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Effects of Pratylenchus penetrans on the Infection of 
Strawberry Roots by Gnomonia comari 

S. KURPPA 1 AND T .  C.  g R A I N  9 

Abstract: T he  fungus Gnomonia comari, causal agent of strawberry leaf blotch, was inoculated at 
the crown of young axenized strawberry plants growing in sterilized sand. Only the roots were 
colonized, and the infection was symptomless. When the fungus colonized the roots in the presence 
of the root lesion nematode Pratylenchus penetrans, the plants were extremely stunted and their  root  
system was necrotic. Fungal conidiospores were found attached to the cuticle of nematodes extracted 
from soil inoculated with the two pathogens. These  findings indicate that  P. penetrans could t ransport  
conidiospores th rough soil. 
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Gnomonia comari Karsten 1873 (conidial 
stage: Zythiafragariae Laiback) causes a leaf 
blotch of  strawberry. Considered a weak 
parasi te ,  the fungus genera l ly  en te rs  
through stomata and wounds. Lesions and 
necrosis develop on leaves and petioles, and 
the fungus can attack unripened fruits. G. 
comari causes heavy losses of  strawberry 
fruits in central Europe where it has been 
isolated in root  rot  of  strawberry primary 
roots (15). Although it can be found on the 
crowns in North America (6), it has not 
been detected in several surveys of  root  rot  
pathogens of  strawberry (8,12,18). In Brit- 
ish Columbia ,  in fec ted  plants develop  
symptoms after harvest, when necrotic 
areas spread on older and damaged leaves 
(2,3). 

The  root  lesion nematode,  Pratylenchus 
penetrans Filipjev and Sch. S tekhoven ,  
1941, is a widespread pathogen of  straw- 
berry in British Columbia as well as in Eu- 
rope (16). It has a synergistic role in the 
development of  certain root  rot diseases of  
strawberry (5,7,11). 

Because the fungus can be a foliar path- 
ogen or a crown and root  rot pathogen, 
the objectives of  our study were to deter- 
mine the possible role ofP.  penetrans as an 
incitant and as a t ransporter  of  conidio- 
spores through soil. 
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MATERIALS AND METHODS 

Pratylenchus penetrans as an incitant: 
Strawberry (Fragaria virginianae L. cv. 
UC11) plants grown in polystyrene micro- 
beakers in 20 cm 3 washed sand were 
watered and fertilized with a dilute nu- 
trient solution containing 60 ppm N, 26 
ppm P, 50 ppm K, and micronutrients.  T h e  
plants were maintained on a laboratory 
bench at 23 C under  cool and warm flu- 
orescent tubes with a 16-hour photoper iod 
and a light flow of  37 ~E m -2 s -1 at the 
level of the higher leaves. 

When the plants reached 5-6  cm in 
height, they were transplanted into 200 cm ~ 
autoclaved sand in 7.5-cm-d plastic pots. 
Plants were inoculated with nematodes at 
transplanting and 16 days later with fungus 
singly or in combination with the nema- 
todes inoculated previously. 

Nematode inoculum consisted of all 
stages of  P. penetrans reared on raspberry 
(Rubus idaeus L. cv. Willamette) and ex- 
tracted from washed roots in a mist cham- 
ber. The  nematodes were then axenized in 
an antibiotic solution containing 4 ppm of  
methoxy ethyl mercury chloride (17). T h e  
nematodes were rinsed in several baths of  
sterile water, and 400 specimens in 4 ml 
water were placed in a small hole 2 cm deep 
in the sand near the base of  each plant. 

Plants were grown for 16 days and then 
uprooted.  The  roots were washed free of  
sand, examined for signs of  nematode in- 
jury,  and photographed.  T h e  plants were 
then replanted, and half of the nematode- 
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free and nematode-infected plants were in- 
oculated with the fungus. Inoculum of  Gno- 
monia comari was propagated on potato 
dextrose agar. A 5-mm s plug of PDA with 
mycelium bearing conidiophores and per- 
ithecia was mixed with sterile sand and 
placed at the base of plants. The  fungus- 
free pots received equal amounts of  clean 
agar mixed with sand. There  were four 
t rea tments  including the un inocula ted  
control, each with four replications. 

After 21 more days, plants were har- 
vested and their total leaf area was mea- 
sured using a portable area meter (Li-cor 
Inc., Lincoln, NE). The  roots were washed 
clean of sand, observed with the aid of  a 
stereomicroscope for symptoms of nema- 
tode and fungus infection, and photo- 
graphed. A portion of the roots was stained 
in a solution of acid fuchsin lactophenol 
and destained in clear lactophenol to de- 
tect fungal  s t ructures  in root  tissue. 
Another portion of  roots was rinsed sev- 
eral times in sterile water and plated on 
water agar for fungal colonization. All fun- 
gal colonies emanating from the roots were 
plated on PDA and grown for 14 days at 
23 C for fungal isolation. 

Two other identical experiments using 
mixtures of  pasteurized and unpasteurized 
field soil instead of autoclaved sand were 
conducted in a greenhouse. These exper- 
iments were added to determine any even- 
tual suppressive effect of the pasteurized 
and unpasteurized soils on the expression 
of the symptoms caused by the two patho- 
gens. Plants in these experiments were ex- 
amined only for growth suppression and 
for foliar and root symptoms caused by 
nematode and fungus alone or in combi- 
nation. 

Pratylenchus penetrans as a carrier: Nema- 
todes from each pot inoculated with nema- 
todes alone or in combination with the fun- 
gus were extracted by flotation-sieving. All 
stages of  P. penetrans were collected and 
rinsed several times in sterile water. Ten 
nematodes from each pot were placed on 
PDA in petri dishes for 14 days for isola- 
tion of the fungus carried by the nema- 
todes. In addition, 80 nematodes from each 

pot were hand picked and deposited near 
the crown of four new, fungus-free, 21- 
day-old strawberry plants growing in ster- 
ilized sand. These nematode-inoculated 
plants were maintained for an additional 3 
weeks under the growing conditions pre- 
viously described. At harvest their roots 
were processed and examined for fungal 
infection as described in the incitant ex- 
periment. 

Plastic tubes (BEEM embedding capsules 
for electron microscopy, 13 x 8 mm d), 
with the bottom wall replaced by a 20-#m- 
pore nylon membrane, were filled with wet 
sterile sand. Fungal mycelium from PDA 
cultures was placed on the surface of the 
sand, and 100 axenized nematodes were 
added to the surface of four tubes with 
fungus and four tubes without. The tubes 
were placed vertically in petri dishes for 24 
hours, and the nematodes that migrated 
through the nylon membrane were col- 
lected in sterile water. The nematodes were 
placed in another BEEM capsule with both 
ends closed with 15-#m-pore nylon sieve. 
They were fixed in 4% glutaraldehyde in 
0.05 M sodium cacodylate buffer (pH 6.8), 
dehydrated in an ethanol series starting at 
20%, critical point dried with liquid CO2, 
sputter coated with gold, and examined by 
SEM. 

RESULTS 

Pratylenchus penetrans as an incitant: 
Plants inoculated with nematodes and fun- 
gus were wilting during the second week 
after inoculation with the fungus, whereas 
none of the plants in the other treatments 
wilted. No plants from any treatments 
showed any symptoms of leaf blotch during 
the entire experiment. After 3 weeks, the 
foliage of  plants inoculated with fungus 
alone appeared healthy and not different 
from that of uninoculated plants. The fo- 
liage of plants inoculated with nematodes 
alone was noticeably stunted, with smaller 
leaves and shorter petioles. The plants in- 
oculated with nematodes followed by fun- 
gus were extremely stunted and necrotic. 
Most of their leaves died before they 
reached maturity, and only a few younger 
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FIG. 1. Strawberry root systems before Gnomonia comari inoculation (Top) and 3 weeks later (bottom). A, 
E) Nematode-free and fungus-free control plants. B, F) Pratylenchus penetrans-infected roots left fungus free. 
C, G) Nematode-free roots infected with G. comari. D, H) Roots infected with P. penetrans and G. comari. 

leaves appeared functional  at the end of  
the experiment .  Average leaf areas per  
plant at harvest were 61.4 cm ~ for unin- 
oculated control;  74.6 cm 2, plants inocu- 
lated with G. comari only; 40.2 cm 2, plants 
inoculated with P. penetrans only; and 2.4 
cm 2 for plants inoculated with both  fungus 
and nematodes.  

T h e  root  systems of  uninocula ted  plants 
(Fig. 1A, E) showed no discoloration or  
lesions. Roots o f  plants inoculated with 
nematodes  (Fig. 1B, D, F) showed root  le- 
sions typical of  P. penetrans and grew less 
rapidly than the roots of  uninocula ted  
plants. Roots o f  plants inoculated with fun- 
gus alone (Fig. 1 G) were somewhat  darker  
than those o fun inocu la t ed  plants, but  they 
showed no lesions and were well devel- 

oped. Roots of  plants inoculated with 
nematodes  and then  fungus were exten- 
sively necrotic (Fig. 1H). Staining with acid 
fuschin lactophenol  showed mature  dark- 
ened peri thecia only in the roots o f  plants 
inoculated with both  nematodes  and fun- 
gus; no perithecia were observed in the 
roots of  any of  the o ther  plants. However,  
G. comari was consistently isolated on water 
agar f rom roots o f  plants inoculated with 
fungus,  irrespective of  the presence of  
nematodes.  

In the two greenhouse  exper iments  with 
mixtures of  pasteurized and unpasteur ized 
field soil, the plants showed no sign of  fun- 
gal infection and we could not  repeat  the 
results o f  the nematode  plus fungus inter- 
action obtained f rom plants grown in ster- 
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Fio. 2. Gnomonia comari conidiospores, in clumps (A) or singly (B), adhering to the cuticle of Pratylenchus 
penetrans near the lateral line. Bar is 2 t~m in A, ! /~m in B. 

ile sand. T h e  g reenhouse  plants growing 
in nematode- infes ted  soil were  s tunted,  bu t  
t he re  was no necrosis on the  foliage and 
no roo t  symptoms deve loped  in plants in- 
ocula ted with nematodes  and fungus in 
combinat ion.  

Pratylenchus penetrans as a carrier: O f  the  
nematodes  that  migra ted  down the BEEM 
tubes t h r o u g h  the sand mixed  with fungal  
mycel ium and spores, 22% were  carrying 
one  or  m o r e  conidia a t tached to the  cuticle 
(Fig. 2A, B). Nematodes  that  migra ted  in 
tubes wi thout  fungus did not  carry  any co- 
nidia. When  10 nematodes  ex t rac ted  f rom 
pots inoculated with fungus and nema- 
todes were  r insed extensively and plated 
on  PDA, hal f  o f  the plates showed G. comari 

colonies af ter  14 days incubation. All young 
s t rawberry  plants inoculated with 80 P. 
penetrans ex t rac ted  f rom pots with plants 
previously inoculated with fungus and 
nematodes  became infected by the nema- 
todes and thei r  roots  were  colonized by G. 
coma ri. 

DISCUSSION 

Pratylenchus penetrans is known for  its role 
as an incitant in several fungal diseases such 
as verticill ium wilt in pota to  (4) or  alfalfa 
(20). In ou r  exper iments ,  when P. penetrans 
and G. comari were presen t  in the roots  o f  
plants grown in sterile sand, G. comari de- 
veloped per i thecia  in the  roo t  tissue and 
was ex t remely  pathogenic .  Factors that  
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could cause such a drast ic  change  o f  re- 
sponse in the  plant  a re  not  known.  Th i s  
response  may  be  ana logous  to tha t  ob- 
served by Powell (13) in tobacco  plants,  
where  several  n o n p a t h o g e n i c  fungal  soil 
inhabi tants  could infect  and  d a m a g e  roots  
previously  inocula ted  with Meloidogyne in- 
cognita. 

T h e r e  a re  few repor t s  o f  n e m a t o d e s  act- 
ing as carr iers  o f  spores  o f  plant-paras i t ic  
fungi (1,9). T h e r e  are,  however ,  n u m e r o u s  
examples  o f  n e m a t o p h a g o u s  fungi  whose 
spores  a d h e r e  to the i r  hosts b e f o r e  infec- 
tion. G. comari did infect  s t r awber ry  roots  
wi thout  the p resence  o f  the  n e m a t o d e .  
Clearly, P. penetrans is no t  essential  to the  
fungal  infect ion process.  Results suggest ,  
however ,  tha t  conid iospores  o f  G. comari 
a d h e r e d  to the  cuticle o f  P. penetrans and  
could be  t r a n s p o r t e d  t h r o u g h  sand to the  
roo t  surface,  o r  into the  roots ,  in the  same 
m a n n e r  that  the nem a t ode  picked up  spores 
in the  sand o f  the  BEEM tubes  and  t rans-  
p o r t e d  t h e m  t h r o u g h  the  sand and  the  20- 
~zm-pore sieve. T o  ou r  knowledge  this is 
the  first r e p o r t  showing P. penetrans car- 
rying fungal  spores.  T h e  role  o f  endopa r -  
asitic n e m a t o d e s  as vectors  o f  small fungal  
conidia may be  m o r e  i m p o r t a n t  than  the  
cu r r en t  l i t e ra ture  suggests.  

Gnomonia comari has been  isolated infre-  
quent ly  f r o m  the roots  and  crowns o f  
heal thy  plants  o f  several  cult ivars in field 
surveys (6,13). I t  is usually a foliar  pa tho-  
gen,  however ,  and  was not  r e p o r t e d  in oth-  
er  surveys (8,12,18). We  hypo thes ized  tha t  
P. penetrans or  o t h e r  roo t  pa thogens  may  
be involved in the  express ion  o f  G. comari 
pa thogenic i ty  to roo ts  and  crowns o f  straw- 
ber ry .  In  o u r  e x p e r i m e n t s  with steril ized 
sand, the  fungus  inocula ted  a lone  nea r  the  
c rown o f  the  plants  deve loped  in the  roo ts  
o f  young  s t r awber ry  plants  but  did not  de- 
velop per i thec ia  and  was not  pa thogenic .  

K l inkenbe rg  (10) also isolated m a n y  fun- 
gi f rom s t rawberry  plants growing in " roo t -  
r o t "  soil. While  several  o f  these  fungi  in- 
fected sterile seedlings in tube  cul ture,  they 
did not  infect  s t r awber ry  plants  g rown  in 
pas teur ized  or  unpas t eu r i zed  soil. A n o t h e r  
r e p o r t  (19) men t ions  tha t  small r u n n e r  

s t r awber ry  plants  t r a n s f e r r e d  to soil heavi-  
ly inocula ted  with the  fungus  Gnomonia 

fructicola (a synonym ofG.  comari) grew well 
and  r e m a i n e d  symptomless .  T h e  au thor s  
no ted  tha t  r oo t  inoculat ions were  unsuc- 
cessful. We suggest  tha t  G. comari may be  
a weak c o m p e t i t o r  with the  na tura l  f lora  
in soil, on  the  roo t  surface,  or  inside o f  
roots.  I t  can show severe pathogenesis  when  
associated with P. penetrans, but  only in the  
absence  o f  inh ib i tory  or  compet i t ive  mi- 
cro-organisms.  
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