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Abstract: T h e  pathological effects of Pratylenchus scribneri on susceptible snap bean and 
resistant lima bean were studied. In  a pathogenicity test, the nematode increased nearly 75-fold 
on snap bean and suppressed top growth. On lima bean, P. scribneri reproduced slowly and did 
not  significantly affect top growth. Discreet lesions formed on lima bean roots, but  no lesions 
developed on snap bean roots. Paraffin sections taken 2, 5, 13, 25, and 32 days after inoculation 
showed little cellular necrosis in snap bean roots, whereas cells su r round ing  the nematode in 
lima bean were extensively necrotic. Cortical cells of infected snap bean roots were almost 
completely invaded and killed 25 and 32 days after inoculation. The  cortex of lima bean tissues 
was intact, a l though localized necrotic areas remained at sites of nematode invasion. Key Words: 
host resistance, lesion nematode, Phaseolus lunatus, Phaseolus vulgaris. 

Host-range and pathogenici ty studies 
with PratyIenchus scribneri Steiner on crop 
plants have been l imited (8). ~Ve found 
only one repor t  on the histopathological  
effects of this nematode  (4). Since P. 
scribneri is widely distr ibuted in California,  
greenhouse tests were conducted to deter- 
mine the host range and pathogenicity of 
this nematode  (8). T h e  findings indicated 
that P. scribneri was capable of reproducing 
well on a nu mber  of crop plants and of 
suppressing the growth of several plants 
that  were tested. In addi t ional  host range 
tests, however, P. scribneri reproduced 
poorly on l ima bean (Phaseolus lunatus L. 
'Fordhook 242') bu t  increased to high 
numbers  on a closely related plant,  snap 
bean (Phaseolus vulgaris L. 'Kentucky 
Wonder ' ) .  Fur ther  studies of the host- 
parasite relations of P. scribneri on these 
two plants were init iated to determine 
pathogenicity and histopathology of the 
nematode on l ima bean and snap bean. A 
prel iminary repor t  on a port ion of tile 
results has been published (9). 

M A T E R I A L S  A N D  M E T H O D S  

Pathology: Pratflenchus scribneri (2,944 
+- 50/1,100 cm 3 soil) in tap water  was 
added and mixed in a steamed loamy sand 
(75% sand, 24% silt, and 1% clay). 
Controls received only tap water. Soil was 
then placed into 20-cm diam polyethylene 
pots and two fungicide-treated lima bean or 
snap bean seeds were each planted into five 
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inoculated and five control pots. Soil 
t empera ture  was 30+2 C. After  germina- 
tion, plants were th inned to 1/pot ,  and 1 
week after p lant  emergence, 2,300 addi- 
tional nematodes were added to each of 
the previously inoculated pots. Six 
addi t ional  pots, three each of l ima and 
snap bean, were inoculated as previously 
described and used for observations on 
lesion development  at intervals dur ing the 
experiment.  Fifty days after planting, roots 
and  soil were analyzed for nematodes,  and 
foliage dry weights were determined.  Roots  
were placed in l-liter jars containing water 
and were aerated for 84 h. A 50-cm a soil 
sample was taken, screened, and placed on 
a Baermann  funnel for 48 h. To ta l  soil 
nema todes /po t  were est imated by using a 
soil volume of 1,100 cm 3. 

Histopathology: Fifteen cm s of silica 
sand were placed in each of 24-25 x 200-mm 
culture tubes. T h e  moisture  level was raised 
to 10% by addi t ion of 3.2 ml Hoagland ' s  
solution and distilled water. T h e  culture 
tubes were autoclaved for 30 min  at 2.68 
Kg/cm.  Seed of 'Ventura '  l ima bean and 
'Wade '  snap bean were surface sterilized for 
5 min  in a 10% Chlorox® solution and 
were then aseptically transferred to each 
tube. Seven days after planting,  500 P. 
scribneri treated in ethoxyethyl  mercury  
chloride (Ayerst Laboratories,  N.Y., N.Y.) 
at s tandard concentrat ion for 2.25 h were 
added to each tube. At 2, 5, 13, 25, and 32 
days after inoculation,  2 inoculated and 2 
control plants were harvested and port ions 
of the roots fixed in a Navashin 's  solution. 
Selected root segments were dehydrated and 
cleared in a tertiary butyl  alcohol series and 
embedded in paraffin. Root  mater ial  was 
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sec t ioned  to  a th ickness  of  15-30tLm a n d  
s t a i ned  w i th  s a f r an in  a n d  fast g reen  for 
mic roscop ic  e x a m i n a t i o n .  

R E S U L T S  

Pathology: Pratylenchus scribneri sup- TreatmentY 
pressed top  g r o w t h  of  snap  b e a n  b u t  d i d  
n o t  s igni f icant ly  affect t o p  g r o w t h  of l i m a  

Lima bean 
bean  ( T a b l e  1). R e p r o d u c t i o n  of P.  
scribneri in  l i m a  b e a n  was very  low, Control 

Inoculated 
whereas the nematode increased nearly 
75-fold in  snap  bean .  T h i r t y - e i g h t  days  Snap hean 
a f te r  i nocu l a t i on ,  l i m a  bean  roo t s  e x h i b i t e d  Control 
n u m e r o u s  discreet  b r o w n i s h - b l a c k  nec ro t i c  Inoculated 
lesions, some of w h i c h  coalesced to form 
la rge r  areas  of  nec ro t i c  t issue (Fig.  l ) .  Few 
discreet  lesions were  obse rved  on  snap  bean  
roots,  a n d  new feeder  roots  showed  l i t t l e  
ev idence  of  i n ju ry .  O l d e r  roo ts  showed  a 
gene ra l  l igh t  b r o w n  d i s c o l o r a t i o n  a n d  
f inal ly  a co l lapse  of  the  cor t ica l  tissue. 

Histopathology: Paraffin sect ions of 
p l an t s  ha rves ted  5 days  af ter  i n o c u l a t i o n  
revea led  P. scribneri sca t te red  t h r o u g h o u t  
cor t ica l  r o o t  cells of  l i m a  bean .  N e m a t o d e  
m o v e m e n t  was i n t r a c e l l u l a r  a n d  resu l t ed  in  
cel l -wal l  b r e a k a g e  (Fig. 2-A, C). T h e  

TABLE 1. Influence of Pratylenchus scribneri 
on growth of lima bean and snap bean, and 
reproduction in these plants. 

Dry weight Nematode 
of foliage densities 

(gin) • (lO00's) 

6.68 a 
6.50 a 6.8 

4.46 a 
1.90 b 384.5 

ylnoculum 5,200 nematodes/I,100 cm3 of soil; plants 
grown for 50 days. 
zGrouped means followed by the same letter not 
significantly different (P = 0.05) according to the 
analysis of variance test. 

n e m a t o d e s  were  u sua l ly  o r i e n t e d  longi-  
t u d i n a l l y  to the  vascu la r  tissue, b u t  
occas iona l ly  a P. scribneri was f o u n d  co i l ed  
in  one  o r  two cor t ica l  cells  (Fig. 2-A, B). 
T h e  n e m a t o d e s  were  u sua l l y  f o u n d  
s u r r o u n d e d  on  al l  sides b y  one  o r  two 
d a r k l y  s ta ined ,  nec ro t i c  cells. I n i t i a l  

t 

7 
FIG. 1. Snap bean (left) and lima bean roots (right) 38 days after inoculation with Pratylenchus scribneri. 

Little evidence of necrosis on snap bean roots but extensive lesion formation and coalescence of lesions 
on lima bean roots. 
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FIG. 2-(A-D). Paraffin sections of l ima bean  roots infected with Pratylenchus scribneri. A)Longitudinal 
or ien ta t ion  of P. scribneri to the  root axis and  cel lular  g r anu la t i on  5 days after  inoculat ion.  B) Coil ing of 
a nema tode  in one cell and  necrosis of root cells in the  area where  nema tode  pene t ra ted .  C) Early stage 
of cel lular  response to P. scribneri indicated by presence of nucle i  and  sl ight  cel lular  g ranu la t ion ;  no te  
a p p a r e n t  nema t o d e  breakage of cell and  wall. D) Extensive cel lular  necrosis p robab ly  resu l t ing  f rom in- 
vasions of several nematodes ;  note  nema t ode  s u r r o u n d e d  by necrotic tissue. 
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invasion resulted in a granular  appearance 
of cytoplasm and nuclear disintegration 
while cells later became completely 
granulated and stained darkly (Fig. 2-C, D). 
Cell wall thickening was rare. 

Extensive epidermal and cortical necro- 
sis was present in sections of lima bean 
roots 5 days after inoculation, and 
endodermal discoloration occurred after 13 
days. Necrosis of epidermal, cortical, and 
endodermal cells increased with time after 
infection. Twenty-five and 32 days after 
inoculation, all tissues except stellar tissue 
were necrotic when invaded by nematodes. 
T h e  nematodes, however, were not  
parasitizing endodermal  cells, al though 
many appeared necrotic. Few gravid 
females or eggs were observed in the 
sectioned tissue. 

T w o  days after inoculation, many P. 
scribneri had invaded cortical cells of snap 
bean. T h e  nematodes, destroying cells but  
producing little necrosis, moved through 
the root cortex, and orientat ion was similar 
to that in lima bean. T h e  primary cellular 
reaction to P. scribneri was nucleus and 
nucleolar enlargement (Fig. 3-A). In one 
or two cells surrounding some invading 
nematodes, a slight granulat ion and dark- 
ening of cellular contents were observed 
(Fig. 3-B). Granula t ion of cell contents, 
however, was observed to occur only 
sporadically and was not  associated with any 
specific root tissue. A few cortical cells 
exhibited cell-wall thickening, bu t  this 
phenomenon was not  widespread. Cortical 
damage increased with time after infection. 
Paraffin sections revealed broken cell walls 
near the nematodes, and in later stages, 
large cortical cavities (Fig. 3-C). Twenty- 
five and 32 days after inoculation, numerous 
nematodes were in the cortex (Fig. 3-D), 
and almost no intact cortical cells were 
present. T h e  nematode was not  in 
endodermal  or stellar tissue. Numerous 
gravid females and eggs were found 
throughout  infected tissue. 

Prel iminary tests indicated no real 
difference in the rates at which P. scribneri 
penetrated snap or lima bean roots, and 
significant numbers were in the roots of 
both hosts in 24 h. 

DISCUSSION 

Prolific P. scribneri reproduct ion and 

damage on snap bean indicated a positive 
pathogenic potential  on this plant. 
Conversely, l ima bean showed an apparent  
hypersensitive reaction that allowed for 
only minimal  reproduct ion and localized 
damage by the nematode. 

Intracellular movement  and cellular 
damage caused by P. scribneri on snap bean 
was similar to that found for other 
Pratylenchus spp. (1, 6). Lack of cellular 
necrosis in snap bean and prolific nematode 
reproduct ion suggest that P. scribneri could 
move freely into and through epidermal 
and cortical cells, and thus snap bean 
appears to possess little or no mechanical 
or chemical resistance to the nematode. 
Cells which became necrotic in snap bean 
stained only a light brown, a reaction 
indicating that perhaps only small quan- 
tities of phenols were present or that little 
oxidation of these compounds occurred (1 I). 
Since cellular response was compatible, 
these observations suggest lack of phenolic 
compounds for oxidation or absence of 
enzymes capable of oxidizing those 
compounds present. Lit t le  cell-wall thicken- 
ing and no evidence of wound periderm 
around invaded cells indicated that this 
defense mechanism was not  operative (12). 
Since P. scribneri was not  observed in 
endodermal  cells, a physical barrier  or poor 
food source may have prevented coloniza- 
tion. Lit t le  to no differential endodermal  
necrosis occurred, a fact which suggests that 
this was not  a factor in preventing 
nematode penetrat ion into this tissue. 
Nematode reproduct ion and mult iple  
invasions probably accounted for cortical 
destruction in snap bean 25 or more days 
after inoculation. Mechanical damage (and 
thus loss of the functional integrity of the 
epidermis and cortex) is the major  effect of 
the nematode on snap bean. Since the 
nematodes do not  directly affect snap bean 
vascular tissues, these findings may explain 
why large numbers of P. scribneri are 
necessary to suppress plant growth (5; Rich, 
unpublished).  

A hypersensitive reaction apparently 
limited P. scribneri growth and reproduc- 
tion in lima bean roots. In associated 
studies, visual lesion formation was 
observed as early as 1 day after inoculation. 
Similar observations were made by 
Mounta in  ~ Patrick (3) on peach. Cortical 
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FIG. 3-(A-D). Paraffin sections of snap bean roots infected with Pratylenchus scribneri. A) Nucleus and 
nucleolar enlargement in cell near invading nematode. B) Only slight granulation and darkening of cells 
near a P. scribneri. C) Broken cell walls and cavities around the nematode. D) A later stage of infection; 
large number of P. scribneri present in cortical tissue with few cortical and epidermal cells remaining 
intact. 

cell g r a n u l a t i o n  and  necrosis a n d  the may have been  direct ly i n h i b i t o r y  to tile 
associated pheno l i c  ox ida t i on  p robab ly  n e m a t o d e  (3). E i ther  or bo th  of these 
p roduced  an  u n s u i t a b l e  food base for the mechanisms  are suppor t ed  by l imi t ed  
nematode ,  a n d / o r  chemical  cons t i tuen ts  n e m a t o d e  r e p r o d u c t i o n  a n d  r a p i d  necrosis 
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of l ima  b e a n  root  cells. As in  snap  bean,  no  
e n d o d e r m a l  invas ion  of l ima  b e a n  roots was 
observed, a reac t ion  i n d i c a t i n g  a physical  
ba r r i e r  or poor  food source as i n  snap  bean.  
T h e  presence of h igher  q u a n t i t i e s  of 
phenols  associated wi th  necrosis in  the 
endodermis ,  as suggested by T o w n s e n d  (10), 
wou ld  seem un l ike ly  since no  di f ferent ia l  
necrosis was seen be tween  root  tissues. 
Ra ther ,  a s t rong necrot ic  reac t ion  was 
a p p a r e n t  in  all  tissues i nvaded  by the 
nematode .  T h e  necrosis may have been  
s imply  a w o u n d  reac t ion  that  was due  to 
des t ruc t ion  by the nematode ,  or perhaps  
diffusion of n e m a t o d e  enzymes, or diffusion 
of n e m a t o d e - i n d u c e d  elicitors to ad jacen t  
cells. T h e  last two exp l ana t i ons  wou l d  
seem p laus ib le  since necrosis was ev ident  
in  several cells beyond  those which had  
been  contacted  by the nematode .  T h e  
different  react ions to P. scribneri by snap  
b e a n  a n d  l ima bean  suggest tha t  differences 
in  pheno l i c  cons t i tuen ts  or quan t i t i e s  were 
involved  (2, 7, l 1). F u r t h e r  s tudy to 
d e t e r m i n e  chemical  characteristics is needed  
in  order  to e lucidate  the differences in  
ce l lu lar  reac t ion  of l ima  bean  a n d  snap  
bean  to P. scribneri. 
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Chemotactic Responses of Male Caenorhabditis elegans 
DAVID B. DUSENBERY I 

Abstract: Cultures of C. elegans containing a high proportion of males were subjected to 
chemotactic tests by using the method of countercurrent separation. The responses of males and 
hermaphrodites were determined. Both types of worms preferred Na+ over 1/2 Ca+2, CI- over 
NO3-; they were attracted to NaCI. OH-, cyclic AMP, pyridine, CO,, in borate buffer (pH 8.8); 
and avoided CO 2 in phosphate buffer (pH 6.0), D-tryptophan, and acid. It was thus concluded 
that male C. elegans have the same chemotactic responses that hermaphrodites of this species 
are known to have. Key Words: attraction, behavior, nematode, repulsion. 

I t  has long  been  supposed that  chemical  
s t imul i  play an  i m p o r t a n t  role in  the lives 
of nematodes ,  especially wi th  regard  to host 
and  mate  f ind ing  (1, 7). I n  spite of this 
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suppos i t ion ,  re la t ively  l i t t le  research has 
been  repor ted  on  the behav iora l  responses 
of nematodes  to ident i f ied  chemicals.  

Recent ly ,  a more  systematic analysis o[ 
the effectiveness of var ious chemicals  in  
a t t rac t ing  or r epe l l ing  the free-l iving soil 
n e m a t o d e  Caenorhabditis elegans has been  
performed.  W a r d  (8) f o u n d  that  this species 
was a t t rac ted  to Na  +, CI-, OH- ,  a n d  
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