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Abstract:
Original Research

Neocosmospora cucurbitae (syn. Fusarium solani f. sp. cucurbitae) is a significant
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Extended Abstract
Introduction

The Fusarium solani species complex (FSSC) comprises
pathogens of global distribution that cause economically
significant diseases in a wide range of plants belonging to
cucurbit, convolvulaceous,

the legume, solanaceous,

brassicaceous, and cereal families .A revised taxonomy for

the genus Fusarium, based on multi-locus phylogenetic
analysis, has been proposed. Within the FSSC, the
genus Neocosmospora has been proposed as a taxonomic

unit independent of Fusarium sensu stricto. Species within

the genus Neocosmospora encompass both plant and human
pathogens, and are commonly found in soil, plant debris, live
plant material, air, and water. Furthermore, this genus has
been isolated from over 500 plant hosts across more than 100
plant families

The fungal pathogen Neocosmospora

cucurbitae (syn. F. solani f. sp. cucurbitae) has been
identified as a significant disease agent in cucurbit crops.
This pathogen induces symptoms including leaf wilting,
reduced plant growth, the development of girdling necrotic
lesions on the collar and stem, and ultimately, plant death. In
fruits, symptoms manifest as a watery white rot that, darkens
as the disease progresses. The management of diseases
caused by the FSSC has consistently presented numerous
challenges. Conventional control methods include the use of
resistant cultivars, cultural practices, and chemical
compounds. Despite limitations in developing resistant
varieties, their cultivation is recognized as the most effective
strategy, whereas chemical and cultural methods have
typically achieved only limited success. Alongside the
aforementioned methods, the application of environmentally
compatible biocontrol agents within an integrated disease
management framework is receiving particular attention.
Given the significance of soil-borne fungal pathogens in
cucumber cultivation, this study investigated the
antagonistic ability of eight Bacillus isolates, with an

emphasis on volatile compound production, to suppress the

growth of N. cucurbitae under both in vitro and greenhouse

conditions.

Methods and Materials

To evaluate the inhibitory effect of Bacillus isolates
against the pathogen Neocosmospora cucurbitae (Nc), three
assays consisting of dual culture, production of non-volatile
antifungal compounds, and production of volatile antifungal
compounds were employed. All assays were conducted in
two separate experiments, arranged in a completely
randomized treatments
(individual Bacillus isolates Bal, Ba2, Bal2, Bal5, Bal9,
Tolr-MA, JR16, TR11 + Nc fungus, and an individual fungal

control) and three replications. The percentage inhibition of

design with nine

pathogen growth was calculated for each isolate.
Additionally, the inhibitory efficacy of volatile compounds
produced by the isolates against Nc in soil conditions was
investigated. The level of mycelial growth inhibition
of Neocosmospora  cucurbitaein  the presence  of
antagonistic Bacillus isolates was also assessed. For the
greenhouse trial, treatments were arranged in a completely
randomized design with six treatments and three replications
(each replication consisting of two seedlings). Treatments
included three selected Bacillus isolates co-inoculated with
the Nc pathogen, an infected control (N. cucurbitae alone),
a healthy control (sterile distilled water), and a pathogen
control treated with the fungicide iprodione-carbendazim
(applied at a 1:1000 ratio through irrigation water to the root
zone at two time points: 7 and 14 days). Pots were incubated
at 25°C under a 14-hour light/10-hour dark photoperiod for
30 days. At the end of the greenhouse experiment, disease
incidence, disease severity index, and control efficacy were
evaluated. Moreover, the individual effects of the
selected Bacillus isolates on improving cucumber growth
parameters, including root and shoot length, as well as root
and shoot fresh and dry weights, were measured.
Morphological alterations in the fungus at the confrontation
zone between isolates Bal5 and Bal9 and the
N. cucurbitae pathogen were also examined. For the

selected isolates, amplification and sequencing of the 16S
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rRNA region were performed using PCR with the universal
primers fD1 and rD1.

Results and Discussion

Based on the results of the three assays (dual culture,
production of non-volatile, and production of volatile
antifungal compounds in Petri dish conditions) the
selected Bacillus isolates from the present study were
capable of controlling Neocosmospora cucurbitae (Nc)
under laboratory conditions through the production of
volatile and non-volatile secondary metabolites. The
selected isolate Bass, in the dual culture, non-volatile, and
volatile compound assays, inhibited the growth of Nc by
92.76%, 39.96%, and 11.73%, respectively. For the isolate
Baug, the inhibitory effect on Nc growth from non-volatile
compounds (93.84%) was greater than that from volatile
compounds (34.51%). Furthermore, in the interaction
between isolate TR1u1 and the Nc pathogen, the growth
inhibition by the antagonist in dual culture was higher
(80.25%) that by bacterial volatile (41.82%) and non-
volatile (50.6%) compounds. In soil conditions, isolates
Bais, Bai, and Bayg each demonstrated over 70% inhibition
of Nc growth. These differences are likely attributable to
multiple factors, including the inherent variation in each
isolate's capacity for volatile compound production, the
influence of the soil environment on bacterial metabolism,
and the potential interactions between volatile compounds
and soil particles. Given that the natural soil environment
also hosts other microorganisms, additional microbial
interactions are also influential in this dynamic.
Additionally, the cell-free supernatant of the three
aforementioned isolates showed high inhibitory activity
(over 60%) against Nc. Compounds present in the
supernatant may inhibit fungal activity by affecting the
structural integrity of the cell wall, contributing to mycelial
degradation, and inactivating degrading enzymes and
phytotoxins produced by the fungal pathogen. The
metabolites produced by the two selected isolates, Bais and
Bai, also affected the mycelial morphology of Nc, as

reported in the literature, leading to cytoplasmic coagulation

and mycelial fragmentation. According to the greenhouse
trial results of this study, the selected isolate Bais performed
similarly to the iprodione-carbendazim fungicide treatment
in terms of the disease severity index and control efficacy
against N. cucurbitae. Among the selected isolates tested in
the greenhouse, increased

cucumber stem length (42.8%) and root length (43.7%)

isolate Bais significantly

compared to the infected control. Considering the
persistence of the fungal pathogen N. cucurbitae in soil and
methods,

the limitations of chemical implementing

integrated management strategies such as
using Bacillus isolates with antagonistic and plant growth-
promoting activity, alongside cultural practices and
improved cultivation conditions, can represent an effective
and sustainable approach to reducing disease damage. Based
on the findings of this study, the isolates Bacillus sp. Bal5
(with biocontrol mechanisms via volatile and non-volatile
secondary metabolites) and Bacillus cereus Bal9 (with plant
growth promotion mechanisms) can be considered suitable
candidates for further investigation at the field scale to
validate these results for reducing cucumber root Fusarium

rot caused by N. cucurbitae.
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Fig 1. Inhibitory activity of Bacillus isolates against the pathogenic fungus, Neocosmospora cucurbitae on PDA medium after 6 days.

A: TR11 (B: Bal5 (C: Bal (D: Control (pathogenic fungus).
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Fig 2 .Comparison of the inhibition percentage mean of Neocosmospora cucurbitae growth by Bacillus isolates on PDA medium in

the dual-culture assay after 6 days. Isolate grouping was done based on Duncan’s test (P < 0.05).
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Fig 3. Comparison of the inhibition percentage mean of Neocosmospora cucurbitae growth by Bacillus isolates on PDA medium in

the antibiotic assay, with isolate grouping based on Duncan’s test (P < 0.05).
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Fig 4. Inhibitory activity of Bacillus isolate's volatiles against Neocosmospora cucurbitae on PDA medium after 3 and 5 days. (A) Day

3, (B) Day 5. C: Control (pathogenic fungus).
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Fig 5. Comparison of the inhibition percentage mean of Neocosmospora cucurbitae growth by Bacillus isolates volatiles on PDA

medium and isolate grouping based on Duncan’s test (P < 0.05).
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Fig 6. Comparison of the inhibition percentage mean of Neocosmospora cucurbitae growth by Bacillus isolates on PDA

medium in the sterile field soil volatile compounds assay, with isolate grouping based on Duncan’s test (P < 0.05).
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Fig 9. Light microscopy images of the interaction between Bais and Bais bacterial isolates and Neocosmospora
after 48 hours. A: Cell wall degradation and cytoplasmic coagulation, B: Hyphal deformation, C: Hyphal cell cucurbitae

wall thinning, D: Hyphal fragmentation, E: Pathogenic fungus mycelium
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Table 1. Disease incidence, disease severity index, and the control efficacy of selected Bacillus isolates against

Fusarium wilt of cucumber root (Neocosmospora cucurbitae) (Nc) under greenhouse conditions.

Treatments® Disease incidence (%) Severity index (%) Control efficacy (%)
Healthy control 049 - -

Infected control 1002 91.6740.36° -

Nc + Baig 83.4+0.12° 58.4+0.82 ¢ 16.67+0.48 °

Nc + Bais 66.7+0.67 © 33.4+0.08 © 33.4+1.21°

Nc + TRu1 100° 66.7+1.04° 0c¢

Nc+Fungicide
66.7+0.09 © 33.4+0.58 33.4+0.77 2

*The tested treatments were arranged with six treatments and three replications (each replication consisted of two seedlings). **Different letters

represent significant changes.
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Fig 10. Evaluation of the effect of Bacillus sp. isolate Bal5 on the reduction of cucumber Fusarium wilt caused by
Neocosmospora cucurbitae (Nc) under the greenhouse experiment. (A) Top view of pots showing the infected control
(Nc), the Bal5-treated plant, and the healthy control (Ctrl); (B) Side view of the same treatments for comparison of
disease symptoms and seedlings growth; (C) Root comparison among treatments, showing reduction of root rot in the

Bal5 treatment compared to the infected control.
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Table 2. The effect of selected antagonistic Bacillus isolates on cucumber cv. Nagene 792 growth parameters infected
with Neocosmospora cucurbitae, compared with infected control, healthy control, and chemical treatment (iprodione-

carbendazim).

Shoot Shoot fresh Shoot dry Root fresh Root dry
Treatment Root length(cm)

length(cm) weight(gr) weight(gr) weight(gr) weight(gr)
Healthy control 23.0 £1.2 * 15.2+1.5°2 2.1+0.2° 18.5+1.0° 2.8+0.3° 0.45 +0.052
Infected control 140+1.0¢ 8.0+0.9°¢ 1.0+0.1¢ 9.0+0.8¢ 1.2+0.2f 0.20 £0.03 ¢
NC + Bal5 19.0+1.0° 12.041.3 b 1.840.2%¢ 14.0+1.2°¢ 2.2+0.3° 0.38 +0.05
NC + Bal9 245+13°2 14.0+1.5% 2.0+0.22 16.0+1.5° 2.5+0.3° 0.42 +0.05 *®
NC + TR11 15.0+0.9« 10.5+1.2 1.5+0.2¢ 12.0+1.0¢ 1.8+0.2¢ 0.42 +0.05 *®
NC+Fungicide 170+1.1°¢ 14.58 +1.292b 2.09 +1.06 ® 9.542.12% 1.96 +0.08 ° 0.30 +0.04 <

*In this assay, the mean and standard error of at least six measurements is reported. Different letters represent significant changes
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Fig 11. Phylogenetic tree of Bacillus isolates inhibiting the growth of the pathogen Neocosmospora cucurbitae
constructed using the neighbor-joining method based on the 16SrRNA sequence with 1000 bootstrap replicates. The
numbers at the branching points indicate the bootstrap confidence values (in percentage). Solid circles indicate the studied
strains.
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