Applied Entomology and Phytopathology P sl oH]
Vol. 92, No. 2, March, 2025 VEF Laul (Y ol AY A=

Scientific article

Optimizations of commercial culture medium of Bacillus subtilis isolate B2 and its

formulation for controlling powdery mildew of cucumber at greenhouse

LACHIN MOKHTARNEJAD'™ , SAMIRA SHAMELI?, MOHSEN FARZANEH?

1.Assistant Professor, Plant Protection Research Department, West Azarbaijan Agricultural Research, Education and Extension
Organization (AREEO), Urmia, Iran; 2. Assistant Professor, Plant Protection Research Department, Golestan Agricultural Research,
Education and Extension Organization (AREEO), Gorgan, Iran; 3. Associate professor, Department of Agriculture, Medicinal Plants
and Drugs Research Institute, Shahid Beheshti University, Evin, Tehran, Iran
(Received: December 2024; Accepted: February 2025)

Abstract

In this research, the possibility of mass production and formulation of bacterial isolate Bacillus subtilis B2 with antagonistic activity
against powdery mildew of cucumber were investigated. In order to optimize the culture medium, screening of different carbon and
nitrogen sources was performed using Design Expert® software. Based on the central composite design, optimal concentration of beet
molasses and corn steep liquor (CSL) in the culture medium to produce maximum bacterial cell biomass was 4.45-6 and 3.82-6 g/liter,
respectively. Based on the optimization of environment factors, the maximum bacterial biomass was obtained at a temperature of 32 °C, a
stirring speed of 90 rpm, 3.5% of inoculums and pH of 6. Subsequent the biomass production, additional research was carried out with the
objective of formulation the bacterial isolate. Totally 18 different formulations prepared with different carriers and adjutants. The highest
population of B. subtilis B2 produced after six months storage at 4 °C and 24°C in formulation No. 3, containing sodium alginate and
trihalose, with 7.9x108 and 4.2x107 CFU per gram of formulation respectively.The best formulation of B. subtilis selected based on the
highest shelf life to evaluate the ability of formulations for controling powdery mildew of cucumber under greenhouse conditions. The
results showed that the B. subtilis formulation and Dumark fungicide reduces the disease severity by 45.42% and 46.53%, respectively
which express no significant difference between them.
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Table 1. Experimental plan for optimizing the culture medium components and their concentrations (g/L) using the Plackett-Burman design

Concentration (g/L)

Sources Medium ingredients level - Level 0 levels
X1 Sugar beet molasses 2 4 6
X2 Glucose 0 3 6
X3 Sugar 0 3 6
X4 Sugarcane molasses 0 3 6
X5 Starch 0 3 6
X6 Pentosan 0 3 6
X7 Urea 1 3.5 6
X8 CSL 0 3 6
X9 Ammonium sulfate 0 1.5 3

X10 Yeast extract 0 3 6
X11 Ammonium nitrate 0 3 6
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Table 2. Experimental plan for optimizing the selected culture medium components and their concentrations

(g/L) using the fractional factorial design

Concentration (g/L)

Sources Medium ingredients Tevel - Level 0 Tevelt
X1 Sugar beet molasses 2 4 6
X2 Sugarcane molasses 2 4 6
X3 CSL 2 4 6
X4 Yeast extract 1 3.5 6

Central composite >~I,b Ll &b C]‘“ adlls 3 Lol glachle 5 5 Coute 0iS Jases 5l =¥ J g

Table 3. Experimental plan for optimization of superior selected culture medium components and their concentrations (g/L) using response surface
methodology based on central composite design (CCD)

Concentration (g/L)

Sources Unit +a level+ Level 0 level - -a
A: Sugar beet molasses gr/l 6.83 6 4 2 1.17
B: CSL gr/l 6.83 6 4 2 1.17
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Table4. Experimental plan for optimizing the environmental factors
and their levels using the fractional factorial design

Sources Medium Concentration (g/L)
ingredients  Level - Level 0 level+
A: Temperature °C 35 30 25
B: Inoculant % 6 3.5 1
C: pH pH 7.5 6 4.5
D:Agitation rate rpm 150 110 70
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Table 5. Powder formulations from Bacillus subtilis B2

Number of Formulation compounds Number of Formulation compounds
formulation formulations
1 Talk + sodium alginate 10 Kaolin + sodium alginate
2 Talk + sodium alginate + skim milk 11 Kaolin + sodium alginate + skim milk
3 Talk + sodium alginate + Trehalose 12 Kaolin + sodium alginate + Trehalose
4 Talk + chitosan 13 Kaolin + chitosan
5 Talk + chitosan + skim milk 14 Kaolin + chitosan + skim milk
6 Talk + chitosan + trehalose 15 Kaolin + chitosan + trehalose
7 Talk + skim milk 16 Kaolin + skim milk
8 Talk + trehalose 17 Kaolin + trehalose
9 Talk 18 Kaolin
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Tablel. Analysis of effects list of culture medium components on the growth of Bacillus subtilis

B2 after 28 hours incubation on an incubator shaker at 150 rpm, 30 °C and darkness

Term standardized effects Sum of squares Contribution%
Sugar beet molasses 0.21 0.13** 30.78
Glucose 0.063 0.012%%* 2.80
Sugar 0.047 0.0065** 1.52
Sugarcane molasses 0.14 0.056%* 13.04
Pentosan 0.043 0.0056** 1.31
Starch 0.013 0.00053** 0.12
Urea 0.043 0.0056** 1.31
CSL 0.10 0.030%* 6.98
Ammonium sulfate 0.083 0.021%* 4.85
Yeast extract 0.12 0.046%* 10.62
Ammonium nitrate 0.020 0.0012%* 0.28

** a statistically significant difference (P< 0.01)
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Table 7. Analysis of effects of selected culture medium components on the growth of B acillus subtilis B2 after 28 hours incubation on an

incubator shaker at 150 rpm, 30 °C and darkness

Term standardized effects Sum of squares Contribution%

Sugar beet molasses 0.26 0.14%* 21.26
Sugarcane molasses 0.19 0.072%* 10.39
CSL 0.25 0.13%* 19.69
Yeast extract 0.12 0.029%* 436
Sugar beet molasses Sugarcane molasses -0.13 0.036%* 5.52
Beet molasses x CSL -0.15 0.048%* 7.27
Sugar beet molasses x yeast extract -.011 0.024%* 3.66
Other interactions Aliased

** a statistically significant difference (P< 0.01)
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Fig 1. The contour (plot of response surface method about the effect of beet

molasses and CSL on biomass production of Bacillus suntilis B2 after 28
hours incubation on an incubator shaker at 150 rpm,30 °C and darkness
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Table 8. Means of optical density of bacterial biomass of Bacillus subtilis B2 produced in optimal culture medium
under the influence of four environmental factors after 28 hours incubation on an incubator shaker and darkness

Treatment FLevels of Factors (OD)
A: temperature (°C) B: inoculant (%) C: pH D: agitation rate (rpm)

1 25 1 45 70 1.55gh
2 35 1 4.5 70 1.85d
3 25 6 45 70 1.6g
4 35 6 4.5 70 2.06b
5 25 1 7.5 70 1.63fg
6 35 1 7.5 70 2c
7 25 6 7.5 70 1.68f
8 35 6 7.5 70 2.14a
9 25 1 45 150 1.83d
10 35 1 4.5 150 2.09b
11 25 6 4.5 150 1.85d
12 35 6 4.5 150 2.17a
13 25 1 7.5 150 1.76e
14 35 1 7.5 150 2.11ab
15 25 6 7.5 150 1.97c
16 35 6 7.5 150 2.14a
17 30 35 6 110 2.06b
18 30 35 6 110 2.06b
19 30 35 6 110 2.08b
20 30 3.5 6 110 2.07b
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Means with the same letter, are not statistically significant different (P< 0.05)



SSIa (V/0) pHYL = 5 (Lo ;5Y70) wlesl Ol e Lo
53 (Y/+V 5l 2 OD) B2 ol (5,80 o35 Sy M5
Av 03500 ooy JBldm 5 o grnndis YO 5 YT S gles
e 53 ulg 5o (Yo (S0) s5d 00 Jool aids 5 550
3 (Ao V) wlosly Ol VL > Ll 2 b gy S
B2 i (s SL o35 S s M5 Sl (V) pH Laws s
P s gk YO LYY S5 gles s (Y/4V 51 20 OD)
(Yd JSK8) 555 0 Jool aids 53 55 Ve e
T les (0 5 o sl VL IS e
VAL L plpH clo 3 YV alesl Ol ¢ o sonds 4 52
«(Y/+40 L._,JﬂOD)A.Za};p)j;\iiji.:.ib.s}v.ac,&ﬂ;
PH «do 35 /YA wlasly Olyee ¢ o g 4 53 YY70 los (Y
OD) 4ads ;5 55 \YY i O33h Lo 5 OV L ol
alasl3 Ol sas ¢ gmnbos 453 YT (los 5 (¥ «(Y/0Ve L ol
WSS 0330h Ss e 5 VYE L ol pH s 5 0/A0

Sy (VWL ol OD) agds 5 54

Design-Expert® Software

oD
I 217
155
X1 = A: temperature

X2 = D: RPM

Actual Factors

B: inoculum

D: RPM

c:pH

B:3.5% ; GipHT 5 Bi6% ; CipHE

A: temperature
L 5o S 555 Cs e 5 bed ou;r.a,;‘u),u\sdm—uﬁ

31 o~ B Bacillus subtilis B2 (g 5SU o355 G Oljae 4y S

Ao ,3 Y70 adsl wlesly Ol UL ol pH (2) 53 (6,106 celes YA
LV/O Ll pH (c) ther ;s T\ ad sl aslasly Ol LV/O L ol pH (b)
Ao ys Vad sl alesls Olse LG ol pH (d) o )3 Y70 4 ol slasl; Ol 5

Fig 2. Contour factorial plots for simultaneous effect of temperature
and shaker agitation of the optimal culture medium on the biomass
production of B Bacillus suntilis B2 after 28 hours incubation on (a)
pH 6, inoculant 3.5%; (b) pH 7.5, inoculant 6%
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Table 9. Analysis of effects list of for environmental factors and

their interaction on the biomass production of Bacillus subtilis B2
after 28 hours incubation on an incubator shaker and darkness

Source Contribution% Sum of squares

A: Temperature 1.37%* 65.79
B: Inoculant 0.11%* 5.40
C: pH 0.031%** 1.49
D: agitation 0.34** 16.53
AB 0.00403** 0.19
AC 0.00007™ 0.0036
AD 0.033** 1.59
BC 0.00053 " 0.026
BD 0.0012%** 0.058
CD 0.020%* 0.96
ABC 0.016%* 0.78
ABD 0.026** 1.26
ACD 0.0024** 0.12
BCD 0.013** 0.64
ABCD 0.0016** 0.079

szlbt;.mg_éw‘ r.,\.o ms P < /) CEMJQ)‘J@M Q)wﬁf

** A statistically significant difference (P< 0.01); ns, there was no
statistically significant difference
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Table 10. Variance analysis of viability of Bacillus subtilis B2 spores log 1, (CFU) at different formulations after 180 days of storage at 4° C and 24° C

Shelf life at 4 °C Shelf life at 24 °C
Source of variation Degree of freedom Mean of square F value Mean of square F value
Carrier (A) 1 0.13 46.17* 0.73 741.79%
Filler (B) 2 64.13 21476.3* 62.07 39992.3*
Adjutants (C) 2 2/03 682.39* 5.37 3461.4*
A*B 2 0.065 21.95* 0.34 228.57*
A*C 2 0.06 20.14* 0.69 449.13*
B*C 4 5.34 1791.35% 4.99 3215.8*
A*B*C 4 0.11 37.63%* 0.21 135.69*
Error 36 0.002 0.001
Cv 0.75 0.82

* a statistically significant difference (P< 0.05);
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Table 11. Comparison of the mean of viability of Bacillus.subtilis B2 spores log 1o
(CFU) at different formulations after 180 days of storage at 4° C and 24° C

Shelflife (log CFU per g formulation)

Formulations

4c 24 ¢
1. Talk + sodium alginate 7.02e 5.52e
2. Talk + sodium alginate + skim milk 8.25b 6.96b
3. Talk + sodium alginate + trihalose 8.9a 7.63a
4. Talk + chitosan 6.85f 4.69f
5. Talk + chitosan + skim milk 7.71c 6.48d
6. Talk + chitosan + trihalose 7.72¢ 6.48d
7. Talk + skim milk 5.04g 3.52i
8. Talk + trihalose 5.07g 3.52i
9. Talk 3.14h 2.1j
10. Kaolin + sodium alginate 7.04e 4.56g
11. Kaolin + sodium alginate + skim milk 8.27b 6.9b
12. Kaolin + sodium alginate + trihalose 8.25b 6.88b
13. Kaolin + chitosan 3.84f 3.56h
14. Kaolin + chitosan + skim milk 7.35d 6.7c
15. Kaolin + chitosan + trihalose 7.71c 6.73¢c
16. Kaolin + skim milk 5.05g 3.531
17. Kaolin + trihalose 5.11g 3.531
18. Kaolin 3.15h 2.1j

I (s e Gt s S tie O G Pla gl &S ola n Sils

Means with the same letter are not statistically significant different (P< 0.05)
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Table 12. Comparison of the mean percentage of Powdery mildew disease severity and the percentage of reduction of powdery mildew disease

severity in different treatments

After 5 days After 10 days After 20 days
Treatments Disease severity Efficacy Disease severity Efficacy Disease severity Efficacy
% Y% Y% % % %
Bacteria formulation 16.4d 60.39 25.94c 48.44 32.44c 45.42
Fungicide (Dumark) 16.39d 50.42 25.4¢ 48.62 31.78¢c 46.53
Formulation carriers 39.71b 4.09 48.68a 5.57 58.63a 1.35
control 41.4a - 49.43a - 59.43 -
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* Means with the same letter are not statistically significant different (P< 0.05)
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