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Abstract
This work aimed to evaluate the potassium phosphite-based commercial product, Phytogard®,

as a complementary tool for the management of gummosis in citrus. Seedlings of tangerine
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‘Sunki’ were sprayed at concentrations 0; 0.5; 2 and 5 mL L of Phytogard® and subsequently
inoculated with zoospores of Phytophthora nicotianae. The disease incidence was reduced by
84% in plants sprayed at the concentration 0.5 mL L™ and the plants sprayed at concentrations
of 2 and 5 mL L showed zero disease incidence. There was increased an production of fresh
matter of shoot and roots in plants sprayed and inoculated with the pathogen compared to
unsprayed plants. Plants sprayed with Phytogard® and inoculated with the pathogen showed
lower values for total phenols, enzyme activity for phenylalanine ammonia-lyase and
peroxidase and for total protein content in root tissues compared to non-inoculated plants.
There was higher activity of the enzyme B 1.3-glucanase in root tissues of plants inoculated
with the pathogen that received the product at the concentration of 2 mL L. The results of this
study showed that the potassium phosphite-based product Phytogard® has potential for the
control of Phytophthora nicotianae in seedlings of tangerine ‘Sunki’. However, it is not
possible to conclude that this control occurs through resistance induction.

Keywords: Citrus sunki; Alternative control; Phytophthora nicotianae; Phytopathology.

Resumo

O objetivo do trabalho foi avaliar o produto comercial a base de fosfito de potassio,
Phytogard®, como ferramenta no manejo da gomose em citros. Mudas de tangerina ‘Sunki’
foram pulverizadas nas concentragdes 0; 0,5; 2 e 5 mL L™ de Phytogard® e posteriormente
inoculados com zoosporos de Phytophthora nicotianae. A incidéncia da doenca foi reduzida
em 84% nas plantas pulverizadas com o produto na concentracéo de 0,5 mL L™ e nas plantas
pulverizadas nas concentracdes de 2 e 5 mL L™ ndo houve incidéncia de doenca. Houve um
aumento na producdo de matéria fresca da parte aérea e raizes em plantas pulverizadas e
inoculadas com o patdégeno em comparacdo com plantas ndo pulverizadas. As plantas
pulverizadas com Phytogard® e inoculadas com o patdégeno apresentaram menores valores de
fenais totais, atividade enzimatica de fenilalanina aménia-liase e guaiacol peroxidase e no teor
de proteinas totais nas raizes em comparacdo com as plantas ndo inoculadas. Houve maior
atividade da enzima B 1.3-glucanase nas raizes de plantas inoculadas com o patégeno que
recebeu o produto na concentragdo de 2 mL L. Os resultados deste estudo mostraram que o
produto a base de fosfito de potassio Phytogard® possui potencial para o controle de
Phytophthora nicotianae em mudas de tangerina ‘Sunki’. Porém, ndo ¢é possivel concluir que
esse controle ocorra por meio da inducdo de resisténcia.

Palavras-chave: Citrus sunki; Controle alternativo; Phytophthora nicotianae; Fitopatologia.
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Resumen

El objetivo de este estudio fue evaluar el producto comercial a base de fosfito de potasio,
Phytogard®, como herramienta para el manejo de la gomosis de los citricos. Las plantulas de
mandarina 'Sunki' fueron rociadas a concentraciones de 0; 0,5; 2y 5 mL L de Phytogard® y
posteriormente inoculadas con zoosporas de Phytophthora nicotianae. La incidencia de la
enfermedad se redujo en un 84% en las plantas rociadas con el producto a concentraciones de
0,5 mL Ly en las plantas rociadas a concentraciones de 2y 5 mL L™ no hubo incidencia de
enfermedad. Hubo un aumento en la produccién de materia fresca de la parte aérea y las
raices en las plantas rociadas e inoculadas con el patégeno en comparacion con las plantas no
rociadas. Las plantas rociadas con Phytogard® y inoculadas con el patdgeno mostraron
valores mas bajos de fenoles totales, actividad enzimatica de la fenilalanina amonia liasa y la
guaiacol peroxidasa y contenido total de proteinas en las raices en comparacion con las
plantas no inoculadas. Hubo mayor actividad enzimatica 3 1,3-glucanasa en las raices de las
plantas inoculadas con el patdégeno que recibieron el producto en una concentracion de 2 mL
L. Los resultados de este estudio mostraron que el producto a base de fosfito de potasio
Phytogard® tiene el potencial de controlar la Phytophthora nicotianae en las plantulas de
mandarina 'Sunki'. Sin embargo, no es posible concluir que este control se produce mediante
la induccion de resistencia.

Palabras clave: Citrus sunki; Control alternativo; Phytophthora nicotianae; Fitopatologia.

1. Introduction

One of most significant production sectors of the Brazilian agribusiness, the citrus
segment, grants Brazil the leading position as the world’s major orange and orange juice
producer. However, the citrus production faces numerous problems related to occurrences of
pests and diseases that limit production and compromise food safety. Among the various
diseases that attack citrus worldwide, the gummosis disease, caused by species of the genus
Phytophthora, is among the most important one (Graham & Timmer, 1994). Phytophthora
spp. produces resistance structures that make the elimination of these soil pathogens virtually
impossible after their introduction in the area. Exclusion constitutes the primary control
method of diseases caused by species of this genus (Feichtenberger et al., 2005). According to
Fundecitrus (2004), in addition to elimination, other control measures are recommended such
as the use of resistant rootstocks and avoidance of planting in areas of high humidity and

waterlogging. The curative control of this disease is difficult and costly and can be
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accomplished with chemical control by using fosetyl-Al or phosphites (Feichtenberger et al.,
2005).

Many studies show phosphites as one of potential alternatives for the control of
various diseases, especially those caused by oomycetes. These products are inorganic salts
originating from phosphorous acid (HsPO3) used as an alternative to phosphates in soil
fertilization (Dalio et al., 2012). Phosphorus (P) is an essential element for the functioning of
the plant cell, as it is component of nucleic acids and enzymes, in addition to mediating
important metabolic processes in energy production. Many commercial products have the
phosphite as a phosphorus source, however, despite being absorbed by leaves and roots,
phosphites are not oxidized or metabolized by plants (Guest & Grant, 1991; Carswell et al.,
1996; Varadarajan et al., 2002) and therefore they are useless as a P source (Carswell et al.,
1996; Forster et al., 1998; Schroetter et al., 2006). The great advantage of using phosphites
refers to fungicidal action to the plant without causing toxicity (Cohen & Coffey, 1986).
Phosphite-based products are marketed in Brazil as foliar fertilizers for the control of various
diseases (Nascimento et al., 2008).

Protecting plants against pathogens, such as the Phytophthora species, is still a
challenge (Dalio et al., 2014). Treatment of plants mainly in nursery conditions constitutes a
breakthrough against different Phytophthora species and other pathogens of importance in
Brazil, using products less toxic to the environment, such as phosphites. Therefore, this work
aimed to evaluate the potassium phosphite-based commercial product, Phytogard®, as a

complementary tool for the management of gummosis in citrus.

2. Methodology

2.1. Obtaining and maintaining isolates of Phytophthora spp.

The isolate of P. nicotianae was provided by Dr. Ronaldo Dalio (APTA/IAC). The
isolate was kept in a carrot-agar-medium (200 g carrots and 20 g agar Lt of distilled water) at

28°C in the dark to provide conditions for pathogen growth.

2.2. Potassium phosphite

The source of potassium phosphite used was the product Phytogard®, marketed by
Stoller do Brasil LTDA. This product has 28% P,Os, whose source is phosphorous acid and
26% of K0, with density of 1.51 g L™t and pH 7.
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The Phytogard® concentrations used in this assay and their respective values in

potassium phosphite are detailed in Table 1.

Table 1. Phytogard® concentrations and their respective values in potassium phosphite.

Phytogard® Potassium phosphite
(mL L) QL%
0 (control) 0
0.5 0.24
2* 0.95
5 2.38

* Dose recommended by the manufacturer as foliar fertilizer for citrus seedlings
Source: Authors.

To determine water consumption, we used seedlings of tangerine ‘Sunki’ with
approximately 50 days of age. The seedlings were transferred to plastic vials (8 mL) and filled
with sterile distilled water. The tubes were sealed with parafilm and kept inside of a B.O.D.
type chamber at 25°C and photoperiod of 12h.

Phytogard® was applied via foliar spraying at concentrations shown in Table 1 at 1 mL
per plant. In the control treatment, plants were sprayed with water only. After six days of
product application, the plants were inoculated with P. nicotianae. The suspension of
zoospores was transferred to the tubes at the concentration of zoospores 1x10° mL™?. The
tubes were sealed again with parafilm and kept in a B.O.D chamber under the same
conditions as before (Rezende et al., 2020).

After inoculation of P. nicotianae, water consumption (transpiration + evaporation) of
the seedlings of each treatment was measured by determining the daily difference of tubes +
seedlings (Fleischmann et al., 2005).

For each concentration used, there were tubes with seedlings inoculated or non-
inoculated with P. nicotianae. The experiment was installed in a completely randomized
design where each concentration was a treatment. Each treatment had six repetitions and each
repetition was represented by a tube containing one seedling.

At the end of the experiment, we evaluated the disease incidence and the fresh matter
of the shoot and roots of the plants. Later, the plant material was used to carry out the

biochemical analyses.
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2.3. Phenols

To determine the phenol contend in the roots and leaves of seedlings of tangerine
‘Sunki’, we used Folin-Ciocalteau. The lyophilized plant tissue (0.025 g) were macerated in
liquid N and homogenized in 1.5 mL methanol 80% and kept on a rotary shaker (100 rpm) for
24 h at room temperature. Then, the material was centrifuged for 4 min and 150 pL of
supernatant was transferred to a new tube and 150 pL of the 0.25N Folin-Ciocalteau solution
was added. The tubes were manually shaken and left to rest for 3 min then 150 pL of a 1N
solution of Na2COs was added. The tubes were submitted again to manual shaking and left to
rest for 10 min at room temperature. Afterward, 1000 puL of sterile distilled water was added,
the sample was mixed and left to rest for 30 min. Then, we removed 500 pL of the sample
and absorbance was determined in a spectrophotometer at 725 nm (Beltrame, 2010).

2.4. Total protein

Total protein content was measured according to Bradford (1976). Soluble proteins
were extracted by maceration of fresh tissue of seedlings (shoot and root) in the presence of
liquid N, followed by the addition of 100 mM potassium phosphate buffer (pH 7.5) containing
1 mM EDTA at a rate of 3 mL of buffer for 1 g of fresh tissue. The material was centrifuged
at 4°C for 45 min at 15000 g and the supernatant considered as the protein extract that was
stored at -20°C for biochemical analyses.

The reagent Protein Assay (BioRAD®), diluted five times, was used to determine total
proteins, according to Bradford (1976). For each sample, we used 1000 uL of the reagent
solution and 20 pL of protein extract diluted seven times. The standard curve was determined
by using bovine serum albumin (BSA).

The protein extract was obtained from the experiment installed in a completely
randomized design with eight treatments (phosphite concentrations in plants inoculated and
non-inoculated with P. nicotianae) and five repetitions where each seedling inside in the test
tube with water constituted a repetition, totaling 45 seedlings. The results were expressed as

mg of protein g fresh tissue™.

2.5. Activity of B-1.3 glucanase

To evaluate the activity of B-1.3 glucanase of seedlings of tangerine ‘Sunki’, we used

the substrate laminarin (Kombrink & Hahlbrock, 1986) was used. Thus, the protein extract




Research, Society and Development, v. 9, n. 10, €7199108992, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8992

prepared in phosphate buffer was used in the following reactions: reaction (1) 150 uL of
laminarin (4 mg mL™?) dissolved in 100 mM sodium acetate buffer (pH 5.0) and 100 pL
protein extract. Control reaction (2) 150 pL of laminarin (4 mg mL™?) dissolved in 100 mM
sodium acetate buffer (pH 5.0), 100 pL protein extract and 125 L of 3.5-Dinitrosalicylic acid
(DNSA). Blank reaction (3): 150 uL of laminarin (Abeles & Foence, 1970).

After incubation for 2 h at 40°C, the reaction was stopped by adding 125 uL of DNSA.
Next, the reaction was heated for 5 min in a water bath at 95°C. Then, the reaction was cooled
in ice bath and 1,125 pL of distilled water was added. After homogenization, the absorbance
was measured out at 540 nm in a spectrophotometer. The enzyme activity was expressed as

mg of glucose released h™ mg protein, based upon a glucose standard curve.

2.6. Guaiacol peroxidase activity

To determine the guaiacol peroxidase activity, we used 1.5 mL of a reaction buffer
(100 mL of potassium phosphate buffer 100 mM pH 7.5 with 250 pL of guaiacol and 306 pL
of hydrogen peroxide) and 1.5 mL of the protein extract obtained as mentioned above
(Roncato & Pascholati, 1998). As blank reaction, we used 1.5 mL of reaction buffer and 1.5
mL of extraction buffer (potassium phosphate 100 mM (pH 7.5). The reaction time was one
minute and conversion of guaiacol to tetraguaiacol was quantified at 470 nm in a
spectrophotometer.

To calculate the activity, we used A Absszonm (difference in absorbance at 0 and 60 sec

of sample) and the results were expressed as A Absszonm min protein mg™.

2.7. Phenylalanine ammonia-lyase activity

The phenylalanine ammonia-lyase (PAL) activity was determined by quantifying the
trans-cinnamic acid released from phenylalanine (Umesha, 2006). Thus, 400 ul of buffer 25
mM Tris-HCI (pH 8.8) and 500 pL of L-phenylalanine 50 mM was added in microcentrifuge
tubes and incubated at 40°C for 5 min. Subsequently, we added 100 puL of protein extract
obtained as mentioned above and incubated the reaction mixture 2 h at 40°C. To stop the
reaction, we added 50 uL of HCI 5 M. The absorbance was measured at 290 nm, which was
subtracted from the control mixture absorbance made composed of 500 pL of L-
phenylalanine, 400 ul of buffer 25 mM Tris-HCI (pH 8.8) and 100 pl of potassium phosphite
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buffer heated at 40°C for 2 h and added with 50 uL of HCI 5 M. The enzyme activity was

expressed as reading in absorbance at 290 nm mg™ of protein.

3. Results and Discussion

The treatment of seedlings of ‘Sunki’ tangerine with Phyogard® was promising for
disease control and increasing water consumption even in non-inoculated seedlings, based
upon results of seedlings treated with the product (Fig. 1). For inoculated plants, there were
significant differences among all concentrations compared to the concentration control (0 mL
LY. In addition, the seedlings that received potassium phosphite at doses of 2 and 5 mL L™
showed significantly higher values of water consumption compared to the control (non-
inoculated plants and not treated with Phyogard®) (Fig. 1A). All non-inoculated seedlings, but
treated with Phytogard®, exhibited statistically higher values compared to the control (Fig.
1B). Although the statistical analysis was carried out only with data for the last assessment
day, we can observe that the increase in daily water consumption of seedlings sprayed with
potassium phosphite was higher at all concentrations in plants inoculated and non-inoculated
with the pathogen.

Figure 1. Water uptake of seedlings of tangerine ‘Sunki’ treated with Phytogard® (potassium
phosphite: P,0Os = 28%; K>O = 26%) at concentrations of 0; 0.5; 2 and 5 mL L* and
inoculated (A) or non-inoculated (B) with Phytophthora nicotianae. The control treatment
was not inoculated with P. nicotianae. The pathogen was inoculated six days after spraying
the product. Lines followed by the same letter do not differ by the Scott-Knott test at 5%
probability in the last assessment. The bars show the standard error (n = 6).

Water uptake (mL dix')
Water uptake (mL diar')

Days after inoculation Days after moculation

Source: Authors.
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The preventive treatment with Phytogard® was effective in the control of P. nicotianae
in seedlings of tangerine ‘Sunki’ (Table 2). Although the concentration recommended by the
manufacturer for citrus is 2 mL L, the concentration 0.5 mL L™, four fold smaller, was able
to reduce by 84% the disease incidence and mitigate damages caused by pathogen infection
compared to the control. In addition, seedlings sprayed with concentrations 2 and 5 mL L

showed no incidence of disease.

Table 2. Effect of gummosis (Phytophthora nicotianae) in seedlings of tangerine ‘Sunki’
treated with Phytogard® (potassium phosphite: P>Os = 28%; K>O = 26%) at concentrations of
0; 0.5; 2 and 5 mL L™ to evaluate the product protective effect. The pathogen was inoculated
six days after spraying the product and evaluation was carried out eight days after inoculation.

Each treatment consisted of six repetitions.

Phytogard® concentration Disease incidence
0,
Inoculated Non-inoculated
0 100 0
0.5 16 0
2 0 0
5 0 0

Source: Authors.

The shoots of seedlings treated with potassium phosphite at all concentrations and
inoculated with P. nicotianae showed values for fresh matter statistically higher in the aerial
parts compared to values obtained in control (Fig. 2). Although there was no significant
difference for fresh matter of roots of seedlings treated with Phytogard® and inoculated with

the pathogen, we observed that these values increased with higher product concentrations.
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Figure 2. Fresh weigt of shoot (A) and root (B) of seedlings of tangerine ‘Sunki’ treated with
Phytogard® (potassium phosphite: P20s = 28%; K.O = 26%) at concentrations of 0; 0.5; 2
and 5 mL L™ inoculated or not with Phytophthora nicotianae. The pathogen was inoculated
six days after spraying the product and evaluation was performed eight days after inoculation.
Means followed by the same letter do not differ by the Scott-Knott test at 5% probability. The

bars show the standard error (n = 6).
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Regarding the production of phenolic compounds by the plant shoots, seedlings treated
with potassium phosphite at concentrations 0.5 and 2 mL L exhibited significant difference
among plants inoculated and non-inoculated with the pathogen. The shoots of inoculated
seedlings showed higher values compared to the non-inoculated ones (Fig. 3A). On the other
hand, only roots of treated seedlings at concentrations 0.5 and 2 mL L™ of Phytogard® showed
statistical difference between inoculated and non-inoculated plants. The highest values of total

phenols were found in roots of seedlings not inoculated with P. nicotianae (Fig. 3B).
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Figure 3. Total phenols of shoots (A) and roots (B) of seedlings of tangerine ‘Sunki’ treated
with Phytogard ® (potassium phosphite: P2Os = 28%; K>O = 26%) at concentrations 0; 0.5; 2
and 5 mL L inoculated or not with Phytophthora nicotianae. The pathogen was inoculated
six days after spraying the product and evaluation was carried out eight days after inoculation.
Bars of the same color followed by the same lowercase letters do not differ. Bars belonging to
the same dose followed by the same capital letters do not differ by the Tukey test at 5%
probability. The bars show the standard error (n =5).
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Regarding total protein production by the plant shoots, there were a significant
differences among inoculated and non-inoculated plants only in plants that were not treated
with Phytogard® and inoculated plants obtained higher values compared to the non-inoculated
ones (Fig. 4A). In the shoots, the differences between total protein values were significant
only in plants inoculated with the pathogen and only concentration 5 mL L differed from the
control (dose 0 mL L). The total protein extracted from the roots of seedlings showed a
significant difference between inoculated and non-inoculated plants at doses 0 and 5 mL L™
and inoculated plants showed higher values. Similar values were found in inoculated
seedlings with higher concentrations of total proteins in roots of seedlings treated with
Phytogard®at doses control and 5 mL L. When we analyze the inoculation factor separately,
we observed that roots of seedlings inoculated with P. nicotianae showed higher total protein

values when compared to the non-inoculated ones (Fig. 4B).
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Figure 4. Total protein of the shoots (A) and roots (B) of seedlings of tangerine ‘Sunki’
treated with Phytogard® (potassium phosphite: P.Os = 28%; K>O = 26%) at concentrations
of0; 0.5; 2 and 5 mL L™ inoculated or not with Phytophthora nicotianae. The pathogen was
inoculated six days after spraying the product and evaluation was carried out 13 days after
inoculation. Bars of the same color followed by the same lowercase letters do not differ. Bars
belonging to the same dose followed by the same capital letters do not differ by the Tukey test
at 5% probability. The bars show the standard error (n = 5).
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The activity of the enzyme B -1.3 glucanase of shoots of seedlings treated with
potassium phosphite showed a significant difference between inoculated and non-inoculated
plants only at dose 0.5 mL L (Fig. 5A). Statistical differences between the concentrations
were observed only in plants inoculated and concentrations control and 0.5 mL L and
presented higter values compared to concentrations 2 and 5 mL L. The activity of this
enzyme in the tissue of roots of seedlings was statistically different between inoculated and
non-inoculated plants at doses control and 5 mL L* with smaller values than the other
treatments. Significant differences in the activity of B-1.3 glucanase in roots of seedlings
treated with different concentrations of Phytogard® were only observed in inoculated plants
where plants treated with the product at concentration 2 mL L showed higter values for the

activity of this enzyme (Fig. 5B).
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Figure 5. B-1.3 glucanase activity of shoots (A) and roots (B) of seedlings of tangerine
‘Sunki’ treated with Phytogard® (potassium phosphite: P2Os = 28%; K20 = 26%) at
concentrations of 0; 0.5; 2 and 5 mL Lt inoculated or not with Phytophthora nicotianae. The
pathogen was inoculated six days after spraying the product and evaluation occurred 13 days
after inoculation. Bars with the same color followed by lowercase the same letters do not
differ. Bars belonging to the same dose followed by the same capital letters do not differ by
the Tukey test at 5% probability. The bars show the standard error (n = 5).
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There was no significant difference in the activity of guaiacol peroxidase enzyme in
tissues of shoots of seedlings treated with different concentrations of Phytogard® and
inoculated with P. nicotianae (Fig. 6A). On the other hand, the activity of this enzyme in
tissues of roots of seedlings was different at all concentrations of potassium phosphite used,
with the exception of 2 mL Lt when we compare inoculated and non-inoculated plants (Fig.
6B). Significant differences between treatments with different concentrations of phosphite
were only observed in inoculated plants where the concentration of 5 mL L™ showed lower

values compared to the others.
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Figure 6. Guaiacol peroxidase activity of shoots (A) and roots (B) of seedlings of tangerine
‘Sunki’ treated with Phytogard® (potassium phosphite: P20s = 28%; KO = 26%) at
concentrations of 0; 0.5; 2 and 5 mL L inoculated or not with Phytophthora nicotianae. The
pathogen was inoculated six days after spraying the product and evaluation was performed 13
days after inoculation. Bars with the same color followed by the same lowercase letters do not
differ. Bars belonging to the same dose followed by the same capital letters do not differ by
the Tukey test at 5% probability. The bars show the standard error (n = 5).
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Source: Authors.

Although there is no statistical difference, higher activity of phenylalanine ammonia-
liase enzyme was observed in the tissues of inoculated plants when compared to the non-
inoculated ones in relation to the shoots of seedlings. Likewise, there was no significant
difference between the values of the enzyme activity in plants that received different
concentrations of phosphite (Fig. 7A). Regarding root tissues, higher enzymatic activity
occurred in plants not inoculated with P. nicotianae at concentrations of 0 and 5 mL L of
Phytogard® when compared to the non-inoculated ones (Fig. 7B). Among the non-inoculated,
statistically higher value was found only in plants that did not receive treatment with
phosphite, while among the inoculated there was no statistical difference between the plants

that received different concentrations of the product.
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Figure 7. Phenylalanine ammonia-lyase activity of aerial part (A) and roots (B) of seedlings
of tangerine ‘Sunki’ treated with Phytogard® (potassium phosphite: P.Os = 28%; KO =
26%) at concentrations of 0; 0.5; 2 and 5 mL L™ inoculated or not with Phytophthora
nicotianae. The pathogen was inoculated six days after spraying the product and evaluation
was conducted 13 days after inoculation. Bars with the same color followed by the same
lowercase letters do not differ. Bars belonging to the same dose followed by the same capital
letters do not differ by the Tukey test at 5% probability. The bars show the standard error (n =
5).
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Studies observing resistance induction promoted by the application of phosphites, as
far as we know, had their first results published by Gottstein and Ku¢ (1989), Mucharromah
and Ku¢ (1991) and Reuveni, Agapov and Reuveni (1994).

Results using potassium phosphite in the Phytophthora nicotianae-citrus pathosystem
are scarce in the literature. Most of the work involves the potato - Phytophthora infestans
pathosystem. Olivieri et al. (2012) reported that with the application of potassium phosphite
results in molecular modifications in potato tuber periderm and cortex, higher amount of
pectin, increase in the content and/or activity of polygalacturonase and proteinase inhibitor as
well as a new isoform of chitinase.

Ohammadi et al. (2019) carried out a study with the use of potassium phosphite (KPhi)
on biochemical contents and enzymatic activities of Chinese Potatoes inoculated with
Phytophthora infestans. The results demonstrated that the applications of KPhi on leaves
resulted in postharvest tubers with notably decreased disease symptoms after infection with

two P. infestans pathogen strains. Tuber slices from KPhi applied plants following infection
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showed a significant increase in the contents of phytoalexins and phenols. PR-3 activities
were induced by KPhi and wounding with the highest level at 48 hours, and the activities of
PR-2 were not significantly induced by KPhi or wounding. The findings of the authors
suggested that KPhi improves resistance in tubers against the pathogen infection via
activation of defense responses, such as defense biochemical compounds, pathogenesis-
related enzymes and antioxidant enzyme activities. Our results also demonstrate disease
control, however, there is no evidence of resistance induction based on the analyzes
performed.

A study carried out by Machinandiarena et al. (2012) in the potato pathosystem - P.
infestans describe as earlier callose deposition, enhanced on expression of StNPR1 and
StWRKY1 in response to KPhi treatment. In contrast, StIPIl was down regulated in both
KPhi- and water-treated leaves, until 48 h after infection with Pi, suggesting that the
regulation of this gene could be independent of the KPhi treatment. The results indicate that
KPhi primes the plant for an earlier and more intense response to infection and that salicylic
acid (SA) would mediate this response.

Rey-Burusco, Daleo and Feldman (2019) carried out a study aimed to gain an insight
into the complex mechanisms of action of KPhi. The authors performed a sequencing analysis
to determine changes in miRNA expression and analyzed their targets in potato leaves treated
with KPhi. In summary, the authors provided evidence that the amplitude of responses
associated with KPhi treatment can be, at least in part, explained by the diversity of miRNAs
that are differentially expressed, once the study showed 25 miRNAs were differentially
expressed after KPhi treatment. A prediction of miRNA targets showed genes related to
pathogen resistance, transcription factors, and oxidative stress. Further characterization of
these miIRNAs and their target genes might help to elucidate the molecular mechanisms
underlying KPhi-induced resistance.

Other pathosystems have been reported with positive effects on disease control with
the application of potassium phosphite as cucumber - Colletotrichum lagenarium (Orober,
Siegrist & Buchenauer, 2002), mango - Ceratocystis fimbriata (Araujo et al., 2015), soybean
and maize - Pratylenchus brachyurus (Dias-Arieria et al., 2012) with the main defense
responses associated with microscopic defense responses, like tyloses, cell death similar to a
hypersensitive response (HR), rapid generation of superoxide and hydrogen peroxide,
increase in salicylic acid (SA) levels, higher concentrations of alkaloids (theobromine and 7-

methylxanthine) and phenolic compounds (catechin, epicatechin, epigallocatechin, gallic acid,

16




Research, Society and Development, v. 9, n. 10, €7199108992, 2020
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v9i10.8992

myricetin, p-coumaric acid, p-hydroxybenzoic acid, phloridzin, sinapinic acid, and

salicylhydroxamic acid), as well as, induction of phenylpropanoid pathway.

4. Conclusion

The results show that the potassium phosphite exhibited potential for the control of
Phytophthora nicotianae in seedlings of tangerine ‘Sunki’. However, it is not possible to
conclude,e based upon the biochemical analyses that this control occurs through resistance
induction.

The possibility of using the Phytogard® in preventive treatments against Phytophthora
nicotianae in citrus seedlings seems to be interesting and advantageous. However,
experiments in field conditions should be carried out in order to identify the dose and
frequency of application of phosphite that should be used by the producer and to expand the

tools available for the management of gummosis in citrus orchards.
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