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Abstract: T h e  effect of morpholog ica l  var iants  of females of Pratylenchus penetrans, P. neglectus, 
and P. crenatus on the  g rowth  of three vegetables  was s tudied.  Var iants  were character ized by 
hav ing  e i ther  a smooth or crenate  tai l  te rminus .  Pea was inocu la ted  wi th  var ian ts  of P. penetrans, 
one female per  seedling, and  grown at l igh t  in tens i t ies  r ang ing  from 1,350 to 21,600 l ux  in a 
series of five exper iments .  Only crenate- tai let l  females of P. penetrans suppressed the growth  of 
pea and only when pea was grown at  3,900 lux. Radish  was inocula ted  wi th  morpho log ica l  
var iants  of P. penetrans, P. neglectus, anti P. crenatus, four  females per  seedl ing,  and  grown a t  
3,900 lux  in  two exper iments .  Again,  truly creuate- ta i led  females of P. penetrans i n h i b i t e d  
growth.  T h e  two var iants  of P. penetrans had a s imi la r  infect ivi ty,  g rea te r  than  tha t  of the 
o ther  two species of Pratylenchus. Only crenate- ta i led  P. penetrans reproduced  on radish.  Onion  
was inocu la ted  with var iants  of P. penetrans and P. crenatus, four females per  seedling, and  
grown at 14 C at 12,900 lux.  Again, only crenate- ta i led  P. penetra~ts i n h i b i t e d  growth.  T h e  
var iants  of P. pe~tetrans had a s int i lar  infect ivi ty,  grea ter  than  tha t  of P. crenatus. Nei t he r  species 
reproduced  on onion  at low temperat t t res .  Key H'ords: Pea, radish,  onion,  l i gh t  in tensi ty .  

Morphological  variat ions in the tail 
terminus of females of Pratylenehus pene- 
trans Cobb were described by Tar t6  and 
Mai (5) in populat ions from several geo- 
graphic sources and f rom different hosts. 
Tile variations were of two types, smooth- 
tailed and crenate-tailed. Crenate-tailed 
females have termini  with two or more  
annules that occur at any point  around the 
terminns but  more commonly  toward the 
dorsal side. In  a study of the sex expression 
of P. penetrans, both  smooth- and crenate- 
tailed females produced smooth- and 
crenated-tailed progeny (6). Ta r t6  and Mai 
(6) also noted that  Wando  pea seedlings 
inoculated singly with crenate-tailed fe- 
males were stunted after several weeks 
whereas seedlings inoculated with smooth- 
tailed females were not  (4). Th i s  paper  
details initial experiments  with Wando  pea 
and subsequent exper iments  with other 
hosts that  demonstra te  that  smooth- and 
crenate-tailed P. penetrans are pathotypes. 

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

General procedures: Experiments  were 
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performed with three species o[ vegetables 
(pea, Pisum satiwlm L. cv. Wando;  radish, 
Raphanus sativus L. cv. Early Scarlet 
Globe; and onion, ,4llium cepa L. cv. 
Topaz)  and three species of Pratylenehus 
[P. penetrans (Cobb), P. neglectus (Rensch), 
and P. crenatus Loof]. P. penetrans and P. 
neglectus, from New York state, each origi- 
nated front a single gravid female. T h e  
former was reared on alfalfa callus tissue 
and the latter on rye in a greenhouse. P. 
crenatus, from the province of Prince 
Edward Island in Canada, was stored at 
4 C in heavily infested soil unt i l  required. 

Since the variat ion in the tail terminus 
occurs in the females, only females were 
nsed in the inoculum. For inspection, 
females were mounted  singly on 20 × 
20-mm coverslips, inverted on a deepwell  
slide, and examined at 700× magnification. 
T h e  coverslip was held in place with two 
streaks of pe t ro leum jelly, one on each side 
of the well. Egg white, the moun t ing  
med ium used initially, was replaced by a 
5 % cellulose solntion because a lbumen was 
not consistent in qual i ty  and dried too 
quickly. Both media  restricted nematode  
movement  enough to critically observe the 
tail terminus, a l though only when the 
nematode was in a lateral position. I f  tail 
crenation was in doub t  the nematode  was 
discarded. Selecting sufficient nematodes for 
an exper iment  took five days, dur ing  which 
the nematodes were stored at 7 C. 

All seed were surface-sterilized in a 
0.6% soln. of sodium hypochlori te,  washed 
in sterile water, and germinated at 20-25 C. 
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Coarse seed was germinated  in dishes of 
sterile moist  silica sand, and fine seed was 
germinated in inverted dishes of sterile 
water  agar. 

Seedlings were inoculated in dishes of 
sterile water  agar. T h e  root  was placed in 
a drop  of water containing the appropr ia te  
number  of nematodes,  covered with sterile 
silica sand, and incubated at 20 C for 72 h 
to allow the nematodes to enter the roots. 
Uninocula ted  seedlings were treated in the 
same manner  but  wi thout  nematodes in the 
drop  of water. After the 72-h postinocula- 
tion period the seedlings were planted in 
sterile soil in clay pots. 

T h e  infectivity of the three species of 
Pratylenchus on radish and onion was de- 
termined by flushing out  the agar plates 
after the post inoculat ion period and count- 
ing the females that  had not penetrated the 
roots. Reproduct iv i ty  was determined at the 
end of each exper iment  by placing infected 
roots in minia ture  Baermann  pans, extract- 
ing tile nematodes for 2 weeks, and then 
counting. 

A total of 8 experiments  were carried 
out. A randomized block design was used. 
Data and means were compared in a 
Duncan's  Mult iple  Range Test.  Data  f rom 
any replicate in a nematode t rea tment  were 
deleted from the analysis when no nema- 
todes were recovered, unless nematodes were 
not recovered from all replicates in the 
treatment.  

Pea: Pea was inoculated with P. pene- 
trans only, one nematode per seedling, 
which resulted in three treatments:  
uninoculated;  inoculat ion with smooth- 
tailed females; and inoculation with 
crenate-tailed females. T h e  plants were 
grown in a sterile loam soil in 10-cm pots, 
wi thout  fertilization. Exper iments  were 
carried out at 1,350 (I), 21,600 (I1), 8,200 
(Il l) ,  and 3,900 (IV, V) lux in a 12-h 
photoper iod  in a growth room at 21 C. 
Trea tments  were replicated 6 to 6,1 times. 
Low light intensities were achieved by 
shading the plants with polypropylene 
screen. Fresh and dry weights were deter- 
mined at the conclusion of each experiment .  

Radish: Inoculat ions of radish were wi th  
P. penetrans, P. neglectus, and P. crenatus 
in two experiments;  both  were carried out 
at 3,900 lux in a 12-h photoper iod  at 21 C. 
In exper iment  VI, radish was inoculated 

with P. penetrans and P. neglectus, four 
females per seedling, result ing in four treat- 
ments: uninoculated;  inoculat ion with  
smooth- and crenate-tailed P. penetrans; 
and inoculat ion with smooth-tailed P. 
neglectus. Trea tmen t s  were replicated 14 
times, and all seedlings were grown in 
7.5-cm pots. Infectivity and reproduct ivi ty  
of the two nematodes,  and fresh weight of 
tops and roots were determined.  In  experi- 
ment  VII ,  radish was inoculated with P. 
penetrans and P. crenatus, four nematodes 
per seedling, result ing in five treatments:  
uninoculated;  and inoculat ion with smooth- 
and crenate-tailed females of each species. 
Tile exper imenta l  procedure was identical 
to the first except that  the seedlings were 
planted in a sterile sandy soil, and dry 
weight of the tops and roots was determined 
as well. 

Onion: Inoculat ions of onion were with 
P. penetrans and P. crenatus in a single 
exper iment  (VIII)  carried out at 14 C at 
12,900 lux in a 14-h photoperiod.  T h e  five 
treatments were the same as in exper iment  
VII  with radish. Seedlings were planted in 
sterile muck  soil in 7.5-cm pots. Infectivity 
and reproduct ivi ty  of the two nematodes,  
and fresh weight  of tops and roots, were 
determined.  

R E S U L T S  

Pea: Growth of pea was poor at 1,350 
lux (Expt. I) and excellent at 21,600 lux 
(Expt. II)  with no differences among the 
t reatments  in the experiments.  

At 8,200 lux there was visibly less top 
growth of pea inoculated with crenate- 
tailed females of P. penetrans than in 
either of the other treatments.  T h e  differ- 
ences however, were not rettected in either 
fresh or dry weights of the tops (Table  1, 
Expt. I I I) .  

Expt. IV, the first exper iment  with pea 
at 3,900 lux, was terminated after 3 weeks 
because of infection by Fusarium sp. Again, 
top growth was visibly less with crenate- 
tailed females than in the other t reatments  
(Fig. 1). Moreover, there was a difference in 
dry weights of the tops (Table  1, Expt. IV). 

In Expt.  V, again at 3,900 lux, the total 
fresh weight of pea was in the following 
order: crenate-tailed < control < smooth- 
tailed (Table  1, Expt. V). 
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TABLE I. Effect of morphological variants of Pratvlenchus penetrans on pea g r ~ ' n  at different l ight 
intensities. 

Fresh wt. Dry wt. 
(g) (nag) 

Treatment  Total  Top Root Top 

Expt. III, 8200 lux, 5 wk 
Control 
Smooth-tailed" 
Crenate-tailed 

Expt. IV, 3900 lux, 3 wk 
Control 
Smooth-tailed 
Crenate-tailed 

Expt. V, 3900 lux, 8 wk 
Control 
Smooth-tailed 
Crenate-tailed 

m 

4.65 a h - 623 a 
4.42 a - 611 a 
4.18 a - 597 a 

0.91 a - 67 a 
0.97 a - 57 ab 
0.85 a - 47 b 

3.62 b 2.19 h 1.43 a 203 ab 
4.31 a 2.74 a 1.57 a 245 a 
2.75 c 1.86 bc 0.89 h 161 bc 

"Each plant  inoculated with a single female. 
~'Letters indicate Duncan's multiple-range grouping of treatments that do not differ at the 5% level. 

D i f f e r e n c e s  (P  < 0.05) i n  d r y  w e i g h t  o f  
t o p s  w e r e  e v i d e n t  o n l y  b e t w e e n  c r e n a t e -  
t a i l e d  f e m a l e s  a n d  s m o o t h - t a i l e d .  

Radish: G r o w t h  o f  r a d i s h ,  i n  t e r m s  of  
f r e s h  w e i g h t  of  b o t h  t o p s  a n d  r o o t s ,  w as  
s i g n i f i c a n t l y  less f o r  c r e n a t e - t a i l e d  f e m a l e s  
o f  P. penetrans t h a n  fo r  a l l  o t h e r  t r e a t m e n t s  
( T a b l e  2, E x p t .  VI ) .  

D i f f e r e n c e s  i n  t h e  g r o w t h  o f  r a d i s h  

b e t w e e n  s m o o t h -  a n d  c r e n a t e - t a i l e d  P .  
penetrans a n d  P. crenatus w e r e  s e e n  o n l y  
w h e n  a n a l y s e s  w e r e  c o n d u c t e d  o n  d r y  
w e i g h t s .  A g a i n ,  w e i g h t s  o f  t o p s  a n d  r o o t s  
a n d  t o t a l  w e i g h t  o f  r a d i s h  w e r e  s i g n i f i c a n t l y  
less w i t h  c r e n a t e - t a i l e d  f e m a l e s  o f  P. pene- 
trans t h a n  w i t h  a n y  o t h e r  t r e a t m e n t  ( T a b l e  
2, E x p t .  V I I ) .  

S m o o t h -  a n d  c r e n a t e - t a i l e d  f e m a l e s  o f  

FIG. 1. Effect of morphological variants of Pratylenchus penetrans on growth of pea grown at 3,900 lux 
at 8 wk. A) Inoculated with one smooth-tailed female/plant .  B) Inoculated with one crenate-tailed female/ 
plant.  
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TABLE 2. Effect of morphological variants of Pratylenchus penetrans, P. neglectus, and P. crenatus on 
radish grown at 3900 lux for 7 weeks. 

Fresh wt. Dry wt. 
(g) (rag) 

Treatment Total Top Root Total Top Root 

Expt. VI 
Control 0.65 a 0.56 a 0.09 a - - - 
P. penetrans 

Smooth-tailed ~ 0.47 a 0.49 a 0.08 a - - - 
Crenate-tailed 0.33 b 0.29 b 0.04 b - - - 

P. neglectus 
Smooth-tailed 0.58 a 0.50 a 0.08 a - - - 

E x p t .  VII 
Control 1.6 a 1.5 a 0.1 a - 1 3 5 a  - 

P. penetrans 
Smooth-tailed 1.5 a 1.4 a 0.1 a 126a l18a 8a 
Crenate-tailed 1.1 a 1.0ga 0.02 b 62 b 57 b 4 b 

P. crenatus 
Smooth-tailed 1.8 a 1.7 a 0.1 a 147 a 139 a 8 a 
Crenate-tailed 1.5 a 1.4 a 0.1 a 156a l15a 8a 

*Each plant inoculated with four females. 
bLetters indicate Duncan's multiple-range grouping of 

P. pene t rans  h a d  i d e n t i c a l  i n f e c t i v i t y ,  b u t  
g r e a t e r  (P < 0.05) t l t an  t h a t  o f  s m o o t h -  
t a i l e d  P. neglec tus  ( T a b l e  3, E x p t .  VI) .  
R e c o v e r y  o f  n e m a t o d e s  f r o m  r o o t s  o f  r a d i s h  
was  g r e a t e r  fo r  c r e n a t e - t a i l e d  P. pene t rans  
t h a n  fo r  s m o o t h - t a i l e d  ( T a b l e  3, E x p t .  VI) .  
S imi l a r l y ,  s m o o t h -  a n d  c r e n a t e - t a i l e d  P .  

TABLE 3. Infectivity and reproductivity of mor- 
phological variants of Pratylenchus penetrans, P. 
neglectus, and P. crenatus on radish. 

Number of nematodes 
Entered Recovered 

Treatment roots f r o m  r o o t s  b 

Expt. VI 
Control 0 0 
P. penetrans 

Smooth-tailed 3.57 a" 1.00 b 
Crenate-tailed 3.64 a 7.18 a 

P. neglectus 
Smooth-tailed 2.43 b 0 

Expt. VII 
Control 0 
P. penetrans 

Smooth-tailed 3.86 a 3.17 b 
Crenate-tailed 3.86 a 9.50 a 

P. crena tus 
Smooth-tailed 2.29 c 0 
Crenate-tailed 3.07 b 0 

•Letters indicates Duncan's multiple-range group- 
ing of treatments that do not differ at the 5% level. 
bRadish was grown for 7 weeks. 

treatments that do not differ at the 5% level. 

pene t rans  h a d  i d e n t i c a l  i n f e c t i v i t y ,  b u t  
g r e a t e r  (P < 0.05) t h a n  t h a t  o f  P. crenatus  
( T a b l e  3, E x p t .  V I I ) .  I n  t u r n ,  c r e n a t e - t a i l e d  
P. crenatus  h a d  g r e a t e r  i n f e c t i v i t y  t h a n  
s m o o t h - t a i l e d  (P ( 0 . 0 5 ) .  A g a i n ,  r e c o v e r y  
of  n e m a t o d e s  f r o m  r o o t s  of  r a d i s h  was  
g r e a t e r  fo r  c r e n a t e - t a i l e d  P. pene t rans  t h a n  
fo r  s m o o t h - t a i l e d  ( T a b l e  3, E x p t .  V I I ) .  
N e i t h e r  P. neglectus  n o r  P. crenatus  was  
r e c o v e r e d  f r o m  r a d i s h .  

Onion :  A t  14 C o n l y  c r e n a t e - t a i l e d  
f e m a l e s  of  P. pene t rans  a f f e c t e d  g r o w t h  o f  
o n i o n  ( T a b l e  4, E x p t .  V I I I )  as i n d i c a t e d  by  
t h e  l o w e r  f r e sh  w e i g h t s  (P < 0.05). Seve ra l  

"FABLE 4. Effect of morphological variants of 
Pratylenchus penetrans and P. crenatus on onion 
grown at 14 C for 9 weeks. 

Fresh wt. (g) 
Treatment Total Top Root 

Expt. VIII 
Control 2.37 a b 1.48 a 0.90 a 
P. penetrans 

Smooth-tailed" 2.60 a 1.50 a 1.10 a 
Crenate-tailed 1.13 b 0.70 b 0.43 h 

P. crenatus 
Smooth-tailed 3.20 a 1.83 a 1.37 a 
Crenate-tailed 3.31 a 1.97 a 1.34 a 

•Each plant inoculated with four females. 
bLetters indicate Duncan's multiple-range grouping 
of treatments that do not differ at the 5% level. 
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replicates inoculated with crenate-tailed 
females died, and data for them were not  
included in the analysis. 

Smooth- and crenate-tailed females of 
P. penetrans were similar in infectivity to 
the same types of P. crenatus. However,  
more P. penetrans than P. crenatus entered 
the roots (3 vs 2; P < 0.05). Nematodes  
were recovered from the roots of onion 
inoculated with the two types of P. pene- 
trans but  there was no reproduction.  P. 
crenatus was not  recovered from onion. 

DISCUSSION 

Morphological  variat ions as markers  are 
a convenient  means of studying the bio- 
logical capacities within a species. Tar t6  
and Mat (6) studied the sex expression of 
smooth- and crenate-tailed females of P. 
penetrans. These  tail types became the 
markers in our  study on pathotypes in 
species of Pratylenchus. Differences in 
reproductivi ty and in pathogenici ty proved 
to be related to the smooth- and crenate- 
tailed markers, a l though only in P. pene- 
trans. Crenate-tailed females of P. penetrans 
were pathogenic  to pea, radish, and onion 
and stunted their growth, while in some 
instances the smooth-tailed females stimu- 
lated growth. I t  is especially noteworthy 
that  only one to three crenate-tailed females 
were required to cause stunting, yet no 
lesions developed. Perhaps the nematodes 
induced a hormona l  response in the p lant  
that  inhibi ted growth. Further  biological 
separation of the two morphological  vari- 
ants occurred on the basis of reproductivity.  

On radish, crenate-tailed females of P. 
penetrans produced more larvae than did 
smooth-tailed. Infectivity did not separate 
the two variants,  for each type penetrated 
roots of the three test plants equally well, 
a l though P. penetrans had greater infectiv- 
ity than either P. crenatus or P. neglectus. 

Physical conditions tha t  stress the host 
p lant  appear  to be necessary to detect the 
pathogenic  capacity of crenate-tailed fe- 
males of P. penetrans. T h e  pathogenic  
response was obta ined  with  low light in- 
tensity, 3,900 lux. Low tempera ture  also 
provided conditions to detect differences in 
pathogenicity (1). Use of a heavy clay soil 

might  fur ther  stress an infected p lant  at 
low light and temperature,  accentuat ing 
differences in growth. 

Races or types of P. penelrans were first 
noted by Slootweg (3), in 1956, who found 
that  certain populat ions  attacked only lilies 
and not narcissi. In  1968, Ol thof  (2) found 
that  a popula t ion  isolated in a greenhouse 
for l0 years nei ther  stunted nor  mul t ip l ied 
in selected varieties of tobacco whereas a 
popula t ion  directly f rom the field did. 
Nei ther  worker noted morphological  dif- 
ferences in the tail of females in their  
populat ions.  

T h e  occurrence of pathotypes in P. 
penetrans provides new challenges in re- 
search with this species. The re  is a need to 
know whether  pathotypes occur in the field 
on the basis of tail type. Rota t ion  crops 
should be reevaluated because certain crops 
favor the bui ld-up of crenate-tailed females 
(5). Crop loss predictions of P. penetrans 
may lack accuracy as long as there is need 
to know what  numbers  of each tail type 
will damage a crop and under  what  condi- 
tions. In  all, this study and that  by Tar t6  
and Mat (5) emphasize the need to describe 
the whole range of morphological  var ia t ion 
in a species and the danger of arbi t rar i ly  
using a character such as tail type to sep- 
arate species. 
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