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Effect of Soil Water Potential on Survival of 
Meloidogyne jovanica in Fallow Soil 1 

A. J. TOWSON 2 and W. J. ArT s 

Abstract: A na t u r a l  infes ta t ion of Meloidogyne javanica in an  aggregated  Oxisol  decl ined a t  
an  exponen t i a l  ra te  when  a l iquots  of  the  soil were s tored for 72 days in po lye thy lene  bags a t  
~ar ions  soil water  po ten t ia l s  (xIp). T i m e  per iods  r equ i r ed  for r educ t ion  in soil infes ta t ions  by 
50% were 2.7, 4.9, 110, 10, and  2.6 days at  ~ of  --0.16, --0.30, --1.1, --15, and  --92 bars, re- 
spectively. I n  the  wet ter  soils, at  ~ of  --0.16, --0.30, and  --1.1 bars,  the  p r e d o m i n a n t  s tage re- 
covered was the  second-stage larva.  In  the  dr ier  soils, at  o/ of  --15 a n d  --92 bars,  bo th  eggs a n d  
larvae were recovered with ne i the r  s tage  p r e dom i na t i ng .  Inc idence  of  coiled larvae was in-  
s'ersely related to the  qt va lue  of the soil, a grea ter  incidence occurr ing  in the  dr ier  soils. After  
15-32 days, percentages  of  coiled larvae were 13, 27, 55, 65, and  88% in soil at  ~ of  --0.17, --0.60, 
~1.9,  --15, a n d  --82 bars, respectively. Key words: n e m a t o d e  extract ion,  quiescence,  coiling. 
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Root-knot nematodes (Meloidogyne 
Goeldi spp.) can survive in fallow field sol1 
for years (8,12,14,16). Studies have shown 
that survival diminishes more rapidly if 
the soil is either wetted (15) or dried (2). 
T h e  report ing of soil moisture content  in 
field studies has been limited to gravimetric 
percentage, percentage of saturation, or per- 
centages of the moisture equivalent and  
wilting point. Soil moisture content  in 
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terms of water potential  (~) has not  been 
reported. T o  determine the effect of ~ on  
survival of M. javanica (Treub)  Chitwood 
in soil is the object of this study. T h e  effect 
of ~ on the incidence of anhydrobiot ic  
coiling of larvae (5,6,7) will also be de- 
scribed. 

MATERIALS A N D  M E T H O D S  

A naturally infested soil of the Wahiawa 
series, an aggregated Oxisol, was taken from 
fields of the former experiment  station of 
the Pineapple Research Insti tute at Waipio  
on Oahu. T h e  fields had been under  con- 
t inuous pineapple cultivation for more than 
20 years and were heavily infested with M. 
javanica. Other  plant  parasitic nematodes-- 



Paratylenchus sp. Tylenchus sp., and  Praty- 
lenchus sp.--were also present. 

Soil moisture release characteristics were 
obtained by using a pressure chamber  ( ~  
values of --0.1 to --15 bars) and  by holding 
thin layers of soil over sulfuric acid solu- 
tions for 1 m o n t h  ( ~  values less than  --15 
bars) and  calculating W values f rom the rel- 
ative humidi ty  (17,18). 

Survival in a naturally infested soil: In- 
fested soil was passed th rough  a screen (32- 
m m  openings) to remove root  galls and 
thoroughly mixed. One 20-liter a l iquot  was 
sealed in double polyethylene bags; another  
al iquot was wetted, mixed, and  sealed. T h e  
remainder  of the soil was dried in a layer 
about  15 cm deep with daily mix ing  under  
conditions of low light, a relative humidi ty  
of .70 °//o, and a tempera ture  of 23-24 C. 
Twenty-l i ter  aliquots were removed after 1, 
2, and 4 days and sealed in polyethylene 
bags. Th ree  50-g aliquots were periodically 
removed from each bag and evaluated for 
the presence of M. iavanica. Data were re- 
corded as mean percentage of the initial  
level of infestation. 

T o  evaluate the overall  level of  infesta- 
tion, a 50-g a l iquot  was added to 250 g 
greenhouse soil in which a cucumber  seed- 
ling was planted, and the root galls counted 
25 days later. A log-log t ransformat ion of 
the data converted the time-survlval curves 
to straight lines, from which were calculated 
the t ime periods necessary to reduce popu- 
lation densities by 50%. 

Survival of larvae was evaluated by pass- 
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ing a 50-g al iquot  in a roiled suspension 
through a screen (246-#m openings) to re- 
move egg masses. Larvae were concentrated 
on a screen (25-/~m openings) and added 
to soil for a cucumber  bioassay. From a 
second 50-g aliquot, larvae were collected 
with a centrifugal-flotation technique (13) 
and those not stained by 0.1% potassium 
permanganate  (11) counted. 

Survival of eggs was evaluated by pass- 
ing a 50-g al iquot  in a roiled suspension 
through a screen (246-/~m openings) to col- 
lect egg masses. Screenings were added to 
soil for a cucumber  bioassay. From a sec- 
ond 50-g aliquot, eggs were dispersed with 
0.5~ o Na0C1 (3), collected by centrifugal- 
flotation (13) with zinc sulfate (sp gr 1.4) 
substi tuted for sucrose (10), and counted. 

Data describing survival of eggs and  
larvae were log-log t ransformed so tha t  
time-survival curves approx imated  straight 
lines, the slopes of which were compared  
by t-test. 

Incidence of coiled larvae: A separate 
lot of infested soil was wet ted or dr ied by  
the same method  described above, from 
which 20-liter aliquots were removed and 
sealed in polyethylene bags. From each bag 
three 50-g samples were periodically re- 
moved  and sampled for the presence of 
coiled larvae. A coiled larva is one with 
its head recurr ing  on itself at least 1.25 
times (Fig. 1). Larvae in the soil were fixed 
by immersing each 50-g al iquot  in 400 ml  
4% formalin at 40 C (9). T h e  4% formalin 
solutions had been shown not  to induce 

Fig. 1. Meloidogyne javanica larvae fixed in 4% formalin before recovery from soil. A, B, D are not 
coiled. C. E, F, G, H are coiled. 
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coiling. After 24 h, larvae were extracted 
by centrifugal-flotation (13) modified to 
include 4% formalin. At least 35 specimens 
were observed in each sample, and mean 
percentages of coiled root-knot nematode 
larvae in each sample were recorded. After 
32 days, the coefficient of l inear correlation 
between ~ and percentage of coiled larvae 
was calculated. 

RE SULTS 

Survival in a naturally infested soil: In- 
festation of soil by M. ]auanica diminished 
at an exponential  rate from an initial level 
of 370 galls/cucumber seedling (Fig. 2). 
Log-log transformation of the data resulted 
in significantly linear relationships between 
time period and survival (P < 0.05). Dura- 
tions in storage necessary for a 50% reduc- 
tion in the level of infestation were 2.7, 4.9, 
110, 10, and 2.6 days at ~ of --0.16, --0.30, 
--1.1,--15, a n d - - 9 2  bars, respectively. 

Means of 360 eggs and 680 larvae/50 g 
soil were counted in soil before it was dried 
or wetted. Inoculat ion of cucumber bio- 
assays with extracted eggs and larvae pro- 
duced means of 120 and 41 galls /cucumber 
plant, respectively. In soil at ~ of -0 .16 
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Fig. 2. Survival of  Meloidogyne ]avanica it] soil 
s tored for var ious  t ime per iods  a t  var ious  ~ values,  
according to bioassay. 
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bar, survival of eggs descended to a barely 
detectable level within 45 days; survival of 
larvae was reduced by about  90% during 
the same time period (Fig. 3). Survival de- 
clined significantly less among larvae than 
eggs in soils at ~ of --0.30 (P < 0.05) and 
--1.I bars (P < 0.10), according to count  
data (Figs. 4, 5). In the drier  soils, at 
of --15 and - 9 2  bars, survival of eggs and 
larvae declined at comparable rates (Figs. 
6, 7). 

Incidence of coiled larvae: Coiled larvae 
were recovered from soils at all ~ values 
tested. Percentages of coiled larvae in- 
creased in all soils dur ing the first 5-10 
days, then remained approximately con- 
stant. Between 15 and 32 days percentages 
o[ coiled larvae were 13, 27, 55, 65, and 
88% in soil at ~ of --0.15, -0.60,  --1.9, --15, 
and - 8 2  bars, respectively (Fig. 8). T h e  
coefficient of l inear correlation between 
and percentage of coiled larvae was r = 
-0.82, which was not significant (P < 0.05). 

DISCUSSION 

Overall survival of M. javanica was 
greatest at ~ of --1.1 bars, which was slightly 
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Fig. 3. Survival of  eggs and  larvae of  Meloi- 
dogyne ]avanica. evalua ted  by coun t i ng  recovered 
spec imens  and  by bioassay, in soil s tored for var ious  
t ime per iods  at  ~ of  --0.16 bar.  



9 0 .  

• LARVA BIOAS18AY 
8 0  " - . ~ & .  /~ LARVA COUNT 

• EGG 181OASSAY 
~70 -  ~ (~ EGG COUNT 

f z_50 .  

~ ,  _ 

I 
" I U ~ 3 0 .  

i- 20-  ~ 

• A I 1 0 -  

0 10 20 30 40 50 180 70 
DURATION IN STORAGE (DAY18) 

Fig. 4. Survival ~f eggs and larvae of .Meloi- 
dogyne ]avanica, evaluated by counting recovered 
specimens and by bioassay, in soil stored for various 
time periods at @ of --0.30 bar. 

i i i i J i _ i 

• LARVA , ,OAS,AV 
\ \ \  ~ LARVA COUNT 

\\ \ • eea  eIOAS18AV 

gO- 

80- 

~ 6 0 -  

r. , 

~,°~ 

,.-. _ 

2 0 -  

! t  - 

1 0 -  

Survival of M. lavanica: Towson, Apt 113 

04 
0 1'0 2~0 3'0 4'0 It'0 6'0 "1'10 

DURATION IN STORAGE (DATE} 

Fig. 6. Survival of eggs and larvae of ,Meloi- 
dogyne javanica, evaluated by counting recovered 
specimens and by bioassay, in soil stored for various 
time periods at q, of --15 bars. 

go- 

180- 
Z 

i,ol 
| - 

v~SO- 

zEO- 

w4O- 
< 

~ 8 0 -  

Z 2 0 -  

., _ 

1 0 -  

~ L A R V A  C O U N T  
• EGG BIOA18SAY 

EGG COUNT 

1 T0 20 30 40 80 180 70 
DURATION IN STORAGE(DAYS) 

Fig. 5. Survival of eggs and larvae of gl4eloi. 
dogyne ]avanica, evaluated by counting recovered 
specimens and by bioassay, in soil stored for various 
time periods at  q / o f  --!.1 bars. 

gO. 

80- 

~60-  

i.ol 
3 4 0 -  q( 
7, tU. 
~ 3 0 -  
IIJ 

10- 

I i i i i , i i 

~ ,  • LARVA BIOA1818AV 
LARVA COUNT 

• EGG RIOASSAy 
\ O EGG COUNT 

J 

Fig. 7. Survival of eggs and larvae of ,~4elol, 
dogyne /avanica, evaluated by counting recovered 
specimens and by bioassay, in soil stored for various 
t ime periods at  q, of --92 bars. 

0 1'0 2fO 3'0 4'0 180 6'0 7'0 
DURATION IN 18TORADE ~DAVS) 



114 Journal o] Nematology, Volume 15, No. 1, 
i i i i i i 

SD., 

/ • - o . s o  s a n  
SO / © - 1 . s  DARS 

~, _ / [ ] - l a s A n s  

ffl - 

z 
~ 6 0 -  

~ EO. 
~ . 

40.  

~ SO" 

i 2 0  

- ~ . ZX 10- 

0 
O E "1@ 18 20 26 30 

DURATION IN STORAGE (DAYS) 

Fig. 8. Percentage of coiled larvae ot ~,letol- 
dogyne /avanica recovered from soil stored for 
various time periods at various ~ values. 

d r i e r  t han  ti le soil  wa te r  p o t e n t i a l  when  the 
soil  mass  was first r e m o v e d  f rom the  field, 
a t  ~ of  - 0 . 3  bars.  Bo th  w e t t i n g  a n d  d r y i n g  
the soil  r e d u c e d  ti le level  of i n fe s t a t ion  of  
M./avanica. T h i s  a n d  s imi l a r  research  (19) 
show p romise  of h a v i n g  p rac t i ca l  app l i ca -  
t i on  in  the  p i n e a p p l e  i n d u s t r y  where  i t  has 
been  shown t h a t  by p r e - i r r i g a t i n g  week ly  
1 m o n t h  before  p l an t i ng ,  p o p u l a t i o n s  of  
the  r e n i f o r m  and  the  r o o t - k n o t  n e m a t o d e  
are  s igni f icant ly  r educed .  F u r t h e r m o r e ,  pre- 
i r r i g a t i o n  induces  egg h a t c h i n g  of  b o t h  spe- 
cies. By e l i m i n a t i n g  the egg stage, the  nema-  
todes are  more  suscep t ib le  to  n e m a t i c i d a l  
t r ea tmen t .  

In  the  d r i e r  soils, a t  ~ of  --15 a n d  --92 
bars,  des icca t ion  effect ively r e d u c e d  num-  
bers  of eggs a n d  larvae.  Surviva l  of some 
eggs was due  to i n h i b i t i o n  of h a t c h i n g  (1); 
surv iva l  of  l a rvae  was due  to  a n h y d r o b i o s i s  
(4). In  the  we t t e r  soils, at  ~ of --0.16 a n d  

--0.30 bars,  n u m b e r s  of eggs d e c l i n e d  rap-  
id ly  because  h a t c h i n g  took  place;  n u m b e r s  
of  l a rvae  dec l i ned  because  the re  was e n o u g h  
soil  m o i s t u r e  for m o t i l i t y  a n d  d e p l e t i o n  of  
s t o r ed  energy.  In  soil  a t  ~ of  --1.1 bars,  
whe re  overa l l  su rv iva l  was greatest ,  the  pre- 
d o m i n a n t  fo rm of  surv iva l  was the  larva .  

January 1983 

More  t h a n  90% of these l a rvae  were  f o u n d  
to be  co i l ed  at  the  t e r m i n a t i o n  of the  ex- 
p e r i m e n t  (6 m o n t h s  a f te r  r e m o v a l  f rom 
the  field). T h e  des icca t ing  effect of  soil  at  

of --1.1 ba r s  h a d  a neg l ig ib l e  inf luence  
on  the surv iva l  of  larvae.  T h e  n u m b e r  of  
eggs su rv iv ing  the  same c o n d i t i o n s  was very 
low because  of  ha tch ing .  

Pe rcen tages  of co i l ed  l a rvae  recovered  
f rom soil  d u r i n g  a p e r i o d  of 1 m o n t h  af te r  
r e m o v a l  f rom the  field were  inverse ly  cor- 
r e l a t ed  wi th  the  ~ va lue  (Fig. 8). T h i s  sup- 
por t s  e a r l i e r  da t a  i n d i c a t i n g  t ha t  co i l ing  
is a response  to des icca t ion  (5,6,7). I t  was 
fu r the r  obse rved  tha t  pe rcen tage  recovery 
of  co i l ed  M. javanica l a rvae  g rea t ly  in- 
c reased  over  a p e r i o d  of  1 to  6 m o n t h s  f rom 
fa l low soil  h e l d  at  ~ of  --0.16 to  --15 bars  
( unpub l i shed ) .  T h i s  c o u l d  be  due  e i t he r  to  
d i f f e ren t i a l  surv iva l  of  co i l ed  n e m a t o d e s  
o r  to subse que n t  c o i l i ng  of su rv iv ing  nema-  
todes. C o i l i n g  has been  shown necessary for  
subse que n t  surv iva l  of Aphelenchus avenae 
Bas t ian  in  d ry  a i r  (5,6), b u t  its ro le  in  aid-  
i ng  surv iva l  of  o t h e r  n e m a t o d e s  has  n o t  
been  es tab l i shed .  
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Life Cycle of Heterodera zeae Koshy, Swarup, and Sethi 
on Zea meys L. Axenic Root Explants ~ 

J. A. LAURITIS, 2 R. V. REBOIS, 2 a nd  L. S. GRANEY s 

Abstract: Monoxenic cultures of Heterodera zeae, the corn cyst nematode (CCN), were estab- 
lished on root explants of corn Zea mays L., cv. Kenworthy. The life cycle of H. zeae was deter- 
mined from light anti scanning electron microscopic observations of the root explants grown 
in the dark at 29.5 --+ .5 C under gnotobiotic conditions. The life cycle, from the time the 
explauts were inocttlated with second-stage larvae (L2) to the first appearance of newly hatched 
second-generation L2, required 22 days. The occurrence of males was rare suggesting that re- 
production in H. zeae is parlhent)genetic. Journal of Nematology 15(1):115-I19. 1983. 

I n  1978, a new  cyst f o rming  n e m a t o d e  
species was first r epor ted  in  I n d i a  as 
Heterodera  zeae Koshy, Swarup,  a n d  Sethi, 
the corn  cyst nema tode  (CCN), w i th  Zea 
mays L. as the type host (3). I n i t i a l  s tudies 
ind ica ted  that  corn  and  bar ley were sus- 
ceptible,  b u t  no t  wheat,  oats, sorghum,  
pearl  mil le t ,  finger mil le t ,  a n d  rye (3). 
Srivastava anti  Swarup  (9) r epor t ed  differ- 
en t  levels of suscept ib i l i ty  of corn  cul t ivars  
to the CCN. Repor t s  on  the host status o[ 
economical ly  i m p o r t a n t  cereals such as bar- 
ley, oats, a n d  wheat  are conflicting.  Barley 
was repor ted  as bo th  a good (1,3) a n d  a 
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poor (9) host, whereas oats a n d  wheat  were 
e i ther  nonhos ts  (1,3) or poor  hosts (9). 

T h e  CCN is r epor ted  to  in jec t  weed 
p lan ts  (Urachloa panicades vat.  panicades 
P. Beau~.,  Echiochloa co lonum [Lim.] L ink ,  
a nd  Digitaria lo,ngiflora Pers.), which  com- 
m o n l y  occur in corn  fields in  R a j a s t h a n  
State, I nd i a  (12). Since some weeds can 
serve as a l te rna te  hosts d u r i n g  postharvest ,  
the tlifficulty in  con t ro l l i ng  the  pest is in- 
creased. 

In  1978, cysts of the  C C N  were first 
found  in  soil samples from the N i l e  Valley, 
Egypt  (Bakir  A.. Oteifa,  u n p u b l i s h e d  rept.). 
T h e  host r ange  s tudy showed tha t  the  C C N  
rep roduced  on  all den t  corn,  sweet corn,  
milo,  a nd  sudan  grass cul t ivars  tested a n d  
that  two out  of eight  cul t ivars  of bar ley  a n d  
five ou t  of six cul t ivars  of whea t  were sus- 
cept ible  to the CCN. T w o  corn  varieties,  Z. 
mays indurata a n d  Z. m a t s  tunicata,  were 
nonhos t s  of the CCN.  

Magbool  (6) repor ted  the  first observa- 
t ions of the  CCN in  Pak is tan  i n  1981. T h e  
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