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Effects of Six Pratylenchus vulnus Isolates on the Growth 
of Peach-Almond Hybrid and Apple Rootstocks 1 

J. PINOCHET, 2 C.  FERNANDEZ, 2 D.  ESMENJAUD, 3 AND M .  DOUCET 4 

Abstract: The  effects of  six geographic isolates of Pra~lenchus vulnus on the growth of  GF-677 
peach-a lmond hybrid and M-26 apple rootstocks were determined under  greenhouse conditions. 
Plantlets were obtained from micropropagated plant material, and nematode isolates were reared in 
monoxenic cultures. All isolates suppressed growth on GF-677 compared with the uninfected con- 
trols. Isolate PvRO-S from Spain affected top weight of GF-677 more adversely than PvAT-F from 
France. Final population densities (Pf) of all P. vulnus on GF-677 were greater than 14.7 times the 
initial densities (Pi). They increased 61.5-fold on plants infected by PvWA-U from the United States. 
PvWA-U-, PvAT-F, and geographic undetermined PvU-UK isolates did not affect the growth of  
M-26 apple rootstock compared with PvAP-S, PvRO-S (both from Spain), and PvWA-A from Ar- 
gentina isolates, which severely suppressed shoot growth of this rootstock. On M-26, Pf of the more 
parasitically fit isolates PvWA-A, PvAP-S, and PvRO-S were greater than those of nondamaging 
PvWA-U, PvAT-F, and PvU-UK isolates (>41.4 vs. <14.7 times the Pi). PvWA-U and PvAT-F 
reproduced more on GF-677 than on M-26 (>28.6 vs. <6.5 times the Pi). Isolate PvRO-S reproduced 
well and was quite destructive on both rootstocks. Results confirm the existence of strains with 
different damage potentials among geographically separated populations of P. vulnu~. 

Key words: host response variability, Malus silvestris M-26, nematode reproduction, Pratylenchus 
vulnus, Prunus persica × P. amygdalus GF-677, root-lesion nematode. 

The root-lesion nematode, Pratylenchus 
vulnus, is an important pathogen attacking 
fruit crops in the Mediterranean area (4,9, 
12,22,25), California the southeas tern  
United States (2,15-17,19), and Chile (1). 

A host-parasite relationship study, con- 
ducted recently in Spain with a P. vulnus 
population isolated from rose (Rosa multi- 
flora), showed that this isolate was highly 
destructive on apple (Malus silvestris) root- 
stock (6). In contrast, another P. vulnus 
population isolated from apple had no ef- 
fect on growth of this host after 3 years of 
experimentation.  This rose isolate does 
not reproduce on sour orange (Citrus au- 
rantium), nor on six different citrus root- 
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stocks (23), and differs in its host range 
from a P. vulnus population infecting cit- 
rus in Italy and the United States (8,11). 
Discrepancies in host preference among 
American and European populations on 
Prunus rootstocks have also been reported 
(13,22,25). This behavior suggests the pos- 
sible existence within this species of  differ- 
ent damaging strains and (or) physiologi- 
cal races, which complicate considerations 
in nematode management and in breeding 
programs against this pathogen. The  exist- 
ence of different host races or damaging 
strains in several species of migratory en- 
doparasitic nematodes  has been docu- 
mented (20,21,24). 

The purpose of  this study was to com- 
pare the reproduction and effects on plant 
growth of  six P. vulnus populations from 
different hosts and geographical origins 
(three continents) on a clonally propagated 
peach-almond hybrid and apple host. 

MATERIALS AND METHODS 

Micropropagated peach-almond hybrid 
(Prunus persica × P. amygdalus) GF-677 and 
apple M-26 rootstock were obtained from 
Agromillora Catalana S.A., Sant Sadurni 
d' Anoia; Barcelona, Spain. In vitro plant- 
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lets were transferred from agar to 50-cm 3 
minipots with peat substrate and acclima- 
tized in a high humidity chamber for 24 
days. Two-month-old GF-677 plantlets of 
5-6 cm and M-26 of  4-5 cm height were 
then transferred to 3-L PVC pots that con- 
tained a pasteurized sandy loam soil (88% 
sand, 10% silt, 2% clay), pH 7.32, less than 
2% organic matter, and a cation exchange 
capacity of  less than 10 meq/100 g soil. 
Two greenhouse experiments were estab- 
lished in January and February 1993 for 
GF-677 and M-26 rootstocks, respectively. 

Six populations of  P. vulnus from differ- 
ent hosts and geographical origin were ob- 
tained from several sources, reared mon- 
oxenically on carrot (Daucus carota) disk 
cultures (18), and kept in an incubator at 
23-24 C for several generations (Table 1). 
Species conf i rmat ion was made by the 
Commonwealth Institute of  Parasitology, 
St. Albans, United Kingdom. In both ex- 
periments, seven treatments were estab- 
l ished:  1) con t ro l  (un inocu la t ed ) ,  2) 
PvRO-S (rose isolate of  P. vulnus), 3) 
PvAP-S (apple isolate), 4) PvAT-F (apricot 
isolate), 5) PvU-UK (unknown host), 6) 
PvWA-A (walnut isolate), and 7) PvWA-U 
(walnut isolate). Nematodes were recov- 
ered from water added to stock cultures 
and collected with a pipette. For GF-677, 
inoculum (Pi) was 500 individuals of  each 
isolate per plant (166 nematodes per kg 
soil) added through five holes located 4-5 
cm from the base of  the plant. For M-26, 
the Pi of  each isolate was 100 nematodes 
per plant (33 nematodes per kg soil) due to 
the higher susceptibility of  apple rootstock 
to P. vulnus, compared with Prunus sp. 

(6,22). Following inoculation, pots were 
placed in sand beds in a greenhouse to 
minimize temperature and humidity fluc- 
tuations. The ambient temperature range 
was 22 to 32 C during the growing season. 
Plants were watered daily or as needed and 
fertilized with Hoagland's (7) nutrient so- 
lution weekly. 

At 135 days after inoculation, data on 
fresh shoot weights, fresh root weights, 
shoot length, and shoot diameter  were 
taken. Shoot diameter  measurements were 
made at 0.5 cm from the soil. Final nema- 
tode populat ions (Pf) and numbers  of  
nematodes per gram of root were assessed 
at the end of  each experiment. For nema- 
tode extraction, soil from each pot was sep- 
arated from roots and placed in a large 
pan with water. Roots were washed in a 
second pan to remove soil particles, and 
the resulting suspension was added to the 
pan containing the soil. The soil solution 
was stirred thoroughly, and nematodes 
were extracted from a 250-cm 3 subsample 
of  the slurry by differential sieving with 
150, 74, and 38-1xm-pore sieves (100, 200, 
and 400 mesh, respectively) and sugar flo- 
tation (10). For nematode extraction from 
roots, root systems were cut into small 
pieces (ca. 1 cm) and macerated with water 
in a commercial blender at 14,500 rpm for 
30 seconds in three 10-second intervals. 
Nematodes were then collected with 150, 
74, 32, and 25-1xm-pore sieves (100, 200, 
400, and 500 mesh, respectively). Root tis- 
sue and debris collected on the 150-txm- 
pore sieve were discarded. Nematodes re- 
tained on the remaining sieves were re- 
moved and counted. 

TABta~ 1. Geograph ic  and  hos t  or igin o f  six isolates o f  Pratylenchus vulnus. 

Isolate Geographic origin Host (species) Source? 

PvRO-S Barcelona,  Spain Rose (Rosa multiflora) I R T A  
PvAP-S Gerona ,  Spain App le  (Malus silvestris) I R T A  
PvAT-F  Ant ibes ,  France  Apricot  (Prunus armeniaca) I N R A  
P v U - U K  U n k n o w n  U n k n o w n  CABI  
P v W A - A  C6rdoba ,  A r g e n t i n a  W a l n u t  (Juglans nigra) U N C  
P v W A - U  Idaho ,  USA Walnu t  (Juglans regia) UI 

¢ IRTA = Institut de Recerca i Tecnologia Agroaliment~,ries; INRA = Institut National de la Recherche Agronomique; 
CABI = Commonwealth Agricultural Bureaux International; UCN = Universidad Nacional de Cbrdoba; UI = University 
of Idaho. 
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In the experiments with peach-almond 
hybrid and apple, each treatment (isolates 
and uninoculated control) was represented 
by seven and eight replications, respec- 
tively. Experiments were arranged in a 
completely randomized design. Data on 
plant growth and nematode reproduction 
were analyzed by a one-way ANOVA. Data 
were log10 transformed (x + 1) for analy- 
sis. When F values were significant, means 
were compared with Fisher's LSD (P ~< 
0.05). 

RESULTS AND DIS C US S ION 

One or more growth parameters of  GF- 
677 rootstock were adversely affected by 
P. vulnus isolates (Table 2). Plants inocu- 
lated with PvRO-S isolate showed signifi- 
cantly lower fresh shoot weights in com- 
parison to those infected by PvAT-F. No 
differences were detected among the re- 
maining inoculated plants for this growth 
paramete r .  Also, no d i f fe rences  were 
noted among inoculated treatments for 
shoot length, stem diameter, or fresh root 
weights. 

On GF-677, isolate PvWA-U showed the 
highest populat ion increase, which was 

greater than that of the PvWA-A and PvU- 
UK isolates (61.5 vs. 14.3 and 16.5 times 
the Pi, respectively) (Fig. 1). On this same 
host, PvWA-U also showed higher num- 
bers of  nematodes per  gram root  than 
PvWA-A and PvU-UK (P ~< 0.05). 

The re  were no d i f ferences  in fresh 
shoot weights between the controls and 
plants inoculated with PvWA-U, PvAT-F, 
or PvU-UK in M-26 apple rootstock. How- 
ever, shoot  growth of  M-26 was sup- 
pressed by PvAP-S, PvRO-S, and PvWA-A. 
The South American strain PvWA-A and 
PvRO-S caused the greatest growth restric- 
tion of M-26. A similar situation was ob- 
served for shoot length of  M-26. Only 
nematode strain PvWA-A had a significant 
impact on stem diameter and root growth. 

On M-26, Pf  of PvRO-S, PvAP-S, and 
PvWA-A were  g r ea t e r  than  those  o f  
PvWA-U, PvAT-F, and PvU-UK (Fig. 2). 
T h e  r e p r o d u c t i o n  fac to r  (Pf/Pi) fo r  
PvRO-S was 234.5. The Pf of PvWA-U dif- 
fered from the Pf of  PvU-UK, but  not 
PvAT-F. 

The present findings support  the exist- 
ence of  strains of  P. vulnus with different 
parasitic fitness. These  differences are 
likely to be broader than those detected 

TABLE 2. Effects  o f  six isolates o f  Pratylenchus vulnus on  the  g rowth  o f  GF-677 p e a c h - a l m o n d  hybr id  a n d  
M-26 apple  roots tock 135 days  af ter  inocula t ion with 500 or  100 n e m a t o d e s  pe r  p lan t  for  GF-677 a n d  M-26,  
respectively. 

Treatment Fresh shoot Shoot length Stem diameter Fresh root 
(Isolate) weights (g) (cm) (mm) weights (g) 

GF-677 P e a c h - a l m o n d  hybrid:  
Cont ro l  6.85 a 14.9 a 3.84 a 12.50 a 
PvAT-F  4.62 ab 11.2 ab 3.48 ab 7.53 b 
P v U - U K  4.25 bc 10.4 ab 3.14 b 5.86 b 
PvWA-A  3.73 bc 9.9 ab 3.14 b 5.23 b 
PvAP-S 3.66 bc 9.1 ab 3.31 ab 6.19 b 
PvWA-U  3.64 bc 8.0 b 3.16 b 5.23 b 
PvRO-S 3.14 c 8.1 b 3.14 b 5.46 b 

M-26 apple:  
Cont ro l  4.52 a 17.9 a 4.18 a 3.67 ab 
PvWA-U  4.32 a 17.0 a 4.24 a 4.60 a 
P v A T - F  4.16 a 15.6 ab 4.11 a 3.68 ab 
P v U - U K  3.78 ab 13.2 ab 4.06 ab 3.87 ab 
PvAP-S 2.97 bc 11.6 bc 3.74 ab 3.28 abc 
PvRO-S 2.36 cd 7.7 cd 4.11 a 2.93 bc 
PvWA-A  1.85 d 5.0 d 3.47 b 2.37 c 

Data are means of seven (GF-677 and eight repfications (M-26). Actual data are presented for peach-almond hybrid and 
M-26 apple, respectively, but data were transformed to log~0 (x + 1) for analysis. Means in column for each isolate followed 
by the same letter do not differ according to Fisher's LSD test (P ~< 0.05). 
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after inoculation with 500 nematodes (Pi) per  plant. A) Combined final nematode population densities (Pf) in 
roots and soil. B) Nematodes per  gram root. Data are means of seven replications. Actual data are presented, 
but  data were t ransformed to logx0 (x + 1) for analysis. Means represented by bars for each isolate with 
different letters above them are different according to Fisher's LSD test (P ~< 0.05). 

with the six isolates tested this study. How- 
ever, the results herein do not allow sepa- 
ration of  these isolates because nematode 
races are mainly based on plant  host 
ranges (27). 

All isolates damaged GF-677. Except for 
PvRO-S, differences in parasitic fitness 
among P. vulnus isolates on GF-677 were 
not evident (PvRO-S caused higher shoot 
growth suppression than PvAT-F). Per- 
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FIG. 2. Increase of six isolates of Pratflenchus vulnus on Ivl-26 apple rootstock 135 days after inoculation with 

100 nematodes (Pi) per  plant. A) Final nematode population (roots and soil). B) Nematodes per  gram root. 
Data are means of eight replications. Actual data are presented, but data were transformed to logl0 (x + 1) for 
analysis. Means represented by bars for each isolate with different letters above them are different according 
to Fisher's LSD test (P ~ 0.05). 
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haps a longer period of exposure of  the 
nematode to the rootstock would have al- 
lowed de te rmina t ion  of  di f ferences  in 
damage levels among isolates. In contrast, 
the host response induced by the six P. vul- 
nus isolates on M-26 apple rootstock was 
m o r e  variable.  T h e  Nor th  Amer i can  
(PvWA-U), French (PvAT-F), and geo- 
graphically undefined (PvU-UK) isolates 
did not have any adverse effect on M-26, 
whereas the two Spanish (PvAP-S, PvRO- 
S) and Argentine (PvWA-A) isolates were 
injurious. PvWA-A was highly destructive 
on M-26 apple. 

All isolates increased well on GF-677 hy- 
brid with reproduct ion factors ranging 
from 14.3 (PvWA-A) to 61.5 (PvWA-U) 
(data for this parameter  not given). On ap- 
ple, the parasitically fit forms (PvAP-S, 
PvRO-S, and PvWA-A) reproduced con- 
siderably more than the nondamaging iso- 
lates (PvWA-U, PvAT-F, and PvU-UK). 

Of  the t h r ee  potent ia l ly  d a m a g i n g  
strains, plants with the Argentine isolate 
(PvWA-A) had lower numbers of nema- 
todes per  g ram root  than plants with 
PvRO-S. However, the apparently higher 
reproductive fitness of PvRO-S should be 
taken with reserve because lower root 
weights and poorer plant development in 
plants inoculated with PvWA-A suggest 
premature destruction of the root system 
caused by this isolate. Therefore,  a clear 
correlation between the reproduction of 
PvWA-A and damage was not established. 

It is noteworthy that the North Ameri- 
can isolate (PvWA-U) reached the highest 
final nematode population (32,500) in GF- 
677. However, this same isolate attained 
the lowest Pf on apple (660). The  French 
isolate (PvAT-F) showed a similar pattern. 
In contrast, the Spanish isolate, originally 
isolated from rose (PvRO-S), reproduced 
fairly well and was quite destructive on 
both rootstocks. 

Resistance to P. vulnus is available in a 
few wild Prunus (25). Unfortunately, these 
wild species are difficult to cross or graft 
with commercial material. The search for 
new sources of resistance and its incorpo- 
ration into commercial rootstocks is cur- 

rently being vigorously pursued in Califor- 
nia (5; Ledbetter ,  USDA, Fresno, CA, 
pers. comm.),  France (26), and Spain 
(14,23). The practical implications of  this 
study are important in that it underscores 
the necessity of knowing as much as possi- 
ble about the existing diversity and poten- 
tial variability of the nematode pathogen 
against which one is trying to breed (3). 
Thus,  plant-breeding material must be 
tested with several isolates or mixtures of 
P. vulnus isolates to assure broad resis- 
tance. 
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