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Differentiation of Two New York Isolates of Pratylenchus 
penetrans Based on Their Reaction on Potato 

R. A.  FRANCE AND B. B. BRODIE 1 

Abstract: The behavior of two isolates of Pratylenchus penetrans on six potato clones was assessed to 
test the hypothesis that these nematode isolates from New York were different. Four potato cuhivars 
(Superior, Russet Burbank, Butte, and Hudson) and two breeding lines (NY85 and L118-2) were 
inoculated with nematode isolates designated Cornell (CR) and Long Island (LI). Population in- 
crease and egression of nematodes from roots were used to distinguish resistance and susceptibility 
of the potato clones. Based on numbers of eggs, juveniles, and adults in their roots 30 days after 
inoculation, potato clones Butte, Hudson, and L 118-2 were designated resistant to the CR isolate and 
susceptible to the LI isolate. More eggs were found in the roots of all plants inoculated with the LI 
isolate than with the CR isolate. The clones NY85 and L118-2 were inoculated with the CR and LI 
isolates in a 2 × 2 factorial experiment to assess differences in nematode egression. Egression was 
measured, beginning 3 days after inoculation, for 12 days. The rates of egression were similar for the 
four treatments and fit linear regression models, but differences were detected in numbers of  
egressed nematodes. More nematodes of the CR isolate than the LI isolate egressed from L118-2. 
Differences in egression of females was particularly significant and can be used as an alternative or 
supplement to reproduction tests to assess resistance in potato to P. penetrans and to distinguish 
variation in virulence. 

Key words: egression, lesion nematode, nematode, pathotypes, potato, Pratylenchus penetrans, resis- 
tance, Solanum tuberosum. 

Pratylenchus penetrans (Cobb) Chitwood 
and Oteifa is one of the most important 
and frequently encountered plant-path- 
ogenic nematodes in northeastern North 
America (15,27). It is an important pest of 
potato (Solanum tuberosum L.), producing 
extensive lesions on roots, rhizomes, and 
tubers (3). Economic losses between 15 to 
73% of marketable tubers have been re- 
por ted  (2,11,17,18). Fur the rmore ,  the 
presence of P. penetrans can enhance infec- 
tion by Verticillium dahaliae in the potato 
early dying disease ( 13,14,22). This disease 
is one of the most important limiting fac- 
tors in potato production (19). 

Some potato cuhivars are resistant and 
(or) tolerant to P. penetrans (2,4,6,8,9,17, 
18). However, there is conflicting evidenc.e 
concerning the degree of  resistance or sus- 
ceptibility of some cultivars (4,8,12). In two 
studies, the cv. Hudson supported fewer 
nematodes than the cv. Katahdin (8,9), 
suggesting that Kathahin was the more 
suitable host of the two cuhivars for P. pen- 
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etrans. In contrast, experiments on Long 
Island, New York, showed that as many or 
more P. penetrans developed on Hudson as 
on Katahdin and the highly susceptible cv. 
Superior,  indicat ing that  Hudson  was 
equally as suitable as Katahdin to P. pene- 
trans (12). More recently, a study evaluat- 
ing resistance in potato to P. penetrans 
showed that fewer P. penetrans developed 
on Hudson than on known susceptible cul- 
tivars (4). 

The objective of this study was to deter- 
mine the differences in reproduction of 
two geographically isolated New York 
populations of P. penetrans on potato. Be- 
cause early egression was recently identi- 
fied as one of the principal mechanisms of 
resistance in potato to P. penetrans (1), dif- 
ferences in egression from resistant and 
susceptible potato clones inoculated with 
these two isolates were also assessed. 

MATERIALS AND METHODS 

Nematode origin: Two isolates of P. pene- 
trans were used in these studies and were 
designated the Cornell (CR) and Long Is- 
land (LI) isolates. The CR isolate origi- 
nated from a single female collected from 
a sour cherry orchard in Monroe County, 

339 



340 Journal of Nematology, Volume 27, No. 3, September 1995 

New York. This isolate has been reared on 
alfalfa callus culture at Cornell University 
since 1963 (W. F. Mai, pers. comm.). The 
LI isolate originated from several females 
collected in 1992 from a potato field on 
Long Island, New York. 

Sterilizing nematodes: We developed a 
simple technique to sterilize P. penetrans. 
Briefly, nematodes extracted f rom soil 
were transferred to a small BPI dish (22- 
mm-d) filled with sterile tap water and left 
for 15 minutes. The nematodes were then 
transferred under  sterile conditions with a 
pipet and a minimum amount of water to a 
different BPI dish. Approximately 1 ml of 
Bausch and Lomb Disinfecting Solution 
with thimerosal (for soft contact lenses) 
was added to the dish and left for 15 min- 
utes. The  nematodes  were then trans- 
ferred to another  BPI dish with fresh 
Bausch and Lomb solution and left for an- 
other 15 minutes. Then, gravid females 
were individual ly  t r ans fe r r ed ,  with a 
nematode pick, to petri dishes containing 
sterile alfalfa callus growing on White's 
medium (20). After the nematodes were 
transferred to the alfalfa callus culture, 
they recovered their motility completely as 
evidenced by their ability to find and pen- 
etrate roots. 

Three  days before each experiment,  
nematodes were extracted from the callus 
tissue using the pie-pan method (12). The 
resultant suspensions were counted and 
used for inoculum. 

Potato clones: Six potato clones were 
used. Cultivars Superior and Russet Bur- 
bank are susceptible to P. penetrans (2), 
Butte is resistant to P. penetrans (and P. ne- 
glectus (Rensch) Filipjev and Schuurmans 
Stekhoven) (6), and Hudson has been re- 
ported to be both resistant (4,8,9) and sus- 
ceptible (12) to P. penetrans. Two lines 
from the Cornell potato breeding pro- 
gram, NY 85 and Ll18-2, are susceptible 
and resistant, respectively, to the CR iso- 
late of  P. penetrans (4). 

Tubers of each clone were sprouted and 
the resulting plants used as mother plants 
for cuttings. Stem pieces (10 cm long) with 
an axillary bud were rooted to obtain 

plants for the experiments. The proximal 
end of the cuttings was dipped in a com- 
mercial formulation of  auxins (Rootone) to 
stimulate rooting. The explants were kept 
for 15 days in wet vermiculite to promote 
root lnmatxon. 

Nematode reproduction experiment." Single 
potato explants were transplanted into 7.5- 
cm-d clay pots filled with a 1:1 mixture of 
sterile loamy sand (87% sand, 7.8% silt, 
5.2% clay, pH in water--7.2) and a sterile 
medium-fine white sand (98% of grains 
between 100-500 Ixm). At transplanting, a 
mixture of 2,000 juveniles and adults of P. 
penetrans were placed around the root sys- 
tem and covered with the sand-soil mix- 
ture. The plants were then placed in a 
growth chamber for 30 days at a constant 
temperature of 24 C with 14 hours of light 
(light intensity = 320 p~E/sec/m2). Pots 
were watered daily and fertilized weekly 
with a commercial solution of NPK (23- 
19-17). 

At the conclusion of the experiment (30 
days), the root systems were washed with 
tap water and then stained by boiling in a 
solution of acid fuchsin-lactoglycerol (0.1 g 
acid fuchsin, 200 ml lactic acid, 200 ml 
glycerol, and 200 ml distilled water). After 
cooling at room temperature, the stained 
roots were washed with acidified water 
(150 ml distilled water and 0.1 ml hydro- 
chloric acid) and  h o m o g e n i z e d  in a 
blender at high speed three times for 10 
seconds each (1). This suspension was then 
sieved th rough  a screen with 250-1xm 
openings to eliminate coarse debris. The 
numbers of  eggs, juveniles, and adults 
were counted from three 1-ml aliquots and 
the results averaged and extrapolated to 
the total volume of the suspension. 

The experimental treatments, replicated 
six times, were randomly arranged in a 2 x 
6 complete factorial with two P. penetrans 
populations (CR and LI) and six potato 
clones (Superior, Russet Burbank, Butte, 
Hudson, NY85, and Ll18-2). The experi- 
ment was repeated once, and the data 
from each trial were subjected to analysis 
of  variance. Fisher's protected LSD was 
used for mean separations. 
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Egression experiments: The methodology 
described by Ar~valo (1) was used to study 
nematode  egression f rom potato lines 
NY85 and Ll18-2. Single 15-day-old ex- 
plants were transplanted into cone-shaped 
plastic containers (13.5 cm long x 4 cm-d) 
filled with sand (98% of grains between 
100-500 Ixm). At transplanting, a suspen- 
sion containing 1,000 juveniles and adults 
of P. penetrans was added to two depres- 
sions in the sand surface on opposite sides 
of  the plant. Inoculated plants were placed 
in a growth chamber for 3 days. The plants 
were then removed from their containers 
and the root systems washed with tap wa- 
ter. Each plant was then placed in a 125-ml 
flask filled with 100 ml of deionized water 
that covered the entire root system. The 
flasks were placed in a growth chamber. At 
24-h0ur intervals for 12 days, the water 
was collected from each flask and replaced 
with fresh water. The  suspensions col- 
lected from individual flasks for three con- 
secutive days were combined and exam- 
ined for nematodes. Juveniles, males, and 
females were counted from a 5-ml subsam- 
ple of each sample. On day 12, the root 
systems were stained and the number of  
nematodes that remained inside the roots 
were counted.  Percentages of egressed 
nematodes were calculated based on the 
number  of  egressed plus those that re- 
mained inside the roots. 

The experiment, performed twice, was a 
2 x 2 factorial (two P. penetrans isolates [CR 
and LI] and two potato clones [NY85 and 
Ll18-2]) arranged in a completely ran- 
domized design with 10 replications. Re- 
gression analysis was applied to each clone 
x nematode isolate combination. Homo- 
geneity of  regression coefficients was 
tested to compare the regression lines 
among treatments. In addition, mean com- 
parisons were made for the intercept value 
of  each regression using the LSD test (10). 

In order to increase accuracy in measur- 
ing the number  of  egressed adults, a sec- 
ond experiment was performed using only 
potato clone L118-2 and two P. penetrans 
isolates (CR and LI). The proportion of 
adults in the inoculum was increased by 

passing the nematode suspension three 
times through a sieve with 53-v~m open- 
ings. Rooted cuttings of  Ll18-2 were 
transplanted, inoculated, and incubated as 
described for the first test. Egressed nema- 
todes were collected 1, 3, and 5 days after 
inoculation and then counted  and re- 
corded as male or female. The percentage 
of egressed nematodes was determined as 
before. The experiment was arranged in a 
completely randomized design with 10 
replications. The experiment was repeated 
once and an analysis of  multiobservation 
data was performed (10). Mean separation 
for each day was performed using the LSD 
test. 

RESULTS 

Nematode reproduction experiment: Thirty 
days after inoculation, a statistical interac- 
tion was detected between P. penetrans iso- 
late and potato clone. When inoculated 
with the CR isolate, the potato clones Su- 
perior, Russet Burbank, and NY85 had 
higher numbers of nematodes (P < 0.01) 
in their roots than did Hudson, Butte, and 
Ll18-2. All the potato clones inoculated 
with the LI isolate had similar (P > 0.05) 
numbers of nematodes per root system 
(Fig. 1A). The LI isolate reproduced more 
than the CR isolate on all clones, but nema- 
tode numbers were different (P < 0.01) 
only for  Hudson ,  Butte,  and  Ll18-2.  
These three potato clones supported an 
average of 2.5 times more nematodes of 
the LI isolate than of the CR isolate. 

The number of eggs per root system fol- 
lowed a trend similar to that of the number 
of juveniles and adults. The number of  
eggs per root system of  all potato clones 
was higher (P < 0.05) for the LI isolate 
than for the CR isolate (Fig. 1B). There 
were no differences (P > 0.05) in the num- 
ber of eggs per root system among dories 
inoculated with the LI isolate. The potato 
clones Superior,  Russet Burbank,  and 
NY85 supported more (P < 0.01) egg pro- 
duction of  the CR isolate than did Hudson, 
Butte, and L118-2. 

Egression experiments: The two isolates of  
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FIG. 1. To ta l  n u m b e r s  o f  juveni les  and  adul ts  (A) a nd  eggs (B) pe r  root  sys tem o f  six pota to  clones at 30 

days af ter  inocula t ion with two d i f fe ren t  isolates ofPratylenchus penetrans (CR = Cornel l  isolate and  LI = L o n g  
Is land isolate). LSD (P < 0.05) is for compar i sons  o f  the  same  n e m a t o d e  isolate a m o n g  potato clones. N u m b e r  
o f  aster isks indicates level o f  d i f fe rences  be tween the  two n e m a t o d e  isolates on  a single clone with * = P < 0.05 
and  ** = P < 0.01. 

P. penetrans differed in the number  of  
nematodes that egressed from the roots 
o f  potato clones Ll18-2 (resistant) and 
NY85 (susceptible). The regression equa- 
tions for juvenile and male egression (data 
not shown) were similar to those of  fe- 
male egression;  all regress ion models  
were linear and had high R 2 values (Fig. 
2). Furthermore,  the slopes of  the regres- 
sion lines were similar for all treatments, 
indicating that the rate of  egression was 
similar for both clones. However, inter- 
cepts were different, suggesting that dif- 
ferences in egression occurred within the 
first 24 hours (Table 1). Female egression 
was affected more by the clones than were 
males or juveniles. A higher number (P < 
0.001) o f  f ema les  of  the  CR isolate  

egressed from clone Ll18-2 than from 
NY95 during the first 24 hours of  evalua- 
tion. There were no differences (P > 0.05) 
in the number of  nematodes of  the LI iso- 
late that egressed from the two potato 
clones (Fig. 2). 

In the second egression exper iment ,  
only the resistant potato clone L118-2 was 
used and most of  the inoculum consisted 
of  adults (76%) with the remaining inocu- 
lum consisting mainly of fourth-stage juve- 
niles. Large differences were detected in 
the number of adults that egressed. More 
males (Fig. 3A) and females (Fig. 3B) of  
the CR isolate than of  the LI isolate 
egressed (P < 0.01) at all evaluation days. 
Twice as many CR females as LI females 
egressed at all three dates (Fig. 3B). 
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FIG. 2. Percentage of  females that egressed from potato clones L118-2 and NY85 inoculated with a Cornell 

(CR) or Long Island (LI) isolate of Pratylenchus penetrans. The regression lines are predicted values of the 
treatment means; each point represents the average of 10 observations. 

DISCUSSION 

PratyIenchus penetrans is a highly polyph- 
agous nematode, with approximately 350 
hosts in the temperate zone around the 
world (5). Despite its wide distribution and 
numerous hosts, little is known about its 
intraspecific variability. The first sugges- 
tion of  races of  P. penetrans was made by 
Slootweg (23) in 1956. Later, Olthof (16) 
identified two races based on host suitabil- 
ity and pathogenicity on tobacco and cel- 
ery. Morphological characteristics, based 
on the tail terminus of  females, were used 
by Townshend et al. (28) for identification 
of  two pathotypes. Also, environmental 
factors and host plants influence quantita- 
tive and qualitative characteristics in P. 
penetrans (24,26). 

Our results, based on reproduction of P. 
penetrans and its egression from roots of 
different potato clones, indicate the exist- 
ence of  intraspecific differences in two 
geographical isolates of this nematode spe- 
cies in New York. Furthermore, these re- 
sults clarify earlier conflicting reports con- 
cerning the host status of the cultivar Hud- 
son (4,8,9,12) for P. penetrans. Hudson was 
first reported as resistant to P. penetrans in 
1973 (8). In our studies, we used the same 
isolate of P. penetrans that was used in the 
1973 study and concluded that after 20 
years this isolate still reproduces poorly on 
the cultivar Hudson. We also confirmed 
that our  Long Island isolate, collected 
from the same area of Long Island as the 
one used by Kotcon et al. (12), reproduces 
well on Hudson. The cultivars Hudson 

TABLE 1. Slopes (S) and intercept (I) values for predicted regression lines for juveniles, males, and females 
of  Pratylenchus penetrans that egressed from roots of potato clones L118-2 and NY85 inoculated with Cornell 
(CR) or Long Island (L1) isolate. 

Juveniles Males Females 

Isolate Potato clone S 1 S I S I 

CR L118-2 5.04 10.66 5.74 13.94 4.86 7.16 
CR NY85 4.14 3.97 4.90 2.74 4.33 - 4.41 
LI L 118-2 4.65 9.99 5.12 11.15 4.22 1.96 
LI NY85 4.26 4.69 5.49 4,06 3.89 - 0.83 
LSD (P < 0.05) NS 5.53 NS 8.38 NS 4.49 
P-value 0.31 0.03 0.41 0.02 0.15 <0.01 
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and Superior supported similar numbers 
of the L IP .  penetrans isolate, thus also con- 
firming the results of  Kotcon et al. (12). 
However, more nematode isolates or pop- 
ulations need to be tested before it can be 
definitely concluded that all populations of 
P. penetrans on Long Island are similar in 
behavior. 

The egression experiments showed that 
the rate of  egression of the two P. penetrans 
isolates from clones L118-2 and NY85 was 
similar and probably reflects the normal 
mobility of  this species (5,15). However, 
differences in the numbers of nematodes 
that egressed, particularly differences in 
the number of  females, occurred soon af- 
ter root penetration by the different nema- 
tode stages. Apparently,  females egress 
sooner because they usually penetrate  
roots earlier and in greater numbers than 
males and juveniles (25). In addition, fe- 
males may be more sensitive to host status 
because, without a suitable food source, 
they stop laying eggs (15). 

The resistance in clone L118-2 results in 
early egression of nematodes from the 
roots. Ar6valo (1) concluded that egression 
of  nematodes from roots is one of  the 
mechanisms of resistance, probably stimu- 
lated by penet ra t ion ,  in clone Ll18-2 
against P. penetrans. The factor(s) that in- 
duce early egression in clone Ll18-2 is 
(are) unknown, but the LI isolate either 
does not activate it or is able to overcome 
the process involved. 

Egression experiments are simple and 
would be appropriate for screening either 
a large number of potato clones or differ- 
ent P. penetrans isolates against specific 
clones. The percentage of  egressed fe- 
males was a reliable measure for identify- 
ing the resistance and susceptibility of  
given clones and for assessing the relative 
aggressiveness of  the two isolates. It is 
comparable to measurements based on re- 
production capability of  the nematode,  
and also requires less space and time. 

Some caution should be exercised in 
screening potato germplasm for resistance 
to P. penetrans. The resistance mechanisms 
in clone L118-2 are known to some extent 

(1), but it is possible that other mechanisms 
may be operating in resistant germplasm. 
Combinations of  different sources of resis- 
tance may eventually be used to produce 
more durable resistance that would enable 
potato clones to have more defense against 
different pathotypes of P. penetrans. 

Several methods for sterilizing plant 
nematodes for axenic culture have been 
described (21). However, the commercial 
disinfecting solution we used proved to be 
a simple and effective method for steriliz- 
ing P. penetrans. Nematodes of different 
stages survived treatment up to 30 minutes 
or more in the disinfecting solution with- 
out apparent damage. 

The possibility exists that the CR isolate 
may have changed after 30 years in axenic 
culture due to its complete isolation and 
minimal selection pressures. Intraspecific 
differences can arise in response to isola- 
tion and selection pressures (7). The LI 
isolate, on the other hand, could have be- 
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come more aggressive because it had to 
adapt to an intensive cropping system. 
Many experiments have been conducted 
with the CR isolate in different laborato- 
ries since 1963. Our results emphasize the 
need to evaluate more isolates and to fur- 
ther elucidate the degree of  aggressiveness 
of the CR and LI isolates. 
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