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Table 1: Variance analysis of the inhibitory capability of antagonistic bacterial strains on the
mycelial growth of F. oxysporum f. sp. radices cucumerinum in cross culture

Variability Sources P-Value Average of square Degree of Sum of squares
freedom
Treatment <0.01 6.62912* 13 86.1785
error 0.75 14 10.5
Sum 27 96.6785

* Significant at 1%.

F. cucumerinum «fas oby 31 SN0l Cud Wlle dwbe -V Jous
Bliio Culs” 50 Cun g T Sl tawgi OXysporum f. sp. radicis

Table 2: Comparison of the mean inhibition of the mycelial growth of F.
oxysporum f. sp. radices cucumerinum by antagonistic bacteria in cross-

culture
Distance of bacterial o
Bacterial isolates colonies and fungal Inhibition percentage
mycelia(mm)

Sel 8.52 58
Se2 5.506¢ 51bc
Se3 5.4bcde 49bede
R1 6.5° 530
R2 4l5bcde 49bcde
R3 3def 45def
Sl 4cdef 48cdef
52 2.5ef 44ef
L1 3_5cdef 47cdef
L2 2.59f 44ef
F1 5bcd 50bcd
E2 2.59f 44ef
F3 3def 45def
F4 2f 43f

In each column numbers with the same letters are not significantly different

at the level of 1% probability.
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Figure 1. Growth inhibition rates of selected antagonist bacterial isolates against
Fusarium oxysporum f. sp. radicis cucumerinum (A and E), control sample (B and C),
cross-culture, D and E: antibiotics effect, F and G: volatile compounds impact); H
and I: evaluation of protease enzyme production, J: siderophore production by
selected bacterial isolates.
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Table 3. Comparison of mean rot index in greenhouse assays

Treatments Rot index

Infected control 3.82

Non-infected control 0.3¢
Ri+F ¢

Fi+F 0.3¢

Se,+F 0.3¢
Sei+F ¢
Si+F 2.1°

Ro+F 3.8

F.+F 2.8

Li+F 3.8
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Table 4. Mean comparison of growth factors of selected strains in glasshouse assays

Dry weight of ~ Wet weight of Dry weight of Wet weight Stem length Dry weight of ~ Wet weight  Root length
Treatment
(gr) leaves (gr) leaves (gr) stem (gr) of stem (mm) (gr) root (gr) of root (mm)
Infected control 0.0905° 0.875¢ 0.039¢ 0.875¢ 145¢ 0.011¢ 0.075¢ 31.5¢
Non-infected 0.1552 1.95° 0.069" 2b 217.5¢ 0.0155¢ 0.155¢ 52.5P
control

Ri+F 0.1752 2.05P 0.078% 2.675% 232.5° 0.0195° 0.21° 62.52
Fi+F 0.09° 1.03¢ 0.0625°¢ 1.4¢ 212.5¢ 0.0155°¢ 0.155¢ 41.5¢
Se,+F 0.1552 1.595¢ 0.071¢ 2.05P 222.5b¢ 0.0205° 0.2 41°¢
Sei+F 0.185% 2.942 0.0825% 2.942 252.52 0.0245% 0.25% 63?

In each column numbers with the same letters are not significantly different at the level of 1% probability.
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Figure 2. Effect of antagonistic bacterial strains Sei, F1, Sez, and R1 (right to left) on
the inhibition of the Fusarium rot disease of cucumber crown and roots
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Figure 3. Inhibitory effect of antagonistic bacterial strains on the Fusarium rot of
cucumber crown and roots, in comparison with the control; from right to left:

positive control (infected), negative control (healthy), antagonist strains of R1 and
Sei1 together with Fusarium oxysporum f. sp. radicis cucumerinum
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Figure 4. Inhibitory effect of antagonistic bacterial strains on Fusarium rot of cucumber
crown and roots, in comparison with the control; from right to left: positive control
(infected), negative control (healthy), antagonist strains of Sex and Fi together with
Fusarium oxysporum f. sp. radicis cucumerinum
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Figure 5. PCR products of antagonistic bacterial strains; M: DNA size marker of 1
kb; Control: control well; R1 and Sei strains: antagonist bacterial strains

— Lysinibacillus fusiformis strain R1 16 ribosomal RNA partial sequence @

NR 042072.1 Lysinibacillus fusiformis strain DSM 2898 16S ribosomal RNA partial sequence

NR 112628.1 Lysinibacillus fusiformis strain NBRC 15717 16S ribosomal RNA partial sequence

NR 112569.1 Lysinibacillus fusiformis strain NBRC15717 168 ribosomal RNA partial sequence
Lysinibacillus mangiferihumi strain SE1 16S ribosomal RNA partial sequence <:|

NR 118146.1 Lysinibacillus mangiferihumi strain M-GX18 16S ribosomal RNA partial sequence

|| NR 042073.1 Lysinibacillus sphaericus strain DSM 28 16S ribosomal RNA partial sequence

—— NR 134074.1 Lysinibacillus varians strain GY32 165 ribosomal RNA partial sequence

NR 112627 1 Lysinibacillus sphaericus strain NBRC 15095 16S ribosomal RNA partial sequence

NR 115724.1 Lysinibacillus sphaericus strain ATCC 14577 16S ribosomal RNA partial sequence

NR 041589.1 Lysinibacillus parviboronicapiens strain BAM-582 168 ribosomal RNA partial sequence
-E NR 109740.1 Lysinibacillus contaminans strain FSt3A 16S ribosomal RNA partial sequence
NR 116698.1 Lysinibacillus xylanilyticus strain XDB9 16S ribosomal RNA partial sequence
NR 114207 1 Lysinibacillus boronitolerans strain NBRC 103108 16S ribosomal RNA partial sequence
NR 041276.1 Lysinibacillus boronitolerans strain 10a 165 ribosomal RNA partial sequence
NR 156042.1 Lysinibacillus alkalisoli strain Y2A20 16S ribosomal RNA partial sequence
NR 117577 1 Lysinibacillus meyeri strain WS 4626 16S ribosomal RNA partial sequence
NR 148289.1 Lysinibacillus fluoroglycofenilyticus strain cmg86 16S ribosomal RNA partial sequence
NR 146821.1 Lysinibacillus endophyticus strain C9 16S ribosomal RNA partial sequence
NR 043092.1 Lysinibacillus massiliensis 4400831 CIP 108448 CCUG 49529 165 ribosomal RNA partial sequence
NR 135864.1 Lysinibacillus acetophenoni strain JC23 16S ribosomal RNA partial sequence
NR 043420.1 Pseudomonas fluorescens strain Tabriz 16S ribosomal RNA partial sequence

002
Olgie4 Pseudomonas fluorescens 495 .Mega-X 381 5 b 16S rRNA S5 4ob _wla! 5 o0 s (Slod sl =1 o
Lysinibacillus mangiferihumi strain :sleb b 3aios cof 33 ool Cawndd GBI IAS (il ol 03kl > 51 09 5
Sl 00 0318 Oli5 2135 e 53 5o Lyisinibacillus fusiformis strain R1 ¢ Se:
Figure 6. Neighbor-joining phylogenic tree based on 16S rDNA gene sequences by Mega-X

software; Pseudomonas fluorescens was used as external species; isolates obtained in the present

study are depicted as Lysinibacillus mangiferihumi strain Se: and Lysinibacillus fusiformis strain
R1 in the phylogenetic tree
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Table 5. Biochemical assays on Lyisinibaillus fusiformis and Lysinibacillus mangiferihumi

Biochemical assays

Lysinibacillus mangiferihumi

Lyisinibaillus fusiformis

Gram staining

Catalase assay +
Oxidase assay +
O/F assay +
Citrate assay +
Levan production test +
Starch hydrolysis test +
Pigment production +

+

=+

+
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Abstract
Background and objectives
Cucumber crown and root rot, caused by Fusarium oxysporum f. sp. radicis
cucumerinum, is one of its major destructive agents in the glasshouse planting in Iran.
This disease is also known as the Fusarium damping-off. Several methods, such as
chemical control and agronomic methods have been recommended so far to control this
disease, but none of them has established effective control over this disease. One of the
newly established strategies for the management of this disease is the biological control
using endophytic bacteria, which live inside plants and can enhance plant growth by
improving nutrient uptake and producing phytohormones. These bacteria can compete
and control the population of other bacteria and plant pathogens within plants. This study
evaluated the biocontrol capability of some selected cucumber endophytic bacteria over
Fusarium crown and root disease.
Materials and methods
Endophytic bacteria were isolated from roots, stems, leaves, flowers, fruits, and seeds of
different healthy cucumber cultivars including, Negin, Danje 98, Danje 195, Nagin and,
Native Basmang. Bacterial strains were isolated from plant tissues using different culture
media. In-vitro biological control assays, such as cross-culture and agar permeable
metabolite assays, were performed to determine the biocontrol efficiency of endophytic
bacteria against F. oxysporum f.sp. radicis cucumerinum. The bacterial strains with better
results were chosen for glasshouse assay. Two isolates with significant biocontrol
efficiency were selected for molecular indentification. The 16srDNA barcoding was
performed using universal primers for bacterial identification. Then, the sequencing
results were analyzed using MEGA-X software, and phylogenic trees were drawn using
the neighbor-joining method. The selected biochemical tests confirmed the molecular
results.
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Results and discussion

A total of 140 endophytic bacterial isolates were isolated and purified from roots, stems,
leaves, flowers, fruits, and seeds of some common healthy cucumber cultivars. Based on
initial cross-culture, 14 isolates out of 140 isolates showed significant antagonism
properties in the cross-culture and agar permeable metabolite assays, which were selected
for further studies. After evaluation of the effective mechanisms, their antagonistic
properties, such as the production capability of antibiotics, volatile compounds,
siderophore, auxins, hydrogen cyanide, and protease enzyme, eight isolates were selected
as the most potential bacterial isolates for biocontrol activity in the greenhouse. Finally,
two bacterial isolates were selected for molecular identification using 16srDNA
barcoding. The sequencing results indicated that the two selected isolates with 98%
similarity could belong to Lysinibacillus mangiferinumi and Lyisinibaillus fusiformis
species. The biochemical results confirmed the molecular results.

Keywords: Biocontrol, Fusarium oxysporum f. sp. radicis cucumerinum, Antagonism,
Glasshouse



