,

Top weights of plants grown as uninooulated comtrols are pre-
senbed in Tabls IV, These waluocs were not amalysed statisticslly.
Table IV. lsen top weight per plant of uninoculated smapdragon

controls.

When the average weight of cach variety was computed, it was found
that all varioties, ﬁm,memmxw%nm;mdamw
top welght then impoulated plants.

Block diagrems illustreting the results cbtained in the amalysis
of top weight of plants are pressmted in Fig. 2.



Table V shows the mpan root welght per plant of 5 snapdragon
varieties at 3 levels of inocculws.
Table V. Mean root weight per plant of 5 smapdragon varieties at
3 lsvels of inmooulum,

Varietics

Varlety
Heoan

16.5
20.5
19.1
18.7
17.0

m.aﬁ se 000000000t h.g..-........ 2'3
m ‘Gl ..'.,""...“... égéo‘.oauolobu 3‘1

Aralysis of root weights of infected plants showed gsome differences
between varicties of smapdragons., Some of those differences were signi-
ficant for the 1 and 10 ege mase inoculum lewvels bub nob for the 100

egg mass level of inoculum.
A high degree of significance was apparent in the overall reduction
of root weight duc to the higher inerement of inoculwm (Tabls VI).
Table VI. Msan roob weights of plants imoculated with 5 gpecies of
lnloddopyme at 3 levels of inoculum.

TED LA8Ees ‘ B TolohrTRe Bpecten “IRoC.
m m}m - ::‘7 "".."'f "Ji‘y 8 _v&'de!":‘; Ly XM 0ET i
A S aiia .

i 17.7 21.3 2342 28.0 17.6 21.6

10 15.8 20.9 22.4 23.5 17.5 20,0

100 P 17,3 12,0 10,8 .3 13.5
m a{)g ceseecvcsos e h.Oa ees0ssess e v 5.@& ------- 1.8
m 091 sese0s oo S!:é s se 00 ssss e e 7,& s0s s e 2.}4

Metweon inoculuwa levels within a species,
baeman speciss, within the same or different inoewlum levels,
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These date show that root weights of the 100 egg mess inoculatioms
were lower than for the 1 egy mess inooulations for plamts infected
with all nematode species except il javapica. There were differences
between M. incopnita and 1. incopmita acrita infected plants in that
for M. incogmita there wore no significant differences in root weight
between the 1 and 10 egg mess levels while for . incopnita acrita the
mean root weight for the 10 egg meaz lowvel was lower than for the 1
egp wass level, Thers were no apparent differempes in root weight
between plants infected with different levels of . javanies.
son of mean voot welights of plants infected with the
different species at the 1 ogy mase level of incculum disclosed that
the weight of I, imvgrn&ta acrita infected plants was higher than
woights of !, areparia, . hapls, and Y. javapica infected plants.
Plants wmmﬁwg.whaaamwmmmtmw
infected with . javapioa. In the 10 egg mess incculum level, both
Y. incormita and I, incopnita acrita infected plonts had a higher
root, weight than Il. aremaria infectod plants, while X, incopnita sorite
infected plants wore higher in root weight than . javamics infected
plants, For the 100 egg mass inceulwn grouwp, plants infected with M.
incopnita acrite were lower in mean root weight than plants infected
with Y. hspla,

" As shown in Table VII, K. hapla, M. incogmita, and Y. incogmita
scrite infected plants had higher root weights than those infoctod
by K. areparda and L. Javenica,

The effect of interactions shown in Table VII indicate that only
variety Dall Red had a comparable pattern of root weights when sub-
Jected to infection by species of leloidogymo, Por Christms Cheer
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variety, the mean root weight of i, javanica infected plants was higher
than root weights of plants infected by 4. avemaria, M. hapla, and

M. incopnita. In marked contrast, however, M. javamica infected plants
of Yargaret variety bad a lower root weight than plants of the same
variety infected by U hapla, . incognita, and ). incognits acrita.
There were no significant differences in root weight of plants of
Baryland Pink or Ball Tellow varisties infected by each of the 5 nema-
tode species,

Table VII. Mean root weight per plamt of 5 smapdragon varieties

Species
Hean

15.6
19.8
19.2

acrita 9.4 21.9 21.5 20.8 20.1 20,8
Javanica 0.1 26,2 3kl 16,0 15,6 16,5

I&B ‘OS EEEXEEEX] gaza .............. 6.1b IR EX] 2.2
m 001 s0 800000 608 teeeses a0 000 00 3.1 oooooooooo 2.9

Spetwoen varieties, within a species.
bBe?man specles, within the same op d
Root weights of plants grown as uninoculated controls are presented
in Teble VIII; theso values were not analysed statistically.
Table VIII. lcan root weight per plant of wninoculated smapdragon
controls.
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A1l varietics, with the ereption of Christmas Cheer, had a
greater rood welght than plants vhich were inoculated.

Fig. 2 shows block diagrams of the results cbiained in the apalysis
of root weight of plants.

As indlcated in Table IX, amalysis of roote-knot indices of snap-

dragon varieties showsd that no significant differences existed,
Table IX, Hean roote-imot index per plant of 5 smpdregon varieties

BTADATAEon Varicty

Varietiss Hean
Ball Red 1.5
Christms Choer 1.4
Hargaret 1.6
Maryland Pink 1.6
Ball Yellow » 1.5
I‘Sﬁ ‘GS ooooo ®e 00000 ‘:}.3 4sc0cs000c00 a.g.
Im ‘Ql ‘ ¢teeeasesosccnce G‘lé escscsct e a.s'

Turther inspection of the above table reveals that differences
existed betwoen root-imot indices of smapdragon varieties when grown
at differemt levels of inoculum.

lean root-knot indices of plants subjected to different levels of
inoculen increased sig ly with the increase in imeculum (Table X).
Table X. Hoan rooteknot indices of plants inoculatad with 5 specles

of Waﬁ 3 levels of inpoulum.
T Masses ;
in Inoculum are
1 0.9 Qo 0,8 1.0 0.8 0.0
10 1.4 1.0 1.8 2.2 0.9 1.5
1{30 ) 20() 1-05 }hlﬁ é)k 1.2 2.2.
L5 .05 cereeee 0JB il 0P 0.1
Z&C;B Qi}l XXX EX] Q.k 2000060600 00es 0 .6 *08 ¢80 00 . {)02

Setwoon inooulum levels, within a species.
BRotween gpecies, within the same or different inmoculum levels.
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Nifferonces are apparent in the behavior of each newmatods species

at each of the > ratos of inoculum used, lean root-knot indices of
U, Jevanlca infected plants, however, chowed ne differences in index
rating betwepn the 1 and 10 ego maes ineculztions,

. } ptod in a lower mean rmt—
kmsimatmelaggms level than infections of 1. aremaria and
Y. incognita acrita, At the 10 egg mass level . Javaniea infected
plants had a lower index than plamts infected with K. aremaris, which,
in turn, had & lower index than plants infected with Y. incognita scrita.
Both H, bhapla and K. Savanics infected plants had lower indices then
plants infected with l. incopnite and M. inoomita acrita. Approxi-
miely the same relationships existed for the 100 ogg mss level as
for the 10 opz mass level,

A high degree of sigr ance, in some cases, was evidemt between
root-knot indices of plants infected with the S spocies of leloidog
(Table XI).

Table I, IHeomn rootelmot index per plant of 5 smapdragon varieties
inmoculated with 5 spocies of leloldogyme,

mm 1-5 1‘5 1.1 10? 105 l.l&

hapla 1.1 09 le3 0.9 Qa7 1.0
incognita 1.9 1.7 2,1 2.1 2.2 2.0
incognita

. mm 201 3.1 205 302 2.1 2-2
ﬁm tel Qo? ) lnl 3«09 Go? L0
I‘*'?ﬁ .Q§ eeesone O.ha ee s 00000000 e 6‘723 s es0ese e 0.3
18D 0L 53.5 ...... vecsssnes (3g9 eeeeeces 0.4

Shetwecn variet ties, within a spocies,
bnammn gpecion, within the sawe or differont varieties.
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Ap shown in Table XI, root-kmot indices for Y. incognita and M.
incognita acrita infected plants were higher than for plants infected
with the othor species of lieloidogyme. Flamts infected with M, aremaria
had a higher moan index than did plants infected with Y. hapls and
4. javanioa, These data also show that Ball Fed plamte infected with
L iscopnita and J. incogmita acrita bad higher indicos than did plants
infected with U, bapla and ¥, Javenica, Within variety Christmas
Cheer, plants infected with Y. imcognita and If, imcopnita acrita had
a pignificantly higher mean root-knot index than did plants infected
with ¥, bapla and Y, jevanica while the mean reot-inot index for
. aremaria infected plants was higher than that for 1. javanica in-
fected plants. Within Margaret sad laryland Pink varietdes, }i. ingogs
and 4, incopnits acrits affected plants bad indices which wers highe
than those for plants infected by the other 3 species. The mean root-
mmfarpmwwmxemmwwwudﬁmg.
dncogmite was significantly higher than that for plants infected with
k. sremria, U, Mpla, and . Javamica. Meloldogme incogmita scrita
infected plants had a higher index than plants infected with ¥. hapla
and 1f, javanica. Plants infected with li, sremaria had a higher index
than those infected with li. hapla.

prams of the results obtained in the amilysis of roote
knot indices ave presomted in Fig. k.

Table XII presonts the mean muber of nematodes in 5 smapdrag
varietics at each of the 3 inccwlun levels.

As shown in the following table, there were no significant differ-
ences in mean mmber of females betwson smapdragon vardetlea or in the
effect of interections between smapdragen varieties with inoculum levels,
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Table LII, loan mumber of femmle nomatodss por plant in 5 smapdragon
varistios at 3 lewels of ipooulum.

202 1063 1927 106k
Christmas Cheer 1o 1128 2503 1287
W Pink ggg lgg 19k2 %
Ball Yellow 120 602 8ii2
8D 05 0 el BeBe ..., cevees BB,
IGD JOL e i eeeees BeBo ooocooce..s B8,

Counte of the mean muber of fommles ware found to differ smigni-
ficantly between levels of inooulum {Table LITI),
Table XIII. lban nusbers of femle nematodes in plants inoculated with

1 150 130 385 182 328 235

10 47 551 09 1759 340 1041

100 i3e3 102 1951

172 - S 5 1 ol 768% 258
@ Om XEXIEEXX) 7@ ooooooooooooo w ..........

Ixamination of theae data shows that the mwber of females in
plants infected with i, aveparis ab the 1 ogg mass inoculun level wes
significantly lower than the mumber for the 10 and 100 egg mass levels,
Fer M. hapla and X, Jjavanica infected plamts, there was no differemce
in counts between the 1 and 10 egg mass levels, but both of these were
lower than for the 100 egg mss levels., iban counts of females from

acognita incognite acrite infected plamts indleated that
an increase in incoulun level resulted in a corresponding inmcresse in
muber of femles,.




I3
-t

Compardsons of the mumber of females for cach species at the 10
ogg mase lovel signify that K. javanics infected plants
fomple nemmtodes than plamts infected with X. aremarda. DBoth l. hapla

He jevanica formed fowsr fomales than l. imcognita and H. incognita
acrita. Tor the 100 egg mass lovel, plamts igfoctod with I, incognita
and 1, incopmita acrita had a greater mumboer of femeles than plants
infectod with the other specles.

hed fewer

Differcnces beltwoen some Loddogyne
Table ZIV.

specles were apparent in

Table XIV. ikan pador of femalc nemaiodes per plant in 5 amapdragon

varieties inoowlated with 5 species of eloidogms,
leloidogyne all Christmas Larygaret .Ary.and ball — Specles
Speeles fed  Cheer ik Yellow iken
arenaria 775 1032
hapla 577
incognita 215k 1763
incognita
acrita 24 17Rs
Jevanica se9 1252
m.as ® 00 00 et osr B0 eRe s . anQ
m.sl e Q0 sON B COOes oo Roﬁ. ® 08 00

This teble shows that M.
a greator moan number of fewnles than H. aremaria, M. bapla, or K.
Javenica, then the effect of interactions bebtweon smapdragon varieties
and leloidopymo species member of fomales was nmimﬁ, it was
found not to be significant.

Dlock diagrams of the rogults dbtaincd in the apmalysis of mean
root=knot indices are shown in Fig. 5.

Table IV presents the mmber of egp masses per plant in I snape
dragon varieties at the 3 levels of inoculum.



Table XV. Hean wumber of egz masses per plant in 5 smap
varictiss st 3 levels of inoculwm.

Variotiecs ' 1) : Uean
Ball Red 159 Th3 W78 793
Christzas Cheer 86 909 2067 1021
e SO won e A
Ball Yellow 80 476 ugé 670
18D ¢0‘)’ ........... BeBy cececsocnnn HeBe
18D L1 veescsnsanse ‘,%ﬁg ........... o Nelo

Amalysia of the mean mmbers of egg mssses per plant in the above
tabls showed no significant differences between smapdragon varieties
or betweon smapdragon varisty -- inoculwm level interactioms.

The muber of egg mmeses in each invculwa level, as showm in
Tabls XVI, differed from those of other lewels,

Table XVI. Yean mumbers of egg masses inm plants inoculaded with S

%mmm,mmmmwdmmmwmm

Counts of egg masses from plamts originally inoculated with 1 egg
was of X, aremaria were lower than cownts from plants inoculated at
mxsmm%wmn. eloidopyne hapla, at 1 egg mass level
of inoculum, formed a lower muber of ogg masses than at the 100 egg
mss level of inoeulum. Counts of egg masses 2t each lovel of inoculum



¥ imcognita and Y. incognita scrita infected plants were different
from those of other levels. For l. jevanica infected plants beth the
lamimeggmsmnotmwmmmmmwgmsmmh
woere lower than that for the 100 egg mass level.

As shown in Table XVI, plants inoculated with H. hapla and H.
Javenica had fewer egg masses than plants incculated with Y. imcognita
acrita at the 10 egg mass inoculum level. Flants infected with M.
areparda and M, hapla at the next higher level formed fewer egg masses
than ¥, incognita and U, incopnita acrits infected plante while i,
Javanics infected plants formed fower egg masses than plants infected
with X, incogaita.

Table XVII presented below is 8 comparison of the mean mmber
of egg masses per plant inm the S smapdragon varietiss inocewlated with

Table IVII. lean mumber of egg masses per plant in 5 smapdragon
varieties inoculated with 5 species of

Ag indieated in Table IVII, there were no significant differences
between mean counts of egg masses between leloddogyme species or be-
twoen the effeet of interactions of le specios with smapdragpn
varieties.

Bt - 455

.iﬂ*sa




Results of the apalysis of mean mmber of egp masses are pre-
sented as block dlagrams in Fig. 6.

The only sigmificant results in the amalysis of mean rates of
nematode reproduction (mesn nuwber of egg masses per plant divided by
the mesn mumber of females per plant) were cbtained between the low
and higher levels of inoeculwa (Tabls ZVIII).

Table XVIII. lean rete of nombode reproduction per plant in 5 enape
dragen vardeties at 3 levels of inoculuwm.

Tnoc.

0.42
0.7L
0,77

0,08
0,10

It can be seen that whon the increment of nemtods inoculum was
increased to 10 apd 100 egg mnsses, the mean reproductive rate
correspondingly. There were mo significamt differences between the

interactions of Meloidogyme species with levels of inoculw.

presents mean rates of reproduction per plant of the 5 smapdragon
varieties inoculated with the 5 leloidogyne species,

As indicated in Tebles XIX and XX, the offect of interaction be-
tweon smapdregon varicties with inooculum levels and Meloidogyme species
with snapdragon varietisg does not signifiean
ductive rate of nomatodes,

Fig. 7 ustrates the results obtained 4n the amalysis of mean
rates of nemtode repreduction.
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Table ZIX, lkan rates of nematode roproducticn in planta inoculated

with 5 apema afww 3 levels of inoculum.
‘ ?Wf.y
Ball Red OoLiB 0.63 0.77 0.63
Christmes Cheer 0430 0,76 0.83 0,63
largaret 0okl 0.68 0.71 0.6%
aryland Pink Qui6 a.g 0.75 0.66
Ball Yellow 0.hi0 0.6 0081 0.63
18D L0500 e BoBo covonersarnes Nl

mlﬁl . . X R R g.jj’. s 00880000 ,n.a‘




A second experiment using the sawme technifgues and materials as the
' ant, wag performed in 1950. In place of 3 lewvels of

inoculum, however, only 5 egg masses of efch nembode spscies were used
as the standard dosage level. Treatments were placed in the same type
of split plot design used previously and grown &t an average soll
temperature of 2L° C, for 2} momths., Harvested plants weve subjected
to the same measwrements as in the previous atpm. Tables IXI
thru LOOV present data on top and root weight, root-knot index, muber
of femles and egy mapses per plant, and rate ed'i reprodustion p
plant for nommiods species, smepdragon varieties, and levels of inoc-
wlua as well as for the effect of intersctions of these variables with
each othar.

The mean top weight per plant of 5 smapdragon varieties is shown
in Table IXI. [lante of each variety were inlected with each of the
5 specics of Loloidogyme
Table I, l®en top wedght per plant of 5 smapdragon varieties,

Variety Jean

21,1
26.3
%
3.7

I L }

ad above, differences in top wolght bebtwoen scae smap-
In Table XXIT it oan be seon that plants infected with M. javanica

had o lower mean top weight than plants infected with the other species
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of root-knot nammtodss.
Table TUIT. ioan top woight per plant of 5 smapdragon varieties inooe

._.._.bB@ goopies, within the saze or differen
As indicated in the preceding table, there wore no significent

differencos in moan top weight for %he effect of interactions of

speciss with Dall Ned variety smapdregons

of Christms Cheer variety smapdragons imoeulated with 1. javanica

were lovor than plants of the sams varlely incculated with .

weight thon plants infected with L. incopmita acrite. thereas X,
Javanics infected plants of the laryland Pink variety lad a lower
infected with L. sremards had & lower top weight than il bapla infected
plagts. Ball Yellow wariety snepdragons infected with Y. incognd
acrita and U, jdavenica had signif

plants Infected with the other root-knot spocies.
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Table ZXIIT presents the mean top weight per plant of wninccu-
lated plants.
Table ZXITI. lean %op weight per plant of wninoculated apapdragon
combrols.

_ Snapdrezon Vardeties

As can be seen in Tabls mn, winoculated plants of esch variety
had greater top weights than infected plamts with the exception of the
Iaryland Pink variety. These rosults wore not amalysed statistically,

Fig. § is & block disgrem illastretion of the results obtained
in the amslysis of top weight of plants.

Compayison of mean root whights per plant of es
variety is shown in Table XXIV.

Teble XXIV. Hean root weight per plant of 5 smepdragon varieties.

ch gnapdragon

15D .01 7.2

Table XUV shows that there were some differences in reot weight
beimeen plamte infocted by different apecles of lbleidopyne.



Table XMW. Mean root weight per plant of 5 smapdregon varisties
inoculated with 5 speciss of Heloddopyn

18D 05 0 ... 12. :
18D .01 e M2 il 6.7 ... 8.5

"Between varicties, within a speciss.

YBotwoon _geeim; within the same or different varieties.

Flants infocted with ¥, Sswmnion had a lower mean roct weight
than plants infected with M. avemaria, X, hapla, and M. incognita
sorits, while i imcognits serita infocted plants had a higher root
wightmnphm infected with the other apecies., A further cxami-
mtion of thess data indicates that there were no differences in
mean root wolght between plants of mgispdragon varieties Ball Red
and Maryland Pink infected with various speciss of Heloidogyne.
PMMMWMMWWM&M&%&.MW
lower in root weight than plants infested with H. incognite acrits.
The latter species alsc showed the same signifiocance in greater mean
reot weight for infected plants of largaret variety smapdregon
than did plants of the same varisty infected with other Meloidogyn
species. MMW&MWPWdWMlﬁM
variely were amalymod, it was found that plants infected with X.
Jevanics had a lowsr root weight than plants infected with the other
species. Flants infected with M. incogmita were foumd to have a lower




root weight than those infected with . incognita acrita.

Table XXVI presents the mean root welght per plant of wninccue
lated smapdragon control plants.
Table XXVI. Hean root weight per plamt of uninoculated smapdragon

controls,
Varicty vean
Srapdragon Varicties in grams
Ball Red L3k
Cheristams Choer 33.7
lorgaret 3L.9
Haryland Vink 26.5
Ball Yellow L8,k

Uninoculated plants of Ball Red, Christmas Cheer, and largaret
varicties had greater mean root weights than infected plants while
the converse was true for laryland Pink and Ball Yellow varieties.
These values were not analysed mmﬁwu&.

Fig. 9 is a block diagrenm representation of the differences
obtained in analysis of mean root welght of plamis.

Comparison of the mean root-knot index of cach spapdragon variety
is shown in Table XIVII.
Table XXVII. Hean root-knot index per plant of 5 smapdragon varietiss,

Snapdragon Varietiss . Variety Hean

Ball Red _ 1.6
Christms Cheer 3»;
Maryland Piok 1.8
Ball Yellow 1.8
13D -Of.; BeBa
13D 0L NeBe

Amalysis of the root=knot indices presented above showed that no
significant differences existed botween smapiragon varieties.
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Significant differences betwesn soms of the msan yoot-knot indioes

aremaria 1.6 1.2 2.6 1.8 2.0 1.8
hapla 1.0 14 1.0 1 1. 1.2
incognita 1.0 1.8 1.2 2.0 2.2 1.6
incognita

acrita 1.8 1.6 1.8 1.2 12 1.5
Javanica 2.6 2.6 2.6 2.6 2,2 2.5
18D o0 ceeevrneiieennns DoT vevnens cereeeennas 0.l
i.@ ‘al S secerestevescace Q ‘y .................. Q .2

Data presemted in Tabls XIVIII show that the mean reot-knot index
of plants infected with L. hapla was lower than the indices of plamts
infected with }. lmpopaita, M. aremaria ,
indices of planta lusfected with M. sremaria, . incogniia
Mmmmmmmmamwm
with K. Javenica. wwmwmwmm

Flants infected with X, mm M,
in regard to mesn root-kmot index, than M. gm
Mﬁwm%mwmdﬁ%ﬁ.wm
2 higher mean rooteknot index tham plants infected by the other
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a lower mesn index then plants infevted by M. arcmaria, . ingegnita
aorite, and M. javapica. Also in'dhe same variety, I,
i incognita acrita infected plants had lower mesn indices than plants
infected with 1, areneris and E. javanica. Flamts of Jaryland Pink
varlety infected with ». incornits acrita had a lower msan reot-knet
index than plants infected by X. incognits and Y. javanica, Within
mwm,_.mww la infectod plants had lower
indices than i. doa infected plants. Flamts of Ball Yellow
smapdragon infocted with i, incopmite acrits had 2 mean index signie
ficantly lower than those of plants Infected with }l. aremaris, I
incopnita, and X. Javenica. The mean index of Il hapla infected
plants was lower than indices of plamis infected with }. incognita
and ¥, Javanica,

Block ddagrame of the dada presented above appears in Pig. 10.

Comparison of mean number of female nematodes per plant in 5
smpdragon varieties is shown in Table XXIX.
Table XXX, lsan muber of female ncmtedss per plant im 5 smap-

dragon varieties,
Spapdragon Varicties Variety iean
Ball Red L
Ghz'istma Cheer 3.0
Ball Eallm » 195
13D 005 NeBe
1sD +O% v NeDe

‘There were no apparent significant differencos between varieties
of smapdragone in the amalysis of mean munber of femsles per plamd.
Differences bebwoon leloidopyne species are shown in Table XU
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which presents the mean musber of females per plant in 5 snapdragon
varieties inoculated with Meloidogyme species.
Table IXXI. lean mmber of femmls nematodes per plant in 5 smapdragon

hapls 88 230 U0 29 119 175
incognita 436 395 35 6856 8l 541
incognita -

acrita 674 501 897 290 727 618
Javanica Mg o® ] 421 329 . 286
18D cQS ssrevvne 327& secsdessnvsBEY Bhsb sewessss 1514
18p ,01 PRGIEINS }-g} (I XXX XL IIXXY) T IXI LX) 25&

®Between varieties, within a species.

PBstaoen_spocies, within the sams or different varistiss.

The mean wanber of femels nematodss in plants infected with I,
bapia was lower than in plants infected with M, imcoznits, Y. incognita
acrita, and ¥, javanics, Plants infected with M, aremaris had a lower
mean count of fesmles tham those imfected with K. incognita and M. incog-
pita acrita. Meloidogyms javanica imfected plants had & lowsr mean
razmber of females tham plants infected with M. insognita acrita.
Further examination of these dats showsd that im Ball Red varisty smap-
dragon M. hapla had s lower musber of femsles tham did M. imsogmita,

Y. incognita scrita, and Y. javanion. There were mo differvences in the
mean musber of femeles of each species infecting Christems Cheer vard-
ety. Within Margaret variety, M. incognite acrite formed more females
than other Meloidogyme specim Maryland Pink variety smapdregon iafected
with M. incognita hed a greater mmber of females than plants of the same
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variety infected with Y. aremera, }i. hapla, and J. imcognita scrita.
Within Ball Yellow variety smapdragon, 1. hapla and M, jfavanica had
2 lower mumber of femsles than U. incognita and Y, incognita acrita.
Yeloddogyne aremaria, in the same variety, formed a lower mumber of
females than did M. imcognita.

Fig. 11 presents block diagrams of the results obtainsd in the
amalysis of mean mumbers of females,

Table IXXI gives the mean mumber of egg messes per plant in 5
varieties of smapdregon.
Table XXXI. Xean mumber of egg masses per plant in 5 smapdragon

varieties,

Spapdregon Varisties Variety liean
Ball Red 284
Christzas Cheer 257
Margaret 282
Maryland Pink 291
Ball Yellow 341

13D .05 NeSe
I‘ﬁD 001 ReSe

As indicated in the preceding table, there were no significant
differences between varieties in the amalysis of mean mmber of egg
msses.

Table IXXII presents the mean mumber of egg masses per plant in
5 snapdragon varieties imoculated with 5 species of leloidogyme.

As indicated in the following table, females of M, bapls formed
a lower mumber of egg masses than females of the other species.
Females of M, incognita acrita formed a greater mumber of egg masses
than did femsles of M. aremaria and li, javanica.
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Table IXXIT. iean mumber of egg masses per plant in 5 smapdregon
varietics inoculated with 5 species of leleide

in the analysis of mumber of egp mssses per plant.
lvam rates of nomtede reproduction in S smapdregen varieties
are given in Tabls XXXIIX,

Table UXXIII. Yean rate of nematode reproduction per planmt in 5

smapdrazon varietics.
Smapdragon Varieties Variety lean
Ball Red 0.68
Chrigtms Cheer Ce73
Hargaret Q2
Maryland PFink 0.7k
Ball Yollow ; , 0465
% .GS N8
18D 001 ‘ NeBe

As showm above, different varieties of snmapdrogon had no signie
ficant effect on the mean rete of nematode reproduction.

Table IOV prosents the moan rate of nemdtbods reproduct
plant of 5 smaplrogon varieties inocwlated with 5 species of
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Table XTIV, lean rate of nemmtode reproduction per plant in 5
soapdragen varieties inoculated with 5 species

Species
Mean

0.72
0.
0.62

0.73
0,76

0.09
Q.12

cantly lower mean rates of nematode reproduction than other species
of leloidogyme (Table XIXIV).

Block ddagrams illustrating the resulta obtained in the amalysis
of mean rates of nematode reprwduction are presemted in Fig, 13.
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Literature on the life history of the root-knot nemtods has bean
besed on ths assumpbion that root-knot nematodes belonged bo a single
species. work, although not invalidated by Chitwood's elasgifi-
cation (3), now meeds furthor clarification as to which species or
mixture of species the inmvestigaters dealt with. An example of such
& publication is the paper by Christic and Cobb (7) in which the authors
described and presenbed drawings of various stages of devolopment of
the rooteknot nematods.

In order to investipate the camarative development of the 5 species
of Melaiéﬁw e used in the previous experiments, seedlings of Margaret
variety smapdragon were transplanted into 3 in. pots filled with a
potting mixture of 2 parts sand to 1 part soil. After several days,
during which time the plants had become established, 5 egg masses of

gy species were placed in each pot. This was

ropeated for each of the other speciss sc that plants were exposed to
separate infections by each of the 5 lMeloidogyme species. There were
30 replicate plants inooulated within each speciss. Two dsys after
incculation and at 2-day intervals thereafter, one half of the root
system of a plant incculated with each of the specios of leloidogme
wag removed and staimed., Since epp masses in the soil arownd the
roots of cach plant were discharging infectious larvac for a considere
able periocd of time after the origimal incculations, it was necessary
o exanine, in sach case, the oldest established infections observed
in the stainod roots. Daring this expe the averags soll temporae
ture in the greemhouse was 20.4° C,
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Although each nematode gpeciss Meé someetat {n the time required
to veach & certain stage of development, mo great differences were
cbserved between species with respect to shepe or behavicr of the
animals at the various stages of thelir 1ife eyclas. Data en the ccowr-

rence of molés and freguency of ocewrrence of males was not obtained
gince the staining technique used procluded the accwste cbservation
of these details,

It mas found, in ths mjority of cases, that the second stage ine
fectious larvae pemetrated the rootlet at the root $ip or in the region
af elompation behind the root tip. Once having pemetrated the roos,
the larvae usually tock 2 pesition parellel to the axds of the roet.
Roots examined 2 days after incomlatlen showod that larvae were not
oriented consistantly within the reots. Host larvas were found with
their heads nearest the root cap while thelr bodiecs extonded back
toward the older tissuosi others wore seen, howsver, heading in the
opposite direction. Fig, 1l shows the anterdicr emd of a larva of
Y. aremaria in the meristematic region of the root tip, larvae were
not always ahﬁmdﬁthﬂw’bodi% parallel %o the axis of the root
&nd were, opn several occasgions, mwmmmmm tip
(Fig. 15). Fig. 16 shows 2 larvae of }i. javanica, one of vhich was
in the process of pemetrating the reot tip when the tissue was fixed,
As the root meristems grew beyond the sites of larval penetration,
larvae orisnted themselves by the Lth day %o 2 position with their
heads embedded in the outer tissuss of the Htele and their bodies in the
tismues of the coriex extending dowmwmerd towerd the root tip. Early
gall formation was noticed in several rootlets indicating that lateral
grouth of the infected oreas must have started within the period
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2 to L days after inoculstion. Tig. 17 shows early gall formation
in a root paresitized by a larva of I, imcopnita serita, Not an un-
comon sight were sectloms of roots which bore heavy infections of
roct=knot nematodes (Fig. 18). Root tips which were inhabited by
mbers of paresites were usually stunbted with gall formmiion
quite evident. This has also been obzerved by Codfrey and Oliveira
(13) in their studdss of rooteknot nematode infections of pineapple
roots. The nmmtodes inereased slowly in width until betwsen the
8th and 10th day after inoculation, when rapid increases in body
width ccowrred., Widening of the body, in most cases, was uneven and
irregular, Uswally the reglon of the body directly posterior to the
bage of the esophagus increaged in width fivst (Pig. 19). Dumediately
thereafter, the posterdar third of the body widensd with the middle
of the body and the esophagesl reglon Increasing in width lash.
During this peried of growth, the tail of the nemetode remained une
changed, resulting in a "spikedY appearance of the posterior end
of the anima) (Fig. 21). In swelling, the esophagesl area of the body
wont through & greater inoresse in width noar the base of the esophagus
and a lesser increase in width at the head, resulting in & tapered
appearance of tho body from the base of the emophagus %o the head,
0f decidod interest was the appearance of heavily stained cells of the
mwmmmaxmmm@swawmmsmr
inoeulstion (Figs. 19, 20, and 21). This indlcated that formation of
miltimicleate glant cells (5) had been stimulated by the parasites,
and had become filled with protoplasn vhich stained densely. In
only one lnstance was an abnormality in the position of the nematode
within the gall obscrved and that is 1llustvated in Fig. 20 in which
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a larva of l. javanica is shown with the majority of its body ina
mﬂ%%mﬁzﬁwmﬁeﬁ%%_mmammg&n.
At about 10 4o 1k days after inoculations, nemetodes of most specles
becams “ssusage~ghaped® as illustrated in Fig. 21. PFollowing the
occurrende of the 3 molts described by Clristde and Cobb (7), the
parasites were chserved as yowng females of the typical shaps shown
in Fig. 22. 1In ome case, & yowng female of }f. javanica was cbserved
with a definite comstriction offsetting the decldedly wider pesterior
portion of the body (Fig. 23). At this point in davelopment there
was & yapid increass in width as well as length of the femalss

(Pig. 24). A female of Y. imcognita with & very wmsual shape was
observed in this stage of growth. As showm in Fig. 25, the posterior
portion of this fomnls wes fyploally broadened but tapered deeidedly
to the termimus. Amterior to the widemed posterior end the nematode
body was slemder and elongated vhere it was curled saround the stele,
although not as decidedly as the posterior portiom (Fig. 25). A close
inspection of 3 female of M. Javamica killed 2l diys after inoculation
(Pig. 26) revealed the presenmce of the terminal amal and subterwinal
genital openings as drawn by Bessay (2). Nematodes of most species
examined 26 days after inooulation were almest fully grewn 8s shown
in Fig. 27. In most cases, a gelatinous matrix was exvded by the
females from 25 to 30 days after imoculationm. mmsmllyw
gelatinous mass would appear as shown in Fig. 208, the vigorous treat-
ment to which some specimens were subjectad during the staining
technique presumably caumed & geparation of the gelatincus maess from
the posterior end of the nemmtode (Fig. 29). The staining chavacteristics




of this gelatincus exudate are shown in Fig. 30. As & ruls it was
found that the formation of the pelatinous mairix preceded oviposition
by as mach as 2 days. Fig. 31 shows a female of . incognita acrita
with & mumber of newly formed egps. “ _

Wpereas femles of lmloidomyme aremaris, M. hapla, and Il imcog-
nith oviposited 30 days after imoculation of roots, oviposition by
M. incognita scrita and Y. Javanica was not cbserved. Presumably
the Marpgaret variety of smpdregons was not a suibable host %o these
2 species under conditions of this experiment.

Periodic checks of plants revealed that eggs had hatched and that
second generation larvae had re-entered root tips 66 days after inocu-
latdon in the cmse of H. aremaris and 68 days after inoculation in the
case of i, hapla, Reinfection of root tips by second generation
larvae of . incopnita was mot observed.

Christie (L) grouped the root-lmot nomatodes into 5 categoriss
on the basis of their shepes during development (Fig. 32). larvae
from the stage at which they had begun to grow to the stage at which
they still possessed a more or less conleal tall were put in Group A
(Pig. 32, &), Croup B included larvae from the stage at which they
had acquirad & more or less hemlsphor

gal posterior end termimated by
a spike to a stage at which they were about to complete the fimal
molds (Fig. 32, B). Group C included femles from the stage at which
they had completed the molts to the stage at which they were almost
fully grom (Fig. 32, C). Crewp D included femles that were fully
grom or &lmost fully grown bub had mot yet laid opgs (Pig. 32, D).
Group & included ovipositing femsles (Fig. 32, B).
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The stages of developmont of the m@-&m@%’m%s on snap-
dragon are compared, using Christie's grouwpings, im Tables XXV,
Table XXXV. Comparison of stages of development of the roct-knot

nezptodes on spapdragons.

Stage of Heloddopyne Speciles

Dovelopment® aremaria hapla imecosnita inmcopmita acrits javanica
Group A 280 210 28 2-8 28
Group B 10-12 12-156 10 10 10-12
Group C 1;-22 18=26 12«22 1226 126
Group D 2Lh-28 28 2L-28 28«30 28-36
Croup T 30 30 30 o ® -

*Refer to Fig. 32.

Brays after inoculation,

COvipositing fommles were rot observed, |

Daring examination of the nematodes throughout this experiment,

& record of the maximm nematode widih in microms was kept for each
species at each sawmpling date. Curves plotted for each species failed
to reveal any outstanding differences between species, therefore a
mean curve was plotited which was representative of all § species

(Fig. 33). It shows that the greatest increase in width occurred
during pardods of 8 o 10 days after imoculatiom and 22 to 30 days
after inoculation,

Having cbserved details of the life histories of some of the
ioloidopyme species on smapdregon, it was thowght advisable to investi-
gate the more lmportant details of the development of these nematode
species on tomto, Lyeopersicon stz 111, var. Ruigers. Several
month=0ld seedlings were tramsplanied imto li-inch pots containing soil
well-inlested with each of the 5 ruot-imot species and grown in the
greephouse at an average soil temperatwre of 21° C. Results of




examinations showed that femsles of }I. Javanica produes

pous matrix preceding ovipesitiom 35 days after incewlation of the
plants., Femmles of the other L species were found to bave produced
satrix by the 37th day after inocwlation. Femeles of M. incopnita acrite
were found %o have produced egge in the gelatinous matrix 37 days after
inocwlation, while females of the other speciss had prodused egge by

the 39th day after insculationm. Contimed exmminations showed that

penetration of root tips by the second gemsretion larvae of H. ingog-
nita cccwrred at 57 days after inoculation, while larvae of Y. imcopnita
acrita were found infecting root tips 59 days after incoulatiom. Second
stage infectious larvae of the other 3 species were discovered in root
tips 63 days after inoculation. A comparison of these results with
those obtained in the studies on smapdragon are presembed in Table XXV,



Table XXVI. Comparison of stages of dewvelopment of the root-knot nematodes




DISCUSSION OF RESULTS

The first and second experimente presented in this paper have
showm that valid differences exist in the reaction of smapdragons to
infection Ly cach speciss of root~lmot nematodes used and in the
behavior of each of these species in the host plants. Heasults from
both the 19L9 and 1950 experiments showed that lisloidogyme hapls was
separable from the other root-knot spocies in that infected plants
showed a somewhat greater top welght. FRoot welghts of Y. hapla ine
foctod plantas in both experiments, however, were mot disting
from root weights of plants infected by the other specles. This
stady indicated that M. bhapla differed from other species by means of
the root-kmot index rating of plants infected by it. This rating was
invarisbly quite low. 4 close imspection of X, hapla infected root
systoms ghowed that galls were spherical and quite small with prolific
lateral m%let formation, Only in one instance were the elongate,
finger-like, contimucus galls present that normally occur on plants
infected by the other species. lkloidogyme hapla was also distinet
in that it produced a lower pumber of femnlss and egg masses and a
lower rate of reproduction than other species infecting smapdragons.

leloidogyne imcopmita and M. fncognita serita were somevimt
similar in their oversll effectz om the host as woll as in their
development in the host, There were, however, several cases in the
snalysis of the effact of interactions of nematede species with inocu-
lum levels and nematode species with smepdregen
were significant differences shown between . incogn 4. inoog-
nita serita. Significant differeaces in top weight and root weight




botweon the interactions of l. incognita and its vardety with
largaret and Ball Yellow varictles afmpdmgonm shown in the
1950 tests (Tables XXII and XXV); these differences, however, werc
not apparent in the 1949 tests (Tables IIT and VII). Further differ-
ences exist betwoen X, incognita and U. incopmita scrita in the
interactions between namatode speciss and smapdragon varisties for
mean root-knot index (Table IXVIIT) and msan number of femalos
(Table XXX) in the 1950 tests. Also shown in the results of the 1950
experiment is an overall difference between !, incopnita and its
variety in thoir rates of memstode yeproduction (Table XIXIV).
Separation of l. incognita from l. incognita scrits on the basis of
type and eize of galls formed was not poszible; both form mmercous
elongate, fleshy galls as well as an sbundance of spherical galls,
leoloidogyme areparia, in comparison with the other specles, was
found to be intermediate both in behavior and in its pgthoganicity
on snapdragen. JIn regard to mean rete of reproduction, this species
was somewhat higher tham the others in the 1949 tests (Table XX)
but reverted to the more morml pattern of behavior in the 1950 tests
(Table XXXIV). As for size of roct-knot gall fovmed, . aremaria
galls were more or less an inbtermediate betwoen the sise of galls
forsed by lf. incopnita and thoss formed by M. hapla. Both spherical
and clongate, somewhat fleshy galls were formed hy this species.
ploidogyne Javanics was more pathogenic on smapdragons in the
1950 tests than 4in the 1949 tests. It likewise appeared to form more
fomales and egp masses and to have & higher rete of reproduction than
other species in the 1950 tests but not in the 1949 tests. Appoarance
of galls formed by this species were somewhat similar to M, aremaria

L
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galls being both of the spherical type and elomgate, multiple-infection
type with the former being more mamerous in ocowvence.

Differences exlsting betwsen the results of the 1949 and 1950 tests
my be explaintble in that the 19L9 and 1950“%;&% carmot, be regardsd
ag comparable experiments, im a strict sense, since soil temperatures
and levels of inoculum differed for cach experdiment.

m@mewwmmﬁMeMu&h
of the § varieties of smapdragoms. It was posaible te differentiate
between species en the basis of measurements of the pathological re-
to infection and also, to some sxbent, Ly the
difference in developmental behsvior of specias.

Studies on the life histories of the root-knot nematodes indie
cated that there were no basic, outstanding differonces between them
in regard %o their development on smapdragon. Ovipesiting females of
Ji% grite scrita and L. Javenics were not cbmerved (Table XXXIIT).
Fallure of femlies of those two spocles to form eggs was ocxtremely
enigmiic in view of the fact that all speciss readily attained
maturity and reproduced in the 19L9 and 1950 tests. Christie (L), in
2 paper on the effects of the host on root-knot nomatodes, presented
several facts which aided in explaining the abmorwel behavior of
lta acrita and M. javanica im these studies. Christie tried
te maintain roote-imot nematodes on tomato by repeated inmoculations
and found that suhsequent ame less severe. Abttempts
o maintain populations from single egg masger resulted in some of
the populations forming a correspondingly fewer mumber of egg wisses.
In hls conclusions Christie atated:

J :Ofb”v
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In the 1L amd 1950 experimeuts, in shich all species readily infected
» ragons, the origimkl inmcculum was ohiained from tomto, thus the
cuployment of an altermite host prowided for saxiwl infection of that
host by the pawsitas. Inoowlws wsed for the 14fe oyele studies of
unmmwmmm,mmmwm
mmmmmmmmmmmm
wmmwmmmmﬁmm»
abllity of the planmt as & desirdle hoet for suhsoquent generetlons
alzo boem desteoyed. A further indication that wsuitabdility of the
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ons either failed to grow or grew poorly. Each of

®loidopyne species infecting the tamato plants formed mumercus

egg masses (Teble IUOV). It 4s also shown in the same table that
species of lieloidepyme have a shorter life oycle and have more genera-




A recent revision of the clagsification of reot~knot nemtodes
into 5 specics has necessitated the study of these animels and their
effects on & suitable host.

8 var, acrita, and H. m were
mawmaﬁmgmﬁmﬁmmwm Christms Cheer,

largaret, Maryland Pink, wm&mnmm#zaf ﬁw COmIon. SNAD-
dragon, Antirrhirem majus, at incculum levels of 1, 10, and 100 egg
msses. leasuemonts of the reaction of plants to infection Ly each
weight of the above~ground parts (Sop weight), root weight, and root-
imot indices of each plant. Yeasurements of the effect of the host
on the parasite wore obtalned by recording number of females, number
of egg mapses, and rate of reproduction (musber of egg msses divided
by the W of fewales) per plant., It was found, in the majority
of cases, that significant differences exlste
gpecies themselves and between plants infected by these species.
Significant differenses between }. incog
acrite were not indicated in examimation of the data,

‘The secand experiment, which was conducted in 1950, was set up
exesph that only 5 egg masses of each
species wore used as a standard ipocwlum. The seme meas

It wag found that significant differences existed between speciss
leloidogyme and between plants infected by these speciss. The results



of this experiment were somewhat aimilay, although not identieal, to

the results fronm the previous experiment. It was explained that differe
onces in results between these experiments might have been a result of
the differences in soil temperature under which each experiment was

grown, or to the differences in inoculum levels veed for each test.
Significant differences between {, incognita and M. incognita wvar.
aerita wore found in some of the imteractions between nematode species
and varicties of smapdregons and also in their retes of reproduction.

A study of the life history of each leloidogyms species on lmrgaret
varisty of smapdragon failed to reveal any outstanding differences be-
tween species. A fallure of U, incopnita var. scrita and X, javanica
t© reproduce was attributed to the faet that inocculum for this experie
ment had been obtained from smapdragen. Use of the same host plant
for the subsequent gencrations was believed to have caused a failure
in reproduction of these species dus to the mwmy of the host.
1t was shown that females of i, aremaria, M. hapla, and }. incognita
oviposited 30 days after the plants were origimally inoculated., Re-
infection of root ¢ips by the second peneretion larvae was detected
66 days after inoculation for L. arenmrds and 68 days after incculation
for H, hapla., When tomato seedlings were placad in soil infested by
each of the 5 nematode species, I. incopmita var, acrita formed eggs
in 37 days while the rest of the Jgloidogyme mpecies required 39 days
for oviposition. Reinfection of roots by the second stage larvae
ocewrred 57 days after inoculation for M. incognita, 59 days after
inoculation for I, incopnita var. acrits, and 63 days after inoculation
for i, aremaria, U, hapla, and I, Javanica.




1.

2.

3e

h'

Te

8.

Fe

10.

13.

LITERATURE CTTID

Barrus, éh.?., Qs C. Boyd, and J. I, Wood., Diseases of plants in
the United States in 1930. U. Se m?ﬁo A@o, Fl. Dis. R@p‘hz“.
Supp. 61: 30-135. 1931.

Boassey, L. A. Doob~knot and its oomtrol., U. 3. Dept. Agr., Bur.
.»,1. M. 3&1. 6-170 mllo

cmm, B. G. "Root-Enot Nemetodes® -- Part I. A revision of

e« The development of root-inot nematode galls.

and F. 5. Albin, Host-paraatte wl&timhips
=¥ $hs Toot-knot nematods, Heterodera mriomi. I.
question of races. Froc. Hels (1 31-3?. 194kL.

L

] ” Bile

and G, S, eab&. Notes on the life history of
the rwmﬁ nematode, Heterodeya merdoni. Proe. Helm. Soc.

Wash. 8: 23«26, 19L1.

s and L. Havis, DRelatlve susceptibility of certain
Poach Eﬁ&m $0 maces of the root-lmot pematode. U. S. Dept.
Amn, Pl. Dis. Reptr. 32t 510-514. 15L8.

Clayton, C. N, Hoote of Shalil peach seedlings arce mot resistant
to all races of the root-imot nematods., U. 3. Dept. Agr.,
Fl. Dis. Repbr. 31: 153-154. 1947.

Day, L. Ho, and W, P, Tufts, Further notes on nematods-resistant
root stocke for deciduous fruiy trees. Froe, Amer. Soc,
Hort. Sei. 3T: 327-329. 1939.

_ « Hematodee-resistant root stocks for
&aﬁm Trult trees. Calif. Agr. Sxp. Sta. Cir, 3591 1-16.
1944,

Godfrey, G. I, Herbaceous ormaments infested by

(cm) Goodey U, 8. Dept. Agr,, Pl.
%ﬂ% 1935.

s aad Je Oliveirs, The development of the root-imot
nemebode in relation %o root tissues of pineapple and cowpea,
Pivbapaﬂz. 22: 325-348. 1932,




23,

2L,

Parris, G. . A chock list of fumgl, bacteris, nematodes, and
viruses cceurring in Hawald and their hosts. U. S. Dept.
Agr., Plo Biﬁ. %Pﬂ‘v m. 1213 1'99‘ 331&00

Reynolds, He W, Relative degrec of infection of American-Egyptian
and upland cotton by three populations of the root-knot
n%m. e He D@?‘to ﬂ&-@'t’ Pl. 1913. I&pﬁx‘. 333 3%’3090
1949,

, and B, Sleeth. Rocteknot nespiode on camigre.
ud gt mﬁ;. Ag%", ¥l. Dis. Hﬁm- 353 Do 19510

Sherbakeff, C. D. Root-lnot nemmtodo on cotton and tomaboes in
Tenncssee. (sbstr.) Phytopath. 29: 751=752. 1939.

Smith, A. L, and A, L. Taylor. Field methods of testing for root-
imot infestation. Plytopath. 37: 85«93, 1947.

Szkolnick, U. lematode root-kmot of Cinchoma in the Vestern hemi-
SLNECT e go 3# M. Am"" ?la LiA8  ‘¢ Bhg 3950 195@0

Taylor, A. L. Root-knot on Shalil snd Yumman peach seedlings.
Twenty-fourth Anmual Report, (eorgia Coastal Flaims Zxp, Sta.
Bul. 40: 1320 19311&.

and B. G. Chitwood, Rovt-lmot susceptibility of
yoooorsicon poruvianum. U. 8. Dept. Agr., P1. Dis, &pﬁr
iFole

Tufts, W, P., and 1. H. Day., Hemmtoda resistance of certain
deciduous fruit tree seedlings. Preec. Amer. Soc. Hord.
Seci. 31: 75-B2. 193k,

Watkins, J. V. Flants susceptible and resistant to root-knot.
W”W plante., Tla. Agr. Expbt, 3ta. Press Bul,
4 $ &Ele Ad e

Wilson, C. FRoot-knot nematodes on peamits in ilabama, U, 3.
mo Ag"o' m. Bi@c m¢ 323 151}30 19!&3.



Pigure 1
A view of some of the plants grown in the first experiment. The
hasard of contamimation fyem splashing Letween pots was elimimated
by use of the spray rig situated directly above the plants. Note
the fine mist-liks sprey being delivered to the plants.






smapdragon vardeties on mean top weight of plants.

Figare 3
Composite affect of leloidogmye species, levels of inoculum, and
spapdregon varieties on mean roct weight of plants.
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Figure |
yae species, levels of inoculuws, and
smapdregon varictiss on mman rost-knot index of plants,

Figwe 5
oidogyme species, levels of incculum, and
pdragen varietiss on mean mmber of females in plants.
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Figure 6
Cemposite effect of Melofdogye species, levels of inoculum, and
ssapdragon varieties on mean muboer of egy masses in plants.

Figare 7
, yaus species, levels of inoculum, and
soapdragon varieties on mean rate of nematode reproduction in plants.
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Figure 8
Composite effect of Meloldogyme specioes and smapdragon varicties onm

mean top weight of plawts.

Figure 9
Composite effect of Meloldopyns species and smapdragon varieties on

mean root weight of plants.
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Figure 13
8 specles and smapdragon varieties on
nean yate of mematods yeprodustion in plants.
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Figure 1
The anterior end of a larva of lsloldogyme aremaria in & root tip
on 2 days after inoculatiosm. Note position of the head

within the meristem of the oot tip XLloO.

Pigure 15
Maloidogyne Javanics 2 days after inoculation. Fote the
curlsd position of the nematede within the root tip X100,







Figwre 16
bfyne Jsvendca infeoting a smapdragon root tip
2 days after inceqlation., Note that 1 larva ms in the ach of
ponetrating the root tip whan the tissue was fixed X100,

Figure 17
A larva of ﬁa pidogyne inoosnita var. acrits l} days after invculation.
Fote the inception of gall mm X100,
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Figure 18
ogyne sreparia infecting 2 snapdragon reot

6 cays after inoculation TI00,

showing partial thickening of the body Lamdistely posteriar to the
esopimgesl yegiom X100,






Figure 20

oddogyne hapla 18 days after imoculation.







nica 20 days after imecmlation.

Figure 23

days after inoculation. lote i comstriction of the body X100.






Figure 2}
ogype jevanica 2l days after inoculation.

dagyne imcognits 2 days after
inoculation. Note the curvature of the body around the stele of the
root X100,






Figure 26
The posterior end of & young femle of leloddogyme Javamics 2L days
after imoculation, Note the tersimal indemtation which is the axal
opening and the subdermimal indentation which ies the gemital







Figuve 28
Meloddoggme imeognite 30 days after incculation.
Note the gelatinous metriz, the formation of which alwsys precedes
oviposition, at the posterior end of the animal X100,

Figure 29
A grevid femle of Yeloddogyme aremsrin 30 days after ineculatdion
showing the gelatincus matrix forsed below the posterior end of
the nematode X100,






Figure 30

A higher mognification of the gelatinous matrix formed by a grevid
femals of leloidogype aresards 30 days after inoculation. The dark
gstructure at the loft is the posterior end of the female, The
darkened elongate structure in the middle of the photograph 1s the
gelatinous mtrix. A4 the right are parenchymatous cslls of the
cortex within the smapdregon reot XLLO.

Figare 21
An ovipositing femsle of leloddogyne incognita var. acrita X100,
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Pigure 22
Groups A through £ imto vhich the parasites were claszificd according
40 the amount of development undergone (after Christic).

Figure 33
lban growth curve of the rooi~-knot nematodes as detcrmimed by mascimam
incresse in size.
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Five species of root-kmot nemtodss, lololdomype aremaris, M. hapla,

gated s %0 their pathologionl offects on the fellowing varieties of

gon, Antirodivum majuss Ball Red Hybrid 47,
Christms Cheer, largaret, iaryland Pink, and Ball Tellow fiybrid 71,

In the first experiment each nemabdeds apecies was employed at imoculum
levels of 1, 10, and 100 agg smsses while in the seoond experiment only
a standard Inoculum of 5 egg wasses wes waed. Two and ons half months
after incculations measurements of the yeaction of plants to infection
by each specles were obtained by recording the weight of above-ground
parts, root weighb, and root-lowt index of each plant. Expressions

of the effect of the host on the paresite wore obtainsd by recording
the nusber of femles, mmber of egp msmes, and rate of reproduction
{muzber of egy masses divided by the mmber of females) per plant.
Signiticant difforences were found %o exist, in many cases, between the




after plants were imboulated. PRainfection af root 4ips by sscomd
ganeretdon larvas wn dotocted 66 dayn after mmm%m
ad 68 dayw after inoowlation for M, Jupla. Yhen bousto peedlings,

’ w goowlomtaes var. Rutgere, were incculated with each of the
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