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Plants are obliged to defend themselves against a wide 
range of biotic and abiotic stresses. Complex regulatory 
signaling networks mount an appropriate defense response 
depending on the type of stress that is perceived. In re-
sponse to abiotic stresses such as drought, cold, and salin-
ity, the function of abscisic acid (ABA) is well documented: 
elevation of plant ABA levels and activation of ABA-re-
sponsive signaling result in regulation of stomatal aperture 
and expression of stress-responsive genes. In response to 
pathogens, the role of ABA is more obscure and is a re-
search topic that has long been overlooked. This article 
aims to evaluate and review the reported modes of ABA ac-
tion on pathogen defense and highlight recent advances in 
deciphering the complex role of ABA in plant–pathogen 
interactions. The proposed mechanisms responsible for 
positive or negative effects of ABA on pathogen defense are 
discussed, as well as the regulation of ABA signaling and in 
planta ABA concentrations by beneficial and pathogenic 
microorganisms. In addition, the fast-growing number of 
reports that characterize antagonistic and synergistic inter-
actions between abiotic and biotic stress responses point to 
ABA as an essential component in integrating and fine-
tuning abiotic and biotic stress-response signaling networks. 
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The capacity of plants to cope with the constant threat of a 
variety of plant pathogens demonstrates the efficiency of their 
defensive machinery. Plants possess preformed physical and 
biochemical barriers. When these constitutive defenses are 
overcome by a pathogen, recognition leads to a complex sig-
naling cascade of inducible defense responses. The phytohor-
mones, salicylic acid (SA), jasmonate (JA), and ethylene (ET) 
were shown to modulate these signaling pathways. Instead of 
forming isolated hormonally controlled signaling cascades, 
complex regulatory signaling networks with frequent cross-
talk mount an appropriate defense response depending on the 
type of pathogenic stimuli that is present (Glazebrook 2005; 
Lorenzo and Solano 2005; Thomma et al. 2001; van Loon et 
al. 2006). Furthermore, there is frequent cross-talk between the 
signaling networks controlling the responses to abiotic stresses 
(Fujita et al. 2006; Mauch-Mani and Mauch 2005). The use of 
shared components in biotic and abiotic stress responses is 
rationalized by economical use of biochemical resources, 

whereas antagonistic relationships between different stress 
responses result from the plants’ need to activate an appropri-
ate response to the type of stress that is encountered. 

The phytohormone abscisic acid (ABA) not only regulates 
plant developmental processes such as seed maturation, dor-
mancy, inhibition of germination, photoregulation, inhibition 
of lateral root formation, senescence, and flowering inhibition 
but also has a primary function in response to salt, drought, 
and osmotic and cold stress (Finkelstein and Rock 2002; 
Finkelstein et al. 2002). In addition to this well-studied func-
tion in the response to abiotic stress, a fast-growing number of 
studies have demonstrated that ABA also is involved promi-
nently in the response to pathogens and is implicated in the 
integration of different stress-response signaling networks. 
However, to date, our knowledge regarding the functions of 
ABA in response to pathogens is still very fragmentary. ABA 
was reported to play an ambivalent role in pathogen defense 
and several putative mechanisms were proposed (Mauch-Mani 
and Mauch 2005). This article aims to evaluate and review the 
reported modes of ABA action on pathogen defense and high-
light recent advances in deciphering the complex role of ABA 
in plant–pathogen interactions. 

Mechanisms involved in the modulation  
of disease resistance by ABA. 

Mounting evidence suggests that ABA plays an ambivalent 
role in defense responses to pathogens, acting as both a posi-
tive and negative regulator of disease resistance by interfering 
at multiple levels with biotic stress signaling. In this context, a 
wide range of putative mechanisms underpinning the benefi-
cial and detrimental effects of ABA on plant defense have been 
proposed, including the suppression of SA- and ET/JA-de-
pendent basal defenses, synergistic cross-talk with JA signal-
ing, suppression of reactive oxygen species (ROS) generation, 
induction of stomatal closure, and stimulation of callose depo-
sition. A comprehensive overview of the effects of ABA in 
various plant–pathogen interactions is provided in Table 1, and 
the proposed modes of ABA action will be discussed in this 
section. Generally, the outcome of alterations in ABA content 
or ABA signaling seems independent of the pathogen lifestyle 
or mode of pathogen attack, because ABA can influence resis-
tance against both necrotrophs and biotrophs positively and 
negatively. Furthermore, differences in plant species used in 
the various experimental systems can account only in part for 
the diverse effects of ABA on resistance. For example, in to-
mato, ABA is associated predominantly with susceptibility but, 
in Arabidopsis, both negative and positive effects on resistance 
were reported. Moreover, the conflicting results cannot be com-
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pletely reconciled by assuming that the role of ABA is plant–
pathogen interaction specific because, within the same inter-
action, several modes of action of ABA with divergent effects 
on disease resistance might be involved at different stages of 
infection. For instance, in Arabidopsis, ABA-regulated sto-
matal closure is a key element of preinvasion SA-regulated 
innate immunity to Pseudomonas syringae (Melotto et al. 2006), 
whereas post-penetration virulence of the same pathogen de-
pends on ABA-mediated suppression of several basal defense 
responses (de Torres-Zabala et al. 2007; Mohr and Cahill 2003, 
2007). These results demonstrate that the timing of infection is 
also a crucial element in the regulatory role of ABA on patho-
gen defense. 

Suppression of phenylalanine ammonia lyase activity, sec-
ondary metabolites, and SA accumulation. A possible mecha-
nism that can explain the negative impact of ABA on pathogen 
defense is the suppression of phenylalanine ammonia lyase 
(PAL) activity by basal or elevated ABA levels (Audenaert et 
al. 2002; McDonald and Cahill 1999; Ward et al. 1989). PAL 
is a key enzyme in the early steps of the phenylpropanoid 
biosynthetic pathway, leading to the production of secondary 

antimicrobial metabolites, including phytoalexins and phyto-
anticipins. Incompatible interactions between soybean and 
Phytophthora sojae were marked by a sharp increase in PAL 
activity within 4 h postinoculation, which was not present in 
compatible interactions and could be suppressed by exoge-
nous ABA application (McDonald and Cahill 1999). In con-
trast, artificial reduction of ABA levels with norflurazon during 
inoculation with compatible isolates elevated PAL activity 
and led to the formation of incompatible lesions (McDonald 
and Cahill 1999). It was shown earlier in the same plant patho-
system that ABA suppresses PAL activity at the transcrip-
tional level (Ward et al. 1989). Furthermore, resistance in 
this interaction was correlated with the accumulation of the 
phenylpropanoid-derived compound glyceollin, which could 
be suppressed by ABA treatment, and was not correlated with 
lignin deposition or with the expression of a hypersensitive 
response (HR) (Mohr and Cahill 2001). These data show that 
plant ABA levels can determine the outcome of a plant–
pathogen interaction by controlling the accumulation of phy-
toalexin production through regulation of phenylpropanoid 
biosynthesis. 

Table 1. Effects of abscisic acid (ABA) on plant-pathogen interactions and proposed mode of ABA actiona 

   Method and effect on resistance  

   ABA  
decrease 

Inactivation of ABA 
signaling 

ABA  
increase 

 

Host plant Pathogen Mode of actionb Method Effect Method Effect Method Effect Reference 

Arabidopsis Pseudomonas syringae Suppression of basal 
defense responses 

bm: aao3 + + im: abi1-1, abi2-1, 
35S::HAB1 

+ + ex – de Torres-Zabala et al. 
2007 

Arabidopsis Pseudomonas syringae Suppression of SA 
responses and lignin 
accumulation 

bm: aba1-1 = im: abi1-1 = ex, ds – – Mohr and Cahill 2003, 
2007 

Arabidopsis Pseudomonas syringae Stomatal closure in 
innate immunity 
pathway 

bm: aba3-1 – – gcsm: coi1-20, ost1-2  ex + Melotto et al. 2006 

Arabidopsis Alternaria brassicicola Stimulation of JA 
biosynthesis 

bm: aao3-2, 
aba2-12 

– – im: abi4-1 – – ND  Adie et al. 2007 

Arabidopsis Alternaria brassicicola Priming for callose 
deposition 

bm: aba1-5 – im: abi4-1 – ex + Ton and Mauch-Mani, 
2004 

Arabidopsis Plectosphaerella 
cucumerina 

Priming for callose 
deposition 

bm: aba1-5 = im: abi4-1 = ex + Ton and Mauch-Mani, 
2004 

Arabidopsis Plectosphaerella 
cucumerina 

ND bm: aba1-6 + + im: abi1-1, abi2-1 + + ND ND Hernández-Blanco et al. 
2007 

Arabidopsis Sclerotinia sclerotiorum Stomatal closure bm: aba2-1 – – im: abi1-1(-), abi2-
1(=), abi3-1(-) 

–/= ND ND Guimarães and 
Stotz,2004 

Arabidopsis Ralstonia solanacearum Signaling in irx-mediated 
resistance (leading to 
antimicrobial 
compounds) 

bm: aba1-6 – – im: abi1-1, abi2-1 – – ND ND Hernández-Blanco et al. 
2007 

Arabidopsis Leptosphaeria maculans Signaling in RLM path-
way leading to callose-
dependent and –inde-
pendent resistance 

bm: aba1-3, 
aba2-1,  
aba3-1 

– im: abi1-1(-), 
abi4-1(- -), abi2-
1(=), abi3-1(-), abi5-
1(=) 

–/– –/= ex = Kaliff et al. 2007 

Arabidopsis Fusarium oxysporum Suppression of JA/ET 
responses 

bm: aba2-1 + ND ND ND ND Anderson et al. 2004 

Arabidopsis Hyaloperonospora 
parasitica 

ND bm: aba1-1 + + im: abi1-1 = ex, ds = Mohr and Cahill 2003 

Arabidopsis Pythium irregulare Stimulation of JA 
biosynthesis 

bm: aao3-2, 
aba2-12 

– – im: abi4-1 – – ND ND Adie et al. 2007 

Arabidopsis Botrytis cinerea ND bm: aao3-2, 
aba2-12 

+ + im: abi4-1 + ND ND Adie et al. 2007 

Tomato Botrytis cinerea Suppression of SA re-
sponses, PAL activity, 
hydrogen peroxide 
accumulation and cell 
wall fortification 

bm: sitiens, 
notabilis, 
flacca; bi: 
fluridone 

+ + ND ND ex, ss, ds – Audenaert et al. 2002; 
Asselbergh et al. 2007; 
Achuo et al. 2006 

      (continued on next page)

a ND: not determined; =: no significant effect; +: moderate positive effects; ++: relatively strong positive effects; –: moderate negative effects; – –: relatively strong negative 
effects on disease resistance, based on the authors’ evaluation of disease indexes in each report; bm: biosynthesis mutants; bi: biosynthesis inhibition; im: insensitive mutants;
gcsm: guard cell signaling mutants; ex: exogenous application; ds: drought stress; cs: cold stress; ss: salt stress; os: osmotic stress; ps: proton stress. 

b Proposed mode of ABA action on defense responses. SA: salicylic acid; JA: jasmonate; ET: ethylene. 
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Besides leading to the formation of antimicrobial secondary 
metabolites, the phenylpropanoid pathway is involved in the 
synthesis of the plant defense hormone SA. In Arabidopsis, 
gene-for-gene resistance to Pseudomonas syringae is SA de-
pendent and application of exogenous ABA prevents the accu-
mulation of SA and suppresses resistance (Mohr and Cahill 
2007). Transcriptome analysis confirmed the ABA-mediated 
suppression of genes in the early steps of the phenylpropanoid 
pathway, including PAL and 4-coumarate/CoA ligase (Mohr and 
Cahill 2007). In tomato, it was shown that the ABA-deficient 
sitiens mutant is hypersensitive to the SA analog benzothiadi-
azole and displays a hyperinduction of PAL activity after patho-
gen attack (Audenaert et al. 2002). Comparison of the transcrip-
tome of sitiens and wild-type tomato confirmed transcriptional 
activation of the phenylpropanoid biosynthetic pathway in 
sitiens, and also showed an increased accumulation of SA-in-
ducible defense-related transcripts such as PR1 both prior to and 
quickly after inoculation with Botrytis cinerea (Asselbergh et al. 
2007). A higher basal PR1 mRNA accumulation also was de-
tected in other ABA-deficient tomato mutants (Thaler and 
Bostock 2004). In addition, downregulation of β-1,3-glucanase 
transcripts, another SA-inducible pathogenesis-related (PR) pro-
tein (PR2), was detected in tobacco cell cultures treated with 
ABA (Rezzonico et al. 1998). Together, these results indicate 
that exogenous ABA application can suppress SA accumulation 

and SA-inducible defense transcript accumulation, whereas a 
decrease in endogenous ABA results in constitutive activation 
and hyperinduction of SA-dependent defenses. 

In addition to the repression of phenylpropanoid biosynthesis, 
other mechanisms were suggested for the suppressive effect of 
ABA on SA-inducible gene expression. Adie and associates 
(2007) proposed that ABA-SA antagonism also could be ex-
plained by an indirect effect based on the ABA-mediated in-
duction of JA biosynthesis. Another conceivable justification 
for ABA-SA antagonism lies in the positive effect of ABA on 
callose formation. Callose was shown to block SA-inducible 
defense responses (Nishimura et al. 2003); therefore, the ac-
tion of ABA on SA-dependent responses could be partly due to 
enhancement of callose deposition. Both of these hypotheses 
are discussed later. 

Suppression of ROS accumulation. The importance of ROS 
accumulation during pathogen defense is well documented 
(Apel and Hirt 2004; Lamb and Dixon 1997; Torres and Dangl 
2005; Wojtaszek 1997). Analysis of the resistance mechanisms 
of the ABA-deficient sitiens tomato mutant revealed the im-
portance of rapid and extensive hydrogen peroxide accumula-
tion in arresting the necrotrophic pathogens B. cinerea and Er-
winia chrysanthemi (Asselbergh et al. 2007, 2008). Extracellu-
lar hydrogen peroxide accumulation and activation of peroxi-
dases in sitiens caused rapid cell wall modification upon 

Table 1. Continued from preceding page 

   Method and effect on resistance  

   ABA  
decrease 

Inactivation of ABA 
signaling 

ABA  
increase 

 

Host plant Pathogen Mode of actionb Method Effect Method Effect Method Effect Reference 

Tomato Erwinia chrysanthemi Suppression of ROS 
accumulation and cell 
wall fortification 

bm: sitiens + + ND ND ex – – Asselbergh et al. 2008 

Tomato Oidum neolycopersici ND bm: sitiens + ND ND ex = Achuo et al. 2006 
Tomato Pseudomonas syringae Suppression of SA 

responses 
bm: sitiens, 

flacca 
+ ND ND ss – Thaler and Bostock 2004 

Tomato Sclerotinia sclerotiorum ND bm: sitiens + + ND ND ND ND Asselbergh and Höfte, 
unpublished results 

Tobacco Peronospora tabacina ND ND ND ex – –   Salt et al. 1986 
Tobacco Ralstonia solanacearum ND ND ND ex –   Steadman and Sequira 

1970 
Tobacco Tobacco mosaic virus Stimulation of callose 

deposition 
ND ND ND ND ex + Whenham et al. 1986; 

Fraser and Whenham 
1989; Balazs et al. 
1973; Rezzonico et al. 
1998 

Barley Erysiphe graminis  
f. sp. hordei 

ND ND ND ex – –   Edwards 1983 

Barley Blumeria graminis  
f. sp. hordei 

ND ND ND ND ND ex, os, ps + Wiese et al. 2004 

Potato Phytophthora infestans Unknown ND ND ND ND ex – – Henfling et al. 1980 
Potato Cladosporium 

cucumerinum 
ND ND ND ND ND ex – – Henfling et al. 1980 

Rice Magnaporthe grisea Suppression of whole-
plant-specific 
resistance 

bi: fluridone + ND ND ex, cs – Koga et al. 2004 

Rice Bipolaris oryzae Priming for MPK5-
mediated repression of 
ethylene signaling 

bi: fluridone = ND ND ex + De Vleesschauwer and 
Höfte, unpublished 
results 

Bean Colletotrichum 
lindemuthianum 

ND bi: fluridone – ND ND ex + Dunn et al. 1990 

Lily Botrytis elliptica Stomatal closure in 
probenazol-induced 
resistance 

ND ND ND ND ex + Lu et al. 2007 

Wheat Erysiphe graminis  
f. sp. tritici 

ND ND ND ND ND ND ND Nikitina and Talieva 2001

Soybean Phytophthora sojae Suppression of PAL 
activity, glyceollin 
accumulation 

bi: norflurazon + + ND ND ex – – Ward et al., 1989; 
McDonald and Cahill 
1999; Mohr and Cahill 
2001 
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pathogen inoculation by protein cross-linking and incorpora-
tion of phenolic compounds, causing the arrest of pathogen 
progression. Pathogen susceptibility could be restored by 
application of exogenous ABA or by pharmacologic disruption 
or removal of hydrogen peroxide accumulation (Asselbergh et 
al. 2007). Extensive ROS accumulation and increases in per-
oxidase activity as a result of ABA deficiency is consistent 
with the hyperinduction of SA-inducible defenses in ABA mu-
tants (Asselbergh et al. 2007; Audenaert et al. 2002). Many 
studies report on the relationship between ROS and SA in 
biotic stress responses. It is believed that ROS and SA work 
together in a self-amplifying system in establishing systemic 
acquired resistance (Alvarez et al. 1998; Durrant and Dong 
2004; Van Breusegem et al. 2001; Van Camp et al. 1998). This 
model is corroborated by ABA deficiency-triggered potentia-
tion of both ROS- and SA-mediated defense. On the other 
hand, ROS are important messengers in ABA-mediated stress 
responses. ROS are key signals in regulating stress-adaptive 
ABA responses (Pastori and Foyer 2002) and ABA signaling in 
guard cells requires ROS formation to interact with Ca-
channels to induce stomatal closure (Kwak et al. 2006; Li et al. 
2006). Interestingly, guard cell ABA activates ROS-generating 
NADPH oxidases (Kwak et al. 2006), which are also necessary 
for ROS production during pathogen defense (Torres and 
Dangl 2005). Furthermore, ROS production resulting in 
stomatal closure could be induced by application of plant cell 
wall degradation products (oligogalacturonides) (Lee et al. 
1999), and it was shown that hydrogen peroxide-dependent 
defense responses in sitiens most likely also are elicited by oli-
gogalacturonides (Asselbergh et al. 2008). Together, it seems 
that at least some components of ROS generation and ROS-
signaling activation are common for ABA-responsive abiotic 
stress signaling in guard cells and for hyperactivation of patho-
gen defense in ABA-deficient plants. At present, the mecha-
nism by which ABA-deficiency in sitiens leads to rapid exten-
sive ROS formation upon pathogen attack is conjectural. 

ABA effect on JA/ET-responsive defenses. The antagonistic 
effect of ABA on JA/ET pathogen defense signaling was pro-
posed as an alternative mechanism for ABA to negatively 
influence pathogen defense (Anderson et al. 2004; Mauch-
Mani and Mauch 2005). By using PDF1.2, CHI, and HEL 
transcript accumulation as markers for JA/ET-responsive gene 
expression in Arabidopsis, it was shown that both basal and 
JA/ET-induced defense gene expression was suppressed by ex-
ogenous ABA and was upregulated in ABA-deficient aba1 and 
aba2 mutants, the latter resulting in increased resistance to 
Fusarium oxysporum (Anderson et al. 2004). 

During wound and pathogen stress, positive and negative 
interactions between JA and ET signaling pathways are essen-
tial for the establishment of suitable plant defense responses. 
During pathogen attack, ET and JA cooperate through tran-
scriptional induction of ET response factor 1 (ERF1), which 
results in activation of pathogen response genes such as 
PDF1.2, CHI, and HEL. In response to wounding, JA activates 
the transcription factor AtMYC2, leading to wound stress-spe-
cific gene activation (such as VSP and lox). Repression of 
pathogen response genes by AtMYC2 and repression of 
wound response genes by ERF1 constitute important points of 
cross-talk between the two signaling pathways (Lorenzo and 
Solano 2005). AtMYC2 expression was shown to be activated 
by ABA (Lorenzo et al. 2004) and it was suggested that ABA 
precedes JA in the activation of AtMYC2-mediated wound 
responses (Lorenzo and Solano 2005). Therefore, AtMYC2 
functions as a mediator of ABA to repress JA/ET-induced 
pathogen response (Anderson et al. 2004). However, the sup-
pression of JA/ET-induced pathogen response genes by ABA 
cannot be attributed solely to AtMYC2, because a suppressive 

effect remained in an Atmyc2-negative mutant background 
(Anderson et al. 2004). Antagonistic interactions between ET 
and ABA signaling form an alternative mechanism of ABA to 
repress the JA/ET-induced pathogen response. For example, it 
was shown that ET treatment quickly induces activation of 
ABI1 and ABI2, two negative regulators of ABA signaling (De 
Paepe et al. 2004). Furthermore, by using ABA and ET signal-
ing mutants, it was shown that the relationship between the 
two phytohormones is mutually antagonistic in vegetative tis-
sues (Anderson et al. 2004). 

Recent evidence suggests that the antagonistic ABA-ET 
crosstalk might be modulated by the ET-responsive element 
binding factor AtERF4 (Yang et al. 2005). AtERF4 is a tran-
scriptional repressor whose expression is induced by ABA, ET, 
or JA exogenous treatment, while its overexpression leads to 
the inhibition of GCC box-containing defense genes, ET 
insensitivity, and decreased ABA sensitivity. In rice, exoge-
nous ABA treatment has been shown to decrease endogenous 
ET levels and, consequently, increase host susceptibility to 
Magnaporthe oryzae (Yang 2007). Elegant research by Yinong 
Yang’s group revealed that the suppressive effect of ABA on 
the ET signaling pathway is mediated by the OsMPK5 gene. 
OsMPK5 encodes an ABA-inducible mitogen-activated protein 
kinase that positively regulates endogenous ABA level and 
abiotic stress tolerance but negatively modulates endogenous 
ET level, PR gene expression, and resistance to M. oryzae 
(Xiong and Yang 2003; Yang 2007). 

Although antagonistic interactions between JA and ABA have 
been reported (Lorenzo and Solano 2005; Moons et al. 1997), 
these two hormones often act as positive regulators in the same 
signaling pathway. In Arabidopsis guard cells, both JA and ABA 
induce stomatal closure by activation of identical secondary 
messengers, such as ROS, NO, Ca2+ permeable cation channels, 
and S-type anion channels (Munemasa et al. 2007). Recently, 
Adie and associates (2007) demonstrated that ABA is an essen-
tial signal leading to JA biosynthesis, with resultant activation of 
defense responses against the damping-off oomycete Pythium 
irregulare. Defense signaling against this pathogen relies partly 
on ET and SA but is predominantly mediated by JA, with JA-
insensitive coi1 mutants showing extreme susceptibility. Tran-
scriptome analysis of wild-type, ET-, SA-, and JA-related mu-
tants (Col0, ein2-5, sid2-1, and coi1-1, respectively) after infec-
tion with P. irregulare allowed the division in JA-, ET-, and SA-
dependent and JA-, ET-, and SA-independent genes induced by 
P. irregulare. P. irregulare-induced JA-, ET-, and SA-dependent 
genes were dominated by JA-responsive genes. Meta-analysis 
confirmed the dependence on JA-responsive genes as well as 
revealed high similarity of the P. irregulare-induced transcrip-
tome with the response to ABA. Promoter analysis of the JA-, 
ET-, and SA-dependent P. irregulare-induced genes also re-
vealed an overrepresentation of ABA response elements. Fur-
thermore, the P. irregulare-induced transcriptome independent 
of JA, ET, and SA clustered together with the profiles of re-
sponses to ABA and abiotic stresses. ABA-deficient (aba2-12) 
and ABA-insensitive (abi4-1) mutants showed impaired JA bio-
synthesis and increased susceptibility upon P. irregulare infec-
tion (Adie et al. 2007). Together, these results elegantly show the 
requirement for ABA signaling to activate JA-dependent resis-
tance to P. irregulare. Interestingly, this study also confirmed the 
downregulation by ABA of a group of JA/ET-responsive genes, 
such as PDF1-2, HEL, and b-CHI, which confirmed earlier find-
ings (Anderson et al. 2004). However, the transcriptomic view 
showed that the major effect of ABA is the opposite, activating 
many ABA-specific and ABA- or JA-related defense genes 
(Adie et al. 2007). 

Collectively, it appears that the cross-talk of ABA with JA 
and ET signaling pathways occurs at multiple convergence 
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points with opposite effects on disease resistance. On the one 
hand, ABA acts negatively on the specific set of pathogen re-
sponse genes that are controlled synergistically by ET and JA, 
leading to enhanced disease susceptibility. On the other hand, 
ABA positively affects JA biosynthesis in the activation of de-
fense responses against the oomycete P. irregulare. 

Stomatal closure. When effects of ABA on disease resis-
tance are evaluated, special care should be taken to discrimi-
nate between direct and indirect effects on pathogen defense, 
especially during interactions with root rot or wilting patho-
gens. Because these types of pathogens impinge plant water 
balances or fluxes and cause severe dehydration stress, ABA-
induced abiotic stress responses to enhance dehydration stress 
tolerance will be activated and, thereby, can reduce disease 
symptoms. ABA-induced stomatal closure to limit evaporation 
water loss and to counteract wilting symptoms is a nice exam-
ple of an indirect positive effect of ABA on pathogen defenses, 
because it is principally an abiotic stress response and not a 
response to biotic stress. 

In addition to these indirect effects, a biologically very rele-
vant direct positive effect of ABA signaling on pathogen defense 
is by closing stomata to prevent pathogen invasion. It was 
shown recently that stomatal closure is integral to preinvasion 
pathogen-associated molecular pattern (PAMP)-induced innate 
immunity to bacteria (Melotto et al. 2006; Underwood et al. 
2007). Stomata close upon recognition of plant pathogens, hu-
man pathogens (plant nonpathogens), and isolated PAMP 
molecules, a process that requires ABA signaling in guard cells 
and ABA biosynthesis (Melotto et al. 2006). Moreover, it was 
elegantly demonstrated that Pseudomonas syringae pv. tomato 
needed the virulence factor coronatine in order to enter internal 
leaf tissue by inhibiting ABA-induced stomatal closure. 
Coronatine, a JA mimic, counteracts PAMP-induced stomatal 
closure downstream of ABA but requires functional COI1 sig-
naling. Interestingly, PAMP-induced stomatal closure was 
compromised in SA-deficient transgenic nahG plants and SA-
biosynthetic mutant eds16-2 plants, indicating that defense 
through stomatal closure is an integral part of the SA-regulated 
innate immune system (Melotto et al. 2006). These results 
show that counteracting ABA-dependent signaling in guard 
cells is a pathogenic strategy to overcome preinvasion SA-
regulated innate immunity. This is in sharp contrast to the 
upregulation of ABA signaling and ABA biosynthesis needed 
for post-penetration virulence (de Torres-Zabala et al. 2007) 
and the repression of SA accumulation and SA-dependent de-
fense gene expression by ABA during infection (Mohr and 
Cahill 2007), both in the same plant pathosystem. Interest-
ingly, stomatal defense and bacterial suppression of stomatal 
defense seem to be common phenomena in plant–bacterium 
interactions, because PAMPs also induce stomatal closure in 
tomato, which also could be modulated by P. syringae pv. to-
mato (Melotto et al. 2006). Considering that, in natural envi-
ronments, bacterial and many fungal pathogens rely entirely 
on accidental wounds or natural plant openings such as sto-
mata to enter internal plant tissues, the impact of stomatal de-
fense on plant–pathogen interactions in nature can hardly be 
overestimated. It remains to be elucidated whether PAMP-
induced ABA-signaling is limited to guard cells or whether 
ABA-induced signaling early upon pathogen recognition also 
occurs in other plant cell types. 

In addition, it was shown earlier that the fungal toxin fusicoc-
cin promotes stomatal opening and antagonizes ABA-induced 
stomatal closure (Marré 1979). Also, the fungal necrotrophic 
pathogen Sclerotinia sclerotiorum uses the virulence factor ox-
alate to prevent ABA-induced stomatal closure during infec-
tion (Guimarães and Stotz 2004). Increased wilting and facili-
tation of hyphal emergence and secondary colonization were 

proposed to result from the prevention of stomatal closure. The 
mechanism by which oxalate suppresses ABA-induced stomatal 
closure remains unknown (Guimarães and Stotz 2004), and the 
elucidation of this mechanism will be complicated further by 
the multiple functions of oxalate in necrotrophic virulence 
(Van Kan 2006). Nevertheless, ABA-induced stomatal closure 
is undoubtedly an important plant defense strategy towards 
pathogens. 

Stimulation of callose deposition. Another positive effect of 
ABA on pathogen defense is its ability to stimulate callose 
deposition. Callose is a β-1,3-glucan that is deposited in cell 
wall appositions (papillae) that can block pathogen entry (Aist 
1976). It was reported that both ABA signaling and callose for-
mation are prerequisites for β-amino butyric acid (BABA)-
triggered induced resistance to Plectosphaerella cucumerina 
and Alternaria brassicicola in Arabidopsis (Ton and Mauch-
Mani 2004). Treatment with exogenous ABA could mimic the 
effect of BABA and resulted in priming for callose and resis-
tance to P. cucumerina. In addition, Arabidopsis resistance to 
Leptosphaeria maculans through the RLM1col pathway and to 
Pythium irregulare was shown to be partly mediated by ABA-
dependent callose formation, next to callose-independent 
ABA-dependent resistance mechanisms (Adie et al. 2007; 
Kaliff et al. 2007). ABA treatment in barley also caused papil-
lae-mediated resistance against Blumeria graminis f. sp. hordei 
(Wiese et al. 2004). In the interaction of tomato with Botrytis 
cinerea, callose deposition was low in the ABA-deficient si-
tiens mutant and was not important for its resistant response. 
However, ABA-dependent callose formation was involved in 
basal defense of wild-type tomato (Asselbergh and Höfte 
2008). It was hypothesized that basal ABA levels in tomato are 
sufficiently high to create a primed state for callose deposition 
whereas, in Arabidopsis, which contains approximately 20-
fold less ABA than tomato, exogenous ABA (or BABA) is 
needed to provoke priming for callose deposition (Asselbergh 
and Höfte 2008). Furthermore, it seems that, compared with 
the levels of tomato resistance caused by strong SA-dependent 
responses (resulting from ABA-deficiency) and the strong ef-
fects of ABA-induced priming for callose in Arabidopsis, 
ABA-dependent callose formation only marginally influences 
resistance in tomato (Asselbergh and Höfte 2008). 

In contrast to these reports, a negative effect of ABA on cal-
lose deposition was shown in Arabidopsis challenged with Pseu-
domonas syringae pv. tomato (de Torres-Zabala et al. 2007). 
ABA-hypersensitivity (in abi1-sup7 and abi1-sup5 mutants) 
and exogenous ABA treatment strongly reduced callose depo-
sition, while ABA-insensitive mutants (abi1-1 and abi2-1) 
showed augmented callose deposition (de Torres-Zabala et al. 
2007). 

It is noteworthy that, in some cases, ABA does not directly 
regulate callose deposition upon pathogen attack but, rather, 
modulates the priming of its deposition (after BABA treatment) 
(Flors et al. 2005). Also, the fact that BABA treatment en-
hances the capacity to resist abiotic stress (Ton et al. 2005) 
indicates that priming for callose deposition is mediated by 
ABA-responsive signaling components that are common for 
biotic and abiotic stress responses. This view is supported by a 
recent study, which shows that salt stress and BABA act syner-
gistically in tomato to induce resistance to P. syringae pv. to-
mato (Baysal et al. 2007). 

The molecular mechanisms behind the modulation of cal-
lose by ABA remain to be elucidated. It was suggested that 
ABA could control callose deposition by regulating vesicle-
mediated transport of callose synthase proteins. Transcriptional 
activation by ABA of specific N-ethyl-malmeimide-sensitive 
fusion protein attachment protein receptors was speculated to 
direct callose synthase proteins to the site of pathogen attack 
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(Flors et al. 2005). Alternatively, it was proposed earlier that 
ABA downregulates β-1,3-glucanases, which use callose as a 
substrate (Rezzonico et al. 1998). 

ABA mediates global shifts  
in plant stress-response priority. 

ABA negatively regulates disease phenotypes in a forceful 
manner. Although ABA can affect disease resistance both posi-
tively and negatively, ABA seems to act as a negative regulator 
of defense in most plant–pathogen interactions that were stud-
ied (Table 1). One common trend that is observed among the 
different interactions in which ABA negatively influences dis-
ease resistance is the relatively strong effects of ABA on dis-
ease phenotypes. For example, ABA pretreatment of potato 
slices altered the interaction with an incompatible isolate of 
Phytophthora infestans to obtain disease symptoms indistin-
guishable from a compatible interaction. Furthermore, the 
same ABA treatment allowed development of Cladosporium 
cucumerinum, normally a nonpathogen of potato (Henfling et 
al. 1980). In tomato, occurrence of maceration caused by E. 
chrysanthemi was strongly reduced in the ABA-deficient si-
tiens mutant and spreading maceration symptoms were com-
pletely absent. This drastic reduction of disease symptoms is 
remarkable, considering that sources of resistance to this 
broad-spectrum pathogen are rare (Asselbergh et al. 2008). 
Fast and extensive extracellular hydrogen peroxide accumula-
tion in sitiens was shown to be essential in establishing resis-
tance to both E. chrysanthemi and B. cinerea (Asselbergh et al. 
2007, 2008). Interestingly, production of ROS normally is not 
effective against necrotrophic pathogens such as B. cinerea or 
can even facilitate necrotrophic tissue colonization (Govrin 
and Levine 2000). The effective arrest of B. cinerea by a 
timely hyperinduction of hydrogen peroxide-dependent defenses 
in sitiens illustrates the strong effect of ABA deficiency on the 
defensive capacity toward pathogens (Asselbergh et al. 2007). 
Analysis of sitiens defense activation after inoculation with E. 
chrysanthemi pathogenicity mutant strains and with E. chry-
santhemi culture filtrate demonstrated that defenses are acti-
vated by E. chrysanthemi type II secreted proteins, which 
mainly consist of pectinases (Asselbergh et al. 2008). E. chry-
santhemi pectinolytic cell wall degradation causes the release 
of plant cell wall oligogalacturonides, which are known and 
potent endogenous elicitors of plant pathogen defenses (Ridley 
et al. 2001). Defense activation by endogenous elicitors that 
are pathogen nonspecific is consistent with the broad spectrum 
of pathogens that is unsuccessful in efficiently infecting sitiens 
plants (Asselbergh et al. 2008). These observations indicate 
that ABA has the capacity to negatively affect a broad range of 
plant–pathogen interactions in an extreme and forceful manner. 

ABA acts as a virulence factor of plant pathogens. The po-
tency of ABA to suppress pathogen defense responses is exem-
plified by the exploitation of ABA as a virulence factor by 
plant pathogens. A recent study elegantly demonstrated that 
Pseudomonas syringae type III-secreted effectors (T3SE) tar-
get the Arabidopsis ABA signaling pathway to cause disease 
(de Torres-Zabala et al. 2007). Exogenous ABA decreases re-
sistance in this interaction and, in addition, ABA insensitivity 
(in abi1.1 and abi2.1 mutants) or hypersensitivity (in abi1.sup7 
and abi2.sup5 mutants) led to restriction or enhanced bacterial 
multiplication, respectively. Comparison of the Arabidopsis 
transcriptome after infection with wild-type and T3SE-nega-
tive P. syringae mutants revealed the overrepresentation of 
ABA-dependent gene expression in response to T3SE. The in-
duction of ABA signaling by T3SE was represented by the 
upregulation of known ABA-responsive genes, by the presence 
of ABA-responsive elements (ABRE) in the promoter regions 
of T3SE-induced genes, and by the similarity between the 

transcriptomic profiles after T3SE-induction and ABA treat-
ment. The upregulation of the ABA biosynthetic gene NCED3 
revealed the stimulation of ABA biosynthesis by T3SE, which 
was confirmed by ABA measurements. Finally, transgenic ex-
pression of the conserved P. syringae effector AvrPtoB in-
duced NCED3 expression and elevated ABA levels in planta 
(de Torres-Zabala et al. 2007). These findings demonstrate that 
bacterial effector-mediated elevation of plant ABA biosynthe-
sis and signaling is a major virulence strategy, which leads to 
the suppression of defense responses. 

In addition to regulating plant ABA biosynthesis, microor-
ganisms are known to synthesize ABA themselves. ABA is 
produced by different types of fungi, including ascomycetes, 
basidiomycetes, and zygomycetes (Crocoll et al. 1991, 
Dörffling et al. 1984). To our knowledge, all fungal ABA-pro-
ducing strains isolated so far are associated with plants. ABA 
biosynthesis in fungi differs from plant biosynthesis and is me-
diated through a direct pathway via farnesyl diphosphate 
(Hirai et al. 2000). The fungal ABA biosynthetic pathway is 
biochemically best characterized in Cercospora spp. (Oritani 
and Kiyota 2003) and in B. cinerea (Siewers et al. 2006). Re-
cently, it was found that ABA biosynthetic genes in B. cinerea 
are organized in a gene cluster consisting of at least four co-
regulated genes (Siewers et al. 2006). Kettner and Dörffling 
(1995) demonstrated earlier that elevated tomato ABA levels 
during B. cinerea tissue colonization resulted from fungal 
stimulation of plant ABA biosynthesis and fungal inhibition of 
plant ABA catabolism, as well as from production of ABA and 
its precursor by the fungus. These findings, together with the 
capacity of phytopathogenic fungi from taxonomically unre-
lated groups to produce ABA, indicate that elevation of host 
ABA levels can function as a general pathogenic strategy to 
suppress host defenses. Assessment of the pathogenicity of 
ABA- and ABA-precursor-negative fungal mutants, such as 
those described by Siewers and associates (2006), could fur-
ther elucidate the function of ABA in pathogen virulence. 

Relevant information regarding a suppressive role of ABA 
on plant defense possibly also can be derived from the interac-
tions of plant roots with arbuscular mycorrhizal (AM) fungi 
and nitrogen-fixating bacteria because, in these symbiotic 
interactions, plant defense responses are suppressed (García-
Garrido and Ocampo 2002) and alterations in plant hormone 
homeostasis were reported, including increases in ABA con-
tent (Esch et al. 1994; Meixner et al. 2005). A direct link be-
tween ABA and successful AM colonization was recently pro-
vided in the tomato–Glomus intraradices interaction (Herrera-
Medina et al. 2007). Colonization of the ABA-deficient sitiens 
mutant was less frequent and arbuscule development was in-
complete. In contrast, application of exogenous ABA increased 
AM colonization in wild-type and mutant plants. The authors 
suggested that impairment of AM development in ABA-defi-
cient mutants was at least partly attributable to the antagonistic 
interaction of ABA with ET (Herrera-Medina et al. 2007). 

ABA levels mediate a global shift in the priority of response 
to biotic and abiotic stress. When responding to different 
stresses, integration and concordance of stress-signaling net-
works is essential for an adequate response of appropriate am-
plitude, and different types of stress require distinct and spe-
cific responses. The need to prioritize specific stress responses 
coupled with simultaneous downregulation of others justifies 
the antagonistic interplay commonly observed between differ-
ent stress-signaling networks. In nature, the co-occurrence of 
drought stress and pathogen attack is rare, because the great 
majority of pathogens require relatively humid conditions for 
infection and the establishment of disease (Agrios 2005). Fur-
thermore, drought or dehydration stress forms a much greater 
threat to plant survival than pathogen infection, which is con-
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sistent with the plant’s need to be able to quickly prioritize 
drought stress responses at the expense of growth and the re-
sponses to other stresses. ABA-responsive signaling functions 
as a global switch to activate the drought stress response and 
represses many other plant processes, among those the re-
sponse to pathogens. This is consistent with ABA repressing 
both JA/ET-controlled and SA-controlled pathogen defense 
and increasing susceptibility to both necrotrophic and biotro-
phic pathogens. The dominant nature of ABA action also was 
confirmed by Anderson and associates (2004), who showed 
that JA/ET-dependent defense gene suppression by ABA can-
not be reversed by JA or ET application. The strong antagonis-
tic effect between abiotic and pathogen responses also is 
exemplified in the ABA-deficient sitiens tomato mutant. When 
grown under conditions of high relative humidity, ABA defi-
ciency does not result in major morphological abnormalities. 
Nevertheless, ABA-deficient plants are unable to cope with 
drought or cold stress due to the lack of ABA-mediated 
stomatal regulation (Nagel et al. 1994). However, the ability of 
ABA-deficient tomato to block the necrotrophic pathogens B. 
cinerea and E. chrysanthemi reveals its enormous defensive 
capacity toward biotic stress (Asselbergh et al. 2007, 2008). 
This also was reflected at the transcriptome level, because si-
tiens exhibits higher expression of defense-related genes prior 
to infection and shows a further elevation quickly after B. cine-
rea inoculation (Asselbergh et al. 2007). This demonstrates 
that deficiency in ABA results in a global shift toward strong 
pathogen defense responses at the expense of reduced toler-
ance to abiotic stress. Taken together with the strong negative 

effects of ABA on disease phenotypes and the function of ABA 
as a virulence factor against the central role of ABA in abiotic 
stress responses, it seems that, in general, strong decreases in 
ABA levels lead to hyperactivation of pathogen defense together 
with a reduced capacity to react to abiotic stress, whereas eleva-
tion of ABA levels leads to enhanced abiotic stress responses 
and suppression of pathogen defense responses. 

ABA integrates and fine-tunes different stress responses. 
Overlap between abiotic and biotic stress responses. In ad-

dition to the apparent role of ABA levels in mediating a global 
shift between abiotic and biotic stress responses, ABA-respon-
sive signaling seems to interfere at multiple steps in various 
signal transduction cascades, leading to fine-tuning and inte-
gration of different stress responses. Economical use of bio-
chemical resources implies a significant amount of overlap be-
tween the responses to different stresses and explains the use 
of common signaling components in the response to both bi-
otic and abiotic stresses. Furthermore, biotic and abiotic stress 
responses can show considerable overlap at the level of signal 
perception. For example, root rot or wilting pathogens can 
cause dehydration stress and, thereby, trigger an abiotic stress 
response. As a result, the influence of ABA on disease signal-
ing is extremely divergent and disease resistance can be posi-
tively or negatively affected by ABA. An overview of ABA 
action on pathogen defense responses described in this article 
is given in Figure 1. Additional points of convergence between 
the signaling responses to abiotic and biotic stress have been 
characterized (Fujita et al. 2006; Mauch-Mani and Mauch 

Fig. 1. Schematic representation of abscisic acid (ABA) interfering with plant abiotic and biotic stress responses. Emphasis is given to ABA influencing pathogen 
defense responses via different modes of action and not to the functions of ABA signaling in abiotic stress responses. The representation of jasmonate (JA),
ethylene (ET), and salicylic acid (SA) cross-talk involving the transcription factors AtMYC2, NPR1, COI1, ERF1, and WRKY70 was based partly on a 
model by Lorenzo and Solano (2005). Sharp full-line arrows represent stimulatory effects and blunt dotted-line arrows represent repressive effects. Effects of 
ABA are marked in bold. 
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2005). However, it seems that only a tiny portion of the total 
overlap of abiotic and biotic stress signaling networks has been 
described. Several signaling mechanisms of high complexity 
are shared between ABA abiotic stress signaling and pathogen 
defense and constitute means of overlap between different 
pathways, including Ca2+ and Ca-dependent protein kinase sig-
naling (Klüsener et al. 2002; Ludwig et al. 2004), ROS and 
nitric oxide signaling (Apel and Hirt 2004; Pastori and Foyer 
2002), mitogen-activated protein kinase signaling cascades 
(Fujita et al. 2006; Xiong and Yang 2003), and various tran-
scription factor families, containing functional domains such 
as AP2, WRKY, bZIP/HD-ZIP, MYB, MYC, and several 
classes of zinc fingers (Anderson et al. 2004; Chen et al. 2002; 
Li et al. 2004; Mengiste et al. 2003; Zhu et al. 2005). The 
number of reports that functionally characterize transcription 
factors and signaling components involved in both biotic and 
abiotic stresses is growing fast and originates from studies on 
various plant species. For example, the pepper C3-H-C4 type 
RING-finger protein CaRFP1 functions as an early defense 
regulator controlling disease susceptibility and osmotic stress 
tolerance, probably by influencing SA and ABA signaling, re-
spectively (Hong et al. 2007). Also, the barley ERF-type tran-
scription factor HvRAF enhances pathogen resistance and salt 
tolerance (Jung et al. 2007). Ectopic expression of HvRAF in 
Arabidopsis confers its conserved function. Similarly, ectopic 
expression of the rice Osmyb4 upstream transcription factor in 
Arabidopsis was shown to have a positive effect on the re-
sponses to abiotic (cold, drought, and salt), environmental 
(ozone and UV), and biotic (Tobacco necrosis virus, B. cine-
rea, P. syringae) stresses (Vannini et al. 2006). However, over-
expression of the same gene in tomato only improved toler-
ance to drought stress and virus infection while other stress 
responses were not improved (Vannini et al. 2007), demon-
strating that the conservation of stress-response machinery in 
dicotyledonous plants is only partial. Further unraveling of the 
components regulating the signaling events between different 
stress stimuli and their resulting defense measures will contrib-
ute to understanding the integration of overlapping stress sig-
naling networks and the complex role of ABA herein. Even 
greater challenges presumably will lie in combining informa-
tion from different plant species on partially conserved stress-
response-signaling networks and transferring this knowledge 
to applied agricultural benefits. 

Complexity of ABA-mediated responses. The process of es-
tablishing and interpreting possible functions of ABA in plants 
is hindered by the complexity of ABA-mediated responses. 
ABA-dependent responses are regulated by controlling de 
novo ABA synthesis. The first steps of ABA biosynthesis occur 
in chloroplasts where cleavage of caretenoids by nine-cis 
epoxycaretenoid dioxygenases (NCED) is the rate-limiting 
step and transcriptional regulation of the NCED is the major 
control point of ABA biosynthesis. In addition, the level of 
ABA in plants is controlled not only by its synthesis but also 
through its catabolism (Schwartz et al. 2003). However, ABA-
regulated processes constitute more than a simple response to 
in planta bulk ABA concentrations (Wilkinson and Davies 
2002). During drought stress, instant stomatal closure is essen-
tial for the plants’ survival and is mediated by ABA perception 
at the guard cells. Whereas severe drought stress that causes 
water deficit in the shoot is followed by a drastic increase in 
levels of intracellular leaf ABA, drought stress that is per-
ceived only at the roots specifically increases apoplastic ABA 
in guard cells without influencing symplastic leaf ABA con-
tents or leaf bulk apoplastic ABA (Wilkinson and Davies 2002). 
This not only implicates the existence of ABA perception sites 
at different locations and the co-regulation of chemical and 
hydraulic signals but also implies a whole-plant modulation of 

the ABA signal, including differential xylem loading in the 
roots, ABA sequestration into a symplastic leave reservoir, and 
alteration of guard cell sensitivity to ABA (Wilkinson and 
Davies 2002). In addition, drought-stress-induced ABA can 
stimulate primary root elongation while shoot growth de-
creases, leading to increased water absorption and reduced wa-
ter loss, respectively (Sharp 2002). These and other findings 
indicate that, even during a single stress response, different 
signaling mechanisms are required that can be stage, organ, or 
cell specific. 

One mechanism that can help to explain the diversity in 
ABA responses is the existence of different ABA receptors. In-
deed, over the last few years, different research groups have 
characterized three proteins that each fulfill the biochemical 
requirements of an ABA receptor (stereospecific and saturable 
high-affinity binding to one binding site). An Arabidopsis nu-
clear protein, flowering control protein A, is an RNA-binding 
protein and is required for ABA signaling in controlling flow-
ering and lateral root formation but not in seed germination or 
the stomatal response (Razem et al. 2006). The Arabidopsis 
protein ABAR/CHLH (putative ABA receptor/Mg-chelatase H 
subunit) specifically binds ABA in chloroplasts, functions at 
the whole plant level, and controls seed germination and 
stomatal movement (Shen et al. 2006). Finally, ABA percep-
tion at the cell surface was reported to be mediated by a G-pro-
tein coupled receptor (Liu et al. 2007); however, its function in 
ABA responses still needs to be unambiguously demonstrated 
(Gao et al. 2007). 

Downstream of ABA perception, the components of the 
complex signaling network include RNA-binding proteins 
(Hugouvieux et al. 2001), protein kinases (Osakabe et al. 
2005), protein phosphatases (Leung et al. 1997), and multiple-
type transcription factors (Finkelstein and Rock 2002). In 
addition, a recent transcriptomic analysis that used ABA struc-
tural analogs to detect genes that are weakly induced by ABA 
estimated that approximately 14% of Arabidopsis genes are 
ABA regulated (Huang et al. 2007). Furthermore, comparison 
of the ABA-regulated genes that were identified in other stud-
ies (Hoth et al. 2002; Leonardt et al. 2004; Seki et al. 2001) 
suggests that the full potential of ABA-responsive gene regula-
tion has not yet been identified (Huang et al. 2007). Taken to-
gether, our understanding of ABA perception, ABA-signaling 
networks, and whole-plant ABA-mediated plant responses is 
still very fragmentary and incomplete. Further elucidation of 
the particularly complex mechanisms of responses to ABA will 
help to clarify many important plant processes in which ABA 
is involved, including the response to pathogens. 

Conclusions. 
The modulation of disease resistance by ABA is a particu-

larly complex phenomenon and our knowledge of the diverse 
regulatory effects of ABA on defense responses currently fails 
to provide us with straightforward interpretations or clear-cut 
models on how ABA affects disease resistance. ABA seems to 
have divergent effects on defense responses, and the outcome 
on disease resistance seems to be plant–pathogen interaction 
specific, rather than to depend on the plant species or the life-
style of the pathogen that is involved (Table 1). Moreover, 
even within the same plant pathosystem, ABA can have diver-
gent effects depending on the timing of infection, as was 
shown in the Arabidopsis–P. syringae interaction. 

One function of ABA in plant–pathogen interactions can be 
obtained from the capacity of plant ABA levels to control a 
global shift between the response to abiotic and biotic stress. 
During abiotic stresses such as drought stress, to which the 
plant’s response is more crucial for survival compared with bi-
otic stress, plant ABA levels rise, which results in a priority to 
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confer abiotic stress tolerance and a decrease in capacity to re-
sist pathogens. This view is consistent with the function of 
ABA as a virulence factor of plant pathogens (de Torres-
Zabala et al. 2007), with the dominant nature of ABA to sup-
press JA/ET- or SA-controlled pathogen defense responses 
(Anderson et al. 2004, Audenaert et al. 2002), and with the 
strong effects on disease phenotypes characterized by the ap-
parently complete abolishment of defense (Henfling et al. 1980). 
Conversely, ABA deficiency, which results in a decreased tol-
erance to abiotic stresses, can result in an extremely high 
capacity to resist pathogen infection (Asselbergh et al. 2007, 
2008). 

In addition to the ABA-controlled global switch in response 
priority toward biotic or abiotic stress, ABA greatly influences 
the large and complex overlap between abiotic and biotic 
stress-signaling pathways at multiple levels, resulting in both 
positive and negative regulation of defense to pathogens. Our 
current knowledge only covers small fragments of these sig-
naling pathways, and the unraveling of the multiplex role of 
ABA herein is further complicated by the complexity of ABA-
mediated signaling responses in general. However, the fast-
growing number of reports that deal with ABA regulating 
pathogen defense responses should further establish and illu-
minate the function of ABA as a key player in plant biotic 
stress responses. 
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