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Table 1. Production of secondary metabolites, biosurfactant and biofilm in B. subtilis strains against wheat take-

all agent in in vitro.

Antagonistic Antifungal Extracellular Extracellular Extracellular Biofilm Biosurfactant
Strains  abilities in dual volatile liquid secretion  liquid secretion  liquid secretion formation production
culture (%)* (%)* 5% * 15%%* 25%%* (ODspo)** (mm)*
Bl 95.03% 70.37° 79.41% 88.23° 94.11* 1.771% 6.33°
B2 66.66 ¢ 11.11% 14.75% 24.50" 37.23% 1.256% 4,66
B3 43.18%* 52.92°¢¢ 54.88°h 60.76" 78.41°° 1.784° 5.66%
B4 96.29% 72.81° 53.91Fh 74.50°F 81.351% 1.605® 6.33°
B5 60.48 f 17.25¢*% 56.859¢ 69.58 94.11° 0.250° 2.66°"
B6 46.881 16.03 1% 46.081 59,79 M 64.071 0.209° 1.00"
B7 38.25¢ 19.47¢1 2.94! 2.94™ 3.91™ 0.169° 0’
B8 54208 37.03¢ 73.52% 90.17° 94.11° 0.5864* 2.00"
B9 59.25¢%¢ 29.62 41 2.94! 9.79™ 10.76° 1.258"% 5.00%¢
B10 93.81% 23.44 60.76°¢ 78.41"% 88.25°¢ 0.239°f 2.00™
B11 91.33% 72.81° 61.76 11.58%¢ 90.17*4 0.262° 1.66%
B12 87.62° 16.03 1% 33321 40.17° 49.00° 0.851°° 3.00%f
B13 92.59% 8.62km 63.07°¢ 78.41"% 92.14% 0.261° 0.66"
Bl14 96.29° 8.62km 61.76 80.38° 88.23 ¢ 0.281° 2.66h
B15 53.07" 20.96 1 52.94¢ 71.55%¢ 84.29 0.403 °f 2.33¢t
B16 55.55%h 12.33™ 55.88 41 74.50°f 90.17*4 0.378° 3.33¢¢
B17 81.48° 70.37° 50.001 60.76" 70.58" 0.887% 2.66°"
BI18 92.59% 37.03¢ 63.07°¢ 75.47%¢ 78.41°° 0.396° 2.66°"
B19 93.81° 51.85°¢ 59.79°f 77.44% 86.26 % 0.334° 2.33¢
B20 43.18% 33.334% 46.051 54.881 67.64" 0.538 4 3.00%f
B21 45.66 29.624f 72.52° 76.47 %4 81.351% 0.5414f 0’
B22 51.58M 87.62° 2.94! 3.91™ 3.91™ 0.165° 2.00
B23 91.33% 6.55'™ 19.58% 34.29% 49.00° 0.221° 2.66°"
B24 95.03% 4937°¢ 57.79¢°f 78.41"% 91.17%¢ 0.223° 4.00%°
B25 61.70% 53.07¢ 2.94! 5.88™" 10.76° 0.257°¢ 3.66°F
B26 61.70% 16.03 1% 56.8549¢ 66.64¢ 87.41¢ 0.224° 2.00%
B27 39.48¢ 53.07¢ 53.91th 71.559¢ 91.17%¢ 0.262° 2.66°"
Control 0! om 0! 0° o 0.121° 0!

I (g ln gme sl L0 L TN Jlex o 2 s G 505T el s O 52 2 53 aliie U5 > slls slas]

Numbers with similar letter in each column are not statistical difference at 1%** or 5%%* levels according to Duncan’s multiple range test.
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Fig. 2. Effect of B. subtilis strains on wheat take-all
reduction in the greenhouse. Different letters

indicate a significant difference at 1% probability
level among treatments.
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Fig. 1. Disease symptom on wheat root (according

to disease severity index in 0 to 5 scale).
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Table 2. Correlation between studied characters in laboratory and greenhouse conditions.

Laboratory Antagonistic ~ Antifungal  Extracellular Extracellular  Extracellular  Biofilm  Biosurfactant
effects in volatile liquid liquid liquid secretion formation  production
dual culture ~ metabolites secretion secretion effects
Greenhouse effects effects at 5%  effects at 15% at 25%
Discase 0.38 0.18 0.12 0.08 0.11 0.71* 0.85*

biological control

S5 0 g03T ol g (Sorer Sl 0 1) Jloiml o 53 3 gine o 5lis *

* Significant difference at 1% level between correlation coefficients, according to Duncan’s multiple range tests.
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Abstract

Wheat take-all is one of the most important soil-borne fungal diseases that causes significant annual
damage to this strategic crop in the world including Iran. In this study, potential of 27 antagonistic bacterial
strains of Bacillus subtilis was evaluated in the biocontrol of Gaeumannomyces graminis var. tritici, the causal
agent of wheat take-all in the laboratory and greenhouse conditions. In dual culture experiment, all studied
strains had inhibition zone against growth of the pathogenic fungus and they prevented fungal growth between
39.48-96.29%. In antifungal volatile metabolites production, some strains reduced fungal growth up to 87.62%,
while this for some others was less than 20%. In extracellular liquids secretion at three concentrations of 5, 15
and 25%, the most effective concentration was 25%. Results of biosurfactant production and biofilm formation
showed that all the studied strains produced biosurfactant and biofilm with high variation. Correlation between
production of biosurfactant and biofilm in in vitro was 0.83. Eleven strains with different potential in
antagonistic effects and biofilm formation were selected for the possibility of disease biocontrol in the
greenhouse conditions. All strains decreased the disease between 20-100%. About 72% of the trains reduced
disease more than 50% comparing to the control. Correlation of 0.71 and 0.85 was obtained between biofilm
formations and biosurfactant production in the laboratory and the greenhouse in the biological control of the
disease.
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