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Abstract 

 

Associations between plants and microorganisms may be 

beneficial, neutral or detrimental. Fungi are well known to 

be the main biotic agents causing plant diseases. Apple is 

a crop that may be affected by plant pathogenic fungi, 

causing important economic losses. Apple variety ‘Golden 

Delicious’ is susceptible to phytopathogenic fungi and is 

one of the most consumed in the world. In this study, 

fungal populations obtained from the surface of ‘Golden 

Delicious’ apple cultivated in Queretaro were identified 

using taxonomic keys, and their possible pathogenic 

activity was evaluated inoculating them into apple fruit. 

Eleven fungi morphotypes were obtained, from which 

90% was possible to identify at genus level. Main genera 

identified were Alternaria, Aspergillus, Cladosporium 

and Penicillium. Assays in fruit showed that all fungal 

morphotypes had some phytopathogenic activity. 

Morphotypes identified as Penicillium were the most 

harmful (>59% decay). Results show there exist 

associated fungi during pre-harvest apple grow that may 

damage fruit in post-harvest phase. 
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Resumen  

 

Las asociaciones entre plantas y microorganismos pueden 

ser benéficas, neutrales o perjudiciales. Los hongos son 

conocidos por ser los principales agentes bióticos que 

causan enfermedades a los cultivos. La manzana es uno de 

los cultivos que puede verse afectado por la acción de este 

tipo de hongos fitopatógenos, ocasionando pérdidas 

económicas importantes. La manzana ‘Golden Delicious’ 

es una variedad susceptible a hongos fitopatógenos y una 

de las más consumidas a nivel mundial. En el presente 

estudio se identificaron las poblaciones fúngicas aisladas 

de la superficie de manzanas ‘Golden Delicious’ 

cultivadas en el estado de Querétaro; a partir del uso de 

claves taxonómicas se determinó su posible capacidad 

patogénica mediante su inoculación en fruto. Se 

obtuvieron 11 morfotipos de hongos, de los cuales el 90% 

se logró identificar a nivel de género, siendo los 

principales Alternaria, Aspergillus, Cladosporium y 

Penicillium. Los análisis en fruto mostraron que todos los 

hongos tuvieron cierta capacidad fitopatógena, siendo los 

morfotipos identificados como Penicillum, los que 

causaron más daño (> 59 % de pudrición). Estos 

resultados, muestran que existen hongos asociados 

durante el cultivo precosecha de manzano con capacidad 

de dañar al fruto en etapa postcosecha. 
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Introduction 

 

Plant organs can be constantly associated with 

microorganisms, which can have beneficial, 

neutral or pathogenic relationships (Imam et al., 

2016). Among plant pathogens, fungi are the 

main microorganisms causing damage during 

cultivation and post-harvest, representing 

significant economic losses of up to 13 % of 

global agricultural yields (Moore et al., 2019). 

 

One of the crops that can be affected by 

plant pathogenic fungi is apple (Malus 

domestica Borkh), which is predominantly 

temperate and of considerable importance due to 

its widespread consumption. The cultivar 

'Golden Delicious' is one of the most popular 

apple varieties and susceptible to the main 

postharvest plant pathogen: P. expansum 

(Hermosillo et al., 2015).  

 

Mexico is the thirteenth largest apple 

producer in the world, reaching 716, 930 tonnes 

in 2016, representing 0.68 % of the national 

agricultural GDP, where Querétaro, is part of the 

apple-producing Region 8, which generates 0.23 

% of the national apple production together with 

the states of Hidalgo, Estado de México and 

Tlaxcala (SAGARPA, 2016). However, as in 

other producing areas, the harvest is affected by 

phytopathogens, which can be present from the 

crop and cause losses in the postharvest stage. 

 

Therefore, the present study aimed to 

identify the fungal populations obtained from 

the apple surface of the 'Golden Delicious' 

variety grown in Amealco, Querétaro, at the 

mature fruit stage and to determine their possible 

pathogenic capacity in fruit. 

 

Methodology to be developed 

 

Biological material 

 

A collection of 11 fungi from the strain of the 

Agricultural Biotechnology Laboratory of the 

Faculty of Chemistry of the Autonomous 

University of Querétaro was used as a starting 

point. The fungi were obtained from the ripe 

fruit of the apple variety 'Golden Delicious', in 

an experimental orchard in the municipality of 

Amealco, Querétaro (20°09'LN, 100°07 LO and 

2279 masl). 

 

 

 

 

Identification of filamentous fungi  

 

In order to identify taxonomically at genus level, 

fungi were inoculated on the following media: 

nutrient yeast glucose agar (NYDA (g/L): 

nutrient broth 8.0, yeast extract 5.0, glucose 

10.0, agar 20.0); potato dextrose agar 10% (PDA 

g/L: potato extract 0.4, glucose 2. 0, agar 1.5); 

apple exudate agar ('Golden Delicious' apple 

exudate 120 mL/L, agar 15.0); yeast-peptone-

dextrose agar 10% (YPD g/L: yeast extract 1.0, 

casein peptone 2.0, glucose 2.0, agar 15.0) and 

V8 agar (V8 juice 200 mL/L, calcium carbonate 

3 g/L, agar 15 g/L). The inoculated boxes were 

incubated at room temperature for 7 days. 

Subsequently, samples were prepared for spore 

identification under a microscope. Twenty-five 

µL of lactic acid was placed on a slide, and an 

inoculum of the culture was taken, spread on the 

lactic acid and coverslipped. Samples were 

observed under a microscope at 40X 

magnification and mycelia and spores were 

identified and compared with taxonomic keys 

(Klich, 1988; Pitt, 1991; Ellis, 1993; 

Rayachhetry, et al., 1996; Mercado, et al., 1997; 

Denman et al., 2003; Domsch, et al., 2007; 

Bensch et al., 2010). 

 

For those fungi for which microscopic 

examination of structures was not possible, 

microcultures were performed. For this, a 

triangular rod was placed in a Petri dish and a 

slide was placed on top of it. Next, 

approximately 1 cm2 squares of PDA medium 

were cut out and one square was placed on the 

slide. An inoculum of the corresponding fungus 

was taken and inoculated onto the PDA medium 

on all four sides from the cross-section. 

Subsequently, a coverslip was placed on the 

PDA and incubated at room temperature for 7 

days. After the incubation time, the coverslip, 

with fungal growth, was picked up with forceps 

and placed on a new slide with 25 µL of lactic 

acid. The samples were observed under a 

microscope at 40X magnification and compared 

with previously described taxonomic keys. 

 

Determination of pathogenicity of fungi in 

fruit 

 

The fruits used for the pathogenicity test were 

disinfected as follows: they were washed for 5 

min in 90 % v/v ethanol, 60 s in 5 % v/v sodium 

hypochlorite, 60 s in 70 % v/v ethanol and finally 

rinsed with sterile water. Four holes were drilled 

in each fruit at the equatorial diameter with a 

hole puncher.  
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The corresponding cultures were drilled 

to obtain 5 mm diameter discs, which were 

placed inwards into the holes made in the fruit. 

Each fungus was tested in triplicate. Penicillium 

expansum (previously characterised as an apple 

phytopathogen) was used as a positive control 

and uninoculated borings were left as a negative 

control. In a humid chamber, consisting of a 

plastic box with paper towels moistened with 

sterile water, the inoculated fruit were placed, 

sealed with plastic strips and closed with a lid to 

keep the fruit isolated. 

 

Ten days after inoculation, the diameter 

of fungal damage in mm and the percentage of 

damage, defined as the percentage of the average 

diameter of fungal damage compared to the 

diameter of damage caused by the positive 

control (P. expansum), were evaluated. 

 

Results 

 

Out of a total of eleven fungal isolates from ripe 

'Golden Delicious' apple fruit, it was possible to 

identify ten of these to genus level by taxonomic 

keys (Figure 1).  

 

The isolate H12GDE3 2018 could not be 

identified due to the absence of spores in the 

cultures. The culture medium that performed 

best in activating the fungi was NYDA medium. 

Of the ten fungi identified, four corresponded to 

the genus Aspergillus being: H4GDE3 2018, 

H9GDE3 2018, genus Cladosporium reported as 

H2GDE3 2018, H5GDE3 2018 and H7GDE3 

2018; two to the genus Penicillium: H3GDE3 

2018 and H6GDE3 2018; and one to the genus 

Alternaria, H8GDE3 2018. The fungus 

H12GDE3 could not be identified because no 

spores were produced on any of the media used 

to activate the fungi. 

 

The four fungal genera found are among 

the most commonly found on apple orchards 

when identification is made using culture-based 

techniques. However, it should be noted that 

such techniques only allow the identification of 

cultivable taxonomic groups, i.e. fungi that have 

the ability to grow in culture media outside their 

original environment. Other techniques, such as 

sequencing, allow the identification of most 

species, including those that do not have the 

ability to grow in culture outside of their medium 

(Shen et al., 2018). 

 
 
Figure 1 a) H4DGE3 2018 / Aspergillus, b) H9DGE3 

2018 / Aspergillus, c) H10DGE3 2018 / Aspergillus, d) 

H11DGE3 2018 / Aspergillus, e) H2DGE3 2018 / 

Cladosporium, f) H5DGE3 2018 / Cladosporium, g) 

H7DGE3 2018 / Cladosporium, h) H8DGE3 2018 / 

Alternaria, i) H3DGE3 2018 / Penicillium, j) H6DGE3 

2018 / Penicillium 

  

The results of the fruit pathogenicity 

tests can be seen in Figure 3 and Table 1. The 

percentage of damage caused by the fungi ranges 

from 12.3 % to 100.9 %, higher than the control 

(Figure 2), while the average damage percentage 

of all fungi is 45.4 %.  

 

Four of the eleven fungi were identified 

as Aspergillus, which generated damage 

percentages between 29.2 % and 48.0 %, 

coinciding with reports that list this genus as one 

of the most common on fruit surfaces. 

 

 

 

 

a) b) 

c) d) 

e) f) 

g) h) 

i) j) 
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Furthermore, it has been reported that 

Aspergillus spp. is one of the main causal agents 

of fruit rot in postharvest, especially when 

storage times are long and humidity is high (Qais 

et al., 2016).  

 

 
 
Figure 2 Positive control with Penicillium espansum 

 

The three fungi identified as 

Cladosporium caused damage percentages 

between 12.33% and 60.4%. Although the 

fungus H7GDE3 2018 had a high percentage of 

fruit damage (60.4 %), the genus Cladosporium 

has been commonly described as a "weak" 

pathogen and secondary agent of infection on 

apple (Grantina, 2015). However, the use of 

Cladosporium cladosporioides isolates as an 

antagonist of the apple pathogenic fungus 

Venturia inaequalis has also been investigated 

(Kohl, et al., 2015).  

 

On the other hand, the two fungi of the 

genus Penicillium caused the most damage, 

reaching values of 59.1 % and 100.9 %. 

Penicillium spp. is a typical apple pathogen, with 

Penicillium expansum standing out, responsible 

for causing the warehouse rot known as "blue 

mould" (Hermosillo, et al., 2015). Finally, the 

only isolate identified as Alternaria caused 

67.27% damage. Alternaria has been reported to 

cause heart, calyx and wound rot and has been 

attributed considerable resistance to commonly 

used fungicides (Grantina. Op. cit).   

 

 
 
Figure 3 a) H4DGE3 2018 / Aspergillus, b) H9DGE3 

2018 / Aspergillus, c) H10DGE3 2018 / Aspergillus, d) 

H11DGE3 2018 / Aspergillus, e) H2DGE3 2018 / 

Cladosporium, f) H5DGE3 2018 / Cladosporium, g) 

H7DGE3 2018 / Cladosporium, h) H8DGE3 2018 / 

Alternaria, i) H3DGE3 2018 / Penicillium, j) H6DGE3 

2018 / Penicillium 

 

 

 

 

 

 

 

 

 

a) b) 

c) d) 

e) f) 

g) h) 

i) j) 
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Isolated Gender 

Damage in 

respect of 

control (%) 

Positive control Penicillium 

expansum 

100 

H8GDE3 2018 Alternaria 67.27 

H4GDE3 2018 Aspergillus 29.22 

H9GDE3 2018 Aspergillus 35.45 

H10GDE3 2018 Aspergillus 48.06 

H11GDE3 2018 Aspergillus 33.49 

H2GDE3 2018 Cladosporium 22.63 

H5GDE3 2018 Cladosporium 12.33 

H7GDE3 2018 Cladosporium 60.48 

H3GDE3 2018 Penicillium 59.13 

H6GDE3 2018 Penicillium 100.95 

 
Table 1 Percentage of damage of the isolates with respect 

to the positive control (Penicillium expansum) on apple 

fruit 
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Conclusions 

 

It was determined that different genera 

(Aspergillus, Alternaria, Cladosporium and 

Penicillium), ecologically associated with apple 

trees in the state of Querétaro, cause 

considerable damage with respect to a common 

fruit pathogen (Penicillium expansum), which 

was also identified in the present isolates. In 

conclusion, the identified genera are considered 

as potential phytopathogens.   
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