
Infectivity of Pratylenchus penetrans on Alfelf# 
J. L. T O W N S H E N D  '~ 

Abstract: T h e  infect ivi ty  of Pratylenchus penetrans on alfalfa seedlings cv. Du Pul l s  was s tudied.  
T h e  dense root -ha i r  zone was the prefer red  zone of pene t r a t ion  by females, males, and  thi rd-s tage 
larvae. A lesion in i t i a l ly  appea red  as a water-soaked area at  the root  surface, becoming  yellow 
and e l l ip t ica l  as the nematode  entered  the cortex, wi th  da rk-brown ceils la ter  a p p e a r i n g  in the 
centre  as the nematode  fed. At 20 C, females pene t ra t ed  roots earl ier ,  faster, and  in  greater  
numbers  than  e i the r  males  or  th i rd-s tage larvae. Females pene t ra t ed  roots at  t empera tu res  from 
5 to 35 C, wi th  m a x i m u m  pene t r a t i on  between 10 and  30 C, whi le  males  and  thi rd-s tage larvae 
pene t ra t ed  roots only between 10 and  30 C wi th  m a x i m u m  pene t r a t i on  a t  20 C. Pene t r a t i on  of 
roots by females, males, attd th i rd-s tage  larvae increased af ter  storage of 5 C for 35 days, but  
decreased after  storage of 140 days or more.  Combina t ions  of the th ree  life stages in pairs  ne i t he r  
enhanced  nor  i n h i b i t e d  pene t r a t i on  of roots by i nd iv idua l  life stages; males  were not  a t t rac ted  to 
females. Increas ing  inocu lum densi ty  up  to 20 nema todes / seed l ing  did not affect pene t ra t ion .  
Key Words: root- lesion nematode ,  pene t ra t ion ,  lesion, Medicago sativum. 

Few quant i ta t ive  studies have been 
made of Pratylenchus since the study by 
Mounta in  (7). Females of P. penetrans were 
shown to be more infective on alfalfa than 
are males and second- or fourth-stage larvae 
(10). Penetra t ion of alfalfa seedlings in 
soil by adult  P. penetrans increased arith- 
metically with nematode  numbers  in the 
inoculum over the range of 25 to 1,000/pot 
(5). On water  agar, penet ra t ion of red clover 
seedlings by P. penetrans also increased 
ari thmetical ly at inoculum densities from 
2 to 40 per seedling, and the preferred site 
of penetra t ion was 3-13 m m  posterior to the 
root tip (6). Penetrat ion of corn by P. 
brachyurus and P. zeae increased ari thmet-  
ically with increasing inoculum density 
only up  to 200 nematodes per root, then 
decreased rapidly as inoculum density in- 
creased to 1,000 nematodes per root  (8). 
T h e  o p t i m u m  tempera ture  for penetra t ion 
by these two species was 20 C. P. thornei 
had no preferred sites of penetra t ion on 
roots of wheat  (1, 2). 

Th is  paper  fur ther  details some of the 
extrinsic and intrinsic factors that  affect 
the infectivity of P. penetrans on alfalfa. 

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

T h e  Cornell  popula t ion  of P. penetrans 
originated f rom a single gravid female 
reared on alfalfa callus tissue since 1963. 
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Nematodes  were extracted aseptically from 
callus tissue in minia ture  Baermann  pans 
(11), usually overnight.  Life stages for ex- 
per imenta t ion  were hand-picked under  a 
dissecting microscope. 

Seed of alfalfa (Medicago sativum L cv 
Du Puits) were surface-sterilized in 37N 
sulphuric acid, washed in sterile water, and 
germinated at 20 C in inverted Petri dishes 
of sterile water  agar. Only 72-h-old seedlings 
with a root  15-22 m m  long were used. 

Five drops of water, each containing a 
single nematode  or combinat ion  of two 
nematodes of the desired life stage were 
placed equidistant  on the surface of water  
agar in a 90-ram Petri  dish. T h e  root  of 
each seedling was covered with silica sand 
and moistened with addit ional  water  when 
needed. Aseptic procedures were used. Each 
replicate was a single dish of five inoculated 
seedlings. Each root system was examined 
for a lesion at the conclusion of each ex- 
periment.  

A randomized block design was used in 
each exper iment  and the compiled data 
were subjected to analyses of variance. An 
angular  t ransformat ion was used when nec- 
essary. 

Some details of individual  experiments  
are described briefly with the results. 

R E S U L T S  

The lesion: A clear water-soaked area 
appeared on the surface of the root  within 
hours as the nematode  penetra ted the epi- 
dermis. A yellow-coloured lesion, elliptical 
in shape and I m m  in length, then devel- 
oped as the nematode  fed in the cortex. T h e  
long axis of the lesion was parallel to that  
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of the root. Later, dark brown cells ap- 
peared in the centre of the lesion, and 
these occasionally developed near or at the 
margin as the nematode moved to adjacent 
undamaged cells, thereby altering the shape 
of the lesion. 

A nematode was consistently dissected 
from each of the many hundreds of lesions 
examined. Observation on the location of 
lesions and their number  provided the data 
for a quanti ta t ive study of the infectivity of 
P. penetrans. 

Zones of penetration on the root: Nema- 
todes penetrated all along the root  from 
behind the root-cap to the ]unction of the 
root and hypocotyl. T h e  preferred zone of 
penetrat ion was the dense root-hair zone, 
where 61% of the lesions developed. Thir ty-  
two percent of the lesions developed in the 
area above the root-hair zone, where the 
root hairs were sparse. Only 4% of the 
penetrations occurred between the root-hair 
zone and the root  cap, and only 3% in the 
area immediately below the junct ion of the 
root  and the hypocotyl. Females, males, and 
third-stage larvae all preferred the. same 
zones of penetration. Penetrat ion of the root  
tip by the nematode occasionally impeded 
root growth. Init iat ion of lateral roots did 
not appear to be stimulated by the penetra- 
tion of a nematode, but  such init iat ion may 
facilitate nematode entry. Nematodes and 
lesions were sometimes seen near ruptures 
of the cortex by secondary roots. 

Temperature and penetration: T h e  in- 
fluence of temperature on the penetrat ion 
of roots of alfalfa by the three life stages 
of P. penetrans was determined over a tem- 
perature range from 5 to 35 C. Seedlings 
were inoculated singly with females, males, 
and third-stage larvae. Sufficient plates of 
seedlings were inoculated to study penetra- 
tion at seven temperatures with ninefold 
replication. Incubat ion was for 72 h. 

Females were able to penetrate roots 
over the entire range of temperatures from 
5 to 35 C (Fig. 1). Penetrat ion was max- 
imum (70 to 80%) between 10 and 30 C, 
dropping sharply at lower and higher tem- 
peratures, with only 13% of the females 
entering the roots at 5 C, and 9% at 35 C. 
T h e  patterns of penetrat ion of roots by 
males and third-stage were almost identical 
(Fig. 1). Males and larvae were able to 
penetrate roots only between 10 and 30 C, 
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FIG. 1. Infectivi ty of  females,  males,  a n d  th i rd-  
stage larvae of Pratylenchus penetrans on alfalfa at  
t empera tu res  f rom 5 to 35 C us ing  an  i ncuba t ion  
per iod of 72 h.  

with maximum penetra t ion (32 %) at 20 C; 
at 10 and 30 C only 18% of males and 
third-stage larvae entered the roots. 

Rate o[ penetration: Penetrat ion of roots 
by the three life stages of P. penetrans was 
studied over 96 h at 20 C. Alfalfa seedlings 
were inoculated singly with females, males, 
and third-stage larvae. Sufficient plates were 
inoculated to permit  sampling of eight 
replicates every 12 h for 96 h. 

Eighty percent of females penetrated the 
roots in 96 h, but  only 43% of males and 
30% of larvae. Penetrat ion of roots by the 
three life stages increased logarithmically 
with time (Fig. 2). Rates of penetra t ion 
differed, however, in the order females > 
males > third-stage larvae. T h e  percentage 
of penetrat ion of roots began to plateau 
after 48 h by females, after 60 h by males 
and after 84 h by third-stage larvae. 

Size of subventral oesophageal lobe: 
Nematodes in a water suspension were 
killed by raising the temperature  to 60 C 
for 2 rain in a hot-water bath. Upon  cooling 
the nematodes were fixed overnight in a 
3% formaldehyde solution by adding an 
equal volume of a 6% formaldehyde solu- 
tion to the nematode suspension. Fixed 
specimens of females, males, and third-stage 
larvae were mounted  on slides in facto- 
phenol. 
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F I G .  2. P e n e t r a t i o n  o f  r o o t s  o f  a f f a l f a  b y  fe- 
m a l e s ,  m a l e s ,  a n d  t h i r d - s t a g e  o f  Pratylenchus 
penetrans o v e r  96 h a t  20 C.  

The  area of the longitudinal section of 
the subventral oesophageal lobe was deter- 
mined. The  perimeters of the oesophageal 
lobe and of 10 × 10-tt squares were outlined 
on heavy bond paper at × 1,800 magnifica- 
tion with a drawing tube. The  lobes and 
squares were cut out and each weighed in 
mg. Area was calculated as follows: 

wt of longitudinal section x 100 
Area in ~t 2 - 

wt of 10 x 10 t~ square 
The  area of the longitudinal section of 

the female subventral oesophageal gland 
was 338 t~ 2, over twice that of the male (157 
/~2) and the third-stage larvae (146/~2) (LSD 
5% = 23). 

Penetration of roots b)~ life stages in 
combination: Alfalfa seedlings were inocu- 
lated with single females, males, and 
third-stage larvae of P. penetrans and in all 
combinations of the three life stages. In- 
oculated seedlings were incubated 72 h at 

20 C; each treatment consisted of 25 seed- 
lings. 

The  percentage of P. penetrans entering 
the roots of alfalfa when seedlings were in- 
oculated with single nematodes of the three 
life stages fell within the expected range for 
an incubation of 72 h at 20 C (Table 1). 
Paired combinations of the life stages 
neither enhanced nor inhibited the penetra- 
tion of roots by each life stage. Both 
members of a nematode pair were seldom 
found in a single lesion of the paired com- 
binations; the female and male combinat ion 
was found most frequently in a single 
lesion. 

Attraction between adult stages: The  
"Mickey Mouse" maze (9) was used to de- 
termine attraction between male and female 
nematodes. Ten  females were placed in one 
"ear" of the maze, and 10 males in the 
"nose". Similarly, in a second treatment 10 
males were placed in the "ear" and "nose" 
of the maze, and in a third treatment 10 
females in the "ear". Each treatment was 
replicated l0 times, and the dishes were 
incubated at 20 C. Observations were made 
periodically for 8 h. 

Males were not attracted to the females. 
As evidenced by the numerous tracks on the 
agar surface, however, in all life stage com- 
binations there was considerable movement  
back and forth between the inoculated "ear" 
and "nose" before the nematodes penetrated 
the agar and went their separate ways. T h e  
nematodes appeared to home on one an- 
other's tracks. Occasionally a nematode 
would wander into the uninoculated "ear". 

Inoculum density and penetration: Two  
inoculum densities of P. penetrans were 

T A B L E  1. I n f e c t i v i t y  to  a l f a l f a  r o o t s  o f  t h r e e  l i fe  s t ages  of  Pratylenchus penetrans, a l o n e  a n d  i n  c o m -  
b i n a t i o n .  

N o .  o f  
L i f e  s t ages  & l e s ions  c o n t a i n i n g :  

n u m b e r  o f  n e m a s  1 n e m a  2 n e m a s  

% n e m a s  p e n e t r a t i n g  

£ ~ L.~ 

25 ~emales  18 - 72 - -  
25 m a l e s  8 - - -  32 
25 l a r v a e  (L3) 6 - - -  - -  2 4  
25 f e m a l e s  & 25 f e m a l e s  30 2 68  - -  
25 f e m a l e s  & 25 m a l e s  24  3 80  40 - -  
25 f e m a l e s  ge 25 l a r v a e  23 2 76 - -  32 
25 m a l e s  g: 25 m a l e s  18 1 - -  40  
25 m a l e s  g: 25 l a r v a e  13 2 - -  36 32 
25 l a r v a e  & 25 l a r v a e  l I  1 - -  - -  26 
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used to determine the effect of compet i t ion  
for entry sites on tile infectivity of P. 
penetrans. Alfalfa seedings were inoculated 
with a single female or twenty females. Ti le  
two treatments were replicated eight times, 
and tile inoculated seedlings incubated for 
72 h at 20 C. 

Respectively 70 and 62% of the females 
penetrated roots when seedlings were inocu- 
lated with one nematode  and 20 nematodes.  
Ti le  difference was not  statistically sig- 
nificant. Again the preferred zone of 
penetrat ion was the dense root-hair  zone. 

Storage and penetration: T h r o u g h o u t  
this study, nematodes extracted from alfalfa 
tissue cultures of P. penetrans were stored at 
5 C in a 0.1% streptomycin solution. 

T w o  experiments  were performed to 
determine the effects of prolonged storage 
on tile infectivity of P. penetrans. In tile 
first, seedlings were inoculated singly with 
females, males, and third-stage larvae picked 
from nematode suspensions that  had been 
stored for 0, 18, 35, 80, and 141 days. Each 
t rea tment  was replicated 10 times, and the 
plates of seedlings were incubated at 20 C 
for 72 h. 

Ti le  percentage penetra t ion of roots of 
alfalfa by the three life stages of P. pene- 
trans was greatest after the nematodes had 
been stored 35 days at 5 C (Fig. 3). For 
stored nematodes the percentage of females, 
males, and third-stage larvae was generally 
similar to that  obta ined with nematodes 
which had not been stored. However,  less 
than 15% of the males and third-stage 
larvae entered the roots after the nematodes 
had been stored I4!  days. T h e  percentage 
penetrat ion of roots by females after 141 
days of storage was the same as that  of fe- 
males after no storage. 

In tile second experiment ,  concentrated 
suspensions of nematodes stored for 0 and 
141 days were pipet ted onto cores of silica 
sand (5 × 20 m m  long), and the nematodes 
were allowed to migrate  through the sand 
(150-250 ,t particles) into watch glasses for 
48 h. (3). Nematodes  were collected after 8 
and 48 h; those collected after 24 h were 
discarded. Then ,  seedlings were inoculated 
singly with each of the three life stages 
picked from the 8-h and 48-h collections 
made from the nematode  suspensions stored 
for 0 and 141 days. T h e  four t reatments  
were replicated 10 times; incubat ion was for 
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FIG. 3. Infectivity of females, males, and third- 
stage larvae of Pratylenchus penetrans stored at 
5C for 0, 18, 35, 80, and 141 days. Infectivity tests 
on alfalfa were carried out at 20 C for 72 h, 

72 h at  20 C. 
Females and larvae from nematode  

suspensions stored 0 and 141 days predom- 
inated in collections made after 8 h of 
migrat ion through cores of sand, while 
males predominated  in collections made 
after 48 h. Nematodes  in the four collec- 
tions showed various degrees of starvation, 
with nematodes in the 8-h collection appear- 
ing more  active than those in the. 48-h 
collection. A much  greater  percentage of 
females picked from the 48-h collection 
made from the stored nematode  suspension 
penetrated alfalfa roots than females picked 
from the 8-h collection (Table  2). Females 
picked from bo th  the 8-h and 48-h collec- 
tions made f rom the unstored nematode  
suspension penetra ted  roots equally well. 
Males from the four collections also pene- 
trated roots equally well. A greater  
percentage of third-stage larvae picked 
from the 8-h collections prepared  f rom un- 
stored and stored nematode  suspensions 
penetrated roots than larvae from the 48-h 
collections. 

A third exper iment  was per formed in 
which females dissected from infected al- 
falfa seedlings were placed singly on new 
alfalfa seedlings. T h e  t rea tment  was repli- 
cated eight times; controls were prepared  
in equal  number ,  in which seedlings were 
inoculated with  females from an unstored 
suspension of P. penetrans. Incuba t ion  was 
for 72 h at 20 C. 

Females dissected f rom lesions on alfalfa 
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TABLE 2. Percentage penetration of alfalfa 
roots by three life stages of stored or unstored 
Pratylenchus penetrans which had nfigrated through 
sand for 8 and 48 h. 

Life stages 
Migration time Female Male L 3 

Unstored 

8 h 74 28 42 
48 h 73 30 18 

Stored 

8 h 58 43 33 
48 h 90 43 15 
L.S.D.5% 15 n.s. 14 

roo ts  f a i l ed  to  p e n e t r a t e  new roots ,  a n d  
8 0 %  of these females  l ind d i e d  by 72 11. 

D I S C U S S I O N  

T h e  g rea t e r  in fec t ive  capac i ty  of  the  
female  of  P. penetrans is ref lec ted  in  i ts  
a b i l i t y  to p e n e t r a t e  roo ts  ea r l i e r ,  faster,  a n d  
over  a wide r  r a n g e  of  t e m p e r a t u r e s  t h a n  the  
ma le  a n d  th i rd-s tage  larvae .  S t a rva t i on  d i d  
n o t  a p p e a r  to i n h i b i t  the  infec t ive  capac i ty  
of  the  female ,  for the  i n t e s t i n a l  con t en t  was 
never  severely  d e p l e t e d  (2). Also,  the  pres- 
ence of  o t h e r  l i fe  stages was n o t  necessary 
to assure the  females '  p e n e t r a t i o n  of a root .  
T h e  pos t e r io r  s u b v e n t r a l  lobe  con ta ins  the  
g l a n d  for p e n e t r a t i n g  roo ts  a n d  feeding ,  
a n d  the  g rea te r  size of  th is  lobe  in  the  
female  m a y  reflect  the  m a t u r i t y  of  these 
g lands  a n d  thus  account ,  in  pa r t ,  for the  
female ' s  g rea te r  capac i ty  to p e n e t r a t e  roots .  
T h e  g lands  m a y  p r o d u c e  enzymes in  g rea te r  
q u a n t i t i e s  a n d / o r  a t  a g rea te r  r a t e  t h a n  
those in the  o t h e r  l ife stages. T h e  s u p e r i o r  
i n fec t iv i ty  capac i ty  of the  females  p e r m i t s  
P. penetrans to escape adverse  soil  env i ron-  
men t s  ( t e m p e r a t u r e  a n d  moi s tu re )  a n d  
assures its surv iva l  in  n o r t h e r n  c l imates .  

In fec t iv i ty  of  the  female ,  ma le ,  a n d  la rva  
is e n h a n c e d  w i th  p r o l o n g e d  s torage  u p  to 
35 days  at  low t e m p e r a t u r e s  above  freezing. 
Less-act ive females  en te r  roo t s  in  g rea t e r  
n u m b e r s  t han  more-ac t ive  females.  Perhaps ,  
less-active females  set t le  d o w n  on  the  r o o t  
surface and  s ta r t  p e n e t r a t i n g  the  r o o t  more  
q u i ck ly  t h a n  do  more-ac t ive  females.  I n  
contras t ,  the  more-ac t ive  th i rd-s tage  l a rvae  
en t e r ed  roo ts  in  g rea te r  n u m b e r s  t h a n  less- 
act ive larvae.  P e r h a p s  s t a rva t ion ,  a l t h o u g h  
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no t  observab le ,  m a y  accoun t  for the  p o o r  
infec t ive  capac i ty  of  less-active l a rvae  (12). 

T h e  n u m b e r  of  Pratylenchus e n t e r i n g  
roots  increases  as the  i n o c u l u m  dens i ty  in- 
creases (1, 6, 8). V~qaen the  i n o c u l u m  dens i ty  
exceeds 200 n e m a t o d e s  pe r  root ,  however ,  
the  pe rcen t age  of  n e m a t o d e s  e n t e r i n g  roo ts  
dec l ines  (8). A l t h o u g h  the re  is a d e q u a t e  
root -sur face  in  a 20-mm l e n g t h  of  r o o t  to 
a c c o m m o d a t e  la rge  n u m b e r s  of  nema todes ,  
the  fact t ha t  mos t  Pratylenchus species, in- 
c l u d i n g  P. penetrans, pre fe r  to p e n e t r a t e  in  
the  roo t -ha i r  zone m a y  l i m i t  the  r o o t  sur- 
face ava i l ab l e  to the  nema todes ,  thus  
a c c o u n t i n g  for the  dec l ine  in  n u m b e r s  of  
n e m a t o d e s  e n t e r i n g  a r o o t  as dens i ty  exceeds 
200 per  root .  T h e  p re fe rence  for the  root -  
ha i r  zone m a y  have  a b i o c h e m i c a l  basis 
i n v o l v i n g  a t t r a c t i o n ,  or  a phys ica l  basis  
a l l o w i n g  easier  a pp re s s ion  to r o o t  surfaces 
where  r o o t  ha i rs  a re  e n m e s h e d  w i th  soil  
par t ic les .  

Fe ma le s  d issec ted  f rom a l fa l fa  roo t s  
fa i led  to r e e n t e r  roo ts  a n d  d i e d  a f te r  72 h, 
a p p a r e n t l y  of  shock; the re  was no  phys ica l  
i n j u r y  to these nema todes .  Yet, females  tha t  
have m i g r a t e d  f rom roo ts  r e a d i l y  r e e n t e r e d  
roots .  T h e  n e m a t o d e  poss ib ly  unde rgoes  
pe r iods  of  d i f fe r ing  phys io log ica l  ac t iv i ty  
t ha t  affects i ts a b i l i t y  to su rv ive  s u d d e n  
adverse  cond i t ions .  
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Molecular Polymorphism and Phylogenetic Relationship in 
some Meloidogyne spp.: Application to the Taxonomy of 

Meloidogyne 
A. DALMASSO and J. B. BERGE ~ 

Abstract: Prote ins  and  var ious  isozymes were invest igated by direct  analysis of  single spec imens  
in order  to check molecular  genet ic  variabili ty,  which is no t  rare in Meloidogyne species in spite 
of pa r thenogene t i c  reproduc t ion .  Variabi l i ty was found  in esterases, ocg lycerophospha te ,  ma la te  
dehydrogenases ,  and  some o ther  proteins .  O t h e r  loci appea r  m o n o m o r p h i c  in the  genus  (for 
example ,  catalase), Dist inct  pools of  genes are in a relative accordance with the  c o m m o n  de- 
scribed species. Character is t ic  e lec t rophore tograms are given for M. arenaria. M. javanica, M. 
incognita, M. hapla, and  M. naasi, anti it appears  tha t  nonspecific esterases are a useful  tool 
s u p p l e m e n t i n g  morpho logy  for specific character izat ion.  Because the  biochemical  evidence is 
less subject ive t han  the  morphologica l ,  we believe it is more  reliable. Key Words: genetic, 
clectrophoresis,  proteins,  enzymes,  Nematoda .  

Polymorphism within a species is a uni- 
versal phenomenon. Its relation with phy- 
logeny and speciation can be investigated 
on several levels; we think the biochemical 
level is most promising. At that level sev- 
eral classes of chemicals have been used to 
study polymorphism. In at tempting to 
understand why individuals of the same 
species (lifter it would be ideal to analyze 
the genes themselves, Unfortunately, quan- 
titating nucleic acids and establishing 
their base sequences are time-consuming 
processes which require larger amounts of 
material than are generally available from 
a single nematode specimen. Analysis of 
some other biochemical components is less 
arduous. Secondary metabolites and pro- 
teins may be useful in elucidating 
polymorphism. Since secondary metabolites 
are the result of numerous interactions 
generally involving several enzymes, their 
utility in elucidating polymorphism is lira- 
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ited. Proteins, however, are the products 
of the nucleic acids and are almost a direct 
reflection of the structure and work of the 
genes. Thei r  utility in research on poly- 
morphism, therefore, is nearly ideal. 
Electrophoretic analysis of proteins from 
individual nematodes has already been 
demonstrated (2). DNA differences be- 
tween individuals can be detected from 
the electrophoretic migrations of their 
proteins; but  that represents only a part of 
molecular variability since amino acid 
substitution can change the protein with- 
out substantially changing the physical 
properties affecting electromobility (7, 15). 
Nevertheless, electrophoretic characteriza- 
tion of the proteins of a significant portion 
of a gene pool could confirm or establish 
speciation on a genetic basis. 

This procedure for establishing species 
might be very useful in the genus 
Meloidogyne, where many populations ex- 
hibit atypical taxonomic characters in 
perineal patterns, host ranges, and karyo- 
types. It is well known that intermediate 
perineal patterns are very confusing (17). 
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