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Penetration and Development of Meloidogyne incognita in 
Roots of Resistant and Susceptible Corn Genotypes 1 

G.  L.  WINDHAM AND W .  P. WILLIAMS 2 

Abstract: Rates of penetrat ion and development ofMeloidogyne incognita race 4 in roots of resistant 
(inbred Mp307, and $4 lines derived from the open-pollinated varieties Tebeau and Old Raccoon) 
and susceptible (Pioneer 3110) corn genotypes were determined. Seedlings grown in styrofoam 
containers were inoculated with 5,000 eggs of M. incognita. Roots were harvested at 3-day intervals 
starting at 3 days after inoculation (DAI) to 27 DAI and stained with acid fuchsin. Penetration of 
roots by second-stage juveniles 02) at 3 DAI was similar for the four corn genotypes. Meloidogyne 
incognita numbers  in Tebeau, Old Raccoon, Mp307, and Pioneer 3110 peaked at 12, 12, 15, and 27 
DAI, respectively. Nematode development in the resistant genotypes was greatly suppressed com- 
pared to Pioneer 3110. Resistance to M. incognita in these genotypes appears to be expressed pri- 
marily as slower nematode development ra ther  than differences in J2 penetration. 

Key wc~rds: corn, Meloidogyne incognita, nematode development, resistance, root penetration, south- 
ern root-knot nematode, Zea mays. 

Meloidogyne incognita (Kofoid & White) 
Chitwood is commonly found associated 
with corn (Zea mays L.) in the southeastern 
United States (7,8). Although corn is con- 
sidered tolerant to M. incognita, yield losses 
in heavily infested fields may be 30% or 
greater (8). Corn included in cropping sys- 
tems in fields infested with M. incognita can 
result in 10- to 20-fold greater nematode 
populations (7,16,17). This increase in M. 
incognita numbers may adversely affect 
yields of  root-knot susceptible crops fol- 
lowing corn. Crop rotations would be 
more effective in managing M. incognita 
populations if commercial corn hybrids 
were available with resistance to root-knot 
nematodes. 

Mass screenings of  commercial corn hy- 
brids and corn inbreds have been con- 
ducted in recent years in an effort to find 
plants resistant to M. incognita (26,27). All 
of  the commercial hybrids tested were ex- 
cellent hosts for M. incognita (26). How- 
ever, considerable variation in the host 
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suitability of  inbred lines of  corn to M. in- 
cognita was observed (27). One inbred line, 
Mp307, had a high degree of  resistance to 
M. incognita. Hybrids with Mp307 as a par- 
ent have supported significantly less M. in- 
cognita reproduction than other hybrids in 
greenhouse (24) and field (25) tests. Open- 
pollinated varieties have also been evalu- 
ated as sources of resistance to M. incognita 
(1). The open-pollinated varieties, Tebeau 
and Old Raccoon, were found to be highly 
resistant to M. incognita when compared 
with susceptible genotypes. 

The mechanisms of  resistance in the 
corn inbred line, Mp307, and the lines 
from the open-pollinated varieties, Te- 
beau and Old Raccoon, are not known. 
The objectives of  this research were to 
compare penetration and development of  
M. incognita on these resistant corn geno- 
types with a susceptible corn hybrid. 

MATERIALS AND METHODS 

A race 4 population of M. incognita was 
increased on tomato (Lycopersicon esculen- 
rum Mill. cv. Floradel) in the greenhouse. 
After 8-10 weeks, eggs were collected from 
tomato roots with NaOC1 (12). 

The resistant corn genotypes used in 
this study included the inbred, Mp307, 
and two $4 lines derived from the open- 
pollinated varieties Tebeau and Old Rac- 
coon. A susceptible (26) corn hybrid, Pio- 
neer 3110, was also included in the tests as 
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a check. Corn seeds were planted singly 
into 7-cm-d styrofoam containers filled 
with 215 g of  a mixture of methyl bromide- 
treated sandy loam soil and river sand 
(80% sand, 14% silt, 6% clay). Ten-day-old 
seedlings were inoculated with 5,000 eggs 
by applying 1 ml water-egg suspension 
into the soil of  each cell. Plants were grown 
in a greenhouse maintained at ca. 26 C. 

Roots were harvested at 3-day intervals 
starting at 3 days after inoculation (DAI) to 
21 DAI; harvests at 24 and 27 DAI were 
added when the experiment was repeated. 
Roots were thoroughly washed, and whole 
root systems were stained with acid fuchsin 
(3). Root systems were placed in 10-cm-d 
inverted plastic petri dishes and flattened 
with slight pressure (9). As the experiment 
progressed, root systems were divided in 
half or thirds to facilitate counting. Total 
numbers of nematodes in each root system 
were recorded at each observation date, 
and individuals were assigned to one of  
three growth stages described by Noe (20). 
The  growth stages were "vermiform,"  
which included second-stage juveniles (]2) 
with no swelling, "midstage," which in- 
cluded individuals from early swelling to 
partially globose with conical tails, and 
"swollen," which included individuals that 
were fully globose preadults or adults. 
Nematode development as the percentage 
of  the population in each growth stage at 
each harvest date was calculated as (indi- 
viduals in each growth stage/total number 
of  nematodes in root) × 100. 

The experiment was conducted using a 
randomized complete block design with 
five replicates per treatment. Data from 
both experiments were combined and sub- 
jected to analysis of  variance, and means 
were compared by least significant differ- 
ences (LSD) at P = 0.05. Regression equa- 
tions were calculated to express changes 
over time in numbers of nematodes in the 
root systems of  the four corn genotypes. 

RESULTS 

Meloidogyne incognita penetration of  re- 
sistant and susceptible corn genotypes was 
similar at the first harvest date (3 DAI) 

(Table 1). After the first harvest, differ- 
ences (P = 0.05) in numbers of nematodes 
in the vermiform stage were seen among 
genotypes. Numbers of  nematodes in Te- 
beau, Old Raccoon, Mp307, and Pioneer 
3110 root systems peaked at 12, 12, 15, 
and 27 DAI, respectively. By 27 DAI, Pio- 
neer 3110 roots had five times as many 
nematodes as the resistant genotypes. 

Nematode development on susceptible 
and resistant genotypes di f fered (P = 
0.05) greatly (Table 1, Fig. 1). Nematodes 
in the midstage were first found on Pio- 
neer 3110 at 6 DAI but were not observed 
on the resistant genotypes until 9 DAI. A 
higher percentage of the M. incognita pop- 
ulation in roots of Pioneer 3110 were mid- 
stage than for populations in the resistant 
genotypes at 6, 12, and 15 DAI. Nema- 
todes in the swollen stage was first found 
on Pioneer 3110 and Old Raccoon on 15 
DAI, although more were observed on Pi- 
oneer 3110 than on Old Raccoon. Num- 
bers of  nematodes in the swollen stage in- 
creased greatly over time on Pioneer 3110, 
peaking on the last harvest (27 DAI). From 
15 DAI until the last harvest (27 DAI), Pi- 
oneer 3110 had a higher percentage (P - 
0.05) of the M. incognita population in the 
swollen stage than did the resistant corn 
genotypes. 

There was a quadratic relationship be- 
tween DAI and numbers of nematodes in 
roots for Pioneer 3110 (Y = -145.21 + 
56.59 [DAI] - 1.16 [DAI] 2, R 2 = 0.93, P 
= 0.01), Mp307 (Y = -183.98 + 63.4 
[DAI] - 1.94 [DAI] 2, R 2 = 0.63, P = 
0.02), and Tebeau (Y = -75 .64  + 42.78 
[DAI] - 1.39 [DAI] 2, R 2 = 0.56, P = 
0.03). Numbers of  nematodes in Pioneer 
3110 increased rapidly and then levelled 
off  toward the end of the tests (Fig. 1A). 
Nematode numbers in Mp307 and Tebeau 
peaked midway through the test and then 
declined until the test ended (Fig. 1B). A 
cubic model (Y = -334 .96  + 135.57 
[DAI] - 9.11 [DAI] 2 + 0.17 [DAI] 3, R 2 = 
0.93, P = 0.002) best described the rela- 
tionship between DAI and numbers of  
nematodes  in roots for Old Raccoon. 
Nematode numbers  increased until 12 
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TABLE 1. Percentage of the Meloidogyne incognita population in three different developmental stages and 
total number of  nematodes per root system on a corn hybrid and three corn lines at 3-day intervals from 3 to 
27 days after inoculation (DAI). 

~ rcema~t  

C-enotype Vermiform~ Midstage~ Swollen:~ Nematodes per root system 

3 DAI 
Pioneer 3110 100 0 0 12 
Mp307 100 0 0 18 
Old Raccoon 100 0 0 12 
Tebeau 100 0 0 15 

LSD (P = 0.05) NS NS NS NS 
6 DAI 

Pioneer 3110 97.8 2.2 0 140 
Mp307 100.0 0 0 67 
Old Raccoon 100.0 0 0 155 
Tebeau 100.0 0 0 151 

LSD (P = 0.05) 1.6 1.6 NS 68 
9 DAI 

Pioneer 3110 68.7 31.3 0 231 
Mp307 93.5 6.5 0 337 
Old Raccoon 86.0 14.0 0 260 
Tebeau 75.6 24.4 0 129 

LSD (P = 0.05) 10.9 10.9 NS 100 
12 DAI 

Pioneer 3110 50.0 50.0 0 463 
Mp307 81.5 18.5 0 120 
Old Raccoon 72.8 27.2 0 341 
Tebeau 73.5 26.5 0 375 

LSD (P = 0.05) 14.5 14.5 NS 148 
15 DAI 

Pioneer 3110 19.8 73.3 6.7 430 
Mp307 58.0 42.0 0 439 
Old Raccoon 57.3 42.2 0.5 234 
Tebeau 45.3 54.7 0 282 

LSD (P = 0.05) 15.7 14.0 2.9 128 
18 DAI 

Pioneer 3110 6.3 60.0 33.7 521 
Mp307 25.1 74.1 0.8 311 
Old Raccoon 39.5 60.4 0.1 161 
Tebeau 19.5 78.6 1.9 187 

LSD (P = 0.05) 12.2 12.1 4.4 86 
21 DAI 

Pioneer 3110 0.4 66.6 33.3 461 
Mp307 8.2 88.7 3.1 296 
Old Raccoon 6.9 88.7 4.4 125 
Tebeau 0.9 90.0 9.1 160 

LSD (P = 0.05) 5.6 10.1 9.7 147 
24 DAI 

Pioneer 3110 0 35.2 64.8 507 
Mp307 2.2 89.4 8.4 262 
Old Raccoon 2.5 82.1 15.4 110 
Tebeau 1.2 69.4 29.4 103 

LSD (P = 0.05) NS 13.4 14.3 143 
27 DAI 

Pioneer 3110 0 23.3 76.7 583 
Mp307 3.4 81.2 15.3 80 
Old Raccoon 0 65.0 35.0 152 
Tebeau 0 55.4 44.6 134 

LSD (P = 0.05) 2.3 9.3 9.5 188 

Data are means of five replications and two repetitions, except that 24 and 27 DAI were means of one repetition. 
t Percentage = number of nematodes in growth stage/number of nematodes in root system. 
:~ Growth stage: vermiform = no swelling; midstage = slightly swollen to partially globose, conical tail; swollen = fully 

globose preadult or adult. 
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Flc. 1. Penetration and development of Meloidogyne incognita on susceptible (Pioneer hybrid 3110) (A) and 
resistant (Mp307) (B) corn at 3-day intervals from 3 to 27 days after inoculation. Nematode growth stage: 
vermiform = no swelling; midstage = slightly swollen to partially globose, conical tail; swollen = fully globose 
preadult or adult. Regression curves describing the relationship between days after inoculation (DAI) and 
number of nematodes (all stages) in roots for Pioneer 3110 (Y = - 145.21 + 56.59 [DAI] - 1.16 [DAI] e, R 2 
= 0.93) and Mp307 (Y = - 183.98 + 63.4 [DAI] - 1.94 [DAI] 9, R 2 = 0.63) are shown. 

D A I  a n d  d e c r e a s e d  u n t i l  24 D A I ,  a n d  
t h e r e  was  a s l i gh t  i n c r e a s e  in  n e m a t o d e  
n u m b e r s  at  27 D A I .  

DISCUSSION 

R e s i s t a n c e  to  M. incognita in  t h e  i n b r e d  
M p 3 0 7  a n d  t h e  $4 l ines  f r o m  t h e  o p e n -  

p o l l i n a t e d  h y b r i d s  T e b e a u  a n d  O l d  Rac-  
c o o n  was m a n i f e s t e d  m o s t  n o t i c e a b l y  b y  
s lower  n e m a t o d e  d e v e l o p m e n t  as o p p o s e d  
to  d i f f e r e n t i a l  r a t e s  o f  p e n e t r a t i o n .  J u v e -  
ni les  e n t e r e d  t h e  s u s c e p t i b l e  c h e c k  a n d  t h e  
r e s i s t a n t  g e n o t y p e s  in  e q u a l  n u m b e r s .  I n  
s o m e  cases,  g r e a t e r  n u m b e r s  o f  M. incog- 
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nita juveniles  pene t ra ted  the resistant 
plants than the susceptible plants. Meloid- 
ogyne incognita usually penetrate resistant 
and susceptible plants in equal numbers (6, 
10,14,19,23), but differences have been 
observed (4,15,21). Baldwin and Barker 
(2) found that M. incognita J2 penetration 
of  resistant and susceptible corn hybrids 
differed at 4 and 8 days after inoculation. 
Apparently the mechanisms of resistance 
in the corn hybrids they used differ from 
those of  the resistant genotypes included 
in this study. 

Root-knot resistance may also be charac- 
terized by slow nematode development 
when compared with susceptible hosts (4, 
6,15,18,21). Although nematodes may en- 
ter resistant and susceptible plants in equal 
numbers ,  juveniles may never become 
adults or are greatly slowed in their devel- 
opment on resistant hosts. This was the 
type of  response we observed in the resis- 
tant genotypes, in contrast to the M. incog- 
nita deve lopment  observed in Pioneer 
3110. The midstage and the swollen stage 
were either observed first in the suscepti- 
ble plants or in greater numbers than in 
resistant plants. The  number  of  adult  
nematodes and the percentage of  nema- 
todes developing to adults in resistant gen- 
otypes were much less when compared to 
the susceptible hybrid. 

Emigration of Meloidogyne spp. juveniles 
has been observed from resistant plants 
(10,22). Differential emigration of  J2 from 
resistant and susceptible corn genotypes 
may have occurred in our study. Nema- 
tode  number s  in the resis tant  plants 
peaked at approximately 2 weeks, whereas 
nematode numbers peaked at the last har- 
vest on 27 DAI in the susceptible plants. 
Juvenile emigrat ion may be occurring, 
since juveniles occur at the same or higher 
numbers in resistant plants as in suscepti- 
ble plants from 3 to 15 DAI, and then drop 
off  drastically. Total nematode numbers in 
resistant roots had decreased significantly 
at the last harvest dates, possible because 
of juvenile egression. 

The slowed nematode development and 
decrease in nematode numbers observed 

in the resistant corn genotypes could be 
the result of  several factors. It has been 
suggested that some resistant plants lack 
nutrients, which may result in emigration, 
slowed development, or and altered sex ra- 
tio in root-knot nematodes (11). However, 
a more active response by the resistant 
plants may be occurring. It is possible that 
some nematotoxic substance may have ac- 
cumulated in the roots after infection by 
J2. Phytoalexins have been associated with 
M. incognita resistance in soybean (14). It is 
difficult to speculate on the importance of  
phytoalexins in corn because little progress 
has been made in characterization of phy- 
toalexins in the Gramineae. Further stud- 
ies are warranted to determine the mech- 
anisms of resistance in corn genotypes and 
whether they produce postinfection inhib- 
itory chemicals. 

We have confirmed that Mp307, Te- 
beau, and Old Raccoon are sources of  re- 
sistance for M. incognita. Delayed nema- 
tode development on resistant genotypes 
accounted for differences seen in egg pro- 
duction in earlier studies (1,27). Material 
in this study will be used to develop M. 
incognita-resistant germplasm, which can 
be used for the development of  nematode- 
resistant hybrids. 

LITERATURE CITED 

1. Aung, T., G. L. Windham, and W. P. Williams. 
1990. Reproduction of Meloidogyne incognita on open- 
pollinated maize varieties. Supplement to the Journal 
of Nematology 22:651-653. 

2. Baldwin, J. G., and K. R. Barker. 1970. Histo- 
pathology of corn hybrids infected with root knot 
nematode, Meloidogyne incognita. Phytopathology 60: 
1195-1198. 

3. Byrd, D. W., Jr., T. Kirkpatrick, and K. R. 
Barker. 1983. An improved technique for clearing 
and staining plant tissues for detection of nematodes. 
Journal of Nematology 15:142-143. 

4. Canto-Saenz, M., and B. B. Brodie, 1987. Com- 
parison of compatible and incompatible response of 
potato to Meloidogyne incognita. Journal of Nematolo- 
gy 19:218-221. 

5. Chrisfie, J. R. 1946. Host-parasitic relationships 
of the root-knot nematodes Meloidogyne spp. Ill. The 
nature of resistance in plants to root-knot. Proceed- 
ings of the Helminthological Society of Washington 
16:104-108. 

6. Fassuliotis, G. 1970. Resistance of Cucumis spp. 



Development of  M. incognita on Corn: Windham, Williams 85 

to the root-knot nematode, Meloidogyne incognita ac- 
rita. Journal of  Nematology 2:174-177. 

7. Gallaher, R. N., R. McSorley, and D. W. Dick- 
son. 1991. Nematode densities associated with corn 
and sorghum cropping systems in Florida. Supple- 
ment to the Journal of Nematology 23:668-672. 

8. Gazaway, W. S., A. Hagan, P. L. Mask, and R. T. 
Gudauskas. 1991. Corn diseases in Alabama. Circular 
ANR-601, Alabama Cooperative Extension Service, 
Auburn University, Auburn. 

9. Gourd, T. R., D. P. Schmitt, and K. R. Barker. 
1993. Penetration rates by second-stage juveniles of 
Meloidogyne spp. and Heterodera glycines into soybean 
roots. Journal of Nematology 25:38-41. 

10. Herman, M., R. S. Hussey, and H. R. Boerma. 
1991. Penetration and development ofMeloidogyne in- 
cognita on roots of  resistant soybean genotypes. Jour- 
nal of  Nematology 23:155-161. 

11. Huang, J. S. 1985. Mechanisms of resistance to 
root-knot nematodes. Pp. 165-175 inJ. N. Sasser and 
C. C. Carter, eds. An advanced treatise on Meloido- 
gyne, vol. 1. Biology and control. Raleigh: North 
Carolina State University Graphics. 

12. Hussey, R. S., and K. R. Barker. 1973. A com- 
parison of methods of collecting inocula of Meloido- 
gyne spp., including a new technique. Plant Disease 
Reporter 57:1025-1028. 

13. Jatala, P., and C. C. Russell. 1972. Nature of 
sweet potato resistance to Meloidogyne incognita and 
the effects of temperature on parasitism. Journal of 
Nematology 4:1-7. 

14. Kaplan, D. T., and N. T. Keen. 1980. Mecha- 
nisms conferring plant incompatibility to nematodes. 
Revue de N6matologie 3:123-134. 

15. Lawrence, G. W., and C. A. Clark. 1986. Infec- 
tion and morphological development of Meloidogyne 
incognita in roots of  susceptible and resistant sweet 
potato cuhivars. Plant Disease 70:545-547. 

16. McSorley, R., and R. N. Gallaher. 1991. Nema- 
tode population changes and forage yields of  six corn 
and sorghum cukivars. Supplement to the Journal of 
Nematology 23:673-677. 

17. McSorley, R., and R. N. Gallaher. 1992. Com- 
parison of nematode population densities on six sum- 
mer crops at seven sites in north Florida. Supplement 
to the Journal of  Nematology 24:699-706. 

18. McClure, M.A., K.C. Ellis, and E.L. Nigh. 
1974. Post-infection development and histopathology 
ofMeioidogyne incognita in resistant cotton, Journal of  
Nematology 6:21-26. 

19. Moura, R. M., E. L. Davis, B. M. Luzzi, H. R. 
Boerma, and R. S. Hussey. 1993. Post-infectional de- 
velopment of Meloidogyne incognita on susceptible and 
resistant soybean genotypes. Nematropica 23:7-13. 

20. Noe, J. P. 1991. Development of Meloidogyne 
arenaria on peanut and soybean under two tempera- 
ture cycles. Journal of Nematology 23:468-476. 

21. Powers, L. E., R. A. Dunn, R. McSorley, D. D. 
Baltensperger, and D. S. Wofford. 1992. Effects of  
resistance in alyce dover (Alysicarpus spp.) on root- 
knot nematode (Meloidogyne spp.) populations. Trop- 
ical Grasslands 26:30-39. 

22. Reynolds, H .W. ,  W. W. Carter, and J.  H. 
O'Bannon. 1970. Symptomless resistance of  alfalfa to 
Meloidogyne incognita acrita. Journal of Nematology 2: 
131-134. 

23. Schneider, S. M. 1991. Penetration of  suscep- 
tible and resistant tobacco cultivars by Meloidogyneju- 
veniles. Journal of Nematology 23:225-228. 

24. Williams, W. P., and G. L. Windham. 1988. Re- 
sistance of  corn to southern root-knot nematode. 
Crop Science 28:495-496. 

25. Williams, W. P., and G. L. Windham. 1992. Re- 
action of a diallel cross of maize to Meloidogyne incog- 
nita under field conditions. Field Crops Research 30: 
167-171. 

26. Windham, G.L.,  and W. P. Williams. 1987. 
Host suitability of  commercial corn hybrids to Meloid- 
ogyne arenaria and M. incognita. Supplement to the 
Journal of Nematology 19:13-16. 

27. Windham, G. L., and W. P. Williams. 1988. Re- 
sistance of maize inbreds to Meloidogyne incognita and 
M. arenaria. Plant Disease 72:67--69. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

