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Relationship Between Morphology and Parasitism in 
Two Populations of Meloidogyne incognita 1 

M. CANTO-SAENZ 2 AND B. B. BRODIE 3 

Abstract: The  reliability of  morphological  characters and  host differential plants for distinguishing 
between two populations of  Meloidogyne incognita was studied. Population A (originally from Nor th  
Carolina) had incognita-type perineal patterns. A single egg mass subpopulation of population A 
had a mixture of  incognita and acrita perineal patterns with 33% of the pat terns atypical for ei ther  
species. Population B (from Georgia) had predominant ly acrita-type pat terns with only about  5% 
atypical patterns. The  head shapes of  males from both  populations were mainly M. incognita. On 
the basis of stylet length, bo th  populations conformed to M. incognita acrita. Both populations were 
identified as M. incognita race 1 by reaction on the Nor th  Carolina differential hosts. Reactions on 
azalea and pepper  gave no clear identification of  the populations. We concluded that  there  is no 
relation between perineal pat tern,  male head shape, and parasitism of  host differentials with the 
two populations studied. 
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Confusion of  the taxonomy of  root-knot 
nematodes has persisted since the first de- 
scription of  a root-galling nematode. Al- 
though variation in perineal patterns have 
been noted among individuals of  a species, 
patterns typical of  that species are more 
common than variants (2,14). Thus, peri- 
neal patterns are very useful for identifying 
species of  Meloidogyne Goeldi, particularly 
the more common species. Recent scan- 
ning electron microscope and light micro- 
scope studies revealed that male head and 
female styler shapes are also reliable char- 
acters for identifying the more common 
Meloidogyne spp. (4). 

Differential hosts were first used in 1944 
to dist inguish species and intraspecific 
forms of  root-knot nematodes (3). At pres- 
ent, a host test is recommended to distin- 
guish the four more common Meloidogyne 
spp., four races of  M. incognita, and two 
races of  M. arenaria (16). It is recognized, 
however, that because of  species mixtures 
or incomplete host data for a given species, 
identification ofMeloidogyne spp. cannot be 
made solely with host differentials (4). 

The  existence of  intraspecific forms of  
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M. incognita is controversial. The  distinc- 
tion between the two subspecies, M. incog- 
nita incognita and M. incognita acrita Chit- 
wood, 1949, has been amended (7), the 
subspecies have been raised to the species 
level (5), and their assignment to species 
has been rejected (19,21). In addition to 
the two subspecies, two races were recog- 
nized (8), one of  which was later described 
as M. grahami Golden & Slana, 1978 (10) 
and the other raised to subspecies (9). 

Attempts have been made to relate 
nematode morphology to the pattern of  
parasitism on host differentials to distin- 
guish intraspecific forms of  M. incognita. 
Originally, Gossypium hirsutum L. and Ly- 
copersicon peruvianum (L.) Mill. were re- 
ported to be parasitized only by the sub- 
species M. incognita acrita (15). Later, M. 
incognita acrita and M. incognita incognita 
were considered to be morphologically in- 
distinguishable and no relation was evident 
between their morphology and parasitism 
on G. hirsutum or L. peruvianum (19). Some 
researchers still contended, however, that 
M. incognita acrita and M. incognita incognita 
were morphologically different and that 
Capsicum annuum L. (pepper) was parasit- 
ized by M. incognita acrita but not by M. 
incognita incognita and that Rhododendron 
obtusum Planch. (azalea) was parasitized by 
M. incognita incognita but not by M. incognita 
acrita (7). 

Our  objectives were to determine 1) the 
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TABLE 1. Pe rcen t ages  o f p e r i n e a l  p a t t e r n  types in 
popula t ions  A and  B o f  Meloidogyne incognita. 

Origin of Types 
population* Incognita Acrita Atypical 

OP-A  91 9 0 
SP-A 63 4 33 
OP-B 0 95 5 
SP-B 0 96 4 

* OP = original population. SP = single egg mass popu- 
lation. 

reliability of  certain morphological char- 
acters and the reaction of  host differential 
plants in distinguishing M. incognita and M. 
incognita acrita and 2) the relation between 
morphology and parasitism in two popu- 
lations of  M. incognita. 

M A T E R I A L S  AND M E T H O D S  

Two populations of  M. incognita were 
maintained in the greenhouse on L. escu- 
lentum Mill. cv. Rutgers. Population A orig- 
inated from North Carolina, and popula- 
tion B originated from Georgia. Both 
populations were originally collected from 
tomato. To  obtain perineal patterns, egg- 
laying females were dissected from tomato 
roots and processed (18). About  25 peri- 
neal patterns were examined from each of  
the original populations and 25 additional 
patterns from subpopulations of  the orig- 
inals started from single egg masses. To  
study male head shape, number  of  head 
annules, and styler length, males were ex- 
tracted from tomato roots using a me- 
chanical shaker and processed according 
to Hooper  (11). About  25 males of  each 
population and subpopulation were ob- 
served in lateral position. Race 2 of  M. in- 
cognita obtained from the International 
Meloidogyne Project (IMP) was compared 
with populations A and B. 

For host differential tests, seeds of the 
differentials were planted in 1,000-cm 3 pots 
containing a mixture of  recycled potting 
compost, sand, and peat (2:1:1) and grown 
in a greenhouse at 23-28 C. The  potting 
mixture for azalea (R. obtusum 'Hino Crim- 
son') was sand, peat, vermiculite, and per- 
lite (5:1:1:1). Seedlings of  the differential 

hosts were inoculated with 10,000 eggs per 
pot. Eggs for inoculum were obtained from 
tomato roots using NaOC1 (12). Nematode 
reproduction was determined 50 days after 
inoculation. Roots were immersed in water, 
gently washed, and weighed, and eggs were 
extracted with NaOC1. Numbers of  eggs 
per gram of  root and final population/ini-  
tial population (Pf/Pi) ratios were used to 
determine host efficiency. If  P f /P i  was 
more than one, the plants were considered 
susceptible. 

R E S U L T S  

Morphology: Original population A had 
predominantly M. incognita incognita type 
perineal patterns (Table 1). In the single 
egg mass subculture of  population A, 33% 
of the perineal patterns were atypical and 
could not be classified as either incognita 
or acrita type. The  original culture and 
subcultures of  population B had predom- 
inantly acrita type perineal patterns with a 
small percentage of  patterns atypical of  
either subspecies. 

Head shapes of  males of  all populations 
were mainly incognita type, but some atyp- 
ical head shapes were observed. There  were 
three head annules in males of  all popu- 
lations; however, annules varied from faint 
to very pronounced within a population. 
Male stylet lengths were not different 
among populations: 22.4 + 1.20 t~m in 
population A, 22.2 + 0.89 t~m in popula- 
tion B, and 22.1 +_ 1.01 ~m in race 2. 

Host differential test: Reactions of  the 
North Carolina host differentials to pop- 
ulations A and B are shown in Table 2. 
Pepper, tomato, and watermelon (Citrullus 
lanatus (Thunb.) Mansf.) were susceptible 
hosts for both populations, whereas peanut 
(Arachis hypogaea L.), cotton, and tobacco 
(Nicotiana tabacum L.) were nonhosts. Host 
response of azalea and pepper is shown in 
Table 3. Pepper was a susceptible host for 
both the original and the single egg mass 
populations of populations A and B. Al- 
though the Pf /P i  ratio with the single egg 
mass population of  population A was only 
1.1, the number  of  eggs per gram of root  
clearly indicated that pepper is a suscep- 
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TABLE 2. Reproduction of populations A and B 
ofMeloidogyne incognita on the Nor th  Carolina differ- 
ential hosts. 

p f* 
(eggs/ Eggs/g 

Differential plant plant) root Pf/Pi* 

Population A 
Pepper 'California 

Wonder '  348,000 49,714 34.8 
Tomato  'Rutgers '  265,920 20,614 26.6 
Watermelon 'Charleston 

Grey'  191,760 14,638 19.2 
Peanut  'F lorunner '  0 0 0 
Cotton 'Deltapine 16' 0 0 0 
Tobacco 'NC95'  0 0 0 

Population B 
Pepper 'California 

Wonder '  509,040 33,489 50.9 
T o m a t o ' R u t g e r s '  212,560 15,982 21.3 
Watermelon 'Charleston 

Grey' 122,640 8,823 12.3 
Peanut  'F lorunner '  0 0 0 
Cotton 'Deltapine 16' 0 0 0 
Tobacco 'NC95'  0 0 0 

* Pf = final population. Pi = initial population. 

tible host. The Pf /P i  ratio was greater for 
the B than the A populations. Even though 
populations A and B reproduced on azalea, 
it was not a very good host for either pop- 
ulation. Mature females protruded from 
the roots, but galls on the thin azalea roots 
were not conspicuous; some roots had small 
galls, whereas others had none. 

DISCUSSION 

On the basis of perineal patterns, orig- 
inal population A would be classified as M. 
incognita incognita, and the single egg mass 
subpopulation of  population A would be 
classified as a mixture of  subspecies, in 
which M. incognita incognita predominated, 
but with a high percentage of  atypical pat- 
terns. Our results agree with earlier find- 
ings (19) that the two types of perineal pat- 
terns can be present in a single egg mass 
population. Perineal patterns of the orig- 
inal and single egg mass populations of  
population B were less variable than were 
patterns of population A; they also were 
typical ofM. incognita acrita. Whitehead (21) 
found similar variability in perineal pat- 
terns of  M. incognita acrita populations. 

TABLE 3. Reproduction of populations A and B 
of Meloidogyne incognita on azalea and pepper. 

Nematode Pft Eggs/g 
population* (eggs/plant) root Pf/PiJ" 

Population A 
Pepper (OP) 33,280 5,456 3.3 
Pepper (SP) 11,360 7,100 1.1 
Azalea (OP) 4,800 1,714 0.5 

Population B 

Pepper (OP) 96,880 31,252 9.7 
Pepper (SP) 80,560 30,985 8.0 
Azalea (OP) 13,100 1,795 1.3 

* OP = original population. SP = single egg mass popu- 
lation. 

t Pf = final population. Pi = initial population. 

According to male head shape, all pop- 
ulations we studied would be classified as 
M. incognita with a small percentage of 
atypical head shapes. We could not differ- 
entiate these populations by the degree of 
annule distinctiveness in the male head. 

Reaction of  populations A and B was sim- 
ilar to that of M. incognita on the North 
Carolina differential hosts. Based on the 
reaction of the host differentials, popula- 
tions A and B were identified as race 1 of  
M. incognita. In a controlled temperature 
study, however, these two populations dif- 
fered significantly in parasitism on pota- 
toes (1), indicating differences in parasit- 
ism within a single race. Races of  M. 
incognita are differentiated according to 
their ability to parasitize specific cultivars 
of tobacco and cotton, but there are re- 
ports of  differences in parasitism ofM. in- 
cognita on tomatoes (13), sweet potatoes (6), 
soybean (9), alfalfa (20), cowpea (17), pep- 
per (17) and lima bean (20). We believe 
that separate race schemes should be es- 
tablished for each crop for which breeding 
for resistance to M. incognita is a high prior- 
ity. 

Clear distinction of  populations A and B 
was not possible with host tests on azalea 
and pepper. Population A reproduced well 
on pepper and moderately on azalea indi- 
cating that it was M. incognita acrita. By 
perineal patterns, however, population A 
was identified as M. incognita incognita. Host 
response of  azalea and pepper for popu- 
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lation B was typical of  subspecies M. incog- 
nita acrita; but the Pf /P i  ratio on azalea 
was only ca. 1.0. 

We conclude that if the acrita and in- 
cognita type perineal patterns are consid- 
ered together as a single type characteristic 
ofM. incognita, perineal patterns are useful 
to identify this species. The fact that both 
acrita and incognita type perineal patterns 
were present in a single egg mass popula- 
tion indicates that the perineal pattern is 
not a good character for subspecies iden- 
tification in M. incognita. Also, there was 
no relation between perineal pattern and 
plants parasitized. Male head shape is a re- 
liable character for species identification 
even though atypical shapes occur. Be- 
cause we found no reliable relationship be- 
tween any morphological characters and 
pattern of  plant parasitism, we support the 
rejection of  M. incognita acrita as a subspe- 
cies of  M. incognita and the species status 
of  M. acrita (19). 
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