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Abstact
Keywords Fusarium crown and root rot is one of the most important diseases affecting cucumber crop
Antagonistic activity, worldwide. In this study, the inhibitory potential of six selected endophytic bacterial strains
éﬂggﬁnr;ga' Samtuibo“tes' including, Staphylococcus  sciuri (MarR44), Serratia  rubidaea (Mar61-01), Bacillus

Endophytic  prokaryotes, atrophaeus (DM6120), Bacillus sp. (MarG19), Bacillus sp. (MarH51), and Bacillus sp.
Fusarium (TN16) was evaluated to control this disease in cucumber, under laboratory and
greenhouse conditions following a completely randomized design. Under laboratory
conditions, the inhibitory effects of these six strains were significant compared to the
control in dual-culture, volatile metabolites, non-volatile metabolites, and spore
germination assays. In each assay, the bacterial strains S. sciuri (MarR44) with 56%, S.
rubidaea (Mar61-01) with 75.8%, S. rubidaea (Mar61-01) with 11%, and Bacillus sp.

Received: 13 June 2025 (MarH51) with 76.53% exhibited the highest suppression of mycelial growth and spore

Revised: 28 August 2025 germination of the pathogen, respectively. Greenhouse experiments using two methods of

Accepted: 27 September L . . . . .. .

2025 seed treatment and soil inoculation with endophytic bacterial strains in pathogen-infested
_ _ soil demonstrated that the endophytic bacterial strains reduced disease incidence by over

'S;’?:;E'; 2025 nline: 3 60%. Furthermore, the bacterial strains significantly increased all growth parameters even

in the presence of the pathogen as compared to control treatment in both methods. The
findings indicated that the endophytic bacterial strains in this study possess considerable
potential for suppressing Fusarium crown and root rot in cucumber.
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Figure 1. A phylogenetic diagram drawn using the gene region of transcription enhancer factor alpha (tef) 11 taxa based
on the Maximum Likelihood method in MEGA ver. 7.0. Numbers above each branch refer to bootstrap values out of 1000
repetitions. Fusarium nirenbergiae (NRRL22902) has been used as an outgroup. The isolate studied in this research is

shown as F3. The letter T indicates the type strains.
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Table 1. Effect of endophytic bacteria on mycelial growth and spore germination of Fusarium sp. causing Fusarium

crown and root rot of cucumber in in vitro assays (dual culture, volatile metabolites and extracellular metabolites).

Treatments Dual culture Inhibitio ~ Volatile Inhibition  Extracellular  Inhibi  Extracellular Inhibit
(cm) n (%) metabolites (%) metabolites tion metabolites ion
(cm) (cm) (%) effect on spore (%)
germination (N)
Control 865+028 0 8.7+0.41° 0 8.83+058 0 98.33 +0.882 0
Staphylococcus sciuri (MarR44) 3.8 + 00d 56 3+0.2d 65.5 8.66+058> 1.9 67 +1.73° 316
Serratia rubidaea (Mar61-01) 5.75 + 0.45° 335 2.14 +0.25¢8 75.8 7.86 + 0.58° 11 35+ 2.89¢ 64.3
Bacillus atrophaeus (DM6120) 4.5 +0.25¢ 48 2.22 +0.16° 74.5 8.6+0.1P 2.6 27 +1.73d° 72.45
Bacillus sp. (MarG19) 4 +0.82° 53.7 4.78 +0.23¢ 45 8 +00¢ 9.4 68.66 + 4.67° 30.6
Bacillus sp. (MarH51) 46£0.37° 53.7 5224023 40 8.46+0.58° 4.1 23 +2.08¢ 76.53
Bacillus sp. (TN16) 452+0.15° 468 3+0.29¢ 65.5 8.6+0.1° 26 27 +4.58d° 72.45

Means with common letters are not significantly different from each other (p < 0.05 ANOVA followed by Tukey test).
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Figure 2. The effects of endophytic bacteria on disease index of Fusarium crown and root rot of cucumber caused by
Fusarium sp. strain F3 in soil inoculation assay under greenhouse conditions. Means with common letters are not
significantly different from each other (p < 0.05 ANOVA followed by Tukey test). DS = disease severity and DSR =
disease severity reduction.
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Figure 3. The effect of endophytic bacteria on growth (top row) and the biocontrol of the pathogen Fusarium sp. strain
F3 (bottom row) in cucumber plants in soil inoculation assay under greenhouse conditions. The letter P in the treatments
denotes the pathogenic fungus. A) Bacillus atrophaeus (DM6120), B) Bacillus sp. (MarG19), C) Bacillus sp. (MarH51),
D) Staphylococcus sciuri (MarR44), E) Serratia rubidaea (Mar61-01), F) Bacillus sp. (TN16), G) Healthy control, H)
Bacillus atrophaeus (DM6120) + P, 1) Bacillus sp. (MarG19) + P, J) Bacillus sp. (MarH51) + P, K) Staphylococcus sciuri
(MarR44) + P, L) Serratia rubidaea (Mar61-01) + P, M) Bacillus sp. (TN16) + P, N) Infected control.
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Table 2. Effect of endophytic bacteria on growth parameters of healthy and infected cucumber plants with Fusarium sp.

strain F3 causing Fusarium crown and root rot of cucumber in soil inoculation assay under greenhouse conditions.

T Stem length Root length Stem wet Root wet weight ~ Stem dry Root dry weight
reatments . B

(cm) (cm) weight (gr) (gnr) weight (gr) (gr)
MarR44 33.25+2.05% 6.5 +0.957%f 1.89+0.037%  0.102 +0.004°%  0.06 +0.01%4 0.003 +0 .0004¢
Mar61-01 31 +0.918bcd 15.5 +0.9122 359 +0.17% 0.167 + 0.01% 0.287 + 0.01°¢d 0.016 + 0.002¢de
DM6120 36 + 3.76° 12.25+0.853  4.7+051° 0.292 +0.022 0.342 +0.02° 0.015 + 0.002¢de
MarG19 35.25+1.972 11 +1.97% 3.7+0.82% 0.132 +0.02¢ 0.66 + 0.1 0.014 + 0.002¢de
MarH51 34+ 1208 8.6 +0.187% 2.76+0.079"  0.212 +0.01° 0.282 +0.170cd 0.011 + 0.0008°¢%
TN16 28.75+0.473°d 1825+ 1.12 3.76 £ 0.41% 0.22 +£0.012 0.337 +0.02% 0.022 + 0.002°
MarR44) + P 29 + 1.6830¢d 7.97 + 0.417%f 1.91 +0.11¢ 0.105 + 0.01°% 0.121+£0.01°¢  0.017 +0.002%
Mar61-01 + P 27.25+1.03%d g+ 1 g7def 1.73 +0.22% 0.13 +0.01¢ 0.118 + 0.01°d 0.0095 + 0.0002¢de
DM6120 + P 25.75+0.85%€ 3.6 +0.5219 0.9 +0.084 0.06 + 0.004% 0.056 +0.005°¢  0.02 + 0.0006%
MarG19 + P 26.75+0.62%0 4,75 +0.25% 1.2 +0.15% 0.1 + 0.004¢de 0.06 + 0.01% 0.003 + 0.0004¢
MarH51 + P 23.75 + 1.1¢d 5.57 +0.2139¢f 1.03 +0.043¢ 0.107 +0.004%%  0.024 + 0.0044 0.069 + 0.0032
TN16 + P 24.25+1.1¢ 4.72 +0.188%f 1.31 +0.051¢ 0.117 + 0.008¢d 0.072 +0.004%d4  0.0085 + 0.001°%
Healthy control 24.12 + 1.46% 3.45 +0.2329 1.22 +0.09%d 0.035 + 0.006° 0.047 + 0.007¢ 0.042 + 0.007°
Infected control 18.25 + 0.43¢ 4.07 +0.7029 1.42 +0.43% 0.037 +0.01¢ 0.112 +0.019°4  0.0067 +0.0004¢4

Means with common letters are not significantly different from each other (p <0.05 ANOVA followed by Tukey test). Staphylococcus
sciuri (MarR44); Serratia rubidaea (Mar61-01); Bacillus atrophaeus (DM6120); Bacillus sp. (MarG19); Bacillus sp. (MarH51) and
Bacillus sp. (TN16). P = pathogen.
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Figure 4. The effects of endophytic bacteria on disease index of Fusarium crown and root rot of cucumber caused by
Fusarium sp. strain F3 in seed inoculation assay (seed coating) under greenhouse conditions. Means with common letters
are not significantly different from each other (p <0.05 ANOVA followed by Tukey test). DS = disease severity and DSR
= disease severity reduction.
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Figure 5. The effect of endophytic bacteria on growth (top row) and the biocontrol of the pathogen Fusarium sp. strain
F3 (bottom row) in cucumber plants in seed inoculation assay (seed coating) under greenhouse conditions. The letter P in
the treatments denotes the pathogenic fungus. A) Bacillus atrophaeus (DM6120), B) Bacillus sp. (MarG19), C) Bacillus
sp. (MarH51), D) Staphylococcus sciuri (MarR44), E) Serratia rubidaea (Mar61-01), F) Bacillus sp. (TN16), G) Healthy
control, H) Bacillus atrophaeus (DM6120) + P, 1) Bacillus sp. (MarG19) + P, J) Bacillus sp. (MarH51) + P, K)
Staphylococcus sciuri (MarR44) + P, L) Serratia rubidaea (Mar61-01) + P, M) Bacillus sp. (TN16) + P, N) Infected
control.
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Table 3. Effect of endophytic bacteria on growth parameters of healthy and infected cucumber plants with Fusarium sp.
strain F3 causing Fusarium crown and root rot of cucumber in seed inoculation assay (seed coating) under greenhouse

conditions.

Treatments Stem length Root length Stem wet weight Ro_ot wet Stem dry weight  Root dry weight
(cm) (cm) (gn) weight (gr) (gn) (gr)

MarR44 41.4 +2.9% 14.6 £0.979% 353 +0.404¢ 0.426 +0.01° 0.383 + 0.008%% 0,016 + 0.001
Mar61-01 42.6 + 4.30d 8 +0.8949" 4.43 +0.809% 0.202 +0.02° 0.366 + 0.03%de 0,016 + 0.001°
DM6120 54.6 +1.28 16 + 0.303% 6.12 + 0.532¢¢ 0.306 + 0.02° 0.632 + 0.02% 0.020 + 0.002°¢
MarG19 41.2 + 6 17.4 +1.2¢ 7.55 + 0.989¢ 0.572 +0.02° 0.175 +0.04¢ 0.017 + 0.001°¢
MarH51 36.4 +1.86¢ 12 +0.707¢f 4.2 +0.701% 0.206 +£0.011°  0.684 +0.052 0.015 + 0.001°¢
TN16 47.6 + 2.530cd 11.3 +0.83¢f0 5.16 + 0.492¢de 0.224 +0.01° 0.465 + 0.0320¢ 0.028 + 0.013¢
MarR44) + P 56.86 + 0.642 22.4+0.812% 11.114 +0.128*  1.164 + 0.06" 0.71+0.072 0.048 + 0.0052
Mar61-01 + P 57.1+1.34? 20 £ 120 10.88 + 0.4272 1.162 + 0.06P 0.528 + 0.043¢ 0.034 + 0.005%
DM6120 + P 49.9 +0.95%¢ 1326 +0.526%  10.88 + 0.5532 6.358 +1.232 0.23 +0.01% 0.012 + 0.0003"
MarG19 + P 41 + 2.8 9.2 +0.374f 3.76 +0.304% 0.416 +0.01° 0.289 + 0.06°de 0.023 + 0.002°
MarH51 + P 54.8 +0.86% 12.2+0.374%f 9,09 +0.274% 1.484 +0.09° 0.714 + 0.009? 0.028 + 0.0042¢
TN16 + P 49.4+087%°  148+0.374%% 918 +0.215% 1.038 +0.04P 0.601+0.0032%  0.029 + 0.001%¢
Healthy control 42.6+1.28™  6.44+0.186" 3.28 + 0.365¢f 0.436 £0.044°  0.265 + 0.15% 0.008 % 0.0003¢
Infected control 13.8+1.2¢ 1.7 +0.561! 0.91 +0.274f 0.564 +0.186°  0.129 + 0.028 0.013 + 0.0010¢

Means with common letters are not significantly different from each other (p <0.05 ANOVA followed by Tukey test). Staphylococcus
sciuri (MarR44); Serratia rubidaea (Mar61-01); Bacillus atrophaeus (DM6120); Bacillus sp. (MarG19); Bacillus sp. (MarH51) and

Bacillus sp. (TN16). P = pathogen.
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