
The Relationship Between Tobacco Yield and Time of Infection 
with Meloidogyne javanica I 

B. B. BRODIE and P. D. DUKES 2 

Abstract: Yield of tobacco was related to the amount of infection by Meloidogyne ]avanica during the first 
month after transplanting. Six nematicidal treatments significantly reduced infection during this period and 
subsequently increased yield. However, during the second month after transplanting, infection in plots 
treated with O-ethyl S,S-dipropyl phosphorodithioate (V-C 9-104) and a mixture of 80% chlorinated C a 
hydrocarbons + 20% methyl isothioeyanate (DD + MENCS) was not significantly different from infection in 
untreated plots. After 3 months, root-knot indices in plots treated with V-C 9-104, DD + MENCS, 
O ,O-d i e thy l  O-[p-(methylsulfinyl) phenyl] phosphorothioate (B-25141), and 1,3-dichloropropene, 
1,2-dichloropropane (DD) were not significantly different from those in untreated plots; reduced infection 
was present only in plots treated with ethylene dibromide (EDB) and 2-methyl-2 (methylthio) 
propionaldehyde O-(methylcarbamoyl) oxime (aldicarb). At the end of harvest (4 months after 
transplanting), root-knot indices in all plots were essentially equal. Key words: root-knot, chemical control. 

In chemical control experiments, it is often 
difficult to correlate positive yield response of 
tobacco with reduction in root-knot indices 
taken at the end of the growing season. High 
yields are quite often associated with high 
root-knot indices. To better understand factors 
which contribute to the pathogenicity of 
root-knot nematodes on tobacco, we studied 
the progression of infection by Meloidogyne 
javanica a f t e r  var ious  nematicidal soil 
treatments. 

S e v e r a l  f a c t o r s  c o n t r i b u t e  to  the 
pathogenicity of Meloidogyne spp. to crop 
plants. Since Meloidogyne spp. attack mostly 
young roots of plants (3), age of host becomes 
a p r e d o m i n a n t  f a c t o r  in infection and 
pathogenesis. In many cases, severe plant 
damage occurs when root-knot nematode larvae 
enter roots of seedlings of "non-host" plants (2, 
4). In such cases, increase in age of the plant 
decreases the chance of damage to a point 

R e c e i v e d  for  pub l i ca t ion  27 Ju ly  1971.  

1 Coopera t ive  invest igat ions of  Plant  Science Research  
D i v i s i o n ,  A g r i c u l t u r a l  Research  Service. U.S. 
D e p a r t m e n t  of Agr icu l ture ,  and  the Universi ty of  
Georgia  College of  Agr icu l tu re  E x p e r i m e n t  Sta t ions ,  
Coastal  Plain S ta t ion ,  Tl f ton .  J o u r n a l  Series Paper  
No. 1017.  

2 N e m a t o l o g t s t ,  Plant  Science Research  Division, 
Agr icu l tu ra l  Research  Service, U.S. D e p a r t m e n t  o f  
Agr icu l ture ,  D e p a r t m e n t  of P lan t  Pa tho logy ,  Cornel l  
Universi ty,  I thaca ,  New York  14850 ;  and f o r m e r  
A s s o c i a t e  Professor .  D e p a r t m e n t  of P lan t  Pa t h o l o gy ,  
C o a s t a l  P l a i n  S ta t ion ,  T i l ton ,  Georgia  31794 ,  
cu r r en t ly  Plant  Pathologis t ,  Plant  Science Research  
D i v i s i o n ,  A g r i c u l t u r a l  Research  Service, U.S. 
D e p a r t m e n t  of Agr icu l tu re ,  U.S. Vegetable  Breeding 
L a b o r a t o r y ,  Char les ton ,  S.C. 29407 .  M e n t i o n  o f  
t r a d e m a r k  name  or p r o p r i e t a r y  p r o d u c t  d o e s  no t  
cons t i tu te  a gua ran t ee  or w a r r a n t y  of the p r o d u c t  by  
the  USDA, and d o e s  no t  imp ly  i ts  approva l  to  the  
exclus ion of o the r  p r o d u c t s  t ha t  m a y  be suitable.  

where there is no measurable damage (2). 
Moreover, sensitivity of susceptible tomato to 
Meloidogyne spp. decreases rapidly with 
increase in age of plant (1). Inoculation of 
tomato seedlings in the cotyledon stage with 
10,000 larvae of 114. incognita caused 81% 
reduction in growth, but had no adverse effects 
on seedlings in the 3- to 4-petiole stage. 
Similarly, onion seedlings 24-48 hr old were 
more severely damaged by Ditylenchus dipsaci 
than were seedlings 72-96 hr old (7). 

The amount of plant damage caused by a 
nematode is apparently related to the preplant 
population density of the nematode (6, 8, 10). 
In deve lop ing  a formula for accurately 
predicting damage that will result from certain 
plant-nematode associations, Seinhorst (8) 
considered the portion of exposed plant not 
attacked to be critically important in conveying 
an understanding of the quantitative relation 
between nematode density and growth of 
plants. With increase in age of plant, there is a 
corresponding increase in exposed root system 
not  attacked because of a temporary or 
permanent inaccessibility of part of the host 
tissue. As amount of host tissue not attacked 
increases, the per cent plant damage decreases. 
Importance of the preplant population density 
of Meloidogyne spp. in tobacco culture is 
exemplified in Stinson's (9) observation that 
tobacco planted in October and November, 
when n e m a t o d e  populations are low in 
Southern Rhodesia, has a better chance of 
developing a substantial root system than 
t o b a c c o  p l an t ed  earlier when nematode 
populations are higher. Moreover, Nusbaum (5) 
found, in a 5-year study in the southeastern 
United States, that growth of tobacco was not 
retarded in seasons when root&not nematode 
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populations were low before planting and did 
not substantially increase until late in the 
growing season. In some cases, a low preplant 
population was believed to have had a favorable 
effect on ripening of tobacco. Also, tobacco 
gene ra l l y  did not respond to nematicide 
application (5) where root-knot nematode 
damage the previous year was rated as slight. 

MATERIALS AND METHODS 

Plots were established in Norfolk sandy 
loam which  was heav i ly  infested with 
M e l o i d o g y n e  ]avanica C h i t w o o d .  Six 
nematicidal treatments were applied in a 
randomized complete block design replicated 
six times. Plots were 16.5 m long and 1.1 m 
apart .  Three replications were selected at 
r a n d o m  each year, and plants were dug 
(25/treatment/replication) at monthly intervals 
and the roots rated for root-knot nematode 
galling. Individual plants were rated on a 1-5 
scale where I = no galling and 5 = maximum 
galling. The remaining three replications were 
harvested for yield data. The experiment was 
repeated three times. To preclude residual 
effects of  certain nematicides, the same test 
area was not used 2 years in succession. In 
alternate years, the test area was planted to a 
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susceptible soybean (Glycine max 'Hampton')  
to equa l ize  populat ions of Meloidogyne 
javanica. 

Liquid  fumigants ,  1,3-dichloropropene, 
1,2-dichloropropane mixture (DD), ethylene 
dibromide (EDB), and a mixture containing 
80% DD + 20% methyl isothiocyanate (DD + 
MENCS) were  applied 2-3 weeks before 
transplanting. The fumigants were injected (1 
chisel/row) 20 cm below the soft surface and 
bedded to 30 cm above the point of injection. 
At planting, the top 7.5-10 cm of soil on the 
bed was pushed into the row middle ahead of 
the planter. 

N o n v o l a t i l e  n e m a t i c i d e s ,  
2 - m e t h y l - 2 - ( m e t h y l t h i o )  propionaldehyde 
O - ( m e t h y l c a r b a m o y l )  o x i m e  (aldicarb), 
O , O - d i e t h y l  O-[p-(methylsulfinyl) l~henyl] 
phosphorothioate (B-25141) (Dasanit~), and 
O-ethyl S,S-dipropyl phosphorodithioate (V-C 
9-104) (Mocap®) were applied as granular 
formulations just before transplanting. Each 
nematicide was spread on the soil surface in a 
76 cm wide band and incorporated in the top 
15-20 cm of soil with a power-driven rototiller. 

Tobacco seedlings were transplanted into 
the plots with a tractor-drawn transplanter, and 
all plots were irrigated immediately to enhance 
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FIG. 1. Root-knot indices of tobacco at various intervals after transplanting tobacco in soft infested with 
Meloidogyne /avanica. (Points within the same ellipse are not significantly different at the .05 level of 
probability), 
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transplant survival. Fertilization, cultivation, 
h a r v e s t i n g ,  and curing of tobacco were 
consistent with good farming practices of the 
area. 

RESULTS 

Statistical differences between root-knot 
indices of plants in treated and untreated plots 
varied with length of time after transplanting. 
Large differences were evident the first month 
after transplanting, but gradually decreased 
until no differences occurred 4 months a f t e r  
t r a n s p l a n t i n g  (Fig. 1). One month after 
transplanting, root-knot indices from all treated 
plots were significantly smaller than those from 
untreated plots, but no significant differences 
occurred among treated plots. However, 2 
months after transplanting, root-knot indices of 
plants from plots treated with V-C 9-104 and 
DD + MENCS were comparable with those 
f rom untreated plots. Although root-knot 
nematode infection was as great in all treated 
plots (except for EDB and aldicarb) as it was in 
untreated plots 3 months after transplanting 
(Fig. 1), plant growth in treated plots was much 
superior to that in untreated plots. At harvest, 
4 months after transplanting, the/14. /avanica 
population had increased in all plots to a level 
where root-indices in treated and untreated 
plots were not significantly different. 

All nematicidal treatments significantly 
increased the yield of tobacco over that of  the 
untreated control (Table 1). Also, yield from 
plots treated with V-C 9-104 was significantly 
greater than yield from plots treated with DD + 
MENCS. Otherwise, all nematicidal treatments 
were equally effective in increasing yield. 

DISCUSSION 

Our data indicate that the sensitivity of 

TABLE1. Yield of tobacco as influenced by 
nematicidal soil treatment. 

Yield (cured leaf) c 
Treatment Dosage/hectare Kg/hectare lb./ac~e 

V-C 9-104 6.7 kg a 2059 1838 
Aldicarb 6.7 kg 2016 1800 
EDB 23.5 1 b 2010 1795 
B-25141 6.7 kg 1898 1695 
DD 94.0 1 1892 1690 
DD + MENCS 47.0 1 1669 1490 
Check -- 1238 1106 

LSD .05 357 319 

aKg of active ingredient. 
bLiters of formulation. 
CAverage of 3 years. 

tobacco to damage by root-knot nematodes, as 
indicated by foliage yield, diminished with age 
o f  p lan t .  Bergeson (1) found a similar 
relationship on tomato. Apparently, infection 
of tobacco by M. ]avanica 2-4 months after 
transplanting had little or no detrimental effect 
on y ie ld .  C o n s e q u e n t l y ,  we attributed 
reduction in yield to infection occurring during 
the f i r s t  month after transplanting. This 
confirms the observations of Stinson (9) and 
Nusbaum (5) that tobacco transplanted into 
soil with a relatively low root-knot nematode 
population does not suffer appreciably from 
n e m a t o d e  a t t a c k .  Furthermore, it is in 
agreement with Seinhorst's (8) hypothesis that 
the amount of damage caused by a nematode is 
related to the preplant population density and 
the amount of exposed tissue not attacked. 

Several workers have observed stimulation 
of plant growth with a relatively low root-knot 
n e m a t o d e  p o p u l a t i o n  density (4). It is 
conceivable that part of the yield increase 
associated with nematicidal soil treatment 
results from stimulation of plant growth by low 
root-knot nematode population densities. Thus, 
it appears likely that any damage resulting from 
late season root-knot nematode attack could be 
masked by stimulation from a low initial 
population. Such a phenomenon agrees with 
Nusbaum's belief that a low initial root-knot 
nematode population has a favorable effect on 
tobacco yield (5). 

Finally, our data point out the necessity of 
developing a clearer concept of economical 
control of nematodes. In the case of  tobacco, it 
is not necessary to apply sufficient nematicidal 
treatment to reduce aM. javanica population to 
a low level for the entre  growing season. The 
expense of doing so would be far greater than 
the benefits derived. We believe that in tobacco 
culture, good control of  root-knot nematodes 
for 1 month after transplanting is sufficient for 
economical yield responses. 
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Factor Affecting Sex Ratios of a Mermithid Parasite of Mosquitoes 1 

JAMES J. PETERSEN 2 

Abstract: The ratio of male to female Reesimermis nielseni Tsai and Grundmann, a nematode parasite of 
mosquito larvae, increased as the number of parasites per host increased. Hosts with a single nematode 
produced 9% males compared with essentially 100% males in hosts with more than 7 parasites; hosts with 3 
nematodes produced about equal numbers of males and females. Males of R. nielseni generally emerged 
before females because of the earlier death of multiple-infected mosquitoes. The species of the host mosquito 
influenced the sex ratio, but the size of a specific host at the time of invasion did not. Host diet also had a 
noticeable influence on the sex ratio of the nematode: singly infected hosts from a starved population 
produced 92% males compared with 13% in the normally fed group. The importance of these factors in the 
mass rearing of R. nielseni is discussed. Key words: Reesimermis nielseni, Rornanomermis, mosquitoes, sex 
ratios, Mermithidae, biological control, parasitism. 

It is well established that sex determination 
in Mermithidae is influenced by environmental 
f a c t o r s .  C h r i s t i e  (1)  c o n c l u d e d  t h a t  
environment is an important sex-determining 
factor in larvae of Mermis subnigrescens Cobb, 
a parasite of grasshoppers. Strelkov (6) reported 
t h a t  the sex of Filipjevimermis singularis 
Strelkov, a parasite of chironomids, correlated 
with that of the hosts: male parasites were most 
often found in male hosts and females in female 
hosts. Parenti (2) found that the degree of 
infection, the length of the host, and the sex of 
the parasite which first penetrated the host 
influenced the sex of Paramermis contorta 
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L i n s t o w ,  also a parasite of cldronomids. 
Petersen et al. (4) and Petersen and Chapman 
(3) observed an influence of multiple parasitism 
on the sex ratio of a Gastromermis sp. and in 
Reesimermis nielseni Tsai and Grundmann in 
mosquitos: as the number of nematodes per 
host increased, the ratio of males to females 
increased; in addition, the species of host 
appeared to influence the sex ratio of R. 
nielseni (4). 

The present study was conducted in 1970 at 
the Gulf Coast Marsh and Rice Field Mosquito 
I n v e s t i g a t i o n s  Laboratory,  Lake Charles, 
Louisiana, to determine the importance of 
environmental factors on sex determination in 
R. nielseni, and to elucidate the influence these 
factors would have in any attempt to mass rear 
the parasite and use it as a biological control 
agent against mosquitoes. The nematode used 
was identified by W. R. Nickle, Plant Science 
R e s e a r c h  D i v i s i o n ,  Agricultural Research 
Service, U.S. Department of Agriculture, Plant 
I n d u s t r y  Stat ion,  Beltsville, Maryland, as 
Reesimerrnis nielseni. All previous publications 
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