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SUMMARY 

A host  screening  trial  of 40 field  populations  of the root-hot nematode Meloidogyne spp.  originating  from  different  parts of the 
Ivory  Coast  showed that juveniles  from  some  populations  were  able to develop  into  females  on  the Meloidogyne- resistant  cultivar 
tomato  Rossol  and  resistant  sweet  potato  cv.  CDH. A subsequent  electrophoretic  analysis  of  single  females  present on these 
resistant  cultivars,  established  that al1 such  females  possessed the pVI esterase  phenotype.  Reciprocally,  eight Meloidogyne single 
eggmass  isolates,  originating  from  different  field  populations but identical  in  their pVI  esterase  phenotype,  were  studied.  Host  range 
studies  showed that al1 these  eight  lines  were B ” race  lines : they  multiplied  rapidly  on Meloidogyne- resistant  tomato cv.  Rossol, 
resistant  sweet  potato  cv. CDH and  cv.  Chinese  and  resistant  soya  cv.  Forrest.  Hence  the pVI esterase  phenotype  is  shown to be 
a  good  character  for  identifying t h i s  “ B ” race  and  for  its  detection  in  pure  cultures  as well  as in mixed  field  populations. The natural 
occurrence  of such  a “ B ” race  in  field  populations,  which  constitutes  a  major  threat  to  agriculture,  and  its  agronomic  implications 
are  discussed.  Caryological,  morphometric  analyses  (perineal  patterns  and  biometric  characters  of  males,  females and juveniles)  and 
host  ranges  as  defined  by the International Meloidogyne Project,  refer  these “ B ” race  populations to belong to either M .  incognita 
or M. enterolobii. 

Utilisation des  isoestérases dans  la systématique du genre Meloidogyne. 
3. Étude de  quelques  races (( B .v et de leur  position  taxonomique 

Le test  sur  cultivars  résistants d’une  quarantaine  de  populations  de Meloidogyne spp.,  originaires  de  différentes  localités  de 
Côte  d’Ivoire,  a  montré  l’aptitude  des  juvéniles  de  certaines  de  ces  populations à se  développer sur  tomate  cv.  Rossol  et  patate  douce 
cv. CDH.  L’étude  individuelle  par  électrophorèse  des  femelles  produites sur ces  cultivars  résistants  a  établi  qu’elles  possèdent  toutes 
le  phénotype  estérasique  pVI.  Réciproquement,  huit  clones de Meloidogyne d’origines  diverses,  chacun  isolé et  multiplié à partir 
d’une  masse  d’œufs,  mais  identiques  par  leurs  estérases  (phénotype  pVI)  ont  été  étudiés.  Ces  huit  clones  sont de race B )) : ils 
ont  exprimé une forte  aptitude à se  développer sur tomate, cv. Rossol,  résistante à Meloidogyne spp., sur patates  douces  résistantes 
(cvs CDH et  Chinoise)  et sur soja résistant (cv. Forrest). Il est  ainsi  démontré que le  phénotype  estérasique  pVI,  aisément  identifiable 
par  l’électrophorèse  d’une  seule  femelle  par  échantillon,  est un caractère  permettant  la  détection  des  femelles de cette  race (( B >), 
que celle-ci  soit en culture  pure ou en  mélange  avec  d’autres  espèces  ou  races. La  présence  spontanée  de  ces  populations de 
race (( B n, qui constitue un risque  non  négligeable  pour  l’agriculture,  et  ses  implications  agronomiques  sont  discutées.  Les 
caractères  caryologiques,  morphobiométriques  (figures  périnéales  et  caractères  biométriques  des  femelles,  mâles  et  juvéniles),  et  le 
test  différentiel sur la  gamme  d’hôtes  définie  par  l’International Meloidogyne Project  rapprochent  ces  populations  de  race (< B D de 
M. incognita ou de M. enterolobii. 

Based on  the electrophoretic  studies of Meloidogyne 
spp.  by  Dalmasso  and Bergé (1978,  1983) and  Janati et 
al. (1982), previous work (Fargette, 1984,  1987u, b )  
tested the usefulness of the  esterase  phenotype as a 
means of identifying  and  characterizing  West  African 
Meloidogyne populations.  Part of this work consisted of 
a study of single eggmass lines, each showing one of the 
eight phenotypes  found  in  populations collected during 
a  general survey : these lines were subjected to morpho- 

metric and parasitological (host  range) analyses. This 
established  that  esterase  phenotypes  provide an excellent 
means of distinguishing between species which hitherto 
have been extremely difficult to separate. These con- 
clusions  are in agreement with Esbenshade  and  Trian- 
taphyllou (1985 a, b). 

Populations of Meloidogyne spp.  able to reproduce  on 
cultivars normally resistant  to  that species are  often 
termed “ B ” races. This terminology was first used by 
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Ftiggs and Winstead (1959) and  Netscher (1976) for 
virulent  populations  derived from avirulent by repeated 
selection of M. incognita, M. javanica and M. arenaria 
on  resistant  tomato.  Subsequently,  Prot (1984) and 
Fargette (1987  b)  used " B " race  as  a  term to describe 
naturally  occurring,  unselected  populations  able  to re- 
produce  on  tomato, sweet potato  and soybean bred for 
resistance.  Sasser (1979)  used  both resistant and non- 
host  plants as differentials in his scheme  for  separating 
Meloidogyne spp. However, the  natural  occurrence of 
virulent  populations  with  a species of Meloidogyne, may 
inevitably, confuse  interpretation  using Sasser's scheme. 

Early work (Fargette, 1987b,  1988) identified  popu- 
lations,  apparently of M. incognita, from  West Africa, 
virulent  on  resistant  tomato  and  on several other  culti- 
vars resistant to M. incognita. She  identified  these 
populations  as  having  a pVr phenotype based on their 
esterase  banding  pattern in electrophoretic  studies. It 
was  of both  practical  and  theoretical  interest to inves- 
tigate the consistency of the link between the pVI pheno- 
type as a  marker of the  aptitude of populations to 
develop on resistant  cultivars,  to  study  this  phenotype in 
order to  further characterize it as well as to learn  more 
about  its  taxonomic  status,  and  hence  be  able  to dis- 
tinguish  between such " B " race  populations and 
other  species and/or races of Meloidogyne. 

With this objective, those  populations  that were able 
to  develop  on  resistant  cultivars were first  characterized 
electrophoretically to confirm  their  esterase  phenotypes. 
It was then investigated  whether  eight lines, originating 
from  different  places but al1 showing pVI esterase 
phenotype,  shared  any  other  common  features, in par- 
ticular the same  pattern of virulence  on  certain Meloido- 
gyne-resistant cultivars. A study of the behaviour of such 
lines on a  broader  host  range,  plus caryological, morpho- 
logical and  biometric  studies were then  undertaken  to 
identify  and  characterize  them. 

Materials and methods 
, .  

Two  sepirate investigations were made : 

FIRST INVESTIGATION : HOST SCREENING OF FIELD POPU- 
LATIONS  AND  ELECTROPHORESIS OF VIRULENT SELECTED 
FEMALES 

In pots (12  cm diameter and height), 500 hatched 
juveniles from  about 40 populations  from  various  sites 
in  the Ivory Coast were inoculated  ont0  both  tomato cv. 
Rosso1 and sweet potato cv. CDH. Degrees of resistance 
of these two resistant  cultivars  (Fargette, 1987b) to  the 
three  main  tropical  species (M.  incognita, M. javanica, 
M. arenaria) are  given in  Table 1. After five weeks, 
during  whkh  the  pots were maintained in a  greenhouse 
the  temperature of which  ranged  between 25 and 28 O C ,  

the  roots were washed  free of soil and examined. Where 
galls were present, ten females  per  plant were  excised, 
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individually  crushed  and  analysed  electrophoretically 
using  the method  described in  Fargette ( 1 9 8 7 ~ )  to 
determine  their , esterase  phenotype. 

SECOND INVESTIGATION : ELECTROPHORFiTIC  SCREENING 
OF FIELD POPULATIONS  AND  FTJRTHER  STUDIES OF Pm 
SINGLE EGGMASS  ISOLATES 

Electrophoretic  screening of field  populations  and pro- 
duction of pW single  eggmass  lines 

Fifty-five field  populations,  different from  the  popu- 
lations  used in  the first  experiment and originating from 
28 different  sites  in  Southern Ivory Coast, were excised 
from  the roots of the sample  plants  (various vegetable 
crops).  Twenty to thirty  females  per  population were 
individually  screened  directly  using  electrophoresis to 
identify and isolate  females  with pVI esterase  phenotype. 
The eggmass associated with  each  female was labelled 
and  kept  in  a 0.3 M  NaCl  solution  (Dropkin, Martin 
& Johnson, 1958). When a  female  with  a pVI esterase 
phenotype was identified,  its  associated  eggmass was 
placed on a Hibiscus  cannabinus plant,  a  susceptible 
species, for multiplication. From  among  such single 
eggmass isolates, eight were used for  further  study : 

lines : originating  from  (Fig. 1) : found on : 
1 Gagnoa okra Ih'ibisctrs esculentlrsl 
2 Yamoussoukro okra 
3,4 Moossou eggplant (Solarium wdongetml 
5 6  Dabou eggplant 
7 Adiopodoume (Leguminosae)  indet. 
8 Nanan marrow (Cuculcllrbita p e p )  

c1 COTE D'  IVOIRE 1 ' y COTE D'IVOIRE > 
Yamoussoukro 

Fig. 1. Sketch map of the Ivory Coast showing the sites of 
origin of the pVI  populations. 
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Studies  on p l /?  single eggmass  isolates 

Host  range  studies : The eight pVI single eggmass 
lines were tested upon twelve different  plant  cultivars/ 
species : 

1. 
2. 
3. 
4. 
5. 
6.  
7. 
8. 
9. 

10. 
11. 
12. 
- 

Lycopersicon  esculentum cv. Rossol, 
Ipomoea  batatas cv. CDH, 
Ipomoea  batatas cv. Chinese, 
Glycine m m  cv. Forrest, 
Arachis  hypogaea cv. Florrunner, 
Gossypium  hirsutum cv. Deltapine 61,  
Caps icum  h tescens  cv. California  Wonder, 
Nicotiana  tabacum cv. N C  95, 
Hibiscus  sabdariffa, 
Ipomoea  batatas, 
Amaranthus  viridis, 
Amaranthus  spinosus. 

1-4 are  plants which are  resistant to  at least  some 
species  or races of Meloidogyne. Their degree of resist- 
ance is given  in  Table 1 (Sasser & Kirby, 1979; Fargette, 
1987  b). 

Table 1 

Degree  ofresistance  to  the  three  main  tropical  species 
(M. incognita, M. javanica, M. arenariajof four resistant 
cultivars  tested  in  the  host  range  studies  (R = resistant; 

MR = moderately  resistant) 

M. inc. M. jav. M. are. 

L. esculentum cv.  Rossol R  R MR 
I. batatas cv. CDH R R R  
I. batatas cv.  Chinese MR R  R 
G. max cv. Forrest R  R MR 

- 5-8 are  plants  used  as  differential  hosts  and allow 
the discrimination of four races of M. incognita, two 
races of M. arenaria and one  race of M. javanica, as 
defined by the  International Meloidogyne Project  (Sasser, 
1979). 
- 9-12 are  plants of interest to agriculture  and 

hitherto  untested. The first two ( 9  and 10) are local 
crops, the others ( 1  1 and 12) are weeds. 

Lycopersicon  esculentum cv. Roma was used  as the 
susceptible  host  to  check  whether the juveniles used  as 
an inoculum were infectious. 

Four replicates were made of each  host-plant  except 
A. spinosus for which only eight  plants were available 
(one  plant  per line). Al1 plants were grown in pots (12  cm 
diameter and height), in a  greenhouse the  temperature 
of which  ranged  between 25 and 28 OC. They were 
inoculated  with an average of 500 hatched juveniles. The 
roots  were  examined five weeks after  inoculation  and 
then  put  in a  mist  chamber  for  two weeks. We recorded 
the  number of galls and  the  number of hatched juveniles 
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from  the  mist  chamber. The index  used  for  scoring the 
root-galling is described in Fargette (1987  b), but  had  to 
ix modified  slightly  because of the very high level of 
infection  commonly  encountered (scores 5 & 6 )  : 

O = no gall, 
1 = one  gall  without an eggmass, 
2 = one  gall  with an eggmass, 
3 = 2-5 galls, 
4 = 6-10 galls, 
5 = 10-30 galls, 
6 = > 30 galls. 
An index was also given to  the  number of juveniles 

recorded, as a  measure of amount of reproduction. The 
total number of hatched juveniles were counted  and 
scored using  the  index  described  in  Fargette (1987b) ,  
but again  slightly  modified for  the reason given above 
(scores 5 & 6 )  : 

O = 0-50 J 2  
1 = 51-200  J2 (if more,  then  only in one of the  four 

2 = 51-500 J 2  (in  each of the  four replications) 
replications) 

3 = 501-2 500 J 2  
4 = 2  501-5 O00 J2 
5 = 5 001-15 O00 J 2 
6 = > 15 O00 J2. 

Chromosome  staining  and  caryology : 
Chromosomes of the pVI single eggmass lines were 

stained  using the propionic-orcein  technique  described 
by Triantaphyllou (1985b). Their  number  and arrange- 
ment  in  the  prophase of the  maturation division of the 
oocytes were determined.  For  comparison,  chromo- 
somes of one M. incognita single eggmass line (PI 
esterase  phenotype,  non-virulent  line  on  tomato cv. 
Rossol) were stained and examined in  the same way. 
Observation of the chromosomes was carried out with  a 
Zeiss Universal  microscope  fitted  with  differential  inter- 
ference  contrast  optics at x 1 250 magnification. 

Morphology  and  biometrics 
The eight pVI single eggmass lines were inoculated 

ont0 Solanum  melongena, cv. Violette longue,  a  suscep- 
tible host  to  either M. incognita, M. arenaria or M. java-  
nica. Females, males and juveniles were obtained as 
described in Fargette (1987b). Males and second-stage 
juveniles were fixed  and  mounted  according to the 
methods  described by Seinhorst (1959,  1962,  1966), 
Netscher  and  Seinhorst (1969) and Netscher ( 1 9 7 0 ~ ) .  
The perineal  patterns were mounted  according to  the 
method of Taylor and Netscher (1974). In addition the 
heads of the females were mounted,  for  microscopic 
examination. The use of the same host for growing 
populations  and of standardized  techniques  for micro- 
scopic preparation make the comparison of data pos- 
sible between the previous (Fargette, 1987b) and  present 
studies. 
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For twenty females, the perineal  pattern was exam- 
ined. In addition the vulva width 0, distance  from vulva 
to  anus (VA), ratio of VA to V, stylet length (stylet), 
distance from  the stylet base to  the dorsal oesophageal 
gland orifice (DGO)  and ratio of DG0 to stylet were 
measured or calculated. For  each  parameter,  the  actual 
number of specimens measured is given in  Table 4. 

For  the males, the stylet length (stylet), stylet-cone 
length (stylet-cone), the distance  from  the stylet base to 
the dorsal esophageal gland orifice (DGO),  and  the ratios 
of stylet-cone to stylet and DG0 to stylet were measured 
or calculated. For  each  parameter, the actual  number of 
specimens  measured  is given in  Table 5. 

With juveniles, body  length (length), stylet length 
(stylet), the  distance  from the stylet base to  the dorsal 
esophageal gland orifice (DGO), the distance  from  the 
anterior  end  to  the oesophageal valve (oesophageal valve), 
the distance from the anterior  end to  the hemizonid 
(hemizonid), maximal body  width  (MBW) were al1 
measured. In addition,  ratios of body length to stylet, 
DG0 to stylet and body  length to  MBW (a), and  the 
position of the valve and hemizonid as percentages of the 
body  length were calculated.  For  each  parameter,  the 
actual  number of specimens  measured is given in  Table 
6. 

Results 

FIFST INVESTIGATION : HOST SCREENING OF FIELD POPU- 
LATIONS AND ELECTROPHORESIS RESULTS 

About 25 O/o of the populations  tested were able to 
produce females on  the resistant  cultivars  used  for  the 
screening. Any population  producing  females  on  tomato 
cv. Rossol also produced  females on sweet potato cv. 
CDH and vice  versa. In every instance the females 
developing on  the roots of  cv. Rossol and cv. CDH 
exhibited the pVI esterase  phenotype. 

SECOND INVESTIGATION 

Electrophoretic  screening of field  populations 
Females with the  pVI esterase phenotype were isolated 

from 7 of the 28 sites  sampled,  and  from 11 of the 
55 populations examined. On five occasions such females 
were encountered as pure populations  and  on two occa- 
sions each  in association with M. incognita (PI esterase 
phenotype, Fargette, 1987 b), with M. arenaria (pV ester- 
ase phenotype), or  with M. javanica (pIV esterase pheno- 
type). 

Studies  on p V l  single  eggmass  isolates 

Host ranges :The mean  indices  for root-galling and  for 
numbers of juveniles obtained from  the mistchamber 
(rate of multiplication)  are given in Table 2 for  the  eight 
pVI lines on  the  three  different  types of hosts  tested. 
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It can  be clearly seen  that the  four species/cultivars 
classified as normally resistant to M. incognita, M. java-  
nica and M. arenaria al1 supported  high  rate of multi- 
plication of the  eight selected lines. Their  virulence  and 
fecondity were  very high, much higher  than  that observed 
for  the lines studied previously (Fargette, 1987 b). Hence 
the need for category 6 in both the root-gall and  multi- 
plication indices. After the fiist  generation (5 weeks), up 
to  85 O00 juveniles per  plant were  collected from  the  roots 
of tomato cv. Rossol over a two-week period in a mist 
chamber  (as a comparison, M. incognita race 1, PI 
esterase phenotype,  never gave more  than 50 O00 juve- 
niles on  the susceptible tomato, cv. Rutgers).  Such  high 
rates of multiplication were obtained with al1 the eight 
lines, on cvs Rossol and  CDH. Multiplication  rates were 
somewhat less, but still substantial  on cvs Chinese and 
Forrest. However, many of the sweet potato cv. Chinese 
plants grew poorly and this may partly  account  for  the 
lower mean  rates of reproduction  and  the  greater varia- 
tion  between replicates. 

When  the eight pVI lines were tested  on four cultivars 
belonging to  the  international  set of differential  hosts 
(Sasser,  1979),  Cotton  was found  to  be  an  intermediate 
host since gall index  greater  than 2 indicates  that the 
plants  tested  produced several females. Table 2 shows the 
variability of the  results of these lines (i. e. within the  four 
replicates) on G. hirsutum. The average value is shown 
with  the  extreme values given in brackets : the multi- 
plication  rates varied appreciably with scores ranging 
from O to 5, although  the  latter  figure was only recorded 
once. C. jî-utescens and A? tabacum were  good hosts while 
A. hypogaea was resistant. 

On plants of relevance to agriculture in West  Afnca, A. 
viridis was a good host  for all eight pVI lines, H. sabdar- 
iaa and A. spinosus were borderline between a host and 
a non-host  and  development on 1 batatas was very 
variable with scores ranging  from O to 6. 

Caryology : The exact number of chromosomes was 
difficult to determine, as it is very often the case with 
these  nematodes; however, the  estimate  number was 
between 45 and 50 chromosomes (observations done on 
L1, L3, L7 & L8). During the  prophase of the matura- 
tion division of the oocyte, the chromosomes (observa- 
tions  done on L3, L7 & L8) were tightly gathered in a 
small spherical  area (Fig. 2 A), in exactly the  same way as 
for M. incognita (Fig. 2 B). However, it was noticed that 
with  these lines (observations done  on L1, L3, L5, L7  and 
L8) the cleavage process of the  egg  continues  within the 
female  uterus (Fig. 2 C) to produce an egg with the first 
or  second  stage juvenile visible and curled up  within the 
eggshell (Fig. 3). 

Morphology  and  biometecs : Table 3 shows that  the 
incognita-morph perineal  pattern was commonest in al1 
eight pVI single eggmass lines (71 O/O of the combined 
total)  although  some  variants were found, mainly inter- 
mediate  between incognita and arenaria, or javanica. 
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Table 2 

Effects  of the eight  lines on four  cultivars  resistant  to M.  incognita, M.  javanica and M.  arenaria (hosts 1 to 4), on the differential 
host  test  plants  as  defined  by the International MeZoidogyne Project  (hosts 5 to 8) and  on  some  plants  of  relevance to agriculture 
(hosts 9 to 12). First  line = index of root-galling;  second  line = rate  of  reproduction.  Explanation  of the scoring  system  used  is 

given in text. The average  of four replicates  is shown with  the  extreme  values  given in brackets. 

L1 L2 L3 L4 L5 L6  L7 L8 

Lycopersicon esculentum 
cv. Rosso1 
Ipomœa batatas 
cv. CDH 
Ipomœa batatas 
CV. Chinese 

, Glycine m m  
cv. Forrest 
Arachis hypogaea 
cv. Florrunner 
Gossypium  hirsutum 
cv. Deltapine 
Capsicum  Mtescens 
cv.  California  Wonder 
Nicotiana  tabacunl 
cv. NC 95 
Hibiscus sabdariffa 

Ipomaa batatas 

Amaranthus  viridis 

Amaranthus spinosus 

6 
6 

5-6 
5-6 
6(5) 

5(0) 

4-6 

2-4 
O 
O 
O 
2(0) 

6 
6 

5(3-6) 
5-6 
00) 
3-5 

O 
O 
4 
4 
O 
5 

6 
6 
6 
5(3) 
5(6) 

46) 
2-5 

3-5 
O 
O 
O 
O 
6 
6 
5 

6(4-5) 
O 
2 

5-6(3) 
4(6) 
1-2-3 
3 
O 
2 

6 
6 
6 
6 

3(0) 
3 

6(4-5) 
40) 

O 
O 

O(5) 
2(0-3) 

6 
6 

5(3) 
5(4-6) 

O 
2(0-3) 
5-6(3) 
5-6 
3 
3 
1 
2 

6 
6 

5(6) 

O(5) 

5(0) 

3-6 

6 

3-5 
O 
O 

O(2-3) 
2(0-3) 
6 
6 
6 
6 
O 
2-3 

O 
00) 
5(4> 
5 
1 
O 

6 
6 
6 
6 

4-5(3) 
5 

6(4-5) 
3-4 

O 
O 
O 
O 
6 
6 
5 

6(4-5) 
O(1) 

6(0) 
6(2) 
3 
4(0) 

O 
2 

2 

Table 3 

Classification  of the perineal  patterns  of  the  eight  lines  according to the following  groups : incognita-, arenaria-, javanica-, 
hapla-morphs and  intermediates  between incognita and arenaria (inc.-ar), incognita and javanica (inc.4av.J and incognita and hapla 

(inc.-hapla). 

incognita inc.-ar. arenaria javanica inc.-jav. inc.-hapla  hapla Total 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
Total 

11 
17 
14 
13 
15 
14 
10 
20 
114 20 

1 5 1 20 
20 

1 1 20 
3 1 19 

1 1 22 
1 1 19 
1 1 7 20 

20 
5 9 8 3 1 160 
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However, what is here classified as the incognitu-morph 
sometimes showed atypical features (Fig. 4) e.g. one 
specimen was found  that resembled  the M. haplu in some 
characters, despite the fact  that this species has not been 
recorded  from  the  Afrotropical region. 

Biometric  measurements of the 22 characters studied 
are given in Tables 4,5 and 6 respectively for  the females, 
males and juveniles. Results of the statistical  tests 
applied to these  data  are given in  Table 7. An 
analysis  of variance showed that,  for two derived par- 
ameters (female DGO/Stylet, male DGO/stylet), there 
were no  simificant  difference between the values for the 
eight lines. The other characters, however, did show 

signifcant differences between lines. Eight characters 
(male stylet and stylet-cone length, juvenile body and stylet 
length, juvenile DGO, hemizonid and oesophageal valve 
positions, juvenile maximal body  width)  and  three ratios 
(juvenile length/stylet, valve/length and ratio  a) al1 showed 
sigdïcant differences on  the basis of t tests, even be- 
tween lines originating  from the same field population. 
The remaining  parameters showed no  significant differ- 
ence between lines originating from  the same field 
population  but  are nevertheless variable between popula- 
tions ( i e .  significant  differences  between lines from 
different  populations). 

Fig. 2. Microscopic  observations of chromosomes. A : Prophase of the  maturation  division of the  oocyte,  observed in the l i e  3; 
B : Prophase of the  maturation  division of the  oocyte,  observed  in  one  line of M. incognita; C : Cleavage of the  egg on process, 
observed in the  line 7. 
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Fig. 3. Second  stage  juvenile  curled up in  the eggshell,  obser- 
ved in the line 1. 

Discussion 

BIOLOGICAL AND AGRONOMICAL  CONSIDERATIONS 

Eight  naturally  occurring  populations of Meloidogyne 
from  West Africa, morphologically similar to M. incog- 
nita, were shown to develop readily on cultivars of tomato 
(cv. Rossol), sweet potato (cvs CDH  and Chinese) 
and soybean (cv. Forrest)  which  are  usually re- 
sistant  to M. incognita, M. javanica and M. arenaria 
(Sasser & Kirby, 1979; Fargette, 1987b). They showed a 
uniformly  high level  of multiplication. The ability not 
only to survive but also to  multiply  on  such cultivars and 
their  higher  rate of reproduction  compared  with  popu- 
lations of M. incognita on  susceptible tomato, has to  be 
viewed as very important  and potentially dangerous 
characteristics of these lines. Their ability to overcome 
resistance was not due to  glasshouse  temperatures above 
33 "C which are known to assist Meloidogyne in breaking 
down resistance (Prot, 1984; Luc & Reversat, 1985); 
temperature of the soil in the  pots  ranged between 24" 
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and 28 OC. Previous experiments  (Fargette, 19873) in- 
volving one pVI esterase phenotype  population as  well as 
different species of Meloidogyne already demonstrated 
that  the ability of these pVI esterase  phenotype  popu- 
lations to break resistance  is  independant of temperature. 

These  virulent  lines were isolated from  natural  popu- 
lations collected from  different crops. They originated 
from  different  sites  scattered throughout  the  southern 
part of the Ivory Coast, where cultivars deliberately bred 
for resistance to Meloidogyne are not available to grow- 
ers. Thus,  their  occurrence  cannot  be readily explained 
through selection resulting from  the use of such resist- 
ant cultivars. Furthermore  they  were  found  not only as 
pure  populations, but also in association  with M. incog- 
nita, M. arenaria and M. javanica, species unable to 
break  down  plant  resistance and whose presence  sug- 
gests again that they  are not  the  result of recent  selection 
using  resistant  cultivars. These lines have, therefore, 
probably  to  be  considered as naturally  occurring. In  the 
Ivory Coast we have frequently  encountered  such  popu- 
iations, especially in  the south. If resistant  cultivars 
become readily available to  the growers, such  virulent 
populations  could  become an  important  threat  to  agri- 
culture  in  the  future. It seems likely that  growing 
resistant  cultivars  would  favour  this " B " race  whereas 
other Meloidogyne species  would  be largely eliminated. 
The detection of such resistance-breaking lines is there- 
fore  desirable  before  any  introduction of resistant  culti- 
vars. 

This " B " race is regarded as a  serious  threat for  three 
reasons. Firstly, its  multiplication  rate  on  either  suscep- 
tible  or  resistant  plants  appears to be  greater  than  that of 
the  other  species  encountered. In addition,  it has as wide 
a  host  range as other  tropical Meloidogyne and is able to 
develop on  most  traditional  crops (e.g. I. batatas), weeds 
(e.g. A. viridis and A. spinosus) and field vegetables. As 
a  consequence  their  eradication by crop  rotation  or the 
use of fallow would  be  extremely  difficult. In Africa, the 
problem is compounded because the use of chemicals 
to  eliminate  these  nematodes is not feasible for  the 
individual grower, both  for  economic  and  technical 
reasons. The use of tolerant local crops  such as H. 
sabdariffa, tested  here,  which  are  hosts  for Meloidogyne 
but are  not so severely damaged,  may  be of some help 
to local growers. 

The results  obtained so far show that  the pVI esterase 
phenotype is the only character  which so far  has  been 
consistently  associated  with  virulence on  the  four culti- 
vars tested,  resistant to M. incognita, M. javanica and 
M. arenaria. Indeed, al1 the lines studied here and also 
those  considered in Fargette (1987b) ,  showing the pVI 
phenotype,  could  be classified as belonging to a " B " 
race. Reciprocally, al1 females found  on  tomato cv. 
Rossol and sweet potato cv. CDH inoculated  with  field 
populations wkrd  of the pVI esterase  phenotype. This is 
not, however, 'tô Say that al1 " B " race  populations will 
necessarily have the pVI phenotype. There is, at present, 
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no  reason  for  thinking that  the esterases  typical of this 
phenotype  are  directly involved in virulence  or  are even 
linked to virulence. Rather  the pVr esterase  phenotype is 
a  marker  for  a  population, or a series of related  popu- 
lations, of Meloidogyne occurring in West Africa, 
which have a  broader  range of virulence than  usual  in 
M .  incognita, M. javanica and M. arenaria. 

Besides their  virulence on certain  resistant crops, the 
variable development both with and between  these  lines 
on  such  plants as I. batatas, and  to a lesser extent  on 
G. hirsutum cv. Deltapine 61 and A. spinosus, suggests 
additional variability. Part of this  variability is attribu- 
table to  the plant, especially given the genetically hetero- 
genous  nature of the local varieties of crops and weeds 

and  differences in growth between  replicates. However, 
part of the variability seems to  be  due  to differences 
between  some of the pVr lines  studied. 

The occurrence of some similar " B " race  populations 
has  already  been  reported in Senegal by Netscher 
(1970b,  1976) and  Prot (1984). No electrophretic work 
was done  to complement  the  host  test  experiments and 
the  populations were identified  by the  first  author on  the 
basis of perineal  patterns  as  belonging to M. incognita, 
M. javanica or M. arenaria. The esterases of one " B " 
population  from Senegal, provided by Prot, were studied 
by electrophoresis  (Fargette,  unpubl.)  and  showed the 
pVI esterase  phenotype. 

A C 

Fig. 4. Perineal  patterns of the  pVI lines. A : M. incognita- like morph; B-F : Morphs with atypical features. 
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Table  4 

Biometric  rneasurements  of  females;  for  each  parameter  (see  text),  the  nurnber  of  specimens  measured, 
the mean  and  the  standard  error  are  given. 

Stylet DG0 DGO/Stylet  Vulva-width  Distance  VAlV 
Vulva-Anus 

L1 11 13  10 19  19.  19 

L2 10 15  9 20  20  20 

L3 9 9  9 20  20  20 

L4 7 5 5 19  19  19 

L5 18 19  18 16 16 16 

13.7 f 0.7  4.9 f 0.9  39.6 f 7.2  26.3 f 1.1 20.5 f 1.3  0.8 f 0.03 

13.3 f 1.2  5.9 f 0.8  40.7 f 4.8  25.2 f 0.8  21.8 f 1.1  0.9 f 0.03 

12.4 f 1.6  4.9 f 0.6 40.3 f 6.1  22.1 f 1.0  18.7 fk 1.2  0.8 f 0.05 

12.5 f 0.8  4.2 f 1.3  34.4 f 12.5  22.3 f 0.7  20.0 f 1.2  0.9 k 0.05 

12.7 f 0.9  4.7 f 0.5 37.8 f 4.4  22.7 f 1.4  18.3 f 1.7  0.8 f 0.06 
L6 6 8 6 19  20  19 

13.0 f 1.8  5.2 f 0.8  39.7 f 11.1 23.7 f 1.4  19.6 f 0.9  0.8 k 0.07 
L7 13 16 13 20  20  20 

11.7 f 1.1  4.8 fk 0.6 41.5 fk 7.1  22.7 f 0.9  18.0 f 1.0  0.8 f 0.03 
L8 17  17  17 21  21  21 

13.6 f 0.65 4.8 f 0.4  36.1 f 4.5  25.7 f 1.1 20.4 f 0.84  0.8 f 0.04 

Table 5 

Biometric  rneasurernents of  males; for each  parameter  (see  text),  the  nurnber of specirnens  measured, 
the mean  and  the  standard  error  are  given. 

Stylet  Stylet-cone D G 0  ConelStylet  DGO/Stylet 

L1 

L2 

L3 

L4 

L5 

L6 

L7 

L8 

38 
19.5 k 0.5 

33 
20.1 f 0.4 

30 
20.1 f 0.5 

35 
19.9 f 0.5 

37 
21.0 f 0.3 

13 
19.0 f 0.4 

33 
19.0 f 0.4 

20 
20.1 f 0.7 

9 
9.8 f 0.5 

31 
9.4 f 0.3 

28 
9.7 f 0.3 

27 
9.2 k 0.3 

32 
9.9 f 0.2 

5 
9.2 f 0.3 

30 
9.0 k 0.3 

20 
10.0 f 0.5 

35 
3.7 f 0.2 

32 
4.2 f 0.2 

28 
4.1 f 0.2 

32 
4.0 f 0.2 

37 
4.4 f 0.2 

13 
4.2 f 0.3 

30 
3.9 f 0.2 

20 
4.1 f 0.6 

9 
48.1 f 2.0 

31 
47.0 f 0.8 

28 
47.8 f 1.2 

27 
46.8 f 1.1 

32 
47.1 f 0.8 

5 
48.0 k 2.4 

30 
47.3 f 0.9 

20 
49.9 f 1.3 

35 
19.1 k 1.3 

32 
20.7 f 1.1 

28 
20.3 f 0.9 

32 
20.5 f 1.2 

37 
21.0 f 1.0 

13 
22.2 f 1.7 

30 . 
20.3 f 1.2 

20, 
20.4 f 2.6 

TAXONOMICAL STATUS 
(which  doesn’t  develop on Cotton) or race 4 (which 

On  the basis of the IMP host  range (Sasser, 1979) develops on this plant) because of their  ambiguous 
criteria,  these eight pVI lines must  be classified as M. in- response on Cotton. 
cognita but it is not  possible to classify them  either race 2 Triantaphyllou (1985 a) demonstrated specific differ- 
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Table 6 

Biometric  measurements  of  juveniles; for each  parameter  (see  text),  the  number  of  specimens  measured,  the  mean  and  the  standard. 
error  are  given. 

Length Stylet DG0 Oesophageal  Hemizonid  Maximal  Le@/ DGO/ Valve/  Hemizonid/ Length/ 
Valve  Body Width Stylet Stylet Length Length Maximal 

Body Width 

L1 20 20  20 20 20 20 20 20  20 20  20 

L2 25 20  17 20 18 20  20 17  20 18  20 

L3 22 20  19 20  17 20  20 19  20 17  20 

L4 20 20  20 20 20 20 20 20 20 20  20 

L5 24 20  19 20 18 20  20 19  20 18 20 

L6 20 20  16 20 19 20 20 16  20 19 20 

418.8 t 8.3 13.4 t 0.3 2.6 t 0.2 57.4 f 0.7  79.6 t 1.1 15.8 4 0.4  31.2 f 0.8  20.3 t 1.8  13.7 t 0.3  19.0 2 0.3 26.6 f 0.6 

428.3t7.1 lO.OtO.2 3 . 1 t 0 . 2  57.1 t 1 . 2  80.1 t 1.5 17.9f0.8  42.8t  1.2 3 1 . 0 t 2 . 1   1 3 . 3 t 0 . 2   1 8 . 8 t 0 . 2   2 4 2 t  1.2 

439.4 f 5.5  10.3 = 0.2 3.3 = 0.1  59.9 t 0.8  82.8 f 0.9  17.7 t 0.35  42.8 t 1.0  32.7 t 1.3  13.7 t 0.2  18.9 f 0.3  24.9 t 0.5 

423.1 t 7.2  9.4 t 0.2  3.1 t 0.2 54.2 t 1.0 80.8 t 1.0 16.7 t 0.5 45.0 t 1.2  23.6 f 2.4  12.8 t 0.3  19.1 f 0.3  25.4 t 0.9 

428.5 f 6.8 9.6 f 0.4 2.8 t 0.2 56.9 f 1.2 80.9 t 1.2 18.0 t 0.9 44.7 f 2.0 29.7 f 2.4 13.3 f 0.3 !9.0 t 0.3 23.9 t 1.1 

441.3 f 6.8 9.3 f 0.5 3.0 f 0.23 58.1 t 1.1 82.7 t 0.9 17.1 t 0.7 48.1 t 2.5 32.1 t 2.7 13.2 f 0.2 18.7 t 0.3 26.0 t 0.9 
L7 20  19  15  20  19  20  19  14  20  19  20 

417.6 f 6.4  9.8 f 0.2  3.3 f 0.2  56.7 t 0.7 80.7 t 1.2  17.0 f 0.45  42.8 t 1.1 33.4 f 2.3 13.6 f 0.2  19.3 C 0.2  24.7 f 0.6 
L8 20  20  20  20  20  20 20 14  20  20  20 

416.5 f 4.7  13.4 f 0.3  2.9 f 0.2 56.2 t 0.7  79.4 f 0.8 16.0 f 0.65 32.1 t 0.7 33.4 f 2.3  13.5 t 0.2  19.1 t 0.3  26.2 f 1.1 

ences in  the mitotic  maturation  division of the oocyte in 
Meloidogyne species which  reproduce by mitotic  parthe- 
nogenesis. He established  that  chromosomes  tightly 
gathered in a small spherical  area during  the prophase of 
the  maturation division of the oocyte is exclusively 
characteristic to M. incognita and distinguishes  this 
latter species from M. javanica and M. arenaria. Hence, 
as such a  feature was observed in the pVI lines  studied 
here, this and the similar number of chomosomes  are 
consistant with these lines being M. incognita. However, 
the cleavage process of the egg  within the female  uterus 
observed with the pVI lines is not a  typical  feature of 
M. incognita, where most of the eggs  within the female 
cease their growth at prophase of the  maturation div- 
ision, only continuing  their  development  when  within 
the eggmass  (Triantaphyllou, 1985~) .  Such  a  particular 
process may be  another  feature  characteristic of these 
pVI lines. 

Morphological variability of the perineal  pattern is 
known to occur  within Meloidogyne as  has  been  noted by 
numerous  authors (Chitwood, 1949; Allen, 1952; Sasser, 
1954; Whitehead, 1968; Netscher, 1978). Nevertheless, 
since we are  here  dealing  with  single  eggmass lines, we 
may conclude  that al1 eight pVI lines can  be ascribed to 
the t a o n  M. incognita. 

On morphometrics  alone the lines  could not  be 
differentiated with certainty from M. incognita, M. j a -  
vanica or M. arenaria, as the  measurements  obtained 
overlapped to varying degrees the values  reported by 
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others  (Esser, Peny & Taylor, 1976; Franklin, 1982; 
Jepson, 1983; Eisenback,  1985;  Fargette, 1987; Jepson, 
1987). However, the two  characters (male DGO/stylet, 
female DGOhtylet) shared by al1 the lines studied  may 
be of use in characterizing  pVI  lines (female DGO/ 
stylet = 38.7 f 1.9, n .= 87;  male  DGOlstylet = 
20.4 f 0.03, n = 228). The characters showing vari- 
ability  between  lines from  the same  population  are far 
two variable to  be of any  use  when  trying to define 
species or  populations.  Although  the  remaining  par- 
ameters  are less variable  within  a  population,  they  are 
nevertheless much too  variable (i.e. significant  differ- 
ences  between  lines from different  populations) to help 
in  the characterization of such pVI lines as a whole. 

Two  other species  have  been  described, which show 
the pVI esterase  phenotype (labelled VS1-SI by Esben-. 
shade and Triantaphyllou, 1985a) : M. enterolobii Yang 
& Eisenback,  1983 and M. mayaguensis Rammah & 
Hirschmann, 1988. These species  appear to  be  quite 
closely related to M. incognita and  the pVI lines studied 
here  could  belong to  either of these, as their number of 
chromosomes,  morphometrics and IMP host  ranges  are 
consistant  with  these two species. However, the pro- 
phase of the  maturation division of the pVI lines studied 
here was different  from M. mayaguensis, the  prophase of 
which is close to M. arenaria. However, the pVI lines 
could not  be separated from M. enterolobii, with  which 
most of the .chromosomes  features  are  shared, though 
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Table 7 

Results of the  statistical  tests  applied  to  the  data  from  Tables 
4,5 and 6 (NS : no  significant  difference; S : 0.01 5 p 5 0.05; 

HS : p 5 0.01). 

Character F values Sigmkance t tests 
between 

lines limes 
3 & 4  5 & 6  

FEMALES 
Stylet 
DG0 
DGOlStylet 
Vulva-width 
Distance V-A 
VAiV 

Stylet 
Stylet-cone 
DG0 
Cone/Stylet 
DGOlStylet 

JWENILES 
Length 
Stylet 
DG0 
Oesophageal  valve 
Hemizonid 
MBW 
Lengthlstylet 
DGO/Stylet 
ValvelLength 
Hemizonid/Length 
a 

MALES 

2.3 
2.4 
0.7 

11.6 
5.9 
3.6 

9.3 
6.3 
3.5 
3.6 
1.6 

9.6 
155.7 

6.4 
13.6 
6.3 
7.8 

91.1 
28.6 
6.8 
2.5 
5.5 

S 
S 
NS 
HS 
HS 
HS 

HS 
HS 
HS 
HS 
NS 

HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
HS 
S 
HS 

NS 
NS 
NS 
NS 
NS 
NS 

NS 
S 
NS 
NS 
NS 

HS 
HS 
S 
HS 
HS 
HS 
HS 
NS 
HS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

HS 
HS 
NS 
NS 
NS 

HS 
NS 
NS 
NS 
HS 
S 
S 
NS 
NS 
NS 
HS 

the behaviour of the chromosomes during  the prophase 
is not clearly stated  in  the description of M. enterolobii. 

Even if it is decided that  the eight pVI esterase 
phenotype  lines  studied  here  are M. enterolobii, there  are 
grounds  for  suggesting  they  are closely related to M. in- 
cognita. As the behaviour of the chromosomes of M. in- 
cognita during  the prophase of the  maturation division 
of the oocyte is quite different from  that of other  mitotic 
parthenogetic  species of Meloidogyne, a  group, M. in-  
cognita  sensu  lato, could  be  identified to include  taxa 
(whatever  they are, species  or races) having  this  funda- 
mental  feature  in  common. 
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