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Abstract, A wide-base pickling cucumber (Cucumis sativus L.) population was formed
by Intercrossing all available cucumber lines (1063) and selecting for short fruit length,
Affter intercrossing twice, 112 5, planis and thelr half-sih propeny were evaluated for
Rhlzoctonla fruit rot resistance using a detached-fruit test. Parent-offspring regression
indicated a narrow-sense heritability of 0.24, considered low to moderate. Gain from
selection was calculaiedfor 2 recurrent selection systems. Based on the herltability
estimate, selection using replicated progeny rows was recommended for improving

resistance to this trait,

In the southern United States cucumber
yield losses to fruit rot caused by Rhizoc-
tonia solant Kuchn have averaged 7% to 9%,
reaching as high as 40% under optimum dis-
ease conditions (7). There is usually an ad-
ditional loss due to the cost of hand-culling
the diseased fruit, and froit quality is low-
ered as well, since a certain number of dis-
eased fruit accidently are processed. These
problems make Rhizoctonia frait rot an im-
ponant disease of commercially-grown cu-
cumbers.,

Host resistance would be an economical
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method of control if a source of resistance
were found. Single-pene resistance to Rhi-
zoctonia fruit rot in cucumbers has been
identified (1) but may be due to the gene,
H, for heavy netting on the fruit surface,
making the fruit unsuitable horticulturally.
Moderate levels of resistance exist in some
lines, but heritability of that resistance has
not been estimated, Single-pens resistance
would offer a source for rapid genetic im-

L, but quantitative resistance can be
used if high-level single-gene sources for re-
sistance are not available. Recurrent selec-
tion can be usad to increase the number of
minor genes for resistance in a population.
To determine the extent of genetic contrel of
resistance, and to estimate the amount of
progress that can be made in each cycle of
selection, an estimate of heritability is needed.
The estimate also permits the determination
of the best selection method to use (2, 4).
This predictive role is important, since se-
lection only can be applied to the phenotype,
and success in changing the characteristics
of a population can be predicted only from
a knowledge of the degree of correspondence
between phenotypic values and breeding val-
uess (3).
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Table |.  Mean, heritability, variances, and gains from selection for resistance to Rhizoctonia fruit rot
resistance in the NCWBP population as determined by parent-offspring regression.

Statistic Definition Value?
X Population mean 2.1 %
1 Most susceptible family 120 %
L Maost resistant family 0.0 %
bop Parent-offspring regression coefficient 0.1z
by Marrow-sense heritability 0.24
o?y, Additive genetic variancs 6.40%2
Tr Phenotypic standard deviation (single-plant selection) 5.17%
Tpqus Phenotypic standard deviation (half-sib family selection) 0.78%
Gsm Gain from selection (single-plant) 1.6 %
Gsqugy Gain from selection (half-sib family) 3.6 %

Data were half-sib family means of 3 detached fruit per family placed on soil inoculated with Rhizor-
tonia solani at the rate of 3100 graing/m? and rated for the percentage (%) of total fruit surface covered

with l=sions.

The objective of this study was to deter-
mine the heritability of Rhizoctonia fruit rot
resistance in cucumber using parent-off-
spring regression analysis in a wide base
pickling cucumber population, and 1o esti-
mate gain from recurrent selection using sin-
gle-plant and half-sib family testing methods.

A method of screening for resistance de-
veloped for use in the Morth Carolina State
University breeding program was used to test
the families in the heritability study (5). A
similar method was used by Clark and Block
{1} to screen the USDA plant introduction
collection of cucumbers held at Ames, Towa,
for Rhizoctonia fruit rot resistance.

In 1981, 1063 cucumber cultivars, plant
introduction lines, and breeding lines were
intererossed in isolation to construct a wide
base population. After eliminating all but the
pickling cucumber types, the population was
intercrossed a 2nd time in isolation at Clin-
ton, N.C. in 1982 to form the North Carolina
Wide Base Pickle (NCWBF) population.

The 4 isolates of Rhizoctonia solani nsed
in these studies were obtained from M.J.
Goode, Dept. Plant Pathology, Univ. of Ar-
kansas, Fayetteville, AK 72701. All wers in
anastomosis group 4. The isolates were tested
for pathogenicity and then were grown on
acidified potato dextrose agar (PDA). Inoc-
ulum was produced by introducing 1 em®
pieces of the acidified PDA containing R.
solani growth into autoclavable bags con-
taining 300 m! of oat prains, and 250 ml of
tap water, all of which previously had been
autoclaved twice. All tests wers conducted
on fruit having a diameter of about 50 mm.

Plastic flats (450 » ‘520 mm) were filled
to a depth of about 50 mm with steam ster-
ilized field soil classified as a Norfolk-Rus-
ton sandy loam. Soil in the flats then was
inoculated with about 3100 oat grains colo-
nized with R. solani/m?.

One fruit was harvested from each of 112
S, plants chosen at random and tested for
Rhizoctomia fruit rot reaction as follows. Froit
free of disease lesions were harvested on 2
dates (16 Aug. and 7 Sept. 1982) to account
for differences in maturity, The fruit then
were placed on inoculated soil in flats in a
greenhouse so that neither end of the fruit
was touching the soil. The flats of soil and
froit then were watered and covered with
newspaper. The soil was kept damp by
watering lightly every 3 days. Temperature
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in the greenhouse ranged from 24°C at night
to 33° during the day. After 10 days, the fruit
were scored individually for the pumber of
lesipns per fruit and the percentage of the
total fruit surface that was infected.

A 2nd fruit was harvested from each of
the 112 8 plots on 20 Sept. 1982 to produce
seed for measuring Rhizoctonia fruit rot re-
sistance of the progeny in 1983. Progeny
plots, each a half-sib family, were planted
on 13 May 1983 at Clayton, N.C. Plots were
1.3 m long with 1.5 m alleys and 1.5 m
between rows. Three fruit from each half-
sib family were harvested and rated as de-
scribed above for the parents in 1982,

Narrow-sense heritability is defined as the
ratio of additive genetic variance to -
typic variance {h’N = o?,/c?p). This value
can be estimated as twice the regression of
breeding value on phenotypic value, or twice
the regression of parents on offspring (h2y
= 2 bop) (3, 8). |

Gain from selection can be determined from
the following formula. For individual plant
selection, the gein from selection (G,) per
year would be: Ggy = k (1/2) ¥y opq,
For half-sib family selection, gain would be:
Gseasy = k (1/4) uﬂmﬂgs,, where k is the
selection intensity in SD, h*y is narrow-sense
heritability, opq, is the square root of the
phenotypic variance of individual plants, o2,
is the additive genetic variance, and opms,;
is the square root of the phenotypic variance
of half-sib families.

The variance of the parental population
(%) was 26.7 and the additive variance (02,,)
was estimated to be 6.4 The half-sib family
means were regressed on the matemal parent
value using the percentage of fruit surface
infected as the measure of Rhizoctonia fruit
rot resistance. The covariance of offspring
and parent was used to estimate additive ge-
netic variance as shown above, and the var-
iance of the parents was used to esimate
phenotypic variance for calculation of gain
from selection.

The mean percentage of the fruit surface
covered with lesions for the entirs population
was 2.1% (Table 1). Damage to individual
fruit ranged from 0% to 12%, indicating that
the population had a moderate level of re-
sistance. The glope (b) of the parent-off-
spring regression was 0.12. Therefore, the
narmow-sensé heritability for Rhizoctonia fruit
ot resistance was estimated to be 0.24, con-

sidered to be low to moderate, Other esti-
mates for beritability of horticultural traits in
cucumber have ranged from 0.17 for yield
to 0.68 for number of days to harvest (6).

Gain from selection was estimated for
phenotypic recurrent selection (single-plant
selection without control of the pollen par-
ent) and modified half-sib family selection
(best families intercrossed in isolation for se-
lection control of both parents). Given the
resources available in the North Carolina State
Univ. breeding program, we estimated that
with about the same amount of effort, 8000
plants could be evaluated using phenotypic
recurrent selection, and 800 plots (400 fam-
ilies,, 2 replications) if modified half-sib family
selection were used., We assumed that 80 of
8000 single plants were selected, and that 40
of 400 half-sib families were selected.
Therefore, the values of k would be 2.66 and
1.76 for phenotypic recurrent selection and
madified half-sib family selection, respec-
tively. Gain from selection was estimated as
follows:

Gm} = 2.645 = I].S X 1124 b4 S.IT -
1.6% fruit surface damaged / cycle; Ggus;
= 1.76 X 0.25 % 6.4 %X 0.78 = 3.6%
fruit surface damagedfcycle.

Gain would be made at the rate of one
cycle per year for both methods if the season
were long enough to test and then intercross
the best half-sib families in isclation for
maodified half-sib family recurrent selection.
Thus, the population could be made com-
pletely resistant in 1 or 2 cycles (years) of
selection, depending on which method were
used. Since the vnselected population was
rated as mostly resistant, it may be desirable
to develop a severe test to permit selection
for higher levels of resistance. However, the
heritability of 0.24 indicates that resistance
can be incorporated into adapted cultivars
using recurrent selection. As with all traits
having low heritability, environmental vari-
ation should be controlled during selection
by using replicated progeny rows,
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