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ABA Increases Susceptibility of Pepper Fruits to Infection of Anthracnose by 
Collectotrichum acutatum
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To examine the relationship between plant hormones
and the development of pepper anthracnose, we investi-
gated the effects of several plant hormones on the
progression of disease symptoms. Of the five plant
hormones examined, abscisic acid (ABA) increased the
lesion length and disease incidence on detached fruits of
Capsicum annuum cv. Nokkwang. The simultaneous
application of ABA with inoculation of Colletotrichum
acutatum JC24 resulted in increased lesion length,
depending the concentration of ABA applied. Addition-
ally, application of ABA caused the development of
pepper anthracnose in fruits of Capsicum baccatum cvs.
PBC80 and PBC81, which were previously resistant to
the disease. Furthermore, ABA administration rendered
increased pathogenicity of other isolates of C. acutatum
BAC02063, PECH10, and TCBNU3 obtained from the
Chinese matrimony vine, peach, and tea tree, respec-
tively. Our data suggest that exogenous ABA may result
in the suppression of defense mechanisms of pepper
fruits against anthracnose, which leads to a change in
the susceptibility of pepper fruits and the development
of pepper anthracnose.
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Infection by fungal pathogens results in changes in host

plant physiology as well as mechanical and biochemical

disruptions. In the case of some plant pathogens such as

Botrytis cinerea, the susceptibility of plant organs, parti-

cularly fruits and flowers, increases with ageing and ripen-

ing. Plant hormones that accelerate senescence, such as

ethylene, tend to increase susceptibility, while those that

delay senescence, such as cytokinin and gibberellin, tend to

increase resistance (Elad, 1988, 1997). 

Because plant development and responses to environ-

mental cues are highly regulated by plant hormones, mani-

pulation of hormone signals in host plants might create

suitable environments for pathogen growth and reproduc-

tion. Indeed, certain plant pathogens are capable of produc-

ing plant hormones (Lahey et al., 2004; Tudzynski, 2005).

Biosynthesis of the plant hormone gibberellin was original-

ly observed in Fusarium species to cause rice bakanae

disease (Malonek et al., 2005). Overproduction of other

plant hormones such as auxin and cytokinin by certain

bacterial pathogens is the basis for tumor and gall formation

in host plants (Escobar et al., 2001). Maor et al. (2004)

recently reported in planta production of the auxin indole-

3-acetic acid (IAA) by Colletotrichum gloeosporioides; C.

gloeosporioides produces most of its IAA by the indole-3-

aceteamide (IAM) pathway, which is absent in the host

plant (Robinson et al., 1998). Interestingly, significantly

higher amounts of IAA were produced by C. gloeospori-

oides during the biotrophic phase of the infection than

during the necrotrophic phase (Maor et al., 2004). These

results may indicate that IAA production plays an important

role in fungi by jamming plant defense mechanisms, thereby

causing hormone imbalances at the early infection stage.

Some plant pathogens successfully induce disease via

their ability to suppress the inducible defense responses of

their hosts. However, knowledge of the mechanisms of

defense repression caused by fungal pathogens and the

chemical nature of the responsible suppression is limited.

The saponoin degradation product β2-tomatine mediates

the suppression of defenses in tomato plants by interfering

with fundamental signal transduction processes (Bouarab et

al., 2002; Martin-Hernandez et al., 2000). Supprescine A

and B, which are secreted by the pea pathogen Mycos-

pherella pinoides, cause a delay in the elicitor response or

PAL transcription and a delay in the accumulation of

pisatin, the main phytoalexin of peas (Yamada et al., 1989).

Some suppressors isolated from germination fluid or

culture fluid of phytopathogenic fungi have been reviewed

by Shiraishi et al. (1994). To control certain diseases, it is

very important to understand the infection mechanisms of

the pathogen.

Pepper anthracnose is one of the major limiting factors in

red pepper production. The yield loss is serious because

pepper fruits exhibiting anthracnose have little market

value. In Korea, the annual damage resulting from this di-
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sease has been estimated at more than US $100 million,

corresponding to approximately 10% of the total annual

pepper production. Anthracnose creates lesions mainly on

immature green and mature red fruits and leaves. Park and

Kim (1992) reported that several Colletotrichum species,

such as C. gloeosporioides, C. dematium, C. coccodes, and

C. acutatum, and Glomerella cingulata were involved in

the anthracnose symptoms, with C. gloeosporioides being

the dominant pathogen. Recently, the major pathogen has

been changed from C. gloeosporioides to C. acutatum,

even though it has not been illustrated the changing reasons

(Kim et al., 2008). However, it is unclear how C. acutatum

is able to infect pepper fruits, and whether infection by C.

acutatum is related to plant hormones. In the case of post-

bloom fruit drop caused by C. acutatum in citrus plants, an

imbalance of some plant hormones in citrus flowers infect-

ed by C. acutatum may be involved in symptom develop-

ment and young fruit drop (Lahey et al., 2004). Here we

examined whether plant hormones are related to symptom

development of pepper anthracnose caused by C. acutatum.

Materials and Methods

Collection and maintenance of isolates. Four isolates of

Colletotrichum acutatum obtained from several plants were

used. Isolates JC24, BAC02063, PECH10, and TCBNU3

were prepared by single-spore isolation from diseased red

pepper, Chinese matrimony vine, peach, and tea trees,

respectively. Each piece of diseased fruit or leaf was

surface-sterilized with 2% sodium hypochlorite for 1 min

and washed twice with sterile distilled water (SDW), and

then placed on potato dextrose agar (PDA; Difco Labora-

tories, Detroit, MI) amended with 300 μg/ml of strepto-

mycin sulfate. All plates were incubated at 25ºC for 5 days

to induce fungal growth. Following incubation, spores were

harvested with sterile distilled water and washed twice with

SDW. The spore concentration was adjusted to 1×106

conidia/ml, and 50 μl of the spore suspension were spread

on PDA amended with 300 μg/ml of streptomycin. Three

days after incubation at 25oC, mycelial discs at the margin

of a small colony were cut and sub-cultured. All isolates

were grown on PDA at 25oC and maintained on PDA slants

at 4oC until used.

Preparation of inoculum of C. acutatum for the

pathogenicity test. To prepare inoculum suspension, each

isolate of C. acutatum was cultured on PDA for 7 days in

the dark at 25oC. Ten ml of SDW was poured into the

culture, and filtered through four layers of cheesecloth to

remove mycelial debris. The conidial suspension was

washed twice in SDW by decanting the supernatant after

centrifugation of the conidial suspension at 3,000×g for 15

min, then adjusted to 1×106 conidia/ml with a hemo-

cytometer. 

Effect of plant hormones on the pathogenicity of C.

acutatum. Effect of plant hormones ABA, gibberellic acid

(GA), indole butyric acid (IBA), 6-benzylaminopurine (BA),

and ethephon were evaluated on their pathogenicity toward

several isolates of C. acutatum. In the laboratory, detached

fruits harvested from pepper plants (cv. Nokkwang) grown

in greenhouses were used for determining the pathogenicity

of each isolate. Plant hormones were tank-mixed with a

spore suspension of C. acutatum JC24, and the concen-

tration was adjusted to 10, 1, and 0.1 mM prior to appli-

cation. Fruits were wounded by a pin used for measuring

blood sugar (Accu-Chek® Softclix®) and inoculated by

applying 5 μl of a conidial suspension drop-wise to the

wound with each concentration of plant hormone. Two

wound sites were created per fruit. Inoculated fruits were

placed in plastic containers (30×20×10 cm, W×L×H)

containing three sheets of paper towel soaked in 100 ml of

distilled water to maintain high humidity (>95% RH).

Control fruits were inoculated with SDW with and without

wounding. All treatments were performed in triplicate with

ten pepper fruits. Lesion lengths were measured 1 and 2

weeks after inoculation to assess disease development. For

investigating the effect of ABA on the development of

anthracnose, a concentration of ABA adjusted to 0.0032,

0.016, 0.08, 0.4, 2.0, and 10.0 mM in a conidial suspension

of C. acutatum JC24 was applied to two sites on each fruit

(5 μl per site) with and without wounding. Storage of fruits

in plastic containers maintained high humidity. The lesion

lengths at the inoculation sites were measured every day

beginning 3 days after inoculation.

Effect of ABA on the resistance of Capsicum species

against pepper anthracnose. Detached fruits harvested

from the pepper plants grown in greenhouses were used in

the laboratory test. Capsicum annuum cv. Jejujaerae and C.

baccatum cvs. PBC80 and PBC81 were used as susceptible

and resistant plants to the anthracnose pathogen, respec-

tively. For the inoculation of C. acutatum JC24, 2 mM of

ABA tank-mixed with conidial suspension adjusted to 1×

106 conidia/ml was applied by dropping 5 μl onto the wound

sites. To assess disease development, disease incidence was

investigated at each replicate 2 weeks after inoculation.

Disease incidence was calculated as the percentage of

inoculated sites per replicate that were diseased in relation

to the total number of wound sites examined.

Effect of ABA on the pathogenicity of several isolates of

C. acutatum against pepper fruit. The C. acutatum

isolates JC24, BAC02063, PECH10, and TCBNU3 were
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obtained from diseased red pepper plants, Chinese matrimony

vines, peach, and tea trees, respectively. Conidial suspen-

sions were adjusted to 1×106 conidia/ml to which 2 mM of

ABA was added, and 5 µl of the mixture were applied drop-

wise onto the wound sites of the fruit. Following 2 weeks of

storage in a plastic humidity container, disease incidence

was investigated for each replicate by calculating the percent-

age of the number of inoculated sites per replicate that were

diseased in relation to the total number examined.

Results

Effect of plant hormones on the development of pepper

anthracnose. To investigate the effect of five plant hor-

mones on pepper anthracnose, lesion lengths of anthracnose

were measured twice, 1 and 2 weeks after inoculation.

ABA and GA showed a tendency of increased lesion length

at the wound sites inoculated with C. acutatum JC24,

whereas BA appeared to decrease the lesion length (Fig. 1).

IBA and ethephon did not affect the symptom development

of pepper anthracnose. Two weeks following inoculation,

the largest lesion (53.7 mm) was observed after treatment

with 1.0 mM of ABA. Figure 2 shows the development of

pepper anthracnose after treatment with ABA. However,

there was no effect of ABA at sites inoculated without

wounds. Lesion length rapidly increased 4 days after a 10

mM treatment of ABA to a fruit wound, reaching 38.7 mm

in length after 10 days.

Effect of ABA on the resistance of Capsicum species to

C. acutatum. Using detached fruits of Capsicum annuum

cv. Jejujaerae and C. baccatum cvs. PBC80 and PBC81 as

Fig. 1. Effect of plant hormones on the development of pepper
anthracnose caused by Colletotrichum acutatum JC24. Plant
hormones were applied simultaneously with a conidial suspension
of C. acutatum JC24 adjusted to 1×106 conidia/ml by dropping
onto wounded pepper fruits. The lesion lengths caused by pepper
anthracnose were measured 1 (A) and 2 (B) weeks following
inoculation.

Fig. 2. Effect of abscisic acid (ABA) on the development of pepper anthracnose caused by Colletotrichum acutatum JC24. ABA was
applied simultaneously with a conidial suspension of C. acutatum JC24 adjusted to 1×106 conidia/ml by dropping onto wounded (A) and
intact pepper fruits (B). The lengths of the lesions caused by pepper anthracnose were continuously measured beginning 4 days after
inoculation (DAI).
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susceptible and resistant plants to the anthracnose pathogen,

respectively, we investigated the effect of ABA on the

resistance of Capsicum species to C. acutatum. When C.

acutatum JC24 was inoculated onto a pepper wound site by

dropping a conidial suspension adjusted to 1×106 conidia/

ml, C. baccatum cvs. PBC80 and PBC81 showed resistant

responses with disease incidences of 7.0 and 2.5%,

respectively. Jejujaerae was susceptible to C. acutatum

JC24, showing a 27.5% disease incidence. However, when

detached fruits were inoculated with a conidial suspension

of C. acutatum JC24 including 2 mM of ABA, the disease

incidence of all cultivars of C. annuum and C. baccatum

was increased by more than 30%. Figure 4 shows the

results of dropping 2 mM of ABA alone onto wound sites,

which did not induce any symptoms; even Jejujaerae, a

cultivar susceptible to anthracnose, as well as the resistant

cultivars PBC80 and PBC 81, were symptomless.

Effects of ABA on the pathogenicity of several isolates

of C. acutatum toward pepper fruit. We examined the

pathogenicity of four isolates of C. acutatum obtained from

red pepper plants, peach trees, Chinese matrimony vine,

and tea trees on C. annuum cv. Nokkwang. When each of

the four isolates was administered without ABA, JC24 and

Fig. 3. Effect of abscisic acid (ABA) on the development of
pepper anthracnose in fruits of the susceptible Capsicum annuum
cultivar Jejujaerae, as well as the resistant Capsicum baccatum
cultivars PBC80 and PBC81. To prepare the inoculum, a conidial
suspension of C. acutatum JC24 harvested from a 10-day culture
was adjusted to 1×106 conidia/ml. Conidial suspensions with and
without 2 mM of ABA were dropped onto wounds of pepper
fruits of susceptible and resistant cultivars. The disease incidence
of pepper anthracnose was investigated 2 weeks after inoculation.

Fig. 4. Photographs of pepper anthracnose lesions on fruits of the susceptible Capsicum annuum cultivar Jejujaerae and the resistant
Capsicum baccatum cultivars PBC80 and PBC81. (A) A 2 mM dose of ABA was applied to each wound, (B) Each fruit was inoculated
with Colletotrichum acutatum JC24 only, and (C) Each fruit was inoculated with a conidial suspension of C. acutatum JC24 with 2 mM of
ABA.

Fig. 5. Effect of abscisic acid (ABA) on the pathogenicity of
Colletotrichum acutatum cultivar Nokkwang in pepper fruits. The
four isolates of C. acutatum used in this study were obtained from
pepper plants, Chinese matrimony vine, peach, and tea trees. To
prepare the inoculum, conidial suspensions of each isolate of C.
acutatum harvested from a 10-day culture were adjusted to 1×106

conidia/ml. Conidial suspensions with and without 2 mM of ABA
were dropped onto the wounds of pepper fruits. The disease
incidence caused by pepper anthracnose was investigated 2 weeks
after inoculation.
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TCBNU3 obtained from pepper and tea plants showed 60%

and 65% pathogenicity, respectively. Conversely, the disease

incidence in PECH10 was 20%, while that in BAC02063

was 10%. However, the pathogenicity of all isolates of C.

acutatum increased markedly when inoculated together

with 2 mM of ABA (Figs. 5 and 6). The disease incidence

of C. acutatum BAC02063 isolated from the Chinese matri-

mony vine increased from 10% to 80% when inoculated

with 2 mM of ABA.

Discussion

We demonstrated that ABA had a significant effect on the

pathogenicity of C. acutatum. Simultaneous inoculation of

C. acutatum JC24 with ABA resulted in increased incidence

of pepper anthracnose. Depending on the concentration of

ABA administered, the anthracnose lesion length increased

at the wound site of pepper fruits inoculated with a conidial

suspension of C. acutatum JC24 with ABA. The simultane-

ous inoculation of C. acutatum JC24 with 2 mM of ABA

resulted in a change in the resistance response of Capsicum

baccatum cv. PBC80 and PBC81, which were previously

resistant to pepper anthracnose. With other isolates of C.

acutatum obtained from Chinese matrimony vine, peach,

and tea plants, ABA recovered the pathogenicity of C.

acutatum that did not initially appear to infect pepper fruits.

ABA is one of the most important plant hormones known;

thus, its action mechanisms have been studied extensively

for decades. ABA appears to influence several physiological

and developmental events (Busk, 1998; Leung and Giraudat,

1998). It plays important roles in the adaptation of vegeta-

tive tissues to abiotic environmental stresses such as

drought and high salinity, as well as in seed maturation and

dormancy (Jensen et al., 1996; McCarty, 1995). In addition,

ABA suppressed the induction of systemic acquired

resistance (SAR) in Arabidopsis by inhibiting the pathway

both upstream and downstream of salicylic acid (SA),

independently of the jasmonic acid/ethylene-mediated signal-

ing pathway (Yasuda et al., 2008).

With Capsicum annuum cv. Jejujaerae susceptible to

pepper anthracnose and C. baccatum cv. PBC80 and PBC81

resistant to it, Kim et al. (2004) reported that several mech-

anisms were involved in the defense of resistant pepper

fruits against C. gloeosporioides infection, including pro-

grammed cell death (PCD) and cuticle thickening in epider-

mal cells related to resistant responses. Disease resistance

in plants is often characterized by a rapid PCD. The local

cell death confines the growth of the pathogen and is

accompanied by a battery of defense responses that together

result in the resistance of plants to pathogen attack. These

induced defenses include the rapid production of reactive

oxygen species (ROS) as well as nitric oxide, the local

thickening of cell walls, and transcription-dependent mech-

anisms such as the production of hydrolytic enzymes and

phytoalexins (Bowles, 1990; Brisson et al., 1994; Delledonne

et al., 1998; Lamb and Dixon, 1997). Soybean cell cultures

(cv. Williams 82) responded to Pseudomonas syringae ex-

pressing the avirulence gene AvrA with PCD of plant cells

to pathogen attack. This PCD was reported to be under the

control of SA via an unknown mechanism (Ludwing and

Tenhaken, 2000). In the presence of low concentrations of

SA, the cells showed very rapid cell death, which required

only half of the time normally needed for the hypersensitive

reaction (HR). Northern blot studies of defense-related

genes showed that the expression of many of these genes

was tightly linked to the status of the cell death program

rather than to pathogen-derived elicitors. Thus, the ex-

pression was much faster in the SA-accelerated PCD than

in the normal HR. In contrast, other pathogen-responsive

genes were induced independently of the speed of PCD,

Fig. 6. Photographs of pepper anthracnose on pepper fruits of Colletotrichum acutatum cultivar Nokkwang. A: Colletotrichum acutatum
JC24 isolated from pepper; B: C. acutatum PECH10 from peach; C: C. acutatum BAC02063 from the Chinese matrimony vine; D: C.
acutatum TCBNU3 from tea plants.
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indicating a divergent signaling mechanism. Recently,

Yasuda et al. (2008) reported that treatment with ABA

suppressed the induction of SAR in Arabidopsis using two

types of SAR-inducing chemicals, 1,2-benzisothiazol-3(2H)-

one1,1-dioxide and benzo(1,2,3)thiadiazole-7-carbothioic

acid S-methyl ester, which act upstream and downstream of

SA, respectively, in the SAR signaling pathway. In an

analysis using several Arabidopsis mutants in combination

with these chemicals, treatment with ABA suppressed SAR

induction by inhibiting the pathway both upstream and

downstream of SA, independently of the jasmonic acid/

ethylene-mediated signaling pathway (Yasuda et al., 2008).

SAR induction even by the NaCl-activated environmental

stress response proved to be dependently suppressed by

ABA. In this study, the simultaneous application of ABA

with the C. acutatum JC24 pathogen resulted in increased

lesion length and disease incidence in pepper fruits and the

development of typical anthracnose symptoms in fruits of

C. baccatum cvs. PBC80 and PBC81 previously resistant to

pepper anthracnose. These results indicate that ABA may

suppresses defense mechanisms such as PCD and cuticle

thickening at wound sites of fruits of C. baccatum cvs.

PBC80 and PBC81 inoculated with C. acutatum JC24.

Given that this defense-mechanism-suppressing effect of

ABA also occurred in C. annuum cv. Nokkwang, which is

normally susceptible to anthracnose, other isolates of C.

acutatum showing a low pathogenicity to cv. Nokkwang

were able to develop typical symptoms of anthracnose. We

did not observe increased pathogenicity through inoculation

of pepper fruits at non-wound sites. This may be because

ABA was not absorbed into the epidermis of the pepper

fruits. Future studies should concentrate on quantifying the

changes in ABA at wound sites treated with the plant

hormone, and should examine the role of ABA in the

development of pepper anthracnose.

When the lethal yellowing of coconut palms associated

with mycoplasma-like organisms was examined, diseased

coconut palms showed symptoms such as premature nut

fall and inflorescence necrosis followed by leaf yellowing

and leaf necrosis, and died within 3-6 months (Plavsic-

Banjac et al., 1972). The concentration of ABA in the

leaves and the capacity of leaf tissue to form ethylene

increased in affected palms, suggesting that a hormone

imbalance occurred in diseased palms (León et al., 1996).

Furthermore, treatment of healthy palms with an ethylene-

releasing agent (ethephon) resulted in symptoms that

mimicked some of the leaf yellowing of LY symptoms.

However, our results indicated that healthy fruits of C.

annuum cv. Jejujaerae and C. baccatum cvs. PBC80 and

PBC81 inoculated with 2 mM of ABA did not exhibit

typical symptoms of pepper anthracnose (Fig. 4). Also,

ABA did not have an effect on increasing the mycelial

growth of C. acutatum JC24 on PDA inoculated with 2 mM

of ABA (data not shown).

Several reports have shown that imbalances in plant

hormones caused typical pathogen symptoms. For ex-

ample, infection of citrus flower petals by C. acutatum

triggered significant accumulation of IAA, ethylene, and

jasmonic acid, supporting the role of these plant hormones

in the development of young fruit drop and disease

progression (Lahey et al., 2004). Inoculation of pepper

fruits with C. acutatum JC24 might not trigger the

accelerated accumulation of ABA at infection sites on

fruits; however, exogenous ABA might result in sup-

pressing the defense mechanisms of pepper fruits, followed

by a change in the susceptibility of pepper fruits and the

development of pepper anthracnose even on the fruits of

resistant cultivars. Therefore, to understand the pathogenic

mechanisms of C. acutatum leading to pepper anthracnose,

the role of plant hormone imbalance at the infection sites

and the suppression of plant defense-related gene ex-

pression by plant hormones should be examined.
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