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Recovery and Longevity of Egg Masses of Meloidogyne 
incognita during Simulated Winter Survival 1 

j .  L. STARR 2 

Abstract: Effects of  soil matrix potential on longevity of  egg masses of Meloidogyne incognita were 
determined during simulated winter conditions. Egg masses were recovered from isolated root 
fragments incubated in field soil at matrix potentials of  -0 .1 ,  -0 .3 ,  - 1.0, and - 4 . 0  bars through- 
out winter survival periods of  10 weeks for tomato roots and 12 weeks for cotton roots. Egg masses 
were more superficial on cotton roots than on tomato roots and were more easily dislodged from 
cotton roots during recovery of  root fragments by elutriation. The rate of decline in numbers of  eggs 
and'J2 per egg mass was greater in wet as compared to dry soils (P = 0.01), with the relationship 
between numbers of  eggs and J2 per egg mass and time being best described by quadratic models. 
Percentage hatch of  recovered eggs declines linearly with time at soil matrix potentials of  - 0.1 and 
- 0 . 3  bars, but at - 1.0 and - 4 . 0  bars the percentage hatch of recovered eggs increased before 
declining. Effects of  soil matrix potential on numbers of eggs per egg mass and percentage hatch of 
recovered eggs were consistent with previous reports that low soil moisture inhibits egg hatch before 
affecting egg development. Estimations of egg population densities during winter survival periods 
will be affected by ability to recover infected root fragments from the soil without dislodging asso- 
ciated egg masses. There is a need for procedures for extraction of egg masses not attached to roots 
from the soil. 

Key words: egg mass, matrix potential, Meloidogyne incognita, nematode, root knot, soil moisture, 
winter survival. 

Reliable estimates of  nematode popula- 
tion densities are critical to the selection of 
appropr i a t e  m a n a g e m e n t  strategies if  
losses due to nematodes are to be mini- 
mized and crop productivity maximized 
(4). This frequently requires that nema- 
tode  popu la t ions  be sampled  several 
months prior to actual initiation of  the ap- 
propriate management tactics (1). In many 
climates, it is necessary to sample nema- 
tode populations at the end of  one crop- 
ping season or during the early winter 
months and to estimate winter survival of 
the population to determine the hazard 
level for the succeeding crop. Eggs repre- 
sent a substantial portion of  the total pop- 
ulation for Meloidogyne species from the 
end of  a cropping season through the early 
winter months (1,14) and play an impor- 
tant role in winter survival (3,14). Ability to 
estimate population densities of  eggs in 
soil samples is dependent  on the recovery 
o f  root  f r agments  with adhe r ing  egg 
masses, yet there are few data available 
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that document the longevity of egg masses 
during the winter months. On several oc- 
casions, attempts to monitor winter sur- 
vival dynamics were hampered by erratic 
recovery of  eggs from infested soil (9). Be- 
cause temperature and moisture level are 
known to have major effects on survival of 
Meloidogyne spp. (6,7,18-20), the objectives 
of this study were to determine the effects 
of soil matrix potential on egg mass lon- 
gevity and egg viability of M. incognita dur- 
ing in vitro, simulated winter conditions 
common to Texas. During the simulated 
winter survival period, soil temperatures 
were not held constant but were decreased 
in a systematic manner. 

MATERIALS AND METHODS 

Egg masses for these experiments were 
obtained from greenhouse cultures of  a 
population of Meloidogyne incognita (Kofoid 
& White) Chitwood race 3 originally iso- 
lated from cotton in 1982. The nematodes 
were reared on Lycopersicon esculentum Mill. 
cv. Rutgers or on Gossypium hirsutum L. cv. 
Rowden in a sand-peat soil mix (6:1; v/v). 
The soil used for simulated winter survival 
experiments was a loamy sand (91% sand, 
2% silt, 7% clay; <1% organic matter; pH 
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7.9) obtained from a field planted to cot- 
ton in the previous 2 years. The moisture 
content of  12-kg lots of  air-dried field soil 
was adjusted gravimetrically, based on its 
moisture release curve, to -0 .1 ,  -0 .3 ,  

- 1.0, and - 4 . 0  bars matrix potential. Im- 
mediately after adjusting the matrix po- 
tential, the soil was thoroughly mixed by 
hand and then placed in sealed containers 
for 1 week at room temperature to equili- 
brate. 

For  each e x p e r i m e n t ,  Meloidogyne- 
infected roots of cotton or tomato were 
collected from 8-week-old greenhouse cul- 
tures and washed free of soil. The roots 
were blotted dry with paper towels and cut 
into 2- to 4-cm long segments, with each 
segment  con ta in ing  one or two well- 
developed light brown egg masses. Ten to 
12 infected root fragments were placed in 
each of  several plastic bags containing ca. 
500 g soil adjusted to one of  the four dif- 
ferent matrix potentials. There  were 12 
replicate bags of  soil for each matrix po- 
tential treatment. The bags of soil were 
then placed in an incubator at 25 -+ 0.5 C. 
To simulate fall and winter soil tempera- 
tures typical of  Texas, the temperature of 
the incubator was decreased by 5 C every 2 
weeks until the minimum temperature of  5 
C was reached; this temperature was then 
maintained for the final 2 weeks in two 
experiments with infected tomato roots 
and for the final 4 weeks in a single exper- 
iment using cotton as the host. 

At the start of each experiment, 10 egg 
masses from the same population used for 
that experiment were digested with 1% 
NaOC1 (8) to determine the initial number 
of eggs per egg mass. Every 2 weeks after 
the initiation of  the experiment, one bag of  
soil from each matrix potential treatment 
was removed from the incubator, and the 
root fragments were extracted on a 250- 
~m-pore sieve by elutriation (2). Egg mass 
condition was observed by microscopic ex- 
amination at each sample time. Eight egg 
masses per  matr ix potential  t rea tment  
were then hand-picked f rom extracted 
root fragments and placed individually in 
50-ml beakers. At the 12-week sample time 

for the experiment with cotton, only six 
egg masses were collected due to reduced 
recovery of  egg masses. Each egg mass was 
treated with 1% NaOC1 (8) to dissolve the 
matrix, and the number of eggs and sec- 
ond stage juveniles (J2) per egg mass was 
enumerated. Viability of recovered eggs 
was measured on termination of the sec- 
ond tomato experiment (10 weeks) and af- 
ter 4, 8, and 12 weeks in the cotton exper- 
iment. To estimate egg viability, eggs from 
each matr ix  potent ia l  t r e a tmen t  were 
pooled, and four replicated samples of 100 
to 200 eggs each from each treatment were 
placed in hatching chambers constructed 
from PVC tubing (13). Hatched J2 were 
counted every 3 to 4 days for 14 days. Sig- 
nificant treatment effects were identified 
by analysis of  variance using the SAS gen- 
eral linear models procedure (12). Regres- 
sion models were obtained from the curve 
fitting function of Cricket Graph version 
1.3 (Cricket Software, Malvern, PA). 

To  de t e rmine  f ecund i ty  of  ma tu r e  
nematode females on isolated root frag- 
ments, 10 2-cm long root fragments, each 
bearing a single gall with a uniform size 
and light brown colored egg mass, were 
collected as described above and placed 
separately in 1.8-cm diameter dishes with 2 
ml of  water. The egg matrix and all visible 
eggs were carefully removed with forceps, 
and the samples were incubated at room 
temperature (24 -+ 2 C). Additional eggs 
produced by these females during the next 
14 days were then determined. 

RESULTS 

Egg masses associated with tomato or 
cotton root fragments were extracted from 
soil throughout the length of these exper- 
iments, 10 weeks for tomato and 12 weeks 
for cotton. Greater than 90% of the root 
fragments in each sample were recovered 
by elutriation. The egg masses became a 
darker brown in color with time at all soil 
matrix potentials. In all cases, the roots de- 
teriorated substantially during the simu- 
lated winter survival period. With tomato, 
the egg masses were partially embedded in 
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the roo t  tissue and,  based on  the n u m b e r  
o f  galls that  had  pores  where  an egg mass 
appe a r e d  to have been  at tached,  less than 
20% o f  the egg masses were lost f rom the 
roots du r ing  elutriation.  Egg masses were 
more  superficial  on cot ton roots, and 60% 
were  lost du r in g  elutr iat ion af ter  12 weeks 
in the soil. 

At the beginning  o f  the two exper iments  
with tomato  roots, there  were means  o f  
494 -- 60 and  635 --- 145 eggs and J2 per  
egg mass, respectively. T h e  initial mean  
numbers  o f  eggs and J2 per  egg mass in 
the cot ton e x p e r i m e n t  was 770 + 190. Ju- 
veniles were general ly less than 10% o f  the 
n u m b e r  o f  eggs in the egg masses and were 
not  e n u m e r a t e d  separately.  Soil matr ix  po- 
tential a f fec ted  the rate o f  decline of  num-  
bers o f  eggs and  J2 per  egg mass (P = 
0.01) in all th ree  exper iments .  In general,  
the rate o f  decline was grea ter  for  wetter  
soils ( -  0.1 and  - 0 . 3  bars) than  for  d rye r  
soils ( -  1.0 and  - 4 . 0  bars) (Fig. 1). In each 
instance, the relat ion between mean  num-  
bers o f  eggs and  J2 per  egg mass and time 
du r ing  s imulated winter  survival was best 
descr ibed by a quadrat ic  model  (Table 1). 
No d i f f e rence  in decl ine in number s  o f  
eggs and  J2 per  egg masses between the 
two hosts was noted,  o the r  than percent-  
age recovery o f  egg masses as described 
above. 

Soil matr ix  potential  affected viability o f  
eggs present  in egg masses (P = 0.01). 
Eggs r ecove red  f r o m tomato  roots exhib- 
ited a 41% mea n  hatch in the second ex- 
pe r imen t  af ter  10 weeks in soil at - 4 . 0  
bars as c o m p a r e d  to 27% and 32% mean  
hatch o f  eggs recovered  f rom soil with ma- 
trix potentials o f  - 0 . 1  and  - 1 . 0  bars, re- 
spectively. Insuff ic ient  eggs were recov- 
e red  f r om the - 0 . 3 - b a r  t r ea tment  af ter  10 
weeks to test egg hatch. Both  t ime and ma- 
trix potential  a f fec ted  (P --- 0.01) percent-  
age ha tch  o f  eggs r ecovered  f rom cotton 
roots. At soil matr ix  potentials o f  - 0.1 and 
- 0.3 bars, the decrease in percentage hatch 
was l inear with time (Fig. 2). In  the drier  
soils at - 1.0 and - 4.0 bars, percentage egg 
hatch increased before  declining (Fig. 2), 
and was best described by quadratic models. 
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FZG. 1. Effect  o f  soil ma t r ix  potent ia l  on  n u m b e r s  
o f  eggs  and  J2  pe r  egg  mass  for  Meloidogyne incognita 
d u r i n g  s imula ted  winter  survival. Values are  m e a n s  
o f  6 to 8 egg  masses  for  each soil ma t r ix  potential  at  
each sample  t ime. Soil t e m p e r a t u r e  was initially 25 C 
and  was decreased  by 5 C every 2 weeks unt i l  t he  
m i n i m u m  t e m p e r a t u r e  o f  5 C was reached.  A) Egg 
masses  on  tomato  roots. B) Egg masses  on  cot ton  
roots. 
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During the expe r imen t  with cot ton (Fig. 
1) and in the first expe r imen t  with tomato  
(data not  shown) it was observed that the 
m ean  n u m b er s  o f  eggs and J2 pe r  egg 
mass increased between weeks 0 and  2 in 
the - 4 . 0 - b a r  soil matr ix  potent ial  treat- 
ment .  In  all o the r  t reatments ,  number s  o f  
eggs and J2  decl ined du r ing  this time. In 
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TABLE 1. Rela t ionship  be tween  m e a n  n u m b e r  of  
eggs an d  J2  pe r  egg mass and  t ime for  Meloidog'yne 
incognita d u r i n g  s imula ted  winter  survival at  d i f fe ren t  
soil mat r ix  potentials.  

60 

5O 

R 2 i 40 

0.94** 30 
0.98** 
0.98** 
0.97** 2 0  

0.84* 
0.78* 
0.92** 10 
0.74* 

Soil matrix 
potential Model 

- 0 . 1  b a r s  

- 0 . 3  b a r s  

- 1 . 0  b a r s  

- 4 . 0  b a r s  

- 0 . 1  b a r s  

- 0 . 3  b a r s  

- 1 . 0  b a r s  

- 4 . 0  b a r s  

Tomato 
Y =  585 - 176X + 14X 2 
Y = 613 - 155X + 10X 2 
Y = 623 - 132X + I1X 2 
Y = 628 - 68X + 4X 2 

Cotton 
Y = 661 - 167X + I1X 2 
Y -  658 - 164X + l l X  2 
Y = 724 - 79X + 2X 2 
Y = 802 - 31X + X 2 

Data are from the second of two experiments with tomato. 
Results of the first experiment gave similar trends but dif- 
fered in numbers of total eggs per egg mass and in absolute 
values of the quadratic models. 

*'** Indicate significance at the P = 0.05 and 0.01 levels, 
respectively. 

t h e  s e p a r a t e  in  v i t ro  tes t ,  m a t u r e  f e m a l e s  
p r o d u c e d  a m e a n  o f  148 eggs  o n  exc i s ed  
t o m a t o  r o o t  f r a g m e n t s  a n d  a m e a n  o f  125 
eggs  o n  e x c i s e d  c o t t o n  r o o t  f r a g m e n t s  in-  
c u b a t e d  in  w a t e r  a t  24 + 2 C f o r  2 weeks .  

DISCUSSION 

T h e s e  d a t a  s u p p o r t  p r e v i o u s  w o r k  o n  
t h e  r o l e  o f  eggs  o f  Meloidogyne spec ies  in 
w i n t e r  s u r v i v a l  (14). T h a t  e g g  masse s  d i d  
n o t  d e t e r i o r a t e  r a p i d l y  in  f i e ld  soil  is f u r -  
t h e r  e v i d e n c e  t h a t  t h e y  a r e  i m p o r t a n t  win-  
t e r  su rv iva l  s t r u c t u r e s .  A l t h o u g h  n u m e r -  
ous  f u n g a I  a n d  b a c t e r i a l  spec ies  h a v e  b e e n  
i s o l a t e d  f r o m  e g g  masse s  (5 ,15,16)  a n d  can  
p r o b a b l y  u t i l i ze  t h e  e g g  m a t r i x  a n d  e g g s  as 
a s o u r c e  o f  n u t r i e n t s ,  e g g  masses  a r e  p r o -  
p o s e d  to  h a v e  an t i b io t i c  ac t iv i ty  (10) im-  
p o r t a n t  f o r  t h e  l o n g e v i t y  o f  t h e  m a t r i x .  

N e a r l y  al l  o f  t h e  e g g  m a s s e s  r e c o v e r e d  
w e r e  a t t a c h e d  to  r o o t  f r a g m e n t s ;  o n l y  
r a r e l y  w e r e  e g g  m a s s e s  n o t  a s s o c i a t e d  wi th  
r o o t  t i ssue  e x t r a c t e d  f r o m  soil  w i th  a 250-  
I~m p o r e  s ieve.  T h e  p h y s i c a l  c o n n e c t i o n  
b e t w e e n  e g g  m a s s e s  a n d  r o o t s  a n d  t h e  fac-  
t o r s  t h a t  i n f l u e n c e  r o o t  d e c a y  a f f ec t  t h e  ac-  
c u r a c y  o f  e s t i m a t i n g  d e n s i t i e s  o f  eggs  in  
t h e  soil  by  m e t h o d s  t h a t  m e a s u r e  o n l y  t h e  
e g g  m a s s e s  a t t a c h e d  to  r o o t  f r a g m e n t s .  Es- 
t i m a t e s  o f  p o p u l a t i o n  d e n s i t i e s  o f  eggs  a r e  
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FIG. 2. Effect of time and soil matrix potential on 
hatch of eggs of Meloidogyne incognita recovered from 
infected cotton roots during simulated winter sur- 
vival. Values are means of four replicated samples of 
100 to 200 eggs each. Soil temperature was initially 25 
C and was decreased by 5 C every 2 weeks until the 
minimum temperature of 5 C was reached. Regres- 
sion equations where Y equals percentage hatch are: 
-0 .1  bars, Y = 25.6 - 1.1X, R 2 = 0.36; -0 .3  bars, 
Y = 28.8 - 1.4X, R 2 = 0.96; -0.1 bars, Y = 33.1 + 
- 0 . 3X2 ,  R 2 = 0.28; -4 .0  bars, Y = 26.6 + 10.7X - 
1.1X 2,R 2 = 0.95. 

l ike ly  to  b e  m u c h  l o w e r  t h a n  a c t u a l  va lues  
w h e n  e g g  masse s  a r e  eas i ly  d i s l o d g e d  f r o m  
hos t  roo ts .  I n  cases  w h e r e  p o p u l a t i o n  d e n -  
s i t ies  o f  e g g s  d e c l i n e d  r a p i d l y  f o l l o w i n g  
soil  t i l l age  in  t h e  fal l  (S ta r r ,  u n p u b l ,  da t a ) ,  
p o o r  r e c o v e r y  o f  i n f e c t e d  r o o t  f r a g m e n t s  
a n d  i n c r e a s e d  d i s l o d g i n g  o f  e g g  m a s s e s  
f r o m  r o o t s  m a y  h a v e  p l a y e d  as  m a j o r  a r o l e  
in t h e  o b s e r v e d  d e c l i n e  as d i d  ac tua l  d e -  
c l ine  in  p o p u l a t i o n  dens i t i e s .  N e w  m e t h o d s  
f o r  e x t r a c t i o n  o f  e g g  m a s s e s  f r o m  soi l  
w h e n  n o t  a t t a c h e d  to  r o o t s  a r e  n e e d e d  to  
i m p r o v e  e s t i m a t e s  o f  e g g  p o p u l a t i o n  d e n -  
sit ies.  

T h e  e f fec t s  o f  soil  m a t r i x  p o t e n t i a l  o n  
r a t e  o f  d e c l i n e  o f  n u m b e r s  o f  eggs  p e r  e g g  
mass  a n d  o n  s u b s e q u e n t  e g g  h a t c h  a r e  con -  
s i s t en t  w i th  p r e v i o u s  r e p o r t s  (6 ,7 ,19 ,20)  
t h a t  low soi l  m o i s t u r e  leve ls  i n h i b i t  e g g  
h a t c h .  T h e  m o r e  r a p i d  d e c l i n e  in  e g g  
n u m b e r s  in  t h e  w e t t e r  soi ls  was  p r o b a b l y  
d u e  to e g g  d e v e l o p m e n t  a n d  e c l o s i o n  d u r -  
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i n g  t h e  f i r s t  4 w e e k s  o f  t h e  s i m u l a t e d  win-  
t e r  su rv iva l  p e r i o d  w h e n  soil  t e m p e r a t u r e s  
w e r e  20 to  25 C. Dec l i ne  in  n u m b e r s  o f  
e g g s  p e r  e g g  m a s s  is s lower  in  d r i e r  soil  
b e c a u s e  eggs  d e v e l o p e d  b u t  d i d  n o t  h a t c h  
(6 ,7 ,19,20) .  A d d i t i o n a l l y ,  e v e n  t h o u g h  t h e  
e g g  m a t r i x  m a y  h a v e  a n t i m i c r o b i a l  ac t iv i ty  
(10), it  is l ike ly  t h a t  i n c r e a s e d  m i c r o b i a l  ac-  
t ivi ty  in  t h e  w e t t e r  soils m a y  h a v e  c o n t r i b -  
u t e d  a lso  to a m o r e  r a p i d  d e c l i n e  in  n u m -  
b e r s  o f  eggs  p e r  e g g  mass  as c o m p a r e d  to 
t h e  d r i e r  soils. 

T h e  i n c r e a s e  in  eggs  p e r  e g g  mass  in 
soi ls  a t  - 4 . 0  b a r s  m a t r i x  p o t e n t i a l  ob -  
s e r v e d  a t  2 weeks  was p r o b a b l y  d u e  to  a d -  
d i t i o n a l  p r o d u c t i o n  o f  eggs  a f t e r  t h e  r o o t  
f r a g m e n t s  w e r e  p l a c e d  in  t h e  soil  as wel l  as 
to  i n h i b i t i o n  o f  h a t c h  by  d r y  soil  c o n d i -  
t ions .  I n  t h e  w e t t e r  soils,  t h e  h i g h e r  r a t e s  
o f  e g g  h a t c h  r e l a t i v e  to  t h e  r a t e  o f  e g g  p r o -  
d u c t i o n  w o u l d  a c c o u n t  f o r  t h e  o b s e r v e d  
d e c l i n e  in  e g g  p e r  e g g  mass .  

T h e  e x c e l l e n t  f i t  o f  t h e  r a t e  o f  d e c l i n e  in  
m e a n  n u m b e r s  o f  eggs  a n d  J 2  p e r  e g g  
mass  o v e r  t i m e  to t h e  q u a d r a t i c  m o d e l s ,  as 
o p p o s e d  to  s i m p l e  l i n e a r  o r  e x p o n e n t i a l  
m o d e l s ,  was  s o m e w h a t  s u r p r i s i n g  a n d  
m o s t  l ike ly  d u e  to  r a n d o m  v a r i a t i o n  in  ini-  
t ia l  n u m b e r s  o f  eggs  a n d  J 2  p e r  e g g  mass  
r a t h e r  t h a n  to  a n  a c t u a l  i n c r e a s e  in  e g g  
n u m b e r s  a t  t h a t  t ime .  T h e  soil  t e m p e r a -  
t u r e s  d u r i n g  t h e  las t  2 o r  4 weeks  o f  t h e s e  
e x p e r i m e n t s  w e r e  5 C a n d  w e r e  t oo  low f o r  
a d d i t i o n a l  e g g  p r o d u c t i o n  by  M. incognita 
(5 ,11,17) .  
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