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1. FENEEFREEE. pHE, FRERINEFENTURE
Figure 1. The changing pattern of the living bacteria count (A) pH value (B) bacterial endospore count (C) and
inhibitory activity (D) of filtrate at differenttime. The data are the average of three replicates and presented as the
X = 5 error. Different lowercase letters means significant difference at 0.05 level.

x1. REFHIHESF AT EEREMINEEMEAFN
Table 1. Effects of repeated freeze-thaw cycles on the living bacteria count and inhibitory activity of Bacillus subtilis
strain St-zn-34

Freeze-thaw times

Treatment Control 24 h 48 h

1 2 3 4 5
Living bacteria  (3.88+0.25) (2. 80i0 37)  (6.23+0.17) (1.37+0.12) (1.20+0.08) (1.07+0.05) (3.1;:0.12) (2.8340.09)
count/(CFU/mL) x10" x10° x10° x10’ x10 x10 x10° x10°
Logarithmic 10.59 a 9.44b 8.79 ¢ 7.13d 7.08 de 7.04 ¢ 9.49b 9.45b
transformation
Width of 11.97+0.05a 11.43+0.17b 10.37+0.12¢ 9.57+0.12d 9.50+0.08 d 9.33+0.05d 11.47+0.12b 11.47+0.09 b
inhibition
band/mm

The data are the average of three replicates and presented as the means+standard error. Different lowercase letters in the same row
means significant difference at 0.05 level.
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2. REFEMIHESF AT ESt-zn-34E RS HIF D
Figure 2. Effect of repeated freeze-thaw cycles on the shape of Bacillus subtilis strain St-zn-34. A: the shape of cells
with non freeze-thaw (Bar=3 um); B: the shape of cells after freeze-thaw one time (Bar=2 pum); C: the shape of cells
after freeze-thaw two times (Bar=2 pm); D: the shape of cells after freeze-thaw three times (Bar=4 um); E: the shape
of cells after freeze-thaw four times (Bar=4 pum); F: the shape of cells after freeze-thaw five times (Bar=4 um); G: the
shape of cell after being freezed for 24 h (Bar=4 um); H: the shape of cells after being freezed for 48 h (Bar=2 pm).
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Table 2. The width of inhibition band of endophytic

Bacillus subtilis strain St-zn-34 on 12 plant pathogens

Plant pathogen Width of inhibition band/mm
Alternaria kikuchiana 7.87+0.15d
Bipolaris maydis 6.93+0.09 e
Botrytis cinerea 10.334+0.09 a
Colletotrichum gloeosporioides 7.20+0.06 e
Exserohilum turcicum 6.03+0.19 f
Fusarium graminearum 1.30+£0.06 g
Phyllosticta gossypina 7.13£0.12 ¢
Phoma spp. 9.20+0.06 b
Rhizoctonia solani 9.33+0.09 b
Valsa mali 6.33+0.09 f
Erwinia carotovora 8.33+0.09 ¢
Xanthomonas campestris 9.03£0.19b

Different lowercase letters means significant difference at 0.05
level.
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Figure 3. Effect of different temperature (A) and proteinase (B) treatment on the inhibition activity of filtrate.
Different lowercase letters means significant difference at 0.05 level.
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Effect of repeated freeze-thaw on inhibition of Bacillus subtilis strain
St-zn-34 to Alternaria alternata

*

: 1,2 . 2 . 1,3
Jianfeng Lang ~, Mingwang Shi” , Longxian Ran
' College of Forestry, Hebei Agricultural University, Baoding 071000, Hebei Province, China
? Department of Plant Protection, Henan Institute of Science and Technology, Xinxiang 453003, Henan Province, China
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Province, China

Abstract: [Objective] The effects of repeated freeze-thaw cycles(F-Tc) on cell shape of fermented Bacillus subtilis
and the inhibitory activity to Alternaria alternata, the primary infection pathogen of jujube fruit shrunken disease,
were determined using an endophytic B. subtilis strain St-zn-34 isolated from winter jujube. [Methods] The fermented
broth was freeze-thawed after batch fermentation of the test strain. The population of living bacteria and bacterial
endospores were determined by dilution methods of plate counting, and the inhibitory activity to A. alternata was
tested by filter paper disks with filtrate of fermented broth. The shape of B. subtilis with different freeze-thaw cycles
was observed under environment scanning electron microscope. [Results] Changes of pH, living bacteria, bacterial
endospore counts in the fermentation broth and the inhibitory activity of filtrate at different time generally increased
first and decreased afterwards. The inhibitory activity at 60 h was higher than other time points. The bacterial cells
fermented for 60 h were treated with F-Tc, and the living bacteria count and inhibitory activity decreased gradually
when cells of B. subtilis were freeze-thawed for 3 cycles, but it had no significant difference (P>0.05) after being
freeze-thawed for more than 3 times. With the increase of freeze-thawing times, the bacteria cells became smaller than
the normal cells, the surface twisted with one or more depressions, and the jelly flowed out under environment
scanning electron microscope. The inhibitory activity of filtrate was determined and it showed a broad-spectrum
inhibitive capability against twelve species of plant pathogens. The treatment of different temperature and proteinase
to the filtrate showed that the temperature below 60 °C did not affect the inhibitive activity and had no significant
difference compared with that of the control. However, the inhibition decreased with increasing of the temperature
above 80 °C and was significantly lower than that of control. The inhibitory activity of filtrate to 4. alternata
decreased by treatment with proteinase K. [Conclusion] Repeated freeze-thaw cycles could affect the shape of B.
subtilis and reduced the inhibitory activity of filtrate to A. alternata.

Keywords: Alternaria alternata, Bacillus subtilis, bacterial endospores count, freeze-thaw cycles, jujube fruit
shrunken disease, living bacteria count
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