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PLANT RESISTANCE

Hypersensitive Response of Beans to Apion godmani

(Coleoptera: Curculionidae)
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ABSTRACT High levels of resistance to Apion godmani Wagner have been reported in bean,
Phaseolus vulgaris L., landraces from Mexico. We report on the role of hypersensitivity to A. godmani
in five resistant and three susceptible bean genotypes. In susceptible genotypes (cultivars ‘Canario
107, Jamapa’, and ‘Zacatecas 45’), the eggs and first instars of A. godmani were embedded in the pod
mesocarp and usually were surrounded by healthy tissue. In contrast, in resistant landraces (‘Am-
arillo 154’, ‘Amarillo 155, ‘J-117, ‘Puebla 36’, and ‘Pinto 168’), necrotic tissues developed concen-
trically around the oviposition site, encapsulating eggs and dead larvae. An inverse relationship
between percentage egg and larval encapsulation at the early immature pod stages and percentage
of damaged seeds at harvest was found. Results indicate that hypersensitivity in developing pods
plays an important role in antibiosis to A. godmani in beans. This information will facilitate future
genetic and biochemical research and provide much needed information concerning the phenotypic

basis of resistance to A. godmani in bean.
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Apion godmani WAGNER is a major pest of beans,
Phaseolus vulgaris L., in Mexico, Guatemala, Hondu-
ras, El Salvador, and northern Nicaragua (McKelvey
et al. 1947, Mancia 1973). A. godmani larvae feed on
immature seeds inside developing pods of beans. Thus,
seed yield, seed quality, seed germination, and market
value are all adversely affected. The economic impor-
tance of this pest varies considerably (Cardona 1989)
depending on the cultivar, sowing time, cropping sys-
tem, agronomic practices used, prevailing environ-
mental conditions, and infestation levels. Yield losses
can be as high as 90% in some endemic areas in the
highlands of Mexico and Guatemala and in mid-alti-
tude valleys of El Salvador and Honduras (Cardona
1989, Garza 1998).

Cardona (1989) summarizes the biology of A. god-
mani. Adults usually appear soon before or at flower-
ing and cause light feeding damage to leaves and
flowers before mating. Eggs are laid in the mesocarp
of developing pods (1-4 cm long). The adult female
chews a small hole in the mesocarp of the pod, usually
above the developing seed, and lays a white semi-
translucent egg that hatches in 8-9 d. There are three
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larval instars that in total last 19 d. First instars burrow
through the pod wall searching for the developing
seed, and all three instars feed on the developing
seeds. One larva per infested seed is normal, but three
to five larvae per seed may be found when infestations
are very high. The last instar forms a pupation cham-
ber inside the pod. The pupal stage lasts an average of
10 d, and newly emerged adults disperse to forested
areas until returning when the next bean crop is about
to flower. There is one generation per cropping sea-
son.

As discussed by Cardona and Kornegay (1999), host
plant resistance may be the only sustainable approach
to the integrated management of this pest, especially
in areas where beans are grown by resource-poor
farmers. Repeated efforts have been made to screen
for resistance to A. godmani. McKelvey et al. (1947)
identified sources of resistance in bean accessions
from Mexico. Some of these were later reconfirmed by
Guevara (1961) in Mexico and by Mancia (1973) in El
Salvador. Additional sources of resistance were iden-
tified in wild P. vulgaris germplasm (Acosta et al. 1992)
and in cultigens (Beebe et al. 1993, Garza and Muruaga
1993). More recently, new accessions from Mexico
with high levels of resistance were found by Garza et
al. (1996). Considerable progress has been made in
breeding for resistance to A. godmani in Central Amer-
ica (Beebe et al. 1993) and in Mexico (Garza et al.
1996). :

Advances have also been made in the understanding
of the mechanisms of resistance to A. godmani. The
general mechanism of resistance in most beans is an-
tibiosis, but ovipositional antixenosis may also play a
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major role in some accessions (Garza 1998). In the
case of antibiosis, preliminary observations by Car-
dona (unpublished data) in Honduras and by (Garza
1992) in Mexico suggested that hypersensitivity might
be an important mechanism to explain the low levels
of damage to the seeds in resistant genotypes. It was
observed in resistance screening nurseries that resis-
tant accessions seemed to respond to oviposition by
forming a callus that could impede larval penetration
of the pod wall.

According to Fernandes (1990), there are relatively
few examples of hypersensitivity as aresistance mech-
anism to phytophagous insects. The best-documented
examples include resistance to galling insects, bark
beetles, adelgids, and wood wasps. Other examples are
the resistance of wheat to Hessian fly (Shukle et al.
1992, Grover 1995), of mustard to Pieris spp (Shapiro
and DeVay 1987), and of potato to the Colorado potato
beetle (Balbyshev and Lorenzen 1997). In this arcticle
we present evidence of hypersensitivity in bean ac-
cessions resistant to A. godmani.

Materials and Methods

Plant Materials and Resistance Evaluations. Five
bean accessions previously identified as resistant to A.
godmani (Garza 1992, Beebe et al. 1993, Garza et al.
1996) were used in this study: ‘Amarillo 154, ‘Amarillo
155", ‘J-117, ‘Puebla 36’, and ‘Pinto 168’. All five are
landraces originating from different locations in the
Mexican highlands and differ in seed type and other
agronomic characteristics (Garza et al. 1996). Pinto
168 possesses characteristics of the bean race Du-
rango, and all others belong to race Jalisco (Singh et
al. 1991). Bean cultivars Jamapa’, Zacatecas 45, and
‘Canario 107 were chosen as susceptible checks
(Garza et al. 1996). ‘Jamapa’ is a small-seeded (<25
g/100 seeds) black bean; ‘Zacatecas 45’ is a medium-
seeded (25-40 g/100 seeds) beige bean; and ‘Canario
107 is a large-seeded (>45 g/100 seeds) beige bean.
These cultivars belong to bean races Mesoamerica,
Durango, and Nueva Granada, respectively (Singh et
al. 1991).

The five resistant and three susceptible bean entries
were screened for A. godmani damage using a ran-
domized complete block design with six replicates.
Each test plot consisted of one row, 12 m in length,
with a spacing of 10 cm between plants within rows
and 85 cm between rows. Beans were planted under
rainfed conditions in late May and harvested in early
October. No fertilizers were added; weeds were con-
trolled by hand. The field experiments were con-
ducted at the Santa Lucfa de Prias Research Station of
the Mexican Instituto Nacional de Investigaciones
Forestales y Agropecuarias (INIFAP) near Texcoco
during the 1994-1996 cropping seasons. The elevation
of the site is 2,250 m and mean annual precipitation is
670 mm, mostly distributed between May and Octo-
ber. Mean annual temperature and relative humidity
are 16°C and 70%, respectively. A. godmani was the
only major pest observed causing damage to the bean
plants during the experiments. Occasional low popu-
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lations of the Mexican bean beetle, Epilachna varives-
tis Mulsant (Coleoptera: Coccinellidae) were re-
moved by hand, and no pesticides were applied.

To quantify the incidence of hypersensitive reac-
tions to A. godmani oviposition, five pods (3 cm long)
per replication were collected at random every 3 d for
a period of 27 d to obtain a sample size of 50 pods per
plot. Sampling was initiated soon after the onset of
flowering in late June, which is when adults become
active in the field. The pods were taken to the labo-
ratory and examined carefully under a binocular ste-
reoscope for the presence of oviposition punctures.,
the pods were dissected longitudinally with a scalpel
to remove the pericarp and expose the eggs or first
instars present in each oviposition site. Those sur-
rounded by necrotic tissue were recorded as encap-
sulated. When no egg or larva was found at the ovi-
position site, the mesocarp was carefully dissected to
detect first instars burrowing within the pod. Dead or
living larvae surrounded by necrotic tissue were re-
corded as encapsulated.

To measure resistance levels, a random sample of 30
pods per plot was taken at crop maturity. Each pod was
examined by carefully opening the pod along the ven-
tral suture and removing each seed, which was then
checked for A. godmani damage. The numbers of dam-
aged seeds and total seeds were counted, and the
percentage of damaged seeds calculated. Accessions
were classified as susceptible (>50% damaged), in-
termediate (30-50% damaged), or resistant (<30%
damaged) as described by Garza et al. (1996).

Statistical Analyses. All data were analyzed using
SAS (SAS Institute 1988). Data were transformed to
arcsine Vproportion and analyzed using the general
linear model (GLM) procedure. Linear contrasts
were used to test for differences in percentage en-
capsulation and percentage damaged seeds between
susceptible and resistant groups. Untransformed
means are presented.

Results

Careful examination of infested pods revealed strik-
ing differences for A. godmani damage among bean
genotypes. In susceptible reactions, the eggs of A
godmani were embedded in the mesocarp of the pod
and were usually surrounded by healthy tissue (Fig,
1). In hypersensitive reactions, eggs were surrounded
(encapsulated) by necrotic tissue developed concen-
trically around the oviposition site. There was partial
to complete autolysis of the cells surrounding the egg;
this was accompanied by cellular hypertrophy and the
development of masses of amorphic, granular tissue in
the area surrounding the oviposition site. Eggs within
this callus appeared normal, and no evidence was
found of physical damage (crushing or shriveling) as
a result of tissue proliferation. Hatching did not seem
to be affected by pod tissue proliferation as evidenced
by the high proportion (up to 70%) of first instars
found encapsulated within the callus. This suggests
that resistance may be caused by the extensive pro-
liferation of tissue in infested pods, which trapped first
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Fig. 1. Apion godmani eggs: embedded in mesocarp of a susceptible bean host (A); encapsulated by necrotic tissue in

mesocarp of a highly resistant bean host (B).

instars so that death ensued. None of the encapsulated
larvae showed signs of physical damage and appeared
to have died by starvation, but we do not have evi-
dence of this. Further examination of infested pods
revealed that in highly resistant accessions, like J-117’
and ‘Amarillo 155’, some first instars managed to enter
the pod wall in search of developing seeds. Most of

these larvae were dead and encapsulated by necrotic
tissue.

Table 1. Percentag psulation of early i ure stages
(eggs and first instars) of A. godmani in the mesocarp of pods of
lected bean accessi

Genotype 1994 1995 1996
Resistant genotypes®
Amarillo 154 292 + 6.5 482 6.0 —ab
Amarillo 155 33458 39.3+58 308 £ 6.6
J-117 67179 52.5 = 6.2 81.1 +84
Puebla 36 — 477+ 38 8.0 =32
Pinto 168 — 307 %286 33641
Mean 432 = 9.6¢ 43.7 = 3.3* 384 +10.9°
Susceptible genotypes
Jamapa 50+33 82 0.7 49+ 1.7¢
Zacatecas 45 21*08 31*08 21*1.0
Canario 107 26*1.6 1008 11x04
Mean 32+0.7° 4117 2.7 +09”

Means = SEM of 6 replications per genotype, 50 pods per repli-
cation. Means within a column followed by different letters are sig-
nificantly different. Mean separation by Scheffe’s F method of sig-
nificance testing for arbitrary linear contrasts (P < 0.05). ANOVA on
transformed data testing for differences among genotypes: 1994: F =
22.9; df = 5,25; P < 0.01; 1995; F = 8.7, df = 7, 35; P < 0.01; and 1996:
F = 26.4; df = 6, 30; P < 0.01. ANOVA results for linear contrasts of
resistant vs. susceptible genotypes: 1994 - F = 17.6; df = 1, 25; P < 0.01.
1995 - F = 4.6; df = 1.35; P < 0.05. 1996 - F = 4.2; df = 1, 30; P < 0.05.

“Based on previous studies (Beebe et al. 1993; Garza et al. 1996;
Garza, unpublished data).

b Not included in trial because of lack of sced.

Analysis of percentage encapsulation of eggs and/ or
first instars for each year of testing (Table 1) revealed
significant differences among genotypes, and results
of linear contrasts showed that the role of encapsula-
tion was greater in resistant genotypes than in sus-
ceptible ones. The trend between susceptible and
resistant groups was consistent among years. Mean
percentage encapsulation ranged from 1.0% in 1995 for
‘Canario 107, a highly susceptible check, to 81.1% in
1996 for ‘J-117". ‘J-117 is the most resistant accession
tested to date for resistance to A. godmani (Garza et
al. 1996).

The analysis of percentage seed damage at harvest
for each year of testing (Table 2) also revealed sig-
nificant differences among bean accessions in all years
tested. The trend between susceptible and resistant
groups was consistent among years, and percentage
seed damage was always greater in susceptible geno-
types. Damage scores ranged from 4.3% in 1994 for
TJ-117" to 84.7% in 1996 for ‘Canario 107, the most
susceptible check. These damage ratings were consis-
tent with previously published results (Beebe et al.
1993, Garza et al. 1996). An inverse relationship be-
tween percentage encapsulation at the early immature
pod stages and percentage dry seeds damaged at har-
vest was detected (Fig. 2).

Discussion

Hypersensitivity is a term primarily used by plant
pathologists. The hypersensitivity reaction encom-
passes all morphological and histological changes in
the host that, when infected/infested by an injurious
agent, elicit the premature necrosis of the infected
tissue, as well as inactivation and restriction of the
infectious agent (Agrios 1988, Fernandes 1990). The
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Table 2. Percentage seed d
bean accessions

by A. godmani in selected

Genotype 1994 1995 1996
Resistant genotypes®
Amarillo 154 86+ 13 9.6 = 2.0 b
Amarillo 155 11.0x 16 160 £ 2.3 109*16
117 43*04 68+19 57+23
Puebla 36 — 83+ 18 12121
Pinto 168 — 75+22 10416
Mean 80+ 1.5 9.6+ 1.5 9.8+ 1.07
Susceptible genotypes
Jamapa 59.7 + 6.2 725+ 18 632+ 2.3
Zacatecas 45 461 + 4.7 477+ 41 324+ 27
Canario 107 816*19 81.0 = 1.1 84.7 = 4.0
Mean 62.5 = 7.9 67.1 = 8.0° 60.1 = 11.9¢

Means + SEM of 6 replications per genotype, 30 pods per repli-
cation. Means within a column followed by different letters are sig-
nificantly different separation by Scheffe’s F method of significance
testing for arbitrary linear contrasts (P < 0.05). ANOVA on trans-
formed data testing for differences among genotypes: 1994; F = 56.4;
df = 5, 25; P < 0.01; 1995; F = 320.7; df = 7, 35; P < 0.0L; and 1996:
F =957 df = 6,30; P < 0.01). ANOVA results for linear contrasts of
resistant vs. susceptible genotypes: 1994 - F = 49.7;df = 1,25, P<0.01.
1995 - F = 30.3;df = 1,35, P < 0.01.1996 - F= 2.5;df = 1,30; P <
0.05.

@ Based on previous studies (Beebe et al. 1993; Garza et al. 1996;
Garza, unpublished data).

b Not included in trial because of lack of seed.

existence of hypersensitive responses to sessile stages
of insects (e.g., eggs) in several crop species has been
postulated by Fernandes (1990) as an efficient de-
fense mechanism because it is usually fatal to the
intruder. Examination of the gross histological reac-
tion to A. godmani infestation in young, developing
bean pods suggests that the reaction of resistant ac-
cessions to oviposition by the insect is, in most cases,
one of hypersensitive necrosis of the tissues surround-
ing oviposition sites. More importantly, the necrosis
restricts and inactivates neonates, preventing their
dispersal to developing seeds and, thus acting as an
important mortality factor (antibiosis). To a lesser
extent, larval feeding can also elicit hypersensitive
reactions. Thus, in highly resistant accessions like
J-117 and Amarillo 155, the hypersensitive reaction to

100
80 «Canario 107
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60 P

40 4 * Zacatecas 45

Mean % of damaged seeds at harvest

Amarillo 155
Pinto 168
20 Amarillo 154
Puebla 36 ¢ oo
3117 ¢
0 T T T T T T T
0 20 40 60 80

Mean % of encapsulated eggs or first instars

Fig 2. Relationship between percentage encapsulation
of first instars and percentage damaged seeds at harvest in
eight bean accessions evaluated for resistance to Apion god-
mani.
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infestation can be so strong that first instars burrowing
in the pod wall can also be encapsulated.

The inverse relationship between percentage en-
capsulation and percentage damaged dry seeds at har-
vest suggests that high larval mortality from encapsu-
lation in resistant accessions is an important antibiotic
factor. We therefore postulate that antibiosis caused
by hypersensitivity is the main mechanism of resis-
tance to A. godmani in at least some beans. Nonethe-
less, ovipositional antixenosis (Garza 1998) can also
play a major role in some resistant accessions.

Hypersensitivity as a plant defense mechanism can
be effective only against organisms that are unable to
move readily to new feeding sites when defensive
responses are elicited (Grover 1995). This certainly is
the case with A. godmani larvae, which are embedded
in host tissue and have strongly limited movement.
The host plant-insect relationship in this case is spe-
cific, a condition that, according to Fernandes (1990),
is conducive to the development of hypersensitivity,
hence resistance. A. godmani directly affects the re-
productive capacity of the host plant and, as evi-
denced in this report, has an intimate relationship with
its host. As discussed by Beebe et al. (1993), A. god-
mani is native to Mexico, a primary center of diversity
and domestication of Phaseolus species, including P.
vulgaris (Gepts et al. 1986, Debouck 1999). P. vulgaris
therefore had a long time to coevolve with and de-
velop resistance to A. godmani in Mexico. This may
explain why high levels of resistance are found in some
Mexican bean landraces, whereas no adequate resis-
tance has been found in genotypes originating in other
regions (Beebe et al. 1993).

In most of the resistant bean landraces used in this
study, two genes segregating independently control
resistance to A. godmani (Garza et al. 1996). One gene,
Agm, has no effect when present alone, whereas the
other gene, Agr, alone confers intermediate resistance.
However, when both genes are present, resistance is
higher. In some bean landraces such as Amarillo 169,
a single dominant gene conferred high levels of resis-
tance to A. godmani, irrespective of the alleles at the
other locus, whereas Pinto Texcoco and Pinto 168
possessed two different genes imparting intermediate
resistance. The fact that resistance to this insect is
either dominant or intermediate is in agreement with
the model suggested by Fernandes (1990), who pos-
tulates that hypersensitivity is usually controlled by an
individual gene, or more rarely, by a few genes with
major effects. It remains to be elucidated whether the
genes controlling hypersensitivity in resistant bean
landraces—Amarillo 154, Amarillo 155, J-117, Puebla
36, and Pinto 168 —included in this study are the same
as those controlling ovipositional antixenosis detected
by Garza (1998) in these genotypes. Polymorphic,
well-characterized recombinant inbred lines devel-
oped from highly resistant X susceptible bean popu-
lations would be needed to find direct or tightly linked
flanking polymerase chain reaction-based DNA mark-
ers for the A. godmani resistance genes. These findings
would facilitate future genetic and biochemical re-

search and provide much needed information con-
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cerning the phenotypic basis of resistance to A. god-
mani in bean. Furthermore, results of this research
would facilitate and expedite pyramiding of different
genes and development of highly resistant bean germ-
plasm and cultivars.
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