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Abstract: T h e  effccts of Meloidogyne incognita or  M. javanica at  five in i t i a l  i nocu lum levels 
of 20, 100, 200, 1,000, and  2,000 eggs and infect ive juveni les  pe r  seedl ing  on 'F loradade , '  'Nema- 
rex,' 'Pat r io t , '  anti  'PI  129149-2(sib)-5' tomatoes m a i n t a i n e d  at  25 or  32.5 C were s tudied.  T h e  
n u m b e r  of egg masses on roots of the suscept ib le  cu l t iva r  F loradade  was s imi la r  for both  species 
of root-knot  nematodes  at  e i the r  2.5 or  32.5 C soil t empera tures .  At  25 C, very low numbers  of 
egg masses were produced  by both  species of root -knot  nematodes  on Nematex ,  Pat r io t ,  anti 
Lycopersicon peruvianum PI 129149-2(sib)-5. At 32.5 C, the  best i n o c u l u m  level for assessing 
resistance in these tomato  genotypes was 200 eggs and  infect ive  juveni les  per  seedling. W i t h  28 
days of incubat ion ,  this t e m pe ra tu r e  and  inocu lum level p roduced  quan t i t a t i ve  differences in 
resistance for both  species of Meloidogyne. Key words: Lycopersicon, root -knot  nematode .  
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T h e  tomato breeding program in Flor- 
ida has included the incorporat ion of re- 
sistance to the southern root-knot nematode. 
In 1967, however, Walter  (7) reported that 
high soil temperature may be the main 
reason this resistance broke down and was 
highly ineffective in Florida. In our  search 
for a source of resistance which doesn't  
break down at high soil temperatures (32.5 
C) we noted roots of tomato genotypes inoc- 
ulated with 2,500 Meloidogyne incognita 
(Kofoid and White) Chitwood or M. javan- 
~ca (Treub) Chitwood differed from each 
other in gall diameters, bu t  not  egg mass 
indices. Because of the high positive correla- 
tion between gall size and number  of juve- 
niles in the gall (3), we sought an inoculum 
density that would provide a good quantita- 
tive assessment of resistance in tomato geno- 
types grown at high soil temperatures. We 
also evaluated each t reatment  at 25 C. T h e  
tomato genotypes maintain their resistance 
to Meloidogyne at this temperature.  

MATERIALS AND M E T H O D S  

Three  Lycopersicon esculentum Mill. 
cultivars (Floradade, Nematex,  and Patriot) 
and one L. peruvianum Dun. cultivar (PI 
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129149-2(sib)-5) were inoculated with five 
inoculum densities: 20, 100, 200, 1,000, and 
2,000 eggs and infective juveniles (nema- 
tode units) per plant  of M. incognita or M. 
javanica. T h e  populat ion of M. incognita 
was originally collected in Gilchrist County, 
Florida, from tobacco and had been identi- 
fied as race 1 (5). T h e  populat ion of M. 
javanica was originally collected in Colum- 
bia County, Florida, from tobacco. Both 
species had been increased separately on 
tomato, L. esculentum 'Rutgers, '  in the 
greenhouse. 

T h e  inoculum was prepared according 
to the method of Hussey and Barker (4). 
T e n  12-day-old seedlings, germinated from 
seeds planted in sterile Saftblast, were trans- 
planted into plastic pots measuring 12 cm 
in diameter  and 16.5 cm in depth. T h e  pots 
were filled with autoclaved soil and placed 
in two water tanks in which the tempera- 
ture was maintained at either 25.0 ± 0.5 C 
or at 32.5 ± 0.5 C. Each pot had a tube for 
drainage. T h e  greenhouse air temperature  
ranged from 18 to 25 C. 

Twelve days after transplanting, the five 
most uniform seedlings among the 10 seed- 
lings transplanted per pot  were selected for 
inoculation. Four  pots containing five 
plants of each tomato cultivar were inocu- 
lated by pipet t ing in an egg/juvenile sus- 
pension of each inoculum density for each 
nematode species. Each cultivar was grown 
at 25 C and at 32.5 C for 28 days. When  the 
number  of egg masses exceeded 100, it was 
recorded as > 100. 

T h e  plants were removed and the roots 
were washed and examined for egg masses. 
T o  detect differences in nematode reproduc- 
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tion, the number  of egg masses per plant, 
rather than gall indices, was determined. 

The  data were analyzed using the gen- 
eral linear models procedure in the Statis- 
tical Analyses System (SAS). 

RESULTS AND DISCUSSION 

The  number  of egg masses observed on 
four tomato genotypes after inoculations 
with either M. incognita or M. javanica at 
five inoculum densities and two tempera- 
tures is presented in Figures 1 and 2. For 
the susceptible cultivar Floradade, the num- 
ber of egg masses recorded for both species 
of Meloidogyne was very similar at each 
inoculum density and at both temperatures. 
At 25 C, Floradade had more M. incognita 
egg masses than did PI  129149-2(sib)-5 o1" 
the two tomato cultivars, Nematex and 
Patriot, each carrying a gene for resistance 
to M. incognita. Also, at 25 C, all four 
tomato genotypes produced slightly more 
M. javanica than M. incognita egg masses, 
except M. incognita on Floradade at an 
inoculum density of 100. At 32.5 C, there 
was a breakdown in the resistance of PI  
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129149-2(sib)-5 and in the two tomato geno- 
types carrying resistance to M. incognita. 

As the initial inoculum concentration 
increased, more M. incognita (Fig. 3) and 
M. javanica (Fig. 4) egg masses were pro- 
duced on all the genotypes maintained at 
32.5 C. But there were no significant differ- 
ences in the number  of M. incognita egg 
masses produced on Patriot, Nematex, and 
PI 129149-2(sib)-5 at any of the four inoc- 
ulum densities. These three tomato geno- 
types produced similar numbers of egg 
masses at each inoculum density. How- 
ever, significantly fewer egg masses were 
observed on these three tomato geno- 
types when inoculated with 200 nema- 
tode units than were observed on Floradade 
inoculated with only 100 nematode units 
(Fig. 3). Also, the reproduct ion observed on 
Floradade when inoculated with 200 nema- 
tode units of M. incognita per plant was 
nearly 50% greater than on Patriot, Nema- 
tex, and PI 129149-2(sib)-5. 

The  number  of M. javanica egg masses 
produced on PI 129149-2(sib)-5 inoculated 
with 100 nematode units per plant differed 
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I PI 129149-~(sih)-5 

Initial inoculum (M_. incognita eggs and/or juveniles/plant) 

Fig. l .  Effect of  t empera tu re ,  five different  i n o c u l u m  densities,  and  four  t oma to  genotypes  on 
Meloidogyne incognita egg mass  p roduc t ion  28 days af ter  inocula t ion .  
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Meloidogyne javanica egg mass production 28 days after inoculation. 
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Fig. 3. Response of four tomato genotypes to five different inoculum levels of Meloidogyne incognita 
maintained at a constant soil temperature of 32.5 C as determined by the number  o[ egg masses produced 
28 days after inoculation. 
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Fig. 4. Response of four  tomato genotypes to five different inoculum levels of Meloidogyne javanica 
maintained at a constant soil temperature  o~ 32.5 C as determined by the number  of egg masses produced 
28 days after inoculation. 

significantly from Floradade, but  not  Pa- 
triot and Nematex.  Those  produced on 
Floradade and Patriot  inoculated with 200 
nematode units per plant did not  differ 
statistically at 32.5 C. Nematex and PI 
129149-2(sib)-5 produced similar numbers 
of egg masses and differed significantly from 
Floradade and Patriot.  Similar results were 
obtained at the inoculum density of 1,000 
nematode units per plant. However, in this 
case the number  of egg masses produced on 
Floradade and Patriot  was greater than 100. 
T h e  number  of egg masses per plant on the 
four tomato genotypes did not  differ sig- 
nificantly at the highest inoculum density. 

T h e  concepts of host efficiency (resist- 
ance and susceptibility) and host sensitivity 
(tolerance and intolerance) have been char- 
acterized (1,2). According to these concepts, 
if nematode reproduct ion is diminished, the 
plant is showing resistance (host efficiency), 
whereas if the plant suffers yield loss, it is 
intolerant  (host sensitivity). However, Wal- 
lace (6) is of the opinion that "in breeding 
plants for resistance, and in assessing the 
relative resistance of plant  varieties, the rate 
of reproduct ion is the basic criterion. The re  

are immune plants on which a part icular  
nematode cannot  reproduce at all, and there 
are susceptible ones on which it reproduces 
well. Between these extremes there is a 
spectrum of degree of resistance." T h e  de- 
gree of resistance or susceptibility of a host 
can be assessed by establishing the relation- 
ship between the initial inoculum density 
and the final number  of egg masses pro- 
duced after one life cycle has occurred under  
controlled temperature  conditions. Wi th  
this view in mind, the data in Figures 3 and 
4 suggest that an inoculum level of 200 
nematode units per plant is the best density 
for screening tomatoes at 32.5 C. At this 
density, individual egg masses can be ob- 
served and the degree of resistance assessed. 
However, it doesn't  give a measure of the 
host sensitivity. 

It is suggested that the counting of in- 
dividual egg masses is a useful technique 
for determining host suitability in tomato 
to root-knot nematodes at high temperature.  
Genetic selection for quanti ta t ive nematode 
resistance can be made feasible by this eval- 
nation technique. 
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Genetic Basis of the Epidemiologic Effects of Resistance to 
Meloidogyne incognita in the Tomato Cultivar Small Fry 1 

S. C. BOST AND A.  C. TRIANTAPHYLLOU 2 

Abstract: The genetic nature of resistance and its epidemiologic effects or* two Meloidogyne 
incognita populations were assessed in the F 1 hybrid tomato cv. Small Fry. The progeny of a 
Small Fry × Small Fry cross segregated in a 3:1 resistant:susceptible ratio, indicating the 
presence of a single, completely dominant resistance gene (LMiR2) in Small Fry. In a subsequent 
experiment, infection frequency and the rate of development of primary infection on resistant 
Small Fry × Small Fry segregates were compared to those on susceptible segregates and the 
susceptible cnltivar Rntgers. Suppression in both infection frequency and rate of development 
of primary infection was entirely attributable to gene LMiR.,. A single egg-mass population of 
M. incognita propagated for 12 generations on Small Fry showed an increased ability over the 
wild type population to parasitize plants containing the LMiR,, gene but failed to completely 
overcome resistance. The relationship of this phenomenon to the genetics of the Lycopersicon 
esculentum-M, ineognita interaction is discussed. Key words: infection frequency, primary infec- 
tion, selection, rate of development. Journal of Nematohtgy 14(4):540-544. 1982. 

R e s i s t a n c e  to  Meloidogyne incognita 
( K o f o i d  a n d  W h i t e )  C h i t w o o d  in  t h e  hy-  
b r i d  t o m a t o  (Lycopersicon esculentum 
Mil l . )  cv. S m a l l  F r y  is c o n f e r r e d  by  a s ing le ,  
d o m i n a n t  g e n e  in  a h e t e r o z y g o u s  s ta te  (J. C.  
W a t t e r s o n ,  p l a n t  b r e e d e r ,  P e t o s e e d  Co. ,  
Inc . ,  p e r s o n a l  c o m m u n i c a t i o n ) .  T h i s  g e n e  
was c o n s i d e r e d  to be  t h e  M i  g e n e  t h a t  con-  
fers r e s i s t ance  t o  m a n y  o t h e r  r e s i s t a n t  to- 
m a t o  c u l t i v a r s  i n c l u d i n g  N e m a t e x .  H o w -  
ever ,  g e n e t i c  s tud ies  by  S i d h u  a n d  W e b s t e r  
(10,11) h a v e  i n d i c a t e d  t h a t  t h e  r e s i s t ance  
g e n e  in  S m a l l  F r y  is d i f f e r e n t  f r o m  the  M i  
g e n e  of  N e m a t e x ,  a n d  t h a t  t h e  t w o  genes  
a r e  c lose ly  l i n k e d .  T h e s e  i n v e s t i g a t o r s  p ro-  
p o s e d  t h e  d e s i g n a t i o n  L M i R 2  for  t he  re- 
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s i s tance  g e n e  o f  S m a l l  F r y  a n d  r e d e s i g n a t e d  
the  M i  g e n e  o f  N e m a t e x  as L M i R 1 .  

N e m a t o d e  v a r i a n t s  c a p a b l e  o f  pa ras i t i z -  
i n g  r e s i s t a n t  t o m a t o  c u l t i v a r s  o c c a s i o n a l l y  
o c c u r  (2,7,9,13). C o n t i n u e d  c u l t u r e  o f  re-  
s i s t an t  c u l t i v a r s  m a y  r e s u l t  i n  i n c r e a s e d  
c o m p a t i b i l i t y  by M. incognita p o p u l a t i o n s .  
A s ing le  egg-mass  p o p u l a t i o n  of  M. incog- 
nita p r o p a g a t e d  fo r  12 g e n e r a t i o n s  o n  S m a l l  
F r y  s h o w e d  i n c r e a s e d  c o m p a t i b i l i t y  w i t h  
th is  c u l t i v a r  (2). H o w e v e r ,  i n f e c t i o n  fre- 
q u e n c y  ( the  p r o p o r t i o n  o f  j u v e n i l e s  t h a t  
e s t a b l i s h  i n f e c t i o n )  a n d  egg  p r o d u c t i o n  
w e r e  s i g n i f i c a n t l y  l o w e r  d u r i n g  p r i m a r y  in- 
f e c t i on  o n  S m a l l  F r y  t h a n  o n  cv. R u t g e r s .  
I t  was u n k n o w n  w h e t h e r  t he  s u p p r e s s i o n  o f  
b o t h  o f  these  p a r a m e t e r s  was  a t t r i b u t a b l e  
to t h e  L M i R ~  gene ,  o r  w h e t h e r  h o r i z o n t a l  
r e s i s t ance  was  i n v o l v e d .  

I n  t h e  p r e s e n t  s tudy ,  t h e  r e a c t i o n s  o f  
r e s i s t a n t  a n d  s u s c e p t i b l e  S m a l l  F r a y  × 
S m a l l  F r y  (SF × SF) p r o g e n y  i n o c u l a t e d  
w i t h  e i t h e r  a w i l d  t y p e  o r  a r e s i s t ance -  
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