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Plant fungal disease pathogens cause significant yield and quality losses in onion growing areas. In 

addition to yield losses, they cause negative effects that reduce the quality and export potential of 

the product, resulting in significant economic losses during harvest, post-harvest, processing and 

marketing stages. In recent years, Matrix-Assisted Laser Desorption/Ionization-Time of Flight 

Mass Spectrometry (MALDI-TOF MS) has emerged as a rapid, cost-effective, reproducible, and 

powerful technique for identifying microorganisms, and its impact on microbiological diagnosis 

has transformed workflow in equipped laboratories. In this study, proteomic analyzes were 

performed on Alternaria, Aspergillus, Fusarium and Penicillium species isolated from onion 

growing areas in Hatay, Amasya, and Tokat provinces. After extraction of mycelium from single 

spore cultures of the isolates with ethanol-formic acid, the spectra of the individual fungal isolates 

were determined using the Flex control software program. These spectra were compared with Maldi 

Biotyper Real-Time Classification (RTC) and identification was performed. Of 519 different fungal 

isolates, 435 representative fungal isolates (83.8%)  were identified by MALDI TOF MS. Eighty-

four fungal isolates could not be identified because they were not in a satisfactory range of purity 

and identification. Of the 435 isolates, 269 (61.8%) were identified as Fusarium spp., 80 isolates 

(18.4%) were identified as Alternaria spp., 60 isolates (13.8%) as Aspergillus spp., and 26 isolates 

(6.0%) as Penicillium spp. Among the fungal isolates, 72.5% of the Fusarium isolates, 78.8% of 

the Alternaria isolates, 90.0% of the Aspergillus isolates and 84.6% of the Penicillium isolates were 

identified as “highly probable” species with score values between 2.000-3.000 (green color). These 

species are Alternaria alternata, Alternaria infectoria, Aspergillus flavus, Aspergillus niger, 

Fusarium culmorum, Fusarium moniliforme, Fusarium oxysporum, Fusarium proliferatum, 

Fusarium solani, Fusarium verticillioides, Penicillium commune and Penicillium glabrum. The 

results clearly demonstrate that MALDI TOF MS biotyping may be used as a highly reliable and 

economical diagnostic method for routine diagnosis of diseases caused by Alternaria, Aspergillus, 

Fusarium and Penicillium species. 
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Introduction 

Onion (Allium cepa L.) is one of the vegetables with a 

great variety when examined considering its different 

characteristics. Many factors prevent production in the 

areas where onion cultivation is carried out. Among them, 

fungal, bacterial and viral disease pathogens cause 

significant yield and quality loss in different development 

periods of the onion plant (Schwartz and Mohan, 2008). 

These diseases and pests create negative effects that reduce 

the quality and export potential of the product, which cause 

significant economic losses during harvest, post-harvest, 

processing and marketing stages, as well as a decrease in 

yield. Among the fungal and fungal-like disease pathogens, 

Alternaria porri, Alternaria alternata, Alternaria 

tenuissima, Alternaria palandui, Alternaria brassicola, 

Botrytis cinerea, Botrytis aclada, Botrytis allii, Botrytis 

byssoidea, Botyrtis squamosa, Botrytis porri, 

Cladosporium sp., Stemphylium sp., Urocystis cepulae and 

Peronospora destructor cause significant product losses by 

causing disease in the green parts of the plant. Fungal 

disease pathogens such as Aspergillus niger, Aspergillus 

oryzae, Penicillium georgiense, Penicillium polonicum, 

Penicillium glabrum and Penicillium expansum cause bulb 

rot in onions before and after harvest. Soil-borne fungal 

disease pathogens such as Pythium spp., Fusarium spp., 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


Kara and Soylu / Turkish Journal of Agriculture - Food Science and Technology, 11(s1): 2525-2529, 2023 

2526 

 

Rhizoctonia solani, Sclerotium rolfsii and Sclerotium 

cepivorum cause diseases such as wilt, root and root rot and 

damping-off in onions (Smith, 1988; Haq et al., 2003; 

Chilvers et al., 2007; Schwartz and Mohan, 2008; Dumbre 

et al., 2011; Bayraktar et al., 2014; Oh et al., 2015; Duduk 

et al., 2017; Chethana et al., 2018). 

In the provinces where onion cultivation is intense in 

Turkey, the definitive diagnosis of fungal pathogens seen 

in onion plants using the latest technological diagnostic 

devices is of great importance for the development of 

correct control methods. 

In recent years, Matrix-assisted lasser 

desorption/ionization-time of flight mass spectrometry 

(MALDI-TOF MS) has emerged as a powerful technique 

for the identification of microorganisms and its impact in 

microbiological diagnostics has changed the workflow in 

well-established laboratories. Compared to traditional 

diagnostic methods that rely on biochemical testing and 

require long incubation procedures, MALDI-TOF MS has 

the advantage of identifying bacteria and fungi directly 

from colonies grown in culture media in a few minutes and 

with simple procedures (Kurt et al., 2020; Uysal et al., 

2022). Many studies available in different systems have 

proven the reliability and accuracy of the method (Carolis 

et al., 2014, Uysal et al., 2019; Soylu et al., 2021; Kara et 

al., 2022). In this respect, it offers a powerful alternative to 

microscopic and molecular biology methods. Today, 

commercial MALDI systems are available for diagnostic 

applications in clinical medicine, biotechnology, and 

industrial as well as biological research studies. Although 

it is mostly used in bacterial biotyping, many experimental 

strategies have been developed for the analysis of fungi. 

Members of many fungal genera such as Aspergillus, 

Fusarium, Penicillium or Trichoderma, as well as various 

yeasts from clinical specimens (e.g. Candida albicans) 

have been successfully identified with MALDI-TOF MS 

(Chalupová et al., 2014). 

In this study, Alternaria, Aspergillus, Fusarium and 

Penicillium species isolated from onion growing areas in 

Hatay, Amasya and Tokat provinces were identified by 

MALDI-TOF MS system. 

 

Materials and Methods 

 

Matrix Assisted Laser Desorption Ionization-Time of 

Flight Mass Spectrometry (MALDI-TOF MS) Analysis 

All fungal isolates were preliminary diagnosed 

morphologically using dichotomic keys. Colony color, 

reverse colony color, shape and size of conidia and 

conidiophores, shape and size of macro and/or microconidia, 

presence of sexual structures, sclerotia production and 

formation of chlamidospores on selective and general nutrient 

media such as CDA (Czapek Dox Agar), CMA (Corn Meal 

Agar), MEA (Malt Extract Agar), YEA (Yeast Extract Agar), 

CLA (Carnation Leaf Agar) and PDA (Potato Dextrose Agar) 

media were used as morphological fungal parameters as 

suggested for each fungal genera (Nelson et al., 1983; Ellis, 

1993, Barnett and Hunter, 2003; Frisvad and Samson, 2004; 

Chethana et al., 2018). 

Fungal isolates, previously obtained from onion 

growing areas in Hatay, Amasya and Tokat provinces of 

Turkey, were grown in PDA medium for 5-7 days. Up to 

3-5 mycelial discs (0.5 cm) were transferred to plastic tubes 

containing an average of 8 ml potato dextrose broth (PDB) 

broth. The cultures were allowed to grow on the rotator 

(13.000 rpm) in plastic tubes for 2-3 days at room 

temperature. Formic acid ethanol extraction processes 

were used for MALDI-TOF MS analyses. First of all, each 

isolates were taken into a 1.5 ml Eppendorf tube. It was 

centrifuged at 13000 rpm for 2 minutes. The liquid part was 

removed with the help of a Pasteur pipette so that the pellet 

remained at the bottom. Then, centrifugation was repeated 

by adding 1 ml of distilled water at HPLC value. The liquid 

part was removed so that the pellet remained at the bottom 

again. Then 300 µl of HPLC distilled water was added to 

the pellet and vortexed. Then, 900 µl of ethanol was added, 

vortexed again and centrifuged at 13000 rpm for 2 minutes. 

After centrifugation, the ethanol was completely removed 

and left to dry for 5-10 min at 37°C. Depending on the size 

of the pellet, between 10 and 80 µl of 70% formic acid was 

added to the dried pellet and vortexed. Acetonitrile was 

added as much as the amount of formic acid added and 

vortexed again. Finally, it was centrifuged at 13000 rpm 

for 2 minutes. After centrifugation, 1 µl of the upper liquid 

part was loaded into the wells of the MALDI-TOF MS 

target and left to dry. After drying, it was covered with 

HCCA (ɑ-Cyano-4-hydroxycinnamic acid) matrix liquid. 

After the wells were completely dry, they were loaded onto 

the target device. Spectra were taken with the Flex control 

software program. Then, these spectra were compared with 

the MALDI Biotyper V9.0 software program and the 

species identification was completed (Biotyper 3.0; 

Microflex LT; Bruker Daltonics GmbH, Bremen, 

Germany). 

As a result of the analysis; the scores between 2.300-

3.000 (green color) probable species identification, 2.000-

2.299 (green color) reliable genus level diagnosis and 

probable species level diagnosis, 1.700-1.999 (yellow 

color) probable genus level diagnosis, 0.000- a score of 

1.699 (red color) was considered as an unreliable diagnosis 

(Uysal et al., 2019; Soylu et al., 2021; Kara et al., 2022; 

Uysal et al., 2022). 

 

Results and Discussion 

 

A total of 1691 fungal isolates were obtained from 

different fields and provinces in Tokat, Amasya and Hatay 

provinces where important onion cultivation was made. 

Pre-diagnosis of each isolates were made according to their 

morphological properties. Single spore cultures of 519 

isolates pre-diagnosed as Alternaria, Aspergillus, 

Fusarium and Penicillium spp. were obtained for MALDI-

TOF analysis. The spectra of the device were taken with 

the Flex control software program following the extraction 

of mycelium from single spore cultures of the isolates with 

ethanol-formic acid. These spectra were compared with the 

Maldi Biotyper Real-Time Classification (RTC) and 

diagnosis process was performed (Figure 1). 

Among 519 different fungal isolates, 435 isolates were 

diagnosed (83.8%) using the MALDI TOF MS analysis. 

Eighty four fungal isolates could not be diagnosed because 

they were not in the satisfactory purity and identification 

spectrum. Of the 435 isolates identified, 269 (61.8%) were 

identified as Fusarium spp., 80 (18.4%) isolates were 

Alternaria spp., 60 isolates (13.8%) were Aspergillus spp., 

and 26 (6.0%) isolates were Penicillium spp.  
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Figure 1. MALDI-TOF MS spectra of representative isolates belonging to Alternaria (A), Aspergillus (B), Fusarium 

(C) and Penicillium (D) genera identified using MALDI Biotyper 3.0 program 

 

 

Amongst identified isolates, 72.5% of the isolates of the 

Fusarium genus, 78.8% of the Alternaria genus, 90.0% of 

the Aspergillus genus and 84.6% of the Penicillium isolates 

with score values between 2,000-3,000 (green color) were 

identified as “highly probable” species. These species are 

Alternaria alternata, Alternaria infectoria, Aspergillus 

flavus, Aspergillus niger, Fusarium culmorum, Fusarium 

moniliforme, Fusarium oxysporum, Fusarium 

proliferatum, Fusarium solani, Fusarium verticillioides, 

Penicillium commune and Penicillium glabrum. 

The distribution of 435 isolates obtained from different 

provinces and identified with MALDI TOF MS according 

to the plant parts from which they were isolated on the 

basis of provinces and their % ratios are given in Tables 1 

and 2. In this way, a preliminary diagnosis process was 

carried out according to protein analysis of species 

belonging to Alternaria, Aspergillus, Fusarium and 

Penicillium. This study is the first in Turkey to use the 

MALDI TOF MS technique for the identification of 

Alternaria, Aspergillus, Fusarium and Penicillium species 

in onions. When the MALDI TOF MS method is compared 

with molecular methods considering the economic cost 

aspect, it has clearly shown that MALDI TOF MS 

biotyping can be used as a highly reliable and economical 

diagnostic method for the routine diagnosis of diseases 

caused by Alternaria, Aspergillus, Fusarium and 

Penicillium species. 

It has also been reported in many taxonomic 

identification studies that the MALDI-TOF MS technique 

is an effective device for the diagnosis of Ascomycetes 

phytopathogenic fungi belonging to the Alternaria genus, 

such as Alternaria dauci in carrots, A. porri in onions, 

Alternaria solani in potatoes, and Alternaria tomatophila 

in tomatoes (Brun et al., 2013; Chalupová et al., 2014). 

Hettick et al. (2008a) described 12 A. flavus species and 5 

strains using the MALDI TOF MS technique. In another 

study, 12 Penicillium species were analyzed by MALDI 

TOF MS technique (Hettick et al., 2008b). The MALDI-

TOF MS technique was also used to differentiate P. 

expansum and Penicillium pinophilum in apples and P. 

citrinum, P. italicum and P. digitatum in citrus fruits (Chen 

and Chen, 2005). 
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Table 1. The isolate numbers of fungal species obtained from Hatay, Amasya and Tokat provinces and identified by 

MALDI TOF MS analysis according to the samples from which they were isolated (piece) 

Species Name 
Hatay Amasya Tokat 

T 
R B L F S R B L F S R B L F S 

Alternaria alternata - - 17 2 - 1 2 11 4 - - - 14 28 - 79 

Alternaria infectoria - - - - - - - - - - - - 1 - - 1 

Aspergillus flavus - - - - - 1 - - - - - - - - - 1 

Aspergillus niger 3 21 - - - 2 3 3 1 1 2 7 8 8 1 59 

Fusarium culmorum - - - - - - 1 - - - - - - - - 1 

Fusarium moniliforme - - - - - 1 - - - - - - - - - 1 

Fusarium oxysporum 11 9 5 - 5 51 27 19 - - 16 11 4 6 3 167 

Fusarium proliferatum 2 6 8 - - 8 4 15 1 1 3 4 7 1 - 59 

Fusarium solani 2 1 - - - 4 - 1 - - 1 - - - - 9 

Fusarium verticillioides 2 1 2 - - 10 5 6 - - 2 - 3 1 - 32 

Penicillium commune - - - - - 1 - - - - - - - - - 1 

Penicillium glabrum 5 4 - - - 3 5 1 - - 2 3 - 2 - 25 

Total 25 42 32 2 5 82 45 56 6 2 26 25 37 46 4 435 
R: Root; B: Bulb; L: Leaf; F: Flower; S: Soil; T: Total 

 

Table 2. Distribution of fungal species obtained from Hatay, Amasya and Tokat provinces of Turkey and identified 

according to MALDI TOF MS analysis according to the plant parts they isolated (%) 

Species Name 
Hatay Amasya Tokat 

R B L F S R B L F S R B L F S 

Alternaria alternata - - 89.5 10.5 - 5.6 11.1 61.1 22.2 - - - 33.3 66.7 - 

Alternaria infectoria - - - - - - - - - - - - 100.0 - - 

Aspergillus flavus - - - - - 100.0 - - - - - - - - - 

Aspergillus niger 12.5 87.5 - - - 20.0 30.0 30.0 10.0 10.0 7.7 26.9 30.8 30.8 3.8 

Fusarium culmorum - - - - - - 100.0 - - - - - - - - 

Fusarium moniliforme - - - - - 100.0 - - - - - - - - - 

Fusarium oxysporum 36.7 30.0 16.7 - 16.7 52.6 27.8 19.6 - - 40.0 27.5 10.0 15.0 7.5 

Fusarium proliferatum 12.5 37.5 50.0 - - 27.5 13.7 51.7 3.4 3.4 20.0 26.7 46.7 6.7 - 

Fusarium solani 66.7 33.3 - - - 80.0 - 20.0 - - 100.0 - - - - 

Fusarium verticillioides 40.0 20.0 40.0 - - 47.6 23.8 28.6 - - 33.3 - 50.0 16.7 - 

Penicillium commune - - - - - 100.0 - - - - - - - - - 

Penicillium glabrum 55.6 44.4 - - - 33.3 55.6 11.1 - - 28.6 42.9 - 28.6 - 
R: Root; B: Bulb; L: Leaf; F: Flower; S: Soil 

 
Recently, two F. solani isolates (CFs4 and CFs8) that 

cause dry rot in citrus roots in the Eastern Mediterranean 
Region were identified with MALDI-TOF MS technique 
(Kurt et al., 2020). Similar to our study, Al-Hatmi et al. 
(2016) was successfully identified Fusarium ficicrenscens 
as a differential species in the Fusarium fujikuroi species 
complex by using the formic acid-ethanol extraction 
method. In our study, all obtained spectra were evaluated 
on the Bruker Mikroflex platform using MALDI Biotyper 
V2.0 software. As a result, the device made a reliable 
diagnosis of 3 isolates of Fusarium with 2.193, 2.200 and 
2.226 score values. De Carolis et al. (2012) created their 
own library for Mucorales, Fusarium and Aspergillus 
species with the Biotyper system and identified 97% of 94 
isolates at the species level. Santos et al. (2015) tested the 
MALDI-TOF MS technique to identify Fusarium 
guttiforme on pineapple side shoots in situ. The 
identification of a plant pathogen (F. guttiforme) and its 
antagonist (Trichoderma asperellum) using MALDI-TOF 
MS have been demonstrated. On the other hand, Masih et 
al. (2016) identified 95% of Aspergillus species using the 
Bruker system and the database they developed. 

In conclusion, MALDI-TOF MS technique for the early 
detection of filamentous fungi infecting agricultural 
products has not been extensively studied and data is 
lacking in the literature. 
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