Phosphites for the control of anthrachose in common bean
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Abstract — The objective of this work was to evaluate the effect of phosphites in the protection of common bean
(Phaseolus vulgaris) against anthracnose. Different phosphite formulations were evaluated by quantifying
peroxidase and polyphenol oxidase activity, total phenols, and lignin content. The treatments consisted of
sprayings, in the V4, R5, and R7 stages, with: the K, Zn, Mn, K+Mn, K+salicyclic acid, and Cu phosphites;
salicylic acid; acibenzolar-S-methyl; the fungicide azoxystrobin; besides a control, without sprayings. The area
under the disease progress curve was lower in plants that received applications of the K and Mn phosphites, whose
values ranged between 74 and 81%, compared with the control. The K, Zn, and K+salicyilic acid phosphites were
effective in controlling the disease. In addition, disease severity was lower with the application of the K, Zn, and
Mn phosphites than with the control. Enzyme (peroxidases and polyphenol oxidases) activity and levels of soluble
phenols were higher in common bean plants treated with the K and Mn phosphites, although no change was
detected in the levels of soluble lignin in the same tissue. Phosphite application reduces the severity of the disease,
can enhance enzymatic activity, and is an effective alternative for the control of anthracnose in common bean.

Index terms: Colletotrichum limdemuthianum, Phaseolus vulgaris, alternative control, enzymatic activity,
phenolic compounds.

Fosfitos para o controle da antracnose em feijoeiro comum

Resumo — O objetivo deste trabalho foi avaliar o efeito de fosfitos na protecdo do feijoeiro comum (Phaseolus
vulgaris) contra antracnose. Diferentes formulagdes de fosfitos foram avaliadas por meio da quantificagdo da
atividade de peroxidases e polifenoloxidases, de fendis totais e do teor de lignina. Os tratamentos consistiram
de pulverizagdes, nos estadios V4, R5 e R7, com: fosfitos de K, Zn, Mn, K+Mn, K+4cido salicilico e Cu; acido
salicilico; acibenzolar-S-metil; o fungicida azoxistrobina; além de um controle, sem aplicagdes. A area abaixo
da curva de progresso da doenga foi menor em plantas que receberam aplicagdes dos fosfitos de K e Mn, cujos
valores variaram entre 74 ¢ 81%, em comparagdo ao controle. Os fosfitos de K, Zn e K+acido salicilico foram
eficazes no controle da doenga. Além disso, severidade da doenca foi menor com a aplicacdo dos fosfitos de
K, Zn e Mn quando comparado ao controle. A atividade de enzimas (peroxidases e polifenoloxidases) e os
niveis de fendis soluveis foram mais elevados em plantas de feijdo comum tratadas com os fosfitos de K e
Mn, embora ndo tenha sido detectada mudanga nos niveis de lignina solivel no mesmo tecido. A aplicacdo
de fosfitos reduz a severidade da doenga, pode potencializar a atividade enzimatica e é uma alternativa eficaz
para o controle da antracnose no feijoeiro comum.

Termos para indexacao: Colletotrichum limdemuthianum, Phaseolus vulgaris, controle alternativo, atividade
enzimatica, compostos fendlicos.

Introduction up to 100% in production when susceptible varieties
) are used and the conditions are favorable for the
Anthracnose, caused by Colletotrichum pathogen (Rava & Sartorato, 1994).

lindemuthianum (Sacc. & Magn.) Scrib, is one of the
major diseases of common bean (Phaseolus vulgaris
L.) around the world and in Brazil, which is one of
the largest bean producers (Carbonell et al., 2010;
Chiorato et al., 2010). The disease affects bean plants
at all growth stages, causing lesions on leaves, stems,
branches, pods, and seeds, which may cause losses of
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Among the main methods for controlling this disease
are chemical control and the use of resistant cultivars.
However, chemical control with fungicides may
cause soil, environmental, and human contamination,
whereas plant resistance in cultivars may be broken
down by different pathogens. These concerns have
fostered the development of eco-friendly technologies
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for plant protection, such as compounds that can
induce plant resistance, exploring the endogenous
mechanisms of plant defense.

An alternative method for controlling diseases
caused by fungi is the use of essential oils, which
increases the resistance levels of the treated crop
(Garcia et al., 2012). In this case, the induction of
resistance involves the activation of latent defense
mechanisms in the plants in response to treatments
with biotic (extracts, compounds, and molecules
extracted from living organisms such as plants and
microorganisms) or abiotic (acibenzolar-S-methyl and
analogs) agents (Bonaldo et al., 2005).

Also useful in managing plant diseases are the
phosphites, originating from the neutralization of
phosphorous acid (H;PO;) with a base, which may be
sodium hydroxide, potassium hydroxide, orammonium
hydroxide, among others. Potassium hydroxide is the
most commonly used to form potassium phosphite,
which that can act directly on fungi or activate the
defense mechanism of plants (Reuveni, 1997). Tavares
etal. (2009) observed that potassium phosphite induced
resistance in papaya (Carica papaya L.) plants against
Phytophthora palmivora. When applied before and
after the inoculation of Phakopsora euvitis, phosphites
were reported to reduce the colonization by the
pathogen on vine (Vitis labrusca L.) leaves, reducing
the disease in about 50% (Buffara et al., 2013). Guest
& Grant (1991) pointed out that potassium phosphite
inhibits the growth of fungal hyphae, acting directly
as a toxin on the pathogen, and may also be effective
in controlling various other pathogens. Phosphites
may also indirectly control pathogens by stimulating
the formation of phytoalexin, a natural self-defense
substance of the plant (Dercks & Creasy, 1989).

When plants have developed specific receptor
proteins (R-proteins), they can recognize the effector
proteins produced by the pathogen, directly or
indirectly leading to effector triggered immunity
(Dalio et al., 2014).

The objective of this work was to evaluate the
effect of phosphites in the protection of common bean
(Phaseolus vulgaris) against anthracnose.

Materials and Methods

Greenhouse and field experiments were conducted
from July to October 2009 in the experimental areas of

Universidade Federal de Lavras, in the municipality of
Lavras, in the state of Minas Gerais, Brazil (21°13'35"S,
44°58'31"W and 21°12"18"S, 44°58'43"W).

The greenhouse experiment was carried out in a
randomized complete block design with three replicates.
The experimental plot consisted of six plants, with two
pots containing three plants each. Five common bean
seeds from the carioca group, cultivar BRS Majestoso,
were grown in the pots, which contained 3 L of
substrate with soil: sand: manure (2:1:1), and were
fertilized with 5 g N-P-K (4-14-8), under greenhouse
conditions with an average temperature of 25+3°C
and relative humidity of 70%=5°C. Thinning was
performed 15 days after emergence, leaving the three
more vigorous and homogeneous seedlings.

The experiment in the field was also carried out
in a randomized complete block design with three
replicates, and the experimental plot consisted of
five 3-m rows containing 30 plants each, spaced at
0.5 m. The three internal rows that formed the useful
plot were selected and marked, and nine plants were
evaluated; the two outer rows formed the boundary of
the experiment.

Data from both experiments were subjected to the
analysis of variance using the Sisvar software, version
5.1, Build 72 (Universidade Federal de Lavras, Lavras,
MG, Brazil), and mean separation was performed by
Tukey’s test when the F-test was significant at 5%
probability.

In the experiment under greenhouse conditions, a
pure colony of C. lindemuthianum race 65 LV 81 in
M3 medium, from the collection of the laboratory
of plant resistance of the Biology Department of
Universidade Federal de Lavras, was multiplied in
test tubes containing young autoclaved pods (twice for
1 hour at 120°C) of common bean plants; the test tubes
containing agar-water were maintained in a growth
chamber at 22+1°C for ten days. Inoculation of the
pathogen was performed on the third day in the pods
using a 3-mm mycelial disc. After sporulation, to obtain
a conidial suspension, 15 mL of distilled water were
added to the test tubes and stirred, and the obtained
suspension was filtered through a double cheesecloth.
Conidia were quantified with the aid of a Neubauer
counting chamber and adjusted to a concentration of
1x10° conidia mL"! for inoculation in common bean
seedlings. Disease severity was assessed five times,
from July 2 to 30, 2009, at seven-day intervals, after
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inoculation in the greenhouse experiment, using the
diagrammatic scale developed by Godoy et al. (1997).
The six plants that made up the experimental plot were
evaluated at 7, 14, 21, 28, and 35 days after inoculation,
in order to calculate the area under the disease progress
curve (AUDPC) (Shaner & Finney, 1977).

To control anthracnose in the greenhouse, phosphites
were applied to leaves to the point of runoff, using
manual sprayers model 78605/050 (Tramontina, Carlos
Barbosa, RS, Brazil), at the third trifoliate (V4), pre-
flowering (RS5), and pod formation (R7) stages. The
treatments applied were: 5 mL L' potassium phosphite
1 (K1), containing 340 g L' P,Os and 240 g L' K,O
Reforce (Agrichem do Brasil Ltda., Ribeirdo Preto, SP,
Brazil); 5 mL L' Zn phosphite, with 340 g L' P,Os and
100 g L' Zn, Reforce Zn (Agrichem do Brasil Ltda.,
Ribeirdo Preto, SP, Brazil); 5 mL L Mn phosphite,
with 510 g L' P,Os and 97 g L' Mn, Reforce Mn
(Agrichem do Brasil Ltda., Ribeirao Preto, SP, Brazil);
5SmL L Mn+K1 phosphite, with 510 g L' P,O5,97 g L*!
Mn, and 240 g L' K,O, Reforce Mn+tK1 (Agrichem
do Brasil Ltda., Ribeirdo Preto, SP, Brazil); 5 mL L'
Kl+salicylic acid (SA) phosphite, with 34 g L' P,Os,
24 g L' K,0, and 5% SA, Reforce+SA (Agrichem do
Brasil Ltda., Ribeirao Preto, SP, Brazil); 1-5 mL L'
potassium phosphite 2 (K2), with 434.28 g L' P,Os and
403.26 g L' K,O, Nutri Phite (Tharabras S.A., Cajuru
de Sorocaba, SP, Brazil); 5 mL L' potassium phosphite
3 (K3), with 420 g L P,0Os and 280 g L' K,O, Pepfos
(Pepita Fertilizantes Ltda., Pogos de Caldas, MG,
Brazil); S mL L' Cu phosphite, with 268 g L' P,Os and
53.6 g L' Cu, Fulland (Sudoeste Fertilizantes Ltda.,
Araxa, MG, Brazil); 0.25 g L' a.i. SA (Merck Brazil,
Jacarepagua, RJ, Brazil); 0.0625 g L a.i. acibenzolar-
S-methyl (ASM) (Syngenta Protecdo de Cultivos
Ltda., Santo Amaro, SP, Brazil); 3 mL L Agro-Mos,
with 35 g L' Cu, 27.5 gL' S, and 25 g L' Zn, Alltech
(Crop Science Brasil, Araucaria, PR, Brazil); 0.3 g L*!
of the fungicide azoxystrobin (Syngenta Protecdo
de Cultivos Ltda., Santo Amaro, SP, Brazil); and a
control, without sprayings. Inoculation was carried out
at 45 days after sowing in the R6 stage by spraying
the inoculum suspension to the point of runoff. After
inoculation, the pots with plants were covered with
transparent plastic bags during 14 hours to provide
a moist chamber, in order to promote penetration
and colonization of the fungus. Disease severity was
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evaluated five times after the treatments, from July 2
to 30, 2009, at seven-day intervals.

For the management of anthracnose in the field,
phosphites, SA, ASM, and azoxystrobin were also
applied on the leaves three times, using a 20-L
capacity portable sprayer, at the V4, RS, and R7 stages.
The treatments were: 5 mL L' K1 phosphite, with
340 g L' P,Os and 240 g L! K,0, Reforce (Agrichem
do Brasil Ltda., Ribeirdo Preto, SP, Brazil); 5 mL L-!
Zn phosphite, with 340 g L' P,Os and 100 g L Zn,
Reforce Zn (Agrichem do Brasil Ltda., Ribeirao Preto,
SP, Brazil); 5 mL L' Mn phosphite, with 510 g L
P,Os and 97 g L' Mn, Reforce Mn (Agrichem do
Brasil Ltda., Ribeirdo Preto, SP, Brazil); 5 mL L
K1+SA phosphite, with 34 g L' P,0s, 24 g L' K,0,
and 5% SA, Reforce+SA (Agrichem do Brasil Ltda.,
Ribeirdo Preto, SP, Brazil); 0.25 g L' a.i. SA (Merck
Brazil, Jacarepagua, RJ, Brazil); 0.0625 g L' a.i. ASM
(Syngenta Protecao de Cultivos Ltda., Santo Amaro,
SP, Brazil); 0.3 g L' of the fungicide azoxystrobin
(Syngenta Protecdo de Cultivos Ltda., Santo Amaro,
SP, Brazil); and a control, without sprayings.
Inoculation was not carried out in the field since this
happened naturally; the presence of the pathogen was
confirmed in the previous crop planted with common
bean, forming the initial source of the inoculum. The
severity of the disease was also evaluated seven times
after the application, from July 2 to 30, 2009, at seven-
day intervals.

Following the experiments in the greenhouse
and in the field, the biochemical mechanisms of
common bean plants were characterized, in order
to understand more about the protective responses
against C. lindemuthianum with phosphite application.
For this, the plants were treated with the two products
that performed better in controlling anthracnose in
both experiments: 5 mL L' K1 phosphite, Reforce
(Agrichem do Brasil Ltda., Ribeirao Preto, SP, Brazil),
also used as a standard product; and 5 mL L' Mn
phosphite, Reforce Mn (Agrichem do Brasil Ltda.,
Ribeirdo Preto, SP, Brazil). These products were
selected to compare the defense responses of 'BRS
Majestoso' common bean plants, based on peroxidase
and polyphenol oxidase activity, and on the contents of
total soluble phenolics and lignin. The products were
applied 25 days after planting at the R4 vegetative
growth stage. Seven days after the products were
applied, inoculation was performed by spraying the
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inoculum to the point of runoff using manual sprayers,
model 78605/050 (Tramontina, Carlos Barbosa, RS,
Brazil) with a capacity of 500 mL. After inoculation,
the plants in the pots were covered with transparent
plastic bags during 14 hours, to provide a moist
chamber, in order to promote fungal penetration and
colonization. To determine the activity of peroxidases
and polyphenol oxidases, as well as the contents of total
soluble phenols, tissues were collected from the oldest
to the youngest leafs at 0, 0.5, 1, 3, 6, 7.5, 8, 10, 13, and
17 days after spraying with the inductor products. To
obtain the lignin content, leaf tissues were collected at
10, 13, and 17 days after spraying.

The samples used to determine enzyme activities
were packed in properly-identified aluminum foil,
frozen in liquid nitrogen, and stored at -80°C in a
freezer. To prepare the extracts, each frozen sample
was weighed and macerated individually with the aid
of a pestle in a porcelain mortar cooled on ice, and
homogenized in 50 mmol L' sodium acetate buffer,
pH 5.2, at a ratio of 1 g fresh sample material to 8 mL
buffer. The homogenized extract was centrifuged in
a 5804 R centrifuge (Eppendorf do Brasil, Sao Paulo,
SP, Brazil) at 24,148.8 g for 10 min, and the supernatant
was collected in plastic microtubes, stored at -80°C for
posterior analysis.

Total protein concentration was obtained by the
Bradford method (1976), adjusting a standard curve
previously determined with the use of solutions with
known concentrations of bovine serum albumin
(0-100 pg mL™Y), correlating the protein concentration
with  absorbance readings in an 83057-30
spectrophotometer (BioTek U.S., Winooski, VT, USA),
at 595 nm.

Peroxidase (EC 1.11.1.6 catalase) activity was
determined using the methodology described by
Urbanek et al. (1991). Guaiacol was used as the
electron donor and hydrogen peroxide as the receiver.
The reaction, catalyzed by the peroxidases, produces
a colored 3,3-dimethoxy-4,4-biphenylquinone
compound. An aliquot of 30 pL crude extract was
added to 170 pL of a solution containing 0.02 mol L’
guaiacol, 0.06 mol L' hydrogen peroxide, and
50 mmol L' sodium acetate buffer pH 5.2. The mixture
was incubated at 30°C for 10 min and its absorbance
was measured at 480 nm. The variation of 1.0 unit of
absorbance per minute was assumed to be 1.0 unit of
peroxidase activity per milligram of protein per minute

[A480 nm (mg protein per minute)]. The enzymatic
activity was performed in triplicate.

The polyphenol oxidase (EC 1.14.81.1 purified
polyphenol oxidase) activity was determined by
adding 50 pL of the enzyme extract to 150 puL of a
solution containing potassium phosphate buffer pH
6.5 and 20 mmol L' catechol (Gauillard et al., 1993).
After incubation at 30°C, for 10 min, the increase in
absorbance was measured at 410 nm [A410 nm (mg
protein per minute)]. Analyses were also performed in
triplicate.

For the determination of lignin content and total
soluble phenols, the plant leaf tissues were ground
in liquid nitrogen using a mortar and a pestle until
obtaining a fine powder. Subsequently, the samples
were lyophilized in a free dryer, FreeZone Liter
Benchtop (Labconco, Kansas City, MO, USA) for
12 hours. An aliquot of 30 mg of the lyophilized
material was transferred to a 2-mL microtube,
homogenized with 1.5 mL of 80% methanol, and
was stirred for 15 hours on a rotary shaker protected
from light, at room temperature. The suspension was
centrifuged in a 5804 R centrifuge (Eppendorf do
Brasil, Sdo Paulo, SP, Brazil) at 24,148.8 g for 5 min.
The supernatant (methanol extract) was transferred to
a new microtube, which was conducted to obtain total
soluble phenols, whereas the solid residue was used to
determine lignin. For this, 1.5 mL of water was added
to the solid residue, which was homogenized and
centrifuged at 24,148.8 g for 5 min, at 4°C, in the same
centrifuge. The supernatant was discarded and the
residue was dried at 65°C for 15 hours. Subsequently,
1.5 mL mercaptoacetic acid: 2 mol L' HCI (1:10) were
added. Then, the microtubes were gently stirred to
hydrate the residue and were placed in a boiling water
bath, model 102R (Fanem, Sdo Paulo, SP, Brazil) for
4 hours. Afterwards, the microtubes were centrifuged
at 24,148.8 g for 10 min, at 4°C; the supernatant was
discarded; and the precipitate was washed with 1.5
mL of ultrapure water and centrifuged again, also at
24,148.8 g for 10 min, at 4°C. Following this procedure,
the supernatant was discarded and the precipitate was
resuspended in 1.5 mL of 0.5 mol L' NaOH, being kept
on a Stickmax rotary shaker (IKA Brasil, Campinas,
SP, Brazil) for 15 hours, at room temperature. The
mixture was centrifuged at 24,148.8 g for 10 min, at
4°C, and the supernatant was transferred to a new
microtube, to which 200 mol L' concentrated HC1
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were added. The obtained suspension was kept in a
cold room, at 4°C, for 4 hours, in order to allow the
precipitation of lignin linked to thioglycolic acid.
Then, the mixture was centrifuged at 24,148.8 g for
10 min, at 4°C; the supernatant was discarded; and
the precipitate was resuspended in 2 mL of 0.5 mol L'
NaOH. The absorbance values of this solution
were determined in a 83057-30 spectrophotometer
(BioTek U.S., Winooski, VT, USA), at 280 nm, being
calculated based on the lignin curve and expressed in
pg of lignin per milligram of dry weight according to
Doster & Bostock (1988), with modifications. For the
determination of total soluble phenols, 150 pL aliquots
of the methanol extract were mixed with 150 pL
of the 0.25 N Folin-Ciocalteu reagent, for 5 min,
homogenized with 150 puL of 1 mol L' Na,CO; for
10 min, and diluted with 1 mL of ultrapure water, at
room temperature, for 1 hour. The absorbance values
of this reaction were also determined in a 83057-30
spectrophotometer (BioTek U.S., Winooski, VT, USA),
at 725 nm, being calculated based on the catechol
curve. The phenolic compounds were expressed in
equivalent pL of catechol per milligram of dry weight
(Spanos & Wrolstad, 1990).

The results were evaluated by the analysis of
variance, and means were compared by Tukey’s test, at
5% probability, using the Sisvar software, version 5.1
(Build 72) (Universidade Federal de Lavras, Lavras,
MG, Brazil).

0.8 4

0.6 1

AUDPC

0.4 4

Results and Discussion

The evaluation of the disease progress curve
(AUDPC) showed that the K1, K2, Mn, and K3
phosphites caused the greatest reductions of
anthracnose, of 81, 80, 77, and 74%, respectively,
being statistically similar to the other treatments but
different from the control in the greenhouse experiment
(Figure 1). Moreover, K1 phosphite+SA, fungicide,
Zn phosphite, Cu phosphite, ASM, K+Mn phosphite,
Agro-Mos, and SA were statistically identical to each
other, although intermediate when compared with the
best treatments and the control.

Negri et al. (2011) reported a positive effect of K
phosphite in reducing the infection by Monilinia
fruticola in 49-73% in flowers and in 57-84% in fruits
of peach [Prunus persica (L. Batsch]. Araujo et al.
(2010) observed, in vitro and in vivo, that phosphites
interfered in the development of Colletotrichum
gloeosporioides, causing a decrease of 94% in the
mycelial growth of the colonies and reducing in
62% the severity of leaf spot caused by Glomerella
cingulata when applied 48 hours after inoculation.
Fuzitani et al. (2013) also found positive effects of K
phosphites in controlling Phytophthora palmivora
in Bactris gasipaes Kunth var. gasipaes Henderson.
These results show that there is scientific evidence of
the beneficial effects of phosphites in controlling plant
diseases in several pathosystems.

||IIII|

1+SA Fung

Cu ASM  MntKl Agro-Mos Control

Figure 1. Effect of phosphites, fungicide (Fung), acibenzolar-S-methyl (ASM), Agro-Mos, and salicylic acid (SA) on the
area under the disease progress curve (AUDPC) of anthracnose in 'BRS Majestoso' common bean (Phaseolus vulgaris).
K1, potassium phosphite 1; K2, potassium phosphite 2; Mn, manganese phosphite; K3, potassium phosphite 3; Zn, zinc
phosphite; and Cu, copper phosphite. Means followed by equal letters do not differ by Tukey’s test, at 5% probability.
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All treatments in the field experiment were
statistically similar and reduced the AUDPC in 74
to 90%, in comparison with the control treatment
(Figure 2). The best results were with K phosphite, Zn
phosphite, Mn phosphite, and ASM, which allowed
controlling the disease similarly to the recommended
fungicide. Silva et al. (2014) reported that the K and Ca
phosphites reduced the AUDPC in pepper (Capsicum
annuum L) against Pectobacterium carotovorum
subsp. carotovorum (Pcc). In the present study, the
phosphites were effective in controlling anthracnose in
common bean in the field trial. Similar results have also
been verified by other authors such as Lins et al. (2011),
who observed a decrease in AUDPC when phosphite
was applied in mangoes (Mangifera indica L. to
control Lasiodiplodia theobromae. Silva et al. (2013),
while evaluating soybean (Glycine max L.), found that
K phosphite and Mn significantly reduced the AUDPC
of mildew and had no effect on powdery mildew and
Asian soybean rust.

The activities of peroxidases in common bean plants
increased in the treatments with phosphites from the
third day after spraying the product, compared with the
control (Figure 3 A). A slight decrease was observed
in the peroxidase levels of plants treated with K
phosphite, as well as in the control inoculated 7.5 days

80 1

Kl  ASM  Zn

Fung Mn SA  KI1+SA Control

Figure 2. Effect of phosphites, acibenzolar-S-methyl
(ASM), fungicide (Fung), and salicylic acid (SA) on the area
under the disease progress curve (AUDPC) of anthracnose
in 'BRS Majestoso' common bean (Phaseolus vulgaris).
K1, potassium phosphite 1; Zn, zinc phosphite; and Mn,
manganese phosphite. Means followed by equal letters do
not differ by Tukey’s test, at 5% probability.
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Figure 3. Activity of guaiacol peroxidase in 'BRS Majestoso'
common bean (Phaseolus vulgaris) leaves after treatment
with: A, acibenzolar-S-methyl (ASM); B, potassium
phosphite (K phosph); and C, manganese phosphite (Mn
phosph), compared with the control. The inoculation with
Colletotrichum lindemuthianum (CL) occurred seven days
after treatment. Bars indicate standard deviation.
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after the treatment; however, in the uninoculated
control, these levels were always higher (Figure 3
B). The plants treated with Mn phosphite showed the
greatest differences in the levels of peroxidase over the
experimental period (Figure 3 C). A clear increase was
verified in plants treated with Mn phosphite inoculated
or not from the sixth day after treatment, reaching a
peak at 8 days and continuing until day 17 (Figure 3 C).

The polyphenol oxidase activity was similar when the
plants were treated with ASM (Figure 4 A), but varied
in function of the treatments K and Mn phosphites
(Figure 4 B and C). Uninoculated plants treated with K
phosphite showed peak activity of polyphenol oxidase
at six days after treatment, performing well above
the uninoculated control. However, when inoculation
occurred, there was a decrease in these levels with
phosphite application and in the control (Figure 4 B).
The polyphenol oxidase levels of plants treated with
Mn phosphite did not change until the sixth day after
treatment; however, after 7.5 days there was a increase
in the uninoculated plants treated with Mn phosphite
(Figure 4 C).

The content of total phenolic compounds varied
only at ten days after spraying, in the treatments
applied with K phosphite, Mn phosphite, and ASM,
in comparison with the control; however, in the other
two samplings no differences were found between
treatments (Table 1). As for lignin, no difference was
observed in any of the treatments (Table 2).

The obtained results show that phosphites increase
peroxidase activity, as reported by Ribeiro Junior et al.
(2006), who studied phosphite application in inducing
the resistance of the cocoa (Theobroma cacao L.)
pathosystem to Verticillium dahliae. The authors found
a small increase in the peroxidase activity at 13 days
after the application of K phosphite (1.25 mL L.
Several functions are attributed to peroxidases in
cellular defense, specifically their involvement in
cell wall lignification, suberization, and metabolism,
being classified as pathogenesis-related proteins (Loon
& Strien, 1999). Borsato et al. (2010) observed an
increase of 65% in the peroxidase activity 48 hours
after inoculation of Uromyces appendiculatus on
the susceptible cultivar IPR Juriti of common bean,
when compared with the resistant cultivar BR IPA 11
(Brigida). Felipini & Di Piero (2013) verified that ASM
induced resistance by promoting the accumulation of
peroxidases and B-1,3 glucanases in beet (Beta vulgaris
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Figure 4. Activity of polyphenol oxidase in 'BRS Majestoso'
common bean (Phaseolus vulgaris) leaves after treatment
with: A, acibenzolar-S-methyl (ASM); B, potassium
phosphite (K phosph); and C, manganese phosphite (Mn
phosph), compared with the control. The inoculation with
Colletotrichum lindemuthianum (CL) occurred seven days
after spraying. Bars indicate standard deviation.
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L.) leaves. Regarding lignin content, no differences
were verified between the treatments, in alignment
with the results of Daniel & Guest (2006). These
authors inoculated Arabidopsis thaliana (L.) Heynh.
with Phytophthora palmivora in a medium containing
K phosphite and reported phenolic accumulation at the
site of infection 6 hours after inoculation and that these
compounds were concentrated around the infected
cells after 48 hours.

Table 1. Content of total soluble phenols (TSP) in leaves
of 'BRS Majestoso' common bean (Phaseolus vulgaris)
plants, after 10, 13, and 17 days application of treatment
with acibenzolar-S-methyl (ASM), K phosphite, and Mn
phosphite®.

TSP (ug mg! per dry weight of catechol)

Treatment®

10 days 13 days 17 days
ASM 1.49b 1.57a 1.56A
ASM+CL 1.77a 1.72a 1.65A
K phosphite 1.65a 1.63a 1.60A
K phosphite+CL 1.54b 1.68a 1.63A
Mn phosphite 1.77a 1.63a 1.52A
Mn phosphite+CL 1.87a 1.73a 1.56A
Control 1.32b 1.53a 1.54A
Control+CL 1.42b 1.43a 1.50A
CV (%) 11.50 12.29 10.10

(MMeans followed by equal letters, in the columns, do not differ by Scott-
-Knott’s test, at 5% probability. @Inoculation of Colletotrichum lindemu-
thianum (CL) occurred seven days after spraying with treatments. CV,
coefficient of variation.

Table 2. Content of soluble lignin in leaves of 'BRS
Majestoso' common bean (Phaseolus vulgaris) plants, after
10, 13, and 17 days application of treatment with acibenzolar-
S-methyl (ASM), K phosphite, and Mn phosphite®.

Treatment® Soluble lignin (pg mg™' per dry weight of catechol)

10 days 13 days 17 days
ASM 23.52a 26.45a 25.34a
ASM+CL 28.38a 26.81a 26.89a
K phosphite 28.27a 23.85a 25.77a
K phosphite+CL 28.22a 26.49a 25.97a
Mn phosphite 27.49a 28.44a 24.49a
Mn phosphite+CL 27.23a 25.86a 25.35a
Control 26.17a 26.90a 23.28a
Control+CL 22.80a 23.44a 22.49a
CV (%) 11.00 13.70 9.90

(MMeans followed by equal letters, in the columns, do not differ by Scott-
-Knott’s test, at 5% probability. @Inoculation of Colletotrichum lindemu-
thianum (CL) occurred seven days after spraying with treatments. CV,
coefficient of variation.

Conclusions

1. Phosphites can control and reduce anthracnose in
common bean (Phaseolus vulgaris) and can be used as
an alternative control method.

2. Phosphite applications on common bean leaves
increase the activity of peroxidases and polyphenol
oxidases, as well as total soluble proteins, and are
effective in the control of anthracnose.
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