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Resistance of Interspecific Arachis Breeding Lines to 
Meloidogyne ]avanica a n d  an U n d e s c r i b e d  

Meloidogyne Species 
S. M .  A B D E L - M O M E N ,  1 C .  E.  SIMPSON, 2 A N D J .  L .  STARR 1 

Abstract: Resistance to a peanut-parasit ic popula t ion  o f  Meloidogyne javanica and  an undesc r ibed  
Meloidogyne sp. in peanu t  b reed ing  lines selected for resistance to M. arenaria was examined  in green-  
house  tests. The  interspecific hybrid TxAG-7 was resistant to reproduct ion  of  M. arenaria, M. javanica, 
and  Meloidogyne sp. An M. arenari~resistant selection f rom the second backcross (BC) o f  TxAG-7 to the  
susceptible cuhivar F lo runner  also was resistant  to M. javanica bu t  appeared  to be segregat ing for 
resistance to the  Meloidogyne sp. W h e n  reproduct ion  o f  M. javanica and M. arenaria were compared  on  
five BC4F3 peanu t  b reed ing  lines, each derived f rom M. arenaria-susceptible BC4F2 individuals, all five 
lines segregated for resistance to M. javanica, whereas  four  of  the  lines appeared  to be susceptible to M. 
arenaria. These  data  indicate that  several p e a n u t  lines selected for resistance to M. arenaria also contain  
genes  for resistance to popula t ions  o f  M. javanica a nd  the undescr ibed  Meloidogyne sp. that  are parasitic 
on  peanut .  Further ,  differences in segregat ion pat terns suggest  that  resistance to each Meloidogyne sp. is 
condi t ioned  by different genes.  

Key words: Arachi~ hypogaea, genetics, Meloidogyne arenaria, Meloidogyne javanica, Meloidogyne sp., nema-  
tode, peanut ,  resistance, root-knot nematode .  

Peanut  (Arachis hypogaea) is a host  for  four  
species of  root-knot  nema tode  (Meloidogyne 
spp.). Meloidogyne arenaria is the dominan t  
species on  p e anu t  in Alabama, Georgia, and  
T e x a s  ( I n g r a m  a n d  Rodr[guez-K~tbana ,  
1980; Motsinger et al., 1976; Wheeler  and  
Starr, 1987). Meloidogyne hapla is the com- 
m o n  species on peanu t  in Virginia, Nor th  
Caro l ina ,  a n d  O k l a h o m a  (S chm i t t  a n d  
Barker, 1988). Populat ions of  M. javanica 
parasitic on peanu t  are rare in the Uni ted  
States, having b e e n  ident i f ied only once  
each f rom Georgia  (Minton et al., 1969) and  
Texas (Tomaszewski et al., 1994), but  are 
c o m m o n  in Egypt  (Tomaszewski  et  al., 
1994) and  India  (Sharma et al., 1995). An 
addit ional  Meloidogyne sp. parasitic on pea- 
nu t  has been  found  in Texas (Abdel-Momen 
and Starr, 1997); this popula t ion  appears  to 
be  a new species based on esterase and  ma- 
late dehydrogenase  phenotypes  (J. L. Start, 
unpubl . )  and  morphologica l  characteristics 
(J. D. Eisenback, pers. comm.) .  Meloidogyne 
hapla generally is considered to be a less ag- 
gressive pa thogen  of  peanu t  than  M. are- 
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naria (Koenning and  Barker, 1992). Meloido- 
gyne javanica and the undescr ibed  species 
appear  to be similar to M. arenama in terms 
of  their  relationships between initial nema-  
tode popula t ion  densities (Pi) and  peanu t  
yields (Abdel-Momen and Starr, 1997). 

C o n t r o l  o f  n e m a t o d e s  o n  p e a n u t  is 
achieved pr imari ly  by use of  nemat ic ides  
and  crop rotations. Host  resistance to nema-  
todes, which can be def ined as the suppres- 
sion of  nema tode  reproduct ion  by the resis- 
tant  p lant  relative to reproduct ion  on  a sus- 
ceptible genotype (Cook and Evans, 1987), 
provides an excel lent  m e t h o d  o f  contro l  
when resistance is available. Peanut  cultivars 
with resistance to M. arenaria are unavail- 
able, bu t  resistance to M. arenaria has been  
found  in several wild Arachis spp. germplasm 
lines (Holbrook  and Noe, 1990; Nelson et 
al., 1989) and  introgressed f rom these spe- 
cies into peanu t  genotypes that  are cross- 
compat ible  with A. hypogaea (Nelson et al., 
1989; Simpson, 1991; Stalker et al., 1995). 
TxAG-6 is an interspecific hybrid derived 
f rom A. batizocoi, A. digoi, and A. cardenasii. 
TxAG-7 is derived f rom a cross of  F lorunner  
x TxAG-6 that  was backcrossed once to Flo- 
r unne r  (Simpson et al., 1993). TP-223 is an 
M. arenaria-resistant selection f rom the sec- 
o n d  backcross  o f  TxAG-7 to F l o r u n n e r  
(BC2F4).  A l though  TxAG-7 and  TP-223 
were selected for  resistance to M. arenaria, 
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TxAG-7 was found also to be resistant to iso- 
lates of  M. javanica from Egypt (Tomaszew- 
ski et al., 1994). The objective of  this study 
was to compare the responses of the M. are- 
naria-resistant TxAG-7 and TP-223 to Texas 
isolates of  M. javanica and the undescribed 
Meloidogyne sp. 

MATERIALS AND METHODS 

Resistance of  TxAG-7 and TP-223 to M. 
arenaria (isolate no. 82-4), M. javanica (iso- 
late no. 93-9), and an isolate (93-13a) of  the 
undescribed Meloidogyne sp. from peanut  in 
Collingsworth County, Texas, was tested in 
greenhouse experiments. Identification of  
each isolate was confirmed by analysis of  es- 
terase phenotype (Esbenshade and Trian- 
taphyllou, 1990). All isolates were main- 
tained on tomato  (Lycopersicon esculentum 
Mill. 'Rutgers') in the greenhouse.  Eggs for 
inoculum were extracted from infected to- 
mato roots with 1.0% NaOC1 (Hussey and 
Barker, 1973). 

Reproduc t ion  of  the three Meloidogyne 
spp. on Florunner  and TxAG-7 was exam- 
ined in one test, and reproduct ion of  the 
three species on Florunner  and TP-223 was 
compared  in a second test. For each test, 
peanut  seeds were germinated on roiled, 
moist paper  towels at 25 °C for 7 days. One 
germinated seed of  each line was planted 
separately into 15-cm-diam. pots filled with a 
loamy sand soil (85% sand, 8% clay, 7% silt; 
pH 7.5). The pots were infested separately 
with M. arenaria, M. javanica, or isolate 93- 
13a at p l a n t i n g  with 1,000 or  10,000 
eggs/pot .  There  were six single-plant repli- 
cations of  each inoculum level. Eight weeks 
after infestation, roots from each pot were 
collected and weighed. Eggs were extracted 
f r o m  the  roo t s  with 1.0% NaOC1 and  
counted with the aid of  a stereomicroscope. 
The effects of  peanut  genotype on numbers  
of  eggs per gram of roots was analyzed with 
the SAS general  linear model  p rocedure  
(SAS Institute, Cary, NC). 

The variation in reproduct ion of  isolate 
93-13a on TP-223 was examined in a green- 
house test. Forty pots containing TP-223 and 
eight pots containing Florunner  each were 

infested with 10,000 eggs /po t  of  isolate 93- 
13a. Eight weeks after infestation, roots from 
each plant were collected, weighed, and the 
eggs extracted with NaOC1. TP-223 individu- 
als with 10% or less of  the mean number  of  
eggs per gram of roots produced on Florun- 
ner were classified as resistant. 

To determine if resistance to M. javanica 
co-segregated with resistance to M. arenaria, 
seed of  each of  five F3 breeding lines f rom 
the fourth backcross of  resistant progeny 
from the cross of  TxAG-7 x Florunner,  with 
F lorunner  as the recur ren t  parent,  were 
each inoculated separately with 10,000 eggs 
of  M. arenaria or M. javanica. These breed- 
ing lines were progeny of  individual M. are- 
naria-susceptible F2 plants of  the four th  
backcross. Florunner  was included in this 
test as a susceptible control. Eight weeks af- 
ter infestation, roots from each plant were 
collected and weighed, and the eggs were 
extracted with 1.0% NaOC1. Individuals with 
10% or less of  the number  of  eggs per  gram 
of root p roduced  on Florunner  were classi- 
fied as resistant. 

RESULTS 

The effect of inoculum concentrat ion was 
not  significant (P/> 0.05) in five of  the six 
nematode species by peanut  genotype com- 
binations in the two experiments; therefore, 
data f rom different inoculum concentra-  
tions were combined for further  analysis. No 
difference (P I> 0.05) in reproduct ion on 
Florunner  was observed among  the three 
Meloidogyne spp. tested. Mean reproduct ion 
of  M. arenaria, M. javanica, and isolate 93- 
13a was lower (P~< 0.05) on TxAG-7 than on 
Florunner  (Table 1). For each Meloidogyne 
spp., mean reproduct ion on TxAG-7 was less 
than 10% of the mean reproduct ion on Flo- 
runner.  

On TP-223, mean reproduct ion of  M. are- 
naria and M. javanica was lower (P ~< 0.01) 
than that on F lo runner  (Table 1). Even 
though reproduct ion of  isolate 93-13a on 
TP-223 was only 3% of  the mean reproduc- 
tion on Florunner,  this difference in repro- 
duction on the two peanut  genotypes was 
not  significant (P 1> 0.10) due to high varia- 
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TABLE 1. Reproduct ion (eggs per  g root)  at 8 
weeks after inoculation of three Meloidogyne spp. on the 
susceptible peanut  Florunner  and two breeding lines 
resistant to M. arenaria in greenhouse tests. 

Peanut genotype 
Meloidogyne 

species FIorunner TxAG-7 TP-223 P 

Test I 
Meloidogyne sp. 27,501 107 - -  0.046 
M. javanica 6,386 539 - -  0.032 
M. arenaria 14,347 378 - -  0.020 

Test 2 
Meloidogyne sp. 10,070 - -  314 0.131 
M. javanica 1,754 - -  243 0.002 
34. arenaria 6,339 - -  25 0.001 

fion. When  a larger n u m b e r  of  TP-223 indi- 
viduals were tested, mean  reproduct ion  of  
isolate 93-13a on  TP-223 was less than mean  
reproduc t ion  on Florunner  (P ~< 0.5) and  
ranged  f rom 0 to 6,151 eggs /g  roots on 39 
surviving plants c o m p a r e d  to a range of  554 
to 7,188 eggs /g  roots on seven surviving Fit-  
r u n n e r  plants (Fig. 1). Twenty-one of  the 
TP-223 individuals suppor ted  reproduct ion  
of  isolate 93-13a that  was less than 10% of  its 
mean  reproduct ion  on Florunner.  

In the final test, mean  reproduct ion  of  M. 
arenaria and M. javanica on five F3 M. are- 

nar/a-susceptible breeding  lines was not  dif- 
ferent  f rom mean  reproduc t ion  of  each spe- 
cies on F lorunner  (P/> 0.10). Reproduct ion  
of  M. javanica, however, was more  variable 
on these breeding  lines than was reproduc-  
tion on M. arenaria. Thirty to 70% of  the 
individuals of  each b reed ing  line were clas- 
sified as resistant to M. javanica, with several 
individuals having no detectible reproduc-  
tion (Fig. 2A). In contrast,  all individuals 
f rom four  of  five of  these b reed ing  lines 
were classified as susceptible to M. arenaria. 
In the fifth breeding  line (250-2A), 4 of  10 
individuals were classified as resistant (Fig. 
2B). 

DISCUSSION 

The  resistance of  peanu t  b reeding  lines 
TxAG-7 (Nelson et al., 1989; Simpson et al., 
1993) and  TP-223 to M. arenaria, based on 
inhibit ion of  nematode  reproduct ion,  was 
conf i rmed  in g reenhouse  tests. The  resis- 
tance of  TxAG-7 to the peanut-parasitic iso- 
late of  M. javanica f rom Texas confirms the 
previous repor t  that  this b reed ing  line was 
res is tant  to isolates o f  M. javanica f r o m  
Egypt (Tomaszewski et al., 1994). 

4 E3TP-223 mFIorunner ~ I 
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Individual plant response 
FIG. 1. Reproduction of an undescribed Meloidogyne sp. (isolate 93-13a) on TP-223 (n = 39) and Florunner  (n 

= 7) in greenhouse tests. Each bar represents reproduction on an individual plant. Zeroes indicate plants sup- 
port ing no reproduction. The dotted horizontal line represents 10% of the mean number  of  eggs per  gram of 
roots produced on Florunner. 
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FIG. 2. Reproduction of A) Meloidogynejavanica and B) M. arenaria on Florunner peanut and on five BC4F3 
peanut breeding lines. Each bar represents reproduction on an individual plant. Zeroes indicate plants supporting 
no reproduction. The dotted horizontal line represents 10% of the numbers of eggs per gram of roots produced 
on Florunner. 

Few data  are available o n  the gene t ic  basis 
for  resis tance to M. arenaria in  these p e a n u t  
genotypes .  TxAG-7 poten t ia l ly  has genes  for 
resis tance f rom three  wild Arachis spp. (A. 
batizocoi, A. cardenasii, a n d  A. diogoi [A. 
chacoensis] ), each of  which  is resis tant  to M. 

arenaria ( H o l b r o o k  a n d  Noe,  1990; Nelson  
et al., 1989). Arachis cardenasii appears  to 
have at least two d o m i n a n t  genes  for resis- 
t ance  (Starr a n d  Simpson,  1991), a n d  the 
m e c h a n i s m  (s) o f  resis tance in  A. cardenasii is 
d i f fe rent  f rom that  o f  A. batizocoi (Nelson et  
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al., 1990). Res is tance  to M. arenaria in  s o m e  
BC5 g e n e r a t i o n  b r e e d i n g  l ines  a p p e a r s  to b e  
c o n d i t i o n e d  by a s ingle  d o m i n a n t  gene ,  a n d  
RAPD m a r k e r s  l i n k e d  to this  g e n e  have  b e e n  
i d e n t i f i e d  (Burow e t  al., 1996).  In  o t h e r  BC5 
b r e e d i n g  l ines,  a s e c o n d  g e n e  fo r  res i s tance  
to M. arenaria m a y  b e  p r e s e n t  (Choi ,  1997).  
In  p e a n u t  b r e e d i n g  l ines  for  wh ich  resis- 
t ance  was de r i ved  solely f r o m  A. cardenasii, 
r e s i s t a n c e  was c o n d i t i o n e d  by  two g e n e s  
( G a r c i a  e t  al. ,  1996),  o n e  g e n e  a f fec t ing  
n e m a t o d e  r e p r o d u c t i o n  a n d  o n e  g e n e  af- 
f ec t ing  r o o t  gal l ing.  D N A  s e q u e n c e s  l i n k e d  
to these  res i s tance  genes  have  b e e n  iden t i -  
f ied (Garc ia  e t  al., 1996). 

T h a t  n u m e r o u s  F3 ind iv idua l s  in  f o u r  BC4 
b r e e d i n g  l ines  suscep t ib le  to M. arenaria a re  
res i s tan t  to  M. javanica suggests  t ha t  t he  re- 
s is tance to each  o f  these  spec ies  is cond i -  
t i o n e d  by d i f f e r en t  genes .  Given t ha t  all TP- 
223 ind iv idua ls  t es ted  were  res i s tan t  to M. 
arenaria a n d  M. javanica b u t  a p p e a r e d  to b e  
s e g r e g a t i n g  f o r  r e s i s t a n c e  to  t h e  u n d e -  
s c r i b ed  species ,  i t  is poss ib le  tha t  res i s tance  
to the  u n d e s c r i b e d  Meloidogyne sp. is cond i -  
t i o n e d  by ye t  o t h e r  genes .  T h e  b r o a d  r a n g e  
o f  levels o f  r e p r o d u c t i o n  o f  i sola te  93-13a on  
ind iv idua l  TP-223 p lan t s  suggests  t ha t  resis- 
t ance  to the  u n d e s c r i b e d  Meloidogyne sp. is 
c o n d i t i o n e d  by a system tha t  is gene t i ca l ly  
m o r e  c o m p l e x  t h a n  a s ingle  d o m i n a n t  gene .  

Meloidogyne arenaria is t he  p r i n c i p a l  root -  
k n o t  n e m a t o d e  a t t a c k i n g  p e a n u t  in  t h e  
U n i t e d  States,  a n d  subs tan t i a l  p r o g r e s s  is be-  
i ng  m a d e  in efforts to deve lop  p e a n u t  cult i-  
vars wi th  h i g h  levels o f  r e s i s t ance  (Star r  e t  
al., 1995). T h e  wild Arachis spp.  t ha t  have 
b e e n  the  sources  o f  res i s tance  to M. arena,ria 
a p p a r e n t l y  also c o n t a i n  genes  for  res i s tance  
to o t h e r  Meloidogyne spp.  Res i s tance  to M. 
javanica is l ikely to be  usefu l  in Egyp t  a n d  
I n d i a  w h e r e  this  spec i e s  is an  i m p o r t a n t  
p a t h o g e n  o f  p e a n u t  ( S h a r m a  et  al., 1995; 
T o m a s z e w s k i  e t  al . ,  1994) .  Even  t h o u g h  
p o p u l a t i o n s  o f  M. javanica paras i t i c  o n  pea -  
n u t  a n d  o f  t he  u n d e s c r i b e d  spec ies  a re  n o t  
c u r r e n t l y  w i d e s p r e a d  in the  U n i t e d  States,  
genes  fo r  res i s tance  to these  p o p u l a t i o n s  al- 
r e a d y  p r e s e n t  in  b r e e d i n g  l ines  d e r i v e d  f r o m  
in te r spec i f i c  crosses a re  va luab le  g e n e t i c  re- 
sources .  I t  is l ikely that ,  as p r o d u c t i o n  o f  

p e a n u t  cul t ivars  wi th  res i s t ance  to M. are- 
naria b e c o m e s  c o m m o n  in  t h e  U n i t e d  
States,  the  o t h e r  Meloidogyne spp.  paras i t ic  
o n  p e a n u t  will b e c o m e  m o r e  p reva len t .  This  
will be  s imi la r  to the  s i tua t ion  with  t oba c c o  
in the  s o u t h e a s t e r n  U n i t e d  States,  w h e r e  the  
i n c i d e n c e  o f  M. arenaria o n  t o b a c c o  in-  
c r e a s e d  a f t e r  t h e  i n t r o d u c t i o n  a n d  wide-  
s p r e a d  p r o d u c t i o n  o f  t oba c c o  cult ivars wi th  
res i s tance  to M. incognita ( F o r t n u m  e t  al., 
1984).  T h e  avai labi l i ty  o f  res i s tance  to sev- 
e ra l  Meloidogyne spp.  in  b r e e d i n g  l ines  de-  
r ived  f r o m  in te r spec i f i c  crosses  will e n a b l e  
p e a n u t  b r e e d i n g  p r o g r a m s  to de ve lop  culti-  
vars wi th  res i s tance  to all o f  these  species .  
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