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with pre-harvest phosphite application

Maria Luísa Mendes Rodrigues1, Samuel Gustavo Ribeiro de Souza2, Edson Hiydu Mizobutsi3, 
Juceliandy Mendes da Silva Pinheiro3, Flávio Pinto Monção4, Gisele Polete Mizobutsi3

Abstract - The aim of this study was to evaluate the anthracnose intensity in ‘Prata-Anã’ banana 
with the application of three phosphite formulations in two application intervals in the developing 
banana bunches and to evaluate the physical and chemical characteristics of fruits. In the field, 
in addition to producer management, three phosphite formulations were evaluated: FCu1 (4% Cu 
+ 20% P2O5), FCu2 (4% Cu + 22% P2O5) and FK (42% P2O5 + 27.7% K2O) sprayed on banana 
bunches at different application frequencies: four and eight times. The experiment was carried out 
in a randomized blocks design following a 5 x 2 factorial scheme, with 3 phosphite formulations, 
pure water and no application and two application intervals. Pure water and no application were used 
as control. Fruits were harvested, stored in refrigeration chamber (25 ± 1 ° C and 80 ± 5% RH) and 
evaluated for anthracnose incidence and severity, as well as physical and chemical characteristics. 
The application of copper phosphite can control anthracnose  incidence by 38% and severity by 
49.5%. The frequency of phosphite application does not affect anthracnose intensity. FCu1 phosphite 
application in ‘Prata-Anã’ banana bunches, as well as eight phosphite applications increases fresh 
mass loss. Phosphite application frequency affected the chemical characteristics of banana fruits.
Index terms: Colletotrichum musae, severity, Musa spp., phosphites, treatment.

Controle da antracnose da banana ‘Prata-Anã’ 
com aplicação de fosfito em pré-colheita

Resumo - O objetivo do trabalho foi avaliar a intensidade de antracnose em banana ‘Prata-Anã’ com 
aplicação de três formulações de fosfito, em dois intervalos de aplicação nos cachos da bananeira 
em desenvolvimento, e avaliar as características físicas e químicas dos frutos.  No campo, em 
adição ao manejo do produtor, foram avaliadas três formulações de fosfito: FCu1 (4% de Cu + 20% 
de P2O5), FCu2 (4% de Cu + 22% de P2O5) e FK (42 % de P2O5 + 27,7% de K2O) pulverizados nos 
cachos da bananeira, em diferentes frequências de aplicação: quatro e oito vezes. O experimento foi 
conduzido em blocos casualizados, seguindo esquema fatorial 5 x 2, sendo 3 formulações de fosfito, 
água pura e sem aplicação e dois intervalos de aplicação. Foram adotadas como testemunha água 
pura e ausência de aplicação. Os frutos foram colhidos, armazenados em câmara de refrigeração 
(25 ±1°C e 80 ±5% UR) e avaliados quanto à incidência e à severidade da antracnose bem como 
as características físicas e químicas. A aplicação de fosfito de cobre pode controlar a incidência 
da antracnose em até 38%, e a severidade, em 49,5 %. As frequências de aplicação dos fosfitos 
não interferem na intensidade da antracnose. A aplicação de fosfito FCu1 nos cachos de banana 
‘Prata-Anã’, assim como realizar oito aplicações de fosfitos, aumenta a perda de massa fresca. A 
frequência de aplicação dos fosfitos interferiu nas  características químicas dos frutos de banana.
Termos para indexaçao: Colletotrichum musae, severidade, Musa spp., fosfitos, tratamento.
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Introduction

Anthracnose is a disease caused by Colletotrichum 
musae and stands out among the various rots that 
affect banana after harvest, (Berk. and MA Curtis) Arx 
(MAQBOOL et al., 2010; ALEMU, 2014), causing losses 
that can reach up to 80% when fruits are not treated (BILL 
et al., 2014). C. musae infections occur in the field from 
the initial stage of fruit development and the fungus 
remains quiescent until fruit maturation (SIVAKUMAR; 
BAUTISTA-BAÑOS, 2014). Thus, losses occur mainly 
for traders and consumers who need to discard damaged 
fruits. Diseased fruits become poorly presentable and 
unsuitable for marketing, since there is formation of 
dark and depressed lesions on fruit peel on which under 
conditions of high humidity, fungus manifestations can 
be observed (GARCIA and COSTA, 2000).

Anthracnose control in bananas is an essential 
component of post-harvest fruit quality (SAGOUA et al. 
2011). Control measures that prevent anthracnose infection 
and development play an important role in prolonging the 
shelf life of fruits during storage (MAQBOOL et al., 
2010). Thus, the control of post-harvest diseases starts 
with control in the field, harvest and transport. There are 
several management methods that can be initiated yet in 
the field, especially cultural control (FERNANDES et al., 
2019; VENTURA and HINZ, 2002).

The use of fungicides is the main method for the 
chemical control of anthracnose in bananas; however, due 
to the growing consumer demand for fruits produced under 
environmental-friendly management practices, taking 
into account the health of applicators and consumers, it 
is necessary to seek alternatives to the use of fungicides 
to control phytopathogens (VILAPLANA et al., 2018). 
Among several alternative control methods, the use 
of phosphites has been studied by several researchers 
(OLIVEIRA et al., 2016; DUTRA et al. 2018; FONTANA 
et al., 2018). This is due to the fact that these products, 
in addition to having an effect on diseases, also have 
high phosphorus percentage in their formulations, which 
allows improving plant nutrition, growth and development 
(BRACKANN et al., 2008).

Phosphites can act directly, inhibiting the 
germination of the fungal spore, penetration into the plant, 
inhibiting mycelial growth and sporulation. Indirectly, it 
stimulates the metabolism involved in plant resistance, 
in the production of lignin, phytoalexin and hydrolytic 
enzymes (BRACKMANN et al., 2008).

Phosphites have been shown to be effective in 
controlling diseases in various pathosystems, such as rust 
and downy mildew in grape, rust and powdery mildew in 
wheat, downy mildew in soy, anthracnose in guavas and 
rot in apples and peaches (SÔNEGO; GARRIDO, 2005; 
SAUTTER et al ., 2011; PEREIRA et al., 2010; GOMES, 
et al., 2016; SANTOS et al., 2018; SILVA et al., 2016).

  In view of various evidences of the potential 
of using phosphites in disease control, the aim of this 
study was to evaluate phosphite formulations associated 
with different pre-harvest application intervals on the 
development of anthracnose in ‘Prata-Anã’ banana and 
its effect on the physical and chemical characteristics of 
fruits.

Material and methods
  
The experiment was carried out in a commercial 

“Prata anã” banana tree orchard, with five years of 
cultivation in the municipality of Nova Porteirinha - 
Minas Gerais. The farm is located at 15° 41’21.4 ’’S 
and 43°16’23.3’’W and 500 m a.s.l. The average annual 
rainfall is 800 mm, and based on the international Köppen 
classification, the climate is Aw type (tropical savanna) 
(ANTUNES, 1986).

Plants used in the test were selected after the 
emission of the second hand in bunches. To prepare 
solutions, phosphate was diluted in water and then placed 
in manual backpack sprayer with capacity of 20 liters. 
Treatments consisted of: FCu1 (4% Cu + 20% P2O5) –1.5 
mL.L-1 of water, FCu2 (4% Cu + 22% P2O5) - 1.5 mL.L-1 
of water, FK (42% P2O5 + 27.7% K2O) - 1.5 grams.L-1 
of water, pure water and no application. Solutions were 
sprayed on bunches and controls were sprayed only with 
pure water without application of treatments.

The experiment was carried out in randomized 
blocks in a 5 x 2 factorial scheme (FCu1, FCu2, FK, pure 
water, no application and two application frequencies). For 
bunches that received four applications, the application 
interval was every 30 days and those that received 
eight applications, the interval was every 15 days, 
corresponding to 4 months in both application frequencies. 
Four replicates were used with two useful plants per plot.

Bunches were harvested according to criteria 
recommended by the Brazilian Program for Horticulture 
Modernization and Integrated Production (2006) for 
banana fruits of the ‘Prata’ subgroup, whose harvest 
pattern is 32 mm in diameter on fruits of the second hand 
for high-quality category fruits.

After harvesting, the second and third hands of each 
bunch of treated plants were selected and packed in plastic 
boxes and transported to the Laboratory of Post-harvest 
Pathology. Hands were subdivided into bouquets of three 
fruits, washed in neutral detergent solution (3 mL.L-1), 
rinsed and placed on the bench to dry.

After drying, part of fruits was inoculated with 
C. musae spores and the other part remained without 
inoculation. Inoculation was performed by the method of 
wounding the fruit epidermis with the aid of 5 mm x 0.23 
mm needle. Then, the latex was removed with the aid of 
cotton and 5 µL of the spore suspension at concentration 
of 2.5 105 spores.mL-1 were deposited on the wound.
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Inoculated fruits and those naturally infected in the 
field were identified according to treatment received in the 
field, being subsequently stored in refrigerated chamber 
at temperature of 25 ° C ± 1°C and relative humidity of 
85% for 12 days.

 Anthracnose intensity in fruits was assessed by 
incidence and severity. Incidence was obtained by the 
number of diseased fruits per repetition, which values were 
expressed as percentage per treatment. For severity, the 
diagrammatic scale developed by Moraes et al. (2008) with 
disease severity ranging from 0.5 to 64% was used. Results 
were used to calculate the area under the disease progress 
curve (AUDPC) and area under the severity progress curve 
(AUSPC) according to formula developed by Shaner and 
Finney (1977). Assessments were carried out every three 
days for 12 days. After this period, fruits were removed 
from the refrigerated chamber and submitted to physical 
and chemical analyses. The following analyses were 
carried out:

Fresh weight loss: Each bouquet was weighed on 
GEHAKA electronic scale, model BK6000, with capacity 
of 6100g and accuracy of 0.01g, on the day of storage and 
after the removal of fruits from the refrigerated chamber. 
Fresh mass loss was determined by the difference between 
the initial mass of the bouquet and after 12 days of storage. 
Results were expressed in%.

Soluble solids (SS): Soluble solids (SS) were 
quantified after crushing the pure pulp in mixer. An 
aliquot was taken from the pulp for direct reading in 
digital Reichert bench refractometer (AR200) with 
automatic temperature compensation. After reading, 
the refractometer provided the results in ° Brix, which 
corresponds to grams of sucrose per 100 g of solution and 
can, in general, be used as grams of soluble solids per 100 
g of solution (CARVALHO et al., 1990).

pH: Hydrogen potential (pH) was determined 
according to methodology of the Association of Official 
Analytical Chemistry - AOAC (1992). An amount 
corresponding to 10 g of sample was weighted and diluted 
in 90 mL of distilled water and homogenized in mixer. 
The pH was measured using digital pH meter, calibrated 

with buffer solution with pH equal to 7 and buffer solution 
with pH equal to 4.

Titratable acidity (TA): Titratable acidity was 
determined by volumetric titration with 0.1N NaOH 
solution using methodology of the Association of 
Official Analytical Chemistry (AOAC, 1992). An amount 
corresponding to 10 g of pulp was weighed and diluted in 
90 mL of distilled water, homogenized with the aid of mini 
processor and added of 3 drops of 1% phenolphthalein, 
used as indicator. Titration with sodium hydroxide was 
carried out with constant agitation until pink color was 
obtained for 30 seconds. Results were expressed in g of 
malic acid per 100 g of pulp-1.

Fruit firmness: Fruit firmness was determined with 
a Brookfield analog bench fruit penetrometer, model CT3 
10K, being measured by the penetration force necessary 
for a tip of 4 mm in diameter to penetrate the equatorial 
region of the unpeeled fruit at depth of 8 mm. Results 
were expressed in Newton (N).

Data obtained were submitted to analysis of 
variance and through the F test, the significance of the 
interactions among factors tested was verified, with 
subsequent unfolding for significant results. Mixed 
models were applied to variables, since there are effect 
factors in data. Tukey’s 5% test was used for treatments 
and Student’s t test was used for different application 
frequencies. In the data analysis processing, the SISVAR 
software was used (FERREIRA, 2008).

Results and discussion
 
 The Area Under the Disease Progress Curve 
(AUDPC) was not influenced by the interaction between 
application frequency and phosphite formulations for both 
inoculated fruits and those naturally infected in the field. 
For both, the isolated effect of phosphite formulations 
was significant. Table 01 shows the results obtained for 
inoculated fruits and those naturally infected in the field.

Table 1 - Area under the disease progress curve (AUDPC) in “Prata anã” banana fruits naturally infected in the field 
(NIF) and those inoculated with Colletotrichum musae spores and submitted to different phosphite formulations at 
different application frequencies.

Treatments AUDPC
NIF Inoculated

FCu1 250.00 a 297.50 a
FCu2 225.00 a 256.25 a
FK 355.00 b 377.30 b
Water 377.00 b 413.80 b
Control 380.00 b 408.20 b
CV  (%) 25.72 20.36

Means followed by different letters in columns differ statistically from each other using the Tukey test at 5% probability.
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  The incidence of fruits with quiescent anthracnose 
infections detected after the application of FCu1 and FCu2 
were reduced by up to 34% and 41%, respectively, for 
fruits naturally infected in the field and 38% and 28% for 
inoculated ones.

When assessing the anthracnose incidence in 
bananas treated with FK, results obtained did not differ 
statistically from control. The use of FK in the control of 
post-harvest diseases has greater effect on severity, being 
less efficient in reducing incidence. Work carried out by 
Fischer et al. (2016) demonstrates this behavior. The 
authors observed 95.2% anthracnose incidence in guava 
after eight days of storage with the use of FK.

Chitarra and Chitarra (2005) reported that K can 
act in enzymatic processes and in the preservation of 
integrity, which may contribute to the formation of fruits 
more resistant to rot. However, this phenomenon was 

not observed in the Colletotrichum musae x ‘Prata-Anã’ 
banana fruit pathosystem.

Potassium phosphite is a product frequently used in 
the management of plant diseases including in tree species, 
being indicated in the control of oomycetos such as Pytium 
spp., Phytophthora spp. and fungi that cause stem, root, 
trunk and fruit rot (Mc Donald et al., 2001).

For the anthracnose AUSPC, significance was 
found only for the isolated phosphite formulation for both 
fruits naturally infected in the field and for those inoculated 
(Table 02). FCu2 was the formulation that promoted the 
greatest reduction in disease severity, inhibiting AUSPC 
by 46% and 49.5% in fruits naturally infected in the field 
and those inoculated, respectively (Table 02).

Table 2 - Area under the severity progress curve (AUSPC) in ´Prata anã´ banana fruits naturally infected in the field 
(NIF) and those inoculated with Colletotrichum musae spores and submitted to different phosphite formulations at 
different application frequencies.

Treatments AUSPC
NIF Inoculated

FCu1 93.0 ab 137.0 ab
FCu2 74.0 a 96.33 a
FK 127.3 bc 170.0 bc
Water 137.3 c 184.83 c
Control 137.0 c 191.0 c
CV  (%) 34.33 30.42

Means followed by different letters in columns differ statistically from each other using the Tukey test at 5% probability.

The reduction in anthracnose severity in fruits 
treated with copper phosphite occurred due to the direct 
action of copper on the pathogen. Cu is in the composition 
of many fungicides and syrups used in integrated disease 
management. According to Matiello and Almeida (2006), 
copper-based fungicides, in addition to good efficiency, 
have tonic-nutritional effects, greater leaf retention, 
increased productivity and improved final fruit quality.

The beneficial effect of using copper phosphite 
in disease control has been observed in several other 
pathosystems. The result found in the present study 
confirms the existing literature data. Melo et al. (2016) 
obtained reduction in the Fusarium guttiforme incidence 
in pineapples with application of copper phosphite. Dantas 
et al. (2018) observed inhibition in the development 
of Alternaria sp., C. gloeosporioides, Fusarium sp., 
Geotrichum sp. and Lasiodiploidia theobromae fungi 
using the same copper phosphite formulation. There is no 
evidence that plants benefit from phosphite as source of 
phosphorus; however, the elements that accompany this 
molecule in phosphite-based products such as zinc (zinc 
phosphite) can act in nutrition, providing this element to 
plants (DALIO et al., 2012) and having direct action on the 

pathogen (SILVA et al., 2016). In addition, micronutrients 
act as cofactors for enzymes involved in the synthesis of 
phenolic compounds (SILVA et al., 2008).

The application of FK provided low efficiency in 
the anthracnose control, and results obtained were similar 
to those of control. The low efficiency of potassium 
phosphite was also observed by Ferraz et al. (2016). 
Potassium phosphite showed low anthracnose control 
in guava when compared with Zn and Mg phosphites. 
According to Lopes et al. (2017), potassium phosphite 
has no effect on anthracnose control in papaya.

The results found in literature on the use of 
potassium phosphite in the control of plant diseases have 
been very contradictory. Oliveira et al. (2016) stated that 
potassium phosphite inhibited 28% anthracnose in ‘Prata-
Anã’ banana fruits, but this result is much lower compared 
to fungicide. Dutra et al. (2018) found that different 
potassium phosphite sources were effective in reducing 
anthracnose severity in yellow passion fruit inoculated 
with C. gloeosporioides.

In the composition of phosphates, P2O5 concentration 
can also influence the fungitoxic and fungistatic activity of 
products. However, contradictory results can be observed 



5Anthracnose control of ‘Prata-Anã’ banana with pre-harvest phosphite application

Rev. Bras. Frutic., Jaboticabal, 2020, v. 42, n. 3:  (e-786)                                                                      

with the use of P2O5 concentrations. FCu2 formulation has 
22% P2O5 in its composition, while FK has 42% P2O5 and 
reduction in anthracnose development was greater using 
FCu2 when compared to FK. Pereira et al. (2012) obtained 
reduction in downy mildew severity in grapes when 
applying phosphite doses with higher P2O5concentrations 
(2.1 g L-1 of P2O5).

Physical and chemical characteristics
When analyzing fresh weight loss of fruits, no 

interaction was found between concentrations and 
phosphite formulations in inoculated fruits and in those 
naturally infected in the field. For both, there was only 
the isolated effect from phosphite source (Tables 3) or 
application frequency (Table 4).

Table 3 - Fresh mass loss (% FML) of ́ Prata-Anã´banana fruits naturally infected in the field (NIF) and those inoculated 
with Colletotrichum musae spores and submitted to different phosphite formulations.

Phosphite source FML
NIF Inoculated

FCu1 7.01 b 7.3 b
FCu2 6.23 ab 6.39 ab
FK 6.14 ab 6.5 ab
Water 4.84 a 4.93 a
Control 5.28 a 5.53 a
CV (%) 31.02 32.01

Means followed by different letters in columns differ statistically from each other using the Tukey test at 5% probability.

Table 4- Fresh mass loss (% FML) of ́ Prata-Anã´banana fruits naturally infected in the field (NIF) and those inoculated 
with Colletotrichum musae spores and submitted to different phosphite application frequencies.

Application frequency FML
NIF Inoculated

4 5.50 a 5.34 a
8 6.75 b 6.47 b
CV  (%) 32.01 31.02

Means followed by different letters in columns differ statistically from each other by the t test at 5% probability.

The greatest weight losses were obtained by 
treatment in which FC1 was applied, both to inoculated 
fruits and those naturally infected in the field. This result 
may be associated with the lower P2O5 content of this 
treatment when compared to the others. According to 
Dechen and Nachtigall (2007), phosphorus is associated 
with fruit quality. The effect of phosphorus on post-harvest 
fruit physiology can be attributed to its role as a component 
of phospholipids, one of the main constituents of the cell 
membrane (KNOWLES et al. 2001). Treatments using 
FCu2 and FK did not differ statistically from controls 
both in inoculated fruits and in those naturally infected 
in the field.

The fresh weight loss of fruits is mainly associated 
with loss of water caused by both transpiration and 
respiration, which is higher when fruits are stored at high 
temperatures and / or low relative humidity (BOTREL et 
al., 2001). This mass loss is also accentuated the greater the 
ripeness degree of fruits, reaching excessively high levels 
during fruit senescence, when it is no longer suitable for 
marketing. The physical and chemical analyses of fruits in 
the present experiment were carried out at stages 6 and 7 
of maturation, in which fruits showed maximum ripeness.

These results differ from those obtained by Araújo 
(2017) in an experiment with guava, where the author 
found that the lowest FML was obtained in control in 
relation to fruits treated with Ca and K phosphite.

Results obtained for inoculated fruits are similar 
to those obtained for fruits naturally infected in the field, 
both for the effect of phosphite sources and application 
frequency (Tables 3 and 4).

According to table 04, fruits submitted to phosphite 
application in the frequency of 15 days presented higher 
FML both in fruits naturally infected in the field and 
inoculated ones. Fruits submitted to this application 
frequency received twice as many phosphites at the end 
of the experiment, so it is possible that phosphite has 
increased the transpiration rate of fruits, increasing FML.

For soluble solids, significance was found only for 
application frequency (Table 05). It is possible to verify 
that in the application frequency of every 15 days, the 
SS content was higher, showing that fruit “sweetness” 
is greater when compared with fruits applied every 30 
days. Some authors working with different fruits reported 
that the SS content does not change due to the phosphite 
application (FISCHER, 2016, LOPES et al. 2017; 
DAMBROS et al. 2016).
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Table 5 - Soluble solids content of ‘Prata-Anã’ bananas fruits naturally infected in the field those inoculated with 
Colletotrichum musae spores and submitted to different phosphite application frequencies.

Application frequency SS
4 24.31 b
8 24.69 a
CV  (%) 3.04

Averages followed by different letters in columns differ statistically from each other by the t test at 5% probability.

  Banana is a fruit with high starch content when 
green and, as it ripens, starch is broken down into sugars 
to be used in the respiration process, increasing the soluble 
solids content (PIMENTEL et al., 2010).

  Soluble solid attribute is of great importance 
both for fresh consumption and for the food industry. 
According to Paiva et al., (1997), high soluble solids 
content in the raw material imply less sugar addition, 
shorter water evaporation time, less energy expenditure 
and higher product yield, resulting in greater processing 
savings. Soluble solids are also important in determining 
fruit quality as indicator of the sugar content together with 
acids, vitamins, amino acids and some pectins (STOVER; 
SIMMONDS, 1987; LOBO et al., 2005).

  For variables pH and titratable acidity (TA) in 
fruits naturally infected in the field, no interaction among 
factors tested was observed. Significance was found only 
for the application frequencies of products (Tables 6 and 
7 respectively). It was observed that bunches submitted 
to application of 30 days, pH remained a little higher 
than those submitted to application of 15 days (Table 7). 
Consequently, the lowest TA was obtained with application 
every 30 days (Table 8).

Table 6- pH of ‘Prata-Anã’ bananas fruits naturally infected in the field and those inoculated with Colletotrichum 
musae spores and submitted to different phosphite application frequencies.

Application frequency pH
4 4.81 a
8 4.75 b
CV  (%) 2.16

Averages followed by different letters in columns differ statistically from each other by the t test at 5% probability.

Table 7- Titratable acidity of ‘Prata-Anã’ bananas fruits naturally infected in the field and those inoculated with 
Colletotrichum musae spores and submitted to different phosphite application frequencies.

Application frequency TA
4 0.48 b
8 0.53 a
CV  (%) 9.68

Averages followed by different letters in columns differ statistically from each other by the t test at 5% probability.

Table 8 - pH of ‘Prata-Anã’ bananas fruits naturally infected in the field and those inoculated with Colletotrichum 
musae spores and submitted to different phosphite application frequencies in pre-harvest bunches.

Phosphite formulations Phosphite application frequency (number of applications)
4 8

FCu1 4.77 Aa 4.72 aA
FCu2 4.71 Aa 4.80 aA
FK 4.64 Ab 4.76 aA
Water 4.78 Aa 4.68 aA
Control 4.77 Aa 4.66 aA
CV  (%) 2.53

Means followed by different lowercase letters in columns and uppercase letters in rows statistically differ from each other by the Tukey test at 
5% probability.
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 During banana ripening, fruit pH decreases due to 
the chemical transformations, and other authors observed 
values   from 4.2 to 5.0 in mature fruits, varying with 
treatment used (SIQUEIRA et al., 2017; SIQUEIRA et 
al., 2010; SIQUEIRA et al., 2017). According to Pimentel 
et al. (2010), the decrease in titratable acidity is due to 
the lower production of organic acids, compared to their 
consumption during the respiratory process, which are 
used in respiration for ATP production, reducing fruit 
acidity.

  Titratable acidity ranged on average from 0.48 to 
0.53 g of malic acid.100 g of pulp-1 between application 
frequencies (Table 7). These results are in agreement with 
those obtained by other authors. Castricini et al., (2015) 
found 0.47 (mg malic acid.100 g pulp) in ‘Prata-Anã’ 
banana fruits at stage 6 of maturation. Oliveira et al. (2016) 
obtained 0.54 (mg malic acid.100 g pulp) in ‘Prata-Anã’ 
banana over the storage period. Oliveira et al., (2013) 
found 0.54 (mg malic acid.100 g pulp) in ‘Prata-Anã’ and 
‘BRS Platina’ banana cultivars.

  Research results associating the influence of 
phosphites on TA of fruits were found by Pereira et 
al. (2012) working with ´Merlot´ grapes treated with 
potassium phosphite. The authors observed that the 
soluble solids content, pH and titratable acidity of wine 
must did not change with the application of potassium 
phosphites in fruits; however, it was found that these 
values were superior to control. Pereira et al. (2010) also 
found no differences in the analytical quality of phosphite-
treated berries. Amaral et al. (2017) found that calcium 
and potassium phosphites did not influence the titratable 
acidity of papaya.

  Acidity is attributed to the presence of organic 
acids dissolved in the vacuoles of cells, the organic acid 
contents in the majority of fruits decrease with ripening 
(CHITARRA and CHITARRA, 2005). In bananas, 
according to Pinheiro (2018), fruit acidity increases 
during ripening, with malic, citric and oxalic organic acids 
being the main acids found in the pulp. With advancing 
maturation and senescence, acidity decreases, presumably 
due to its use as respiratory substrates.

  In the pH of fruits naturally infected in the field, 
significant interaction was observed between phosphite 
sources and application frequency (Table 08).

  It was observed that the application frequencies 
did not influence the pH of fruits. When analyzing 
phosphite formulations, it was found that when applying 
FK at frequency of every 30 days, the pH of fruits 
remained higher. Possibly, there was reduction in fruit 
ripening because in green fruits, pulp pH is higher.

  Fernandes et al. (2019) found pH values   of 5.5 
in fruits harvested in the pre-climacteric stage and after 
fruit ripening, there was pH reduction to 4.3. Santos et 
al. (2018) found pH variation from 5.38 to 4.78 over the 
ripening period of ‘Prata-Anã’ bananas.

Conclusions

Copper phosphite significantly reduces anthracnose 
incidence and severity in both inoculated and uninoculated 
fruits.

The application frequency of phosphites does not 
affect anthracnose intensity.

The application of FCu1 phosphite in ‘Prata-Anã’ 
banana bunches increases fresh mass loss.

The physical and chemical characteristics of 
fruits were influenced by the application frequency of 
phosphites.
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