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Abstract. The potato leathopper (PLH), Empoasca fabae Harris is the most important
Empoasca species attacking dry beans (Phaseolus vulgaris L.) in North America. The
objective of this study was to determine the heritability (h?) of PLH injury based on
parent-offspring regression analysis of F, means on individual F, plants derived from
crosses of pinto ‘Sierra’ (resistant) x great northern ‘Starlight’ (susceptible), and black
bean ‘Tacarigua’ (resistant) x ‘Starlight’ (susceptible). Low narrow-sense heritability
values of 0.29 + 0.06 and 0.28 + 0.10, respectively, were obtained for the above crosses.
The low narrow-sense heritability estimates indicated large environmental effects on the
expression of PLH injury in dry beans. An allelic test showed that both resistant parents

possessed the same genes for resistance.

Dry edible beans (Phaseolus vulgaris L.)
are an important cash crop in North America,
and a staple in Latin America and in east Afri-
can countries (Singh, 1999). Potato leathopper
(PLH), Empoasca fabae Harris, is an insect
pest attacking dry beans in some regions of
North America, including both the U.S. and
Canada (Murray et al., 2000; Schaafsma et al.,
1998). The related species, E. kraemeri Ross
and Moore, is the primary leathopper species
of dry beans in Latin America (Kornegay and
Cardona, 1990). Yield losses of about 20%
caused by E. fabae were reported on susceptible
bean cultivars at North Platte, Nebr. (Lindgren
and Coyne, 1995), while yield losses up to
64% caused by E. kraemeri were reported in
Latin Americabean studies (van Schoonhoven
et al., 1985).

Symptoms of PLH injury may include leaf
yellowing and distortion, downward curling
of the leaves, necrosis at the leaf tips and leaf
margins (hopperburn), and stunting of plants
(Kornegay et al., 1986). These injuries may be
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caused by both nymphs and adults feeding on
the plants (Kornegay et al., 1986).

Application of systemic and foliar spray
insecticides is a common method to control
leathoppers on dry beans (Gonzalez and
Wyman, 1991), but tolerance and antixenosis
havebeen demonstrated to be important mecha-
nisms of resistance to leafhopper feeding on
dry beans (Kornegay et al., 1986; Kornegay
and Temple, 1986). Breeding dry beans for
resistance to PLH injury could be a cost ef-
fective alternative to the use of systemic and
foliar spray insecticides to control this pest.
Resistance is regarded as being less damaging
to the environment when compared to the use
of insecticides to control leathopper feeding.
Lindgren and Coyne (1995) showed significant
differences among cultivarsinresponse to PLH
feeding based on symptoms of plant injury
and on seed yield. Selected dry bean breeding
lines developed by the Centro Internacional de
Agricultura Tropical (CIAT) for tolerance to
E. kraemeri showed useful levels of resistance
to PLH (E. fabae) injury in Ontaria, Canada,
as well (Schaafsma et al., 1998).

Nonadditive inheritance and large envi-
ronmental effects of E. kraemeri injury on
P. vulgaris has been reported (Galwey and
Evans, 1982). However, there is only limited
information in the literature concerning the
inheritance of dry bean resistance to E. fabae.
No estimates of heritability of the resistance
to E. fabae in dry beans have been previously
reported. Knowledge of the inheritance of re-
sistance of dry beans to E. fabae is a requisite
in developing effective selection and testing
methods for resistance as well as for develop-
ing a plant breeding strategy for improving
this trait.

The main objective of this research was
to determine narrow-sense heritability (h?)
estimates of leathopper injury based on the
regression of F, means on F, plants derived
from crosses between resistant and susceptible
lines under field conditions.

Materials and Methods

Crosses were made in the greenhouse
between the pinto bean cultivar, ‘Sierra’
(resistant to PLH injury) X the great northern
bean ‘Starlight’ (susceptible to PLH injury),
and the black bean ‘Tacarigua’ (resistant to
PLH injury) x ‘Starlight’ (susceptible to PLH
injury) to produce segregating populations to
study the inheritance and heritability of resis-
tance to E. fabae injury in dry beans. These
parents were selected based on the reaction of
dry bean cultivars to PLH injury in a previous
study (Lindgren and Coyne, 1995).

Parents, F, and F, progenies (160 F,
individuals per cross) from the two crosses
were planted in two, one and four-row plots,
respectively, in the field at the University of
Nebraska West Central Research and Extension
Center (WCREC), North Platte, on 27 May
1999. The rows were planted 0.9 m apart and
within row spacing was 15 cm in all experi-
ments. Parents and 47 F, families, with each
family consisting of 20 F, plants per row in
each replication were planted for two crosses
at two different sites in the field on 25 to 26
May 2000 at WCREC. The F, families were
derived from random F, plants in each cross.
The F, families and parents were planted in
rows 3 m long and 0.9 m apart and arranged
in a 7 x 7 incomplete lattice design with two
replications in two widely separate fields. One
field site had unmowed grass strips near the
plots. Grass near the plots seems to be favor-
able for attracting leafthoppers. There were no
extended grass areas near the second field site.
A previous study indicated these sites had high
potential levels of PLH infestation (Lindgren
and Coyne, 1995).

An allelic test was conducted by crossing
the resistant parents ‘Sierra’ and ‘Tacarigua’.
Seeds of ‘Sierra’, ‘Tacarigua’, 43 F , and 269
F, were planted in an observation test on 26
May 2000, at the WCREC in rows 3 m long
and 0.9 m wide. A sprinkler system was used
to irrigate the plots as needed to produce good
plant growth.

Visual scores of PLH injury were recorded
on a single plant basis for parents, F , and
F, plants on 8 Aug. 1999, when plants were
between developmental stages R6 (flowering)
andR7 (pod formation). Developmental stages
were defined according to the Centro Interna-
cional de Agricultura Tropical scale (CIAT
1986). PLH injury ratings were recorded for
twenty individuals per F, family on 4 to 6 Aug.
2000 (firstreading) when plants were atthe R6
stage (flowering), and on 16 to 18 Aug 2000
(second reading) at the R7 (pod formation)
stage of development. No differences were
observed inratings between the firstand second
dates, so the former readings were used for
data analysis. The rating scale for leafthopper
injury was 1 =no visible injury; 2 = slight leaf
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yellowing with some leaf curling; 3 = visible
yellowing on leaves, visible leaf curling, and
slightleaf wrinkling; 4 =significant injury with
yellowing on most of the leaves, significant
leaf curling and significant leaf wrinkling; and
5 = severe injury, leaves turn from yellow to
brown color and/or show severe leaf yellowing
and wrinkling.

Statistical analysis was performed using
General Linear Model and Mixed procedures
of SAS (SAS, 1997). Bean lines were consid-
ered fixed effects and sites were considered
random effects. Narrow-sense heritability was
calculated by regressing F, family means on
individual F, plant values using the formula:
h? = 2/3 b + standard error (Smith and Kin-
man, 1965).

Results and Discussion

Although no actual PLH counts were
made, a moderate to high natural incidence
of leathopper infestation was observed on
susceptible plants in all locations in 1999 and
2000. Nodifferences were noted between years
for infestation levels. A differential response
to PLH injury was observed between parents
for both F, populations in 1999. ‘Sierra’ and
‘Tacarigua’ wereresistant while ‘Starlight’ was
susceptible toleathopperinjury in all trials (Fig.
1).F,and PLH injury rating distributions were
discrete (3 classes), while the number of classes
(5) and their distributions on the F, suggests a
quantitative inheritance pattern (Fig. 1). Based
on analyses of variance (ANOVA), variances
among F3 families were highly significant for
both populations. Regression coefficients (b =
0.44 £ 0.06 and 0.42 + 0.10) and correlation
(r=0.72 and 0.51) were calculated from the
F,-F, parent—offspring regression analyses for
PLH injury for the crosses ‘Sierra’ x ‘Starlight’,
and ‘Tacarigua’ X ‘Starlight’, respectively. Low
narrow-sense heritability values of h>=0.29
+0.06 and 0.28 + 0.10 were estimated for the
crosses ‘Sierra’ X ‘Starlight’ and ‘Tacarigua’
X ‘Starlight’, respectively.

No segregation for susceptibility to PLH
injury was observed in the F, generation of the
crosses of the tworesistant parents ‘Sierra’ and
‘Tacarigua’ suggesting that they possessed the
same genes for resistance (data not shown).

A moderate level of PLH infestation each
year contributed to a differentiation between
parents and among progenies. In this study,
most of the injury ratings ranged from 1 (no
apparent injury) to 3 (visible yellowing, curl-
ing, and wrinkling on leaves). Only about
3% to 4% of the F, families had a mean score
not significantly different from the mean of
the resistant parent. Two to three families
did not segregate for resistance similar to the
resistant parent out of a total of 47 F, families
from each cross. Therefore, the best fit for the
data suggests that only a few (probably 3 to 4)
genes determine resistance to PLH injury in
dry beans. The mechanism of resistance in the
parents in this study is not known. Extensive
studies at the CIAT indicated that tolerance
is probably the main mechanism of resistance
to leathopper injury (CIAT, 1980). More than
22,000 common bean accessions were evalu-

HortScience VoL. 39(7) DecemBer 2004

ated at CIAT for resistance to leathopper (E.
kraemeri)injury, withonly 3.4% of them classi-
fied asresistant (Kornegay and Cardona, 1990).
Most of the resistant lines showed tolerance to
leafthopper damage (Kornegay and Cardona,
1990). Tolerance and antixenosis resistance
mechanisms are mentioned most frequently
as mechanisms for leathopper injury in dry
beans, (Galwey and Evans, 1982; Kornegay and
Cardona 1990; Kornegay and Temple, 1986;
Kornegay et al., 1986; Schaafsma et al., 1998;
van Schoonhoven et al., 1985). Antixenosis
was observed in some resistant accessions at
CIAT; however, this mechanism of resistance
may be related to low yield and plant biomass
(Kornegay and Cardona, 1990). The injury
caused by E. kraemeri in the tropics is greater
than injury caused by E. fabae in the temperate
zone. This findingis likely related to the greater
number of generations of the insect produced
per year in the tropics. In addition to ‘Sierra’
and ‘Tacarigua’, resistance to leathopper (E.
fabae and E. kraemeri) injury has been reported
in dry beans ‘Wells Red Kidney’, ‘Refugee’
and U.S. ‘Refugee No. 5’ (Beyer, 1922; CIAT,
1975; Gates, 1945).

The low narrow-sense heritability estimates
obtained for both crosses in this study is due to
the large environmental effect on the expres-
sion of the PLH injury. Errors in rating due to
difficulties in distinguishing small differences
for PLH injury among the F, genotypes in the
intermediate classes also may contribute to
low heritability estimates. Earlier studies also
reported low correlation coefficients between

Sierra x Starlight

damage scores due to E. kraemeri in F, plants
and their F, families although heritability was
notestimated (Galwey and Evans, 1982). These
authors (Galway and Evans, 1982), attributed
their results to the limited genetic variability
among genotypes and to difficulties in rating
PLHinjuryinindividual plants. The significant
genotype x environment (P>F0.001) interac-
tion for F, families observed in both crosses
in the current study may be a reason for the
low h? estimates.

Uniformity of insect infestation and PLH
feeding and control of other factors causing
similar plant symptoms (e.g., herbicide injury
symptoms) as PLH feeding may help to secure
more reliable results (Galwey and Evans,
1982). Those factors are difficult to control
in experiments using F, plants since there is
no replication of the genotypes. Although it
may be difficult to obtain good precision for
PLH injury in the intermediate segregating
rating classes of F, plants, resulting in some
genotypes incorrectly classified, the studies
are still valuable.

The heritability estimates are useful in
determining the amount of selection pressure
to apply to get successful results when work-
ing on this trait. A high selection pressure is
recommended when the heritability estimates
are low in value. The development of recom-
binant inbred lines (RIL) from these crosses
might be more useful than the F, families
from F, in estimating heritability because it
would permit the testing of large numbers of
families in more replications and multiple loca-

Tacarigua x Starlight
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Fig. 1. Leafhopper injury rating distributions for F, individuals (1999) and F, random families (2000) for
crosses pinto ‘Sierra’ (resistant) X great northern ‘Starlight’ (susceptible), and ‘Tacarigua’ (resistant)
X great northern ‘Starlight” (susceptible). F, bean plants and F, families grown at North Platte, Nebr.
(rating scale: 1 = no apparent injury, 5 = severe injury).

1579



tions. This is particularly important since the
incidence of PLH injury should be evaluated
under the different conditions. Homozygous
and homogeneous RIL planted in replicated
tests over different environments would permit
more precise evaluations of the response of the
dry bean lines for PLH injury.

The heritability estimates from these stud-
ies used in conjunction with the availability
of molecular markers linked to genes for
PLH resistance could be useful for marker
assisted selection (MAS) and gene pyramiding
procedures. Application of those techniques
would assist in combining resistance genes
into individual cultivars to get a long lasting
type of resistance especially when the trait has
low heritability estimates.

Additional studies, including the screening
of more lines/cultivars of dry beans, could
result in increased resistance of dry beans
to leathopper injury. It would result in an
economic savings by a reduction in the ap-
plication of insecticides to control the potato
leathopper.
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