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Comparative Studies on Root Invasion, Root Galling, and 
Fecundity of Three Meloidogyne spp. on a 

Susceptible Tobacco Cultivar 1 
M. L. Arens, J. R. Rich, and D. W. Dickson 2 

Abstract: Root  invasion,  root  gall ing,  and  fecundi ty  of  Meloidogyne javanica, M. arenaria, 
a n d  M. incognita on tobacco was compared  in  g reenhouse  a nd  control led  e n v i r o n m e n t  exper i -  
ments .  Significantly more  M. javanica t h a n  M. arenaria or  M. incognita larvae were f o u n d  in 
tobacco roots at  2, 4, and  6 d af ter  inocula t ion .  E igh t  days af ter  inocula t ion  the re  were signif-  
icantly more  M. arenaria and  M. javanica t h a n  M. incognita larvae. T e n  days af ter  inocu la t ion  
no significant  differences were found  a m o n g  the three Meloidogyne species inside the  roots. Galls 
induced  by a single larva or several larvae of  M. javanica were significantly larger  t h a n  galls 
i nduced  by M. incognita: M. arenaria galls were in t e rmed ia t e  in size. Only  s l ight  differences in  
n u m b e r s  of egg masses or  n u m b e r s  of eggs p roduced  by the  three  Meloidogyne species were 
observed u p  to 35 d af ter  inocula t ion .  Key words: Meloidogyne arenaria, M. incognita, M. javanica, 
root  invasion,  fecundity,  gall size, tobacco. 

Extensive studies have been conducted 
on the pathogenicity and popula t ion devel- 
opment  of plant-parasitic nematodes on 
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tobacco (3,6,10). T h e  degree of host dam- 
age and nematode reproduct ion has been 
related to factors such as initial popula t ion 
density (8), the nematode species (4), plant  
cultivar (3), and environmental  conditions 
(10). Studies comparing the effects of two or 
more nematode species of the same genus on 
tobacco have received less attention. South- 
ards (15) found that Pratylenchus scribneri 
and P. zeae did not  reproduce well on to- 
bacco, bu t  P. brachyurus reproduced mod- 
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erately well. Barker (2) observed differences 
in pathogenicity of various Meloidog'yne 
species on tobacco. His results showed M. 
iavanica was the most damaging, followed in 
order by M. arenaria, M. incognita, and M. 
hapla. Similar results were obta ined by 
Arens (1) when working with M. javanica 
and M. incognita. She suggested the greater 
reproduct ion of M. javanica early in the 
season may have contr ibuted to a greater 
yield reduction. Several factors may he 
postulated for these differences in nematode 
reproduct ion and damage to tobacco. These  
include (i) greater ability of one species to 
locate and invade host roots, (ii) differences 
in infection sites, (iii) greater inherent  re- 
productive capacities, (iv) differences in root  
galling on the host plant, and (v) more 
favorable environmental  conditions. T h e  
present studies were designed to investigate 
three of these factors: root  invasion, fecund- 
ity, and gall size on tobacco roots inoculated 
with M. ~avanica, M. incognita, and M. 
arenaria. 

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

Greenhouse experiment: Fifty-day-old 
tobacco (Nicotiana tabacum L.) cv. McNair  
944 seedlings were transplanted into 26-cm-d 
pots containing 5,200 cm 8 of methyl  bro- 
mide fumigated (988.8 kg/ha)  Lakeland 
fine sand soil (93.1% sand, 3.9% silt, and 
3.0% clay). One week after transplanting, 
three groups of 15 seedlings each were in- 
oculated with 4, 16, and 64 M. arenaria, M. 
incognita, or M. ]avanica nematode eggs 
a nd /o r  second-stage larvae (L2) per 100 cm 3 
of soil. Noninoculated plants served as con- 
trols. Eggs and L2 were extracted from 
tomato (Lycopersicon esculentum Mill.) cv. 
Rutgers using 1% sodium hypochlori te  (9). 
A 5-ml syringe was used to place the in- 
oculum into three holes, each 1 cm from the 
base of the plant and 9 cm deep in the soil. 
T h e  pots were placed on a greenhouse 
bench in a completely randomized design. 
Tobacco plants were fertilized weekly with 
a 0.5 % solution of Peters Special R (20-20-20) 
fertilizer (Robert  B. Peters Co. Inc., Alien- 
town, Pennsylvania) and watered as needed. 
Soil temperature dur ing the exper iment  
averaged 33 C. 

Twenty,  forty, and sixty days after in- 
oculation, the roots from five pots per treat- 

ment  were collected, washed free of soil, 
and fixed in formal-acetic alcohol (6:1:20) 
for 48 h. T h e  roots were stained in cold acid 
fuchsin-lactophenol (11). A caliper vernier 
was used to measure the length and width 
of 50 galls from each root  system. Individual  
galls were dissected under  a stereoscopic 
microscope at 80 × to determine the num- 
ber of L2 inside the galls. Also, the number  
of nematodes inside 0.5 g of each root  system 
was determined. 

Controlled environment experiment: 
Fifty-day-old tobacco seedlings were trans- 
planted into 5-cm-d pots containing 200 cm 3 
of soil. T h e  pots were placed in a controlled 
environment  chamber programmed for a 
12 h photoper iod (5,000 foot candles). T h e  
average soil temperature  was 26 C and in- 
tended to simulate early season (April, May) 
field conditions at a soil depth  of 10 cm. 
T h e  statistical design and fertilization rates 
were as described above. One week after 
transplanting, two experiments were initi- 
ated, each using seedlings randomly allo- 
cated into three groups of 50 each. Inocula- 
tion procedures were as described above, 
except the inoculum was placed into two 
holes, each 1 cm from the plant and 2.5 cm 
deep. 

Tobacco roots inoculated with 250 
freshly hatched L2 of M. javanica, M. 
arenaria, and M. incognita were randomly 
harvested 2, 4, 6, 8, and 10 d after inocula- 
tion. Root  systems of 10 plants per nema- 
tode species were collected at each date and 
fixed and stained as above. T h e  stained 
roots were mounted  between two microscope 
slides, and the number  of nematodes inside 
determined under  100 × magnification. 

Plants inoculated with 600 L~ of the 
three Meloidogyne species were carefully 
removed from pots 48 h after inoculation, 
washed free of soil, and transplanted into 
13-cm-d pots containing 500 crn 3 of soil. 
Roots from I0 tobacco plants per species 
were collected separately and weighed 20, 
25, 30, and 35 d after inoculation. Fifty 
randomly selected egg masses per t reatment 
were individually removed from the roots 
and placed in 0.5% sodium hypochlori te 
for 2 min to free the eggs from the gelati- 
nous matrix. T h e  number  of eggs in each 
egg mass was counted under  a stereoscopic 
microscope at 80 ×. Nematodes in the root  
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systems and size of root  galls were deter- 
mined  as above. T h e  exper iment  was re- 
peated for gall size measurements,  bu t  
fecundity data  were not  taken. 

R E S U L T S  

Galls induced by M. javanica and M. 
arenaria f rom the greenhouse exper iment  
were larger than those of M. incognita at 
the three sampl ing dates (Table  1). M. 
arenaria and M. javanica galls did not  differ 
in size 20 and 60 d after inoculation,  bu t  at 
40 d galls produced by M. ]avanica were 
larger than  those of M. arenaria. T h e  total  
numbe r  of M. javanica nematodes inside 
the roots was greater than  those of M. 
arenaria or M. incognita at all harvest  dates. 
Also, the n um b er  of M. arenaria inside the 
roots was always greater  than tha t  of M. 
incognita. T h e  total num be r  of M. ]avanica 
L2 dissected f rom 50 galls was greater  than  
the num ber  dissected from M. arenaria or 
M. incognita f rom roots at all harvest  dates. 
T h e  n u m b e r  of M. arenaria L2 was greater  
than that  o£ M. incognita after 20 d bu t  not  
different at 40 or 60 d after inoculation.  

T h e  three Meloidogyne species differed 

T a b l e  1. Average  gall size, n u m b e r  of  nema todes  
per  root  system, and  n u m b e r  of  second-stage larvae 
(L.~) dissected f rom inside 50 galls of  tobacco inocu-  
lated wi th  three  Meloidogyne spp.  

Days af ter  inocu la t ion*  

20 40 60 

Gal l  size (mm2) t  

M. javanica 4.71 a++ 32.73 a 19.19 a 
M. arenaria $.90 a 22.45 b 17.46 a 
M. incognita 0.92 b 14.17 c 11.66 b 

No. nema todes  in 0.5 g of  root  

M. ]avanica 40 a 274 a 133 a 
M. arenaria 21 b 130 b 72 b 
M. incognita 4 c 40 c 35 c 

No. L2/50 galls 

M. javanica 10 a 69 a 23 a 
M. arenaria 5 b 33 b 13 b 
M. incognita 1 c 10 b 6 b 

* I n o c u l u m  densi ty  is a combina t ion  of  4, 16, a n d  
64 nema to d e  eggs a n d / o r  L J I 0 0  cm3 of soil. 

tGa l l  size d e t e r m i n e d  by l eng t h  )< wid th .  
++Means followed by a c o m m o n  le t te r  a re  no t  sig- 

nif icantly different  a t  the  5% level according to 
D u n c a n ' s  mu l t i p l e - r ange  test. 

T ab le  2. N u m b e r  of nema todes  f o u n d  inside the  
roots of  tobacco p lan t s  at  five in tervals  af ter  inocula-  
t ion wi th  three  Meloidogyne spp.  

Days af ter  
inocu la t ion  

No. of  nema todes  ins ide  of  roots* 

M. javanica M. arenaria M. incognita 

2 93 aT 5 b 3 b 
4 128 a 27 b 8 c 
6 124 a 41 b 46 b 
8 113 a 108 a 63 b 

10 108 a 95 a 93 a 

*Averages of 1O root  s y s t e m s / t r e a t m e n t .  
t M e a n s  across co lumns  followed by a c o m m o n  

let ter  are not  significantly different  at  the  5% level 
according to Duncan ' s  mu l t i p l e - r ange  test. 

in rate of root invasion. Significantly more  
M. javanica than  M. arenaria or M. incog- 
nita were found inside the roots at 2, 4, or  
6 d after inoculat ion (Table  2). T h e  num- 
ber  of M. arenaria L2 was greater  than  tha t  
of M. incognita at 4 and 8 d, bu t  not  at 2 
and 6 d after inoculat ion.  After  10 d, nema- 
tode numbers  inside the roots were similar  
among  the three Meloidogyne species. 

Enlarged M. ]avanica L2 were first ob- 
served inside the tobacco roots 6 d after 
inoculation.  After  8 and 10 d, a higher per- 
centage of swollen M. javanica L2 than  M. 
incognita and M. arenaria was found (Table  
3). Swollen M. arenaria L2 and M. incognita 
were first observed 8 d after  inoculat ion 
with little increase between 8 and  10 d after 
inoculation.  

Gall  sizes induced by single females dif- 
fered among  the three Meloidogyne species. 

T a b l e  3. Percentage  of swollen second-stage lar-  
vae (L2) inside the  roots of  tobacco p l an t s  a f te r  
inocula t ion  wi th  three  Meloidogyne spp.  

Days  a f te r  % swollen 
inocu la t ion  L2 / roo t  sys tem ¢ 

M. javanica 8 5 at 
M. arenaria 8 2 b 
M. incognita 8 2 b 

M. javanica 10 11 a 
M. arenaria I0  2 b 
M. incognita 10 $ b 

*Averages of 1O root  sy s t ems / t r e a tmen t .  
? Means  followed by a c o m m o n  le t ter  are  no t  sig- 

nificantly different  at  the  5% level according to 
Duncan ' s  mu l t i p l e - r ange  test. 
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Gal l s  i n d u c e d  by  s ingle  M. ]avanica were  
l a rge r  t han  those  f o r m e d  b y  M. incognita 
at  a l l  o b s e r v a t i o n  da tes  ( T a b l e  4). Var i a -  
t ions  in  s t a t i s t i ca l ly  s ign i f ican t  ga l l  sizes 
were  f o u n d  a m o n g  the  th ree  n e m a t o d e s  al- 
t h o u g h  la rges t  gal ls  were  f o u n d  w i t h  M.  
]avanica, fo l lowed  by  M. arenaria a n d  t hen  
M. incognita. 

T h e  th ree  Meloidogyne species d i f fe red  
in  fecundi ty .  M. arenaria or  M. javanica 
p r o d u c e d  m o r e  eggs t h a n  M. incognita 20 
a n d  25 d a f te r  i n o c u l a t i o n ,  r e spec t ive ly  
( T a b l e  5). T h e  f e c u n d i t y  of  the  t h ree  
Meloidogyne species was s im i l a r  30 d a f t e r  
i n o c u l a t i o n .  A f t e r  35 d, M. ]avanica a n d  M.  
incognita p r o d u c e d  m o r e  eggs t h a n  M.  
arenaria. 

Differences  i n  the  pe rcen t age  of  females  
w i t h  egg masses were  on ly  f o u n d  20 a n d  35 d 
a f te r  i n o c u l a t i o n  ( T a b l e  5). A t  20 d, the  
pe rcen t age  of  M. ]avanica w i t h  egg masses 
was g rea t e r  t h a n  t h a t  of  M. incognita. A f t e r  
35 d, m o r e  egg masses of  M. ]avanica a n d  
M. arenaria were  f o u n d  t han  of  M. incog- 
nita. 

D I S C U S S I O N  

Differences  in  aggressiveness a n d  p o p u -  
l a t i o n  d e v e l o p m e n t  of  the  t h ree  Meloido- 
gyne species on tobacco  m a y  be  p r i m a r i l y  
due  to dif ferences  in  the  r a t e  of  r o o t  in-  
vas ion  a n d  the  size of  gal ls  i n d u c e d  by  these 
nema todes .  T h e s e  e x p e r i m e n t s  i n d i c a t e d  M.  
]avanica i n v a d e d  tobacco  roo t s  in  g r ea t e r  
n u m b e r s  a n d  p r o d u c e d  l a rge r  gal ls  t h a n  d i d  
M. incognita; M. arenaria was g e n e r a l l y  be- 
tween the  two ext remes .  F i e l d  m i c r o p l o t  

Table 4. Average size of 50 single female galls 
(mme)* produced by three Meloidogyne spp. on 
tobacco. 

Days after inoculationt 
20 25 30 35 

M. ]avanica 1.08 a~ 1.01 a 1.24 a 1.37 a 
M. arenaria 0.92 b 0.91 ah 0.84 b 0.87 b 
M. incognita 0.83 b 0.86 b 0.67 c 0.72 c 

*Gall size determined by length )< width. 
tlnoculum density of 300 second-stage larvae/100 

cm~ of soil. 
.+Means followed by a common letter are not sig- 

nificantly different at 5% level according to Duncan's 
multiple-range test. 

2, Apri l  1981 

Table 5. A comparison on number of eggs and 
percentage of egg masses produced by females of 
three Meloidogyne spp. 

Days after No. of % females]" 
inocu- eggs* with 
lation per female egg masses 

M. ]avanict~ 20 86 ab+. 73 a 
M. arenaria 20 92 a 67 ab 
M. incognita 20 70 b 57 b 

M. ]avanica 25 270 a 90 a 
M. arenaria 25 259 ab 95 a 
M. incognita 25 226 b 91 a 

M. javanica 30 195 a 98 a 
M. arenaria 30 172 a 100 a 
M. incognita 30 265 a 94 a 

M. javanica 35 265 a 92 a 
M. arenaria 35 208 b 80 a 
M. incognita 85 274 a 42 b 

*Averages of 50 egg masses/treatment. 
~-Percentage of females with egg masses based on 

the average number of females over females with egg 
masses in five tobacco plant root systems/treatment. 

.~Means followed by a common letter are not sig- 
nificantly different at the 5% level according to 
Duncan's multiple-range test. 

d a t a  of  B a r k e r  (2,3) a n d  A r e n s  (1) c o m p a r e  
f a v o r a b l y  w i th  these resul ts .  

I n  the  g r e e nhouse  e x p e r i m e n t ,  d a t a  ind i -  
ca ted  ga l l  size was c o r r e l a t e d  w i th  n u m b e r s  
of  n e m a t o d e s  ins ide  the  tobacco  roots .  T h e s e  
d a t a  suggest  t ha t  ga l l  size p r i m a r i l y  de- 
pends  u p o n  the n u m b e r s  of n e m a t o d e s  pres- 
ent .  S imi l a r  resul t s  were  a t t a i n e d  b y  Mc- 
C lu re  a n d  Vig l i e rch io  (12) who  f o u n d  t ha t  
a fou r fo ld  increase  in  the  i n o c u l u m  level  of  
M. incognita p r o d u c e d  a n i n e f o l d  increase  
in  ga l l  size. Never the less ,  in cases w h e r e  
galls  were  i n d u c e d  by  a s ingle  n e m a t o d e  
( con t ro l l ed  e n v i r o n m e n t  e x p e r i m e n t s )  the  
same p a t t e r n  of  ga l l  size was a t t a i n e d :  M.  
]avanica > M. arenaria > M. incognita. 
T h e s e  ga l l  size dif ferences  i n d i c a t e d  M.  
javanica m a y  affect the  phys io logy  of  the  
tobacco  p l a n t  to a g rea t e r  e x t e n t  t h a n  d o  
these o t h e r  two species. A l a rge r  ga l l  c o u l d  
increase  the  a m o u n t  of  p h l o e m  a n d  x y l e m  
d i s r u p t i o n s  a n d  a lso  increase  the  a rea  in  
w h i c h  seconda ry  m i c r o o r g a n i s m s  c o u l d  in- 
vade  (7,13). Subsequen t ly ,  d a m a g e  f rom 
this n e m a t o d e  w o u l d  be  e x p e c t e d  to  b e  
grea ter .  

As in  the  case of  ga l l  size, r o o t  i n v a s i o n  
of  M. javanica was f o u n d  to be  g r e a t e r  t h a n  
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tha t  of the o ther  two species. A n u m b e r  of 
factors are pos tu la ted  for differences in  
larval  i nvas ion  a m o n g  roo t -knot  n e m a t o d e  
species. A m o n g  these factors, i n fec t ion  site, 
b iological  differences in  species vigor, tem- 
pe ra tu re  effects, a n d  host preferences appea r  
to be the most  i m p o r t a n t  (7,16). Sayre (14) 
suggested tha t  ava i l ab i l i ty  for root  sites of 
M. incognita i n fec t ion  is l im i t ed  by the in-  
crease in  i n o c u l u m  level. V r a i n  et al. (18) 
no ted  that  tile rate of i nvas ion  and  repro- 
d u c t i o n  of M. hapla and  M. incognita in  
clover roots was no t  on ly  a f u n c t i o n  of tem- 
pera ture ,  b u t  i t  was in f luenced  also by the 
c o n d i t i o n  of tile host plants .  I n  the present  
inves t iga t ion ,  low i n o c u l u m  levels were 
m a i n t a i n e d  b u t  the three Meloidogyne dif- 
fered in  their  ab i l i ty  to invade  tobacco roots. 
TILe greater  ab i l i ty  of M. javanica, as com- 
pared  to M. arenaria or M. incognita, to 
locate a n d  invade  tobacco roots  may  be a sig- 
n i f ican t  factor i n  its more  aggressive n a t u r e  
on  tobacco. I n  the field, larvae of M. 
javanica may invade  the root  system a n d  
produce  more  galls at  a faster rate t han  the 
o ther  two species. T h i s  could  have the effect 
of increas ing  tile total  early season reproduc-  
t ion  and  damage  caused by M. javanica as 
compared  to M. arenaria or M. incognita. 

T e m p e r a t u r e  r e q u i r e m e n t s  for i nvas ion  
and  r e p r o d u c t i o n  differs s ignif icant ly  a m o n g  
root -knot  n e m a t o d e  species, a n d  the i r  tem- 
pe ra tu re  o p t i m a  varies for d i f ferent  host- 
parasi te  c o m b i n a t i o n s  (5,17). Al l  three  
Meloidogyne species are k n o w n  to occur  in  
F lo r ida  tobacco fields. T h e  t empe ra tu r e  
u n d e r  which  the p resen t  expe r imen t s  were 
conduc ted  s imula ted  field condi t ions ,  b u t  
they revealed l i t t le  differences in  f ecund i ty  
of the three Meloidogyne species, O u r  re- 
p roduc t ive  da ta  represen t  on ly  one  test, 
however,  a n d  fecundi ty  c a n n o t  be  r u l e d  o u t  
as be ing  pa r t i a l ly  respons ib le  for differences 
in  aggressiveness a n d  p o p u l a t i o n s  of M. 
javanica, M. arenaria, a n d  M. incognita. 
These  data,  however,  i nd i ca t ed  tha t  fecund- 
i ty of these nematodes  may no t  be a m a j o r  
factor i n  the p l a n t  response,  a t  least i n  the  
first 60 d of the tobacco g rowing  season. 
Differences i n  aggressiveness shown by  the 
three Meloidogyne species appea red  to be 
re la ted  p r i m a r i l y  to the i r  ab i l i ty  to i n v a d e  
a n d  i n d u c e  galls. 
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