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Abstract: Large popu la t ions  of Pratylenchus thornei, a winter  pest of  cereals, legumes,  and  
potatoes  in the  n o r t h e r n  Negev region of Israel, survive 7-8 m o n t h s  of s u m m e r  d r o u g h t  and  re- 
tu rn  to ful l  activity at  the  beg i nn i ng  of the  ra iny season. T o  demons t r a t e  tha t  it survives the  
s u m m e r  in an  anhydrobio t ic  state, all deve lopmenta l  stages of  P. thornei were exposed  to 
gradual ly  reduced  relat ive h u m i d i t y  (RH)  us ing  glycerin water  solut ions.  At  97.7% R H  the 
nematodes  were coiled and  able to survive exposure  to 0% R H .  Abou t  40% of artificially 
desiccated nematodes  could be react ivated by gradual ly  increas ing the  h u m i d i t y  to the  final 
water env i ronmen t .  Desiccated nematodes  could w i th s t and  t empera tu res  up  to 40 C. React ivated 
indiv iduals  showed in tes t ines  appa ren t ly  devoid of reserve mater ials .  Only  3% survived three 
cycles of desiccation and  react ivat ion.  P. thornei react ivated af ter  anhydrobios is  mu l t i p l i ed  twice 
as m u c h  wi th in  Vicia sativa roots as did  fresh nematodes .  
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Anhydrobiosis as a means of survival for 
free-living and plant  parasitic nematodes 
dur ing the dry season is a well-known phe- 
nomenon reviewed by Van Gundy (16), 
Evans and Perry (5), Crowe (1), and 
Demuere and Freckman (3). Nematodes in 
this physiological state are highly resistant 
to extreme environmental  factors (3,7,8,16). 

Pratylenchus thornei Sher and Allen, 
parasitizes cereal crops, legumes, and po- 
tatoes in the semi-arid nor thern Negev 
region in Israel (11). T h e  nematode, how- 
ever, is active only during the rainy season, 
from December to April. During the 7 
ntonths of summer drought  no hosts grow; 
soil temperature rises and relative humidi ty  
drops in the upper  layers of soil. A pre- 
l iminary survey showed that despite these 
unfavorable conditions P. thornei numbers 
do not  decline significantly (11). This  sug- 
gests that P. thornei survives the dry season 
in an anhydrobiotic  state and is reactivated 
by the following winter rains. This  possi- 
bility was tested experimentally,  and the 
effects of desiccation on survival and the 
morphology of P. thornei are reported. 

MATERIALS AND M E T H O D S  

Stock cultures of P. thornei were main- 
tained in pots in greenhouse on Vicia sativa 
at a constant temperature of 20 ± 1 C. 
Nematodes were extracted from heavily in- 
fested roots using the Seinhorst's mistifier 
technique (13). 
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Inducing anhydrobiosis: Fresh nema- 
todes obtained from the mistifier were 
transfered from the suspension to 25-mm 
Millipore filter discs (0.65-/~m pore), 1,600 
-4- 100 adults and larvae per disc, by means 
of a suction flask. Each disc served as a 
replicate in the anhydrobiosis experiment  
described below. 

Anhydrobiosis was evaluated according 
to two criteria: 1. T h e  survival rate of 
desiccated nematodes after exposure to 0% 
relative humidi ty  (RH) for 24 h. T h e  R H  
was maintained by phosphorous pentoxide 
in closed chamber (15). T h e  number  of 
surviving individuals was determined by 
counting the active nematodes following 
hydration. 2. T h e  percentage of nematodes 
present in coiled form in the population.  
T h e  optimal R H  required to induce com- 
plete anhydrobiosis was determined by ex- 
posing samples of P. thornei on Millipore 
filter discs to five levels of R H  for various 
periods of time according to Table  1. 

Each treatment was replicated eight 
times. Following each treatment,  six of these 
replicates were placed in water for rehy- 
drat ion and the nematodes both in stretched 
and coiled forms were counted. Twenty-four  

Tab le  1. T h e  per iod of t ime (hours)  Pratylenchus 
thornei popu la t ions  were exposed to var ious  relat ive 
h u m i d i t y  levels. 

Rela t ive  h u m i d i t y  

T r e a t m e n t s  100 98.8 97.7 96 93 

I 96 
2 24 96 
3 24 24 96 
4 24 24 24 96 
5 24 24 24 24 96 
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hours later the active nematodes were 
counted in each replicate (Fig. 1). Two  
more replicates were exposed to 0% R H  for 
24 hours and then gradually rehydrated by 
exposing them to 97.7, 100% R H  for 24 
hours each before placing in water. 

Effect on morphology: Individuals at all 
stages of the anhydrobiosis process were ex- 
amined under  a light microscope. Fixation 
and slide preparat ion were done according 
to Seinhorst's glycerol-methanol method 
(14). Natural ly desiccated P. thornei ob- 
tained from dry field soil by a sugar floation 
technique (9) were also observed. Desiccated 
nematodes were mounted  on stubs, coated 
with gold, and observed with a Cambridge 
180 scanning electron microscope (SEM) at 
15 kV at 3,000 magnification. 

Effects of external [actors: 1. Exposure 
of the nematodes to various temperatures-- 
0, 10, 20, 30, 40, and 60 C--for 24 h after 
they were desiccated at 22 C. T o  avoid 
drastic changes in the RH,  the dehydrated 
nematodes were placed on Millipore filters 
in closed chambers at 97.7% RH.  2. Ob- 
servations of the percent of survival follow- 
ing four cycles of dehydrat ion/rehydrat ion.  
In both experiments, each treatment con- 
sisted of six replicates. T h e  state of anhy- 
drobiosis was evaluated by the survival of 
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the nematode at 0 % R H  and the percentage 
in the coiled form. 

Effect on pathogenicity: Th e  effect of 
anhydrobiosis on the pathogenicity of P. 
thornei was investigated under  greenhouse 
conditions. T e n  V. sitiva plants were each 
inoculated with 4,000 ___ 100 fresh or lab- 
oratory induced anhydrobiotic  P. thornei. 
Control plants were not  inoculated. Five 
plants of each treatment were harvested at 
24 and 48 days after inoculation, and the 
fresh root  weights and the number  of P. 
thornei within the roots were determined. 

RES U LTS  

Inducing anhydrobiosis: T h e  effect of 
the various RH's  on the anhydrobiosis of 
P. thornei is shown in Fig. 1. T h e  highest 
percentage of reactivated nematodes (coiled 
individuals as well as survival percentage) 
after exposure for 24 h to 0% R H  was ob- 
tained by desiccating P. thornei at 97.7% 
RH.  Th e  percentage of coiled nematodes in 
desiccation treatments No. 2-5 was higher 
than the percentage of final surviving in- 
dividuals (Fig. 1). 

Effects on morphology: Laboratory des- 
sicated nematodes and individuals ex- 
tracted from dry soil were found in coiled 
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form, but  individuals extracted from V. 
sativa roots were found in stretch form. In 
tile desiccated individuals the somatic 
muscles (Fig. 2) are severely deformed and 
the body wall is shrunken (Fig. 3). After 
rehydrat ion vacuoles were observed in the 
intestines. 

Effects of external ]actors: 1. Ti le  effect 
of various temperatures on the survival of 
P. thornei is demonstrated in Figure 4. As 
the temperature at which desiccation is 
induced is increased, there is a decrease in 
the percent survival. T h e  highest (63%) 
was at the lowest temperature (0 C). All the 
active nematodes in the control treatments 
were dead after exposure to temperatures 
above 0 C. 

2. Four  cycles of desiccation and rehy- 
drat ion successively reduced the level of 
survival (Fig. 5), so that after the fourth 
cycle no nematode survived. 

Effect on pathogenicity: Numbers of P. 
thornei in V. sativa roots infected by anhy- 
drobiotic nematodes were almost twice as 
high as in roots infected by fresh nematodes 
(Fig. 6). Despite poor growth of I'. sativa 
and low numbers of nematodes, results of 
several replications were consistent. 

DISCUSSION 

The  optimal R H  for inducing anhy- 
drobiosis was 97.7%. This  corresponds to 
the approximate R H  in the soil of the wilt- 
ing point  (10). T h e  process of anhydrohiosis 
is probably accomplished in nature during 
this humidity rate which occurs in tile late 
spring. Lower R H  is beyond the natural 

Fig. 2. Anterior region of Pratylenchus thornei: 
right--anhydrobiotic, left--active ()< 1,000). 

edaphic conditions at late spring or early 
summer and probably reduces the efficiency 
of inducing anhydrobiosis in the nematodes. 
Thus,  the rest of the experiments in this 
study were carried out  by inducing anhy- 
drobiosis at 97.7 % RH.  

Anhydrobiotic P. thornei obtained under  
both experimental  and natural  conditions 
are morphologically similar to other  anhy- 
drobiotic, plant parasitic, and mycophagous 
nematodes such as Aphelenchus avenae, 
ScuteUonema bracyurum, and S. cavenessi 
(2). Thus  it appears that coiling is the 
general form of protection for the anhy- 
drobiotic nematode. Coiling provides min- 
imal exposure to the external  environment  
(3). Although the cuticle does not  change 
during anhydrobiosis, changes occur in the 
nematode's somatic muscles; this may be 
due to desiccation of the pseudocelomic 
fluids. 

Although differences in survival were 
found between developmental  stages of A. 
avenae (5) and Ditylenchus dipsaci (12), no 
differences were found in the survival ability 
of P. thornei larvae and adults. Because of 
the morphological similarity between the 
nematode in natural  dry soil and the arti- 
ficially desiccated nematodes and the ability 
of artificially desiccated nematodes to sur- 
vive at 0% RH,  we believe that the experi- 
mental  procedure of gradual desiccation is 
similar to the procedure which occurs in 
nature in the spring. 

T h e  large vacuoles present in the in- 
testine of rehydrated P. thornei may be an 
indication of the lack of storage materials. 
This  condition resembles that of starving 
nematodes. Since such vacuoles are not  
found in fresh or in anhydrobiotic  indi- 
viduals, one may conclude that dur ing re- 
hydration the nematodes consume large 
amounts of reserve materials. This  may 
explain why at all R H  levels there is a 
higher percentage of coiled nematodes than 
of surviving nematodes. Perhaps the coiled 
individuals that did not  survive depleted 
their energy sources before complete re- 
hydration. Van Gundy (16), Freckman (7), 
and Crowe (1) noted that anhydrobiosis 
induces higher resistance to unfavorable 
environmental  conditions. Anhydrobiot ic  
P. thornei survived temperatures up to 
-t0 ± 2 C. This  should enable them to sur- 
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Fig. 3. Scanning electron micrograph of artificially desiccated Pratylenchus thornei individuals (X 3,000). 

vive the hot season in the nor thern Negev, 
where soil temperatures occasionally reach 
40 C. A similar pat tern was found by Fas- 
suliotis (6), who tested the survival of 
desiccated Hoplolatmus columbus in a 
range of 0-80 C. 

Progressive reduct ion in survival of P. 
thornei with successive desiccation/rehydra- 
tion cycles agrees with the results obtained 
by ~Nomersley (18) on Anguina tritici. This  
phenomenon might have a practical appli- 
cation; irrigation of dry fields in the hot  

season might reactivate some nematodes 
who would not  survive redesiccation and re- 
hydration.  

Infectivity rates of anhydrobiot ic  P. 
thornei was twice that of the fresh popula- 
tion. This  might occur if most of the indi- 
viduals surviving anhydrobiosis were the 
physiologically strongest of the initial 
population.  Demeure (2) noted that Scutel- 
lonema cavenessi females, rehydrated fol- 
lowing storage for 30 months in dry soil, are 
incapable of laying eggs. Also, Webster (17) 
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noted that a population of D. dipsaci fol- 
lowing anhydrobiosis was less infective than 
fi'esh nematodes. 
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Fig. 4. The survival percentage of anhydrobiotic 

Pratylenchus thornei exposed to various tempera- 
tures during desiccation. 

The present work provides evidence 
supporting the assumption that P. thornei 
is native to the semi-arid zones in parts of 
the Middle East (11); it also indicates that 
the nematode survives the arid period by 
anhydrobiosis. 
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Fig. 5. The effect of up to four cycles of desicca- 
tion/rehydration on the survival of Pratylenchus 
thornei. 
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Biochemical Identification of the Two Races of 
Radopholus similis by Starch Gel Electrophoresis 

R. N. HUETTEL ~, D. X,V. DICKSON 2, and D. T. KAPLAN a 

Abstract: Analysis of genetic variation between the banana and the citrus races of Hadopholus 
similis by starch gel eleclrophoresis demonstrated that 7 of 16 enzyme-encoding loci could be 
used for their diagnostic separation. T h e  two races are closely related arid share approximately 
75% of the enzymes evaluated. T h e  level of dissimilarities o1 inherited bands indicates that  no 
gene flow occurs between the races. Aldolase, ot + t3 esterase, glucose-6-phosphale dehydrogenase, 
isocitrate dehydrogenase, lactate dehydrogenase, ntalate dehydrogenase, anti phosphoglucose 
isomerase are diagnostic markers of the races. Key words: isozyme, nematode races, bur rowing  
nematode, genetics, biosystematics. Journa l  of Nematology 15(3):338-344. 1983. 

Biochemical techniques, including gel 
electrophoresis, are potential methods avail- 
able for defining systematic relationships of 
nematodes (13). Electrophoretic techniques 
are especially useful for obtaining estimates 
of genetic variation within and between 
populations. These techniques are par- 
ticularly suitable f0r collecting such data 
because they allow for the separation and 
identification of specific soluble enzymes 
and nonenzymatic proteins (3). 

Many soluble enzymatic proteins have 
multiple forms, with similar or identical 
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substrate affinities, called isozymes (19). 
Comparisons of isozyme patterns obtained 
from the electropltoresis of proteins of mass 
homogenates or from individuals within a 
population can provide a measure of the 
similarity between different populations by 
analysis of shared or different band mobil- 
ities (15). The enzyme banding patterns 
provide information also about the genetic 
makeup of populations. Some enzymes ap- 
pear to evolve more rapidly than the non- 
enzymatic proteins (20); thus, differences 
between closely related species and popula- 
tions are more likely to be detected using 
them. 

Starch gel electrophoresis has rarely been 
employed in biochemical systematic studies 
of nematodes (4,7,8). Our objectives in this 
study were 1) to determine the practicality 
of starch gel electrophoresis in identification 
of the banana and citrus race of Radopholus 
similis, 2) to provide estimates of the degree 
of population divergence between the races, 
and 3) to help understand the genetic 
makeup of the populations included in this 
study. 
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