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Population Densities of Meloidogyne incognita and 
Yield of Capsicum annuum 1 

M. DI V I T O ,  N. GRECO, AND A. CARELLA 2 

Abstract: Two microplot experiments in 1981 and 1983 provided information on the effect of 
different population densities of  Meloidogyne incognita race 1 and yield of  sweet pepper. Microplots 
were square concrete pipes (30 × 30 cm and 50 cm long) filled with 40 liters of  soil infested with 
0, 0.062, 0.125, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 256, and 512 eggs and juveni les /cm 3 soil. 
Tolerance limits of 2.2 and 0.165 eggs and juven i l e s / cm s soil and minimum yields of 58% and 20% 
of the controls were obtained in 1981 and 1983, respectively. Maximum reproduction rates of  the 
nematode were 274 and 1,498 at the lowest initial population density. T h e  population of the 
nematode declined rapidly after  harvest, and only 13% and 6.5% of eggs and juveniles were detected 
in the soil after 1 and 6 months,  respectively. 

Key words: root-knot nematode,  tolerance limit, population decline, sweet pepper. 

The  root-knot nematode Meloidogyne in- 
cognita (Kofoid & White) Chitwood occurs 
in almost all vegetable-growing areas of  
Italy where it suppresses sweet pepper 
(Capsicum annuum L.) yields (2,5). Nema- 
tode densities of  0.1 and 1 eggs and juve- 
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niles/cm 3 soil greatly limit the growth of  
chile pepper in the United States (6,9). 
However,  information on the effect of  var- 
ious preplant population densities of  M. in- 
cognita on sweet pepper yields is still lack- 
ing. T h e r e f o r e ,  microplot  exper iments  
were performed in southern Italy, in 1981 
and 1983, to determine i) the relationship 
between population densities of  M. incog- 
nita and yield of  pepper, ii) reproduction 
rate of  the nematode on pepper at differ- 
ent initial populations, and iii) decline of  
M. incognita population in soil in the ab- 
sence of  plants. 
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FIG. 1. Microplots. A) Overall view of microplots. B) Microplots with pepper plants showing growth as 
affected by different initial population densities of Meloidogyne incognita. 

MATERIALS AND METHODS 

O n e  h u n d r e d  for ty  microp lo t s  m a d e  o f  
square  conc re t e  pipe,  30 x 30 cm and  50 
cm long,  were  p laced  45 cm deep  in the  

field. Microplots ,  rep l ica ted  10 times, were  
a r r a n g e d  cont iguously  in rows with 90 cm 
be tween  rows in a r a n d o m i z e d  b lock design 
(Fig. 1A). 
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The horizon and subsoil of the plots were 
treated with 300 l i ters/ha of  ethylene di- 
bromide 45 days before placing the con- 
crete pipes. 

Microplots were filled to within 5 cm of  
the top with 40 liters of  a sandy loam (89.1% 
sand, 7% clay, 3.9% silt, and 2.3% organic 
matter) which was also treated 7 months 
earlier with 300 l i ters/ha of ethylene di- 
bromide. 

Effect of initial population, 1981: Meloi- 
dogyne incognita host race 1 (8) was reared 
on pepper in a glasshouse at 25-27 C. Eggs 
and second-stage juveniles (9:1) were col- 
lected from the roots by the sodium hy- 
pochlorite method (4) and thoroughly 
mixed with the soil of each microplot to 
give a range of initial population densities 
(Pi) of  0, 0.25, 0.5, 1, 2, 4, 8, 16, 32, 64, 
128,256, and 512/cm 3 of soil. Ten grams 
of  15-15-15 fertilizer were also added to 
each microplot. 

Two-month-o ld  Yolo W onde r  sweet 
pepper seedlings, grown in a glasshouse at 
25-27 C, were transplanted one to a mi- 
croplot on 30 April 1981. 

Fruits were harvested on 9 and 29 July, 
20 August, and 9 September 1981, count- 
ed, and weighed. A 1.5-2-kg composite soil 
sample of 20 cores was collected from the 
top 30 cm of each microplot on 10 Sep- 
tember, using a 2.5-cm-d soil sampler to 
measure the post harvest population (Pf) 
of  M. incognita. 

Effect of initial population, 1983: The 
same microplots were used in 1983 for 
another trial. Roots of pepper infested with 
M. incognita were finely chopped and mixed, 
and 10 subsamples of 10 grams each were 
processed by the sodium hypochlor i te  
method (4) to estimate numbers of  avail- 
able eggs and juveniles of the nematode. 
The  roots were then thoroughly mixed in 
a known quantity of soil, and proper 
amounts of this were added to the fumi- 
gated soil of  the microplots to give a range 
of population densities of  0, 0.062, 0.125, 
0.25, 0.5 . . . . .  128 eggs andjuveni les /cm 3 
of soil. 

Transplanting date and maintenance of 
the plants during the growing season were 
the same as in 1981. 

Fruits harvest dates of microplots with 
plants were 7 July, 3, 19, 31 August, and 
16 September 1983. To estimate nema- 
tode final population, soil samples were col- 
lected on 17 September 1983 as in 1981. 
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FIG. 2. Meloidogyne incognita on Capsicum annuum. 
A) Relationships between initial population densities 
of M. incognita and yield of cv. Yolo Wonder sweet 
pepper. B) Mean soil temperature at 25 cm deep re- 
corded during 1981 and decline of eggs and juveniles 
of M. incognita in soil after harvest. 

2 2  

Decline of the nematode population, 1981: 
Ten microplots inoculated with 41 eggs 
andjuveni les /cm 3 of soil were left without 
plants in order to investigate the decline 
of the nematode population in the absence 
of a host. 

In eight microplots, from which pepper 
plants had been removed on 10 Septem- 
ber, soil sampling was continued every 2 
weeks t h rough  22 October  and then  
monthly until 18 March 1982. To achieve 
information on a possible downward move- 
ment of  the nematode, 16 soil samples were 
also collected from the soil beneath the 
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TABLE 1. Effects of  initial population densities (Pi) on reproduct ion of  Meloidogyne incognita and on fruit 
size of  pepper  Yolo Wonder.  

Eggs and juveniles/cm ~ soil 
Reproduction rate Fruit weight 

Pi Pf Pf/Pi g 

1981 1983 1981 1983 1981 1983 1981 1983 

0 0 95.6 97.2 
0.062 92.8 1,497.6 87.0 
0.125 110.8 886.4 91.2 

0.25 0.25 68.4 126.3 273.8 505.1 82.1 81.9 
0.5 0.5 113.4 125.1 226.7 250.1 82.1 83.0 
1 1 98.6 168.4 98.6 168.4 81.9 73.8 
2 2 131.5 129.1 65.7 63.5 78.7 73.6 
4 4 128.4 175.3 32.1 43.8 73.5 75.7 
8 8 170.7 142.7 21.3 17.8 80.3 75.2 

16 16 171.0 174.2 10.6 10.8 88.1 65.4 
32 32 156.6 184.5 4.8 5.7 83.0 62.6 
64 64 149.9 198.2 2.3 3.0 64.7 55.2 

128 128 99.8 223.7 0.7 1.7 79.2 45.9 
256 79.1 0.3 83.0 
512 117.9 0.2 69.1 

41 * 27.5* 11.1 16.5 0.2 0.6 

LSD: (P = 0.05) NS 73.7 65.9 204.4 15.3 9.3 
(P = 0.01) NS NS 87.3 270.5 NS 12.4 

* Without plant. 

microplots at this time. T h e  soil had been 
removed on 10 September 1981 f rom eight 
of  these microplots and f rom the others on 
18 March 1982. 

Decline of the nematode population, 1983: 
Decline of  nematode  populations in the ab- 
sence of  plants was studied in 10 microplots 
infested with 27.5 eggs and juven i l e s / cm 3 
of  soil by collecting soil samples at harvest. 

Eggs and juveniles were extracted f rom 
soil by the me thod  of  Coolen (1). However,  
the soil suspension was not  separated into 
organic and mineral  fraction.  Instead, a 
few drops o f  an ant i foam agent  and com- 
mercial sodium hypochlor i te  to give a con- 
centra t ion o f  0.4% were added  to the sus- 
pension before  bubbling air to improve the 
recovery o f  eggs and  juveniles. 

Soil t empera ture  at 25 cm deep was re- 
corded dur ing  the exper iment  (Fig. 2B). 
Fruit  weights, final nematode  population,  
and nematode  reproduct ion  rates f rom mi- 
croplots with plants were compared  by cal- 
culating LSDs. 

RESULTS 

Effect of initial population, 1981: T h e  
nematode  limited pepper  yield (Fig. 1B), 
but symptoms ofM.  incognita infestation o f  
roots were not  evident  at inoculum level 

16 eggs and juven i l es /cm 3 of  soil. Yield 
data were fitted to the equat ion y = m + 
( 1 -  m)z P-T proposed by Seinhorst  (7), 
where T = the tolerance limit (the nema- 
tode density below which there  is no yield 
loss), y = the ratio between the yield at 
nematode density P and the maximum yield 
(when P - T), m = the min imum yield (y 
at very large populat ion density), and z = 
a constant  - 1 with z -T = 1.05. Fit t ing this 
equation to the data gave a tolerance limit 
of  2.2 eggs and juven i l es /cm 3 of  soil and 
a min imum yield of  0.58 (Fig. 2A). T h e  
observed differences between mean weight 
of  single pepper  fruits at different  inocu- 
lum levels were significant (P = 0.05). 

T h e  relation between Pi and Pf  shows a 
max imum reproduct ion  rate,  P f /P i ,  of  274 
at Pi o f  0.25 eggs a n d j u v e n i l e s / c m  3 of  soil 
(Table 1), which decreased (P = 0.01) as 
the initial populat ion increased. 

In 1983 the effect of  nematode  infesta- 
tions on the yield of  pepper  was much 
greater  than in 1981, and a tolerance limit 
of  0.165 eggs and juven i l e s / cm ~ of  soil and 
a min imum yield o f  0.2 were est imated as 
previously described. Fruit  size was greatly 
influenced (P = 0.01) by Pi and at the larg- 
est Pi was 48% less than that  o f  noninoc- 
ulated controls (Table 1). T h e  max imum 



M. incognita and  Yield o f  Pepper :  Di Vito et al. 49 

r e p r o d u c t i o n  ra te  o f  the  n e m a t o d e ,  P f / P i ,  
was 1,498 at Pi o f  0 .062 eggs  and  juve-  
n i l e s / c m  s o f  soil. 

Decline of the nematode population: Final 
popula t ions  obse rved  at  the  last harves t  in 
the  microplo t s  wi thout  plants  were  73% 
and  40% less than  those  at p lan t ing  in 1981 
and  1983, respectively.  N u m b e r s  o f  newly 
f o r m e d  eggs  decl ined rapidly  f r o m  10 Sep- 
t e m b e r  1981 t h r o u g h  18 March  1982 and  
were  86.7% and 93.5% fewer  than  at ha r -  
vest, respect ively,  1 and  6 m o n t h s  a f t e r  the  
end  o f  the  e x p e r i m e n t  (Fig. 2B). Soil sam- 
ples col lected 5 0 - 7 5  cm deep  con ta ined  up  
to 50% as m a n y  n e m a t o d e s  as found  in the  
top  25 cm o f  soil at the  same date ,  and  no  
dif ferences  could be  seen be t ween  micro-  
plots  f r o m  which the  soil had  been  re- 
m o v e d  on  10 S e p t e m b e r  1981 or  18 March  
1982, suggest ing tha t  no  downward  move-  
m e n t  o f  juveni les  and  eggs  o c c u r r e d  in the  
absence  o f  the  host  p lant  in this soil, e i the r  
by active m o v e m e n t  or  by pe rco la t ing  
water .  

DISCUSSION 

T h e  to le rance  limit o f  sweet  p e p p e r  to 
M. incognita and  the  m i n i m u m  yield in 1983 
were  lower  than  in 1981 (Fig. 2A). T h e s e  
di f ferences  may  be  caused by the  d i f fe ren t  
infesta t ion techniques  used in the  two ex- 
pe r iments .  In  1981 the  sodium hypochlo-  
r i te  t r e a t m e n t s  may  have  r educed  the  num-  
bers  o f  infect ive second-s tage  juveni les  
r educ ing  the  d e g r e e  o f  initial r oo t  infes- 
tat ion,  leading to a h ighe r  a p p a r e n t  tol- 
e rance  limit o f  sweet  p e p p e r  to M. incognita 
in 1981 than  in 1983. T h e  to le rance  l imit  
obse rved  in 1983 should  occur  u n d e r  field 
condi t ions  in sou the rn  Italy; it is close to 
values r e p o r t e d  for  chile p e p p e r  in the  
Un i t ed  States (6) and  for  can ta loupe  in 
I ta ly (3) to M. incognita. 

T h e  lower  value o f  the  r e p r o d u c t i v e  ra te  
r eg i s t e red  at  the  lowest Pi in 1981, com-  
p a r e d  with 1983, was also due  to differ-  
ences in infes ta t ion m e t h o d s  r a t h e r  than  
to di f ferences  in e n v i r o n m e n t a l  condi t ions  
which were  similar  in b o t h  years.  An over-  
es t imat ion  o f  the  actual  initial popu la t ion  
may  account  for  the  lower  ra te  obse rved  
in 1981. 

Almos t  all M. incognita r e c o v e r e d  f r o m  
the  soil 1 m o n t h  a f t e r  harves t  o n w a r d  
were  juveni les ,  suggest ing tha t  the  over-  
winter ing popula t ion  is mostly second-stage 
juveni les  if  the  soil t e m p e r a t u r e  r emains  
above  12 C. Howeve r ,  juveni les  may  have  
been  re leased  f r o m  e m b r y o n a t e d  eggs dur-  
ing ex t rac t ion  o f  n e m a t o d e s  f r o m  the  soil. 
T h e  rap id  decl ine o f  the  soil n e m a t o d e  
popula t ion,  observed  af ter  harves t  in 1981, 
suggests tha t  soil samples  should be  col- 
lected and  processed  very  soon a f t e r  re- 
moval  o f  plants  to avoid e r r o n e o u s  P f  es- 
t imates  due  to rap id  n e m a t o d e  mor ta l i ty  
in the  absence  o f  a host.  Finally, the  r a t h e r  
cons tant  popu la t ion  o f  M. incognita ob- 
served f r o m  J a n u a r y  o n w a r d  (Fig. 2B) in- 
dicates tha t  soil samples  col lected in this 
pe r iod  would  be  useful  to p red ic t  yield loss- 
es o f  spr ing host  plants.  
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