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DJTHCDUC'nON ms SEVXSf Of LI3ERA?!®;1

For m m  time to degree of pathogenicity of the nematode
to various crop plants has been to subject of extensive investigations • 
Humorous iiKsousisteuclas in results t o  indicated to possibility tot
populations or races of to nematode existed, tufts and Bay (22)
reported tot Bokhara^ Shall!, t o  Xunmn peaches, ton grown in soil
unifomOy infested with root-knol n&aatodes, were not attacked by tose
pathogens. la a later report (10), h&mmr, tose investigators reported
tot each of t o  three peach varieties could shosr light infection by
these nematodes. They referred to t o  fact tot toJLe growing hundreds
of tolil seedlings in a roob-knob nemtode infested nursery for 6
years, not one plant m s  attacked by nematodes, yet when to mirsery
site m s  changed to a location a mile away, 2b percent of to Shall!
seedlings were attacked, those Investtotors concluded tot different
nematode strains existed at to two growing sites.

In experiments attracting to infect toll! m d  natural poach
seedlings using root-kmt nematode infested soil from $ different
locations, Clayton (9) fowd tot in soil from 3 orchards Sb&lil roots
remined free from root-kaoi while $0 to 70 percent of to Natural
seedlings m m  affected. Both varieties, however, m m  equally
susceptible to root-taot ton grown in soil from orchards tore Shalil
seedlings m m  affected. %  to basis of similar observations various
investigator© concluded tot to root-knot nematode m s  coi^rised of
races or strain© £b, 6, 11, 1?, 20, 2b). Several of tose race© have

^This project m s  curried out under a cooperative agreement with
t o  Bureau of Plant Indnsbiy, Bails, and Agricultural Engineering,
Belisville, lid.





The occurrence of race® or populations of th© root-knot neaatode
was && accepted theory when Chitwood (3) separated the root-knot
ncEsatodos Into $ distinct species and revived th® generic m m  Ilsloidcgrae.
tho species of ̂ loldjogyne^ according to Chitwood* are separated by
distinct mrphologtcal characters as well as differences in pathogenicity
to various host® ia asst cases* mijoiMgym mimm Qoeldl 1887 was
originally observed on coffee roots in Brasil. Adequate preserved
mterial ra® available for stu^r of the specie® bat to date, abundant
living mterial has been umvailable. ^ololdogyno fevanica (Treub
1885) Chitwood lpU9 m s  originally described as infecting sugar cane
in dava. In the United States* this species has been found infecting
roots of root-knot susceptible and ^resistant" peach varieties as mil
as several ormmutal and vegetable crop plants, ^ololdogqme hapla
Chitwood I9h9 wa® found originally on ®rs*n ̂ omtaiii variety potato
but has also been observed on strawberries* parsnips, peanuts* and
tom toes. . IJaloldogrrte incognita (Kofoid and gfcit* 1919) Chitwood
19h9 was originally found in fecal aaaple® of soldiers in terns and
other southern states and was thought to have been present in vege­
tables eaten by the soldiers. ISsloldogyne incognita 1® regarded as
being the nest coraaon root-knot nematode in a large part of the
Baited States (21). it has been reported infecting canaigre (Itoex
hymanesepalYis) in Arinora (16) and eimfaMga. (CinchQia s&crantha) in
Guatemla (19). Chitwood (3) states that this asamtod® reproduces
on fellow Globe onion®* cotton* celery* lira beans* peppers* and
cactus. It does not reproduce on peanuts or Xtaman and Shalil peach
roots. Taylor and Chitwood (21) claia that Lycpiperglcoa poruvianum
is not affected by M* incognita.
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s
on smpdragon as 'mil as the of foots of the host m  the parasites* It
m s  felt that such basic research into the problem might aid materially
in dotarralning additional similarities or differences between species.
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stained in this se&utlon for about l| hours after which they wore
washed in naming water for 3 hours. they were then immersed in
15 percent ethyl alcohol for 15 aia., 30 potent for 30 aim*, So
percent for 1 hour, ?0 percent for overnight, 80 percent for 2 hours,
9S percent for 2 hour®, and absolute for 2 hours, the dehydrated roots
nor© them cleared overnight iirmethyi salicylate (synthetic oil of
wintergroon) • Permanent taunts of root sections were mde using Canada

Photographs of plants were made with a I4 I 5 Pacemker Speed
Graphic using Ansco Xsopan film. All charts were photographed with
the same camera ©tpdpped with Kodak Contrast Process Bmehrom&tic
f Ha. Phot^ierogi^phs of neamtodes im root tissues were amSe with
a laits (likro^Auf satskaaera) using lod&k Contrast Process
Panchromatic film mounted on a Spencer microscope.



'BimwMMs m m  mmiLts

19k9 feats
Tbs first e^rimont m s  designed to investigate the offset of

5 speeies of reot-knot nematodes at 3 levels of inocmtai os $ varieties
of snapdragon# All possible eorisln&tieiiB of them variables as mil
as 1 minomilated control plant of each ampdmgos varied m m  repli­
cated in each of $ blocks# Plants m m  placed in the greenhouse in
a split plot design and green at an average tcnperatnre of 22° 0#
After 2| wm®m data m m  stained on top weight (might of aerial
parts), root might, root-knot iatac, mister of femles, n^ber of
egg masses, and rate of nematode reproduction of each plant# An
account of the prneeds*** used in obtaining tfcnno data has previously
been given, fables I through IX present these data for nematode
species, snapdragon varieties, and levels of imocraXum as mil as for
the interactions of the above variables with each other.

Xn the Intcrp^t&hlcn of results throughout this paper,
WlMMogsm inc^mita van# acrlta sill be regarded as a separate species
and shall bo referred to as M. Incognita acrlta* This is don® for
proses of brevity in th® p m m n t e t t m  of those data# %  attest
will be m M  to discuss all of the interactions shown in th© various
tables presented. la all cases, onfy tbos© data which ahm  significant
differences between liiloAdeCTiB species will b© referred to except
when otherwise stated#

Table I item the man top might per plant of 5 snapdragon
vanities at 3 levels ©f inmalm#

Xn inspecting the data for top might© of plants, difference©
batmen top mights of ©one varieties of snapdragons m m  evident.



1,1

Timm differences also eeegmd at e*4h level of IscKmXum.
fable X. Mms bop weight per plant of $ snapdragon varieties at 3

levela of inoculum,
' " " " l ." ir:~' " n ~̂nSbMesm3jaaa" lrm '" " '" IM*

Varjette. '% '" i&T"
Ball Bed l6.1*a 16.2 12.? 15.1
Chrlstoas Cheer 20.9 18.2 1U.2 17.8
Margaret 17.8 13.9 10.it llt.Q
Musylaad Pink 23.6 20.0 13.1 3J.9
Ball Tellotr 16.8 16.3 12.7 15.3
LSD ,05b......... ............2.8.......... 1.6
LSD .01...................... ..........................3.7...................... 2.2

aAll mights are expressed in pams.
^LSD —  least difference between means necessary for significance

the effect in redaction of top might dee to increasing increments
of iaoeiiXm is Mgbly significant (fable H)•

fable II. Ham top mt^st® of plants inoculated with 5 species ©f
Hslotdogyme at 3 levels of inoculum.

ir>
... , . . . . acrita .

1 1?.2 21.6 W.Q 22.6 15.1 19.1
10 35.2 ll.l IT.? 1T.3 15.1 16.9
100 13.2 iiul 11*6 S.0 15.6 12.7

ISD .05 2.0s ....... 6.6^ .........  1.3
Xj5P *01 3.T ......  S.9 1.7

inoculum levels, within a species*
^Between spmies vrtttiij* the same or different iâ oulaft levels.
Further mm®$.mMm of these data stare considerable variation

in the effect duo to inoculum levels for different species. For
instance, M. Jrgamlm produced no decrease is top weight as inoculum
m s  increased, while there m s  a decrease in top might of Jf. incognita
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atoti inf toed plants ton t o  1 m l  m g  increased fron 1 to 10 ©gg
assss t o  fn® 10 b© 100 «gg masses* tmootota infected
plants g te o m d  a  significant deems* i& top might t o j  t o m  t o

Imocmlm m g  increased to Id) egg msses. As with plants infected
with K .  inconnita &©rlta* t o  wmm  top might for plants infected w ith

each tnoemlns 1 m l  of JJ* tola m s  different tom tot of plants at
to ©tor tols. Plants at to I mm me© iaoetfUni tool for II*
arenaria had a higlier top mi#*b tom- toe* at t o  100 egg mss 1ml*

la cospiriaGns bctmen species at t o  m m  1 m l  of tocmtey
plants infected with M* jav&nica had a lomr mean top might ton
1* tootnalta acrita infected plants at to 1 egg mss inocnlma level,
mile to converse m s  trie at to 1Q0 egg mss 1 m l  of inoculnm.

tore m m  m  significant differences between mam top mights
Mdfr «mnA«m̂S Mmmrm *9L̂rti & mt ** <fc rft nT Ttfrf*S ~fct« r TfPĥt fflnilT irt mwiMrt *n- lirMni ii —i& ifti ari* *•*£•» «SwikOX t̂o2%X©vX03 JJSuPVCnBftCL WXw Ŝ 56̂ £X©S 39M3 && *aJLX«
fabla HI* top weight per plant of $ snapdmgm varieties

imocmlatod with $ species of

species g g r is g s m ' s s i B W 1 " v m s r sssr  * m * m
Hid: Xellow limn

amnrla 13.2 17.1 12.? 17.2 16.1 35.3
teiOa 18.0 18.1 17.7 21.3 1 M  17.?incognita lS.ij 15.2 12.? l?.li l!*.0 16.2
incognita
acrita 13.? 17.1 13.5 20.9 15.5 16.2

javaaloa 12.2 20.it 13.1 15.6 16.2
I3D .05 3.7*..............7.0s’ n.s c

®®©tm©m varie ties, n ito n  a species.
%©tmen spee&ee* within t o  m m  or different varieties.

—  differences am  t o  statistically sAgmtfi©to*
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In the analysis of these data for ths effect of interactions be*
tweon snapdragon and ̂ loldogyne species, differences were
evident between top mights for m m  nemiede species infecting the
nmriooe mxtetiM of snapdragon. Plante of the Ball led mrietf
infected with Jf. hapla end 1* incognita led greater might® ton
«M*1 AfeMfeWt Jtfk -41 4MM ■a'VIl tlW — Jt' 7 ¥r.̂.̂ —~Al IHBim S ltTn ijl ■iiti *n 11 Mi Mbplants infected with w & other species . Msrismes Maesr mriety snap*
dragons infected with Jj[# incognita bed a loser top might than plants
infected with M. javanlca# Within Agorot mri@ty, plant® Infected
with K. hapla had a greater might then plants infected hr the other
species of Moioidogync, Whereas m. iavanica infected plants of awy*
land Pink mrlelsy had a lower top weight tfeMs pl n̂tf infected bgr

haBla. M. and 1L 4K»«̂ ami4sa. acrita* »i-*ariy* infected with-S SSSmsŜ  >ŜŜ££iiii£S> flŜS23K3SSS5o 2eM«iMiSSr̂ *»*" »* w*
H. armaria bad a ioww wsigbfc than ]j„ hapla and a. Incognita aorlta
infected plants.

* MlkBM Mk4& %na!t #& 'AM At an «h,JLi JsJ aK.MMA4uatot .Ml.x®p mi|p$i§ or jpuîets grown as nnixioeni&wu control® are pro*
muted in Table IV. These mine® m m  nit analysed statistically.
Table IV. Wmn top might per plant of nninoculated snapdragon

controls.

Ball Bad 2?.2
Cbristms $heer 23 .1
largsret ip.f
Baypyiand ̂ ink 28.6
Ball Xelloar . H.?
When th© arerage might of each mrioty m e  coiaputed, it m e  found

that all varieties, with the exception of Ball lellosr, had a greater
top m ight than inoculated plants.

Block diagraias illustrating th© results obtained in the analysis
of top m ight of pant® are presented in  F ig . 2.
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Table ? shows tto® m m  rmfa weight per plant of $ snapdragon 
varieties at 3 I wis of ineeuXun.
Table ?• H w  root weight par plant of 5 snapdragon varieties at 

3 levels Of inoculum*

■ v m m m  Wm&

Ban m& 18.2 m* ? 12.? 16.5
C*hriat«a Cheer tf .1 2l*.S lS.2 20.6
‘%rgar®t 2l*.o 18.9 Hut l£.l
HnyOMi ?ink 30*S 21.$ 13*0 !§.?
Ban lexica? 21,3 -. 16.3 . ... 13.1 . . 17.0
IS) *0$   u«0.........  2.3
I3D .01......................» 5.3....   3.1

Analysis «£ root' of infected plants showed soma differences
beteen varieties of mmpd&ztgom* Bmm of ttm m  differences m m  sigai- 
fleant for the 1 and 10 egg aase inocnilm levels but net for the 100 
egg mss level of imeuXtm.

A high degree of signifleane© m s  appoint in the overan reduction 
of root weight dae to the higher of inoeulw (Table ¥1) •
Table ¥1 • Msan root weights of plants inoculated with 5 species of 

Hslatiomis at 3 levels of ineeulnm#
1!lBLSiifiî ÎŴ Tr̂T:n̂ y,̂'ra:"̂T,lKj3S8̂ -nr-irnr-nn--.-r~-----r--̂gg|ggw..

in inoculum aWnai^11 ̂ p!la ' incogjuta iiWgniia1 ̂ Jamnlca Item
■ adtii,ta

I I?.? 21*3 23.2 28.0 1?.6 21.6
10 1S.8 20.P 22,1* 23.5 1?.5 20.0
100 13 A  1?«3 32.0 10,8 Xl*.3 13.5

LSD .0?...... ........ij.#.............. 5.#    1.8
UP .01...... ........ S«3 ............. 7.1t   2.U

Ttetweon inootil̂ a levels within a ŝ eeies.
^Between speeles, within the sane m  different inoeulma levels.



Wmm data sfacnr that root might® of the 100 egg m  tnoctOatieiis
« m  lesser than- for the X egg mat inoculations for plants Infected
idth all amteda specie® ®2®ceft jg. jayanica, Bure wr© differences
between M. jacngaita and M. incofrnita acrite infected plants in that
for M# jncoggaita there wr© no significant diffamen in root wigfct
beteeen the 1 and 10 egg wms levels iddle for
mam root might for the 10 egg mas level m s  XoRMtr than for the 1
egg mas level. %3ro m m  m  apparel difference in root might
betwen plants- infected isith different- levels of M. tesla*

Gmpmeimm of man root wights of plants infected y&th the
different species at the 1 egg ms® level of inoeu2m disclosed that
the of M. acrita is&eted plants ms toi$2©r than
wights of M. }U hapia, and M. .javanlca. infected plants.
Plants infected tilth M* incognita had a higher root fttSghi than those
infected i&th M. jamnlca. In to 10 egg mss inoimlnia level, both
JJ* and 1. jyofyiita acrlta infected plants had a higher
root migjfefc than K« m m m k fc infected plants, vd&Ls 5* aorlta
infected plants higher in wm% might than M* ,1avanica infected
plants. For the IOC; egg mss Ineculam gretp, plants infected isith M.
incognita acaMta m m  Issuer in man root wight than plants infected
with M. hapla.

As item in MCLs V$X, J§. bapia. JjU inpognita, and M#
acrita Xnfecbed plants had higher root wights than those infected
W  arenaria and M. Jamaica.w mm rnmmmrnmmmmmm mm mm mimmmmmm

A ilg *  ifrhTM ltir nft-.iM.Tt l~» t l  liS MfcWLdM illitVll irimniiltM J t mM. S m l k .  1  M  W * y V  e  JH .S  Iffl- f .  J t  ÎW JLi«e OiXect ox iirî mctlcass sncsn an Table vix ispicaw tnat onijf
variety Ball Bed had a ecnpreble pattern of root wights ishan sub­
jected to infection bgr species of For Christasas Cheer
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variety, the m u  root might of JJ. javanlca infected plants m s  higher 
than root mights of plant® infested ty I, areaar&a, M. hapla, and 
M. incognita. In marked contrast, however, 1. .fivanloa infected plants 
of Margaret warietf had a lower m i  might than plant® of the same 
variety infected hr H. bapla, H. f**eegnita, and 1. iiiCOjpdia £ E S & • 
Ther© m m  m  significant dlfferaees in root weight of plants of 
iJ&iyland Fink or Ball felloe varieties infected hr each of the $ nema­
tode species,
fable TO. Wmm root might pm plant of 5 snapdragem varieties 

InocvOated with $ speeiea of Hsie&dcgrae*

arenarta 12.5 17.2 16.8 l6.lt 15.2 15.6
hapla 15.6 18.1 22.0 22.0

18.3
17.it 19.8trt rtiTk mi Hi. Ji 4*#*liwogijî a 20.5 15.6 20.7 16.5 15.2

incognita
acrita 15.1* 21.9

26.2
21.5 20.8 20.1 20.8

javanica 10.1 llt.lt 16.0 15.6 16.5
x® .05 .. 6.1* .. 2.2
LSD .OX .. ,.

*Bete**A varieties, within a species.
^Between species, within the m m  or different vaarfLfiti&fl̂________
Hoot mights of plants grown as minocralated eontrols are presented 

in fable VXXX; them values were not analysed, statistically, 
fable VXH. lean root might per plant of uninocmlated snapdragon 

controls.

Ball Pa d 18.6
Christmas tear !?.§
^pgaret 8Q.B
Iteeyland Pt*$£ 13.6
B all XTOssr 18.0
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All varieties, with the exception of Ctadstms Sheer, bad a
greater root weight than plant® vtiieh w s  inoculated.

fig. 3 stem block diagram of the results <Mained in the analysis
of root weight of plants.

As Indicated in table IS, analysis of roob«4aaot indices of snap­
dragon varieties showed that no significant differences sedated*
fable IS. M@an root*k&Qt index per plant of 5 snapdragon wriotlas

at 3 levels of inoculw.
'iriirr1r'* ffê 1lr'ft£jS¥' ''' irirriirrriir"'r""r r Varjj?arl®MeS ^ItnTnwrrrrjyr--- lSf'"' _ HSjtn

Ban Bed 0.8 1.5 2.3 1.5Christas Cboer 0.6 14 2.2 14Margaret 1.1 1.5 2.2 1.6
Maryland Pink 0.8 1.6 24 1.6
Ball XeUcfw 0.? 1.3 2.0 1.5
ISD .05 n.s.LSD .01 .... 04 ... n*s.

Farther inspection of the above table reveals that differences
existed bitten root-knoi indices of snapdragon miieties when grown
at different levels- of inoculum.

lean root-knoi And ice s of plants sheeted to different levels of
inoculm increased significantly with tbs increase in inoculum (fable X) • 
fable X. Usan root-knot indies of plants Inoculated with 5 species

of ̂ loido^ne at 3 levels of inoculum.
Bag1 llSis111" ^r 'fr-'̂rn~^^^r̂ ŝ t!!5iSioSi>Ŝ Spê 1~:r~~r,l!3GBBcT
in tmvtitem 1lean
_ _ _ _ _  _ ___________ ________acrita .

1 0.9 0.1* 0.8 1.0 0.8 0.810 1.!* 1.0 1.8 2.2 o.p 1.5100 £.0 1.5 .t 3.U .. 1.2 2.3
LSD .0$ 0.3* o.# ... 0.1LSD .01 O.ii • ••••••••••«•• 0.6 .. 0.2

^Between iiXKjulm levels, within a species.
%©twen species, within the m m  or different inoculum levels.
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Differences are apparent in the beb&vler of each nsmtsda species 
at each of the 3 rates of iaoeulm used* Uma reet-laaot indices of 
M* javanlca infected plants, however, shewed no Miimmmms in late 
mtl&g.bstne&n the I and 10 egg m m  Inoculations*

ife erne sBnifsstBd in a lesss* sssn root-
knot into: at the 1 egg mss level than infections of g* srsmrta and 
1* acrlta. At the 10 ©gg mss 1 m l  M. jsyaa&ga footed
plants bad a Ismr index than plants infected Tilth M. arenaria, which, 
in tnr% had a I m r  into: tim jtoifes intotod with M. incog!nita aerlta* 
Doth H. hapla and &• jmw&aa infected plants had lower indices than 
plants infected with M* IncoEnita and M* Incomita aertta. Approsd* 
mteljr the eeoe relationships existed for the 100 egg mss 1 m l  as 
for the 3D «gg mss lml»

A high degree of significance, in som cases, m s  evident batmen 
root—lcnot Indices of .plants Infected the species of MelaltoaraS 
(fahla XX).
fahl# XI* %an rm^kmt into per pant of 5 «ptoi©h varieties 

3jem»3*t*d with 5 species of

Ifeloidogyne
Red Cheer

iSss
wsssfssrss*varieties— r *r --

XsHow lhaa
aremri®. 1.5 1*5 i.i 1.7 1.5 l*k
■ĥ -pls 1.1 0.̂ 1.3 0.? 0.7 1.0incognita 1*9 1.7 2.1 2.1 2.2 2*0
incognita
. asrdta 2.1 2.1 2*5 2.2 2.1 2.2
javanica 1.1 .... . 1.1 1.0 0*9 1.0
LSD .05 . oJia ...... 0*1̂  . 0.3

0.him .01 . o*5 .... .
V* f

..Ou?
^Between varieties, within a species*
^eteeea species, within the m m  or different varieties.
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^rgaret
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202
U»0
1*2$28?120

U28
1C

m r
2$0315C0

1081*
12$7102$

m  M
«oi

n.a. B«S#
M*M*

C$$g&to of tin* w&ilbQX' of fosaiXoa ws&b foa&t to dbtffe®1 sigal-*
ficantly fcetssooa limmla of inoculm (T*&!o XlXf).
M biS '* lb  i  jM  ’f l r r y T *  l - a i l k i l M  jg^Jjf. J8**mn^*4k ^  iJk .a t.y& kk  Jfr ■« f  i mim Mi*8 tffc A  *4 yflt ^m*C' J L t kI&wifi JvULi• &2SHJS HMB®0®ro Of *08BmS !Q08I81wO<$BS IS pjjttEItO |3I@OIm W u WXwll

5 opoolos of l̂ Ioldor>ym at 3 Imla of iMftftinu

Uaesos

X
xo100

x$o
»Mr

130 H i 328
3U0

23$
ida

LSD .0$ 
ISD .01 fit ?g$J £$8

• • • • • •

j®BBta®Nis ,iifftigy^yfc XsvbIs# % sp®d8s»

h k t im m  gpoc&Bgf *tth f&  tins m t  03* diffOFBES XoVOlS*
,̂ 3iM8i|:»ift^1̂ j| ^f* th^fio 4ata th a t ^  B,ts$9bB$* of fOssila# Ss

lafootod H# a t tbs 1 ogg 3®t@X naa

j g H i J  <8^*8 *§ jg jiK tfM a h f 'HMUiMM ^tkJftMa 8 ^ 'J H l^ a  A tW dlfc  " t  f t  ig*i utiMyiMt ' i M k 'B k A  .4t9MM**k^l ‘MBg*4P&3̂ ** jMPMIlMfry lw»W Ww® wwMv IWalWPWy aSSEr v*lw J&# ̂ Pm- 1 W  *"HM$ fflwaBw
per M. !*&«&&'g*yt*iH» .lavaniea infected Blanfcs. *&&***<$as bo difforesce"* •■' Wl ajillli1 <SS$̂tfSSSS)t̂ w<l jpl w W 8W f'll: n^w i^ilP  4 M P ^  i M W P 9 ^ r 9  ■w^p^Wi^sr

la ̂ wytf8 1 10 âipf 3sw0s* luS- of trN̂ y* aaxo
lonW' fo^ *n î. ioo aî f bbsb low ls# ^%an fNytyty of fayalss- fspiw.

M- iaso«sd.ta & w I M* aEPidha Infsctsd iBdleatsd tiiats,"SSt aSlMi&W>WBP»35̂ (S# & ̂ pmnipip. immŵ w

an lac2?aas® 1@w©l resillijed in  a î l*TOin3Q@Qyditllf?’ in

of Jteaalos.
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Ooap&xlsaQs of the of immlm for each species at the 10
egg m m  ,1ml signify M. javaaica Infected plants had fewer
foaale aesmtodes than plants infected with h. areaaria. Both a# hapla
and JL javanloa forced fcmr ftmlftft than M. incô iita aid M* jacomlta
aorita. For the 100 egg m m  level, plants Infected Tilth JL lacofqiita
and IL lixcofmte aorita had a greater zm&wr of fesaalas than plants
Infected with t$» other species.

Differoneas batmen cone I&Ioidoisme species wore apparent in
fable OTL
Sable H*T. Ib&a msi&er of femle a m t o d w  per plant la *> aaapdrapm

varieties inocalatod with $ wpmim of 1

HeloXdogync
SBBfflmSECii ¥arisbies

Species
Usitn

u r
Jted Cheer

IXejrltiad
I’tab

Ball
XcllOi?

arcnarla 773 1032 650 10® S42 873hapla 57? 514 554 8?6 502 60?
Incognita 2154 17& 1231 isa? 1043 1612
iaoognltaaerita 121*5 1725 1867 158? 1312 1548javanica 56? 1252 824 - .552. 513 7.$
T,cn 417

576LSD .01
fhis table tfun« that g* IttPoafli* and JL ineogiita acrita ferased

a greater ssca& jtml*er of femles tfem H* or I.
Jamaica. Wte& the effect of interactioas between snapdragon varieties
and fiilotdsTOes species upon m&ttr of fcaales m s  ccmidcred, it m e
found nob to be significant.

of the results stained in tfcfe asalysis of aeon
rooi-knot indices are aticm In Fig. $*

fable If Resents the nwiter of egg mgtes per plant In 5 snap- 
dragon varieties at the 3 lewis of inocnlwi#
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Table X7. nswfeer ©f egg s&seos per plant in $ snapdragon
at 3 IsWlS ©f ̂ ytfw*ttlnr»>f

Varieties
a#i 35? 7ia i m 793ChristBaB Cheer 86 TO 2067 io a i

mrgaret 315 71?'Maiy3ssd Fink 227 3071 l62j 97!*
B u i 1*110. 80 r ,̂ 76 ___________________n a _ _ 670

LSD .OS B.S. B.0.
I ®  .01 •  * • • « • • • • • • A.8. • « • • • • • • * • « n*s*

Afealyfrtiy <vf the 'fflffftB BUB&MKrS <$£ egg p©r plflKBt $XI t fo# SbOY©

te%lfo showed no ^ffw^wpjiyp  ̂ lystsmon varie ties

SEP ISBiSMSOfi Ŝy§.ft%y **«* ~R p  w.^PPWf. .p o ^ ^  •PWPPIFTi^'PPipKMPBBIP W *P . PllPPilfcpWI^IP1 WNtKt̂ n99!IK^ ^r

* T * t.  llh M k ^ M i k A l U  iOa iff* *k,MMt^M jftti^atjaB-^Bi Ji'MM ^1 tffe >iMk Jtrue naiiaoer ox egg aatssos in  m a  la a o u in  leve l* as snown in

T&fcl© I? I, d iffered  from those of other level® , 

l&hie 1VT# Moan inisafeera of egg in  plants Inoculated w ith $

species of ^loidogyne a t 3 levels ©f inoculum.

lassos
In Xb^suIum

1
10
100

f£k1^22
fi
301
ill

mmm 97
m

255
306 .1276 35:

LSD .05 
£SD .10

rfiii aijfct'fftr 2p2
310

^Between iaoculna lenrsls, within a specie©*
^Between ap#ol#®^ the **”# or diff©3?ent lewis.
Counts of egg masses froa plants originallsr inoculated with 1 egg 

muss of M. arenaria were lower than oe1"̂ 8 frost t3>ia.»tj» inoculated at
the 10 sad 100 egg mas© levels. Haleldogyae hapla* at 1 egg mas level
03t *T€Q*50®® & injfiWWBP SXSWDNRl? OX B8J5860 wHWMSt 0 w tjsl0 X0Cr
*mut«  «mam *1 i m m m ' I  f  d jS a a e M f e ^ ^ iB i  s a v ^  a m m  t t f t i i A c u M  an*4ii ^ r n  t i t 1!  f  ̂ j h A K k 41! m mmass xerox or xiKxruxuia* ̂  cunts or egg nesses at w a  xsvex or inoouissi
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from m* incognita and M. l»cQgniU eerita inf ©clad plants w  different
from those of otto Imls, For M» J&wsaloa infected plants both the
X and 10 Off mss levels of inoculum resulted in egg mss counts which
were lower than that for the 100 egg mss level*

As shown in ̂ able IF!, plants Inoculated with JJ. hapla and M*
iavanica h&4 fewer esw m s sii than plants inoculated with M* SBBOSSita
acrlta at the 10 egg mass inoculum level. Bants infected with M.
arenaria and if. liapla at the next higher level famed fever egg msses
than M, incognita and 1. inog«ita serll* infected plants while M.
Javanica infected plants famed fewer egg masses than plants infected
with M. incognita.

Table XVIX presented below is a comparison of the man mmt>cr
of egg msses per plant in. the 5 snapdragon varieties inoculated with
the MoloidogFne species.
fable XSH. lean wm$m? of egg msses per plant in $ smpdragoa

varieties inoculated with $ species of ̂ lQldo$?mo>

species
%*©eies . Had Ohetr . Rb& fellm  .Ham

svwbmrU 632 0& 53? Ip§ 71*6
bapla 385 U32 2?2 6?8 160
incognita Xkn X&6 Vkl lk*3 833 1212incognita

acrita m  x m  3MS  1371 933 liftjavaaioa I46I 1102 6?1 1 2̂ 300 613
IM) .05  n.s.......... n.s.
H P  #01  ............. n.s..... ............. m.s.

A@ indicated in fable H I ,  there- m m  m  significant differences
between wen. counts of egg m®m& between mysMmmm species or be­
tween the affect of intoactiom of Lieloidogync species with smpdragpa
varieties.





Table XIX.* Ifmm. rates of nessatode reprcd\*citQ» in plants inoculated
"fciiib $ species of ̂ %loido^ync at 3 levels of inocuim*

n
Bill led O M 0.63 0.77 0.63

i ^ t i i  ht Jrtiiifcfiwnrxŝ Bn® un©er 0.30 0.76 0.83 0.63Ilargarct oJUb 0.# 0.71 0.61mryland Pink 0ii}6 o.» 0.75 0.66
Ball W M m 0.1*0 0.6? 0,81 0.63
LSD *0?
UB> .01

n.s*
n.s.

sue.
n.s.

Table id. Ile&n rate of no$atode rejs?odnetl0& per plant in 5 snapdragon
vardoMss inoculated witb % species of ,̂ S81̂ BESi*

m̂KP3w®'wwSNpf-tel rfeypfrm Ifcft 1 wnristssa® iiw^aret Median Specie®
Opeotas B*d GB6MSi* My^g Yellow Maaws
m m r i »
b&plaincognita
incognita

acrita
jaTanioa
m  .05

o.ft
OJM0.6?
0*62
0,©

O.fD 0.63 0.65 0.8? 0.720.62 0.1*5 o.6o 0.1*2 0.51
0.5? 0.72 0.71 0.66 0.67

0.61 o.S* 0.6? o.6o 0.6l0.62 ..-9*71-. 0.6? o.6l 0.65
. n.s. .. n«®«
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Iflfo Testa
A 3&Q&8& 03̂ rln©IJ& **&̂  |S<li$3̂NtlB® 3Bf*1̂ ®M tte

pmrimm m$mrimz& mm performed In  lp§0. In  pl&et of 3 Iv u ls  of 

IsoeoXnja, te rn a r* ©al̂  5 egg m m ® of east* s m M  epeeies w@  tmed 

as tte gtenterd des&g© level* Iteietainb® wore placed in tte type 
of s p lit p lo t design osod piiw isilis^ ayid fpfOin a t an leverage so il
iJL m lu^tiry *■ . iaria Ag» ■■iM<ri l l  j  , | i  t \  AjL'iMt aJTi8K«tieih^ti*k. iifc dttfaMutfe j&dtfkcdhbJtalk.^litenpernwpe or .&$ w  fo r zg s m s *  narmsted piemts were sn&jectsu 

to the ease jae&euresonts an .in tin  prewiOEis etperinont# fables 111 

thru HOT* present data os top and root weight, root-te>t la isn , rnsijer 

©f Ssmlss afff @gg wfcfpw&ff pan plant, rote of î prodaotion per 

plant fo r nenaheds s p ile s , snapdregos warieil©®, i@w@i© ©£ ine©~ 

wlw** as m il as fo r tte  offset of infcomotions of ite.se variables with 

©ash o tte r,

fte m  top wei#il per plant of 5 smpdragoa varieties in i n a  
in Main IS# Plants of saeti wmrle%r m  infeeted with each of the
5 speelee of S S ^ B E *

Mils IS# man top w®J#ii per plant' ©f 5 snapdmgoa varieties#

B a l l  B o a  2 1 , 1C h r i s t a a s  O t e e r  2 i # 3U a r g a r o t  2 3 * 6
î aiyland Hale liO.3
Ball leUow   A#7
«W ■iJi~tm A J r t llap ,o*>
is* , t a
is iadicatod s b m ,  ajfferenes® In top weight tetnesn m m  asp- 

dragon mrlotios nor® highly slp&fleant*
%  fable s n  it eta be seen ttei plants i&feeted with &• d&vanica 

t e d  a Imm# mm  top might tten. plants infested with tte otter speeies
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Ta&Ut m u  pmmtM the rnrnm top might p§r plant of tn&aocti- 
l&bod plants.
©shla M l «  %an top might pr plant of iiniiioettlAt&d snapdragon 

oonhrols.

mil Bed 33.9
Christw&s Oheor If.
Msrg&rtt 2I4.

PSiW 37*3
lO.Z

As oan be seen in XtfUa XXXXX* mlnoculatad plants of eaeh variety
had gro&ior top might® than ijgfMhsd plants isAth the emopttofi. of the 
imi^land Fiak wl@tr. %ose mmltn mr© not st&tlstioftlly.

|? J m, >5 1  n |k. Jim jjajt jgfc Jk **t n|aS0  ̂Art I A mjtoni. .̂MM M J> _WT r̂lttl i* VTH J* .if> «-ii -t§* 2g. © As a oioois oASgrsii 3JLinsfwBS*on of the rostixts ©otsAned 
In the analysis of top mjight of plants.

Comparison of ne&n root lights per plant of each snapdragon
wletr As ®h«m in thiils TOPT.
Table xa?. !®a» root might per plant of $ inmpdragoa wAsties.

T|̂¥JIOT- TT-ir-T1 :ti-it-ii rr -urirrn-i

m i  im 29.9Christen Ohmr 29*3
liw^prsi 39.6
sMxgtimi Fink 34.9
mil Sallow______  h9*0
m  .eg i s
m  .01 ?.a
As indicated ®&©m# sigrdfioant difference® ousted fcetaoea the 

ne&n root mights of some of the stmisdrâeifs mrleties*
Table XS? shows that there mre sew An root might

hetman plants infested hjr different spools® of Ifeloidopns.
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Tabic 3K*T. tea root pm  plant of $ snapdragon mrietiea
inoculated i&t3i 5 species of ̂ oloidogsnas*

tTirr**'. Species
fblles ifeaa

sremria
hapla
incognitaincognita

acrita

31.9
2?.tt
27.1

33.U
_ 1 M _

3U.8
21.7
27.0

36.1
26*6

29.2 35.6
27.0 37.1
22.1 1*0.3

5 o . o A .0
2 k .l-____ ja *s _ ..

51.7
56.5S . o
6 .9
26.9

36.7
3U.0
32.3

y .7
2T*2

mo . 05LSD .01 32.3® ••
16.2 ..

................  13.#*

................  16.7
6*2
8.5

oetmen varieties* a species.
species. sltixla tbs m i  or different varieties.

Plants infested witb %* ismnioa bed a Inner neen met might
than plants infected nitb 1J* arenaria, 1. basis* and K. incognita
sprits. ehil© M* incognita aytts infected plants bed a bigger met
might than plants infected with tbs other species* A farther ex*a&*
netton of thee* data indloatss that there mrc no differences in
lgpuayt root might iNdsmea plants of ̂ ll̂ pdragon mristiee ba.|i j$ed
and MBUcyland. Pink infested eith mriees species of
Pl/mte of the Cferirtau Cheer wietgr infected with a. httPlh ware
lem? la rest might than plants lafeoted alth H. laoognita acrita.
<ffne latter species ©!**** shw &d tbs sane ** gpdff in greater mean
root might for infected plants of Margaret variety saapdragon

did of tM  fam variety infected with ether
species, %e& mot mights of infected plants of tbe hall felloe
variety sere analysed, it m s  found that plants infected stth M.
1icvftnlo& bad a loser root might thm Plants uith, the other
Species. Hants infected ism 1 £• incognita m m  found to ham  a lemr
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root miglit than the00 infected i&th M* Incognita soriU.
Table OTX preseats the mean root weight for plant of wnimocu~ 

lated snapdragon control plants•
Table OTT. Mafta root might per plant of oninoculated smpdragon 

controls*
---------------   B B f B g T B g ---------

®om Varieties in grams
m u  led l£.b
Christaas Cheer 33. ?
i m v m tJJaî laiid link 26*5

bninooiilatBd plants of Bali. Red* Christmas ̂ heer* and ̂ rgarot 
varieties bad greater mmx root we±#ts than infected plants while 
the converse isas true for dryland Pink and Hall Tellosr varieties. 
These values mre not analysed statistically.

Fig* p is a block diagram repremntation of the differences 
obtained in analysis of root ■weight of plants.

Co®pi3*ison of the- wmm root-kmoi index of each snapdragon variety 
is shown in Table OTII.
Table XX7II. lean rooi-kcet index per plant of 5 snapdragon varieties.

Ball Bed _ 1.6
■ Chrijstnas ^b@#r 1.7
Vks^m% 1.8
HuySaad Fink 1*8
Ball IbUoir ___  1.0
LSD .05 n*s.
LSD .01 n.s*
Analysis of the root-knot indices presented above showed that m  

significant differences existed between snapdragon varieties.
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Significant differences W m m m  m m  «f m m  roo%-lsm% Indloes
rnmm is Table Iffm.

Ta&te xmil. l&an root-knot indue por plant of 5 gBftpdragatt varieties
^ ulth 5> species of Ifeloidoiosai.

1*6 1.2 2.6 1.8
l.Jt

2.0 1.8âLpldi 1.0 Xmk 1.0 l.lt 1.2
1.0 1.2 1.2 2.0 2.2 1.6
1.1
2.6

1.5
..M

acrita 1.6
2.6

1.2
2.6

1.2
2.6

1.2
2.2

MID .0? 0.7 0.1t
tap .m ........................ o.g ...................................  o.S

Pf>t? p$*©S#I$l̂ <l $j| !fyyift X*WTTT llll**' tlillt SX&&H X^VkliOlf flutA**11
©f pl.̂ yfif Ĥiitlt Mm J|§|||& i®s hrnot tJsan tfe® nf pl»n%»
infested with a. iar.oentu. g. arerarla. and g. MmaAm. Root-toot
irtriirmn q£ riimmtfsi* With M. ftr£nftrl&. If. lnCQ£ttJ.ta« *»£ M.ŵwwOTîi ■ -w ww * mn. ■■*-«w ■■■*»*■ ip̂» ©Sie mSmSSSSmmSSim̂ SSSSSSSSKSSSSStSSŜ' eSSi

16®®$* 'thSU tit ftf |$;ftjf%f»
ulth JJ. .jayanica. Aaalysis of tbs rooV-kaot of tho iater-
action© t*©̂ 8®̂ 8 v&i^eiios iiidic&ted
tllftt ^  1RB3?® J3@P©©©ISfc SESB Î IBOiSB cf

for of gŷ |>f|yfe.ĝ y|t P3^8^| of ttftO HgNi
mrioty iiifeeted ,»ltli M* kapCU and H. incognita had loser r^t**k»ot
i.*v%itm,si. ̂ km rVt&yrfeji fttfkaarfeBMl Tftth M« acrltA M* ̂ BMBBdUsaUK iP P P '« iN m rM rw w  w p iw p w p p  411 imm ..p a  V «  a P i i m i w ^ i n ,  * > i p . p i n  P J g jJ ^  J j g W g j g g g J J J g J J  J j J g g J J g g *  • W M P  o J J

PlSffibS lufffit&d TSlth M« ja-iaeaafcytji fltra3 §L 4»Mtf>em4 feft ftiyHto Iters IflWir*
*■ iiB ,l" W , w  « w i * ' - * w  * • * * * . » »  J S S i S S S S S i S ^  J J J J J g J J g g ^  SSSSbSbiSS*' i t i w w i ^ *  <p

In regard %© m m  r©ot*4g»et n# lafBetsd plants*
JrlA8P»S 03. im& I »*«0®r ̂ffiUnySIŜT jJlfCNĴ OO. M» uOm
a lil̂ bsr roô *»l®ofe Iŝ eis ls^wl®d l̂ r oHwr
spoclee. ^^ololdoomi hapla infected plants of %r^arot rariety find
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a Immr m w  index W m  plant* infected Igr |S. m m &£** Jf. lassgnita 
acrtta. and M* javanAoa. Also lathe m m  mrte%f H* towgjs&t* and 
!• tes^tta merits infected plants had l o w  assa indices than plants 
infected with aa^aafAa ami H. javaniea* Plants of Hyland Pink 
varletr inflected with &• l&eegmltfi aerita had a loner asm r a e M m t^  *w» mmmmmmmrnmm* wmmmmmmmm

index than plants infected lagr JU iasssM&in and 1. jaysaalca. Within
tbs aaas varistor# M* and M. hapla 1nfeeted plants had lower
indices than M. ja-vanlca infected plants* Hants of Ball l®Xkm 
smpd»§on infected tilth JU incognita acrtta had a saeaii Index sipiA- 
Zl&mtlg lower than those of plants infected with M. ]§♦
incognita. and Jf* 3>WWI *adta JI* hapla infected
plants ms lm&r than indices of plants infected with M. incognita 
and S* jsvaaatau

HXock diagrams of' the data presented mh&m appears in Pig. 10. 
Coŝ parlson of scan of fewtla awfocfeB per plant in 5 

smpdragon varieties is shown in fable XHX* 
fable XSXX* 13©a» jnn&er of fomXe nemtodes per plant in 5 snap­

dragon varieties

m i  Hod 
Christmas dheer 
%rgaret 
Boland Pink

h u

LSD .05 
BSD .01 n«s*n«s.
' Tbm  were no apparent significant differences between varieties

of smpdrsgooo in tbs asaaif’si® of sam masher of females per plant. 
Bifferemes batmen %Xc|degyfio species arc Shown in fable 21%



.<»
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variety infected with M. arenaria, m . hags, and j|. iBcogaita acrita, 
W ith in  Ball X e llo w  variety snapdragon, J f. h a p la  a n d  M . Javanlea. had
a lower number o f  females than J f. Incognita and H . is c o g n ita  acrita.
M s lo id o g y a a  aremria, in the sa ne  variety, fo rm e d  a lower number of
females than did M. incognita.

Fig. 11 presents hlook diagram® of th® results obtained in the
analysis of msm numbers of females.

Table XXXI gives the mean number of egg masses per plant in $
varieties of snapdragon.
fable H U *  %an number of egg masses per plant in 5 snapdragon

varieties.

Ball Bed 281*
Christmas Cheer 2$7
Margaret 282Maryland Pink 2$*
Ball fellow 3i*l_____________
IBB .0f> a.s.
IfiD .01 m.s.
As indicated in the preceding table, there were m  significant

differences between varieties in the analysis of mean naa&er of egg
masses.

fable SXXX presents the mean number of egg masses per plant in
5 snapdragon varieties inoculated with 5 species of Meipjdogyge.

As indisated in the following table, females of M. faapla formed
a lower number of egg masses than females of the other species.
Pennies of M. incognita fterita formed a greater ms&er of egg masses
than did females of M. arsnaria and M. javanlca.

« • »  t f e i M M M M i a i i  ««•» A M i a m M i M H M w
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'Table X£01. H jslh nmibcr <*f egg msses per plant In 5 snaptogon
mrleti©s lno0«PM#d isitti $ spseies of I%lM*3©mt*

SD&afam' Bod Choor ^ink . m i g g  ^8&»
mmamiM 302 348 26l 240 318 254
h&pl& 62 1?4 f6 2X6 59 121
Ino^aita 259 297 226 4-77 45l 342iiKJognlta

acrita 1*65 381 558 225 5bk li3t
.lavaniea 336 286 271 31U 331 307
LSD .05 n.e......... 119
LSs .01 n.s. •••...... l61t

**1 f% A  m ml fjt.Jlf ±m: il#i. 4$' A Jt ^ MM ji iffo J*%4 jffk ifcMttTV juka a|* all--1--«--■ ̂*g • Xfc. Is a GŜ ŷssBSStlo iOlnsti'Btdlon csdt fin© insults cswt&liificl.
in the analysis of nmsbor of a ®  saassos per plant*

rate® of mfetede reprodaetion In 5 mm$Am&m variteiies
an© giro* In Tabl© m m .
2&bl© xniXX* Usaa rate of jsamtod© regrotitsction per plant in 5

ssmpdnsgcm wrlrtios.

m i  MA
OhplstiaBs on©si*
Margaret

0.68
0.73
0.C3
O.A
0.65

LSD .05X® .01 n.s.n.s.
A* shown above, different varieties of snapdragon had no signi­

ficant effect on the nean rate of neactodc refrodnetiOB.
Table XXUV presents the mean sn̂ t© of nesifeio&s v̂ pr-Kinc tlon per

plant of 5 snapdragon varieties inocslaied with 5 species of
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2 to !* days after tocatotlon. Fig. 1? &hms early gall f m m M m
4b a root p&r&sibl&ed by a tern of M. incognita acrita. lot m  on- 
cossaon sight were sections of roots which bore toigr inf actions of
root-knot ambodes {Fig. 18). Hoot tip® which i w  inhabited lagr 
largo motors of parasites wer© usually stoned with gall fermblen
quits evident. %is has also boon observed by Godfrey and Oliveira
(13) in their- studios of root-knot jwnbode infections of pineapple
roots* The nfimtodss iiieraamd Blewlv in width enefc.ii batmen the
8ih and 10th day after inoculation, whoa rapid increases in bo#
width occurred, limning of the body# in m b  cases, m s  uneven and
teepjl&r. % » B y  the region of the bo# directly posterior to the
base of t o  esophagus increased in width first {Fig. 19) • Xasaedlately
thereafter, the psotaritr third of the body widened with the Kiddle
of the bo# and the esophageal region Increasing in width last.
During thf,,* period of growth# the tail of tf# -wsBtodte regained ««■»
changed# resulting in a ® spited* appeara1̂  of the pcs®terior <*yid
of the aatol (Pig* tl). in smiling, the mm^mgml area of tfei body
went through a greater tmxmm in width m m  t o  base of t o  esophagus
and a lesser iSEsesa® in width at the head, resulting in a tapered
appearance of t o  bo# trm the base of t o  to t o  tod.
Of decided interest was t o  appearance of tovily stained- colls of to
stele around to tods of to parasites tout 8 to 10 days after
Inoculation (figs. 19, 20, and tl). Ibis indioatod tot formation of
iniltinuetote giant cells {$) bad been stimulated by to parasites,
and Imd beoose filled with protoplasm which stained densely. In
only instance was an abnormality in the position of the nematode
within t o  gall observed and tot is illustrated in f%. 20 la which
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a larva o f M. ^ayanica is  atom  w ith  th® a a jo rity  o f Its  body in  a 

§aH w hile tfc® f^ to r io r  p a rt o f the to ^ r protrudes fro® th© g a ll.

At about 10 to %k days after ̂  j smmtolss of asst if^ics
bccsus© Hm«mge«shap©d8 as illustrated in Fig* 21. Following tbs 
occurrence of the 3 mXt» described by Cbrlstie and C<ft& (7)# tbs 
parasite® m m  observed as yemg fssales ©f tbs topical shape d m
4 m i  T l * S  j b u k A  j m A | ^  4.  SnMlktftoMk * *#L .^fcSF t- J f  «SVfciMtfrift-^fc«C M t f k  4M .iKShJMUfaltfMHWlfe . 9an fag* «.«»* in  one ©see#. a jw w ^ xsnaas a*. is* jg^^BgnB «ms wOTsiTBti

w ith  a co n s tric tio n  o ffs e ttin g  tbs decidedly w ider poste rio r

po rtion  ©f tbs body (F ig . 23). A t tb is  po in t is  damlopBiBiit there 

m s a papld increase is  "width as m il as tjqygijai ©£ ftaM&es 

(F ig* 21*) * A Fsm lfi o f M. incognita w ith  a w jr  unusual shape m s 

observed is  th is  stags ©f growth. As atom  is  F ig . 25# tbs posterio r 

norticm  o i th is  £am ls m s ts ia im llr  broadomd bat b&nered deeidedlr 

to  tbs te rn is iu i. A n ts rio r to  tbs iftdened po ste rio r end the 

body m s mpA olea^stsd. m ere i t  m s oarlsd. around the stele#

TBrtriî  tbs p o rtio n  ©f tbs- body m s eomsdisb thldlssiisd#

a^tho^gb not  as decidedly as the po ste rio r pmri&m (F ig . 25) • A close 

inspection ©C a foaale o f M. foranica k ille d  2b days a fte r inocu la tion  

(F ig* 26) revealed the presence ©g tbs te ra in a l © m l and mMmntoml 
g e n ita l openings as drawn by lesm y ( 2) • Hesatodcs o f aoat species 

«nwfc:ffi4.nn# 26 days a fte r were a lsost fu lly  grewm as shorn

in  F ir . 27. in  scat cases, a re la tin o tis  m briat m s cnnied bar the^ U fm  m  9 * *  §  •  A « a  w s m m  w  m * m p w ,S F jy  * •■  m s i S i a  w a s w p i  w s m w w R i i i  ta a a w *

W ^ h M I B I h 't  i ^ H k  S L u f e M *  Sk^M* -jnk S M L  S  IM  . 1  I h t  I I  A  i f  i i n .  - —■ —' ■— — ‘ Wl *©-■ — A ^ A  . i .xe®uai0s xrc®. &0 to  jo  osys axte r inocu ia tion* wnoreas nornaxxy tarns 

gelatinou® ms# maid appear as simm in' Fig. 28# tbs rigorom trmt* 
nmt to which m m  m m  mbjocted teing the otainiiig
t**chr>i|iU'ft presumably caused a mpaxaticm of t%» gelatinous mss fnm 
Us posterior m i  of the mmatoii (Fig. 29). fbe sta M sg  characterisiics
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of this gelatinous exudate 9m shown tm Fig. 30. A® a rule it m e
found that the forimtion of to gelatinous matrix preceded oviposition
togr as such as 2 days. Fig. 31 sho^s a female of I. incofqaita acrita
■with a nsnher of newly formed eggs.

therea® feanles of ijalotdcpm ®mmr5&* if. hapla. and M. Incog­
nita oviposited 30’days after toculatioa of roots, ofipositiom by
£* too^iita acrita and 1. jamMp&oe jms not observed. tosunably
t o  Itagaret mrkm^r of mmpdmgous m i  not a suitable host to these
2 species under conditions of too- experiment.

Periodic' cheeks of' plants i w a W  tot eggs bad batched and tot
second, generation larvae bad re-entered root tips 66 days after inocu­
lation in t o  m m  of Jf. arenaifi sad 0  days after tooulation in to
m m  of M* hsjfta. Seinfeetioa of root tips by second generation
larvae of M. inconnita m s  net obserrod.

Christie (U) groped to reot-kneb aenatote into S categories
on to basis «f toir topes during developacnt (Fig. 32). Im m ®
fro® t o  stage at toob toy bad begun to p w  to t o  stage at tocb
toy still possessed a m m  or loss conical tail w e  put in Group A
(Fig. 32, A). Group B included tern from to- stage at tonb toy
bad acquired a more or less hemietorloal posterior end temtoted by
a spike t® a stage at mhieh toy m m  about to complete to final
molts (Fig. 32, B). G|*oUp g toladsd females ton the stage at nhieh
tof bad completed t o  molts to t o  stage at nMdi toy mere almost
fully grmm (Fig. 32, C). Gmsp B included faaalss tot m m  fully
gresm or almost fully grrnm bat bad not yet laid e^s (Fig. 32, p).
Group S included ovipositing females (Fig. 32, I).
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She stages of derolopsaont of the roofc-imot naaafcodes on snap­
dragon are casgazed, wing Christie's groupings, is Sable BE27. 
Table XXXV. Cosptiriiioa of stages of demXopasnt of the root-knoi

nensatodes on srapdragons.

Stag© of
a* *---- j *—— — ■4-u- acrita

Group A £—8^ 2*10 2*6 2*6 2*6
Group B 10-12 12-16 10 10 10*12
Group C lii-22 18-26 12*22 12-56 Ut-26
Group I) Gli-28 28 2li—28 28—30 28—36
Groups 30 30 30 — c —

*&afar to F4f* 32.
after inoculation.

femles m m  not
Birring emadjsahio& of the neaatodes tlsroiaĝ bout axpexdsonh, 

a record of the msismm nismbod© width in i i c m  m s  kept for each 
species at each sailing date. sw s  plotted for ©ash species failed 
to repeal as^ outstanding differences hetmea species, therefore a 
usan carts m s  plotted which m s  representative of all 5 species 
(Fig. 33). ft shorn that the greatest increase in wtdtfe occurrod 
during periods of I to 10 dajrs after inoculstion and 22 to 30 dagrs 
after insxmia^Lcn*

Having observed details of the lif# histories of m m  of the 
^loldagyaa species on snapdragon, it m s  thought advisable to investi­
gate ths sore isf*ortaab details of the dirmlspaest of these nemtode 
species on tom to, Lycoperslcon esc^entwi 111. mr. Inters. Several 
ncnth-old seedlings were transplanted into i-ineh pots containing soil 
mll^isfestod with mesh of the 5 root-knot spates and grown in the 
greenhouse at an average soil tespor&tsr* of 21° C. Bosalts of
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*% *1 am t  ■ ■■■ M  m M ■■■ M  <V  ̂ ikl4Ak MkMMkSm ■—*- *> *S AtMMMHMrtb: Mtt.il Ak^AadMi'Jk.Ak a -St J  ' Jk u A j k  M. JL- JK J k ^g&JLLS SKSl&g O0t»ll OX U30 Spherical Î p© &&& ©XOl̂ &tia, IllOitlplê lBfeCtiOfl
type with the ferwer bel&g acre isioerous til ooohssm@p@»

2&£$s#«im»§ existinc: hmftmm the remits of the $&? and 3$$Q teste
m y  b®  ̂Xs that the l$k9 1$S® teste eaaaot h© regarded
as eoBmBmbls #3©srlm®®ts* Ik a strict sense. M m  temDerabsaresv wi y g p w - #  »  ^PlM# mRF*fr V  Mp’Srf̂ pMmP* IFTlmWWFF^W^ '•w

&y*̂ levels of Iaocal®i differed for each e&psrisaa&b.
All of the ^loidoi^naQ species mod were capable of dafeebiag each

of the 5 mrieties of ampdrsgoas. It m o  posoxbl© to differentiate
bebweoa species <m the basts of a s u m i i  of the pathological re­
sponse of Mp&rtgMns to iafectlcm. aad also, to sms ©xtont, by the
CXXXersnOS IB 0@WO 1*^88^^®* DQJwTiOr ox speciesi*

fHsndies oa Ilfs MstoiSss of the rocrt-lsecb aemtodes indi­
cated. that there mr@ no basic. <MtstaaoSiar
in regard to their dwlispaaKt m  smpdragoa. Oviproitlmg females of
I* ^ » ^ L t a  aertta and £♦• lamotoa mr@ sot t e m d  (MO* m m )  ♦
Failure of feaal&s of thorn two species to form eggs m o  extremely
©algmbic Is vimr of the fact that all species readily aib&iaed
mbarity and reproduced ia the l$k9 and 1$S0 tests. Christie (U)# ia
a paper os the effect® of the host on root-kaot nosatodes, pro seated
several facta wSsloti aided in tbs ̂ INioymi' behavior of
5* iQOQ^aita earlta and M. lavaaloa in. thee® staHse. Ohngrti® triad
to nh&in root«4eEB0t aeaatodss m  toaato hy repeated ~i

foyad thit stdwoQ,mat m^ere* Attmpts
to poiDulitions fro® ffiiingl® ̂ gg m o w s  resalted la of
the pCfolaMom fondi^ a corr@^<«Bdiagly fewer amber of egg mams*
la his coaolaslcs^ Christie stated t
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ĝgpttKMI to %o no
hptfcARd tfc® ~
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of this mre somewhat similar, although not identical, to
the m m Its from the previous eapertaiKt* It m i  chained that differ­
ences la xwroXts batmen theee might hams been a result of
the differences la soil beaf^mbnr© under 'e&sich each saqpeximttfc m s
grevm# or to the differences in inoculum levels mood for each tost*
Significant differences between J|* incognita and ^cognita w .
sprits mr© found la m m  of tbs interactions between nematode species
and varieties of smpdrngons and also in their rates of reproduction*

A etm|r' of the Ufa history of each ifeloidô png species on Uftrgaret
variety of snapdragon failed to reveal any outstanding differences he- 
tseea species. A failure of II. incognita w »  acrlta and M. javaniea

*  m * *m  uiî im i limi e> mmeiwei  mm m m* nmvtmmmmmm

to reproduce m s  attributed to the fact that imoculnsa for this eaperl- 
ment bad been obtained £#m snapdragon. ^so of the m m  host plant
for the subsequent Ignseimtieigs u s  heliered to ham caused a failure
in reproduction of these species due to the 1 Ity of the host*
It m s  sheen that fsmle® of H. aremrja* M. tapla. and jf * incoi^ita
oviposited 30 days after the plants mare originally Inoculated. He- 
infection of root tip® by the second genemtion larva© m s  detected
66 days after inoculation fen*' M* aremrla and 68 days after iaoculatlon
for H* hapla. Ihsn tmmto seedlings m m  placed in son Infested by
each, of the 5 nmmtede species, M. incognita w ,  acrita formed eggs
in 37 days isMl© the met of the fyM&marm mpecies required 39 days
for opposition. Boimfectioa of roots by the second stage larvae
occurred 57 days after Inoculation for H* incognita. 5? days after
inoculation for H. Izaco^ita w .  acrita. and 63 days after inoculation
r*r i£* 5* .teSfe* w i  I* Jamaica.
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Figure X
A vi&if of of t&o pXnaIs lyaaqii in fimt oaQMBdsnst. 7b@
h&SBrd of fyoaa botKOoo pots ifflts ©IjUslsotod
fcy iia© of the Wj&$$ W$$ eituated direct^ above the plants. Hote
the fiy#  a&et-like sppe^ being delivered to the plssts.





Figure a
Jihih jNkJ^ Hifiifc*! 4bJldftjfeantMMMrtfcafc jM-wf r̂n J t ill i i t t  j  tfmnMMrrm i~n jn<J* 4  —  f% ^ i im n  A 'm J Kf l l w l l  © i g g jM ^ ^ g ra g t ljw © l» 8 #  XevQJLS 01 Vm^OJM&0 WBA

«yp|«iy*Rg^ ̂ aypisSSss ©n tap naigjhit ©£ plants*

Figure 3
Composite affect ©£ tleloidoi'gra species, levels of Inoculum, and 
snapdragon varieties ©a mean rant iseî ht of plants*
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figure k
site effect of ̂ loidocras species, levels of ijaocralsa, and 

snapdragon rarlotics on cpm root-ksot fyyWg of plants*

Figcre $
Cospoait© effect of ̂ eloldo<mae species, levels of inoculum, and 
snapdragon fffrjetieg ©& meow 'ysofliHT1 of fettles in plants •
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Ti%mm 6
Coagposit© offoct of Ifelotdogyae species, levels ©f iaocmlm, and
snapdragon tori®ties ©n ©ms. issidNir ©f egg n&ssos in plants*

Figure 7
Coiapo&its affect ©f species, levels of inoenlaaB# m l
snapdragon varieties m  warn rate of neiaatod© reprod^sticm in plants.
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Figem 8
Composite efffcoi of Ifeloldaggmft species and snapdragon varieties on 

top vsi^tt of plants*

Figaro 9
Composite effect of Meloidogyae species and snapdragon varieties on 

root oolgjtt of j&nn&s*
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Figure 12
Composing ©I* ̂ ^IS^SfiOESe SP̂ d̂JBS ©a

Figure 13
Coaposito of Mejoidogyne ancles and mmpdragoa wrlailea on
nwin xMMfca adT nwasMboda rasspodnoliiion in jplantm*
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2 da$*s inoculation.





Figure 16
ftm larva® of
2 day® after

root tip
tint 1 larra m s  is the act of

ms f ise<
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IB
Sewal lams at >feloidogw ftreaarla infecting a snapdragon root
£ Itti [Jr̂h a>ii mihm g tfiM Jfci m0 u&JfS &rt©r xflPOttl&tjLOR JQpaJ*

% p w t  19
k aeKKMttdHStaiB® larva of liMiSBiii imp’ll iq d®m aftar iwaa«iAMaii 
fiJlBff&JRg pBZt#l&X o f bô Sy* jtooodisLt^ly pQ&bQgi&r to  the

^MJQMWdSbsMfc j g a ^  *1| 'H P *  i^Sil^k,wpSjpn
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ftpPP® 20
A l a m  imnlca 12 dajrs after iaocui&iisiu Hote ill*

position ef #ni s*db^db with Hie posterior pcnfHUmi of its

f$$mm .21
A spi»&eHt^p©d l a m  «f MQioidoo-m faagla 18 days after taoctOaticm. 
IMss the ppeeense of n ^  H0D«





Figure 22
Jk ilsrelog&sg 3&re®k< oif J^SSS^  ̂  <t8Qf® aXtor i&ooiEl&t'loxu
Hot*® gg h  <|iif̂:. X2.00*

F ip re  23

A î *@gfes% Ab^reBiSjr tlirel̂ peNi SjMrefc of 20
d̂jr®: nf%§i» f tfco coBstrictloa of tbo bodgr XUO.





Figure 2k
k ef l&ljMmmm iavaalea 2U days after

A  rfw A i%m.A . A  ■,iaaftfc J | î L  tkfcdtfe JSmb» fifV ^I ij^ ijti%—■ *V ^ I |PS/%*•©&® w®e sjEmKPeaso jyaoedjjrtixsiitijtUmto*

figure tS
Am atmormlly developed larva of Ifeloidofsmo incognita 2U days alter
inoculation. Kote to curvature of to body around to stele of t o
root X100.





F tm m  26

jEfe© |mss%is!Issf $$$fl sdf a y®ssi|£ Fsmi&s of jfelojetoggae j a w t o  2b days
gĵ jgf f.îifflMtAl̂<il̂ t. Upl© tfef $Jf tflj# aŷ l

a ŷ3 ^  <*MrlA»'feA4‘a4iwi ■d̂ jn‘hi %m 4lw g^gitSX
<nrt̂flai*4 YldjA_

F | g m  2?
A young £©»!© of WSkMMmmm Incognita 26 days after inoculation
3000.





Figsm  28
A eravid famic of S M S B 8 E  iESSSlB 30 days After ixxxrolstiQOL*
Beta Hie g$l&b$mm m^rix, the formation of Ahicfc simps precedes
qvi.pogiti.oiif At tbs posterior ead of the moo#

f%gure 2?
A grarld fess&le of ISslatdaBMe areiasr&a 30 days after iaseiO&ttjQii
showing the gsl&tiaess astr&K f o m d  feeler the posterior m &  of
the aas&tsds XXO0«
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Figure 32
Grmips A through 1 into iMch the parasites were clarified according 
to to mmmt of dtftopsaiit mdergoa© (after Christie).

Figure 33
H mur growth c m  of t o  root-knot nemtodes as dstcraljisd %• mjda®
« t  i n  n  Tfc>i»riM jh  ■»' *■ M n k  M w  wiijorsaii® in. Bis®.
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Arwm Charles Tartan, Hi* p* 1?£L (H* 3* %iww»itgr of %grlai*d,
B. S, %tgsrs pnlrersity)

fitts of thesiss FE#i^ealc behavior Ufa histories of tbs
root-toot neraftbodes, Msloldogype spp., on

tte s ia  diracted tgr Frofaaaor C T T ^S B w e to T b r. Gotthold 3t#la#r 
aajori Float Patbologr, Department of'Bobary"
M&80P8J BobS®|jf' And IlOTbiOUXtsm-
BagOS in thewsl% 02* ViordQ in Abstract, 2p2

Fit* epmim of reob-ksob aromrla* M. hapu*
2* iBiMttS I* J— M® w * a g ^  and a. gnwgoa ««» iwwti-
jgabed as be thsir «&i ©fleets ©m tbs f©Xie®&)B|g vail^bi©® #1*

Ball Bad %tepl4 #7*
OhrletaBB Chaar, Sturgaxvt* Maryland Wak, and B a ll XsHoo J&toid #1.

Yw ttw first ©stperiiaKsb nezaBtods absciss S i  ©s^leyed &t iaocaltia
Isvsls o f X, ID, XOG 'ttgy jgassss iM Io  4n t he Ŝ eeir* experiment ss3jT 

S ®t®nd&rd iMT jf ffff W*WPmff 1RR8 Mi8f*̂ T TvO *T!̂  fW* Vt&l f
SjftSF 4 mwwTati rw>n pff thS reaction ©1 plftfltff to 09fl
hgr eaeh species mrs obtained hr reeordisg the might of atKms-groHiid
parts, root might, sad r^t-kaot index of each plant* Sxppsssiooae
of tbs sfffeet of tbs best on tbs parasite ism obtained hr recording
tbs xnasber of SusbIss, *<tinriha?t» of ogg s&ssss, and rats of rspro^ictioa
(nm&cr of egg msscs divided hr tbs nusbsr of fmles) par plant*
Sipiifioasit differouoes mre found to exist, in nary oases, bstareaa tbs
lfeloido£ysa species thdmXves and betmen plants infected by these
species• 4 sttstf ^b© Ufa hlsbeagf of each of tbs 5- ̂ loidooTtte
specie® iHfsetii^ ’Jargaret wist? of ampAttgea fhtled to r s m l
any cratirbaiiding differences batmen spec!©©* It m s  shown that
laoidomo armryi* Jt* hapla, and M* incognita oviposited 30 days
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