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Abstract: T h e  effects of Meloidogyne incognita and M. javanica on a susceptible tobacco 
(Nicotiana tabacum L.) cv. McNair 944 were investigated in field microplots dur ing  1978 and 
1979. Th ree  initial inoculum levels--4, 16, and 64 nematode eggs a n d / o r  second-stage larvae per  
100 cm3 of soil--were used for each nematode species. Data obtained from the experiments in- 
cluded plant  yield and the antotmt of reproduct ion of the two nematode species. At comparative 
inoculum levels, M. javanica was more aggressive than M. incognita on tobacco and caused ap- 
proximately twofold more yieht suppression than M. incognita. T h e  calculated initial popula t ion  
of M. incognita, derived from the average for 2 yr, which produced a 7% suppression in plant  
yield was four eggs a n d / o r  second-stage larvae per  100 cm3 of soil; whereas less than one M. 
javanica egg a n d / o r  second-stage larvae per  100 cm3 of soil was needed to achieve similar sup- 
pression. Nematode reproduct ion varied in the 1978 and 1979 tests, bu t  similar trends were 
observed. Early season M. javanica popula t ions  were greater than those of M. incognita, bu t  
late season populat ions  of M. incognita were twice anti three times those of M. javanica. Key 
words: aggressiveness, injury levels, Nicotiana tabacum. 

Studies have shown the importance of 
two root-knot nematode species, Meloid- 
ogyne incognita (Kofoid and White)  Chit- 
wood and M. javanica (Treub.)  Chitwood, 
in Florida tobacco (Nicotiana tabacum L.) 
product ion (18,21). Of these two species, M. 
incognita is considered the most widespread 
but  M. javanica causes the most damage in 
Florida tobacco. These observations are con- 
sistent with studies of Barker (3) who found 
that four root-knot nematode species differ 
in their ability to reduce tobacco yield. His 
regression model analysis indicated yield 
losses from a susceptible tobacco would be 
19.9, 16.5, 8.8, and 3.7% for M. ]avanica, M. 
arenaria, M. incognita, and M. hapla, re- 
spectively, for each 10-fold increase in initial 
inoculum density. 

A common approach to determine in- 
jury levels and nematode aggressiveness has 
been to study the relationship between 
nematode populat ion levels and crop yield. 
Methods to accomplish this have included 
the use of microplots (4,15,20), the utiliza- 
tion of various nematicides under  field con- 
ditions (6,10,19), and the use of greenhouse 
and growth chamber experiments (7,11). 

In Florida only empirical evaluations of 
nematicide experiments have been used to 
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establish injury levels of root-knot nema- 
todes on tobacco. Because of our  need to 
improve predictive nematode management  
techniques, this study was conducted to 
establish the injury levels of M. incognita 
(Race 1) and M. iavanica on tobacco and to 
determine if one species was more aggressive 
than the other under  Florida conditions. 

Aggressiveness in the context of this 
study is defined as the relative degree to 
which a pathogenic potential  is expressed. 
in jury  level is defined as the nematode den- 
sity which produces a specified level of plant  
damage. 

MATERIALS AND M E T H O D S  

In the fall of 1977 a Lakeland fine sand 
soil (93.1% sand, 3.9% silt, and 3.0% clay) 
was treated with 988.8 kg /ha  methyl bro- 
mide; 2 months later 64 fiberglass cylinders 
(76-cm-d) were installed in the soil (20). 
Ti le  microplot  area was fallowed over 
winter until  planting. Before planting the 
microplots were sampled and no plant- 
parasitic nematodes were recovered. 

Eggs and second-stage larvae for inoc- 
ulum were extracted from roots of tomato 
(Lycopersicon esculentum Mill.) cv. Rutgers 
with 1% sodium hypochlori te (12). On 6 
April  1978 microplot  soil was infested with 
4, 16, and 64 M. javanica or M. incognita 
eggs an d /o r  second-stage larvae per 100 cm ~ 
of soil by adding 20-ml of an aqueous nema- 
tode suspension at the appropriate  concen- 
tration to each of 55 evenly spaced holes (8, 
15, and 23 cm deep) within each microplot.  
O/9,e ~]i~y later two plants of the root-knot 

196 



T w o  Meloidogyne Spp. on Tobacco:  Arens, Rich 197 

nematode susceptible tobacco cv. McNair  
944 were planted 25 cm apar t  in each micro- 
plot. Eight replicates per t rea tment  were ar- 
ranged in a randomized complete  block de- 
sign. 

Recommended  fertilization rates under  
field conditions were used. T h e  microplots  
were kept  weed free, irrigated, and sprayed 
for insects as needed to promote  good plant  
growth and development .  Sixty-four days 
after planting,  and as needed thereafter,  
axillary and terminal  buds were removed.  
No sucker control agents were applied.  

Sixty and 124 d after inoculation,  five 
soil cores (2.84 × 30 cm deep) were taken 
from each microplot  and mixed;  250 cm 3 of 
soil was then processed by a modified cen- 
trifugation-sugar-flotation technique (13). 
T h e  soil samples were taken 10 cm from 
the plant  crown, and sampling sites were 
different for each sampling date. Tobacco  
roots from a 250-cm 3 a l iquant  of soil f rom 
each microplot  were placed on Baermann  
funnels for 3 d (2). Tile num ber  of nema- 
todes inside the roots was determined.  T h e  
total number  of root-knot  nematodes re- 
covered fi'om soil and roots was converted 
to nematodes per 100 cm 3 of soil. After the 
last harvest, 124 d after planting,  the to- 
bacco roots systems were rated for galling 
according to the following index: 0 = no 
galls, 1 = trace of galling ( I -25%) ,  2 = 
modera te  galling (26-50%),  3 = severe 
galling (51-75%), and 4 = very severe 
galling (76-100%) (16). 

Mature tobacco leaves were harvested 
five times: 70 d after p lant ing  and every 10 
d thereafter.  T h e  leaves were dried at 49 C 
before being weighed. Average soil tempera- 
tures at a 10.2-cm depth and precipi ta t ion 
dur ing April, May, June,  and July were de- 
termined. 

A similar exper iment  was conducted in 
1979. Inocu lum levels and inoculat ion pro- 
cedure was as described above. Four  soil 
cores were taken in each microplot  30, 60, 
90, and 104 d after inoculation.  Hand l ing  
of soil, nematode  popula t ion  determinat ion,  
root-gall rating, and tobacco leaf harvest  
were as in 1978. Th i r t y  days after planting,  
tobacco roots from one 250-cm 3 soil a l iquant  
per microplot  were washed free of soil, 
fixed in formal-acetic-alcohol (6.1.20) for 
48 h, and stained in cold acid fuchsin- 

lactophenol  (17). Forty hours later, roots 
were destained in lactophenol,  moun ted  
between two microscope slides and observed 
under  a compound  microscope (100 ×). 
T h e  number  of nematodes inside the roots 
was determined.  Tobacco  roots collected at 
60, 90, and 104 d after inoculat ion were 
processed as in 1978. Average soil tempera- 
tures and precipi ta t ion were determined as 
ill 1978. 

R E S U L T S  

In the 1978 test, foliar symptoms of M. 
javanica, but  not  M. incognita, damage were 
evident 5 wk after t ransplant ing into the 
med ium (16 nematodes/100 cm ~ of soil) 
and high (64 nematodes/100 cm 3 of soil) 
initial inoculum density soils. Stunt ing was 
obvious on all plants  and the lower leaves 
displayed necrosis along their margins (rim- 
firing). Before the first harvest, r imfir ing 
symptoms were evident on several plants 
inoculated with the low Pi (four nematodes /  
100 cm .~ of soil) of M. javanica. By 124 d 
after t ransplant ing into infested soil, two 
plants from the med ium Pl of M. javanica 
and ten plants from the high P~ had died. 
Roots of those plants were heavily galled 
and deteriorated. Of the plants inoculated 
with M. incognita, only those inoculated 
with the high P~ showed widespread symp- 
toms (stunting and rimfiring) of nematode  
damage. Occasionally s tunted plants were 
found at the low and med ium Pi of M. in- 
cognita. Similar results were obtained in 
1979, except disease symptoms were more 
pronounced.  

Ill both  years, M. javanica significantly 
reduced tobacco leaf yield at each of the 
three inoculum levels as compared  to the 
control or tobacco plants inoculated with 
the same levels of M. incognita (Table  1). 
Linear  regression analysis of P, and tobacco 
yield for the 1978 season showed a 13, 25, 
and 58% yield suppression at the low, 
medium,  and high levels of M. javanica, re- 
spectively (Figure 1). At the low P, of M. 
incognita, yield of tobacco plants was 3% 
greater than the control plants. At the 
med ium and high Pl of M. incognita, sup- 
pression of tobacco leaf yield was 4 and 
35%, respectively. In 1979, regression anal- 
yses of P, and tobacco yield showed a 31, 39, 
amt 70% yield suppression at the low, 
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Table 1. Effects of Meloidogyne incognita and M. 
javanica on tobacco 'McNair 944' leaf yield at three 
initial inoculum levels (Pt)" 

e i  

(nematodes/100 
Cln 3 soil) 

Yield* 
(g/microplot) 

1978 1979 

Control 0 380 a~" 355 a 

M. incognita 4 392 a 340 a 
M. javaniea 4 272 b 273 b 

M. incognita 16 270 b 288 b 
31. javanica 16 217 c 180 c 

31. incognita 64 292 b 250 b 
3t. javanica 64 174 c 112 c 

*Average dry weight of leaves from two plants/ 
microplot per treatment. 

tGrouped means followed by a common letter 
are not significantly different (P = 0.05) according 
to Duncan's multiple-range test. 

m e d i u m ,  and  h igh  Pi of  M. ]avanica, respec- 
t ively.  A t  the  low, m e d i u m ,  a n d  h igh  Pl o f  
M. incognita, suppress ion  of tobacco  leaf  
yields  were  9, 13, a n d  34 %,  respect ive ly .  

R e p r o d u c t i o n  of n e m a t o d e s  v a r i e d  in  
the  1978 a n d  1979 tests, b u t  s imi l a r  t r ends  
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were obse rved  ( T a b l e  2). I n  1978, the  num-  
bers  of  M. incognita eggs a n d  l a rvae  ex- 
t r ac ted  f rom the m e d i u m  a n d  h igh  Pl soils 
a f te r  124 d were  twice those of M. ]avanica. 
N o  differences  in  r e p r o d u c t i o n  of  the  two 
species occu r r ed  at  the  low Pt or  60 d af te r  
i n o c u l a t i o n  at  any  i n o c u l u m  level.  I n  1979, 
m o r e  l a rvae  of  M. ]avanica t h a n  of  M. in- 
cognita were e x t r a c t e d  f rom the  soil  a t  the  
low, m e d i u m ,  a n d  h igh  Pi 30 d a f te r  inocu-  
l a t ion .  N o  differences  in  r e p r o d u c t i o n  of  the  
two species occu r r ed  a t  the  m e d i u m  a n d  
h igh  Pl 60 d a f te r  i n o c u l a t i o n  or  a t  the  low 
a n d  m e d i u m  Pt 104 d a f te r  i n o c u l a t i o n .  Re-  
p r o d u c t i o n  of the  two species d i d  no t  differ  
90 d af te r  i n o c u l a t i o n  at  any  i n o c u l u m  level.  
N u m b e r s  of  M. ]avanica l a rvae  were  four  
t imes those of  M. incognita 60 d af te r  inocu-  
l a t i o n  a t  the  low Pi. A t  the  e n d  of the  sea- 
son, n u m b e r s  of  M. incognita l a rvae  were  
th ree  t imes  those  of  M. ]avanica at  the  h igh  

Pi- 
Coefficients of correlation between (i) 

roo t -ga l l  i n d e x  a n d  P~, (it) y i e ld  a n d  root -  
ga l l  index ,  a n d  (iii) y i e ld  a n d  Pi were  de- 
t e r m i n e d  for  p l an t s  i n fec t ed  w i th  M. incog- 
nita a n d  M. ]avanica in  1978 a n d  1979 

1978 
. . . . . . . 1 9 7 9  

80.0 , ,~,~,, . ,M j 

~ o m ~ ~ j "  J 
. o °  

- " ' ~ "  ~" ~ 2 " ~  M" 40 .0  ~ * "  ,- ,~ ~ J I 

,o .o a " 

1 4 16 6 4  

Initial Inoculum Level/100 cm 3 Soil 
Fig. l. Linear regression analysis of percentage yield suppression and four initial inoculum levels of 

MeIoidogyne incognita (M.i.) and M. javanica (M.j.) on tobacco 'McNair 944; 
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Table 2. Reproduction of Meloidogyne incognita and M. ]avanica on tobacco 'McNair 944' at three 
initial inoculum levels (PI)" 

Pt Nematodes/100 cm 3 soil* 

(nematodes/109 1978t 1979++ 
cm 3 soil) 60 d 124 d 30 d 60 d 90 d 104 d 

Control 0 84 b§ 98 c 0 c O c 0 c 0 c 

M. incognita 4 106 a 1299 a 30 b 164 b 1210 a 1847 a 
M. javanica 4 118 a 923 a 103 a 609 a 1535 a 1552 a 

M. incognita 16 128 a 1874 a 69 b 413 a 1530 a 1670 a 
M. ]avanica 16 370 a 903 b 226 a 323 a 1127 a 1464 a 

M. incognita 64 250 a 3237 a 198 a 587 a 826 a 1284 a 
M. javanica 64 350 a 1475 b 460 a 799 a 515 a 476 b 

*Include nematodes present in root and soil in 10O cm 3 of soil. 
+Average of five soil cores/microplot per treatment. 
++Average of four soil cores/microplot per treatment. 
§Grouped means and control followed by a common letter are not significantly different (P = 0.05) ac- 

cording to Duncan's multiple-range test. 

( T a b l e  3). Except  for M. javanica i n  1979, 
the corre la t ions  be tween  root-gall  i ndex  and  
the P~ were low a n d  no t  significant .  Sim- 
ilarly,  yield a n d  root-gall  i ndex  d id  no t  
appear  to be correlated,  except  ga l l ing  
caused by M. javanica i n  1979. Yield a n d  Pl 
were significantly,  a n d  negatively,  corre la ted 
for bo th  n e m a t o d e  species i n  b o t h  s a m p l i n g  
years. 

I n  1978, the average soil t empera tu res  
d u r i n g  Apri l ,  May, June ,  a n d  J u l y  were 
26 C, 29 C, 34 C, a n d  34 C, respectively.  T h e  
average p rec ip i t a t i on  for those same m o n t h s  
was 0.22, 0.32, 0.21, a n d  0.84 cm, respec- 
tively. I n  1979, the average soil t empera tu res  
d u r i n g  Apr i l ,  May, June ,  a n d  J u l y  were 27, 
30, 32, and  33 C, respectively.  T h e  average 
p rec ip i t a t i on  d u r i n g  those m o n t h s  was 0.41, 
0.30, 0.16, and  0.76 cm, respectively. 

D I S C U S S I O N  

Mic rop lo t  test resul ts  p rov ided  useful  
i n f o r m a t i o n  on  the effects of i n i t i a l  inoc- 
u l u m  densi t ies  of M. incognita a n d  M. 
javanica on tobacco yield in  Flor ida .  L i n e a r  
regression equa t ions  most  closely fit da ta  on  
Pl and  percentage  yield suppress ion  wi th  M. 
incognita, a l t hough  qua d r a t i c  equa t ions  
provide  be t te r  da ta  for M. ]avanica. T h i s  is 
t hough t  to be a resul t  f rom the greater  a n d  
early effects of M. ]avanica on tobacco 
growth  a n d  la ter  effects of M. incognita 
which a l lowed some p l a n t  compensa t i on  
for n e m a t o d e  damage.  For  compara t ive  
purposes,  l i nea r  e qua t i ons  were used a n d  
in i t i a l  i n j u r y  levels were a rb i t r a r i ly  set at  
the n e m a t o d e  Pi which  caused 7 %  p l a n t  
yield suppression.  W h e n  u s i ng  these cri teria,  

Table 3. Correlation coefficients of three variables with Meloidogyne incognita and M. javanica during 
1978 and 1979 field tests on tobacco 'McNair 944? 

M. incognita M. iavanlca 
Variables 1978 1979 1978 1979 

Root-gall index vs Pl* 0.19 0.28 0.37 0.71**t 
Yield vs root-gall index --0.12 --0.30 --0.26 --0.74** 
Yield vs Pt --0.77** --0.73** --0.68** --0.77** 

*PI = initial inoculum level. 
tColumn means followed by ¢* are significant at I% level, according to the test of significance from 

Fisher and Yates. 
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initial injury levels were calculated to oc- 
cur with fewer than one egg or second-stage 
M. javanica larva per 100 cm 3 of soil for 
both test years; eight eggs or second-stage 
M. incognita larvae were required in 1978, 
but  only one in 1979. These low P~'s reflect 
the highly aggressive nature of both nema- 
tode species on title-cured tobacco as com- 
pared to other crop plants (3,5). These data 
tin not include effects on tobacco leaf qual- 
ity which would probably further lower all 
injury levels. 

Because of the low number  of nematodes 
necessary to cause tobacco damage, problems 
arise in correctly determining populations 
in the field. It  is suspected that spring popu- 
lations of these nematodes are at or below 
limits that can be detected with currently 
available sampling and extraction pro- 
cedures. Thus,  fall sampling would be more 
useful than spring nematode counts (23). 
In addition, injury levels differed considera- 
bly between the 1978 and 1979 growing 
seasons, further indicating the need to as- 
sign ranges in initial injury level deter- 
mination. It is thought  that in these tests 
plant  response to environmental  variables 
were responsible for most of the yield vari- 
ation between years. For example, early 
season soil temperatures and precipitation 
were higher in 1979 than in 1978. 

Populations of both nematodes increased 
rapidly over initial inoculum levels. Early 
in the two tests (30-60 d after inoculation), 
however, numbers of M. ~avanica were 
usually greater than those of M. incognita. 
As the season progressed, numbers of M. 
]avanica either declined or did not increase 
in proport ion to those of M. incognita. As 
evidenced from comparative yield data and 
foliar symptoms, greater invasion and re- 
production of M. /avanica early in the sea- 
son apparently did not allow the tobacco 
root systems to develop. Brodie and Dukes 
(8) similarly found that M. javanica caused 
the most damage early in the tobacco grow- 
ing season. Conversely, invasion and repro- 
duction of M. incognita occurred at a lower 
rate early in the season and allowed the 
plants to develop more normally. This 
situation is analogous to that of Seinhorst's 
hypothesis (22) in which he states that the 
amount  of damage caused by a nematode is 
related to the preplant nematode density 

and the amount  of exposed tissue not at- 
tacked. Differences in reproduct ion of these 
two nematodes have been found in growth 
chamber experiments, but  reasons for these 
differences are unclear (1). Preliminary data, 
however, indicate that M. javanica larvae 
locate and more readily invade tobacco 
roots than do M. incognita at temperatures 
approximating those in the first 2 months 
of the growing season. 

Microplots combine the advantages of 
ease of handling, close approximat ion to 
field conditions, the possibility of incorpo- 
rating several nematode densities, and the 
establishment of fairly uniform densities 
within a treatment (9,14,15). It  is a useful 
method for assessing injury levels of a crop 
exposed to several preplant densities of 
plant-parasitic nematodes. Microplot data, 
however, are only an approximation of 
minimal damage densities (5). Homogenei ty 
in nematode populations does not occur in 
the field, and calculated damaging densities 
under field conditions can only be approxi- 
mated. These data, however, suggest grow- 
ers should be aware that the presence of 
even a very low Pl of M. javanica in a to- 
bacco field will cause reduction in yield. 
Since no resistant cultivars are available, 
other control measures must be optimally 
integrated to prevent M. /avanica-induced 
losses in Florida tobacco fields. 
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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  and  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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