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Fig. 1. A view of the fermenter (right) and the
obtained liquid formulation (left)
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Fig. 2. A view of Talaromyces flavus microcapsule
formulation in suspension (right) and powder (left)
form.
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Table 1. The weight of the glitter powder (unsuspended amount) obtained from liquid formulations in different
states of the emulsifier—binder combination to determine the percentage of suspension for liquid formulations

Different modes of emulsifier—adhesive combination in liquid

formulations

Weight of dry powder
(unsuspended amount) in
liquid formulation (g)

Triton X-100- Carboxymethy! cellulose 0.01
Triton X-100- Sugarcane molasses 0.01
Tween 20— Carboxymethyl cellulose 0
Tween 20— Sugarcane molasses 0.01
(Triton X-100+ Tween 20)— (Carboxymethyl cellulose+ Sugarcane 0.04

molasses)

Without emulsifier—adhesive combination 0.13
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Table 2. The percentage of suspension in liquid formulations containing different states of the emulsifier—
adhesive combination by calculating the amount of suspension

Different modes of emulsifier—adhesive
combination in liquid formulations

The difference of the amount of Suspension
unsuspended or dry powder percentage
weight from the total amount of (%)
seven tenths of grams of the
formulation containing the
emulsifier—adhesive compound (g)

Triton X-100- Carboxymethyl cellulose
Triton X-100- Sugarcane molasses
Tween 20— Carboxymethyl cellulose™
Tween 20— Sugarcane molasses
(Triton X100+ Tween 20)— (Carboxymethyl
cellulose+ Sugarcane molasses)
Without emulsifier—adhesive combination

0.70-0.01=0.69 98.58
0.70-0.01=0.69 98.58
0.70-0=0.70 100
0.70-0.01=0.69 98.58
0.70-0.04=0.66 94.29
0.70-0.12=0.57 81.43

(Ao 3V 0) Gldod oy o 5 i b e e S o S —Tween 20 ;.,;J:a.x;)l;,.);cﬁuaﬂ‘yy}e:e
*Liquid formulation containing the combination of Tween 20-carboxymethyl cellulose with the highest

suspension percentage (100 %)
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Table 3— Acidity range for the solubility of polymers that can be used in suspension and powder microcapsules

The name of the polymer Acidity range for solubility Used reference
chitosan” pH<7, Castro and Paulin, 2012
pH>7
methyl methacrylate pH>7 Darabi Mahboub et al., 2018
lignin 4<pH<7 Pylypchuk and Sippunen, 2022
alginate” pH<7, Goel et al., 2019
pH>7
polyethylene glycol pH<7, Cao et al., 2022
pH>7
cashew gum 6<pH<8 Ofridam et al., 2021
polyvinylpyrrolidone pH=7 Sohail et al., 2014
guar gum pH<7, Sharma et al., 2013
pH>7
starch 5<pH<7 Guo et al., 2021
vinyl acetate pH=7 Bailly et al., 2012

audenl 53 gdmee 31 (6 5 i 83L 55 SV LB L (gl e
* Polymers with the ability to dissolve in a range greater than the range of acidity

335 5 O sl gun (S ueS 5 Sn 55 03kl B (gl ) pr SV LB (g1 sl 33L—F g

Table 4. Acidity range for the solubility of surfactants that can be used in suspension and powder microcapsules

The name of the surfactant Acidity range for solubility Used reference
alkyl sulfate 5<pH<6 Janus et al., 2020
texapon (sodium lauryl ether sulfate) pH=7 Bahr et al., 2021
sodium gluconate 6.5<pH<7 Pedrosa and Serrano, 2000
sodium sulfonate” 7<pH<I1 Duc Laetal., 2018
sodium lignosulfonate” 7<pH<I1 Ruwold et al., 2020
ammonium salt pH=5.5 Powison et al., 2022
myristal alcohol” 2.5<pH<9.5 Bhide, 2018
polyoxyethylene 5.5<pH<7 Wada et al., 2014
amphostat pH>7 Mijaljica et al., 2022
betadine pH>7 Durani and Leaper, 2008
amino acid 5.5<pH<7 Fuchs et al., 2006
sorbitol 6<pH=<9 Valizadeh et al., 2004
ethoxylate pH>7 Gholipour Peyvandi, 2019
alkoxylate 3<pH<S Zajkoska et al., 2018

a2y sl 33 g5 51 (6 5 53L 55 CIM B L GLaiLSS ) e

*Surfactants with the ability to dissolve in a range greater than the range of acidity
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Table 5. The most suitable polymer and surfactant selected from among common polymers and surfactants for
the preparation of suspension and powder microcapsules

Microcapsule The most A scientific source The most suitable A scientific source
type suitable indicating the surfactant indicating the
polymer common use of common use of
polymer surfactant
suspension alginate— —Goel et al., 2019 myristal alcohol Modi and Shah, 2015
chitosan Zho et al., 2023 (surfactant with

alcohol base)

powder guar gum Kaur et al., 2015 Calcium Feizi Mohazzab et al.,
lignosulfate —2020
Sodium Pedone et al., 2005

sulfosuccinate
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Table 6. Comparison of the mean percentage of Fusarium wilt disease severity in different treatments of

Treatment Average percentage of disease severity (%)
T. flavus microcapsule in suspension form as adding to soil 5.91cd
T. flavus microcapsule in suspension form as seed coating 4.81cd
T. flavus microcapsule in powder form as adding to soil 2.41d
T. flavus microcapsule in powder form as seed coating 1.79d
T. flavus liquid formulation as adding to soil 6.70cd
T. flavus liquid formulation as seed coating 7.99c
Talaromin fungicide 14.16b
Control 21.20a

Talaromyces flavus formulations
RS RHES PYA NS W cle» BERUBIE L) ol st caslize Cog o b ialosT (sla )l Oloose

«Between experimental treatments with similar letters, there is no statistically significant difference at the 1%

probability level.

Talaromyces (sl sew¥ se 2 Calibes slajlad 53 o )l5 58 j;f;’ Golow Sld Aoy ialS doys Ol e =V Jgd
dald & Cos flavus

Table 7. The percentage of reduction of Fusarium wilt disease severity in different treatments of Talaromyces

Treatment The percentage of reduction in the severity of
the disease compared to the control (%)
T. flavus microcapsule in suspension form as adding to 72.11
soil
T. flavus microcapsule in suspension form as seed 77.29
coating
T. flavus microcapsule in powder form as adding to soil 88.62
T. flavus microcapsule in powder form as seed coating 91.55
T. flavus liquid formulation as adding to soil 68.38
T. flavus liquid formulation as seed coating 62.28
Talaromin fungicide 33.21
Control _

flavus formulations compared to the control
BEEY) Jﬂf)ﬁ:ﬁ )LQ.:: BE ‘5)&.::' Sdd Loy JLAK Loy _ﬁjsu;:,-:-T flavus 4 T ).:\;' 6)LwWT d’%}) Lv
sJalxThe highest percentage of disease severity reduction in T. flavus powder microcapsule treatment with seed

impregnation method compared to the control
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Abstract

According to the recent advances in the application of biotechnology in various sciences, in recent years,
research has been conducted in the field of preparation of liquid bioformulations and microcapsules of
suspension and powder from the important fungal inhibitor Talaromyces flavus. In this study, optimization of the
mentioned formulations and their use in commercial greenhouses have been done. For this purpose, based on the
results of previous greenhouse research, regarding the preparation of a type of liquid bioformulation (liquid
formulation containing Potato Dextrose Broth culture medium, temperature of 25 degrees Celsius and
dicycloserine or sodium nitrate stabilizer), a type of microcapsule in the form of suspension. A type of
microcapsule in powder form was prepared for use in tomato greenhouses. To optimize the liquid formulation,
the most suitable emulsifiers and binders in terms of suspensionability were identified as Tween 20 and
carboxymethyl cellulose. For the optimization of suspension and powder microcapsules, the most suitable
combination of polymer + surfactant in terms of solubility was determined, respectively, the combination of
alginate + myristyl alcohol and guargam + calcium lignosulfate. Investigations related to commercial
greenhouses were carried out during one year in two regions of Yazd and Isfahan with a history of Fusarium wilt
disease. Each study was carried out in the form of a statistical design of complete randomized blocks with eight
treatments in four replications. The treatments were: 1 to 3— each of the liquid formulations, suspension
microcapsules and powder microcapsules with the method of adding to the soil, 4 to 6— each of the mentioned
formulations with the root immersion method, 7— Thalaromin fungicide By the method of adding to the soil, 8-
control (without application of formulation and fungicide). The treatments were evaluated by determining the
percentage of occurrence and the percentage of severity of fusarium wilt disease. Statistical data analysis and
mean comparison was done using Duncan's multiple range test by MS TAT C software program. The results
showed that the microcapsule powder with the seedling impregnation method and the liquid formulation with the
soil addition method were the most effective treatments by reducing the disease severity percentage by 91.6 and
68.4%, respectively, compared to the control. According to the results Obtained, the method of producing and
using each of Talaromyces flavus microcapsule and liquid formulations is considered as technical knowledge
and it is possible to proceed with their commercialization steps.
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