
BREEDING, CULTIVARS, ROOTSTOCKS, & GERMPLASM RESOURCES

HORTSCIENCE 29(11):1340–1341. 1994.

 

a
d
s
.

n a
ra-

nd
ch
in-
ch
ot

ed.
ed
<1
for
s in
g a
an

ing
y-
 on
es
ing
AS
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Abstract. The inheritance of resistance to the root lesion nematode [Pratylenchus penetrans
(Cobb) Filip. and Stek.] in red raspberry (Rubus idaeus L.) was studied in a four-member
half diallel, involving two resistant genotypes and two susceptible genotypes. Estimates
general and specific combining abilities (GCA and SCA, respectively) were determined fo
nematode densities in roots alone and soil alone, nematode densities per plant, and pl
root and foliage biomass. GCA were significant for nematodes in soil and for root an
foliage biomass; SCA were significant for nematodes in the soil and for root biomas
Neither GCA nor SCA was significant for number of nematodes in the roots or per plant
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In most regions, the root lesion nemato
Pratylenchus penetrans continues to be a ma
jor limiting factor in red raspberry productio
Nematodes destroy the cortical tissue of fu
tional roots and, therefore, reduce the adso
tion of water and nutrients from the soil. Bristo
et al. (1980) and Vrain and Daubeny (198
screened R. idaeus and related Rubus geno-
types for reactions to the nematode and fo
evidence of resistance. In this context, res
tance is a measure of the effects of the hos
nematode reproduction; that is, nonresist
plants allow nematodes to multiply freely, a
partially resistant plants support intermedia
levels of nematodes. Tolerance describes
amount of injury: tolerant plants show litt
reduction in growth or biomass, even wh
heavily infected (Cook and Evans, 198
Seinhorst, 1967; Trudgill, 1991). Our inves
gation determined the mode of resistance 
tolerance inheritance using two genotyp
considered somewhat resistant and two s
ceptible genotypes as parents (Vrain a
Daubeny, 1986). We believe this to be the f
report on the inheritance of resistance to t
nematode in red raspberry.

Materials and Methods

Parents with a level of resistance to t
nematode were ‘Nootka’ and a North Ame
can red raspberry (Rubus strigosus Michx.)
selection designated ‘Dalhousie Lake’; pa
ents chosen as susceptible were ‘Chilliwa
(previously tested as BC 74-10-81) a
‘Chilcotin’ (Vrain and Daubeny, 1986). Thes
parents were used in a half diallel cross
system to generate six seedling populatio
Each population was represented by 18 to
1340
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seedlings. The seedlings were grown in
sterile peat–perlite mixture (Metromix; W.R
Grace and Co., Ajax, Ont., Canada) supp
mented with 10N–52P–10K fertilizer for 6
months before beginning the study. Plants
parent genotypes were produced from ro
cuttings taken from field-grown plants an
placed into flats of steam-pasteurized, gree
house soil (Vrain and Daubeny, 1986). Shoo
emerging from the root cuttings were remove
when they were 5 cm tall, and the etiolated e
of each was dipped into Stem-Rooting Ho
mone no. 1 (Plant Products Co., Bramale
Ont., Canada) and placed into flats of Metrom
treated with No-Damp (active ingredient 2.5%
oxine benzoate; Plant Products Co.) to cont
damping-off. The flats were covered with pla
tic humidity domes and placed on a germin
tion bed heated to 30C. After ≈2 weeks, by
which time roots had developed, plants we
placed in individual pots containing 1500 cm3

of steam-pasteurized, greenhouse soil. Sub
quently, plants were maintained in a gree
house at ≈21C with a 16-h photoperiod unti
nematode inoculation.

Nematodes were raised on greenhou
grown red raspberry plants propagated as 
scribed by Vrain and Daubeny (1986). Fo
months after inoculation with 5000 nematod
per pot, the plants were cut off at soil level a
roots were stored at 10C for 6 months until t
beginning of the experiment. When neede
the infected roots were cut into ≈2-cm-long
pieces and thoroughly mixed with the so
This nematode inoculum soil was calibrate
using Baermann pans for nematode extract
(Townshend, 1963) and diluted with pasteu
ized soil so that there were 80,000 nematod
of all life stages per liter of soil.

The inoculum soil was mixed with steam
pasteurized, greenhouse soil to give a dens
of 5000 nematodes per 1500 cm3 soil. Each
seedling was rinsed and weighed before be
planted in an individual pot. Nine to 13 plan
of each parent genotype were treated sim
larly, with equal numbers of parental gen
types placed into pots containing 1500 cm3 of
steam-pasteurized soil. All potted plants we
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placed in six randomized complete blocks i
greenhouse maintained at ambient tempe
tures, between 16 and 21C.

Eighteen weeks after inoculation, top a
root fresh weights were determined for ea
plant of the respective parent genotypes, 
cluding those not inoculated, and for ea
seedling. Percent reduction in top and ro
weight due to nematodes was calculat
Nematode counts in roots were determin
from a weighed sample of fine feeder roots (
mm in diameter) placed in a mist chamber 
7 days (Seinhorst, 1956). Nematode count
the soil of each pot were determined usin
50-cm3 soil sample placed in a Baermann p
for 7 days (Townshend, 1963).

Nematode counts were transformed us
log10 (x + 100) for statistical analyses. Anal
ses of variance of the effects of nematodes
top and root weights of the parent genotyp
were performed on nontransformed data us
the SAS general linear model procedure (S
Institute, 1985). Estimates of general and s
cific combining abilities (GCA and SCA, re
spectively) in the seedling populations we
determined for the following variables: 1) to
weight of each seedling, 2) root weight of ea
seedling, 3) number of nematodes in 50 cm3 of
soil, 4) number of nematodes per gram 
roots, 5) number of nematodes per plant (ro
and surrounding soil in each pot). All es
mates were calculated using Griffing’s (195
method adapted for unequal numbers of 
servations (England, 1974). Because the bl
× cross interactions were not significant, th
were pooled with the residual sums of squa
to form the error.

Results and Discussion

Among the parent genotypes, ‘Chilliwac
plants were least affected by P. penetrans, as
indicated by top and root weights (Table 1
These results suggest that the cultivar is re
tively nematode tolerant, despite supporti
relatively high populations (Vrain an
Daubeny, 1986). This tolerance agrees w
field observations in the Pacific Northwe
and Germany (Daubeny and Seipp, unp
lished). In contrast, ‘Chilcotin’ plants were th
most affected by the nematode, particula
with respect to root weight. This result al
agrees with field observations in the Paci
Northwest (Daubeny, unpublished). ‘Chi
cotin’ and ‘Chilliwack’ were chosen for sus
ceptibility to the nematode, as determined i
previous study (Vrain and Daubeny, 1986).
our study, plants of ‘Nootka’ and the ‘Dalhous
Lake’ selection of R. strigosus showed greater
reductions in top and root weights from nem
tode inoculations than ‘Chilliwack’, which
suggests that each is less nematode tole
despite supporting smaller numbers of nem
todes. However, the reductions in ‘Dalhous
Lake’ might have been related partially to t
generally poor vigor shown by plants of th
selection. The distribution of each variab
was examined for bimodality, which woul
indicate simple inheritance of nematode res
tance. Because we found none, we assum
quantitative inheritance.
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Table 1. Effects of Pratylenchus penetrans on top and root weights of red raspberry cultivars previously classed as resistant (R) and susceptible (S) (Vrain and
Daubeny, 1986).

Top wt (g) Root wt (g) Nematodes/
Genotype Reaction Nontreatedz Treated % Normal Nontreated Treated % Normal plant (no. × 104)
Chilliwack S 100.2 90.0 90 27.3 20.8 76 8.74 ay

Chilcotin S 71.9 35.7 50 26.1 7.8 30 1.50 c
Nootka R 100.6 81.8 81 27.3 15.2 56 3.33 b
Dalhousie Lake R 31.5 15.7 50 15.5 8.0 51 1.47 c
SE 8.11 6.83 2.84 2.39 0.177
zNontreated = no nematodes; treated = nematodes.
yMeans separated by least significant difference test at P ≤ 0.05.
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Table 2. Effects of Pratylenchus penetrans on top and root weights of six red raspberry progenies with
estimates of general and specific combining abilities (GCAz and SCA, respectively).

Cultivar
Chilliwack Chilcotin Nootka Dalhousie Lake

Top Root Top Root Top Root Top Root
Chilliwack  9.95y –3.71
Chilcotin –1.15 –1.20 –4.17 0.02
Nootka  1.01 2.82 0.15 –1.61 –0.85 –0.93
Dalhousie Lake 0.15 1.61 1.00 2.82 –1.16 –1.20 –4.93 4.62

Top wt Root wt
Parental effects df mean square mean square

Additive (GCA) 3 2356.37** 598.45**

Nonadditive (SCA) 2 59.52NS 298.26**

Error (residual) 140 289.09 58.21
zGCA estimates are arranged diagonally.
ySE for top GCA = 2.08 and SCA = 1.96; SE for root GCA = 0.93 and SCA = 0.88.
 NS, **Nonsignificant or higly significant at P ≤ 0.01, respectively.
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The highly significant GCA for top weigh
and root weight (Table 2) suggests that ad
tive gene action is involved and that either
both measures could be used for selection
nematode tolerance in raspberry breeding p
grams. Thus, parents could be chosen base
phenotypic performance. Resistance to so
important raspberry diseases, including sp
blight (Didymella applanata [Neissl] Sacc.),
fruit rot (Botrytis cinerea Pers. ex Fr.), cane
blight [Leptosphaeria coniothyrium (Fuckel)
Sacc.], powdery mildew [Sphaerotheca humil
(DC.) Burr], leaf spot (Sphaerulina rubi
Demaree & Wilcox), and Phytophthora-
incited root rot (Keep, l989) also is determin
largely by additive gene actions.

The GCA estimate was highly significan
for nematode counts in soil but was not sign
cant for either nematodes in roots or nem
todes per plant (Table 3). The highly signi
cant GCA estimate suggests that additive g
action was involved in reaction as determin
by the number of nematodes per 50 cm3 of soil.
However, this variable is not considered to 
as good a measure of host resistance as
number of nematodes per plant (Cook a
Evans, 1987; Seinhorst, 1967). This lat
measure represents the sum of the nemato
in the roots and those that have fed, rep
duced, and emerged from the roots; the
nematodes either remain in the surround
soil where they do not feed or only graze 
root hairs. Measurements of nematode den
ties in roots and soil are normally variabl
This can be due to their clumped mode 
distribution and the variable efficiencies of th
extraction of different life stages from roo
and soil. Possibly, more progenies, with mo
HORTSCIENCE, VOL. 29(11), NOVEMBER 199

Table 3. Pratylenchus penetrans resistance in six ras
number of nematodes per gram of roots and 

Chilliwack
No. nematodes per

Cultivar g 50 cm3 plant
Chilliwack 0.112y –0.046 0.012
Chilcotin –0.042 –0.046 0.00
Nootka –0.141 0.085 0.01
Dalhousie Lake –0.097 –0.039 –0.0

Parental effect df
Additive (GCA) 3
Nonadditive (SCA) 2
Error 140

zGCA estimates are arranged diagonally.
ySE for no. nematode/g GCA = 0.097 and SCA = 
SCA = 0.028.
 NS, *, **Nonsignificant or significant at P ≤ 0.05 or 0.0
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seedlings in each, would reduce variabilit
and, in doing so, would allow determination o
the resistance inheritance mode.
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otka Dalhousie Lake
 nematodes per No. nematodes per
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an square
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