
SUMMARY

This study deals with the potential of reducing Verti-
cillium wilt in susceptible cacao using a fungal suspen-
sion compared to a commercial resistance inducer. Plants
were sprayed with acibenzolar-S-methyl (ASM; Bion® 50
WG (0.2 g l-1) and a heterogeneous chitosan suspension
(MCp) from Crinipellis perniciosa mycelium. Plants were
challenged five days later with a virulent isolate of Verti-
cillium dahliae, under greenhouse conditions. A reduc-
tion of Verticillium wilt severity was observed in plants
treated by the substances tested, with MCp reaching
80% of ASM protection performance. To evaluate local
and systemic activation of defences, cacao leaves and
hypocotyls exposed to ASM and MCp were assayed for
peroxidase, polyphenol oxidase and lignin deposition.
Local induction of resistance was confirmed by the in-
crease of chitinase and b-1,3-glucanase activities in the
leaves, 4-18 days after spraying. Treated and inoculated
plants showed, in the leaves and hypocotyls, increased
lignin deposition, which is associated with the cacao de-
fence strategy against Verticillium wilt.

Key words: b-1,3-glucanase, chitinase, lignin content,
peroxidase, polyphenol oxidase, Theobroma cacao, Ver-
ticillium wilt.

INTRODUCTION 

Cacao (Theobroma cacao L.) is affected by Verticillium
dahliae (Kleb.), a fungal agent of vascular wilt in many
vegetable, ornamental and field crops (Tsror et al.,
2001). Decreases in yield caused by Verticillium wilt are
frequently encountered in cacao production areas world-
wide, and the symptoms appear as acute water stress in
the canopy, epinasty, necrosis and leaf fall (Almeida et
al., 1993). Control of Verticillium wilt is difficult because
V. dahliae produces resistant structures, microsclerotia,
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which survive for many years. Thus control often re-
quires expensive and complex integrated pest manage-
ment (IPM), including the use of contamination-free
plants, sanitization practices, the use of chemicals and
resistant cultivars (Fradin and Thomma, 2006). Induc-
tion of resistance appears to be an alternative.

Plant-pathogen interactions constitute a complex of
molecular and cytological events that determine a re-
sponse ranging from susceptibility to resistance (Ben-
hamou and Bélanger, 1998). Plants possess many pre-
formed barriers, but can also activate species-level (non-
host) resistance, race-specific and non-race-specific resist-
ance, as well as basal defence. Triggering local responses
can also induce systemic resistance that primes tissues
against subsequent attack by a broad range of epiphytes
and pathogens (Hammond-Kosack and Parker, 2003).
The induced resistance is persistent and generally non
pathogen specific (Nürnberger and Brunner, 2002).

One of the induced resistance categories is systemic
acquired resistance (SAR), which plays a central role in
disease resistance. SAR develops either locally or sys-
temically in response to a pathogen and is associated
with increased activity of lytic enzymes like chitinases,
b-1,3-glucanases, peroxidases, other pathogenesis-relat-
ed (PR) proteins, and also the accumulation of phy-
toalexins and lignin deposition (Durrant and Dong,
2004). Since SAR involves several steps and multiple
pathways that lead to the defence response (Malamy et
al., 1996), pathogens are less likely to be able to evolve
mechanisms for overcoming the resistance of genetically
modified plants or to conventional fungicides. Indeed,
reinforcement of cell wall polymers with a deposition of
lignin derivatives (Anterola and Lewis, 2002) and an in-
crease of enzyme activities related to metabolic path-
ways such as phenylalanine ammonia-lyase and polyphe-
nol oxidases (Mayer and Staples, 2002) can naturally be
present in a SAR event jointly with salicylic acid accu-
mulation (Durrant and Dong, 2004). 

Advances in research have given rise to the notion
that exogenous factors could substantially affect host
physiology, leading to a rapid and coordinated defensive
counter-attack in plants normally expressing susceptibil-
ity to pathogen infection. Synthetic compounds, such as
acibenzolar-S-methyl (ASM), a benzothiadiazole deriva-
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tive, appear to act similarly to salicylic acid and also in-
duce SAR against bacteria, viruses and fungal pathogens
(Resende et al., 2002; Cavalcanti et al., 2006a). Besides
chemical and specific elicitors, it has been shown that
plants can recognize many microbial, surface-derived
compounds, which induce defence responses in both
host and non-host plants. These include peptides, car-
bohydrates, glycoproteins and lipids (Nürnberger and
Brunner, 2002). Furthermore, PR proteins and
pathogen polygalacturonases can act directly via hy-
drolytic action on pathogen or host cell walls and may
release non-specific elicitors from these substrates in an
apoplastic environment (Van Loon et al., 2006).

Our research group has shown that foliage sprays of
a suspension of Crinipellis perniciosa chitosan filtrate
(MCp) significantly delayed disease and enhanced activ-
ities of PR proteins, with tissue lignification in tomato
leaves, although in vitro growth of the bacteria was not
affected (Cavalcanti et al., 2007). In the present work,
we compared the ability of MCp and ASM to protect
cacao against wilt caused by V. dahliae, by treating ca-
cao leaves with a dissolved powder formulation prior to
inoculation with the pathogen. The relationship be-
tween plant protection and induced resistance was in-
vestigated in two experiments: (i) the ability of MCp to
protect cacao against V. dahliae was compared with that
of a well known commercial product, ASM (Acibenzo-
lar-S-methyl; Bion®); (ii) the effects of MCp and ASM
were measured on activities of peroxidases (POX; EC
1.11.1), polyphenol oxidases (PPO; EC 1.10.3.2), chiti-
nases (CHI; EC 3.2.1.14), b-1,3-glucanases (GLU; EC
3.2.1.6) and lignin tissue accumulation, as evidence of
elicitation of the innate cacao defence.

MATERIALS AND METHODS

Plant material and inoculum. Cacao seeds, cv. SIAL
70, susceptible to V. dahliae, were supplied from CE-
PLAC (Comissão Executiva do Plano da Lavoura Ca-
caueira, Linhares - Espírito Santo, Brazil). Virulent V.
dahliae was isolated from diseased Okra leaves (Ijaci,
MG-Brazil) and maintained in potato dextrose agar
(PDA) medium in a growth chamber at 25oC and 12 h
photoperiod. The inoculum was prepared from colonies
after 15 days incubation, corresponding to 6.5 x 109

conidia l-1.

Chemical activator and fungal suspension. Aciben-
zolar-S-methyl or benzo-(1,2,3)-thiadiazole-7-carboth-
ioic acid S-methyl ester (ASM; trade name Bion®) was
purchased from Syngenta Proteção de Cultivos Ltda,
São Paulo, SP, Brazil, in the form of a 500 g Kg-1 pow-
der active ingredient (ASM) and used as a 0.2 g ASM l-1

aqueous solution. To obtain a heterogeneous fraction of
chitosan from C. perniciosa mycelium (MCp), it was

grown in aseptic conditions for 10 days. Production
methods were as previously described (Cavalcanti et al.,
2007). The air-dried mycelium was extracted as recom-
mended for chitosan extraction (Synowiecki and Al-
Khateeb, 1997).

Plant spraying, inoculation and assessments of dis-
ease severity. Cacao seeds were pre-germinated in 6 l
trays of washed vermiculite. Eight days after planting the
seedlings were transplanted to 3 l plastic bags containing
a mix of sand, dry organic manure and vermiculite (2:1:1,
w/w/w), one plant per bag. Seedlings were maintained in
a greenhouse chamber at 25±3°C. Relative humidity was
around 80%, controlled through an automated fogging
system. Plants at 70 days after planting were sprayed with
ASM and MCp or distilled water (control) until runoff.
Five days after treatment, test and control plants were
challenged by V. dahliae suspension (6.5 x 109 conidia l-1)
following the Bugbee and Presley (1967) inoculation
method, based on stem puncture. Plants were arranged
in a randomized block design with three blocks, and one
experimental unit (plot) consisted of 14 plants.

Disease symptoms were evaluated at 20, 30, 40, 50,
60 and 70 days post inoculation (DAI). The severity of
Verticillium wilt was assessed by visual rating of lesions
(leaf necrosis area and epinasty) on a 1 to 4 disease scale
(Sidhu and Webster, 1977) as percentage of lesions
present on the total leaf area (1 = 0-25%; 2 = 26-50%; 3
= 51-75%; 4 ≥ 76% lesion). Areas under the disease
progress curve (AUDPC) were calculated with the fol-
lowing formula:

AUDPC = S [(Yi + Yi+1)/2](ti+1 – ti),
where ‘Y’ means disease severity and ‘t’ means time
(days) (Campbell and Madden, 1990). 

Plant protection percentages were estimated by [1-
(x/y)] factor, where ‘x’ relates the AUDPC from treated
plants and ‘y’ is the AUDPC from control plants (water-
sprayed plants) (Li et al., 1996). The experiment was re-
peated twice.

Sampling for the biochemical assays and in vitro tests.
For fresh material, cacao seeds were sown in 400 ml cells
in a seeding bench, one seed per cell, containing sterile
sand. After emergence, the seedlings were watered daily
with 1⁄4 strength nutrient solution (Hoagland and Arnon,
1950). Seedlings were kept in a greenhouse at a mean
temperature cycle of 31°C day/24°C night, relative hu-
midity of 85%, and a 12 h photoperiod, at 310-400 µmol
m-2 s-1 maximum photon flux density, measured at the
vegetation level (IRGA, model LCA-4, Hoddesdon, UK).
Plants were arranged in a randomized block design with
three blocks and one experimental unit (plot) consisted
of a 400 ml cell containing a single plant.

Twenty five day-old cacao plants were sprayed with
ASM, MCp or distilled water (control) until runoff.
Treated and control plants were harvested 4, 8, 13 and
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18 days after spraying (DAS). In parallel, 25-day-old
plants were sprayed with the test substances and five
days later they were challenged by inoculation of V.
dahliae spore suspension (6.5 × 109 conidia l-1). Leaves
were harvested 8, 13 and 18 DAS. At harvest, (9:00
a.m), the excised leaves and hypocotyls were washed
with distilled water, frozen in liquid nitrogen and imme-
diately processed. The experiment was repeated twice.

To test in vitro inhibition, three cavities in a micro-
scope slide were each filled with 40 µl of V. dahliae
spore suspension containing 105 conidia l-1 and 40 µl of
each test substance (MCp, ASM or distilled water). The
MCp and ASM concentrations were the same as used
for the whole-plant experiments described above. A sin-
gle cavity of the 3-cavity slide was regarded as an exper-
imental unit. After 8, 18 and 48 h, 40 conidia were eval-
uated for percent germination and mycelial growth. 

Biochemical assays. Fresh leaves from experimental
plants were homogenized for 5 min with a mortar and
pestle in 3 ml of ice-cold 50 mM sodium acetate buffer
pH 5.2, containing 0.1 mM EDTA and 100 mM citric
acid. After squeezing through cheesecloth, the ho-
mogenate was centrifuged at 13,000 g for 15 min and
the supernatant (crude extract) used as the source of en-
zymes. All steps were carried out at 0-4°C. Protein con-
tent of crude extracts was determined using the Brad-
ford (1976) protein assay, with bovine serum albumin
(BSA) as a standard.

Guaiacol peroxidase (POX; EC 1.11.1.7) activity was
determined by adding 25 µl of the crude extract to 2 ml
of a reaction. One POX unit was expressed as the change
of one unit of absorbance at 480 nm per milligram of sol-
uble protein per minute (Urbanek et al., 1991). Polyphe-
nol oxidase (PPO; EC 1.10.3.2) activity was determined

by adding 50 µl of the crude extract to 3 ml of a reaction
solution. One PPO unit was expressed as the change of
absorbance at 410 nm per milligram of soluble protein
per minute (Gauillard et al., 1993). Chitinase (CHI; EC
3.2.1.14) activity was determined following Wirth and
Wolf (1990) method adapted for fresh cacao samples.
Polymeric carboxymethyl-substituted chitin, labelled co-
valently with Remazol brilliant violet 5R (CM–Chitin–
RBV, Loewe Biochemica, Germany) was used as sub-
strate. One unit of CHI activity was defined as the
change of one absorbance unit at 492 nm per milligram
of soluble protein per minute (DAbs492 mgP-1 min-1). The
b-1,3-glucanase (GLU; EC 3.2.1.6) activity was deter-
mined according the CHI assay, replacing the reactive
substrate by CM-Curdlan-RBB (4 g l-1, Loewe Biochemi-
ca, Germany) and making sure the protein aliquots. One
unit of GLU activity was defined as the change of one ab-
sorbance unit at 620 nm per milligram of soluble protein
per minute (DAbs620 mgP-1 min-1). Assays were done in
triplicate.

Lignin content was assayed as described by Monties
(1989), with minor changes, i.e. 0.2 mg fresh leaf tissue
was powdered with liquid nitrogen and incubated with
85% acetone for 48 h. After centrifugation at 7500 g for
15 min at 7oC, the green supernatant was discarded and
the remaining ketonic precipitate was air-dried, resus-
pended in 5 ml thioglycolic acid prepared in 2 N HCl
(1:10, v/v) and left for 4 h at 25°C. It was then cen-
trifuged at 7500 g for 15 min at 7oC and the resulting
supernatant transferred to a fresh 20 ml tube to which
200 µl 10 M HCl were added. After incubation in an
ice-bath for 4 h, this mix was centrifuged (7500 g for 30
min at 7oC), the pellet was homogenized in 5 ml 0.5 N
NaOH, and the absorbance at 280 nm was measured.
Thioglycolic acid (TGA) derivatives (acid-soluble
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Fig. 1. Leaf symptoms of cacao cv. SIAL 70 infected with Verticillium dahliae 60 days after infection (DAI). In each group of 3
plants: Left, uninoculated plant (healthy control); middle, plant sprayed with water and challenged 5 days after with V. dahliae
(6.5 × 109 conidia l-1); right, plant sprayed with (A) MCp and (B) ASM (0.2 g l-1) and challenged 5 days after with V. dahliae. Leaf
necrosis, epinasty and chlorosis were observed in the shoots from 25 DAI onward. White bar on the left is 70 cm tall.
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lignin) formed were quantified by comparison with a
standard curve prepared with known amounts (10 to
100 µg ml-1) of 2-hydroxypropyl ether. Assays were
done in triplicate and data expressed as µg ml-1. 

Statistics. Descriptive statistics, analyses of variance
and Tukey´s test at a 0.05 level of confidence were con-
ducted using the general linear model (GLM) proce-
dure of the SAS (Statistical Analysis Systems Inc., Cary,
NC, USA). When treatment effects were significant
(P£0.05), the means were separated by the least signifi-
cant difference (Student’s t-test analyses using Sisvar), a
statistical software purchased from the Federal Univer-
sity of Lavras, MG, Brazil (Ferreira, 2003).

RESULTS

Effects of foliar sprays of MCp and ASM on disease
severity. Verticillium wilt symptoms in inoculated con-
trols and MCp- or ASM-pretreated cacao plants became
visible around 20 days after inoculation (DAI). Stunted
growth, necrosis, leaf epinasty and chlorosis were char-
acteristic symptoms visible to the naked eye in water-
treated and inoculated cacao suffering from water re-
strictions provoked by the pathogen (Fig. 1). Neverthe-
less, in MCp- and ASM-pretreated and inoculated
plants, the above symptoms appeared with a significant
delay compared with the water-treated and inoculated
plants (controls) at the whole 70 day interval (Fig. 1).
The AUDPCs did progress almost linearly and the max-
imum value of disease severity was reached at the end of
the experimental period. The best protection of cacao
plants against V. dahliae was conferred by ASM which
reached 30.2% protection compared with water-pre-
treated controls (Fig. 2). The MCp-pretreated plants
reached 24.3% protection (80% of the ASM perform-
ance). Thus, none of the substances tested was found to
fully protect cacao against V. dahliae. In in vitro inhibi-
tion tests, none of the biotic or synthetic products
showed inhibitory effect on V. dahliae vegetative
growth, conidia germination and viability (data not
shown), at the doses employed.

Effects of foliar sprays of MCp and ASM on the ac-
tivity of POX, PPO, CHI, GLU and lignin deposition
of cacao plants. Apart from the 25-30% protection con-
ferred by MCp and ASM (Fig. 2), enhanced enzyme ac-
tivities of POX, PPO, GLU and CHI (Fig. 3) and in-
creases of lignin (Table 1) contents were observed in ca-
cao leaves treated by these substances. 

Spraying of cacao plants with MCp and ASM with-
out inoculation showed a significant (P£0.05) increase
of oxidative POX and PPO activities at 4, 8, 13 and 18
DAS to a value 1.5-2.0 times higher than the control,
which remained nearly constant (Fig. 3). When the ca-

cao plants were sprayed with water and five days later
inoculated with V. dahliae, the POX activity increased
the same as in plants treated only with water and non
inoculated with V. dahliae at 13 and 18 DAS, which sug-
gests that the inoculation method somehow induced
POX activity. The same happened with leaf-PPO activi-
ty, which was clearly significant only at 18 DAS. So, the
leaf POX and PPO results pointed the influence of
MCp and ASM on the inoculated and non-inoculated
cacao plants (Fig. 3). Nevertheless, in hypocotyls, when
the plants were sprayed with MCp and ASM, constitu-
tive values of POX and PPO activities were observed
within the interval of 4-18 DAS, in both inoculated and
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Fig. 2. Efficacy of ASM (A) and MCp (B) in decreasing the
area under the disease progress curve (AUDPC) in suscepti-
ble cacao ‘SIAL-70’ 20, 30, 40, 50, 60 and 70 days after inoc-
ulation (DAI). Substances were sprayed 70 days after planting
and, 5 days later, plants were inoculated with a virulent Verti-
cillium dahliae isolate. Significant differences (Student´s t-
test) between treated plants and water-sprayed control are
marked as (*) r ≤0.05, (**) r ≤0.01 and (***) 〉 ≤0.001. 
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non-inoculated plants, suggesting that neither the tested
substances nor the injury provoked by fungal inocula-
tion seemed to have any effect on POX and PPO (data
not shown).

To look for evidence of local resistance in cacao
leaves treated with MCp or ASM, CHI and GLU activi-
ties were measured (Fig. 3). In MCp- and ASM-treated
leaves 8, 13 and 18 DAS, CHI and GLU activities were
significantly higher than in water-treated controls, in
both inoculated and non-inoculated plants. At 18 DAS,
leaf-CHI and GLU activities decreased, reaching values
similar to those of the water-control + V. dahliae post-
inoculation treatment. Although the plants treated with
water and post-inoculated five days later with V. dahliae
had shown minor increases in CHI and GLU activities
only at 18 DAS, it was clear that MCp and ASM pro-
moted significant increases in activities of those en-
zymes, since there were significant differences between
MCp and ASM treated leaves and water controls, spe-
cially at 8 and 13 DAS (Fig. 3).

Lignin deposition in cacao leaves sprayed with MCp
and ASM and inoculated five days later with V. dahliae
showed small increases compared with the water-treated
plants (Table 1) at 13 DAS, but they were relatively low-
er than the MCp- and ASM-treated plants without inoc-
ulation. At 18 DAS, the plants sprayed with MCp and
ASM and subsequently inoculated or not with V. dahli-
ae, showed significantly higher lignin contents in their
leaves than the controls (Table 1). No differences were
observed between water, water + V. dahliae and water +
puncture controls, suggesting that, in the leaves, there
was no synergistic effect on lignin biosynthesis promot-
ed by the pre-treatment + V. dahliae post-inoculation of
cacao, at 13 and 18 DAS. 

In hypocotyls, although the controls showed lower
values of lignin content than the ASM and MCp treated
plants, only the lignin contents of MCp without inocula-
tion and ASM + V dahliae treated plants differed statis-
tically (P≤0.05). Unlike the leaves, lignin content of wa-
ter + V. dahliae plants showed relative high values at 18
DAS (Table 1), suggesting an influence of pathogen in-
oculation or, to a smaller extent, by the inoculation
method (stem-puncture).

DISCUSSION

At the disease level, MCp and ASM gave increased
protection against Verticillium wilt of the susceptible
cacao cv. SIAL 70 (Fig. 2). Local induced resistance was
associated basically with increased POX and PPO activ-
ities of the leaves (Fig. 3) and with lignin deposition af-
ter 13 DAS (Table 1). Despite POX and PPO activities
showing no significant increases in hypocotyls at any
time on MCp- and ASM-treated plants (data not
shown), there was a small indication of systemic resist-

Journal of Plant Pathology (2008), 90 (2), 273-280 Cavalcanti et al. 277

Fig. 3. Activity of A, peroxidases (POX), B, polyphenol oxi-
dases (PPO), C, chitinases (CHI) and D, b-1,3-glucanases
(GLU) in the leaves of ‘SIAL-70’ susceptible cacao. Enzymat-
ic responses were evaluated 4, 8, 13 and 18 days after spray-
ing (DAS). Plants were inoculated at 5 DAS with a virulent
Verticillium dahliae isolate (6.5 × 109 conidia L-1). Figures
marked by the same letter do not differ significantly, accord-
ing to Tukey’s test (r ≤ 0.05).
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ance since we observed a slight lignin deposition at 18
DAS in treated plants (Table 1). In fact, this study rein-
forces results published on MCp-elicited tomato (Caval-
canti et al., 2007). b-1,3-glucanase and chitinase are of-
ten associated with induced resistance in plants against
pathogens and may amplify local defence and data on
GLU and CHI activities in the leaves suggest that these
lytic enzymes can also play a role in enhancing the plant
defence complex since they were activated in MCp- and
ASM-treated leaves 8, 13 and 18 DAS (Fig. 3).

In vitro inhibition of conidial germination and vege-
tative growth was not observed following MCp or ASM
treatments, suggesting a lack of direct influence on inoc-
ulated V. dahliae, even after a gap of five days between
spraying and challenge. ASM supports the Induced Re-
sistance (IR) hypothesis of plant “activator” in a pure
sense and the same can be said for MCp, considering
Kessman et al. (1994) premises. In fact, it is expected
that an elicitor will induce only the defensive mecha-
nisms in plants without causing undesirable side effects
on the host, pathogen and environment. 

Quercus infectoria gall extract was reported to induce
early blight disease (Alternaria solani, Ell. and Mart.) re-
sistance, preventing defoliation in tomato (Yamunarani
et al., 2004), but a 29-kDa protein from the extract did
show fungitoxic effects on a range of fungal species (Ya-
munarani et al., 2005). Also, a commercial phenolic ex-
tract of Ecolife® showed antimicrobial activity and in-
duction of resistance in tomato against Xanthomonas
vesicatoria (Doidge) (Cavalcanti et al., 2006c). However,
unsaturated fatty acids from zoospores of Sclerospora
graminicola (Sacc) appeared to induce resistance in
downy mildewed pearl millet without any direct anti-
fungal effect on the pathogen (Amruthesh et al., 2005).
Substances like these unsaturated fatty acids, MCp or
ASM have been included among disease management
methods as an environment-friendly approach.

ASM derivatives have been exhaustively studied for
years as resistance inducers and commercial SAR

primers (Chinnasri et al., 2006; Cavalcanti et al., 2006b).
Several chemicals including b-aminobutyric acid, b-
thiouracil, 2,6-di-chloroisonicotinic acid (INA), silicates
and phosphates have also been reported to induce re-
sistance against pathogens when applied in plants.
However, only INA and ASM mimic the salicylic acid
(SA) step (Bécot et al., 2000). A requirement for SA as
an endogenous signal for SAR was proved using a bac-
terial gene, nahG, encoding salicylate hydroxylase,
which removes SA by conversion to catechol. Trans-
genic tobacco and Arabidopsis expressing nahG accu-
mulate very little SA after pathogen infection and fail to
express PR genes (Durrant and Dong, 2004).

Pathogenesis-related proteins like peroxidases, b-1-3-
glucanases, proteinase inhibitors, chitinases and others
are elicited in response to pathogen attack (Van Loon et
al., 2006). In our case, increased enzyme responses were
found four days after plant exposure to MCp and ASM.
There was also lignin deposition in the leaves and
hypocotyls, correlated with the increase of the cacao’s
metabolic defences. Local and systemic resistances have
been associated with increased POX, PPO and pheny-
lalanine ammonia-lyase activities resulting in the rein-
forcement of cell walls by lignin and lignin-like phenolic
polymer depositions on a secondary layer (Anterola and
Lewis, 2002). In addition, POX has been correlated
with several physiological processes as adapting to biot-
ic and abiotic stresses, ie. pathogen attack (Passardi et
al., 2005). 

In plants, PPO has also been linked with lignification
of cell walls and is thought to be a factor in protecting
stunted plants against other organisms due to reactive
quinones produced from phenolic compound catalysis
(Mayer and Staples, 2002). Chitinases are members of
the PR-protein family, some of which have a role in
plant defence by degrading the chitin of fungal cell
walls. Notable are the class I chitinases, which accumu-
late to high levels in vacuoles in response to wounding
and pathogen infection (Maximova et al., 2006). 
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Table 1. Effect of MCp and ASM on lignin deposition (TGA derivatives) in the leaves at
13 and 18 DAS, and hypocotyls at 18 DAS.

Lignin (µg 10-1 mg-1 FW)2

Leaves HypocotylsTreatment1

13 DAS3 18 DAS 18 DAS
Water 3.27 ± 0.20b 5.09 ± 0.39b 7.91 ± 0.72c
Water + Vd 3.53 ± 0.14ab 4.87 ± 0.36b 10.25 ± 0.68ab
Water + Puncture 3.53 ± 0.33ab 5.13 ± 0.16b 8.89 ± 1.02bc
MCp 4.01 ± 0.22ab 6.71 ± 0.34a 11.42 ± 0.74a
MCp + Vd 3.84 ± 0.27ab 7,25 ± 0.10a 9.26 ± 1.36ab
ASM (0.2 g L-1) 4.51 ± 0.02a 6.99 ± 0.18a 9.93 ± 0.44ab
ASM + Vd 3.82 ± 0.24ab 7.44 ± 0.35a 12.04 ± 0.19a

1Treatments were applied to cacao leaves 25 days after planting and plants (Vd) were
inoculated with virulent V. dahliae isolate 5 days later.
2Figures with the same letters are not significantly different at _≥0.05 (Tukey´s test).

 3DAS = Days after spraying.
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The b-1,3-glucanases have been linked to a lesser ex-
tent to promoting resistance against fungal infections on
their own (Lusso and Kuc, 1996) but often they act in
combination with chitinases. If transgenic GLU and
CHI are combined, they can act synergistically with an
effect on fungal infection (Melander et al., 2006). For
instance, when a class II chitinase and a b-1,3-glucanase
from barley were expressed individually in tobacco, in-
creased protection to Rhizoctonia solani was demon-
strated for both genes and this effect was significantly
enhanced when the two genes were combined (Jach et
al., 1995).

In summary, the biotic (MCp) and chemical (ASM)
substances investigated in the present work showed
similar effectiveness in protecting cacao against fungal
infection caused by a virulent V. dahliae isolate, with an
associated drop in the AUDPCs of inoculated plants.
Responses of plant protection and lesion reduction
seem to be associated with the activation of defence-re-
lated enzymes such as POX, PPO, CHI and GLU and
are also slightly associated with the deposition of lignin
in leaves and hypocotyls. Beside other chemicals, con-
ventional fungicides, biological protection techniques
and resistant cultivars, elicitors derived from synthetic
and biotic substances should be considered for imple-
menting an IPM strategy for cacao.
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