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Population Development and Pathogenicity of 
Meloidogyne javanica on Flue-cured 

Tobacco as Influenced by Ethoprop and DD 1 
J. R. RICH, C.  HODGE, AND J. T .  JOHNSON 2 

Abstract: Growth of flue-cured tobacco as influenced by Meloidogynejavanica and the effectiveness 
of DD and ethoprop to manage this nematode were evaluated over two growing seasons. Populations 
ofM. javanica, root galling, plant height, steam crown diameter, whole plant weight, and yield were 
monitored at approximately 2-week intervals beginning 28 days after transplanting. Treatment  
influence on nematode population development, root galling, and plant growth generally followed 
a pattern in descending order of efficacy: DD (187 liters/ha), ethoprop (27, 18, or 9 kg a.i./ha), 
and control. In all treatments, nearly season-long increases in M. javanica populations and root 
galling were observed. Correlation coefficients relating nematode populations or root galling to 
final tobacco yield suggested either method may be used successfully to evaluate nematicide efficacy 
in research plots. Plant growth parameters most affected by 34. javanica in order of decreasing 
severity were cured leaf yield, whole plant weight, plant height, and stem diameter. 
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Root-knot nematodes, Meloidogyne spp. 
Chitwood, are major pathogens of  tobacco 
in Florida (10) and worldwide (12). Three  
species of  Meloidogyne are present in Flor- 
ida tobacco fields: M. arenaria (Neal) Chit- 
wood, M. incognita (Kofoid & White) Chit- 
wood, and M. javanica (Treub) Chitwood. 
Although M. javanica has long been known 
as a major parasite of  tobacco in other parts 
of  the world (13,15,19), it has been rec- 
ognized only recently as a major nematode 
problem of this crop in Florida (17). In 
1961, Graham (6) first observed M. java- 
nica on tobacco from a breeding nursery 
at the University of  Florida. According to 
him, the nematode was rarely found in 
Georgia, North Carolina, or South Caro- 
lina, implying it occurred more frequently 
in Florida than further north. Loh and Mil- 
ler (11) also suggested that within the 
United States, M. javanica infestations may 
be unique to tobacco production only in 
Florida and extreme South Georgia. In 
1977, 34. javanica was detected in 53% of  
the Florida tobacco fields surveyed (17) 
while in 1981, this nematode was detected 
in over 65% of  tobacco fields sampled (Gar- 
cia and Rich, unpubl.). Presently, most to- 
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bacco yield losses from nematodes in Flor- 
ida are caused by M. javanica. 

In microplot tests, M. javanica was more 
aggressive on tobacco than either M. ar- 
enaria or M. incognita, and populations of  
M. javanica developed more rapidly than 
those of  M. incognita, resulting in greater 
early season damage  (1,3). In g rowth  
chamber studies, M. javanica invaded to- 
bacco roots more rapidly and produced 
larger root galls than M. arenaria or M. 
incognita (2). The  rapid population devel- 
opment and greater root galling potential 
of  M. javanica may explain the extensive 
damage caused by this species in Florida 
tobacco. The  biology, pathogenicity, and 
management ofM. javanica on tobacco un- 
der field conditions is poorly understood. 
A study was designed to investigate 1) M. 
javanica population development and to- 
bacco root  galling response over a growing 
season, 2) the correct time to sample re- 
search plots to correlate nematode popu- 
lations and root galling to cured leaf yields, 
3) the influence of  M. javanica on the sea- 
sonal growth patterns of  tobacco, and 4) 
the comparative efficacy of  a commonly 
used nonfumigant and fumigant nemati- 
cide. 

MATERIALS AND METHODS 
Field experiments were conducted in 

1978 and 1979 on a Chipley fine sand (89% 
sand, 8% silt, 3% clay) naturally infested 
with M. javanica. In 1978, 187 l i ters/ha of  
DD (1,2-dichloropropane-  1,3-dichloro- 
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propene and related Cs hydrocarbons) were 
injected broadcast on 30-cm chisel spac- 
ings, 25 cm deep, 3 weeks before trans- 
planting tobacco. Ethoprop 10G (O-ethyl 
S,S-dipropyl phosphorodithioate) at 9.0 
and 27.0 kg a. i . /ha was broadcast and in- 
corporated 9-13 cm deep by disking twice 
2 weeks before transplanting. Soil in all 
treatments was bedded at this time. On 29 
March, 'McNair 944' tobacco (Nicotiana ta- 
bacum L.) was planted 50 cm apart in rows 
1.2 m wide. Four row plots, 8.23 m long, 
were arranged in a randomized complete 
block with six replications. Normal cultur- 
al practices for tobacco were followed in- 
cluding irrigation as needed. Three  times 
over the season tobacco leaves were har- 
vested as they matured. 

Soil samples for nematode population 
measurements and cured leaf yields were 
obtained from the center two rows of  each 
plot. Root-gall index, plant stem crown di- 
ameter, plant height, and whole plant dry 
weights were recorded from two randomly 
selected plants.in the outside plot rows. All 
data except cured leaf yield were collected 
about every 2 weeks beginning 28 days af- 
ter transplanting. Eight soil cores, 2.5 cm 
d x 30 cm deep, were collected randomly 
from each plot 13 cm from the base of  the 
tobacco plants. A 250-cm 3 aliquant of  
mixed soil was processed by a modified cen- 
trifugal-flotation technique (8). Root-gall 
indices were based on a 0 -4  scale with 0 
representing no galling of  the root system 
and 4 representing greater than 75% gall- 
ing. 

The  1979 test was conducted similarly 
to that of  1978 with the following excep- 
tions: DD was applied 2 weeks before trans- 
planting, and ethoprop 6 EC was applied 
at 9.0 and 18.0 kg a. i . /ha 1 day before 
transplanting. In addition to the juveniles 
in soil, nematode eggs were extracted from 
roots contained in the 250-cm s soil samples 
(7). Data were collected at 2-week intervals 
beginning 28 days after transplanting. 

When measured early in the season in 
both 1978 and 1979, some data were very 
low or highly variable, and these were not 
included in tables and figures. 

RESULTS 

In the 1978 test, soil populations of  M. 
javanica juveniles remained low until after 

56 days from transplanting, and popula- 
tions were different among treatments at 
70 and 84 days (Fig. 1A). In 1979, M. ja- 
vanicajuvenile and egg numbers increased 
rapidly after 42 days in the control plots, 
while in all other  treatments the increases 
were gradual until after 56 days (Fig. 1B). 
Nematode populations began to decline af- 
ter 84 days in all treatments except the DD. 
Differences in nematode populations be- 
tween the control and other  treatments 
were observed at all but the 42 day sam- 
pling date, while population differences 
among the chemical treatments were ob- 
served only at 42 days. 

In 1978, little early season root  galling 
was observed, and data were not recorded 
until 56 days after transplanting (Fig. 1C). 
Root galling increased rapidly between 56 
and 70 days and modestly thereafter in all 
t r ea tmen t s  excep t  DD where  a pro-  
nounced increase was observed after 70 
days. Differences in root galling among 
treatments were found at all sampling dates. 
Generally, the control and 9 kg a. i . /ha eth- 
oprop treatment resulted in the highest 
root galling followed by the DD and 27 kg 
a. i . /ha ethoprop treatments. In 1979, root  
galling was measurable at 28 days after 
transplanting on plants in the control plots 
(Fig. 1D). A large increase in root  galling 
occurred in control plots between 28 and 
56 days after transplanting, whereas only 
slight increases were observed in the ne- 
mat ic ide t rea tments .  Root  galling in- 
creased in all treatments between 56 and 
84 days and reached the maximum in con- 
trol plots at 84 days. Differences in root 
galling among treatments were observed 
at all sampling dates, with greatest differ- 
ences occurring between the control and 
other treatments. 

Plant heights in 1978 were not affected 
by nematicide soil treatments, and they in- 
creased rapidly in all plots between 42 and 
70 days after transplanting (Fig. 2A). Sim- 
ilar growth patterns were observed in 1979, 
but differences in plant heights among 
treatments were found at 42 days after 
transplanting and later (Fig. 2B). The  de- 
cline in plant heights after 70 days in both 
years was due to removal of  the inflores- 
cences. Over the 1979 season, tallest plants 
grew in soil treated with DD followed in 
descending order  by the two ethoprop (18 
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Flo. 1. Influence of DD and ethoprop on Meloidogynejavanica juveniles and egg population levels. A) M. 
javanica juveniles/250 cm ~ soil in 1978. B) M. javanica juveniles and eggs/250 cm s soil in 1979. C, D) Root- 
gall index, 0 -4  scale with 0 = no galling, 4 = >75% root galling in 1978 and 1979. DD applied at 187 li ters/  
ha, ethoprop at 27 kg (3 x), 18 kg (2 x) or 9 kg a. i . /ha (1 x). Points on the same date fo l lowed  by the  same 
letter are not different (P -< 0.05) according to Duncan's multiple-range test. 

and 9 kg a . i . /ha)  and control  treatments.  
No  differences were found in stem diam- 
eter among treatments at any sampling date 
in 1978 and 1979.  Highest  average stem 
diameter o f  mature tobacco was 2.8 cm, 
which was reached at 70 days from planting 

in 1978 and 84 days in 1979. Cumulative 
tobacco dry weights increased t h r o u g h o u t  
the season in 1978 (Fig. 2C), but differ- 
ences among  treatments were observed 
only at 98 days. Plant growth patterns were 
similar in 1979,  but differences in top 
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FIG. 2 .  Influence of  DD and ethoprop on tobacco plant growth in soil infested with Meloidogynejavanica. 
A ,  B) Tobacco plant height (cm) in 1978 and 1 9 7 9 .  C ,  D) Tobacco plant top dry weights (g) in 1978 and 
1 9 7 9 .  Points on the same date followed by the same letter are not different (P  -< 0 . 0 5 )  according to Duncan's 
multiple-range test. See legend in Fig .  1 for rates of  nematicide applied. 

weights occurred at all sampling dates after 
42 days (Fig. 2D). Highest cumulative whole 
plant dry weights were found in plants 
grown in DD treated soil, followed by those 
in the 18 kg a.i . /ha ethoprop, 9 kg a.i . /ha 
ethoprop, and control plots. 

In 1978, plants grown in soil treated with 
DD produced higher cured leaf yields than 
plants in the other treatments (Table 1). 
Yield of tobacco from the 27 kg a.i . /ha 
ethoprop treatment was higher than in the 
9 kg a.i . /ha ethoprop or in control plots, 

while yield differences were not found be- 
tween the 9 kg a.i . /ha ethoprop and con- 
trol plots. In 1979, plants grown in soil 
treated with DD produced the highest to- 
bacco yields but no higher than those in 
the 18 kg a.i . /ha ethoprop treated plots. 
Yields of plants in the 9 and 18 kg a.i . /ha 
ethoprop treatments were similar and 
higher than yields from the control plots. 

Linear correlation coefficients between 
populations of M. javanica and cured leaf 
yield were significant 70 and 84 days after 
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TABLE 1. Yield o f  cu red  tobacco f rom plants g rown  
in soil infes ted  with Meloidogyne javanica af te r  t reat-  
m e n t  f r o m  two nemat ic ides .  

TABLE 2. L inear  cor re la t ion  coefficients re la t ing  
Meloidogynejavanica n u m b e r s  and  roo t  gall i ndex  rat-  
ings  to cu r ed  leaf  yield o f  tobacco.  

Yield in kg/ha  
kg a.i . /  

Treatment ha* 1978 1979 

DD 187 3 , 4 8 9 a t  3 ,203 a 
E t h o p r o p  27 3 ,019 b 
E t h o p r o p  18 2 ,975 ab 
E t h o p r o p  9 2,535 c 2,891 b 
Cont ro l  2,451 c 2,306 c 

* DD rate given in liters/ha. 
"{" Column means followed by the same letter are not sig- 

nificantly different (P -< 0.05) according to Duncan's multi- 
ple-range test. 

transplanting in 1978 and at all sampling 
dates after 42 days in 1979 (Table 2). Sig- 
nificant correlations between root-gall in- 
dices and cured leaf yield occurred at 56 
and 70 days in 1978 and at all sampling 
dates in 1979. 

D IS C US S ION 

Although differing in magnitude, simi- 
lar trends in plant damage and nematode 
populations were observed in 1978 and 
1979. In both years, a nearly season-long 
increase in M. javanica populations was ob- 
served as opposed  to the  popula t ions  
reaching self-limiting levels earlier. As a 
result, significant positive correlations be- 
tween nematode numbers and plant yield 
were found throughout  the latter part of 
the tobacco season, agreeing with results 
of  others (3,4). Correlation coefficients be- 
tween root-gall indices and leaf yields were 
similar to those ofM. javanica numbers and 
leaf yield. In addition, while only two plants 
were sacrificed for root  galling estimates 
from each research plot on each sampling 
date, significant differences in root galling 
were observed among treatments. Thus, 
the present studies indicate that root-gall 
indices may provide an alternative to the 
time-consuming tasks of  sampling soil and 
nematode extraction in nematicide tests 
(9,18). Whether  using root-gall indices or 
nematode numbers, time of  sampling is the 
most critical component  for differentiating 
among treatments (3). The  times for soil 
and root-gall index sampling for highest 
correlation with yield were different in 
1978 but similar in 1979. Since conditions 
in every field vary, problems arise con- 
cerning the correct sampling time for root 

Days after Nematode Root gall 
transplanting numbers* indext 

1978 

1979 

42 --0.09~: 
56 - -0 .39  - -0 .67  
70 - -0 .75  - -0 .67  
84 --0.71 - -0 .37  
98 - -0 .29  

28 --0.51 
42 - -0 .79  
56 - -0 .70  - -0 .84  
70 - -0 .78  - -0 .78  
84 - -0 .52  - -0 .83  
98 - -0 .72  - -0 .83  

119 --0.61 - -0 .57  

*Juveniles extracted from 250 cm s soil in 1978;juveniles 
and eggs from 250 cm s soil in 1979. 

t Root gall indices based on a 0-4 scale from two plants in 
each plot. 

:~ Negative correlation coefficients 0.01-0.40 are nonsig- 
nificant; 0.41-0.51 are significant at P < 0.05; >0.51 are 
significant at P -< 0.01. 

gall indexing or estimating nematode pop- 
ulations. Sampling at 70 days after plant- 
ing, however, appeared satisfactory in these 
tests. 

Tobacco growth may be affected by M. 
javanica at any stage of  plant development 
and morphological expressions of  damage 
vary with Pi and environmental conditions. 
In these tests, plant height, stem diameter, 
top dry weight, and leaf yield varied in sen- 
sitivity to nematode damage and the time 
of  damage expression. In 1978, treatments 
did not influence plant height or stem di- 
ameter but cured leaf yield was affected. 
Top  dry weight, however, was different 
among treatments only at the 98 day sam- 
pling, suggesting damage occurred pre- 
dominately late in the season. In 1979, 
higher initial nematode numbers caused 
early significant differences in top dry 
weight, whereas plant height and stem di- 
ameters were less affected. Therefore,  the 
most sensitive measures of  plant damage 
by M. javanica were cured leaf weights and 
top dry weights, followed by plant heights 
and stem diameters. Leaf area and leaf 
thickness might also be affected in M. ja- 
vanica-infected tobacco and perhaps should 
be measured in the future. 

In both years, plants grown in soil treat- 



M. javanica o n  T o b a c c o :  Rich et al. 245  

e d  wi th  D D  p r o d u c e d  h i g h e s t  l e a f  y i e l d  
f o l l o w e d  b y  t h e  18 o r  27 k g  a . i . / h a  e t h o -  
p r o p  r a t e s ,  t h e  9 k g  a . i . / h a  e t h o p r o p  r a t e ,  
a n d  t h e  c o n t r o l .  P e r f o r m a n c e  o f  t h e  9 k g  
a . i . / h a  e t h o p r o p  r a t e  p r o v e d  e r r a t i c .  T h e s e  
d a t a  a r e  s im i l a r  to  o t h e r  tes t s  w i th  M. ja- 
vanica in F l o r i d a  t o b a c c o  (5 ,14)  a n d  sup-  
p o r t  t h e  c o n t e n t i o n  t h a t  use  o f  e t h o p r o p  
a t  9 k g  a . i . / h a  is n o t  as e f f ec t ive  as t h e  
a p p l i c a t i o n  o f  D D  to  m a n a g e  M. javanica 
in F l o r i d a .  I n  fact ,  s t ud i e s  i n d i c a t e  t h a t  o t h -  
e r  n o n f u m i g a n t  n e m a t i c i d e s  a r e  less con -  
s i s t en t  t h a n  f u m i g a n t s  in c o n t r o l l i n g  d e n s e  
p o p u l a t i o n s  ofMeloidogyne spp.  in f l u e - c u r e d  
t o b a c c o  (5,16).  

A l t h o u g h  t h e  h i g h  r a t e  o f  e t h o p r o p  (27 
k g  a . i . / h a )  s h o w e d  n o  v i s ib le  p h y t o t o x i c i t y  
in 1978,  i t  m a y  h a v e  c a u s e d  s o m e  r e d u c t i o n  
in p l a n t  g r o w t h .  N e m a t o d e  p o p u l a t i o n  a n d  
r o o t  ga l l i ng  d a t a  i n d i c a t e d  e t h o p r o p  a t  27 
k g  a . i . / h a  g a v e  g o o d  c o n t r o l  o f M .  javanica, 
b u t  c u r e d  l e a f  y i e l d  was l o w e r  t h a n  w h e r e  
D D  was a p p l i e d .  C o n s e q u e n t l y ,  e t h o p r o p  
at  18 k g  a . i . / h a  was u s e d  in 1979.  T h e  
h i g h e r  r a t e s  o f  e t h o p r o p  (18 a n d  27 k g  
a . i . / h a ) ,  h o w e v e r ,  p r o v i d e d  g o o d  c o n t r o l  
o f  M. javanica, a n d  t h e s e  r a t e s  s h o u l d  b e  
t e s t e d  f u r t h e r .  
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