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Temporal Changes in the Vertical Distribution of 
Pratylenchus penetrans under Raspberry 

T H O M A S  A.  FORGE,  1 ROBYN DEYOUNG, 2 AND THIERRY C.  gRAIN 2 

Abstract: Populat ion densities of  Pratylenchus penetrans a nd  the biomass of  fine roots o f  raspberry at 
dep ths  o f  0-5, 5-10,  10-20, and  20-30 cm were de t e rmined  every 2 weeks for  2 years. The  vertical 
distr ibution of  P. [enetrans varied f rom season to season, but  the  seasonal  changes  were no t  similar for 
the  2 years. In mos t  seasons, the  greatest  popula t ion  density was in the 5 to 10-cm-depth interval. 
Populat ion densities o f  P. penetrans were no t  consistently correlated with the  vertical distr ibution of  
raspberry roots in any season. 

Key words: diagnosis, nematode ,  popula t ion  dynamics, Pratylenchus penetrans, raspberry, root-lesion 
nematode ,  sampling,  vertical distribution. 

Accurately assessing the potential  for 
plant-parasitic nematodes to cause crop 
damage depends on accurate population es- 
timates, which are based on knowledge of 
the horizontal and vertical distribution of 
the population. The vertical distribution of 
plant-parasitic nematodes changes through 
time (Bird and Ramsdell, 1985; Boag, 1981; 
Ferris and McKenry, 1974; MacGuidwin and 
Stanger, 1991) as the result of differential 
r eproduc t ion  or mortality at part icular  
depths (MacGuidwin and Stanger, 1991), or 
from directional movement  induced by 
changes in environmental conditions or the 
presence of host roots (Hesling, 1967; Lim- 
ber, 1980; Pinkerton et al., 1987). Knowl- 
edge of how the vertical distribution of a 
nematode population changes through time 
is important  for determining if samples 
taken to a fixed depth are seasonally biased; 
apparent  changes in populat ion density 
could result from changes in vertical distri- 
bution. 

Pratylenchus penetrans (Cobb) Filipjev and 
Schuurmans Stekhoven is an economically 
important  pathogen of  raspberry (Rubus 
idaeus L.) and many other perennial crops 
grown in temperate climates. The vertical 
distribution of Pratylenchus spp. at one time 
of the year, or averaged over several sam- 
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pling dates, has been reported for annual 
hosts (Brodie, 1976; Sohlenius and Sandor, 
1987) and perennial hosts (Ogiga and Estey, 
1973; Sohlenius and Sandor, 1987). Mac- 
Guidwin and Stanger (1991) described tem- 
poral changes in the vertical distribution of 
P. scribneri Steiner that occurred within the 
growing season of corn and potato, but 
there are no published data on temporal 
changes in the vertical distribution of Praty- 
lenchus spp. under any perennial crop. 

In a previous study (Vrain et al., 1997), 
changes were described in the density, age 
structure, and root-versus-soil distribution of 
a population of P. penetrans parasitizing rasp- 
berry over a 2-year period. The data pre- 
sented here describe temporal changes in 
the vertical distribution of the same popula- 
tion and correlations between nematode dis- 
tribution and root distribution. 

MATERIALS AND M E T H O D S  

The study site and sampling procedures 
were described previously (Vrain et al., 
1997). We monitored, at four depth inter- 
vals, the population dynamics of P. penetrans 
parasitizing 8-year-old raspberry cv. William- 
ette in the lower Fraser Valley of British Co- 
lumbia. Soil and root samples were taken 
every 2 weeks for 2 years from five plots lo- 
cated in the middle of the field. Each plot 
was 3.2 m long and contained 18 raspberry 
plants. At each sample date, 10 cores of soil, 
2 cm in diam., were removed from each plot 
to a depth of 35 cm, at a distance of 20 to 30 
cm from the center of the row. Each soil 
core was partitioned into four depths: 0-5, 
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5-10, 10-20, and  20-30 cm f rom the surface. 
For each plot, the 10 subsamples represent-  
ing each depth  were pooled  into a single 
sample.  All f r agments  of  raspber ry  roots  
were hand-picked f rom each sample,  rinsed, 
b l o t t e d  dry, we ighed ,  and  f r a g m e n t s  o f  
coarse roots (dia. >0.5 cm) removed.  Nema-  
todes were extracted f rom fine feeder  roots 
in a mist c ham be r  for  7 days, and  f rom 50 ml 
soil without  roots in Bae rmann  pans for 7 
days. N e m a t o d e  counts  were adjusted ac- 
c o r d i n g  to ex t r ac t ion  efficiencies de te r -  
mined  previously for each extraction proce- 
dure  (Vrain et al., 1997). For each sample,  
the n u m b e r  of  P. penetrans per  g root  was 
mult ipl ied by the est imated fine root  bio- 
mass pe r  100 ml  soil and  added to the num- 
ber  of  P. penetrans per  100 ml soil. The  re- 
sulting d e p e n d e n t  variable is hereaf ter  re- 
fer red  to as P. penetrans per  100 ml soil + 
roots. 

Data on P. penetransper 100 ml soil + roots 
and fine root  biomass per  100 ml soil were 
separated by year and  season and  averaged 
over the four  to seven sample dates within 
each combina t ion  of  plot, depth,  season, 
and  year. The  seasonal distinctions (fall = 
October ,  November ,  December ;  winter  = 
January,  February, March; spring = April, 
May, June;  s u m m e r  = July, August, Septem- 
ber)  c o r r e s p o n d  to per iods  of  d r o p p i n g  
(fall), relatively stable and low (winter), ris- 
ing (spring), and  relatively stable, high soil 
t empera tures  (summer)  (Vrain et al., 1997). 
Repeated  measures  analysis o f  variance (SAS 
Institute, Cary, NC) was used to analyze the 
effects of  year, season, and  dep th  on P. pen- 
etrans per  100 ml soil + roots and fine root  
biomass pe r  100 ml soil. Coefficients of  cor- 
relations between mean  nematodes  pe r  100 
ml  soil + roots and  mean  root  biomass were 
calculated for each combinat ion  of year and  
season.  N e m a t o d e  p o p u l a t i o n  data were  
shifted to match  with root  biomass data at 2 
and  4 weeks earlier. For  the non-shifted and 
two shifted data sets, means  of bo th  depen-  
den t  variables were calculated for each com- 
b ina t ion  of  year, season, and  depth.  For 
each combinat ion  of  year and  season, corre- 
lation coefficients were calculated on the 
four  pairings represent ing  the four  depths. 

RESULTS AND DISCUSSION 

A three-way interaction occurred  between 
year, season, and  depth  (P = 0.003), indicat- 
ing that  the vertical distribution of  P. pen- 
etrans unde r  raspberry  varied significantly 
f rom season to season, but  that  seasonal 
changes were not  similar for the 2 years (Fig. 
1). For the first full year of  sampling (fall 
1989 th rough  s u m m e r  1990), popula t ion  
dens i t ies  d e c r e a s e d  m o n o t o n i c a l l y  with 
depth  in fall, winter, and  spring; however, in 
summer  the greatest  populat ion density was 
at the 5- to 10-depth interval. This effect of  
season on vertical distribution was not  simi- 
lar in the second year (fall 1990-summer 
1991); in fall 1990 the greatest  popula t ion 
density was at the 5- to 10-cm-depth interval, 
and  in winter  1991 and  spring 1991 the 
greatest  popula t ion  densities were found  in 
the third depth  interval (10-20 cm).  In sum- 
m e r  1991 the greatest  popula t ion  density 
was again in the 5- to 10-cm depth  interval. 
Because the vertical distribution of P. pen- 
etrans unde r  raspberry does not  appea r  to 
vary with season in a predictable manner ,  we 
see no  basis for developing seasonally based 
sampling strategies. 

Because we did not  sample below 30 cm, 
the full vertical distribution of  P. penetrans 
under  raspberry remains unknown. Previous 
studies that have included sample depths be- 
low 30 cm indicated that  the vertical distri- 
but ion of  plant-parasitic nematodes  was gen- 
erally un imodal  (Bird and  Ramsdell, 1985; 
Boag, 1981; Brodie, 1976; Ferris and  Mc- 
Kenry, 1974; I ngham et al., 1985; Ogiga and 
Estey, 1973; Sohlenins and Sandor, 1987). 
Assuming  the re  was no  second  p e a k  in 
popu la t ion  densi ty below 30 cm for  the 
popula t ion of  P. penetrans considered in this 
study, sampling to 30 cm would capture the 
depth  interval with the greatest  popula t ion 
density in all seasons. 

T h e  popu la t i on  of  P. penetrans in this 
study appeared  to be  concent ra ted  closer to 
the soil surface than Pratylenchus spp. para- 
sitizing o ther  perennial  hosts (Ogiga and Es- 
tey, 1973; Sohlenius and Sandor,  1987) and  
annual  hosts (Brodie, 1976; MacGuidwin 
and Stanger, 1991). For example,  an unde-  
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FIG, 1, Effects of  dep th  and  season on popula t ion  densities of  Pratylenchus penetrans and  abundance  o f  fine 
roots o f  raspberry th rough  2 years o f  sampling: fall 1989 th rough  s u m m e r  1990 and  fall 1990 th rough  s u m m e r  
1991. 

termined species of  Pratylenchus parasitizing 
apple and orchard  weeds in Quebec  was 
most abundant  at depths of  40 to 60 cm 
(Ogiga and Estey, 1973). Because the previ- 
ous studies included different hosts, tillage 
practices, and locations, it is not  possible to 
determine why P. penetrans parasitizing rasp- 
berry in the Fraser Valley appeared to be 
concentra ted closer to the soil surface than 
Pratylenchus spp. u n d e r  o the r  crops else- 
where. 

The  observed temporal  changes in verti- 
cal distribution could have been caused by 
mortality in, or emigration from, the 0- to 
5-cm-depth interval during the second win- 
ter. Between the fall 1990 and winter 1991 

sampling periods, popula t ion densities in 
the 0- to 5-cm-depth interval d ropped  from 
825 to 529 P. penetrans/lO0 ml soil + roots. 
In contrast, populat ion densities in the 5- to 
10-, 10- to 20-, and 20- to 30-cm-depth inter- 
vals ei ther  did not  change significantly (5- 
10 cm) or  increased during the same period 
(Fig. 1). The  estimated populat ion density 
for  the entire 0- to 30-cm depth  also did not  
change dur ing  winter 1991 (Vrain et al., 
1997). Populat ion densities at 0-5 cm re- 
mained lower than at 5-10 and 10-20 cm 
th roughou t  the spring and summer  sam- 
piing intervals of  1991. 

A similar sharp decrease in populat ion 
density at 0-5 cm did not  occur  during win- 
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te r  1989-1990.  M e a n  J a n u a r y  t e m p e r a t u r e s  
a t  2.5 cm were  3.8 °C a n d  -0 .5  °C in 1990 
a n d  1991, respect ively ,  a n d  soil in  the  0- to 
5-cm in terva l  f roze  in 1991 b u t  n o t  in  1990. 
T h e  r e l a t i o n s h i p  b e t w e e n  f r eez ing  a n d  mor -  
tali ty s h o u l d  be  c o n s i d e r e d  as specu la t ion ;  
e s t ab l i sh ing  a c o r r e l a t i o n  b e t w e e n  f r eez ing  
a n d  mor t a l i t y  in sur face  layers w o u l d  r e q u i r e  
s a m p l i n g  t h r o u g h  severa l  winters .  Signifi-  
c an t  ove rwin te r  mor t a l i t y  o f  Pratylenchus spp.  
has  b e e n  o b s e r v e d  in o t h e r  s tudies  (Ol thof ,  
1971; Kimpinsk i  a n d  D u n n ,  1985; MacGuid -  
win a n d  Forge ,  1991), b u t  the  r e l a t i o n s h i p  
b e t w e e n  f r e e z i n g  a n d  m o r t a l i t y  o f  Praty- 
lenchus is n o t  c lear .  M a c G u i d w i n  a n d  F o r g e  
(1991) d e t e c t e d  m o r t a l i t y  o f  P. scribneri in 
fall  b e f o r e  the  soil  f roze,  sugges t ing  tha t  a 
p o r t i o n  o f  the  p o p u l a t i o n  may  be  sensi t ive 
to t he  o n s e t  o f  low t e m p e r a t u r e s  b e f o r e  
f r e e z i n g  o r  o t h e r  fac tors  a s soc ia t ed  with fall. 

T h e  r e p e a t e d  m e a s u r e s  A N O V A  o f  f ine  
r o o t  a b u n d a n c e  i n d i c a t e d  a s ign i f ican t  in ter -  
a c t i on  b e t w e e n  season  a n d  yea r  (P  = 0.002).  
F o r  b o t h  years ,  f ine  r o o t  a b u n d a n c e  was 
g r e a t e r  in fall  a n d  w in t e r  t h a n  in  s p r i n g  a n d  
s u m m e r  (Fig. 1), b u t  the  d i f f e rence  b e t w e e n  
fall + win te r  r o o t  a b u n d a n c e ,  a n d  s p r i n g  + 
s u m m e r  r o o t  a b u n d a n c e ,  was g r e a t e r  in  
1989-1990 t han  in  1990-1991.  

Seasona l  c h a n g e s  in the  ver t ica l  d is t r ibu-  
t ion  o f  P. penetrans d o  n o t  a p p e a r  to cor re -  
s p o n d  to c h a n g e s  in the  ver t ica l  d i s t r i bu t ion  
o f  f ine  roots .  In  fall 1989, the  ver t ica l  distr i-  
b u t i o n  o f  P. penetrans was posi t ively  cor re -  
l a t ed  with the  ver t ica l  d i s t r i bu t i on  o f  f ine 
roo t s  4 weeks  ear l ie r ,  whe reas  t he  ver t ica l  
d i s t r i b u t i o n  o f  P. penetrans in  w in t e r  1991 
was nega t ive ly  c o r r e l a t e d  with the  d is t r ibu-  
t i on  o f  f ine  r o o t s  2 a n d  4 weeks  e a r l i e r  
(Tab le  1). T h e  ver t ica l  d i s t r i bu t ions  o f  o t h e r  
n e m a t o d e  s p e c i e s  p a r a s i t i z i n g  p e r e n n i a l  
hos ts  also d o  n o t  a p p e a r  to b e  c o r r e l a t e d  
with  the  ver t ical  d i s t r i bu t ions  o f  hos t  roo ts  
(Boag, 1981; Fer r i s  a n d  McKenry ,  1974; Ing-  
h a m  e t  al., 1985). T h e r e  a re  several  poss ib le  
r ea sons  for  the  o b s e r v e d  lack  o f  c o r r e l a t i o n  
b e t w e e n  the  ver t ica l  d i s t r i b u t i o n  o f  p lan t -  
pa ras i t i c  n e m a t o d e s  a n d  roo ts ,  i n c l u d i n g :  
(i) n e m a t o d e s  m a y  n o t  b e  a d a p t e d  to the  
full  r a n g e  o f  soil e n v i r o n m e n t a l  c o n d i t i o n s  
c o n d u c i v e  to  r o o t s  (e .g . ,  low o x y g e n  o r  

TABLE 1. Coefficients of correlations between fine 
root biomass and population densities of Pratylenchus 
penetrans for each season. Gorrelations were calculated 
from means for each depth. Before calculation of 
means, nematode population data were shifted to 
match with root biomass data at 0 (no lag), 2, and 4 
weeks earlier. 

Season No lag 2-week lag 4-week lag 

Fall 1989 0.87 0.93 0.99 ~ 
Winter 1990 0.43 0.36 0.39 
Spring 1990 -0.63 -0.61 -0.50 
Summer 1990 -0.94 -0.91 -0.87 
Fall 1990 -0.31 -0.23 -0.07 
Winter 1991 -0.81 -0.95* -0.96* 
Spring 1991 -0.54 -0.43 -0.20 

aCoefficients labelled with an asterisk are statistically sig~aifi- 
cant (P ~< 0.05; 2 degrees of freedom). 

h igh  c a r b o n  d i o x i d e  c o n c e n t r a t i o n s ) ,  (ii) 
r o o t  t u r n o v e r  may  be  sufficiently r a p i d  for  
roo ts  to be  c o n t i n u a l l y  g rowing  in to  areas  o f  
low n e m a t o d e  a b u n d a n c e ,  a n d  (iii) r o o t  
d a m a g e  caused  by  the  n e m a t o d e s  c o u l d  re- 
sult  in a p p a r e n t l y  low r o o t  b iomass  in s t ra ta  
o f  h igh  n e m a t o d e  a b u n d a n c e .  

In  summary ,  this s tudy  ind ica tes  tha t  the  
ver t ica l  d i s t r i b u t i o n  o f  P. penetrans u n d e r  
r a s p b e r r y  c h a n g e s  t h r o u g h  t ime  b u t  does  
n o t  fo l low a seasona l  p a t t e r n  tha t  is s imi lar  
in successive years.  Consequen t ly ,  t h e r e  is 
n o  basis for  a l t e r i ng  s a m p l i n g  s t ra tegies  to 
a c c o m m o d a t e  seasona l  c ha nge s  in ver t ica l  
d i s t r ibu t ion .  T h e  mos t  n o t a b l e  c h a n g e s  in 
ver t ica l  d i s t r i b u t i o n  were  r e d u c e d  popu l a -  
t ion dens i t i es  n e a r  the  sur face  (0 -5  cm) a n d  
i n c r e a s e d  p o p u l a t i o n  d e n s i t i e s  a t  l o w e r  
d e p t h s  d u r i n g  win te r  1991, when  the  soil  
f roze  a t  the  0- to 5-cm d e p t h .  T h e  ver t ica l  
d i s t r i bu t i on  o f  P. penetrans was n o t  consis-  
ten t ly  c o r r e l a t e d  with the  ver t ica l  d is t r ibu-  
t ion  o f  f ine roots .  
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