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Resistance of Anhydrobiotlc Aphelenchus avenae 
to Methyl Bromide Fumigation 

D. W. Freckman/Y. Demeure, 2 D. Munnecke, s and S. D. Van Gundy 1 

Abstract: T h e  effect of  me t hy l  b romide  (MB) was tested on  active and  anhydrobio t ic  
Aphelenchus avenae..4, avenae was induced  in to  anhydrobios is  by three  different  techniques .  
Bo th  active and  anhydrobio t ic  nema todes  were subjec ted  to 3,000 #1 MB/ l i t e r  air for  14 per iods  
f rom 0 to 82 h. Anhydrob io t i c  nema todes  were m or e  res is tant  to f umiga t i on  t han  active nema-  
todes, regardless  of  the  t echn ique  used  to induce  anhydrobios is .  T h e  percent  survival  decreased 
wi th  increasing MB exposures  (#1 MB > ( h ) .  For  an  LD95 of 45,000-54,000 /~1/1 X h were re-  
q u i r e d  /or  active nema t odes  and  >279,000 #1/1 X h for anhydrob io t i c  nematodes .  Key Words: 
anhydrobios is ,  Aphelenehus avenae, survival ,  me t hy l  b romide ,  soil fumiga t ion .  

Fumigation of soils for control of nema- 
todes is rarely eradicative. In addition to 
physicochemical factors, other factors may 
be responsible for poor control. Biological 
factors, such as differences in susceptibility 
of species and races of organisms, ecological 
habitat of nematodes in soil niches, or stage 
of life cycle, are extremely important. Soil 
nematodes can enter a survival state or 
cryptobiosis at any stage in their life cycles 
when environmental conditions are stressful 
(4). They can exist in this state for long 
periods and survive temperatures as low as 
-196 C and/or  a relative humidity of 0% 
with P205. Kostuk (13) suggested that soil 
nematodes in this survival state would be 
more resistant to pesticides. Cooper et al. 
(3) induced nonfeeding Aphelenchus avenae 
adults into cryptobiosis in a pure N2 envi- 
ronment and found 100% survival after 12 
h in 1,000 ppm EDB (1, 2-dibromoethane), 
while only 35% survived as active nema- 
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todes under aerobic conditions. Anhydro- 
biosis, a form of cryptobiosis induced by 
dehydration, is a common phenomenon in 
soil nematodes (4). This study was done to 
test the effect of methyl bromide (MB) on 
anhydrobiotic A. avenae, a fungivorous 
nematode. 

MATERIALS AND METHODS 

Aphelenchus avenae Bastian, 1865, was 
cultured in the laboratory on Rhizoctonia 
solani Kuhn, 1858 (2, I0). Active nema- 
todes, L4 and adults, were removed from the 
sides of culture jars by rinsing the walls of 
the jars with distilled water and centrifug- 
ing the water-nematode suspension at 3,000 
rpm to concentrate the nematodes. The 
nematodes in the precipitate were washed 
twice and collected on a 26-/~m (500-mesh) 
sieve. Anhydrobiosis was induced by three 
techniques. With Technique I, following 
Crowe and Madin (5), samples of moist 
active A. avenae weighing 0.1 g each were 
slowly desiccated for 3 days in chambers 
designed to maintain a relative humidity of 
97%. The mass of coiled anhydrobiotic 
nematodes (pellets) was placed over P205 
(0% humidity) for 3 days, removed, and cut 
into small pieces (about 0.0125 g), and each 
piece was mixed into 100 ml dry sandy loam 
soil (72.8% sand, 21.2% silt, 6.0% clay) in 
250-ml Erlenmyer flasks. Percent of active 
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nematodes was determined for the smaller 
pieces of the pellet after 24 h by bubbl ing 
them in tap water. 

Wi th  Techn ique  11, following Demeure 
et al. (6), active A. avenae were induced 
into anhydrobiosis by placing them in satu- 
rated sandy loam soil on a pressure plate 
[5-bar pressure-plate extractor (Cat. No. 
1600); Soil Moisture Co., Santa Barbara, 
California] and slowly increasing the pres- 
sure to 3 bars [about 2.5% (w/w)] soil 
moisture, at which time 98% of the nema- 
todes were in the anhydrobiot ic  state. As 
with Technique  I, anhydrobiot ic  nema- 
todes were placed in 100 ml of soil in 250-mi 
flasks. 

Wi th  Technique  III,  following Simons 
(6) as modified by Demeure et al. (7), anhy- 
drobiosis was induced in small quantit ies of 
nematodes on a Millipore (100 -+- 5) filter 
(diam 13 mm; aperture 0.6 ~m, Millipore 
Corporation, Bedford, Massachusetts, 01730, 
Cat. No. SSWP 01300) by slow desiccation 
in a relative-humidity chamber using a mod- 
ification of Simon's dehydrat ion schedule. 
One hour  before fumigation with MB, the 
Millipore filters were suspended on a steel 
rod in 250-ml Erlenmyer flasks so they 
would not  be in contact with the soil. 

Soil in half of the flasks was moistened 
(9% w/w) 24 h before the experiment,  al- 
lowing the nematodes induced into anhy- 
drobiosis by Techniques I and II  to become 
active before treatment with MB. For Tech- 
nique III, active nematodes were placed on 
a moistened Millipore filter. T h e  other  half 
of the flasks contained anhydrobiot ic  nema- 
todes in dry soil (2.5% w/w) and on dry 
Millipore filters. T h e  flasks containing soil 
and Millipore filters were attached to the 
manifold of an MB fumigation apparatus 
that gave a continuous flow of MB gas (20 
ml /min)  at a constant concentrat ion (12). 
T h e  concentrat ion of MB in each experi- 
ment  as it  exited from the flasks was mon- 
i tored frequently with a gas chromatograph. 
T h e  methyl bromide-air mixture  was dried 
by passage through Drierite to assure that 
no moisture entered the system to activate 
the anhydrobiot ic  nematodes, then passed 
through the soil, and finally evacuated 
through an exit tube at the top of the flask. 
T h e  t reatment  of active nematodes was 
similar except tha t  MB was bubbled  
through water to assure that  no drying oc- 

curred in the moist soil. Controls were 
identical to MB treatments except that air 
only (moist or dry) was passed through the 
soil. T h e  nematodes were subjected to a 
concentration of 3000 tzl MB/ l i t e r  for 14 
periods from 0 to 82 h. Concentrat ion × 
time (CT) values were calculated by multi- 
plying concentrat ion of MB × h of ex- 
posure. For each treatment,  three replicate 
experiments of Technique  I and one repli- 
cate exper iment  each of Techniques  II  and 
I I I  were treated at each CT.  

After t reatment  for the appropriate  
number  of hours, the soil was poured from 
the flasks onto paper  in a hood for 15-30 
sec to dissipate the MB gas, and placed in a 
plastic bag unti l  all treatments were com- 
pleted. Nematodes from Techniques I and 
II were extracted from soil by tile anhydro- 
biotic nematode technique (11), and the 
percent of coiled nematodes in the sugar 
solution was determined. A tightly coiled 
morphological shape is characteristic of 
anhydrobiotic  nematodes. T h e  nematodes 
in the sugar solution were rinsed and placed 
in continuously aerated tap water for 24 h 
to allow the anhydrobiot ic  nematodes to re- 
hydrate, and the active nematodes were 
counted. T h e  criterion for activity was 
motility. Percent activity for anhydrobiotic  
nematodes on Millipore filters was deter- 
mined by placing the filters in bubbling 
H 2 0  for 24 h. 

R E S U L T S  

Tile anhydrobiot ic  A. avenae were more 
resistant to MB than the active A. avenae 
(Fig. 1). T h e  percent survival of active nem- 
atodes decreased rapidly with increasing 
MB exposures i.e., LD95 = 15 h, 18 h, and 
18 h (CT = 45,000, 54,000, and 54,000) for 
Teclmiques I, II, and III,  respectively. No 
active nematodes survived after 22 h (CT 
-- 66,000). T h e  LDg~ for anhydrobiot ic  
nematodes from Techniques I, II, and III  
was 93 h (CT = >279,000). Individual  
nematodes induced into anhydrobiosis by 
the Millipore-filter technique (Technique 
III)  were the most resistant to fumigation, 
even though there was more variat ion than 
in soil. T h e  correlation coefficients between 
C T  and percent survival were respectively 
0.961, 0.915, and 0.60S for Techniques  I, II, 
and III. 
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FIG. I. Effect of methyl bromide at a concentration of 3000 #1/liter air upon the survival of active a n d  

anhydrobiotic Aphelenchus avenae. 

DISCUSSION 

T h e  anhydrobiot ic  nematodes were more 
resistant to fumigat ion than the active nem- 
atodes, regardless of the technique used to 
induce anhydrobiosis. I t  required 45,000- 
54,000 C T  (/zl MB • 1) to obta in  an LDD~ 
value for moist  active A. avenae, while the 
exposure had to be increased to five times 
(279,000 CT)  to obtain  the same kill of 
anhydrobiot ic  nematodes.  Comparisons of 
LD95 data indicate that  active .4. avenae was 
more resistant to MB than other active nem- 
atode species (Table  1), and that  the 
amount  o[ chemical necessary for a n  LDgg 
with anhydrobiot ic  .4. avenae was about  17 
times as great as for an LDD.~ with active 
Xiphinema index and MeIoidogyne incog- 
nita (17). I t  is possible that  the anhydro- 
biotic nematodes might  tolerate lower C T  
levels and that achieving >LDD~ would re- 
quire a greater concentrat ion of MB. 
Munnecke et al. (unpublished data) 
found a similar si tuation with sclerotia of 
Sclerotium rolfsii Sacc. and microsclerotia 
of Verticillium albo-atrum. Similar informa- 
tion could be obta ined f rom the field wi th  
soil relative humidi ty  and  moisture  ranges 
as suggested by McKenry (15). Since MB 

TABLE 1. Concentration X time (CT) exposure 
to methyl bromide required for LD95 in different 
nematode species. 

Nematode CT in #1 X h Reference 

Meloidogyne incognita 
larvae 16,800 17 

Xiphinema index 
adults 16,200 17 

Dorylaimus sp. 21,000 17 
Xiphinema index 

larvae 23,400 17 
Aphelenchus avenae 

larvae and adults 45,000-54,000 Th l s r epo r t  
Anhydrobiotic 

,,1. avenae larvae 
and adults >279,000 This  report 

concentrations do not  remain  as high and  
as constant in the soil as they were in this 
experiment ,  anhydrobiot ic  nematodes could 
be expected to survive and  serve as a new 
source of inoculum. Recent  studies (6) have 
shown that  the n u m b e r  of soil nematode  
species capable  of enter ing anhydrobiosis 
is much  larger than previously thought  
and includes many  plant  parasites, i.e., 
Helicolylenchus dihystera, Meloidogyne 
spp., and  Scutellonema cavenessi. 
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T h e  resistance of a n h y d r o b i o t i c  A. 
avenae to MB needs to be  e x a m i n e d  in  
more  detai l .  A basic p r inc ip le  of b iology is 
tha t  water  is needed  for the m a i n t e n a n c e  
of b iological  integr i ty .  A n h y d r o b i o t i c  nem-. 
atodes have a total  water  con t en t  of on ly  
0 - 5 %  (5, 8, 9), an  unde tec t ab l e  metabol i sm,  
and  a morpho log ica l  form that  has changed  
the n e m a t o d e  i n t e r n a l l y  a n d  ex te rna l ly  from 
a hydra ted  eel-like form to a t ight ly  
s h r u n k e n  coil w i t h o u t  i r revers ibly  d a m a g i n g  
the nematodes .  These  facts lead us to sug- 
gest three possibil i t ies for the resistance of 
the anhydrob io t i c  n e m a t o d e  to MB: 1) MB 
fails to permeate  the  n e m a t o d e  cuticle be- 
cause of s t ruc tura l  and  physiological  
changes in  the anhydrob io t e ;  2) the MB 
permeates  the cuticle,  b u t  is no t  react ive 
wi th  the lowered me tabo l i c  processes; an d  
3) MB is so luble  in  water,  a n d  therefore the 
MB concen t r a t i on  is greater  s u r r o u n d i n g  
the active nematodes  in  mois t  soil t han  
a r o u n d  the anhydrob io t i c  nematodes  in  dry  
soil. C o n c e r n i n g  the last hypothesis,  i t  has 
been  shown tha t  methy l  b r o m i d e  has an  
affinity for water  a n d  tha t  an  e q u i v a l e n t  
vo lume  of MB is more  h ighly  concen t ra ted  
in  water  t h a n  i n  air  i n  the gaseous phase 
(1). For  this reason the C T  calcula t ions  for 
the active nematodes  in  mois t  soil may no t  
be  accurate  a n d  the anhydrob io t i c  nema-  
todes may be more  suscept ible  to the chem- 
ical t h a n  ind ica ted  by these tests. O n  the 
o ther  hand ,  Marks  et al. (14) f ound  that  
the dynamic  e q u i l i b r i u m  of EDB be tween  
five different  nematodes  and  the b a t h i n g  
so lu t ion  was reached after a b o u t  a 30-min 
exposure  a n d  tha t  the c o n c e n t r a t i o n  ins ide  
the nematodes  was 2-20 t imes tha t  i n  the 
b a t h i n g  solut ion.  T h i s  suggests that,  to be 
toxic, the chemical  mus t  get  i n t o  the or- 
gan i sm in  greater  q u a n t i t i e s  t h a n  in  the 
b a t h i n g  so lu t ion .  T h i s  wou ld  l end  suppor t  
to hypothesis  1 or 2, or a c o m b i n a t i o n  of the 
two. 

L I T E R A T U R E  C I T E D  

1. CASTRO, C. E. 1964. Methyl bromide. In: 
Analytical methods for pesticides and food additives, 

Vol. III. G. Zweig, ed. Academic Press, N. Y. pp. 
159-165. 

2. COOPER, A. F., JR., and S. D. VAN GUNDY. 
1970. Metabolism of glycogen and neutral lipids by 
Aphelenchus avenae and Caenorhahditis sp. in 
aerobic microaerobic and anaerobic environments. 
J. Nematol. 2:305-315. 

3. COOPER, A. F., JR., A. A. F. EVANS, and 
S. D. VAN GUNDY. 1970. Oxygen induced crypto- 
biosis, a survival mechanism in Aphelenchus avenae. 
J. Parasitol. 56:61-62. 

4. CROWE, J. H. 1971. Anhydrobiosis: an un- 
solved problem. Am. Nat. 105:563-573. 

5. CROWE, J. H., and K. A. C. MADIN. 1975. 
Anhydrobiosis in nematodes: evaporative water loss 
and survival. J. Exptl. Zool. 193:323-334. 

6. DEMEURE, Y., D. W. FRECKMAN, and S. D. 
VAN GUNDY, 1979. Anhydrobiotic coiling of nem- 
atodes in soil. J. Nematol. 11:189-195. 

7. DEMEURE, Y., D. W. FRECKMAN, and S. D. 
VAN GUNDY. 1979. In vitro response of four species 
of nematodes to desiccation and discussion of this 
and related phenomena. Revue de N~matologie. Vol. 
2 (In press). 

8. ELLENBY, C. 1968. Desiccation survival in the 
plant parasitic nematodes, Heterodera rostochiensis 
Wollenweber and Ditylenchus dipsaci (Kuhn) 
Filipjev. Roy. Soc. B. 169:203-213. 

9. ELLENBY, C. 1969. Dormancy and survival in 
nematodes. Soc. Exptl. Biol. Syrup. 23:83-97. 

10. EVANS, A. A. F. 1970. Mass culture of a 
mycophagous nematode. J. Nematol. 2:99-100. 

11. FRECKMAN, D. W., D. T. KAPLAN, and 
S. D. VAN GUNDY. 1977. A comparison of tech- 
niques for extraction and study of anhydrobiotic 
nematodes from dry soils. J. Nematol. 9:176-181. 

12. KOLBZEN, M. J., and F. J. ABU-EL-HAJ. 
1972. Fumigation with methyl bromide. I. Ap- 
paratus for controlled concentration, continuous 
flow laboratory procedures. Pestic. Sci. 3:67-71. 

13. KOSTUK, N. A. 1965. The study of anabiosis 
in some phytohelminths. In: B. M. Zuckerman, 
W. M. Brzeski, and K. H. Deubert, eds. English 
translation of selected east European papers in 
hematology. University of Massachusetts, East Ware- 
ham, Massachusetts. pp. 7-10. 

14. MARKS, C. F., L J. THOMASON, and C. E. 
CASTRO. 1968. Dynamics of the permeation of 
nematodes by water, nematicides and other sub- 
stances. Exptl. Parasitol. 22:321-337. 

15. McKENRY, M. V. 1978. Selection of preplant 
fumigation. Cal. Agric. 32:15-16. 

16. SIMONS, W. R. 1973. Nematode survival in 
relation to soil moisture. Meded. Landbouwhogheseh 
Wageningen. 73-3:1-85. 

17. VAN GUNDY, S. D., D. MUNNECKE, 
J. BRICKER, and R, MINTEER. 1972. Response of 
Meloidogyne incognita, Xiphinema index and 
Dorylaimus sp. to methyl bromide fumigation. 
Phytopathology 62:191-192. 


	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	Search CD-ROM
	Search Results
	Print

