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Resistance in Lycopersicon peruvianum to Isolates of 
Mi Gene-compatible Meloidogyne Populations 

P. A. ROBERTS, 1 A. DALMASSO, 2 G. B. CAP, 1 AND 
P.  CASTAGNONE-SERENO 2 

Abstract: Root-knot nematode resistance of  F~ progeny of an intraspecific hybrid (Lycopersicon 
peruvianum var. glandulosum Acc. No. 126443 × L. peruvianum Acc. No. 270435), L. esculentum cv. 
Piersol (possessing resistance gene Mi), and L. esculentum cv. St. Pierre (susceptible) was compared. 
Resistance to 1) isolates of two Meloidogyne incognita populations artificially selected for parasitism 
on tomato plants possessing the Mi gene, 2) the wild type parent populations, 3) four naturally 
occurring resistance (Mi gene)-breaking populations of M. incognita, M. arenaria, and two undesig- 
nated Meloidogyne spp., and 4) a population of  M. hapla was indexed by numbers of egg masses 
produced on root systems in a greenhouse experiment. Artificially selected M. incognita isolates 
reproduced abundantly on Piersol, but not (P = 0.01) on resistant F~ hybrids. Thus, the gene(s) for 
resistance in the F~ hybrid differs from the Mi gene in Piersol. Four naturally occurring resistance- 
breaking populations reproduced extensively on Piersol and on the F~ hybrid, demonstrating ability 
to circumvent both types of  resistance. Meloidogyne hapla reproduced on F1 hybrid plants, but at 
significantly (P = 0.01) lower levels than on Piersol. 

Key words: Lycopersicon esculentum, Lycopersicon peruvianum, Meloidogyne arenaria, Meloidogyne hapla, 
Meloidogyne incognita, Meloidogynejavanica, resistance, root-knot nematode, tomato. 

Early attempts to identify sources of  re- 
sistance to root-knot nematodes in wild Ly- 
copersicon species revealed several resistant 
accessions ofL. peruvianum (L.) Mill. (7,18). 
Smith (21) used embryo culture after cross- 
ing L. esculentum Mill. cv. Michigan State 
Forcing and resistant L. peruvianum USDA 
Acc. No. 128657 and obtained one F1 plant, 
cuttings from which were backcrossed to 
L. escuIentum (24). All currently available 
root-knot resistant tomato cuhivars are de- 
rived from this source (12). 

Resistance is controlled by a major gene 
(Mi) located on chromosome six (3,8); how- 
ever, the exact number  and nature of  genes 
conferring resistance to root-knot is not 
known (17,19). The  Mi gene confers resis- 
tance to Meloidogyne incognita (Kofoid & 
White) Chitwood, M. javanica (Treub) 
Chitwood, and M. arenaria (Neal) Chit- 
wood, but not M. hapla Chitwood (2,9). 
Resistance is diminished at temperatures 
above 28 C (1,6). 

Variability for parasitism of tomato cul- 
tivars bearing the Mi gene has been re- 
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ported for populations of 34. arenaria, M. 
incognita, and M. javanica (17). Variability 
can be in the form of  partial or moderate  
resistant reactions and may reflect an in- 
fluence of  the L. esculentum background 
(cuhivar) containing the Mi gene (9,16,17). 
Complete susceptibility also may occur 
(17,20,23). Some populations able to par- 
asitize plants bearing the Mi gene appear 
to occur naturally, without the selection 
pressure of contact with the Mi gene 
(13,14,17). Several studies have shown that 
resistance-breaking populations of  these 
Meloidogyne spp. also can arise after contin- 
ual exposure to M/gene-bear ing plants in 
relatively few generations (4,13,15,22). 
However,  the effect o f  the Mi gene may 
not be overcome completely (4) and not all 
populations can be selected (13). 

Additional sources of  resistance, in L. 
peruvianum Acc. No. 270435 and L. peru- 
vianum var. glandulosum C. H. Mull, Acc. 
No. 126443, have been identified. These 
accessions were highly to moderately re- 
sistant to isolates of  four host races of  M. 
incognita and to M. arenaria, but they were 
less resistant to an aggressive isolate of  M. 
javanica (2). Both accessions were resistant 
to M. hapla (2), and the resistance to M. 
incognita was stable at high temperature (1), 
suggesting the existence of  a gene(s) other  
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than Mi. To further  characterize the spec- 
ificity of resistance to Meloidogyne spp. in 
cultivated tomato (Mi gene) and in these 
wild Lycopersicon accessions, parasitism by 
isolates of  nematodes known to infect plants 
bearing the Mi gene was assessed. 

MATERIALS AND METHODS 

Plant material: Cultivars of  L. esculentum 
used in this study included St. Pierre, a 
susceptible standard, and the near-isogenic 
Piersol, possessing the Mi gene for root- 
knot nematode resistance. Hybrid F1 seed 
was obtained from L. peruvianum var. glan- 
dulosum USDA Acc. No. 126443 x L. pe- 
ruvianum USDA Acc. No. 270435- -c lone  
3MH (L. p. g. 126443 x L. p. 270435), with 
both parents grown from stem cuttings. 

Nematode isolates: The two M. incognita 
isolates used in the selection study were 
collected in Calissane, France, and Adi- 
opodoume, Cote d'Ivoire, and character- 
ized according to perineal pattern, caryo- 
type, and isoesterase phenotype (10). The 
selection procedure was performed in An- 
tibes as follows: The subculture of each 
isolate from wild-type populations main- 
tained on St. Pierre in the greenhouse was 
cultured on resistant Piersol, with rhizo- 
sphere soil and roots of resistant plants pe- 
riodically transferred to young Piersol 
transplants at 20-25 C for ca. 30 genera- 
tions. 

All other isolates were maintained on St. 
Pierre in the greenhouse. Isolates M. in- 
cognita "Valbonne" (France), M. arenaria 
"Le-Grau-du-Roi" (France), and Meloido- 
gyne sp. "Senegal-VSS" (Senegal, West Af- 
rica), also have been characterized (10). 
These and an isolate of Meloidogyne sp., 
"Concarneau" (France), are all known to 
parasitize tomato cultivars bearing resis- 
tance gene Mi. An isolate of  an M. hapla 
population, "Angleterre"  (England), was 
also included in the study. 

Experimental procedure: Seeds were ger- 
minated in sterilized soil in flats maintained 
in a greenhouse at 20-25 C. Two-week-old 
seedlings were transplanted singly into 10- 
cm-d plastic pots containing sterilized sandy 
soil and allowed to establish for 2 weeks 

before inoculation. Inoculum of  second- 
stage juveniles (]2) of  each nematode iso- 
late was collected from infected roots held 
in a mist chamber. Hatched J2 were col- 
lected daily and stored at 4 C before use 
within 5 days. Each test plant received 500 
J2 of each isolate pipetted in a water sus- 
pension onto the soil surface around the 
stem base followed by light watering. Five 
plants of  each tomato test line were inoc- 
ulated with each isolate, and the 15 pots 
with one isolate were completely random- 
ized in a block. Completely randomized 
blocks of other isolates were arranged side 
by side on a single greenhouse bench and 
separated with splash screens. Plants were 
maintained at 20-25 C for 7 weeks and 
then washed free of  soil in water, and the 
whole root system was placed in cold Eosin 
Yellow (0.1 g/ l i ter  H20) and stirred for 30 
minutes to stain egg masses. Numbers of 
egg masses per root system were counted. 
An egg mass index was assigned to each 
count using a rating of  1 = no egg masses, 
2 = 1-3 egg masses, 3 = 4-10 egg masses, 
4 = 11-30 egg masses, 5 = 31-100 egg 
masses, and 6 = > 100 egg masses per root 
system. Egg mass indices were analysed us- 
ing analysis of  variance and means com- 
pared by Duncan's multiple-range test. 

RESULTS 

Isolates selected on plants with Mi gene: High 
reproduction rates based on egg mass in- 
dex were recorded for all wild-type and 
selected isolates of  M. incognita Calissane 
and Cote d'Ivoire on susceptible St. Pierre 
(Table 1). Egg mass indices of  the two iso- 
lates of M. incognita Calissane and Cote 
d'Ivoire selected for 30 generations on 
Piersol bearing the Mi gene were lower (P 
--- 0.01) on the resistant FI hybrid (L.p.g. 
126443 x L.p. 270435) than on Piersol and 
St. Pierre (Table 1). Egg mass indices for 
these two populations were high on both 
Piersol and St. Pierre. The wild-type pop- 
ulation of  Calissane had reduced egg mass 
indices on Piersol. Reproduction on Pier- 
sol by the Cote d'Ivoire wild-type parent 
also was lower (P = 0.01) than that of  its 
selected isolate. Both wild-type parent iso- 
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lates reproduced poorly on the resistant F1 
hybrid. 

Naturally occurring resistance-breaking pop- 
ulations: The  egg mass indices of  isolates 
of  the  natural ly  occur r ing  resis tance-  
breaking populations M. incognita Val- 
bonne, M. arenaria Le-Grau-du-Roi, Me- 
loidogyne sp. Senegal-VSS (similar to M. 
arenaria and M. incognita), and Meloidogyne 
sp. Concarneau (undescribed species) were 
high on Piersol, the F1 hybrid, and St. 
Pierre (Table 1). There  was no significant 
difference in egg mass index among these 
nematode isolates on the three tomato test 
lines (Table I). Within tomato test lines, 
only M. arenaria Le-Grau-du-Roi (index of  
5.0) and M. incognita Valbonne (index of  
6.0) differed (P = 0.01) slightly on resistant 
Piersol. The  M. hapla Angleterre isolate 
had an egg mass index of  5.8 on Piersol. 
On F1 hybrid plants it had an intermediate 
egg mass index of  4.2, lower (P = 0.01) 
than naturally occurring resistance-break- 
ing isolates and higher (P = 0.01) than M. 
incognita wild-type Calissane and Cote  
d'Ivoire isolates and the selected Cote 
d'Ivoire isolate (Table 1). 

DISCUSSION 

The  results with isolates of  the two M. 
incognita populations Calissane and Cote 
d'Ivoire, confirm other reports (4,13,15,22) 
that selection for parasitism on tomato 
plants bearing the root-knot resistance gene 
Mi can occur in some Meloidogyne spp. pop- 
ulations by repeated exposure of  nematode 
isolates to plants with the Mi gene. The  
high reproduction of  the selected M. in- 
cognita isolates on Piersol was similar to their 
reproduction (and that of  their wild-type 
parent populations) on the susceptible ge- 
notype St. Pierre. Some studies have in- 
d ica ted  that  full compat ib i l i ty  is not  
achieved by repeated selection (4). Al- 
though we did not test the stability of  the 
selected trait, other  studies have revealed 
that selected parasitic ability on plants car- 
rying the Mi gene is genetically stable 
(15,22). 

Comparisons of  the selected M. incognita 
isolates on the F~ hybrid of  L. peruvianum 

TABLE I. Reproduct ion  (egg mass indext)  o f  wild 
type and artificially selected isolates of  Meloidogyne 
spp. on root -knot  resistant and susceptible Lycopersicon 
esculentum cultivars and a L. peruvianum F1 hybrid.  

Nematode culture 

Ft hybrid 
L. peru- 

vianum var. 
glandu- 

losum 
126443 

x L. peru- 
vianum 
270435- 

3MH 

L. esculen- 
L. escu- turn cv. St. 
lentum Pierre 

cv. Piersol (suscep- 
(+ Mi tible 
gene) control) 

M. incognita 
'Cote d ' Ivoi re '  2.2 de 4.4 d 5,0 b 
Wild type B A A 

M. incognita~. 
'Cote d ' Ivoi re '  2,6 d 5.6 abc 6.0 a 
Mi - selected B A A 

M. incognita 
'Calissane' 1.2 e 1.0 e 6.0 a 
Wild type B B A 

M. incognita~ 
'Calissane' 3,2 cd 4.8 cd 5.8 ab 
Mi - selected B A A 

M. incognita 5.2 ab 6.0 a 5,8 ab 
'Valbonne '  A A A 

M. arenaria 5,2 ab 5,0 bcd 5.6 ab 
'Le-Grau-du-Roi '  A A A 

Meloidogyne sp. 5.8 a 5.6 abc 6.0 a 
'Senegal-VSS' A A A 

Meloidogyne sp. 5.8 a 5.6 abc 6.0 a 
'Concarneau '  A A A 

M. hapla 4.2 bc 5.8 ab 4.7 c 
'Angle ter re '  B A B 

Values within columns followed by same lower case letter 
are not significantly different (P = 0.01) according to Dun- 
can's multiple-range test. 

Values within rows followed by same capital letter are not 
significantly different (P = 0.01) according to Duncan's mul- 
tiple-range test. 

t Index based on numbers of egg masses per root system: 
1 = 0 egg masses, 2 = 1-3 egg masses, 3 = 4-10 egg masses, 
4 = 11-30 egg masses, 5 = 31-100 egg masses, 6 = > 100 
egg masses. Values are means of five replicate root systems. 

z~ Isolates artificially selected for reproduction on Mi gene- 
bearing Piersol. 

showed that these isolates had an incom- 
patible interaction with the F Z hybrid 
plants, even though they reproduced fully 
on Piersol carrying the Mi gene. This result 
is substantiated by the similar reaction of  
isolates of  both the Calissane and Cote 
d'Ivoire M. incognita populations. These re- 
sults indicate that the specificity of  resis- 
tance in the hybrid, contributed by one or 
both of  its parents, is different from that 
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c o n f e r r e d  by the  Mi gene  original ly de- 
r ived  f r o m  L. peruvianum PI 128657. 

T h e  F1 hybr id  pa ren t s  L. peruvianum var.  
glandulosum 126443 and  L. peruvianum 
270435  were  res is tant  to M. incognita at 
h igh  t e m p e r a t u r e  (32 C), unl ike plants  pos- 
sessing the  Mi gene  (>  2 8 - 3 0  C) (1,6). Fur-  
t h e r m o r e ,  bo th  the  pa ren t s  o f  the  F1 hy- 
b r id  a re  highly res is tant  to M. hapla, in 
addi t ion  to M. arenaria, M. incognita, and 
M. javanica, whereas  the  Mi gene  does not  
con fe r  res is tance to M. hapla (2). T h u s  we 
have  several  lines o f  ev idence  for  distinct 
res is tance specificities within these  wild L. 
peruvianum genotypes .  

Isolates  o f  the  four  na tura l ly  occu r r ing  
Mi gene  res i s tance-break ing  popula t ions  o f  
M. incognita Valbonne ,  M. arenaria Le- 
Grau-du-Roi ,  and  two undes igna ted  Meloi- 
dogyne spp. (Senegal-VSS and  Conca rneau)  
showed a fully compa t ib le  reac t ion  with 
the  F, hybr id ,  s imilar  to tha t  on Piersol  
car ry ing  the  Mi gene. Apparen t ly  these four  
popula t ions  have  no t  been  expos ed  to Mi 
gene  select ion p ressure  in t o m a t o  p roduc -  
t ion systems, n o r  to the  res is tance in the  
pa ren t s  o f  the F, hybr id .  Ances t ra l  f o rms  
o f  these  n e m a t o d e  and  p lant  types may  or  
m a y  not  have  been  associated in the  past. 
T h e s e  results  indicate  tha t  the  na tura l ly  
occu r r ing  res i s tance-break ing  popula t ions  
have  a compat ib i l i ty  mechanism(s)  tha t  fa- 
cilitates c i r cumven t ion  o f  res is tance genes  
o f  d i f fe ren t  b a c k g r o u n d  in Lycopersicon. 
This  mechan i sm differs at least in par t  f rom 
the compat ib i l i ty  m e c h a n i s m  selected in 
popu la t ions  such as Calissane and  Cote  
d ' I v o i r e  for  paras i t i sm ofMi  gene -bea r ing  
plants.  A gene - fo r -gene  system, as sug- 
ges ted  for  o the r  phy toparas i t i c  n e m a t o d e s  
(11), could  expla in  these  c o m p a t i b l e - i n -  
compa t ib le  combina t ions .  

T h e  agr icu l tura l  significance o f  these  re-  
sults is twofold.  We  have  shown tha t  roo t -  
kno t  res is tance tha t  differs f r o m  the  Mi 
gene  is p r e sen t  in Lycopersicon peruvianum; 
this res is tance is effect ive on  n e m a t o d e  
popu la t ions  tha t  m i g h t  be  selected for  par -  
asitism o f  t o m a t o  cult ivars  with the  Mi gene  
due  to r e p e a t e d  c r o p p i n g  with such culti- 
vars (17). Cur r en t ly  all commerc i a l  cul t ivar  

resis tance to r o o t - k n o t  n e m a t o d e  is based  
on the  Mi gene  (12). We  also have  revea led  
the  exis tence o f  popula t ions  o fM.  arenaria, 
M. incognita, and  nondes igna t ed  Meloido- 
gyne spp. tha t  a re  na tura l ly  parasi t ic  on  
plants  possessing the  new genes  and  on  
plants  with the  Mi gene;  thus sources  o f  
resis tance to these popu la t ions  a re  not  
known in Lycopersicon. O t h e r  studies with 
M. incognita V a l b o n n e  and  34. arenaria Le- 
Grau-du-Roi  and  some  o t h e r  popu la t ions  
have  identif ied potent ia l ly  useful  resis- 
tance sources  in o t h e r  so lanaceous  plants  
such as Solanum torvum, S. sisymbriifolium, 
and  S. wercewiezii (5). 
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