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Reducing Meloidogyne incognita Injury to Cucumber in a 
Tomato-Cucumber Double-Cropping System 1 

P. D. COLYER, 2 T. L. KIRKPATRICK, 3 P. R. VERNON, 2 J. D. BARHAM, ~ AND R.J.  BATEMAN 3 

Abstract: The effects of a root-knot nematode-resistant tomato cultivar and application of the nema- 
ticide ethoprop on root-knot nematode injury to cucumber were compared in a tomato-cucumber 
double-cropping system. A root-knot nematode-resistant tomato cultivar, Celebrity, and a susceptible 
cultivar, Heatwave, were grown in rotation with cucumber in 1995 and 1996. Celebrity- suppressed 
populations of Meloidogyne incognita in the soil and resulted in a low root-gall rating on the subsequent 
cucumber crop. Nematode population densities were significantly lower at the termination of the 
cucumber crop in plots following Celebrity than in plots following Heatwave. Premium and marketable 
yields of cucumbers were higher in plots following Celebrity than in plots following Heatwave. Appli- 
cation of ethoprop through drip irrigation at 4.6 kg a.i./ha reduced root galling on the cucumber crop 
but had no effect on the nematode population density in the soil at crop termination. Ethoprop did not 
affect cucumber yield. These results indicate that planting a resistant tomato cultivar in a tomato- 
cucumber double-cropping system is more effective than applying ethoprop for managing M. incognita. 

Key words: cucumber, cultural control, double crop, Meloidogyne incognita, nematode, root-knot nema- 
tode, tomato, trellising. 

Hos t  p l a n t  resis tance is an  effective, eco- 
n o m i c a l ,  a n d  e n v i r o n m e n t a l l y  safe pes t  
m a n a g e m e n t  practice.  A l t h o u g h  n u m e r o u s  
vegetable  cultivars are available with resis- 
t ance  to the  roo t -kno t  n e m a t o d e ,  Meloido- 
gyne incognita (Kofoid & Whi te)  Chitwood,  
commerc ia l ly  acceptab le  c u c u m b e r  (Cucu- 
mis sativis L.) cultivars with resis tance to this 
n e m a t o d e  have n o t  b e e n  deve loped  (Fassu- 
liotis, 1979; Waiters  et  al., 1993). O n e  strat- 
egy to r educe  roo t -knot  n e m a t o d e  damage  
to suscept ible  crops is t h r o u g h  crop ro ta t ion  
with n o n h o s t  or  res i s tan t  p l an t s  (Anony-  
mous ,  1968; Bridge,  1996). Cer ta in  crop ro- 
ta t ion  systems have b e e n  shown to decrease  
roo t -kno t  n e m a t o d e  d a m a g e  in  vegetable  
crops ( Johnson ,  1985). The  l e n g t h  of  t ime a 
res is tant  o r  n o n h o s t  crop mus t  be  grown in- 
f luences  the efficacy of  con t ro l l i ng  the root-  
k n o t  n e m a t o d e .  A n o t h e r  c o m m o n  manage -  
m e n t  strategy is the app l i ca t ion  of  nemat i -  
cides ( Johnson ,  1985). Unfor tuna te ly ,  the 
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n u m b e r  of  nemat i c ides  l abe led  for applica- 
t ion  to c u c u m b e r s  is l imited.  

Tre l l i s ing  c u c u m b e r s  can  increase  yield 
a n d  frui t  quali ty ( H a n n a  et  al., 1987; Kon- 
sler a n d  Strider,  1973; Russo et al., 1991). A 
t o m a t o  (Lycopersicon esculentum M i l l . ) -  
c u c u m b e r  d o u b l e - c r o p p i n g  system, where  
the trellis in f ras t ruc ture  es tabl ished for  to- 
ma to  is reused  for a s u b s e q u e n t  c u c u m b e r  
crop,  is feasible a n d  can part ial ly offset the 
cost of  e rec t ing  a trellis ( H a n n a  et  al., 1989; 
H a n n a ,  1993). G r ow i ng  a suscep t ib le  to- 
ma to  cultivar, however,  can  signif icant ly in- 
crease the p o p u l a t i o n  densi ty  of  M. incognita 
pr io r  to p l a n t i n g  c u c u m b e r .  Several tomato  
cultivars with h igh  levels of  resis tance to M. 
incognita have b e e n  re leased for commerc i a l  
p r o d u c t i o n .  T h e  objec t ives  of  this  s tudy  
were to evaluate the use of  a M. incognita- 
r e s i s t a n t  t o m a t o  c u l t i v a r  i n  a t o m a t o -  
c u c u m b e r  d o u b l e - c r o p p i n g  system in  rela- 
t ion  to roo t -knot  n e m a t o d e  p o p u l a t i o n  den-  
sity a n d  c u c u m b e r  yield. T h e  effects of  the 
r e s i s t an t  t o m a t o  cu l t ivar  were  c o m p a r e d  
with the effects of  app ly ing  a nemaf ic ide  to 
c u c u m b e r .  

MATERIALS AND METHODS 

Expe r i me n t s  were c o n d u c t e d  at the Red 
River Research Stat ion in  Bossier City, Loui-  
siana,  in  1995 a n d  1996. T h e  soil was Nor-  
w o o d  very f ine sandy loam (Typic Unidf lu -  
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vent: fine-silty, mixed,  calcareous, thermic) .  
Meloidogyne incognita-susceptible 'Heatwave '  
tomato  had  been  grown in the field dur ing 
the spring of  1994 followed by a s u m m e r  
crop  of  cucumber .  The  exper imenta l  design 
was a 2 x 2 factorial a r ranged  as a r andom-  
ized comple te  block. Trea tments  were M. in- 
cogvzita-resistant (Celebrity) or  susceptible 
(Heatwave) tomato  followed by cucum ber  
with or  wi thout  appl icat ion of  e thoprop .  
Each t rea tment  combina t ion  was replicated 
four  times. Plots were single rows 7.3 m long 
and  1.45 m apart. Spacing between tomato  
plants was 46 cm, and the space between 
cucumber  plants was 30 cm. All plots were 
established with drip irrigation and  black 
plastic mulch.  

Prior to plant ing tomato,  560 k g / h a  of  
8-24-24 (N, P205, K20 ) fertilizer was broad- 
cast over  the field. Met r ibuz in  (0.55 kg 
a . i . / h a )  (1995)  o r  t r i f lu ra l in  (1.12 kg 
a . i . /ha)  plus metr ibuzin  (0.55 kg a . i . /ha)  
(1996) were broadcast  over the field pr ior  to 
t ransplant ing.  T o m a t o  plants were trans- 
p lanted  on 7 April 1995 and 11 April 1996. A 
trellis system was erected using iron rods 
and  string to suppor t  the tomato  plants. 
Drip irrigation was applied as needed  to the 
tomato  crop. Foliar disease and  insect con- 
trol were main ta ined  by a weekly spray pro- 
g ram based on site moni to r ing  and  Louisi- 
ana  Cooperat ive Extension Service guide- 
lines. 

Immedia te ly  before  plant ing cucumbers ,  
tomato  plants were killed with a foliar appli- 
cation of  glyphosate (1.4 kg a . i . /ha) .  One  
week after applying glyphosate,  e t h o p r o p  
(EC) was injected th rough  the drip system at 
4.6 kg a. i . /ha.  Cucumber  cv. Dasher  II was 
direct-seeded 2 days after applying e thop rop  
(11 July 1995 and 26 July 1996). Cucumber  
plants were trained to vine vertically using 
the dead tomato  stems and  trellis infrastruc- 
ture for support .  At the three-leaf stage, 9.0 
k g / h a  a m m o n i u m  ni t rate  (34%) was in- 
j ec ted  th rough  the drip irrigation system, 
with two add i t i ona l  app l i ca t i ons  o f  9.0 
k g / h a  at 3-week intervals. Drip irr igation 
was appl ied as needed  to the cucum ber  crop  
th roughou t  the growing season to prevent  
water stress. Total  a m o u n t  of  rainfall and  

irrigation water was 33 and 43 cm in 1995 
and 1996, respectively. Plots were sprayed 
weekly with chlorothaloni l  (1.68 kg a . i . /ha)  
to control  foliar diseases and  with endosul- 
fan (0.84 kg a. i . /ha)  or  pe rme th r in  (0.175 
kg a . i . /ha)  to control  insects. Cucumbers  
were harvested seven times between 1 and  
22 Sep tember  1995, and 12 times between 9 
Sep tember  and  4 Oc tober  1996. Fruit were 
graded  according to U.S. Depa r tmen t  of  Ag- 
riculture standards for  U.S. Fancy, No. 1, 
No. 2, and culls (Anonymous,  1958). Pre- 
m i u m  yield was de te rmined  by combining  
the weight of  fruit  g raded  as U.S. Fancy and  
No. 1. Total yield was the sum of  p r e m i u m  
yield and No. 2 fruit. 

Nema tode  popula t ion  density was deter- 
mined  f rom each plot  at terminat ion of  the 
tomato  crop and  following the final cucum- 
ber  harvest. A composi te  of  20 soil cores was 
collected f rom the root  zone of  plants in 
each plot. Cores were collected to a depth  of  
20 cm with a 2.5-cm-diam. sampling tube. 
Second-stage juveniles (J2) were extracted 
f rom a 500-cm 3 subsample  by wet-sieving 
and  sugar flotation and  counted  with a dis- 
secting microscope (Ayoub, 1980). All root  
f ragments  in the subsample were collected 
and  shaken for  4 minutes  in 0.05% NaOC1 
to free eggs f rom egg masses (Hussey and 
Barker, 1973). The  J2 and  eggs extracted 
f r o m  each  p lo t  were  to ta led  and  trans-  
fo rmed  to log (J2 + eggs + 1) for  statistical 
analysis. 

Severity of  root  galling was rated on  10 
cucumber  root  sys tems/plo t  after the final 
harvest on a 0- to -5 scale: 0 = no galls, 1 = 1 
to 2, 2 = 3 to 10, 3 = 11 to 30, 4 = 31 to 100, 
and  5 = more  than 100 ga l l s / root  system. 

Data were subjected to analysis of  variance 
with PC/SAS software (SAS Institute, Cary, 
NC) appropr i a t e  for  comple te ly  r andom-  
ized design for  the tomato  data and  a 2 x 2 
factorial design for  the cucumber  data. 

RESULTS 

Tomato  yields are not  r epor ted  in this pa-  
per. In 1995, injury f rom Sclo'otium rolfsiiwas 
severe late in the tomato-growing season, 
with approximate ly  70% of  the plants in- 
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fected by the second harvest; consequently, 
yield data were extremely variable. In 1996, 
p ro longe d  ho t  weather  dur ing  the fruit- 
r ipen ing  pe r iod  resul ted  in severe f rui t  
cracking, part icularly with the root -knot  
nematode-resistant cultivar Celebrity, result- 
ing in toss of  marketable yields f rom many of  
the plots. 

In both years, root  galling was less severe 
and the M. incognita populat ion density at 
tomato harvest was lower on Celebrity than 
on  Heatwave tomato (Table 1). The tomato 
root  gall ratings and nematode  populat ion 
densit ies on  bo th  tomato  cultivars were 
lower in 1995 than in 1996. 

There  was no significant interaction be- 
tween the preceding  tomato cultivar and 
nematicide application in ei ther year for  soil 
populat ion density of  M. incognita at cucum- 
ber harvest, cucumber  root  galling, or pre- 
mium and marketable yield of  cucumbers. 
Consequently, data are presented using only 
the two main factors, tomato cultivar and 
nematicide application. 

The populat ion density of  M. incognita in 
the soil at cucumber  harvest was lower fol- 
lowing Celebrity than following Heatwave 
both years (Fig. 1). Ethoprop t reatment  did 
not  influence M. incognita populat ion den- 
sity at terminat ion o f  the cucumber  crop. 
Both pr ior  tomato cultivar and e thoprop  ap- 
plication, however, had a significant effect 
on the root-gall rating o f  cucumber.  Root 
gall Severity was lower following the resistant 
tomato cultivar than following the suscep- 

TABLE 1. E f f e c t  o f  t o m a t o  c u l t i v a r  o n  t o m a t o  r o o t -  
ga l l  r a t i n g  a n d  n u m b e r s  o f  Meloidogyne incognita s e c o n d -  
s t a g e  j u v e n i l e s  ( ]2 )  a n d  e g g s  p e r  500  c m  3 soil  a t  t o m a t o  
h a r v e s t .  

T o m a t o  Root-gall Log  
Year cultix~u" rat ing ~ (]2 + eggs + 1 )b 

1 9 9 5  C e l e b r i t y  0 . 8 a  0 . 5 a  

H e a t w a v e  1. l b  1 .9b  
1 9 9 6  C e l e b r i t y  0 . 5 a  0 . 5 a  

H e a t w a v e  1 .9b  3 . 3 b  

Means in co lumns  for the same year  followed by different  
letters are  different  at P = 0.01. 

Root-gall ra t ing on  0- to -5 scale: 0 = no  galls, 1 = 1 to 2, 2 
= 3 to 10, 3 = 11 to 30, 4 = 31 to 100, and  5 = m o r e  than  100 
ga l l s / roo t  system. 

b N e m a t o d e  counts  were . transformed for statistical analysis. 
T r ans fo rm ed  means  are  presented.  

tible cultivar both years. Application of  etho- 
prop also suppressed root  galling on cucum- 
ber  bo th  years (Fig. 2). This effect  was 
greater in 1995 than in 1996. The average 
root-gall rating on cucumber  across all treat- 
ments was higher  in 1996 (3.3) than in 1995 
(1.9). This increase was associated with a 
higher  soil populat ion density at the termi- 
nation of  the prior  tomato crop in 1996 than 
in t995. Cucumber  plants following Heat- 
wave tomato were visibly stunted and more  
chlorotic  t h roughou t  the growing season 
than plants following Celebrity. 

C u c u m b e r  fol lowing Celebri ty tomato  
also p roduced  more  premium and market- 
able fruit than cucumber  following Heat- 
wave both  years (Fig. 3). Nematicide appli- 
cation had no significant effect on tlae yield 
of  p r e m i u m  and marketable  frui t  e i ther  
year. The  mean yield of  marketable fruit, 
but  not  p remium fruit, across all treatments 
was higher  in 1995 than in 1996. Higher  
yields in 1995 were associated with a lower 
initial nematode  populat ion density in the 
soil following tomato than in 1996. 

D I S C U S S I O N  

The  effectiveness o f  cultivar resistance 
and nematicide application for nematode  
management  in vegetable cropping systems 
has been demonstra ted (Johnson, 1985). A 
concern  in using M. incognita-resistant to- 
mato cultivars is the possible ineffectiveness 
of  the resistance at high soil temperatures 
(Overman ,  1991). Soil t e m p e r a t u r e s  in 
northwestern Louisiana during the April-  
June  per iod generally exceed 27 °C, the 
tempera ture  at which loss of  the expression 
of  resistance has been repor ted  to occur  
(Dropkin, 1969). Expression of  resistance, 
however, appears to be de te rmined  by tem- 
perature within the first few days after nema- 
tode infection. Few M. incognitajuveniles de- 
ve loped  in the resistant  tomato  cultivar 
Nematex when plants were inoculated and 
incubated at 27 °C for 2 days and then held 
at 32 °C (Dropkin, 1969). In our  study, it 
appears that soils were sufficiently cool dur- 
ing the early growing season to circumvent 
infection and reproduct ion by the M. incog- 
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FIG. 1. Meloidogyne incognita soil popula t ion  densities in e thoprop- t reated and  un t rea ted  plots o f  c u c u m b e r  
following resistant (Celebrity) or  susceptible (Heatwave) cultivars of  tomato.  ** and  NS indicate statistical signifi- 
cance (P < 0.01) or  nonsignif icance between bars in a pair. 

nita population,  as indicated by the low root- 
gall ratings on the resistant tomatoes both 
years. Average maximum soil temperatures 

for April 1995 and 1996 were 23.9 and 23.3 
°C, respectively. 

From an environmentaI-quaIity perspec- 

A 

o 

o1 
o ~  

OS 
,o) 2 

o 
r~  

5 

4 

3 

1 

0 

I~'Celebrity' BIl'Heatwave' 
nEthoprop I~Untreated 

1995 1996 
FIG. 2. Root-gall ratings of  cucumber  f rom ethoprop- t reated and  un t rea ted  plots o f  c u c u m b e r  following 
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FIG. 3. Yield of cucumber from ethoprop-treated and untreated plots of cucumber following resistant (Celeb- 

rity) or susceptible (Heatwave) culfivars of tomato. ** and NS indicate statistical significance (P < 0.01) or non- 
significance between bars in a pair. 

t ive ,  i t  a p p e a r s  t h a t  g r o w i n g  a r o o t - k n o t  

n e m a t o d e - r e s i s t a n t  t o m a t o  c u l t i v a r  i n  a to-  

m a t o - c u c u m b e r  d o u b l e - c r o p p i n g  s y s t e m  

m a y  b e  m o r e  d e s i r a b l e  t h a n  r o u t i n e  u s e  o f  

n e m a f i c i d e s  f o r  M. incognita m a n a g e m e n t .  

H o w e v e r ,  t h e  p o o r  m a r k e t a b i l i t y  o f  f r u i t  

f r o m  t h e  r e s i s t a n t  c u l t i v a r  C e l e b r i t y  i n  t h i s  

s t u d y  i l l u s t r a t e s  t h a t  e x t r e m e  c a r e  m u s t  b e  

t a k e n  i n  s e l e c t i o n  o f  n e m a t o d e - r e s i s t a n t  to-  

m a t o  c u l t i v a r s  t h a t  a r e  a d a p t e d  to  t h e  r e g i o n  

i n  w h i c h  t h e y  a r e  to  b e  g r o w n .  R e s i s t a n c e  to  

e n v i r o n m e n t a l  f a c t o r s  s u c h  as  w e a t h e r  

c r a c k i n g ,  as  wel l  as  S. rolfsii a n d  o t h e r  e co -  

n o m i c a l l y  s i g n i f i c a n t  p a t h o g e n s ,  a l so  m u s t  

b e  i n c l u d e d  i n  t h e  n e m a t o d e - r e s i s t a n t  cu l t i -  

va r s  b e f o r e  t h e i r  u s e  f o r  r o o t - k n o t  n e m a t o d e  

m a n a g e m e n t  c a n  b e  e x p l o i t e d .  
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