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Control of Globodera tabacum solanacearum by 
Alternating Host Resistance and Nematicide 1 

CHARLES S. JOHNSON, DEAN A .  KOMM, AND JAMES L. JONES 2 

Abstract: The  feasibility of alternating use of resistant vs. susceptible flue-cured tobacco cuhivars 
to improve control of  Globodera tabacum subsp, solanacearum (TCN) was investigated at two Virginia 
locations in 1984-86. Post-harvest TCN population densities were reduced in each year of the study 
when fenamiphos was used with a TCN-resistant cuhivar (NC 567), relative to susceptible cultivars 
(K 326 or Mc 944). Using NC 567 with fenamipbos also reduced preplant  TCN population densities 
in the next growing season. Egg population densities before planting in 1986 were significantly 
lower in plots planted with NC 567 in 1984, even when a susceptible cultivar had been planted in 
1985. Use of fenamiphos with NC 567 in 1984 and 1985 fur ther  reduced preplant  egg population 
densities in 1986. Economic returns were significantly greater in 1984 when NC 567 was used with 
fenamiphos, ra ther  than a susceptible cultivar. Trea tments  involving fenamiphos and (or) NC 567 
in 1984 and 1985 resulted in higher  economic returns in 1986 than did t reatments  using a susceptible 
cuhivar without fenamiphos in both  previous years. Economic returns were highest in 1986 when 
£enamiphos and NC 567 were used in 1984 and 1985 and a susceptible cultivar was planted in 1986. 

Key words: fenamiphos, Globodera tabacum solanacearum, nematode management ,  Nicotiana tabacum, 
resistance, tobacco, tobacco cyst nematode. 

Tobacco cyst nematodes Globodera ta- 
bacum subsp, solanacearum (Miller and Gray) 
Stone (TCN) are important pests of  flue- 
cured tobacco (Nicotiana tabacum L.) in Vir- 
ginia. An estimated 339 ha were infested 
with TCN in 1982 (7), resulting in a loss 
estimated at $699,184. Continuous tobac- 
co production is the main factor leading to 
TCN-induced crop losses (7). Rotating to- 
bacco with nonhost crops effectively re- 
duces TCN population densities (8), but  
the low economic value of  rotation crops 
compared with flue-cured tobacco has dis- 
couraged adoption of  crop rotation for 
TCN control. Resistance to TCN has been 
identified in cultivated tobacco genotypes 
and in other  species of  the genus Nicotiana 
(1). The  TCN-resistant commercial cuhi- 
vars that have been identified are not tol- 
erant of  nematode parasitism, and signifi- 
cant yield loss occurs in the presence of  
high TCN populations. The  main man- 
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agement tactic used, therefore, is the ap- 
plication of  contact nematicides to suscep- 
tible cuhivars, at an average cost of  $ 1 3 9 /  
ha. 

Growing TCN-resistant cultivars can sig- 
nificantly reduce TCN densities (6); how- 
ever, the yield and quality of  TCN-resis- 
tant cuhivars, even when treated with a 
nematicide, are not significantly greater 
than yield and quality of agronomically su- 
perior TCN-susceptible cuhivars treated 
with the same nematicide. Alternate plant- 
ing of resistant and susceptible cultivars has 
been successfully used to control cereal and 
soybean cyst nematodes (12,13). The  ob- 
jective of  these experiments was to deter- 
mine the effects of  alternating use of  re- 
sistant and susceptible cultivars, with and 
without a nematicide, on TCN population 
dynamics and crop losses. 

MATERIALS AND METHODS 

Field tests were conducted in two TCN- 
infested commercial flue-cured tobacco 
fields in 1984, 1985, and 1986. The soil at 
experimental location 1 was a Durham fine 
sandy loam (Typic Hapluduh, fine-loamy, 
siliceous, thermic). The  soil at location 2 
was an Appling sandy loam (Typic Hap- 
luduh, clayey, kaolinitic, mesic). Soils at 
both locations were ca. 60% sand, 20% silt, 
20% clay, and 1% organic matter, with a 
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TABLE 1. Experimental treatments involving alternating use of fenamiphos and flue-cured tobacco cultivars 
resistant (NC 567) and susceptible (Mc 944, K 326) to Globodera tabacum solanacearum. 

1984 1985 1986 

Treatment Cultivar Nematicide Cultivar Nematicide Cultivar Nematicide 

1 Mc 944 No K 326 No K 326 No 
2 Mc 944 Yes K 326 Yes K 326 Yes 
3 NC 567 Yes K 326 No NC 567 Yes 
4 NC 567 Yes K 326 Yes NC 567 No 
5 NC 567 Yes NC 567 No K 326 No 
6 NC 567 Yes NC 567 Yes K 326 No 

slope of  0-7%. A randomized complete 
block experimental design was used with 
four replications at each location. Each 
treatment consisted of  a TCN control 
strategy involving different sets of  prac- 
tices to be conducted over the 3-year pe- 
riod of the study (Table 1). Growing a TCN- 
resistant cultivar every other  year, or for 
2 years, followed by a TCN-susceptible cul- 
tivar, with and without a nematicide, was 
compared with planting a TCN-susceptible 
cultivar every year (with and without a ne- 
maticide). The  TCN-susceptible cultivars 
at both locations were Mc 944 in 1984 and 
K 326 in 1985 and 1986. NC 567 was the 
TCN-res is tan t  cult ivar t h r o u g h o u t  the 
study. The  nematicide fenamiphos (7.47 
kg a.i./ha) was applied preplant using a 
tractor-mounted hydraulic sprayer cali- 
brated to deliver 327 l i ters /ha of  total so- 
lution at a pressure of 172 kPa and an ap- 
proximate speed of  6.4 km/hour .  Plots 
were disked immediately after nematicide 
application. Plots at location 1 consisted of  
four rows 1.2 m apart and 34.4 m long. 
Plots at location 2 consisted of  4 rows 1.2 
m apart and 37.8 m long. TCN populations 
were monitored each year by removing 16 
soil cores (each 2 x 16 cm) from each plot. 
In 1984 and 1986 soil samples were taken 
just before nematicide application, 8-10  
weeks after transplanting, and after final 
harvest. In 1985 soil samples were collect- 
ed before treatment and after final harvest, 
but  not in midseason. Cysts, eggs, and ver- 
miform juveniles were extracted from soil 
samples by elutriation (3) and centrifuga- 
tion with sugar-flotation (9). The  centrif- 

ugal sugar-flotation technique was modi- 
fied in January 1986 by reducing the 
duration of the final centrifugation step 
from 2 minutes to 30 seconds. 

When ripe, individual leaves from each 
plot were harvested and cured. After the 
final harvest had been cured, all primings 
from all plots were weighed and graded by 
USDA marketing service inspectors. A 0 -  
99 quality index that groups federal flue- 
cured tobacco grades according to equiv- 
alent economic value (11) was used to 
estimate the quality of  each harvest or 
priming. Average market prices were ob- 
tained from USDA market news reports. 
Gross economic values were calculated for 
each plot by summing the product  of  prim- 
ing weight and the average market value 
of  the appropriate grade for each priming. 
Annual nematicide costs were estimated as 
the sum of material, application, and in- 
corporation costs. Estimated costs were a 
combination of  local retail chemical costs 
and application and incorporation costs 
obtained from the Virginia Cooperative 
Extension Service. Annual net economic 
returns to T C N management were esti- 
mated by subtracting the annual cost of  
nematicide treatment from the annual 
gross economic value of each plot. 

TCN population density differences were 
analyzed using an analysis of  variance of  
square root  transformed nematode counts. 
Means for individual strategies were com- 
pared with the Waller-Duncan procedure.  
Flue-cured tobacco yields, gross and net 
economic returns, quality indices, and av- 
erage prices were also compared with anal- 
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TABLE 2. Populat ion dynamics o f  cysts and juveniles of  Globodera tabacum solanacearum on resistant (R) 
and susceptible (S) flue-cured tobacco cultivars treated o r  not  treated with fenamiphos in 1984, 1985. 

Nema- 
Cysts/500 cm ~ soil Juveniles/500 crn ~ soil 

Cultivar ticide 5/84 7/84 11/84 5/85 5/84 7/84 11/84 5/85 

Location 1 

Mc 944 (S) No 179 a 71 a 226 a 5 a 428 a 473 a 1,035 a 325 a 
Mc 944 (S) Yes 178 a 51 a 86 b 0 b 628 a 560 a 513 b 368 a 
NC 567 (R) Yes 258 a 83 a 16 c 0 b 602 a 764 a 57 c 61 b 

Location 2 

Mc 944 (S) No 183 a 105 a 168 a 10 a 348 a 418 a 228 a 585 a 
Mc 944 (S) Yes 247 a 58 a 236 a 23 a 238 a 350 a 193 a 378 a 
NC 567 (R) Yes 2 6 7 a  l l 0 a  2 3 b  7 a  3 0 8 a  6 5 1 a  4 3 b  133a  

Means followed by a different letter are significantly different according to the Waller-Duncan procedure (k-ratio = I00; 
18 dO. 

yses of  variance and the Waller-Duncan 
p rocedure .  Economic  consequences  of  
TCN  control strategies were compared on 
an annual basis and for the entire 3-year 
study. 

R~SULTS 

Initial and midseason populations of  
cysts, eggs, and juveniles were similar 
among experimental treatments at both lo- 
cations in 1984 (Tables 2, 3). Use of  fen- 
amiphos with Mc 944 reduced final pop- 
ulation densities of  cysts and juveniles 
compared with the untreated control at lo- 
cation 1 but not at location 2 (Table 2). 
Even when fenamiphos was applied to Mc 
944, plots with NC 567 had lower cyst and 
juvenile population densities at the end of  
the 1984 growing season than did plots 
with Mc 944. Egg population densities at 
the end of  the 1984 growing season were 
similar in nematicide-treated and untreat- 
ed plots planted with Mc 944; however, 
end-of-season egg population densities were 
reduced by use of  fenamiphos with NC 567, 
compared with those on Mc 944 (Table 3). 

Initial 1985 cyst population densities 
were lower in plots treated with fenami- 
phos in 1984 at location 1 but not at lo- 
cation 2 (Table 2). Initial egg population 
densities from both locations in 1985 were 
also not significantly different (Table 3). 
Although initial 1985 juvenile population 
densities at both locations were lower in 
plots planted with NC 567 compared with 
Mc 944 in 1984, these differences were not 

significant at location 2 (Table 2). At lo- 
cation 1, final 1985 cyst population den- 
sities on K 326 without fenamiphos were 
significantly greater where NC 567, rather 
than Mc 944, had been planted in 1984 
(Table 4). No significant differences in final 
1985 cyst population densities were ob- 
served at location 2 (Table 4). At location 
2, final 1985 juvenile population densities 
were lower in plots planted with NC 567 
in 1984 and 1985, or where NC 567 and 
fenamiphos were used in 1984 and K 326 
was planted and fenamiphos was applied in 
1985, than when a TCN-susceptible cul- 
tivar was planted in both years (Table 4). 
Planting NC 567 rather than K 326 in 1985 
significantly lowered final 1985 cyst pop- 
ulation densities at location 1 and final egg 
and juvenile population densities at both 
locations (Tables 3, 4). Initial 1986 egg 
population densities in plots planted with 
K 326 and left unsprayed in 1984 and 1985 
were greater than egg population densities 
in plots where NC 567 was planted in 1984 
and K 326 was used in 1985 (Table 3). 
Planting NC 567 in 1984 and 1985 re- 
duced initial 1986 egg populations below 
the levels associated with planting NC 567 
in 1984 and K 326 in 1985 (Table 3). No 
differences in initial juvenile population 
densities or in midseason cyst population 
densities were detected at either location 
(Table 4). Midseason egg population den- 
sities in 1986 were also lowest when NC 
567 was planted in the 2 previous years 
(Table 3). At location 1, use of  fenamiphos 
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with NC 567 in 1986 reduced midseason 
juvenile population densities compared 
with continuous use of  a susceptible culti- 
var, with or without fenamiphos (Table 4). 
Planting NC 567 in 1986 also significantly 
lowered final cyst and egg population den- 
sities at location 1 compared with contin- 
uous planting of  a TCN-susceptible culti- 
var without fenamiphos or using NC 567 
with fenamiphos in 1984 and 1985 and K 
326 without fenamiphos in 1986 (Tables 
3, 4). Final 1986 TCN juvenile population 
densities in plots planted with NC 567 in 
1986 at location 1 were also lower than in 
plots planted with K 326, with or without 
fenamiphos. Differences in final 1986 cyst, 
egg, and juvenile population densities at 
location 2 were not significant (Tables 3, 
4). 

Using NC 567 with fenamiphos signifi- 
cantly increased 1984 yields, gross eco- 
nomic returns, and net economic returns, 
but not grade indices or average prices 
(Table 5). Use of  fenamiphos with Mc 944 
did not result in significant increases in 
1984 yields, gross or net economic returns, 
grade indices, or average prices. Applica- 
tion of  fenamiphos, however, increased 
yields, gross economic returns, and net 
economic returns for K 326 in 1985 (Table 
5). Increased 1985 yields, gross economic 
returns, and net economic returns were also 
associated with use of  NC 567 in 1984. No  
significant differences in grade index or 
average price were observed in 1985. Yields 
in plots continuously planted with a TCN- 
susceptible cultivar without fenamiphos 
were significantly lower in 1986 than in 
plots where fenamiphos had been applied 
in 1986 or in plots that had been planted 
with NC 567 in 1984 and 1985 (Table 5). 
Yield differences due to use of  fenamiphos 
in 1986 were significant when a TCN-sus- 
ceptible cultivar had been planted contin- 
uously but were not significant when NC 
567 was used. Gross economic returns were 
higher when fenamiphos or NC 567 were 
used in 1986 or when NC 567 was used 
with fenamiphos in 1984 and 1985. Dif- 
ferences in net economic returns due to 
fenamiphos application in 1986 were not 
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TABLE 4. Number s  of  cysts and juven i les  of  Globodera tabacum solanacearum on res is tant  and  susceptible f lue-cured tobacco with and  wi thout  f enamiphos  at  two 
locations in Virg in ia  in 1985, 1986. 

Cysts/500 cm s soil Juveniles/500 cm s soil 

Treatment 5/85 10/85 5/86 8/86 10/86 5/85 10/85 5/86 8/86 10/86 

t,o 
Locat ion  1 

1 5 a 113 c 60 ab 158 a 361 a 325 a 225 b 150 a 803 ab 795 a 
2 0 b 116 bc 78 a 185 a 255 ab 368 a 205 b 93 a 1,128 a 590 a • 
3 0 b 260 a 58 ab 126 a 156 b 75 b 338 ab 138 a 240 c 113 b 
4 0 b 174 b 69 ab 120 a 104 b 80 b 455 a 110 a 460 abc 75 b ~.~ 
5 0 b 5 d 13 b 249 a 260 ab 55 b 18 c 38 a 500 abc 946 a 
6 1 ab 6 d 33 ab 68 a 413 a 33 b 13 c 70 a 303 be 603 a 

Locat ion 2 ~ .  

1 10 a 331 a 158 a 74 a 370 a 585 a 233 a 295 a 23 a 65 a ~.~ 
2 23 a 568 a 135 ab 86 a 200 a 378 a 213 a 123 a 35 a 48 a 
3 3 a 531 a 85 ab 70 a 174 a 195 a 158 ab 180 a 40 a 43 a 
4 1 a 314 a 7 0 a b c  46 a 111 a 28 a 93 bc 215 a 55 a 40 a 
5 8 a 208 a 13 c 3 a 106 a 73 a 58 bc 48 a 8 a 20 a 
6 15 a 149 a 69 bc 49 a 121 a 235 a 28 c 158 a 28 a 25 a 

Means followed by a different letter are significantly different according to the Waller-Duncan procedure (k-ratio = 100; 18 d 0. 
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TAaLE 5. Yield and  r e t u r n s  f r om f lue-cured  tobacco res i s tan t  a n d  suscept ib le  to Globodera tabacum sola- 
nacearum with and  wi thou t  f e n a m i p h o s  over  a 3-year  pe r iod  at  locat ion 1 in Virginia.  

Fenami- Yield Gross return Net return Grade index Avg. price 
Treatment Cultivar phos kg/ha  (S/ha) (S/ha) (0-99) ($/kg) 

1984 

1 Mc 944 No  2 ,575 a 9,853 a 9 ,853 a 47 .5  a 3 .82 a 
2 Mc 944 Yes 2 ,878 ab 10,990 a 10,776 a 45.8 a 3 .80 a 

3 - 6  NC 567 Yes~" 3 ,276 b 12,751 b 12,537 b 49.1 a 3.88 a 

W a l l e r - D u n c a n  LSD 421 1,628 1,643 NS NS 

1985 

1 K 326 No  2,117 a 8 ,238 a 8 ,238 a 65.3 a 3.87 a 
2 K 326 Yes 3 ,424 b 13,453 b 13,225 b 65.8 a 3.92 a 
3 K 326 No  3 ,234 b 12,757 b 12,757 b 68.3 a 3 .94 a 
4 K 326 Yes 3,747 b 14,896 b 14,669 b 68.0 a 3.97 a 
5 N C  567 No  3 ,600 b 14,319 b 14,319 b 65.5 a 3 .97 a 
6 N C  567 Yes 3 ,746 b 14,830 b 14,603 b 62.8 a 3.95 a 

W a l l e r - D u n c a n  LSD 898 3,331 3 ,356 NS NS 

1986 

1 K 326 No  868 a 2 ,986 a 2 ,986 a 58.5 b 3.43 a 
2 K 326 Yes 1,125 bc 3,981 bc 3,757 abc 71.5 c 3.51 a 
3 NC 567 Yes 1,154 bc 4 ,053 bc  3,830 bc 46.3 a 3.50 a 
4 N C  567 N o  1,069 ab 3 ,892 bc 3 ,892 bc 59.8 b 3.63 a 
5 K 326 N o  1,087 bc  3 ,705 ab 3,705 ab 65.5 bc 3.43 a 
6 K 326 No  1,300 c 4 ,520  c 4 ,520 c 66.5 bc 3.47 a 

W a l l e r - D u n c a n  LSD 214 782 790 10 NS 

Means in columns within years with different letters are significantly (P = 0.05) different according to the Waller-Duncan 
procedure. 

t Each number is the average of four treatments, all identical (treatments 3-6, Table 1). 

significant when a TCN-susceptible culti- 
var had been planted continuously. In- 
creases in net economic returns from use 
of fenamiphos were significant when NC 
567 was planted in 1986 or had been used 
in 1984 and 1985. Continuous use of  a 
TCN-susceptible cultivar with fenamiphos 
resulted in the highest grade index in 1986. 
Use of  NC 567 in 1986 resulted in signif- 
icantly lower grade indices than those as- 
sociated with continuous use of a TCN- 
susceptible cultivar with fenamiphos. Grade 
indices from plots planted with NC 567 in 
1984 and 1985 were similar to those for 
plots continuously planted with a TCN-sus- 
ceptible cultivar with or without fenami- 
phos. No significant differences were found 
in average price in 1986. 

D I S C U S S I O N  

Analyses of  cyst and juvenile populations 
could not be combined over locations due 
to heterogeneous error variances and in- 
teractions between locations and treat- 
ments. Differences in TCN populations 

were observed among treatments at loca- 
tion 1 in each year of the study. Although 
similar trends often seemed apparent in 
treatment means at location 2, treatment 
effects at location 2 were rarely signifi- 
cantly different. Trends in TCN egg pop- 
ulation densities, however, were similar at 
both locations in 1984 and 1985. Treat- 
ment effects on initial and midseason TCN 
egg population densities were also similar 
across locations in 1986, but final 1986 
TCN egg population densities followed dif- 
ferent trends in each experiment. Differ- 
ences among treatments in flue-cured to- 
bacco yield, gross economic value, net 
economic return, quality index, and aver- 
age price were observed at location 1. Dif- 
ferences in agronomic characteristics could 
not be attributed to TCN control at loca- 
tion 2 because high incidences of tobacco 
mosaic virus-infected plants were observed 
at this site and the flue-cured tobacco cul- 
tivars used differed in susceptibility to to- 
bacco mosaic virus, as well as to TCN. 

The results of  this study confirm those 
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f rom previous  work (4) demons t r a t ing  a 
r educ t ion  in final season T C N  popula t ion  
densities a f te r  p lant ing a TCN-res i s tan t  
cult ivar and  indicate tha t  this r educ t ion  in 
T C N  popula t ions  persists t h r o u g h  the win- 
te r  into the beg inn ing  o f  the  nex t  growing 
season. The se  results were  par t icular ly  
str iking when T C N  egg popula t ion  den-  
sities were  c o m p a r e d  with cyst or  juveni le  
popula t ion  densi t ies  (2). Plant ing NC 567 
appears,  t he re fo re ,  to be a very effective 
m e t h o d  for  r educ ing  T C N  populat ions  in 
severely infested fields. 

Use o f  NC 567 may enable  tobacco pro- 
ducers  to increase yields and gross and net  
economic  re tu rns  in e i ther  o f  two ways. 
W he n  fenamiphos  was used, yields f rom 
NC 567 were  at least as high as those ob- 
tained using agronomical ly superior,  T C N -  
susceptible cultivars. T h e  best  1986 yields 
and gross and net  economic  re turns ,  how- 
ever,  were  observed  in plots p lan ted  with 
a TCN-suscept ib le  cult ivar a f te r  two con-  
secutive years o f  fenamiphos  and NC 567. 
Use o f  such a cu!t ivar ro ta t ion  strategy for  
T C N  m a n a g e m e n t  may be  more  at t ract ive 
to Virginia f lue-cured tobacco p roduce r s  
than  plant ing NC 567 every  year  because 
NC 567 is cons idered  difficult to cure  by 
many Virginia producers .  L o w e r  quality 
characterist ics due  to cur ing  difficulty can 
cause a p r o d u c e r  to sell his c rop  for  much  
less than  c u r r e n t  marke t  prices. A cult ivar 
ro ta t ion  strategy would enable  p roducer s  
with TCN- in fes t ed  fields to r educe  T C N  
popula t ions  and increase the product iv i ty  
o f  their  fields while minimizing any risk o f  
r educed  e c onomi c  re tu rns  due  to delete-  
r ious ag ronomic  characterist ics in NC 567. 

While the results o f  this s tudy are  p rom-  
ising, f u r t h e r  work is needed  to  conf i rm 
our  tenta t ive  conclusions r ega rd ing  the  
economic  benefi ts  o f  p lant ing NC 567 for  
T C N  management .  T h e  lack o f  statistical 
significance a mo n g  t r e a tmen t  effects on 
T C N  popula t ions  at location 2, perhaps  
due  to T C N  dis t r ibut ion at tha t  location,  
suggests tha t  using NC 567 in a cultivar 
ro ta t ion  s t ra tegy should be  tested in ad- 
dit ional years or  fields. F lue-cured  tobacco 
yield and  quality data  were  ob ta ined  f rom 

only one  location. T h e  s t ruc ture  o f  the  
t rea tments  in this study also did not  allow 
a direct  compar i son  o f  p lant ing NC 567 
for  1 vs. 2 years in o r d e r  to decrease  T C N  
populat ions.  O t h e r  strategies for  T C N  
m a n a g e m e n t  are also being explored .  T h e  
feasibility o f  using TCN-res i s tan t  cultivars 
o the r  than NC 567 in a cult ivar ro ta t ion  
strategy and o f  reduc ing  nemat ic ide  rates 
with TCN-res i s tan t  cultivars is cur ren t ly  
being investigated. 

In summary,  this study has demons t ra t -  
ed that  p lant ing NC 567 in TCN- in fes t ed  
fields can significantly r educe  T C N  popu-  
lations at the end  o f  the  cu r r en t  year 's  
growing season and at the beg inn ing  o f  the  
nex t  growing season. Use o f  NC 567 with 
fenamiphos  for  2 years, r a t h e r  than  1, may 
reduce  T C N  populat ions  even fur ther .  
When  fenamiphos  was used, ne t  economic  
re turns  f rom use o f  NC 567 were  at least 
as high as those associated with use o f  an 
agronomical ly  super ior  but  TCN-suscep-  
tible cultivar. Using fenamiphos  and (or) 
NC 567 in 1984 and 1985 resul ted in in- 
creased economic  re tu rns  in 1986 com- 
pa red  with using a susceptible cultivar 
wi thout  fenamiphos  in bo th  years. Eco- 
nomic re tu rns  were highest  in 1986 when 
fenamiphos  had been  used with NC 567 in 
1984 and 1985 and a susceptible cultivar 
was p lan ted  in 1986. 
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