
1
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI https://doi.org/10.22533/at.ed.9734162416124

Journal of
Agricultural 
Sciences
Research

v. 4, n. 16, 2024

All content in this magazine is 
licensed under a Creative Com-
mons Attribution License. Attri-
bution-Non-Commercial-Non-
Derivatives 4.0 International (CC 
BY-NC-ND 4.0).

Acceptance date: 16/12/2024

CONTROL OF 
ANTHRACNOSE 
(Colletotrichum sp.) IN 
POSTHARVEST MANGO 
FRUIT CV. HADEN 
WITH CHITOSAN AND 
POTASSIUM SORBATE

Gálvez-Marroquín, Luis A
INIFAP, Experimental Field Valles Centrales 
de Oaxaca. Oaxaca, Mexico

Martínez-Bolaños, Misael
INIFAP, Rosario Izapa Experimental Field, 
Chiapas, Mexico

Cruz-López, Jesús A
INIFAP, Experimental Field Valles Centrales 
de Oaxaca. Oaxaca, Mexico

Ariza-Flores, Rafael
INIFAP. CIRPAS, Oaxaca, Mexico



2
Journal of Agricultural Sciences Research ISSN 2764-0973 DOI https://doi.org/10.22533/at.ed.9734162416124

Abstract: The objective of the study was 
to evaluate the effectiveness of chitosan 
and potassium sorbate in the control of 
anthracnose in postharvest mango fruit 
cv. Haden. The treatments evaluated were 
Chitosan at 1 %, Potassium Sorbate at 1.5, 2.5 
and 3.5 %, and the combination of Chitosan 
plus the three concentrations of Potassium 
Sorbate; distilled water was used as a control 
treatment. The incidence and diameter of 
anthracnose lesions were evaluated 3, 6, 9 and 
12 days after application of the treatments. 
A completely randomized experimental 
design with three replicates was used, three 
fruits were considered as replicates. Data 
were analyzed using the Kruskal-Wallis 
nonparametric test and comparison with 
the mean rank test. The incidence at 12 days 
was higher in the control (94.47 %) while 
the lowest averages were recorded in 2.5 % 
potassium sorbate and in combination with 
chitosan. The lesion diameter was higher in 
the control (20.83 mm) and the lowest values 
in 2.5 % potassium sorbate (without necrotic 
lesion) and 1 % chitosan plus 3.5 % sorbate 
(1.21 mm). These two treatments showed 
an effectiveness of 100 and 94 % of disease 
control with respect to the control. However, 
fruits treated with 1% chitosan and 3.5% 
potassium sorbate did not ripen normally, 
since they presented green skin. Potassium 
sorbate 2.5% can be an ecological alternative 
for the control of anthracnose in postharvest 
of mango cv. Haden.
Keywords: inhibition, severity, anthracnose, 
mango, Haden.

INTRODUCTION
Anthracnose is one of the diseases that 

causes the greatest losses in mango fruits du-
ring postharvest, and can affect up to 60 % of 
the yield ((Li et al., 2019). This disease is cau-
sed by the fungus Colletotrichum gloeosporioi-
des (Penz.) (Sharma and Kulshrestha, 2015). 
The disease occurs in two sequential phases, 
pathogenic and saprophytic, causing blackish 
spots on the surface of the fruits, sometimes 
limited only on the peel or even invading and 
darkening the pulp as well (Siddiqui and Ali, 
2014).

Post-harvest control of anthracnose in 
mango is carried out with synthetic fungicides 
such as Benomyl, Pacloraz and Thiabendazo-
le, among others (Chillet et al., 2019). Howe-
ver, growing concern in international markets 
about the adverse effects of these products 
on human health and the environment has 
prompted the search for more environmen-
tally friendly alternatives for disease manage-
ment. These include hydrothermal treatment 
(Alvindia and Acda, 2015), low temperature 
storage (Dofuor et al., 2023), use of organic 
coatings (Mulkay, 2017), antagonistic mi-
croorganisms (Zapata-Narvaez et al., 2021), 
organic and inorganic salts (Dessalegn et al., 
2013), plant extracts (Alemu et al., 2014), ei-
ther individually or combining two of these 
options. 

Among the widely accepted postharvest 
control alternatives is the use of chitosan 
and potassium sorbate. Both products have 
demonstrated an inhibitory effect of the 
disease on papaya and mango cv. Tommy 
Atkins fruits (Gutiérrez-Martínez et al., 2017; 
Ferreira et al., 2018). Based on the above, 
in the present study, the effects of different 
concentrations and combinations of Chitosan 
and Potassium Sorbate on the control of 
mango fruit anthracnose were evaluated.
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MATERIALS AND METHODS
Mango fruit of the Haden variety were har-

vested in May 2023 in the town of Río Grande, 
Villa de Tututepec, Oaxaca. Fruits were selec-
ted according to uniformity of physiological 
maturity and size, and without the presence of 
physical damage or disease spots.

The pathogenic strain (6523) of Colleto-
trichum sp. used in this study was obtained 
from mango inflorescences with anthracno-
se symptoms collected in the municipality of 
Huehuetán, Chiapas. This strain was chosen 
because of its previous evaluation of pathoge-
nicity and aggressiveness (unpublished data).

In the laboratory, the fruits were washed 
with running water and then disinfected 
with 1.0% sodium hypochlorite for 1 min. 
Subsequently, three rinses were performed 
with sterile distilled water and the fruits were 
dried with sterile sanitas. A pair of 2 mm 
deep wounds was made on the peel in the 
central part of each fruit with a sterile needle, 
with a distance of 4 cm between each point 
(Zapata-Narváez et al., 2021). A mycelial disc 
of 5 mm in diameter was placed over each 
wound. The inoculated fruits were placed 
inside plastic trays (50 x 35 x 35 x 15 cm) and 
incubated under humid chamber conditions 
(wet absorbent paper at the base) for 24 h. 
After incubation, the fruits were immersed 
for 1 min in a solution of the following 
treatments: Chitosan at 1 % concentration 
(Q1.0), Potassium Sorbate at concentrations 
of 1.5, 2.5 and 3.5 % (SP1.5, SP2.5 and SP3.5) 
and the combination of Chitosan with the 
concentrations of Potassium Sorbate (QSP1.5, 
QSP2.5 and QSP3.5). As a positive control 
treatment, wounded fruits inoculated with 
the fungus were used. Treated fruits were 
allowed to dry at room temperature for 2 h and 
stored at 25 °C for 12 days. The experimental 
design was completely randomized with 
three replicates, three fruits were considered 
as one replicate. After the storage period in 

each of the treatments, the incidence and 
severity of anthracnose was evaluated in each 
of the fruits. Incidence was determined at 3, 
6, 9 and 12 days after the application of the 
treatments based on the number of fruits with 
development of anthracnose symptoms (at 
inoculation points) within each treatment, 
and then transformed into percentage values 
of incidence. Severity was determined by 
measuring the diameter of the lesion caused 
by anthracnose with a digital vernier.

The incidence and severity results were 
analyzed using the Kruskal-Wallis test and a 
comparison of average ranges (P = 0.05), be-
cause the errors were not normally distributed.

RESULTS AND DISCUSSION
The incidence of anthracnose on mango cv. 

Haden treated with the organic products was 
statistically different during the study period 
(p<0.05). At 3 days after the application of the 
treatments (ddat), the highest average range 
of incidence was recorded in the control tre-
atment, while the lowest was recorded in 2.5% 
potassium sorbate (Table 1). After the sixth 
day, there were no changes in disease inciden-
ce. The positive control again showed the hi-
ghest average range of incidence, while 2.5% 
potassium sorbate and chitosan plus 3.5% po-
tassium sorbate showed the lowest values.

The lesion diameter caused by Colletotri-
chum sp. on mango fruit cv. Haden was dif-
ferent during the study period (p<0.05). The 
control treatment presented the largest lesion 
diameter at 3, 6 and 9 days, reaching 2.08 cm 
on day 12 of the study, while the lowest values 
were obtained with 2.5 % potassium sorbate 
and 1 % chitosan plus 2.5 and 3.5 % potassium 
sorbate (Table 2 and Figure 1). These three 
treatments showed an effectiveness of 100, 89 
and 94 % of disease control with respect to the 
positive control. Coronado and Partida (2021) 
reported similar effects of the combined tre-
atment of chitosan (1%) and potassium sor-
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Treatment
3 ddat 6-12 ddat

Media RX Media RX
SP1.5 44.43 16.83 bc 72.20 18.33 bc
SP2.5 0 5.0 a 0 4.5 a
SP3.5 22.20 10.67 ab 22.20 9.83 b
Q1.0 50.00 17.67 bc 77.77 18.00 bc

QSP1.5 27.77 12.33 ac 50.03 13.83 ac
QSP2.5 11.10 7.83 ab 11.10 7.17 ab
QSP3.5 5.57 6.67 ab 5.57 6.17 a
Witness 91.67 23 c 94.47 22.17 c

Table 1. Incidence of anthracnose (%) on mango fruit cv. Haden treated with Chitosan, Potassium Sorbate 
alone and in combination, during twelve days of storage at 25 °C.

Ddat=days after application of treatments; RX=Range average; SP1.5, SP2.5 and SP3.5=Potassium Sorbate 
at 1.5, 2.5 and 3.5 %; Q1.0=Chitosan at 1.0 %; QSP1.5, QSP2.5 and QSP3.5= Chitosan at 1 % plus Potassium 
Sorbate at 1.5, 2.5 and 3.5 %; *Equal letters indicate that the means do not differ significantly at the 5 % 

level, according to non-parametric multiple comparisons.

Treatment
3 ddat 6 ddat 9 ddat 12 ddat

Media RX Media RX Media RX Media RX

SP1.5 2.36 18.33 bc 6.42 18.33 cd 10.94 19.33 c 16.87 19.33 c

SP2.5 0 5.0 a 0 4.5 a 0 4.50 a 0 4.5 a

SP3.5 0.97 10.33 ab 1.99 9.5 ac 3.13 9.50 ac 4.75 9.83 ab

Q1.0 1.76 15.0 ac 5.01 17.0 bd 8.07 17.5 bc 12.90 17.50 bc

QSP1.5 0.98 11.0 ab 3.03 13.67 ad 4.88 13.33 ac 6.81 13.33 bc

QSP2.5 0.54 8.67 ab 0.99 7.0 ab 1.54 7.0 ab 2.09 6.67ab
QSP3.5 0.16 6.67 a 0.51 6.33 ab 0.82 6.33 ab 1.21 6.33 ab
Witness 4.69 22.00 c 8.36 21.33 d 11.83 20.33 c 20.83 20.33 c

Table 2. Anthracnose lesion diameter (mm) in mango cv.Haden fruit treated with Chitosan, Potassium 
Sorbate alone and in combination, during twelve days of storage at 25 °C.

Ddat=days after application of treatments; RX=Range average; SP1.5, SP2.5 and SP3.5=Potassium Sorbate 
at 1.5, 2.5 and 3.5 %; Q1.0=Chitosan at 1.0 %; QSP1.5, QSP2.5 and QSP3.5= Chitosan at 1 % plus Potassium 
Sorbate at 1.5, 2.5 and 3.5 %; *Equal letters indicate that the means do not differ significantly at the 5 % 

level, according to non-parametric multiple comparisons.
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Figure 1. Anthracnose severity in mango fruit cv. Haden treated with chitosan and potassium sorbate 
alone and in combination, after 12 days of storage at 25 °C. SP1.5, SP2.5 and SP3.5=potassium sorbate at 
1.5, 2.5 and 3.5 %; Q1.0=Chitosan at 1.0 %; QSP1.5, QSP2.5 and QSP3.5=Chitosan at 1 % plus potassium 

sorbate at 1.5, 2.5 and 3.5 %; and C+=Witness.

bate (1%), by inhibiting the germination of 
Rhizopus stolonifer spores and significantly 
reducing soft rot in jackfruit (Artocarpus he-
terophyllus L.) without damaging fruit quality.

At the end of the study, fruits treated 
with chitosan and chitosan with potassium 
sorbate did not show the characteristic 
coloration of commercial maturity, since their 
skin remained green (Figure 1); this effect 
of chitosan on mango fruit maturity was 
previously reported in fruits of the cultivar 
Nam Dok Mai treated with chitosan at 1.5 and 
2.0 % (Pongphen et al., 2007).

Anthracnose control using chitosan works 
in an inhibitory manner, since this product 
prevents mycelial growth of C. gloeosporioides 
(Berumen-Varela et al., 2015). In papaya fruits, 
a 1.5 % concentration of Chitosan reduced 
sporulation by up to 70 % and completely 
inhibited conidial germination (López-Mora 
et al., 2013). The inhibition is due to the free 
amino groups of Chitosan producing changes 
in cell permeability, ionic homeostatic cellular 
imbalances of K+ and Ca2+ , causing hyphae 
to atrophy, deform and collapse (Peña et 
al., 2013). Chitosan has also been shown to 
induce the production of Peroxidase enzymes, 

which through oxidation-reduction reactions 
involved in the process of defense and 
hypersensitivity against fungal attack (Zhu 
and Ma, 2007).

It is currently known that different 
potassium-based products, such as sorbate, 
reduce the turgor pressure of the fungi, causing 
collapse and contraction of the hyphae, thus 
inhibiting the growth and sporulation of C. 
gloeosporioides (Palmer et al., 1997). The use 
of different salts together with edible coatings 
on different postharvest fruits has been one 
of the most useful methods for the control of 
anthracnose; however, the physicochemical 
and sensory attributes of the fruits are affected, 
the latter also depending on the specific 
characteristics of the postharvest products 
(Martínez-Blay et al., 2020).

CONCLUSIONS
The 2.5% potassium sorbate treatment 

significantly reduces anthracnose without 
affecting the external appearance of mango cv. 
Haden fruit.  This product can be an ecological 
alternative for the control of this anthracnose 
in postharvest.
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