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Phytopathogen resistance of phytohormone-deficient
and low-sensitivity mutant tomatoes1

This study broadens the knowledge of plant-pathogen interactions using phytohormone-deficient and low-sensitivity
mutant tomatoes. The experiment was performed under greenhouse conditions and the mutants used were provided by
the HCPD laboratory, at ESALQ/USP. The hormone mutant Never ripe showed a larger final lesion size when inoculated
with Botrytis cinerea, whereas curl3 was relatively resistant to this pathogen and more susceptible when inoculated
with Phytophthora infestans. The transgenic 35S :: nahG was more susceptible to Oidium lycopersici, and the double
mutant dgt, Nr more resistant. The low sensitivity to brassinosteroids confers greater susceptibility to P. infestans and
higher resistance to B. cinerea. The deficiency of the hormone auxin promotes high resistance to diseases caused by
O. lycopersici, P. infestans and B. cinerea.
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INTRODUCTION
Despite the absence of an immune system similar to

animals, plants have developed an impressive variety of
defenses, conceived to detect invasive organisms and
suppress pathogens before serious damage occurs
(Freeman & Beattie, 2008). This system coordinates, in an
effective manner, the activation of specific defenses,
minimizing the energy costs while the ideal resistance is
reached (Pieterse & Dicke, 2007).

The plant defense system is composed by a complex
of responses that are activated after pathogen detection
and have evolved over millions of years, in parallel to the
evolution of pathogenicity and virulence mechanisms on
phytopathogenic microorganisms (Kazan & Lyons, 2014).
The adequate regulation of these defense responses is
extremely important for plants since pathogens have
deleterious effects on growth (Glazebrook, 2005).

During non-host interactions, the microorganism is
recognized by MAMPs (Microbial associated molecular

patterns), that constitute the basal plant resistance and
act against potential pathogens (Uma et al., 2011). The
microorganisms that overcome this first defense barrier
become pathogens which can present different types of
parasitism as necrotrophic, hemi-biotrophic and
biotrophic. Necrotrophic pathogens act directly on plant
tissues, using an arsenal of pathogenicity and virulence
factors, such as toxins and enzymes, therefore, various
genes are necessary to confer host resistance (Laluk &
Mengiste, 2010). Biotrophic pathogens are more evolved
parasites that require a living host for survival, using the
haustorium to absorb nutrients, presenting host specificity
determined by the presence of effectors, which may result
on plant resistance mediated by one single resistance gene
(gene R) (Jones & Dangl, 2006). Hemi-biotrophic
pathogens present a transitory relationship between
biotrophic and necrotrophic. These pathogens present,
on the initial phase of infection, strategies similar to those
observed on biotrophic pathogens, with the use of
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effectors, and a second phase similar to those observed
on necrotrophic pathogens, as the use of toxins (Laluk &
Mengiste, 2010).

The type of parasitism involved triggers different plant
responses from the connections of the phytohormones
to receptors via signal transduction pathways (Inácio et
al., 2011). Phytohormones, such as salicylic acid (SA),
jasmonic acid (JA) and ethylene (ET) are involved in these
signaling events of defense responses. Generally, SA is
involved in defense responses against biotrophic and
hemi-biotrophic pathogens while JA and ET mediate the
responses against necrotrophic pathogens (Bari & Jones,
2009).

Other phytohormones, such as abscisic acid (ABA),
auxin (AX), brassinosteroids (BR), and gibberellic acid
(GA), which are commonly known due to their roles on
stress tolerance or plant growth and development, also
regulate defenses, individually or together with SA, JA
and ET (Robert-Seilaniantz et al., 2011; Torres et al., 2014).

The identification and characterization of several
mutants affected on phytohormone biosynthesis,
perception and signal transduction has been fundamen-
tal to comprehend the role of individual components of
each phytohormone on defense signaling pathways. The
interaction among these signaling pathways is an
important mechanism for defense response regulation
against a variety of pathogens (Bari & Jones, 2009).

Anyway, the disease as a result of host-pathogen
interactions is the main limiting factor for the performance
of agricultural production. In extreme cases, where
important crops are affected, these interactions may result
in epidemies with great losses (Pascholati et al., 2008).

Tomatoes, for example, are attacked by several
phytopathogens, with more than 200 already described,
as the oomycete Phytophthora infestans ((Mont) de Bary)
which may make production unfeasible under some
conditions. P. infestans causes the disease known as mela
or late blight, which occurs in almost all regions where
tomatoes are grown and is among the most important
diseases that cause significant economic damage to the
crop (Nick et al., 2013). Under controlled environment
agriculture, due to the high air relative humidity, the
occurrence of diseases such as the gray mold and the
powdery mildew are frequent. The gray mold, caused by
Botrytis cinerea (Pers.), under these conditions, is one of
the main diseases that affect tomatoes, capable of causing
damage on all plant parts, initiating on flower petals and
progressing to the leaflets, stems and fruits (Pereira, 2015).
Diseases known as powdery mildew, caused by Oidium
lycopersici (Cooke & Mass.), are also favored by
controlled environments and are more common in the dry
winter years, usually with lesions progressing from older
leaves (Cerkauskas & Brown, 2015).

In this context, the aim of this study was to broaden
the knowledge of plant-pathogen interactions using
phytohormone-deficient and low-sensitivity mutant
tomatoes, to investigate hormonal relationships on plant
defense pathways.

MATERIAL AND METHODS
The experiments were carried out in a greenhouse of

the Phytopathology and Nematology Department at
ESALQ/USP, performed under completely randomized
design with six repetitions. Each experimental unit was
composed of one plant and the treatments were the
mutants (described below). For each pathogen (Botritys
cinerea, Phytophthora infestans and Oidium lycopersici)
the experiments were performed separately, totalizing three
stages, one for each pathosystem, with 66 experimental
units each.

The mutants used in this study were provided by the
HCPD laboratory (Hormonal Control of Plant
Development) at ESALQ/USP, and have the same genetic
background that the parental, cultivar Micro-Tom, except
the mutations. The hormone mutants used were
diageotropica (dgt) – plants have low sensitivity to auxin;
notabilis (not) – plants present a low concentration of
abscisic acid; Never ripe (Nr) – which has a low sensitivity
to ethylene; epinastic (epi) – plants have an
overproduction of ethylene; procera (pro) – plants present
a constitutive response to gibberellins; curl3 (cu3) – plants
which carry the mutant allele are insensible to
brassinosteroids; and 35S::nahG – plants with reduced
levels of salicylic acid. Additionally, the double mutants
of dgt,pro, dgt,Nr, and dgt,epi were used.

Seeds of each mutant were sown in 250 mL pots, using
a mixture of organic substrate and vermiculite in a 1:1
ratio, and individual seedling transplant to 150 mL pots
occurred at 15-21 days after sowing.

For the inoculations of B. cinerea and P. infestans,
microdrops of 15 µL of the conidial (1x105 mL-1) and
sporangia (1 x 105 mL-1) suspensions, respectively, were
applied on the surface of the three youngest leaves of
each mutant, at the beginning of the reproductive stage.
Immediately after inoculation, plants were held into a wet
chamber for 48 hours. The inoculation with O. lycopersici
was accomplished by sprinkling the conidial suspension
(2x104 mL-1) on the whole plant at flowering using a hand
sprayer, without the use of a wet chamber. After inoculated,
plants were held into a refrigerated greenhouse using wet
air ventilation until the moment of the evaluations, with
temperatures varying between 20 to 30 ºC.

The evaluations of B. cinerea and P. infestans were
performed using the variables: incubation period (IP),
disease incidence (DI), lesion growth rate (r) and final
lesion size (FLS). For P. infestans, disease severity (DS)
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was also quantified. The IP was determined by
monitoring plants every 6 hours, from pathogen
inoculation to the emergence of the first symptoms and
was established as the average time for 50% of the plants
in the treatment to express characteristic symptoms of
the disease. DI was expressed as the percentage of
infected and symptomatic plants at 120 hours after
inoculation. The lesion growth rate (r) was obtained from
daily measurements of one lesion on one leave per plant
during seven days after the IP, using a digital caliper;
the results of the measurements were used to calculate
the r, determining the slope of the linear model obtained
by linear regression. The FLS, in millimeters, was
measured at 216 hours after inoculation (hai) with the
aid of a digital caliper. The severity of late blight was
determined using a diagrammatic scale proposed by
Corrêa et al. (2009). For O. lycopersici, the variables
evaluated were the latent period (LP), disease incidence
(DI) and the quantification of disease severity (DS). The
LP (hours) was obtained by the examination of leaves
every 12 hours after inoculation and was defined as the
time interval from the inoculation to the presence of
colonies with spores and established as the average time
necessary for at least half of the plants of each treatment
to have symptoms. DI was expressed as the percentage
of infected and symptomatic plants at each treatment
360 hours after inoculation. At the end of the evaluations,
symptomatic leaves were photographed and processed
using the software QUANT to determine the DS.

Data were subjected to the analysis of variance using
the F test (p < 0.05). When statistical significance was
verified, the effects of the mutants were compared using
the Tukey test (p < 0.05).

RESULTS AND DISCUSSION
For the development of the disease process, an

exception rather than the rule, the infection of the plant
by a pathogenic microorganism is necessary (Pascholati
et al., 2008). The plant, for defense, requires adaptations
to different types of attack, accordingly to the forms of
parasitism of each pathogen. Whereas biotrophic
organisms are completely dependent of a living host for
survival, necrotrophs cause cell death releasing
phytotoxic compounds or enzymes that promote cell wall
degradation and the release of nutrients which are
necessary for growth (Vleeshouwers & Oliver, 2014). Hemi-
biotrophic microorganisms, on the other hand, stablish a
transitory relationship, initially acting as biotrophs and,
after infection, as necrotrophs, constituting distinct
phases with variable duration within hemi-biotrophs
(Laluk & Mengiste, 2010).

Therefore, as results of the variables evaluated against
these different types of parasitism, the variation in the

incubation period among hormone mutants was not
significant for gray mold (B. cinerea) and late blight (P.
infestans) (Table 1). The latent period for powdery mildew
(O. lycopersici) did not vary significantly among tomato
mutants either, except for the mutant notabilis and dgt,Nr
which presented a latent period 18% greater than the
observed for the diageotropica mutant.

Disease incidence (DI) significantly reduced for gray
mold, compared to Micro-Tom, being 50% lower for the
mutants diageotropica, procera, notailis, dgt,pro and
dgt,epi (Table 2). For mutants curl3 and 35S::nahG the
decrease was of 75 and 17%, respectively. Late blight
incidence reduced significantly, compared to Micro-Tom,
wherein the DI was 50%, 34%, 25%, 17% and 17% lower
for 35S::nahG, diageotropica, dgt,pro, epinastic and
procera, respectively. For powdery mildew the DI
decreased significantly, compared to Micro-Tom, the
decreases were of 20% for the mutant curl3 and 17% for
the mutants diageotropica, procera, notabilis and dgt,pro.

The final lesion size (FLS) and lesion growth rate (r)
did not differ statistically among mutants for late blight.
On the other hand, for powdery mildew, the FLS and r
were 87% lower for the mutant curl3 compared to Micro-
Tom (Table 3). The greater FLS was observed for the
mutant Never ripe, which was 88% greater than the
observed for curl3. The greater r was observed for the
mutants Never ripe and dgt,Nr, which did not differ from
Micro-Tom, and were 87 and 88% greater than the
observed for curl3, respectively.

Disease severity (DS) of late blight for curl3 was 65 to
93% greater when compared to the hormone mutants
diageotropica, Never ripe, epinastic, notabilis, dgt,pro,
dgt,Nr (Table 4). DS for powdery mildew did not differ
significantly for mutants compared to Micro-Tom. The
mutant 35S::nahG presented the greater DS which was
90% superior than the observed in dgt, Nr.

In this context, the pathogen O. lycopersici absorbs
nutrients from the host using the haustorium, which is a
characteristic of typical biotrophic parasites (Dallagnol &
Araujo Filho, 2018), the resistance triggered by the plant
organ against this style of parasitism is of the induced
type, mediated mainly by the hormone salicylic acid (SA)
(Debona & Rodrigues, 2018). In the case of transgenic
plants that express the nahG gene, as the mutant 35S::nahG
in tomato, the codification of the enzyme salicylate
hydroxylase inactivates SA which is converted to
catechol, therefore, the resistance is not activated
(Glazebrook, 2005). The evaluations of the transgenic
mutant 35S::nahG highlight the dependency of the SA
pathway for triggering the resistance against biotrophs,
mainly, by the greater DS for powdery mildew. This mutant
presented an intermediate IP compared to the other mutants
for this pathogen and a DI of 100%, which characterizes
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an efficient infection of O. lycopersici on 35S::nahG. On
the other hand, the double mutant dgt,Nr presented the
lower DS for powdery mildew and the greater IP. For this
mutant, the characteristics of low sensitivity to auxin and
low sensitivity to ethylene are added. Studies indicate
that auxin interacts in an antagonistic way with SA,
suggesting that high concentrations of this hormone
promote greater susceptibility to biotrophic pathogens
(Robert-Seilaniantz et al., 2011). Ethylene, in contrast,
presents synergism with jasmonic acid (JA) and the
responses mediated by these two hormones act
predominantly against necrotrophic organisms, wherein
these signaling pathways are well-known and
characterized regarding the antagonism with SA (Thaler
et al., 2012).

The pathogen B. cinerea presents a parasitism of the
necrotrophic type, acting on the host with cell wall

degradation enzymes, toxins and other low weight
molecular compounds, as a strategy of attack (Laluk &
Mengiste, 2010). In this case, the resistance triggered is
controlled by the JA and ET pathways, and requires a
wide range of genes to promote plant protection (Laluk &
Mengiste, 2010). When the hormone mutants were
compared for the pathogen B. cinerea, the mutants Never
ripe (Nr) and dgt,Nr presented the greater FLS and r,
respectively, indicating greater susceptibility to this
necrotrophic pathogen. The Nr mutation compromises ET
synthesis, making plants insensible to this hormone,
whereas the double mutant dgt,Nr, besides the reduction
of ET production, also presents low sensibility to auxin.
Thus, the low sensibility to auxin favors the SA signaling
pathway, as an antagonist to the signaling promoted by
JA, favoring the infection by necrotrophic pathogens,
since besides this relationship, there is also a low

Table 2: Disease incidence (DI) caused by Botrytis cinerea (gray mold – five days after inoculation), Phytophthora infestans (late
blight – five days after inoculation) and Oidium lycopersici (powdery mildew - 15 days after inoculation) on leaves of hormone
mutant tomato plants cultivar Micro-Tom. ESALQ/USP, Piracicaba/SP

DI (%)

Gray mold Late blight Powdery mildew

Micro-Tom 100.00±0.00 a1/ 100.00±0.00 a 100.00±0.00 a
diageotropica   50.00±0.57 c   66.67±0.58 d   83.33±0.70 b
Never ripe 100.00±0.00 a 100.00±0.00 a 100.00±0.00 a
epinastic 100.00±0.00 a   83.33±0.59 b 100.00±0.00 a
procera   50.00±0.56 c   83.33±0.56 b   83.33±0.70 b
curl3   25.00±0.57 d 100.00±0.00 a   80.00±0.58 c
35S::nahG   83.33±0.58 b   50.00±0.58 e 100.00±0.00 a
notabilis   50.00±0.57 c 100.00±0.00 a   83.33±0.72 b
dgt, pro   50.00±0.59 c   75.00±0.58 c   83.33±0.69 b
dgt, Nr 100.00±0.00 a 100.00±0.00 a 100.00±0.00 a
dgt, epi   50.00±0.57 c 100.00±0.00 a 100.00±0.00 a
1/Means (of six measurements ± standard error) followed by the same letter in the column do not differ between each other by the Tukey
Test (p < 0.05).

Mutant

Table 1: Incubation period (IP) of gray mold and late blight, and latent period (LP) of powdery mildew on leaves of hormone mutant
tomato plants cultivar Micro-Tom. ESALQ/USP, Piracicaba/SP, 2015

IP/LP (hours)

Gray mold Late blight Powdery mildew

Micro-Tom 52.00±2.00 NS 59.00±12.43 NS 208.00±13.38 ab1/

diageotropica 32.00±14.83 39.00±14.09 192.00±6.57 b
Never ripe 52.00±5.51 55.00±7.00 214.00±10.46 ab
epinastic 45.60±2.40 35.00±7.16 194.40±4.48 ab
procera 38.00±12.83 46.00±11.86 210.00±12.48 ab
curl3 54.00±0.02 50.00±2.52 195.00±7.54 ab
35S::nahG 44.00±9.25 70.00±24.42 200.00±8.00 ab
notabilis 56.00±11.13 52.00±5.51 232.80±4.80 a
dgt, pro 58.00±10.00 31.50±10.78 204.00±10.73 ab
dgt, Nr 49.00±3.60 46.00±2.00 232.00±5.93 a
dgt, epi 54.00±6.00 44.00±2.52 196.00±11.02 ab
1/Means (of six measurements ± standard error) followed by the same letter in the column do not differ between each other by the Tukey
Test (p < 0.05). NS Not significant by the F Test(p < 0.05).

Mutant
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sensitivity to ET, which acts together with JA. Still, the
mutant curl3, which presents low sensitivity to
brassinosteroids (BR), presented low values for FLS and
r. Studies indicate a negative interaction of BR with JA,
thus, decreasing the sensitivity to BRs in the curl3 mutant
may have favored the responses mediated by JA, with
the reallocation of plant growth resources for defense
responses (Campos & Peres, 2012), and delaying the
development of B. cinerea on leaf tissues.

As a characteristic of hemi-biotrophic organisms, P.
infestans exhibits two different phases of pathogenesis,
initially acting as biotrophs, suppressing programmed
cell death with the absence of symptoms, and posteriorly
acting as necrotrophs, being highly destructive and
expressing disease symptoms (Lee & Rose, 2010). Curl3
presents low sensitivity to BR, suggesting a lower
interference on the JA signaling pathway which, in this
case, may be acting antagonistically to the signaling

triggered by the SA against P. infestans. On the other
hand, mutants diageotropica, Never ripe and dgt,Nr
were the most resistant to P. infestans. The greater
resistance to late blight in the mutant dgt, low sensitivity
to auxin, and Nr, low sensitivity to ET that acts
synergistically with JA, which in turn is antagonistic
to SA, may have favored the signaling mediated by
SA, important for resistance to hemi-biotrophs such as
P. infestans (Bari & Jones, 2009). The epi mutant
presents, as a result of the mutation, ET overproduction
which may have accelerated leaf senescence and
predisposed plant tissues to the development of
diseases caused by necrotrophic pathogens (Van Loon
et al, 2006), possibly disfavored P. infestans since
biotrophic and hemi-biotrophic parasitism rely on living
tissues for establishment.

The interactions among hormonal signaling pathways
against the attack of microorganisms act as important

Mutant

Table 4: Disease severity (SD) caused by Phytophthora infestans (late blight – nine days after inoculation) and by Oidium lycopersici
(powdery mildew - 22 days after inoculation) on leaves of hormone mutant tomato plants cultivar Micro-Tom. ESALQ/USP,
Piracicaba/SP, 2015

                                                                    SD (%)

Late blight Powdery mildew

Micro-Tom 30.66±14.74 abcd1/ 31.92±9.97 ab
diageotropica   5.00±2.28 d 31.72±9.85 ab
Never ripe   6.00±1.89 cd   9.21±3.82 ab
epinastic 13.16±5.77 bcd 19.17±6.01 ab
procera 51.83±5.77 ab 23.02±9.77 ab
curl3 71.33±3.58 a 10.36±5.21 ab
35S::nahG 50.50±14.41 abc 44.22±11.17 a
notabilis 23.33±3.71 bcd 14.76±7.07 ab
dgt, pro 25.25±17.48 bcd 24.87±8.73 ab
dgt, Nr 15.50±9.08 bcd   4.18±0.43 b
dgt, epi 55.50±9.98 ab 26.50±6.45 ab
1/Means (of six measurements ± standard error) followed by the same letter in the column do not differ between each other by the Tukey
Test (p < 0.05).

Table 3: Final lesion size (FLS) at 216 hours after inoculation and lesion growth rate (r) of gray mold on leaves of hormone mutant
tomato plants cultivar Micro-Tom. ESALQ/USP, Piracicaba/SP, 2015

Mutant FLS (mm) r

Micro-Tom 4.84±0.47 ab1/ 0.14±0.01 a1/

diageotropica 1.85±0.85 ab 0.05±0.02 ab
Never ripe 5.74±0.93 a 0.15±0.01 a
epinastic 5.04±0.46 ab 0.12±0.01 ab
procera 4.31±1.80 ab 0.10±0.03 ab
curl3 0.68±0.68 b 0.02±0.02 b
35S::nahG 4.18±0.88 ab 0.13±0.02 ab
notabilis 1.91±0.90 ab 0.06±0.02 ab
dgt, pro 2.15±1.04 ab 0.07±0.03 ab
dgt, Nr 4.82±0.68 ab 0.16±0.01 a
dgt, epi 2.13±0.95 ab 0.06±0.02 ab
1/Means (of six measurements ± standard error) followed by the same letter in the column do not differ between each other by the Tukey
Test (p < 0.05).
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mechanisms of regulation of defense responses
accordingly to the type of pathogen, since each invader
explores different resources, in a specialized manner, for
the establishment of parasitic relationships with the host
(Pieterse et al., 2009). According to Alonso & Ecker (2001),
there are three different levels of hormone interaction.
The level of hormonal response, where hormones may
interact regulating a common set of target genes. The level
of signal transcription, in which a hormone, besides acting
on its own signaling pathway, also interferes on the
signaling pathway of another hormone. And the level of
biosynthesis, where the hormone production rate changes
in response to another hormone.

The BR hormone, which possess multiple effects in a
variety of plant growth stages, interferes on the total ba-
lance and in the concentration of other plant hormones,
acting independently of the biosynthesis of SA, but
interacting with other phytohormones such as ABA, ET
and JA (Bari & Jones, 2009; Campos & Peres, 2012),
promoting resistance or susceptibility to different
pathogens (Korner et al.; 2013). According to Campos et
al (2009), the interactions of BRs with JA occur in an
antagonistic way, which indicates that the mutation
present in curl3 does not regulate the JA mediated pathway.
Since the signaling by JA is active, the SA pathway is low
due to the antagonism between both, favoring infections
caused by biotrophic and hemi-biotrophic organisms, and
impairing necrotrophs, as can be observed in the
inoculations with B. cinerea. The moderate tolerance to
O. lycopersici may be explained by the augmented levels
of ET, due to the synergism with JA, accelerating leaf
senescence, possibly impairing the development of
biotrophic organisms, that require living tissues (Van Loon
et al., 2006). Studies with the exogenous application of
BR on potato plants demonstrated the resistance to P.
infestans infection and this resistance was associated with
the increase in the levels of ABA and ET. These results
suggest that there is an interaction between BR and other
hormonal signals on the mediation of plant defense
responses (Bari & Jones, 2009).

The SA is a hormone knowingly related to the defense
against biotrophic pathogens, and the transgenic
35S::nahG, which presents a deficiency in the accumulation
of SA, presented different results among the pathogens
used. When inoculated with O. lycopersici, the powdery
mildew occurred on all plants, as well as DS indexes were
greater, indicating a higher susceptibility against this
pathogen, while on plants inoculated with B. cinerea the
disease did not occur on all plants and the FLS and r
presented intermediate values. However, in the
inoculations with P. infestans, 35S::nahG presented the
lower DI for late blight, which was not observed during
disease development, that presented high severity,

demonstrating that the deficiency of SA is favorable for
processes that occur after infection.

Other hormonal relationship that differentiated
depending on the type of parasitism occurred through
the mutant notabilis, which demonstrated greater
susceptibility to P. infestans and greater resistance to B.
cinerea. The abscisic acid (ABA), which is deficient in
this mutant, play an important role throughout plant life
cycle, being the main phytohormone involved in the
responses to abiotic stresses, regulating, for example, the
stomatal closure (Raghavendra et al., 2010), this may fa-
vor the infection by some pathogens, such as P. infestans.
Furthermore, the resistance or susceptibility mediated by
ABA is oftentimes thought to be a consequence of the
interference on defense hormones, such as JA, SA, or ET
(Xu et al., 2013).

In summary, the gray mold disease, caused by B.
cinerea, was impaired by the deficiencies of the hormones
BR and ABA, that present antagonism with the pathways
of JA and ET, respectively (Campos & Peres, 2012), known
to be related to the defenses against necrotrophs. In
contrast, late blight, caused by P. infestans, benefited from
the deficiency of the hormone BR, as well as the deficiency
of SA, after infection, reinforcing the importance of the
signaling pathway mediated by SA against hemi-biotrophs
and biotrophs (Bari & Jones, 2009), this last represented
by O. lycopersici, that causes the powdery mildew, which
in turn, also benefited by the deficiency of SA.

CONCLUSIONS
Brassinosteroids are complex hormones and the low

sensitivity confers greater susceptibility to Phytophthora
infestans and high resistance to Botrytis cinerea.

Auxin is an important hormone related to
microorganism pathogenicity, since its deficiency in
tomato mutants conferred high resistance to diseases
caused by Oidium lycopersici, Phytophthora infestans
and Botrytis cinerea.
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