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Summary. This study examined the interaction between the crown rot fungus Fusarium culmorum and the 
stem nematode Ditylenchus dipsaci in onion under controlled conditions. Both D. dipsaci and F. culmorum 
reduced plant growth and bulb weight when applied individually. However, simultaneous or sequential co-
inoculation did not increase disease severity compared with F. culmorum alone, indicating that D. dipsaci 
does not contribute to F. culmorum-induced basal rot in onion. In single nematode inoculations, the 
reproduction factor (RF) was higher in yellow onion (10.7) than in purple onion (9.6). In combined 
inoculations, RF values ranged from 8.3-9.5 in yellow onion and 5.4-6.4 in purple onion. Notably, F. 

culmorum significantly reduced D. dipsaci population density and RF in both cultivars, suggesting an 
antagonistic interaction. This is the first report demonstrating suppression of D. dipsaci by F. culmorum in 
onion, highlighting its potential relevance for integrated nematode management. 
Key words: antagonistic interaction, complex disease, onion, stem nematode. 
 

 
Onion (Allium cepa L.) is known to be susceptible 

to infections caused by pathogenic fungi belonging to 
Botrytis spp., Fusarium spp., Penicillium spp. and 
Pythium spp. during the early growth phase (Pieta & 
Kesik, 2008). The primary location in which these 
pathogens establish a presence is the soil. Several 
Fusarium species have been identified as causative 
pathogens that result in quantitative and qualitative 
economic losses in onions. As reported by Schwartz 
and Mohan (1995), the fungal pathogens Fusarium 
culmorum (Wm.G.Sm.) Sacc. (1892), F. oxysporum 
Schlecht. emend. Snyder & Hansen (1940), F. solani 
(Mart.) Sacc. (1881), Penicillium verrucosum var. 
cyclopium (Westling) Samson, Stolk & Hadlok 
(1976) and P. verrucosum var. verrucosum Dierckx 
(1901) have been observed to develop in onion 
tissues during both the growth period and storage, 
leading to substantial economic losses. Notably, 
Fusarium basal rot (FBR) poses a major challenge on 
global onion production. The fungus is also referred 
to as Fusarium rot, Fusarium wilt or basal plate rot 
(Stankovic et al., 2007; Bayraktar et al., 2010). The 
disease is sometimes referred to as a ‘damping-off’ 

or ‘die-back’ disease of seedlings (Kintega et al., 
2020). The incidence of the disease varies 
significantly depending on the pathogenicity of the 
Fusarium species, the susceptibility of the cultivars, 
and the phenological stages of the plant (Köycü & 
Özer, 1997; Cramer, 2000). Fusarium oxysporum 
and F. proliferatum (Matsush.) Nirenberg ex Gerlach 
& Nirenberg (1982) have been identified as the most 
common causal agents of FBR in onions 
(Ghanbarzadeh et al., 2014; Haapalainen et al., 2016; 
2023). Fusarium culmorum has been proven to have 
weak virulence in Allium species compared to the 
highly pathogenic F. oxysporum and F. redolens 
Wollenw (1913) (Galván et al., 2008). The extent to 
which F. culmorum has a pathogenic effect on 
onions, or whether it merely uses them as an 
alternative host, is not yet fully established (Lager, 
2011). Although certain F. culmorum races are 
typically the causal organism of Fusarium basal rot 
on garlic, these races are not the primary pathogens 
of onions (Schwartz & Mohan, 1995).  

The following nematodes have been identified as 
being associated with onion plants: onion stem 
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nematode (Ditylenchus dipsaci (Kühn 1857) Filipjev 
1936), root-knot nematodes (Meloidogyne hapla 
Chitwood, 1949; M. incognita (Kofoid & White, 
1919); M. javanica (Treub, 1885) and M. chitwoodi 
Golden, O'Bannon, Santo & Finley, 1980), stubby-
root nematode (Paratrichodorus sp.) and root lesion 
nematode (Pratylenchus penetrans (Cobb, 1917) 
Filipjev & Schuurmans Stekhoven, 1941) 
(Ravichandra, 2014; Becker & Westerdahl, 2018). 
Ditylenchus dipsaci is the best-known endoparasite 
nematode, causing damage to onion, garlic, tomato 
and chickpea (Yavuzaslanoğlu & Aksay, 2021; 
Behmand et al., 2022a, b). It has been observed to 
attack the above-ground plant parts of onions, and 
has been found to exhibit diverse host races, survival 
mechanisms and causes losses in storage (Brinkman 
& Teklu, 2021). In plants infected with D. dipsaci, 
the initial symptoms appear as desiccation of the leaf 
tips, subsequently accompanied by yellowing, 
wilting, a reduction in the number and height of 
stems, and disintegration of the membranes at the 
base of the stem. This results in cracks, leading to a 
visible loss of the root system. Its infection has been 
demonstrated to facilitate the entry of fungi and 
bacteria into the plant, thereby engendering a dark 
coloration of the lesions caused by the nematode 
(Riascos-Ortiz et al., 2023). Ditylenchus dipsaci has 
been shown to cause significant losses in onion plants 
at a population density of 0.2-10 individuals per 100 
g of soil (Subbotin et al., 2005; Riascos-Ortiz et al., 
2023). Onion yield losses caused by D. dipsaci in 
Türkiye and worldwide have been reported to reach 
up to 80% (Sturhan & Brzeski, 1991; 
Yavuzaslanoğlu et al., 2015, 2021; Yavuzaslanoğlu 
& Özsoy, 2020). 

Interactions between D. dipsaci and soilborne 
pathogens have been the objects of study on different 
plants (Griffin, 1987, 1990; Vrain, 1987; Hillnhütter 
et al., 2011). As Riedel (1988) reported, D. dipsaci 
functions as an entry or susceptibility agent for a 
fungal pathogen. The co-infection of Rhizoctonia 
solani Kühn and D. dipsaci in sugar beet (Beta 
vulgaris L.) was found to increase the level of 
damage. McDonald et al. (2021) found that plants 
inoculated simultaneously and sequentially with D. 
dipsaci and F. oxysporum initially exhibited greater 
disease intensity and severity than plants inoculated 
with both pathogens alone. A review of the extant 
literature failed to yield any information on the 
interaction between F. culmorum and D. dipsaci in 
onion. The objective of this study was to ascertain the 
interaction between D. dipsaci and F. culmorum in 
the basal rot complex in yellow and purple onion 
cultivars, and to determine the effects of the 
organisms on each other's development. 

MATERIALS AND METHODS 

The research was conducted in the Nematology 
and Biotechnology Laboratory of the Department of 
Plant Protection, Faculty of Agriculture, Isparta 
Applied University, Isparta, Türkiye, between March 
and June 2024. The experiments were conducted 
using two onion varieties, i.e., yellow onion (Bratko, 
Sygenta) and purple onion (Mata Hari, Numhens). 
These two varieties were selected on the basis that 
they are susceptible to both D. dipsaci and Fusarium 
wilt. 

Ditylenchus dipsaci culture. D. dipsaci carrots 
were treated with surface sterilisation by soaking in 
1% NaOCl-solution (w/w) for 40 minutes. The 
carrots were cleaned with sterile demineralised water 
and then placed on a clean bench (Kühnhold et al., 
2006). For the experimental set-up, carrot cultures 
were maintained at 21°C for a period of 8 weeks 
(Coyne et al., 2014). Subsequently, extraction was 
performed using a modified Baermann funnel 
technique (Rodríguez-Kábana & Pope, 1981). Once 
sufficient carrot discs had been populated for the 
experiments, the nematodes were prepared for 
inoculation.  

Fusarium culmorum culture. Fusarium 
culmorum isolate, obtained from bulbs, identified 
through diagnostic procedures, and confirmed for 
pathogenicity was stored as spore suspensions in 
20% glycerol at −80 °C and later cultured on PDA 
plates at 24 ± 1 °C for colony growth. A 10-day-old 
F. culmorum culture grown at the same temperature 
was used as the inoculum. Approximately 10 ml of 
sterile water was added to each Petri dish, and the 
spores were gently scraped into the water using a 
spatula. The resulting spore suspension was filtered 
through two layers of fine cheesecloth, and the 
conidia concentration was adjusted to 1.7 × 106 
conidia/ ml. Finally, one drop of Tween 20 was added 
to ensure homogeneity of the suspension. 

Experimental design. The experiment was set up 
in yellow and purple onions in a randomised plot 
design, with five replications per treatment. The 
inoculation of nematodes was divided into three 
different applications. The study comprised six 
treatments involving single, simultaneous, and 
sequential inoculations (Table 1). In the context of 
the experiment, each pot was regarded as constituting 
one replication, with a single bulb being planted in 
each. The study was conducted separately for yellow 
and purple onions in 14 cm diam. plastic pots 
containing 1 kg of sterile soil mixture (comprising 
68% sand, 21% silt and 11% clay) under climate 
chamber conditions (24±1°C, 60±5% RH). 
Inoculations were administered 7 days after  
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Table 1. Treatments in the study. 

Number Treatments 

1 Only Ditylenchus dipsaci (N) 

2 Only Fusarium culmorum (F) 

3 Simultaneously Dictylenchus dipsaci and Fusarium culmorum (NF) 

4 Fusarium culmorum inoculation 7 days after Ditylenchus dipsaci inoculation (N+7F) 

5 Ditylenchus dipsaci inoculation 7 days after Fusarium culmorum inoculation (F+7N) 

6 Control that only treated with distilled water (C)  

 
 

planting the bulbs. The nematode and fungus 
inoculation method was carried out accurately in 
each pot, with the four inoculation points being 
placed precisely 1 cm from the stem. These points 
were meticulously distributed to guarantee equal 
distances from each other. For single and sequential 
inoculations, a volume of 40 ml of spore suspension, 
containing 1.7 × 106 conidia per ml, was utilised for 
the purpose of fungal inoculation, which was then 
distributed to the opened points. The nematode 
inoculation was administered at a rate of 400 
individuals in 40 ml solution per plant, which was 
then dispersed to the designated locations. For the 
simultaneous inoculation, 40 ml of conidial 
suspension applied in the same manner followed 
immediately by the same amount of nematode 
suspension (400 individuals) injected into each pot. 
The control plants were inoculated with 40 ml of 
sterile distilled water (McDonald et al., 2021). It is 
important to note that all plants were watered 
according to the established schedule. The 
experiments were concluded 45 days after 
inoculations. 

Data analysis. At the end of the experiment, plant 
growth parameters root length (cm) and fresh weight 
(g), plant height (cm) and fresh weight (g), and bulb 
fresh weight (g) were taken. Damage on the onion 
plate was graded from 0 to 3 (0 = no symptoms 
(<10% infection); 1 = slight infection (10–20% of the 
basal plate infected); 2 = moderately infected (20–
50%); 3 = highly infected (>50% in both foliar region 
and bulbs) (Rout et al., 2016). The disease percentage 
was calculated using the basal rot severity scale 
values as Abbott’s formula (control - treatment)/ 
control) × 100) (Abbott, 1925). Nematodes were 
obtained from sampled plants from each pot and 
extracted from bulb tissue and 200 g of wet soil using 
the Oostenbrink method (Hooper et al., 2005). Then, 
they were counted to determine the final nematode 
population density (Pf). Nematode reproduction 
factor (RF= Final population (Pf)/initial population 
(Pi)) (Oostenbrink 1966; Ayaz et al., 2021) was 

calculated for each treatment. The calculation of the 
nematode reproduction factor was done by 
multiplying the final number by 400, which is the 
number used per plant (McDonald et al., 2021). 

The statistical analysis was conducted using SPSS 
20 software (IBM Corporation, Armonk, New York, 
USA). The results obtained are presented as the mean 
value ± standard error. The normality of distribution 
of all data was initially ascertained through the 
implementation of Kolmogorov-Smirnov and 
Shapiro-Wilk tests. Thereafter, one-way ANOVA 
and Tukey multiple comparison tests were performed 
on data conforming to normal distribution (P ≤ 0.05). 

RESULTS 

Fusarium culmorum - Ditylenchus dipsaci 
interaction in yellow onion. The plant and root 
length, plant and root wet weight parameters of 
onions indicated that the highest values were 
observed in the control, and these parameter values 
were significantly lower than the control in all 
treatments (P ≤ 0.05). Statistical analysis revealed no 
statistically significant differences between the 
treatments in these parameters (P ≤ 0.05). In the root 
length parameter, the statistical difference between 
the control, (F) and (NF) treatments was 
insignificant. With regard to onion weight, a 
significant decrease was observed in the treatments 
in comparison to the control, with a statistically 
significant difference noted between the (N) (4.9 g) 
and (F+7N) (5.8 g) treatments (Table 2). 

The highest soil density was found in N treatment 
(914.0 individuals (200 g soil)-1). Also (NF), (F+7N) 
and (N+7F) treatments decreased the nematode 
population in the soil (P ≤ 0.05) and was found in the 
same statistical group (b). The lowest bulb density 
was observed in (F+7N) (316.0 (100 g soil)-1) and 
(N+7F) (406.0 (100 g soil)-1) treatments. Compared 
to (N) treatment, total nematode density decreased in 
inoculations with fungus. Total nematode density 
was similar in (NF) and (N+7F) treatments but 
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Table 2. Plant growth parameters in the interaction between Fusarium culmorum and Ditylenchus dipsaci  
in yellow onion. 

Treatments Root length  
(cm)1 

Plant length  
(cm) 

Root wet weight  
(g) 

Plant wet weight 
(g) 

Bulb wet weight 
(g) 

C 30.0 ± 1.7 a 49.2 ± 2.6 a 3.3 ± 0.1 a 7.0 ± 0.1 a 10.2 ± 0.2 a 

F 21.6 ± 2.0 bc 28.8 ± 1.2 b 1.1 ± 0.0 b 1.7 ± 0.2 b 5.2 ± 0.2 bc 

N 23.0 ± 0.9 b 29.6 ± 0.8 b 1.3 ± 0.1 b 1.7 ± 0.1 b 4.9 ± 0.1 c 

NF 17.4 ± 1.2 bc 26.2 ± 1.2 b 0.9 ± 0.0 b 1.4 ± 0.2 b 5.5 ± 0.1 bc 

F+7N 16.6 ± 1.6 c 29.0 ± 1.4 b 1.8 ± 0.7 b 2.4 ± 1.1 b 5.8 ± 0.1 b 

N+7F 16.2 ± 1.3 c 28.2 ± 1.6 b 1.3 ± 1.4 b 1.9 ± 1.7 b 5.4 ± 0.2 bc 

 

1Lower case letters shown in the same column indicate that the statistical difference between the treatments in plant 
growth parameters is significant (P ≤ 0.05). Mean ± standard error. 

 
Table 3. Nematode parameters in the interaction between Fusarium culmorum and Ditylenchus dipsaci  

in yellow onion. 
 

Treatments Nematodes/200 g soil1 Nematodes/ plant 
(Bulb density) 

Final nematode 
(PF) 

Reproduction 
factor (RF) 

C - - - - 

F - - - - 

N 914.0 ± 35.2 a 528.0 ± 32.0 a 4308.0 ± 333.4 a 10.7 ± 0.8 a 

NF 672.0 ± 16.5 b 442.0 ± 21.3 ab 3802.0 ± 88.0 ab 9.5 ± 0.2 ab 

F+7N 604.0 ± 18.6 b 316.0 ± 31.4 c 3336.0 ± 113.2 b 8.3 ± 0.2 b 

N+7F 678.0 ± 25.7 b 406.0 ± 21.1 bc 3796.0 ± 131.4 ab 9.4 ± 0.3 ab 

 

1Lower case letters shown in the same column indicate that the statistical difference between the treatments in disease 
parameters is significant (P ≤ 0.05). Mean ± standard error. 

 
higher than (F+7N) treatment but also was found in 
same statistical group. Reproduction factor was 
lower in (NF), (N+7F) and (F+7N) treatments than in 
(N) treatment (P ≤ 0.05). The lowest reproduction 
factor was found in (F+7N) treatment with 8.3 (Table 
3). 

Statistical analysis revealed no statistically 
significant differences in disease severity or 
percentage between the (F) treatment and the (NF), 
(N+7F) and (F+7N) treatments. The disease 
percentage was found to be the lowest in the (N) 
treatment group (Table 4). 

Fusarium culmorum - Ditylenchus dipsaci 
interaction on purple onion. Despite the negative 
impact of nematode and fungus treatments on plant 
growth, significant variations were observed among 
the treatments in terms of plant growth parameters. 
The lowest recorded values for plant and root length 
were observed in the (NF) and (N+7F) treatments. 

The lowest recorded plant wet weight was found in 
(NF) (1.3) and (N+7F) (1.0) treatments. The bulb 
weight was lower in the (F) (5.4), (N) (5.7) and 
(F+7N) (6.0) treatments than in the control treatment. 
However, higher amounts of weight loss were 
determined in the (NF) (3.8) and (N+7F) (3.7) 
treatments (Table 5). 

The highest soil and bulb nematode density was 
observed in the (N) treatment. It was determined that 
nematode density decreased significantly in NF (6.4), 
F+7N (5.4) and N+7F (5.6) treatments where fungi 
and nematodes were applied together compared to N 
(9.6) treatment (P ≤ 0.05). No statistically significant 
difference was found between the total nematode 
density and reproduction factors of NF, F+7N and 
N+7F treatments (Table 6). 

There was no statistically significant difference in 
disease severity and disease percentage between (F) 
treatment and (NF), (N+7F) and (F+7N) treatments. 
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Table 4. Disease severity in the interaction between Fusarium culmorum and Ditylenchus dipsaci in yellow onion. 
 

Treatment Disease severity (0-3 index)1 Disease rate (%) 

C - - 

F 2.8 ± 0.2 a 70.0 ± 5.0 a 

N 0.8 ± 0.3 b 20.0 ± 9.2 b 

NF 3.0 ± 0.0 a 75.0 ± 0.0 a 

F+7N 3.0 ± 0.0 a 75.0 ± 0.0 a 

N+7F 2.6 ± 0.2 a 65.0 ± 6.1 a 

 

1 Lower case letters shown in the same column indicate that the statistical difference between the treatments in disease 
parameters is significant (P ≤ 0.05). Mean  ± standard error. 

 
Table 5. Plant growth parameters in Fusarium culmorum-Ditylenchus dipsaci interaction in purple onion. 

 
Treatment Root length 

 (cm)1 
Plant length  

(cm) 
Root wet weight 

(g) 
Plant wet weight 

(g) 
Bulb wet weight  

(g) 
C 29.6 ± 1.7 a* 53.2 ± 1.6 a 3.1 ± 0.1 a 7.3 ± 0.3 a 10.5 ± 0.5 a 

F 25.4 ± 1.2 abc 36.8 ± 1.9 bc 1.5 ± 0.0 b 2.2 ± 0.2 b 5.4 ± 0.2 b 

N 25.2 ± 1.9 abc 33.4 ± 1.2 bcd 1.8 ± 0.1 b 2.4 ± 0.1 b 5.7 ± 0.1 b 

NF 19.0 ± 1.8 c 27.4 ± 1.1 d 1.0 ± 0.1 b 1.3 ± 0.1 c 3.8 ± 0.1 c 

F+7N 26.6 ± 1.8 ab 39.6 ± 1.9 b 1.5 ± 0.0 b 2.8 ± 0.1 b 6.0 ± 0.2 b 

N+7F 20.8 ± 1.1 bc 32.2 ± 1.5 cd 2.5 ± 1.6 ab 1.0 ± 0.0 c 3.7 ± 0.0 c 

 

1Lower case letters shown in the same column indicate that the statistical difference between the treatments in plant 
growth parameters is significant (P ≤ 0.05). Mean  ± standard error. 

 
Table 6. Nematode parameters in Fusarium culmorum-Ditylenchus dipsaci interaction in purple onion. 

 
Treatment Soil density (200 g)-1 Bulb density plant-1 Final nematode (PF) Reproduction factor 

(RF) 
C - - - - 

F - - - - 

N 706.0 ± 34.2 a 318.0 ± 27.8 a 3842.0 ± 191.1 a 9.6 ± 0.4 a 

NF 478.0 ± 24.9 b 193.0 ± 12.8 b 2583.0 ± 120.3 b 6.4 ± 0.3 b 

F+7N 404.0 ± 31.8 b 180.0 ± 3.5 b 2200.0 ± 159.1 b 5.4 ± 0.3 b 

N+7F 412.0 ± 24.1 b 188.0 ± 10.6 b 2248.0 ± 122.3 b 5.6 ± 0.3 b 

 

1Lower case letters shown in the same column indicate that the statistical difference between treatments in nematode 
parameters is significant (P ≤ 0.05). Mean ± standard error. 

 
Disease severity and disease percentage of N 
treatment were significantly lower than the other 
treatments (Table 7). 

DISCUSSION 

In this study, the interaction of D. dipsaci and F. 

culmorum on onion was investigated by means of 
sequential, simultaneous and single inoculation. In 
comparison with the control, the presence of 
nematodes and fungi had a detrimental effect on the 
growth of plants and bulbs in both yellow and purple 
onions. In the case of the purple onion variety, the 
lowest plant and bulb growth parameters were found  



F. G. Göze Özdemir et al. 

102 

Table 7. Disease parameters in Fusarium culmorum-Ditylenchus dipsaci interaction in purple onion. 
 

Treatment Disease severity (0-3 index)1 Disease rate (%) 

C - - 

F 2.8 ± 0.2 a 70.0 ± 5.0 a 

N 0.8 ± 0.3 b 20.0 ± 9.2 b 

NF 3.0 ± 0.0 a 75.0 ± 0.0 a 

F+7N 2.4 ± 0.2 a 60.0 ± 6.1 a 

N+7F 2.8 ± 0.2 a 70.0 ± 5.0 a 

 

1Lower case letters shown in the same column indicate that the statistical difference between treatments in disease 
parameters is significant (P ≤ 0.05). Mean ± standard error. 

 
in the simultaneous (NF) treatment and fungus 
(N+7F) treatment 7 days after nematode inoculation. 
The present study demonstrated that the (F+7N) 
treatment resulted in superior plant growth in 
comparison to the other two treatments. In yellow 
and purple onion varieties, the F. culmorum (F) and 
D. dipsaci (N) treatments alone caused similar 
damage to plant and onion development. No 
statistical difference was found in the disease severity 
and percentage results in NF, F+7N and N+7F 
inoculations of D. dipsaci and F. culmorum. In 
particular, no positive or negative effect of 
consecutive inoculations on the development of F. 
culmorum was determined in both varieties. This 
occurrence may be attributed to the root secretions of 
the Allium cepa plant. This phenomenon requires 
further investigation. A study on gerbera (Gerbera 
jamesonii Hook) demonstrated that M. incognita 
infection increased the susceptibility of plants to F. 
oxysporum f. sp. gerbera, resulting in increased 
severity and progression of wilt (Meena et al., 2015). 
Castillo et al. (1998) studied the interaction between 
Pratylenchus thornei Sher & Allen, 1953 and F. 
oxyporum f. sp. ciceris on Fusarium wilt in chickpea 
(Cicer arietinum L.). They found that Fusarium wilt 
was more severe when P. thornei inoculation 
occurred 10 days before fungus inoculation than 
when plants were inoculated simultaneously or with 
either pathogen alone. In addition, studies conducted 
with different pathogens on different plants reported 
that fungi developed better and disease severity 
increased in the presence of nematodes (Hoseini et 
al., 2010; Mallaiah et al., 2014). These results are not 
consistent with the present study we conducted. In 
this study, it was determined that D. dipsaci infection 
had no effect on the development and infection of F. 
culmorum in onion cultivars in simultaneous and 
sequential inoculations with F. culmorum alone. It 
has also been shown that F. culmorum infects purple 
and yellow onions, but there is no difference between 

varieties. 
The study determined that D. dipsaci population 

density in both yellow and purple onions was 
significantly suppressed in all applications with F. 
culmorum in the soil, plant and onion. It was found 
that this negative effect did not change irrespective of 
simultaneous or sequential inoculations, and 
nematode population densities were similar. When 
only the N application was evaluated, it was 
determined that D. dipsaci developed better in yellow 
onions. The nematode reproduction factor values of 
the applications were found to be lower in purple 
onions than in yellow onions. In the present study, a 
negative effect of F. culmorum on D. dipsaci 
reproduction was identified. This assertion was made 
by McDonald et al. (2021), it was hypothesised that 
the formation of physical barriers, such as the basal 
layer of mycelium mat, could be induced by defence 
responses to F. oxysporum's primary infection. Such 
responses, which may include the thickening of cell 
walls or competition for nutrients, could potentially 
enhance the reproductive capacity of D. dipsaci. As 
posited by Mokbel et al. (2007), the presence of 
fungalcolonies at a level sufficient to impede 
nematode penetration, or the location of fungal 
colonies that have been colonised by nematodes for 
feeding purposes, may result in a decline in nematode 
population density. In their study, Hillnhütter et al. 
(2011) investigated the interaction between D. 
dipsaci and R. solani in sugar beets. As previously 
mentioned, the findings indicated that these parasites 
have the capacity to interact with other harmful 
organisms, thereby exerting a deleterious synergistic 
effect on the yield of sugar beets. In the event of the 
simultaneous infection of a plant by a pathogen and a 
nematode, the level of damage caused to the plant is 
significantly higher than that caused by the 
application of R. solani alone. In addition, the 
number of D. dipsaci in plant is lower when the plants 
are infected with pathogens or nematodes, as 
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compared to those infected with D. dipsaci alone. In 
the study conducted by Isadeha et al. (2025), the co-
inoculation of D. gigas Vovlas et al., 2011 and 
Botrytis fabae Sardiña, 1929 was undertaken within 
the confines of a plant bioculture. In the context of 
the D. gigas population in the fabae, an antagonistic 
interaction has been observed. It has been 
hypothesised that the number of nematodes obtained 
from the application of D. gigas in isolation is greater 
than the number obtained from the application of two 
organisms in combination. Regmi et al. (2022) 
reported that the reproduction factor of stem 
nematodes decreased in the presence of F. oxysporum 
f. sp. lycopersici, but the damage was higher in 
tomato plants with both pathogens. McDonald et al. 
(2021) found the highest nematode reproduction 
factor in garlic plants inoculated only with D. dipsaci, 
while the nematode reproduction factor decreased 
when F. oxysporum f. sp. cepae was inoculated 
before D. dipsaci. In a study conducted on wheat with 
twelve F. culmorum isolates, it was determined that 
only three isolates formed a synergistic relationship 
with P. thornei in simultaneous and sequential 
inoculations, while no interaction was detected in the 
other isolates (Göze Özdemir et al., 2023). When F. 
culmorum first infected wheat, a decrease in the 
densities of P. thornei SK11 and SK24 populations 
was observed, while no negative effect was detected 
in the YLVC24 population (Göze Özdemir et al., 
2022). The lowest nematode density was found in 
Pratylenchus loosi Loof, 1960 treatment 2 weeks 
after F. proliferatum (Matsush.) inoculation in tea 
plants (Hoseini et al., 2010). Saadabi & Yassin 
(2007) conducted a study with Pratylenchus 
sudanensis Loof & Yassin, 1971 and F. oxysporum 
f.sp. vasinfectum on cotton plants and found that the 
total nematode density in the soil and root was 
highest in the P. sudanensis treatment. The nematode 
density decreased in the other concurrent treatment 
and in the nematode treatment 7 days before the 
fungus, while the highest decrease was observed in 
the fungus treatment 7 days before nematode 
infection. Fusarium oxysporum f. sp. medicaginis has 
been observed to have an impact on the growth of 
alfalfa, yet no effect on the reproduction of D. dipsaci 
(Griffin, 1990). Moreover, certain secondary 
metabolites of Fusarium species have been 
documented as effective against plant-parasitic 
nematodes in studies conducted with stem nematodes 
(Kundu et al., 2016; Bogner et al., 2017; Ali et al., 
2023). 

This study constitutes the first investigation into 
the interaction of D. dipsaci and F. culmorum on 
onion plants under controlled conditions. The present 
study sets out to compare the effects of sequential, 

simultaneous and single inoculation with F. 
culmorum and D. dipsaci. The infection of the plant 
by both pathogens resulted in a negative impact on its 
growth. The present study found that D. dipsaci did 
not contribute to the disease severity caused by F. 
culmorum in onion. However, inoculation of F. 
culmorum in onion reduced the reproduction factor of 
D. dipsaci. This is the first study to demonstrate that 
F. culmorum has the capacity to mitigate the damage 
caused by D. dipsaci to onions. Further studies are 
needed to understand the physiological and 
ecological mechanisms underlying this antagonistic 
interaction. 
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F. G. Göze Özdemir, Ş. E. Arıcı, E. B. Kasapoğlu Uludamar and İ. H. Elekcioğlu. Взаимодействие 
между Fusarium culmorum и Ditylenchus dipsaci при заражении фиолетового и жёлтого лука. 
Резюме. В данном исследовании изучали взаимодействие гриба Fusarium culmorum, вызывающего 
корневую гниль, и стеблевой нематоды Ditylenchus dipsaci на луке в контролируемых условиях. Как 
D. dipsaci, так и F. culmorum при отдельном внесении снижали рост растений и массу луковиц. 
Однако одновременная или последовательная совместная инокуляция не приводила к увеличению 
степени поражения по сравнению с инокуляцией только F. culmorum, что указывает на то, что D. 

dipsaci не способствует развитию базальной гнили лука, вызываемой F. culmorum. При инокуляции 
только нематодой коэффициент размножения (RF) был выше у желтого лука (10,7), чем у 
фиолетового (9,6). При совместной инокуляции значения RF составляли 8,3-9,5 у желтого лука и 
5,4-6,4 у фиолетового лука. Примечательно, что F. culmorum значительно снижал плотность 
популяции D. dipsaci и коэффициент её размножения у обоих сортов, что свидетельствует об 
антагонистическом взаимодействии. Это первое сообщение, демонстрирующее подавление D. 

dipsaci грибом F. culmorum на луке, что подчеркивает потенциальную значимость данного 
взаимодействия для интегрированной системы управления численностью нематод. 


