
JOURNAL OF NEMATOLOGY 
V O L U M E  17 O C T O B E R  1985 N U M B E R  4 

Journal of Nematology 17(4):381-385. 1985. 
© The Society of Nematologists 1985. 

Host-Parasite Relationships of Meloidogyne arenaria and 
M. incognita on Susceptible Soybean 1 

I. K. A.  IBRAHIM AND S. A.  LEWIS 2 

Abstract: Pathogenicity and reproduction of single and combined populations of Meloidogyne ar- 
enaria and M. incognita on a susceptible soybean (Glycine max cv. Davis) were investigated. Significant 
galling and egg mass production were observed on roots of greenhouse-grown soybean inoculated 
with M. arenaria and M. incognita, in combination and individually. M. arenaria produced more galls 
and egg masses than M. incognita, whereas in combined inoculation with both nematode species, 
gall and egg production was intermediate. In growth chamber tests, inoculations with M. arenaria 
and M. incognita, singly or in combination, produced more galls and egg masses at 30 C than at 25 
C. At 25 C, M. arenaria alone produced significantly more galls and egg masses than the combined 
M. arenaria plus M. incognita, while M. incognita produced the fewest. At 30 C, numbers of egg masses 
produced by M. arenaria did not differ significantly from combined M. arenaria and M. incognita. In 
temperature tank tests, M. incognita produced more galls and egg masses at 28 C than at 24 C soil 
temperature. In contrast, numbers of galls, egg masses, and eggs ofM. arenaria were slightly higher 
at 24 C than at 28 C. Combined inoculum of both nematode species produced greater numbers of 
galls at 24 C than at 28 C. 

Key words: Glycine max, interaction, concomitant, root-knot nematode, soil temperature, inoculum 
density, ecology. 

R o o t - k n o t  n e m a t o d e s  (Meloidogyne spp.), 
widely d i s t r i bu ted  in t he  s o u t h e r n  a n d  
s o u t h e a s t e r n  U n i t e d  States,  can cause  eco-  
n o m i c  loss to  s o y b e a n  w h e n  fields a re  
heavi ly  in fes ted  (1 ,8 ,10,11) .  M. arenaria, 
M. incognita, a n d M .  javan ica  a re  a m o n g  the  
m o s t  i m p o r t a n t  p lan t -paras i t i c  n e m a t o d e s  
in S o u t h  C a r o l i n a  soybe a n  fields (unpubl .) .  
Mixed  p o p u l a t i o n s  o f  M. incognita a nd  M. 
arenaria a re  increas ing ly  f o u n d  in the  same  
soil a n d  r o o t  samples .  A l t h o u g h  M. incog- 
nita is m o r e  widely d i s t r i bu t ed  t h a n  M. ar- 
enaria o r  M. javanica  on  soybeans  in S o u t h  
Caro l ina ,  all t h r e e  species can  infect ,  re-  
p r o d u c e ,  and  d a m a g e  m a n y  c o m m e r c i a l  
s o y b ean  cuh iva r s  caus ing  yield r e d u c t i o n s  
(8). 

T e m p e r a t u r e  in f luences  t he  p a t h o g e n i c -  
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ity a n d  r e p r o d u c t i o n  o f  Meloidogyne spp. 
(3 ,4 ,10 ,12 ,13) .  T h e  d r a m a t i c  increase  in 
t he  i nc idence  o f  fields a f fec ted  by M. ar- 
enaria in 1982 was t h o u g h t  to  be  e n v i r o n -  
men ta l l y  c o r r e l a t e d  (6). As a resu l t  o f  this 
ep iphy to t i c ,  e x p e r i m e n t s  w e r e  in i t ia ted  to  
d e t e r m i n e  t he  c o m p a r a t i v e  effect  t e m p e r -  
a t u r e  has o n  n e m a t o d e  r e p r o d u c t i o n  a n d  
p lan t  g r o w t h  a n d  to  c o m p a r e  i n h e r e n t  vir- 
u l ence  o f  M. arenaria a n d  M. incognita on  
suscept ible  soybean .  

MATERIALS AND METHODS 

Meloidogyne arenaria (Ma) a n d  M. incog- 
nita (Mi) w e r e  isola ted f r o m  in fec t ed  soy- 
b e a n  roo t s  f r o m  Barnwel l  C o u n t y ,  S o u t h  
Caro l ina ,  a n d  i nc r ea sed  o n  t o m a t o  (Lyco- 
persicon esculentum Mill. cv. Rutgers )  fo r  6 0 -  
90 days in the  g r e e n h o u s e .  N e m a t o d e  eggs  
f o r  inocu la  were  e x t r a c t e d  f r o m  t o m a t o  
roo t s  by the  NaOC1  m e t h o d  (7). 

Greenhouse experiment: T e n - d a y - o l d  soy- 
b e a n  (Glycine max M e r r .  cv. Davis) seedl ings  
were  t r a n s p l a n t e d  in to  s team-s ter i l ized  1 : 1 
by  v o l u m e  s a n d : V a r i n a  sandy  loam in 15- 
cm-d  plastic po t s  (one  p lan t  p e r  pot )  a n d  
i n o c u l a t e d  with n e m a t o d e  eggs  s u s p e n d e d  
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TABLE 1. P r o d u c t i o n  o f  ga l l s  a n d  e g g  m a s s e s  by  
Meloidogyne arenaria (Ma) a n d  M. incognita (Mi) s ing ly  
a n d  in  c o m b i n a t i o n  o n  Dav i s  s o y b e a n  in  t h e  g r e e n -  
h o u s e .  R e p l i c a t e d  s ix  t imes .  

Root gall Egg mass 
Trea tment  Pi* (eggs) index t  index 

M a  6 , 0 0 0  4 . 5 0  a 5 .00  a 
Mi  6 , 0 0 0  3 .50  b 3 .25  c 
M a  + Mi 3 , 0 0 0  + 3 , 0 0 0  4 . 0 0  ab  4 . 2 5  b 
C o n t r o l  0 0 c 0 d 

Means in a column followed by same letter are not signif- 
icantly different (P = 0.05) according to Duncan's multiple- 
range test. 

* Pi = initial infestation level per  1.5 liters soil. 
0 -5  scale: 0 = 0, 1 = 1-2, 2 = 3-10,  3 = 11-30, 4 = 31-  

I00, 5 = > 100 galls or egg  masses. 

in 10 ml water. Inoculum levels were 6,000 
Ma eggs, 6,000 Mi eggs, or a mixture of 
3,000 Ma plus 3,000 Mi eggs per pot. Non- 
inoculated plants served as controls. Pots 
were arranged in a randomized complete 
block design with six replications in a 
greenhouse at 20-26 C. 

The  experiment was terminated 7 weeks 
after inoculation. Roots were washed free 
of soil and stained in aqueous phloxine B. 
Galls and egg masses were rated on a 0-5 
scale ( 0 = 0 ,  1 = 1-2, 2 = 3 - 1 0 ,  3 =  10- 
30, 4 = 31-100, and 5 = > 100 galls and 
egg masses). 

Growth chamber experimen# Seven-day-old 
soybean seedlings were transplanted, one 
per pot, into steam-sterilized 1 : 1 by volume 
sand:Varina sandy loam soil in 15-cm-d 
plastic pots. Three days after transplant- 
ing, plants were inoculated with 6,000 Ma 
eggs, 6,000 Mi eggs, or a mixture of 3,000 
Ma eggs plus 3,000 Mi eggs per pot. Non- 
inoculated plants served as controls. Pots 
were arranged in a randomized complete 
block design with eight replications in 
growth chambers at 25 and 30 C. 

The  experiment was terminated 7 weeks 
after inoculation. Roots were washed free 
of  soil and stained in aqueous phloxine B. 
Gall and egg mass numbers and root and 
shoot dry weights were determined. 

Temperature-tank experiments: Seven-day- 
old soybean seedlings were transplanted 
into steam-sterilized sandy clay soil in 1.9- 
liter plastic containers. Seven days after 
transplanting, plants were inoculated with 
2,500, 5,000, or 10,000 Ma or Mi eggs per 
plant. Noninoculated plants served as con- 
trols. Plants were arranged in a random- 

ized complete block design with five rep- 
lications in each of two water baths at 24 
C or two water baths at 28 C in the green- 
house. 

The experiment was terminated 7 weeks 
after inoculation. Plant roots were washed 
free of  soil and stained with phloxine B. 
Numbers of galls and egg masses and fresh 
weights of roots and shoots were deter- 
mined. 

Fourteen-day-old soybean seedlings were 
inoculated with different combined inoc- 
ulum levels (250 + 250, 500 + 500, 
1,000 + 1,000, 2,500 + 2,500, 5,000 + 
5,000, and 7,500 + 7,500 eggs) of Ma and 
Mi. Treatments were replicated five times 
in two greenhouse water baths at each of  
two temperatures, either 24 or 28 C. Seven 
weeks after nematode inoculation, gall and 
egg mass numbers and root and shoot dry 
weights were determined. 

R E S U L T S  

Greenhouse experiment: Ma produced  
more galls and egg masses than Mi, and the 
combined inoculation with both nematode 
species produced intermediate numbers of 
galls and egg masses (Table 1). 

Growth chamber experiment: At 25 C, Ma 
produced significantly more galling and egg 
masses (P = 0.05) than did the combined 
Ma + Mi, and Mi produced the fewest galls 
and egg masses (Table 2). Root dry weights 
were suppressed (P = 0.05) by Ma and 
combined Ma + Mi but not by Mi. Shoot 
dry weights of nematode infected plants 
did not differ significantly from the con- 
trols. 

At 30 C, numbers of egg masses pro- 
duced by Ma did not differ significantly 
from those produced by Ma + Mi, al- 
though more galls were produced in the 
combination treatment (Table 2). Mi pro- 
duced fewer galls and egg masses than the 
other nematode treatments. More galls and 
egg masses were observed at 30 C than at 
25 C. Root dry weights were suppressed 
(P = 0.05) by the combined Ma + Mi 
treatment but not by Ma or Mi. Shoot dry 
weights were suppressed by Ma and com- 
bined Ma + Mi treatments but not by Mi. 

Effect of inoculum levels of Ma and Mi in 
temperature tanks: Ma produced more galls 
and egg masses than Mi at 24 C (Table 3). 
Ma at an initial inoculum level (Pi) of 10,000 
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TABLE 2. Effect of  Meloidogyne arenaria (Ma) or  M. incognita (Mi) or  combined Ma + Mi on  n u m b e r  of  
galls and egg masses and dry weights in grams of  roots  and shoots of  Davis soybean at 25 and 30 C in the 
growth  chamber .  Replicated eight times. 

25 C 30 C 

Egg Root Shoot Egg Root Shoot 
Treatment Pi* (eggs) Galls masses wt wt Galls masses wt wt 

Ma 6,000 80.0 a 70.0 a 1.58 b 3.22 a 120.9 b 80.9 a 1.55 ab 4.00 b 
Mi 6,000 28.5 c 24.3 c 1.74 ab 3.41 a 40.1 c 39.3 b 1.70 ab 4.92 a 
Ma + Mi 3,000 + 3,000 50.0 b 48.8 b 1.65 b 3.19 a 140.9 a 78.3 a 1.50 b 4.29 b 
ContrOl 0 0 d 0 d 1.97 a 3.34 a 0 d 0 c 1.75 a 5.01 a 

Data followed by the same letter in columns are not significantly different (P = 0.05) according to Duncan's multiple-range 
test. 

* Pi = initial infestation level per 1.5 liters soil. 

eggs induced significantly more galls and 
egg masses (P = 0.05) than at Pi 2,500 but 
not at Pi 5,000. There  were no significant 
differences in numbers of  galls a n d  egg 
masses produced by different inoculum 
levels of  Mi. 

Root and shoot fresh weights were great- 
er with Mi at Pi 2,500 than at higher in- 
oculum levels or in the control. Other  Ma 
and Mi Pi did not differ in root fresh 
weights from the control. Shoot fresh 
weights were significantly decreased with 
Ma at Pi 5,000 and 10,000 and Mi at 
10,000. 

At 28 C, Ma at the higher inoculum levels 
(Pi 5,000 and 10,000) produced signifi- 
cantly more galls and egg masses than the 
other Ma and Mi inoculum levels. Different 
Mi inoculum levels resulted in no differ- 
ences in the numbers of galls and egg 
masses. Galling and egg mass production 
by Mi were greater at 28 C than at 24 C. 

Root fresh weights were not significantly 
affected by the nematode  t rea tments ,  
whereas shoot fresh weights were sup- 
pressed by Ma. 

Combined inoculum levels of Ma and Mi in 
temperature tanks: At 24 C, numbers of galls 
and egg masses increased with increments 
of  Pi of combined Ma + Mi (Table 4). 
Numbers of  galls and egg masses among 
the nematode treatments differed (P = 
0.05), with the exception of the two lowest 
Pi. 

Root galling was severe and accounted 
for much of  the root biomass. Root fresh 
weights were different only at Pi 1,000 + 
1,000, whereas shoot fresh weights were 
suppressed at all nematode Pi. The degree 
of galling was inversely related to shoot 
fresh weight. 

At 28 C, gall and egg mass production 
was lower than at 24 C but followed the 
same pattern (Table 4). 

TABLE 3. Effect of  initial inoculum levels of  Meloidogyne arenaria or  M. incognita on number s  of  galls and 
egg masses, and fresh weights in g rams  of  roots  and shoots  o f  Davis soybean at 24 and 28 C soil t empera ture .  
Replicated five t i m e s .  

24 C 28 C 

Eggs/1.5 Egg Root Shoot Egg Root Shoot 
liters soil Galls masses wt wt Galls masses wt wt 

M. arenaria 
2,500 326.8 b 315.4 b 2.88 ab 2.35 bc 235.4 c 217.6 c 2.34 a 0.94 b 
5,000 458.4 ab 443.8 ab 2.47 b ...... . 1.48 d 436.0 b 416.2 b 2.09 a 0.77 b 

10,000 536.8 a 518.0 a 2.61 b t.1'6 d 530.6 a 510.4 a 1.48 a 0.39 b 

M. incognita 
2,500 29 .4c  27 .4c  3 .85a  3 . 5 3 a  113.2 d 107.0 d 2 . 5 9 a  4 . 0 0 a  
5,000 62.4 c 57.6 c 3.05 ab 2.56 b 128.0 d 122.6 c 2.44 a 3.20 a 

10,000 56.8 c 51.6 c 1.33 c 1.58 cd 201.4 cd 193.4 cd 1.74 a 3.02 a 

Control  0 d ~ 0 d 1 .94bc  2.67 b 0 e 0 e 2.47 a 4.52 a 

Data followed by the same letter in columns are not significantly different (P = 0.05) according to Duncan's multiple-range 
test. 

L 
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TABLE 4. Effect o f  d i f fe rent  c o m b i n e d  i n o c u l u m  levels ofMeloidogyne arenaria plus  M. incognita on  n u m b e r s  
o f  galls a n d  e g g  masses  and  f resh  weights  in g r a m s  o f  roots  a n d  shoots  o f  Davis soybean  at  24 and  28 C soil 
t e m p e r a t u r e .  Repl ica ted  five t imes.  

24 C 28 C 

Eggs/1.5 Egg Root Shoot Egg Root Shoot 
liters soil Galls masses fresh wt fresh wt Galls masses fresh wt fresh wt 

250 + 250 88.6 e 60.2 e 2 .27 ab 2.62 b 81.6 c 74.4 c 2.41 ab 1.89 b 
500 + 500 118.6 e 87.4 e 2 .14 ab 2.30 bc 115.6 c 109.6 a 2.46 ab 1.81 b 

1,000 + 1,000 231.4  d 2 1 0 . 4 d  1 . 8 7 b  1.55 cd 204.6 b 1 9 9 . 4 b  2.03 ab 1.47 bc 
2 ,500 + 2 ,500 388.6  c 364.6 c 2.15 ab 1.53 cd 219.2 b 212.2 b 1.72 ab 0.89 cd 
5 ,000 + 5 ,000 547.0  b 515.6  b 2.82 ab 1.09 d 322.6 a 316.2 a 1.81 ab 0.49 d 
7 ,500 + 7 ,500 646.6  a 620.8  a 2.41 ab 1.12 d 309.0 a 292.6 a 1.34 b 0.40 d 
Con t ro l  0 f 0 f 2.93 a 3.55 a 0 d 0 d 2.49 a 3.12 a 

Data followed by the same letter within a column do not differ significantly from each other (P = 0.05) according to 
Duncan's multiple-range test. 

D IS C US S ION 

This study confirms that Davis soybean 
is a susceptible and favorable host to Ma 
and Mi as shown by others (9,11). How- 
ever, our comparative tests showed that 
Ma produces more galls and egg masses 
and is more virulent than Mi on susceptible 
soybean. 

Temperature  affects movement, rate of  
reproduction, and expression of  nematode 
damage to host plants (14). Each nematode 
species has its own temperature require- 
ments (12) which may be affected by plant 
cultivar (4). Plant growth is also affected 
by temperature, and this may influence the 
relationship between initial nematode level 
and plant growth (10). The  temperatures 
chosen for our study fall within a broad 
optimal temperature range for rate of  re- 
production of  root-knot nematodes (12); 
nevertheless, 28-30 C soil temperature was 
favored by Mi, whereas the reproductive 
rate for Ma was excellent, and greater than 
Mi, at both regimes. 

The  dramatic increase in incidence of 
Ma on flue-cured tobacco in 1982 (6) and 
soybean (unpubl.) was correlated with air 
temperatures 6 C higher than the 18-year 
average for the month of  April ~. P. 
Krausz, unpubl.). The following year dur- 
ing this same month, air temperature was 
cooler than normal, soils were excessively 
moist, and problems with Meloidog'yne were 
less numerous. However, rate of  plant 
growth was initially very slow in 1983, and 
this may also relate to reduced nematode 
reproductive factor and equilibrium den- 
sity (10). Ma is able to efficiently utilize 

lower temperature within the broad opti- 
mal range of  24-32 C. This characteristic 
may enable it to dominate Mi on suscep- 
tible hosts. 

It is not known from these studies if the 
greater number of egg masses in Ma treat- 
ments, compared with Mi, is due to greater 
embryonic development and eclosion rates, 
penetration rate, or developmental suc- 
cess. There  was no difference in number 
of emerging juveniles among four major 
Meloidogyne species at four temperatures 
between 15 and 30 C (5), but more Ma than 
Mi were found in roots of  tobacco (2). 

The increased soybean crop losses, coin- 
cident with the spread of Ma, are related 
to the greater population potential and 
growth suppression of  Ma, and control ef- 
forts should be directed primarily toward 
Ma rather than Mi. 

L I T E R A T U R E  C I T E D  

1. Appel , J .  A. ,  and  S. A. Lewis. 1984. Pa thogen ic -  
ity a nd  r ep roduc t i on  o f  Hoplolaimus columbus a n d  Me- 
loidogyne incognita on  'Davis '  soybean.  J o u r n a l  o f  
N e m a to logy  16 :349-355 .  

2. Arens ,  M. L., J.  R. Rich,  and  D. W. Dickson.  
1981. Compara t ive  s tudies  on  roo t  invasion,  roo t  gall- 
ing, and  fecundi ty  o f  t h r ee  Meloidogyne spp. on  a sus- 
cept ible  tobacco cult ivar.  J o u r n a l  o f  N e m a t o l o g y  13: 
2 0 1 - 2 0 5 .  

3. Bird,  A. F., and  H. R. Wallace. 1965. T h e  in- 
f luence  o f  t e m p e r a t u r e  on  Meloidogyne hapla a n d  M. 
javanica. Nemato log ica  11 :581-589 .  

4. Dropkin ,  V. H. 1963. Effect o f  t e m p e r a t u r e  on  
g r ow th  o f  roo t -kno t  n e m a t o d e s  on  soybean  a n d  to- 
bacco. Phy topa tho logy  5 3 : 6 6 3 - 6 6 6 .  

5. Ekanayake,  H. M. R. K., and  M. Di Vito. 1984. 
In f luence  o f  roo t  leachates  and  t e m p e r a t u r e s  on  egg  
ha tch  o f  Meloidogyne species. Nema to log i a  Mediter-  
r a ne a  12 :119-127 .  



Meloidogyne arenaria and M. incognita on Soybean: Ibrahim, Lewis 385 

6. Fortnum, B. A.,J.  P. Krausz, and N. G. Conrad. 
1984. Increasing incidence ofMeloidogyne arenaria on 
flue-cured tobacco in South Carolina. Plant Disease 
68:244-245.  

7. 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  27:1025-1028.  

8. Kinloch, R.A. 1980. T he  control of nematodes 
injurious to soybean. Nematropica 10:141-153. 

9. Kinloch, R. A. 1982. T he  relationship between 
soil populations of  Meloidogyne incognita and yield re- 
duction of soybean in the Coastal Plain. Journal  of  
Nematology 14:162-167. 

10. Nardacci, J. F., and K. R. Barker. 1979. T h e  

influence of  temperature  on Meloidogyne incognita on 
soybean. Journal  of Nematology 11:62-70. 

11. Rodriguez-Kabana, R., and J. C. Williams. 
1981. Assessment of  soybean yield losses caused by 
Meloidogyne arenaria. Nematropica 11:105-113. 

12. Thomason,  I. J., and B. Lear. 1961. Rate of 
reproduction of Meloidogyne spp. as influenced by soil 
temperature.  Phytopathology 51:220-224.  

13. Wallace, H. R. 1969. T h e  influence of  nema- 
tode numbers  and soil particle size, nutr ients  and tem- 
perature  on reproduction ofMeloidogynejavanica. Ne- 
matologica 15:55-64. 

14. Wallace, H. R. 1973. Nematode ecology and 
plant disease. London: Edward Arnold. 

Journal  of Nematology 17(4):385-388. 1985. 
© The  Society of  Nematologists 1985. 

Interrelat ionship of Heterodera schachtii and 
Meloidogyne hapla on Tomato  1 

G. D.  GRIFFIN s 

Abstract: Invasion of  tomato (Lycopersicon esculentum L.) roots by combined and sequential inoc- 
ulations of Meloidogyne h'a.pla and a tomato population of  Heterodera schachtii w was affec.te_d moxeb.y__ 
soj!_te.r0.p~rature t h a n _ b _ y _ n e m a t o d e - c o m p ~  Maximum invasion of tomato roots, by M. hapla. 
and H. schachtii occurred at 30 and 26 C, respectively. Female development and nematode repro- 
duction (eggs per  plant) of M. hapla was adversely affected by H. schachtii in combined inoculations 
of the two nematode species. Inhibit ion ofM. hapla development  and reproduction on tomato roots 
from combined nematode inoculations was more pronounced as soil temperature  was increased 
over a range of  18-30 C and with pr ior  inoculation of tomato with H. schachtii. M. hapla minimally 
affected H. schachtii female development,  but there  was significant reduction in the buildup of H. 
schachtii when M. hapla inoculation preceded that  of  H. schachtii by 20 days. 

Key words: nor the rn  root-knot nematode,  sugarbeet cyst nematode, invasion, soil temperature,  
populations, inoculum density, development,  reproduction,  Lycopersicon esculentum. 

Researchers are becoming increasingly 
a w a r e  o f  t h e  c o m b i n e d  e f f e c t s  o f  t w o  o r  
more nematodes on plant growth. One 
nematode species may adversely affect or 
enhance the invasion, development, and 
reproduction of  another nematode species 
(1,5,1 1-16); in addition, the effect of  one 
nematode species on another nematode 
species may be different on different host 
plants (3,4). 

A previous study (7) showed that the 
combina t ion  of  a Heterodera schachtii 
Schmidt (Hs) population pathogenic to to- 
mato and a population ofMeloidogyne hapla 
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Chitwood (Mh) cultured on tomato signif- 
icantly suppressed the growth of  tomato 
more than the additive suppression caused 
by either nematode alone. Since a syner- 
gistic effect between H. schachtii and M. 
hapla on tomato has been observed, my 
objectives were to study the effects of  each 
nematode species on invasion, develop- 
ment, and reproduction of the other as well 
as the influence of  soil temperature and 
sequential inoculations on the concomitant 
relationships. 

MATERIALS AND METHODS 

The Hs population used in this study was 
collected originally from tomato (Lycoper- 
sicon esculentum Mill.) planted at Ogden, 
Utah, and cultured over eight periods of  
60 days each on 'Stone Improved'  tomato 
(7). Mh was collected from lettuce (Lactuca 
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