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Fig. 1. Physical characteristics of wet and dry sodium alginate capsules (A, B) and Bacillus subtilis (C,D)
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Table 1. Analysis of variance of the photostability of encapsulated and non—encapsulated Bacillus subtilis

Source of variation df Mean of Squares F
Treatment 2 2050 58.06***
Duration of UV exposure 6 11441 324.04***
Treatment x Duration of UV exposure 12 414 11.73***
Residuals 63 35
C.V. 10.04

**x=<0.001
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Table 2. Means comparisons of photostability of Bacillus subtilis in the dry capsule (BS.d), wet capsule (BS.w)

and non—capsule state (BS.n).

- - BS.w BS.d BS.n
Time (min)
0 100.003A" 100.003) 100.003™)
30 91.00°"™ 88.00°™ 85.00°"
60 78.75°M 56.52°®) 51.12°®
120 69.12¢4® 83.43°M 49.75°©
240 49.126M 44.58°AB) 39.254®)
360 51.87°" 63.594" 19.99¢®)
1440 3.001®) 17.81°W 0.00f©)

* Means that have common letter(s) are not significant (Duncan test, p<0.05). The letter(s) outside parentheses
for each column and the letters inside parentheses for each row.
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Fig. 2. Survival percentage of Bacillus subtilis in the dry capsule (BS.d), wet capsule (BS.w) and non-capsule

state (BS.n)
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Table 3. Analysis of variance of the effect of different temperatures on the survival percentage of Bacillus
subtilis in dry capsule (BS.d), wet capsule (BS.w) and non—capsule state (BS.n)

Source of variation df Mean of Squares F
Treatment 2 1593.9 13.818***2
Temperature 2 622.3 5.393**
Day 3 3149.2 27.301***
Treatment xTemperature 4 275.6 2.389
Treatment x Day 6 134.6 1.167
Temperature x Day 6 387.7 3.361**
Treatment xTemperature x Day 12 31.1 0.270
Residuals 108 115.3
C.V. 13.09
a***=p<0.001 and **= p<0.01
) a 2
8 =+ b .
b
) BS.d BS.n BS.w
Treatment
Cosi (BSN) JguS b 5 (BSW) O b o «(BS.d) ¢St J S Ll 5 Bacillus subtilis  Sleed; oy =¥ K
ol glabes S0

Fig. 3. Survival percentage of Bacillus subtilis in the dry capsule (BS.d), wet capsule (BS.w), and non—capsule
state (BS.n) under the influence of different temperatures
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Fig. 4. Survival percentage of Bacillus subtilis in the dry capsule (BS.d), wet capsule (BS.w), and non—capsule

state (BS.n) at 5, 25 and 35°C for 60 days
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Fig. 5. The effect of capsulated and non—capsulated Bacillus subtilis on the disease percentage of R. solani.
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Table 4. Means comparisons of growth parameters in tomato plant for influence of R. solani in presence and
absence of B. subtilis. (capsulated bacteria = BS.m, non—capsulated bacteria = BS.n, and sodium alginate

capsules alone = Alg)

Treatment Shoot height  Root height Shgot wet Rqot wet Shgot dry Rqot dry
(cm) (cm) weight (g) weight (g) weight (g) weight (g)
Control
R. solani— 4.22¢ 3.94 % 0.13° 0.036°¢ 0.010°¢ 0.0040 °
+R. solani 4.35 be 3.47°¢ 0.15° 0.038°¢ 0.011 b¢ 0.0030°
BS.m
+R. solani 5.672 5.632 0.242 0.112 0.0192 0.0097 2
BS.n
+R. solani 5.26 % 470" 0.21%® 0.089 ® 0.017 % 0.0065
Alg
+R. solani 5.21® 421" 0.21 % 0.060 b 0.017 ¢ 0.0058
* Columns that have common letter(s) are not significant (Duncan test, p<0.05).
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Abstract

The use of biocontrol agents is a promising and safe method towards achieving environmental goals for
controlling plant diseases. However, due to the lack of stability and appropriate and applicable formulations, the
results obtained from the application of these agents, especially in agricultural fields, have not been sufficiently
efficient. This study was conducted with the aim of developing a capsule formulation using sodium alginate to
increase the viability and improve the performance of Bacillus subtilis. Capsules were prepared using the ionic
gelation method. The encapsulation efficiency was estimated to be 99%. The mean size of the wet and dry
capsules produced was 2600 and 1000 micrometers, respectively. The effects of ultraviolet radiation on the
survival of B. subtilis showed that the bacterium in the capsule state (wet and dry) was more resistant to
ultraviolet radiation compared to the non—encapsulated state. With increasing exposure time to ultraviolet light,
bacterial cells resistance in the capsule state were greater than in the non—encapsulated state. The results of the
thermal resistance examination at different temperatures emphasized the positive role of the capsules in
increasing the survival and resistance of B. subtilis compared to the non-encapsulated state. The survival
percentage of non—encapsulated B. subtilis after 60 days at 25 and 35 degrees Celsius decreased by 42% and
47%, respectively. However, for the encapsulated B. subtilis, the survival percentage decrease after the same
period and temperature was estimated to be 16.5% and 26%, respectively. Greenhouse results showed that the
use of B. subtilis capsule formulation reduced disease percentage compared to non—encapsulated B. subtilis and
sodium alginate capsules alone. The disease percentage in plants treated with encapsulated B. subtilis was
estimated to be 4.44%, while this rate was 73.33% in the control. Plants treated with encapsulated B. subtilis had
significant differences in growth indices compared to the control. Growth index changes in relation to different
formulations of B. subtilis (encapsulated, non—encapsulated) and sodium alginate capsules alone were significant
only for root height. These results emphasize the positive role of using B. subtilis and capsule formulation in
controlling damping—off caused by Rhizoctonia solani in tomato plants.

Keywords: Capsule formulation, Bacillus subtilis, increased viability, Rhizoctonia solani.




