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ABSTRACT 

The aim of these studies was to develop an effective formulation for microbial strains active in 

plant protection. Emulsification technique in oil was used to produce alginate microcapsules supple-

mented with organic additives to improve production process and stability of the preparations during 

storage. The release of microorganisms from the capsules in soil and their effectiveness in biocontrol of 

Fusarium wilt were evaluated. Three bacterial strains Burkholderia cepacia strain CAT5, Bacillus spp. 

strains PZ9 and SZ61, and fungus Trichoderma virens TRS106 were immobilized separately in calcium 

alginate supplemented with chitosan, peat powder, or skim milk. The productivity of microcapsules was 

enhanced by 60% when peat was added to the alginate matrix. Peat reduced also contamination of the 

capsules during storage, significantly enhancing their quality. By contrast, the addition of skim milk 

reduced quality of the microcapsules. The additives did not influence the viability of entrapped micro-

organisms and their release in soil. The survival of the microbial cells was mainly related to the kind of 

microorganism used, and the highest viability showed Bacillus sp. PZ9 and Trichoderma TRS106. Ly-

ophilization of the microcapsules appeared to be unfavorable by reducing microbial viability in the cap-

sules and in the soil after application. The best properties: good storage ability and sufficient microbial 

release in the soil, exhibited wet microcapsules amended with peat. These capsules were used to control 

Fusarium wilt in tomato plants. The protective effect was obtained when the microcapsule-entrapped 

bacteria PZ9 were used. The effectiveness of this bacterium was comparable with fungicide. Peat-

amended microcapsules entrapping Bacillus PZ9 showed the best quality and may have potential for 

commercial use. 
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INTRODUCTION 

 

The changes in public concern about protec-

tion of the environment impact the agricultural 

practices by limiting the use of chemical fertilizers 

and pesticides. As an alternative, soil-bio-amend-

ments are proposed, including microorganisms 

used as plant growth promoters or biocontrol 

agents. Despite intensive investigation, many po-

tentially useful bacteria or fungi, reported in liter-

ature, never appeared in the commercial market. 

Microorganisms applied in the field encompass 

many problems with respect to unpredictable en-

vironmental conditions. They have to face compe-

tition of better-adapted indigenous microorgan-

isms, variable temperatures, draught, unfavorable 

pH, adsorption by soil particles, or washing-off by 

rain (Bashan 1986; Winder et al. 2003; Young et 

al. 2006; Guo et al. 2012). Therefore, for commer-

cial use, microbial inoculum should be supported 

by appropriate formulation preventing a rapid de-

cline of introduced microorganisms and extending 

their shelf-life. A number of formulation technol-

ogies, based on various carriers, were developed 

for application in agriculture (Cassidy et al. 1996; 

Bashan 1998; Schisler et al. 2004; John et al. 2011; 
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Vemmer & Patel 2013). Among the carriers, algi-

nate, a biopolymer derived from the macroalgae, 

is widely used (Yabur et al. 2007). Its production 

is massive and cheap. This material is non-toxic, 

consistent in quality, nearly sterile, and biocom-

patible with microorganisms. Alginate may be dis-

solved in water or in liquid microbial culture, and 

in contact with solution of di- or tri-cations, it 

forms thermally stabile hydrogel globules called 

“beads”(Chan et al. 2011). In the past decades, 

several experimental microbial formulations with 

alginate have been evaluated as inoculants for ag-

riculture to improve plant productivity (Bashan 

1998; Young et al. 2006; Yabur et al. 2007; 

Minaxi & Saxena 2011), for wastewater treat-

ments (Cassidy et al. 1996), for entrapping of mi-

crobial cells in the food industry (Krasaekoopt et 

al. 2003; Onwulata 2012; Tripathi & Giri 2014), 

or for pharmaceutical and medical applications 

(Hunt & Grover 2010; Cook et al. 2012). Encap-

sulated with alginate Pseudomonas fluorescens 

showed significantly increased survival rates over 

free cells in soil (Trevors et al. 1992), and shelf 

life of pro-biotic culture of Bifidobacterium bifi-

dum, and Lactobacillus acidophilus was stabilized 

during 90 days of storage (Özer et al. 2008). 

In the Research Institute of Horticulture (Ski-

erniewice, Poland), several bacterial and fungal 

strains were selected as biocontrol agents and 

plant growth promoters (Szczech & Dyki 2007, 

2008; Szczech et al. 2009, 2011). In these studies, 

different bacteria: Burkholderia cepacia strain 

CAT5, Bacillus spp. strains PZ9 and SZ61, and 

fungal strain TRS106 (Trichoderma virens sp.) 

were chosen to develop a formulation technique of 

active microorganisms for application in vegeta-

ble production. Strain CAT5 produced antibiotic 

pyrrolnitrin and inhibited the growth of fungal 

pathogens for example Fusarium spp. and Rhi-

zoctonia solani (Szczech 2009). This strain in-

creased tomato germination in soil infested with 

multiple pathogens, plant biomass and xylem 

thickness, and phenolic compounds content in 

roots of tomato plants (Szczech 2009; Szczech et 

al. 2009). Bacteria PZ9 and SZ61 promoted the 

growth of tomato and cucumber plants even in 

growing media infested with pathogens (Szczech 

2009). Strain PZ9 was effective in the production 

of lettuce transplants, significantly increasing their 

biomass and root development (Szczech data pre-

pared for publication). Trichoderma TRS106 in-

duced resistance in tomato and cucumber plants 

(Nawrocka et al. 2011). It was also proved that its 

application in the growing media significantly in-

creased the lycopene concentration in tomato fruit 

(Szwejda-Grzybowska et al. 2015). For formula-

tion of these microorganisms, the microencapsu-

lation technique based on the emulsification of al-

ginate/microbial cell mixture was chosen. 

Microcapsules are reported as an efficient 

and convenient method for microorganisms 

preservation and application (Rathore et al. 2013). 

The size of capsules ranging 1-1000 µm (Bashan 

et al. 2002). However, they are capable of entrap-

ping a sufficient number of microbial cells. Ba-

shan et al. (2002) inoculated seeds with plant 

growth-promoting Azospirillum brasilense, en-

capsulated in alginate microbeads, of which diam-

eter ranged between 100-200 µm, and the density 

of bacteria was 1011 cfu·g-1 of the capsules. The 

small size of the capsules provides efficient diffu-

sion of oxygen, nutrients, and metabolites, which 

permits a high cell concentration and viability, 

while the number of viable cells entrapped in 

larger beads is low due to limited diffusion of ox-

ygen into the bead center. Ogbonna et al. (1991) 

have found that the optimum bead size for oxygen 

penetration in different polymeric beads was 100-

300 µm. With microcapsules, it is possible to pro-

duce a powder-like formulation, which enables 

more uniform and efficient distribution in soil, dis-

persion on the foliage, and seed coating. 

Emulsification is considered relatively easy 

and reliable method for microcapsule production 

(Winder et al. 2003; Vemmer & Patel 2013; Tripa-

thi & Giri 2014). This technique is based on the 

emulsification of cell/polymer suspension in an 

oil/organic medium (Rathore et al. 2013). The ad-

dition of calcium chloride as a cross-linking agent 

to the emulsion, with continuous stirring, results 

in the production of micro-hydrogel globules, 

which may be then harvested by filtration. The in-

corporation of additional components into the pol-

ymer matrix or coating of the capsules with them 

have been shown to enhance cell viability, stabil-

ity of the alginate capsules and improved storage 

ability of encapsulated microorganisms (Krasaek-

oopt et al. 2004). 
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The aim of this work was to develop an encap-

sulation method for preservation and agricultural 

application of selected active bacteria and fungi. 

The studied technique comprised enrichment of 

microcapsules with different organic additives to 

provide satisfactory viability of the microorgan-

isms and quality of the product. Batches of pro-

duced microcapsules were lyophilized to enhance 

their stability. The efficiency of the microcapsule 

production process with the additives, cell viability 

in different types of the capsules, and storage ability 

were studied. Then, the rate of microbial release 

from the microcapsules in soil and their potential to 

control Fusarium were investigated. 

 

MATERIALS AND METHODS 

 

Bacterial strains CAT5 (Burkholderia cepa-

cia), PZ9, and SZ61 (Bacillus spp.) and fungal 

strain TRS106 (Trichoderma virens) were taken 

from the collection of Laboratory of Microbiology 

in the Research Institute of Horticulture in Ski-

erniewice, Poland. Bacteria were grown in the 

flasks with 100 ml of nutrient broth on the rotary 

shaker (200 rpm), for 48 h at 30 °C. The cell den-

sity in the culture was estimated using the serial 

dilution plating method on nutrient agar (Merck) 

after incubation at 30 °C for 48 h. The final con-

centrations of the bacteria in the cultures were as 

follow: CAT5 1010 cfu·ml-1; PZ9 1010 cfu·ml-1; 

and SZ61 1011 cfu·ml-1. The conidia of Tricho-

derma TRS106 were harvested from the surface of 

10-day-old fungal culture on malt agar medium 

(Fluka) in the Petri plate (90 mm). The conidia 

were suspended in 10 ml of 0.85% sterilized solu-

tion of sodium chloride. The aliquot of such sus-

pension was added to the sterilized sodium chloride 

solution to obtain 100 ml of the suspension contain-

ing 108 conidia·ml-1. The density of conidia was es-

timated with the use of a hemocytometer. 

Alginate microcapsules were prepared ac-

cording to the modified emulsification method de-

scribed by Winder et al. (2003). All the glassware, 

solutions, and oil used in the protocol were steri-

lized at 121 °C for 20 min prior to use. The entrap-

ment of bacterial cells and fungal spores was car-

ried out under sterile conditions in a laminar flow 

hood. To prepare the microcapsules, bacterial cul-

ture (100 ml) was mixed with 2 g of sodium algi-

nate powder (Sigma) and agitated with magnetic 

stirrer for 60 min at ambient temperature. The bac-

terial concentration in the culture at this stage 

ranged from 1010 to 1011 cfu·ml-1 according to the 

used strain of the bacteria. To produce microbeads 

containing conidia of T. virens TRS106, 100 ml of 

conidial suspension (108 cfu·ml-1) was applied. 

After sodium alginate was dissolved, 100 ml of 

sunflower oil was added to emulsify the bacterial 

culture/alginate mixture. The mixture was emulsi-

fied using a mechanical hand blender with a steel 

whisk for 1 min. The emulsion was gradually 

poured with 200 ml of an aqueous solution of 

0.1 M CaCl2, continuously agitated with blender. 

After the solution of CaCl2 was added, soluble so-

dium alginate was converted into water-insoluble 

calcium alginate microbeads. The microbeads 

were allowed to harden for 60 min at room tem-

perature under constant agitation on a magnetic 

stirrer. The microbeads were collected by vacuum 

filtration under aseptic conditions and stored wet 

in sterile, closed jars (vol. 125 ml) at 4 °C. 

For the production of supplemented micro-

capsules, the following organic additives were 

used: peat, chitosan (Sigma), and skim milk 

(Sigma). Peat was dried at 60 °C, sieved by 1 mm 

sieve, autoclaved at 121 °C for 20 min, and stored 

in sterilized jars in dark, dry, and aseptic condi-

tions till use. Skim milk and chitosan were kept in 

aseptic conditions, in original packaging. One 

gram of peat or skim milk (1% w/v), and 0.5 g of 

chitosan (0.5% w/v) were added to 100 ml of bac-

terial cultures or 100 ml of TRS106 conidial sus-

pension prior to sodium alginate. After prepara-

tion of the alginate-additive-bacterial mixture, the 

microcapsules were prepared as described earlier. 

In all microencapsulation processes, for each mi-

croorganisms and additive, three batches of micro-

capsules were prepared in one production cycle. 

There were minimum three production cycles for 

each microcapsule type. 

After microencapsulation processes, the yield 

of obtained microcapsules was determined by 

weighing them separately for all batches, directly 

after filtration, under aseptic conditions. The diam-

eter of the microcapsules was measured under 

a light microscope Olympus BX41 using Quick-

PHOTO Camera 2.3 program. The diameter of 

50 microcapsules was measured for each sample 

under the magnitude 10x. The measurement was 

repeated three times for the microcapsules ob-

tained in three separate production processes. 
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To increase stability and viability of the en-

trapped microorganisms during storage, the 

batches of microcapsules were lyophilized. Imme-

diately after microencapsulation, all types of mi-

crocapsules (25 g for each type), containing bac-

terial cells or fungal conidia, were frozen at 

−80 °C. After freezing the capsules were lyophi-

lized using lyophilizer ALPHA 2-4 LSC (Christ 

Gefriertrocknungsanlagen GmbH) to complete 

dryness and kept until usage in hermetically sealed 

jars (vol. 125 ml) at 4 °C. 

The survival rate of microorganisms in mi-

crocapsules was determined directly after encap-

sulation process and after lyophilization. Then, the 

viability of bacteria and fungus was analysed after 

one, three, and six months of capsule storage at 

4 °C. The experiment was repeated twice, and all 

the measurements were performed in three repli-

cations. To estimate the microbial viability, the 

samples of the microcapsules (1 g of wet capsules 

and 0.1 g of lyophilized) were dissolved in 10 ml 

of 0.2 M phosphate buffer (pH 6.8) and incubated 

at 30 °C for 2 h. To release cells the suspensions 

were vortexed. The number of bacteria was deter-

mined by standard serial dilution plating method 

on nutrient agar (Merck) after incubation at 30 °C 

for 48 h, and the number of Trichoderma TRS106 

propagules on rose Bengal agar (Martin 1950) af-

ter incubation at 25 °C for 6 days. The number of 

microorganisms was expressed as cfu·g-1 of the 

dry weight of microcapsules. 

During storage, the microcapsules were exam-

ined for the degree of contamination using 0-4 in-

dex where: 0 – smell typical for fresh product, with-

out discoloration; 1 – not typical smell, light discol-

oration; 2 – unpleasant smell, distinct discoloration; 

3 – strong unpleasant smell, discoloration of most 

product, visible coatings; and 4 – product with coat-

ings and molds, completely contaminated. 

The studies on the rate of microbial release 

from the produced microcapsules were conducted 

in growth chamber, in non-sterilized soil mixed 

with vermiculite (1:1 vol.). The chemical character-

istics of the soil were as follows: pH 7.2; minerals 

contents: 49 mg of N-NO3, 66 mg of P, 262 mg of 

K, 254 mg of Mg, 808 mg of Ca in one liter of soil. 

The soil/vermiculite was mixed with wet or lyoph-

ilized microcapsules containing bacteria CAT5 or 

spores of T. virens TRS106, supplemented with dif-

ferent additives. For this experiment, microcapsules 

with bacteria CAT5 and Trichoderma TRS106 

were chosen because of reliable isolation of these 

microorganisms from non-sterile soil using selec-

tive media. Wet microcapsules were added to the 

soil at a dose of 500 mg·100 g-1, and lyophilized 

microcapsules at a dose of 250 mg 100 g-1 of the 

soil. To the inoculated soil sterilized water was 

added to obtain 60% of the water holding capacity, 

and was distributed to plastic micropots (100 g of 

the soil per pot). Eight pots were prepared for each 

treatment. As a control, pots filled with soil with-

out microcapsules were used. The pots were kept 

in a growth chamber at 25 °C, 90% humidity, in 

dark. During incubation, the soil was watered to 

maintain the moisture at 60%. 

The soil was sampled and analysed for the 

number of bacteria CAT5 and fungal propagules 

4, 10, and 30 days after incubation. At each sam-

pling time, three random samples (10 g from one 

pot) for each treatment were collected. The num-

ber of CAT5 and TRS106 was determined using 

standard serial dilution plating method, respec-

tively on: CB medium selective for Burkholderia 

(Wu & Thompson 1984) and Rose Bengal me-

dium for fungi. The colonies of CAT5 were 

counted after 48 h of incubation at 30 °C, and for 

TRS106 after 7 days of incubation at 25 °C. The 

experiment was repeated three times. 

To check the efficacy of the encapsulated mi-

croorganisms on their potential to suppress the to-

mato disease the greenhouse experiment in three 

repetitions was carried out. Tomato plants 

‘Remiz F1’ were grown in pots of 0.5 dm3 filled 

with the soil/vermiculite mixture infested with co-

nidia of pathogenic fungus Fusarium oxysporum 

f. sp. lycopersici, the cause of Fusarium wilt of to-

mato. This soil was autoclaved prior to inoculation 

and added with sterilized water to obtain 60% of 

the water holding capacity. For conidial produc-

tion, F. oxysporum was grown on PDA in Petri 

dishes, in the dark at 25 °C for 10 days. The co-

nidia were scratched off the medium surface and 

suspended in 0.85% NaCl solution. The conidial 

density was measured with the use of hemocytom-

eter. The aliquot of conidial suspension was added 

to the soil mixture to obtain the final Fusarium 

density 103 cfu·100 g-1 of the soil. Infested soil 

was mixed with microcapsules containing bacte-

ria PZ9, SZ61, CAT5, and spores of TRS106 at 

a dose of 50 mg·100 g-1. For this experiment, wet 
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microcapsules amended with peat were chosen. 

The soil mixture not infested with the pathogen 

and without microcapsules served as a control. 

The soil in pots was sown with one tomato seed 

per pot. As a chemical control, seeds were coated 

with fungicide Zaprawa Nasienna T 75DS/WS 

(thiram 75%) and planted into pots with soil in-

fested with Fusarium. For each experiment six 

pots were prepared for treatment. Tomato plants 

were grown for 4 weeks in the greenhouse and 

were watered to keep the moisture at 60%. 

Fusarium wilt was estimated by measuring the 

fresh weight of aboveground parts of plants. The 

number of Fusarium propagules in soil was esti-

mated at the end of each experiment. Three ran-

dom soil samples (10 g each) for each treatment 

were collected from the pots in the consecutive 

experiments. The number of Fusarium spp. col-

onies was determined after 2 weeks of incuba-

tion at 25 °C, using standard serial dilution plat-

ing method on selective Komada medium 

(Komada 1975).  

As experimental factors, dependent on the 

experiment, kind of organic additives, encapsu-

lated microorganism, type of microcapsules, time 

of storage, and time of incubation have been tested 

in multi-factorial ANOVA models. Before 

ANOVA, the homoscedasticity and normality as-

sumptions were tested by means of Levene’s and 

Shapiro-Wilk tests, respectively. The means for 

significant effects were compared using Duncan 

Multiple Range Test (DMRT) at p = 0.05. All cal-

culations were done using statistical software 

package STATISTICA v. 10 (StatSoft, Inc. 2011). 

 

RESULTS AND DISCUSSION 

 

Developing of an effective inoculants for 

plants, soil or growing media, containing benefi-

cial microorganisms is still a challenge in the com-

mercial production and agricultural application. 

The main task is to obtain a uniform and stable 

product during storage, with consistent efficacy. It 

is difficult because microorganisms are very sen-

sitive to processing and environmental factors. In 

this work, an emulsification technique was used to 

produce alginate microcapsules entrapping the mi-

croorganisms. It was found that the components 

incorporated into alginate matrix during encapsu-

lation had a significant effect on the yield and size 

of the capsules (Table 1). The most effective pro-

duction was obtained when peat or chitosan were 

added to the dispersed phase. The weight of the 

harvested microcapsules supplemented with peat 

was 60% and with chitosan 42% higher than the 

yield of microcapsules without amendments. Ad-

dition of skim milk had no effect on the yield and 

diameter of microcapsules. Moreover, the applica-

tion of skim milk made the production of micro-

capsules more difficult, mainly due to less effec-

tive separation from oil phase. 

The capsules containing peat and chitosan 

were also bigger than those with skim milk and not 

supplemented and their average diameter was 

about 50 µm (Table 1). The smallest microcap-

sules and the most uniform in size were produced 

with skim milk. Generally, the size of obtained mi-

crocapsules ranged from 10-110 µm. According to 

literature, the incorporation of certain components 

into the alginate matrix, such as clay, skim milk, 

chitosan, sugars, gum acacia, or maize starch, has 

been shown to improve the quality of the capsules 

(Bashan 1998; Krasaekoopt et al. 2004). Lin et al. 

(2008) have shown that chitosan enhanced the me-

chanical resistance and stability of alginate beads. 

Young et al. (2006) reported that beads enriched 

with humic acid were regular and spherical in 

shape with a diameter ranging between 2-3 mm. 

The supplementation of capsules with skim milk 

was recommended by Bashan (1986; 1998) and 

Bashan et al. (2002); however, in our case, this ad-

ditive was not effective, and significantly reduced 

the quality of the product. 

It was also found that the type of encapsu-

lated microorganism had also an impact on the 

capsule size and productivity. A significantly 

higher yield of microcapsules was obtained for 

bacteria Bacillus spp. strains PZ9 and SZ61 (Ta-

ble 1). The lowest yield was for B. cepacia CAT5 

and spores of Trichoderma TRS106. The encapsu-

lation of bacteria PZ9 resulted in a bigger capsule 

diameter compared to other microorganisms. 
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Table 1. The yield and diameter of the microcapsules according to the organic additives and type of 

encapsulated microorganism 

Components Yielda (g) Capsule diameter (µm) 

organic additives to alginate matrix 

alginate without additives 42.3 b 43.2 b 

chitosan 62.2 a 49.5 ab 

peat 69.0 a 50.5 a 

skim milk 42.9 b 42.9 b 

encapsulated microorganism 

Bacillus spp. PZ9  59.8 a 56.5 a 

Bacillus spp. SZ61 64.1 a 39.5 b 

Burkholderia cepacia CAT5 48.8 b 49.2 a 

Trichoderma virens TRS106 43.6 b 41.9 b 

a Yield of microcapsules produced from 100 ml of culture with 2% (v/w) sodium alginate and supplemented with 

1% (v/w) of additives. The values are the means of the nine replicates. The means within the column with the same 

letters for each factor do not differ significantly according to DMRT at p = 0.05. 

 

Alginate beads are capable of entrapping 

high number of bacteria, and the cell density may 

reach 1011 cfu·g-1 of the bead (Bashan et al. 2002; 

Young et al. 2006). In our studies similar result 

was obtained. The survival of entrapped microor-

ganisms was examined immediately after encap-

sulation process was completed, and the capsules 

were harvested by filtration. It was found that the 

number of viable cells in the microcapsules (Ta-

ble 2) was comparable with the initial concentra-

tion of bacterial cells and fungal spores in the cul-

tures used for encapsulation (1010 cfu for PZ9 and 

CAT5, 1011 cfu for SZ61, and 108 cfu for 

TRS106). There were not significant differences 

in the number of viable cells in the microcapsules 

supplemented with additives (data not presented). 

It suggests that the used method of emulsification 

in plant oil did not reduce the viability of the en-

capsulated microorganisms, and the supplementa-

tion of the alginate matrix with additional com-

pounds did not influence the microbial load in mi-

crocapsules and cell viability after processing. It is 

opposite to observation of Bashan et al. (2002), 

who reported that the entrapping procedure during 

microbeads production kills a large number of 

bacteria because of cross-linking of the alginate-

calcium complex with the bacterial cell wall. On 

the other hand, the addition of clay and skim milk 

to alginate beads significantly increased the bacte-

rial survival over alginate alone (Bashan 1998). 

Lyophilization is a method recommended for 

different applications and for long-term storage of 

microorganisms (Morgan et al. 2006; Semyonov et 

al. 2010). Therefore, to improve storage qualities of 

the capsules, a part of them was lyophilized. How-

ever, the viability of microorganisms in dried mi-

crocapsules was drastically reduced (Table 2). The 

most resistant to lyophilization was bacteria PZ9, 

while the density of viable spores of Trichoderma 

TRS106 decreased from 108 cfu·g-1 to 105 cfu·g-1. 

To reduce this undesirable effect, protective 

agents can be used. For example, starch filler 

added to alginate beads containing L. casei im-

proved their strength and stability during lyophi-

lization, and the cell viability was 100 times higher 

than in the beads without starch (Chan et al. 2011). 

However, in our studies, organic additives incor-

porated into the alginate matrix did not protect the 

entrapped microorganisms from the loss of viabil-

ity during lyophilization (data not presented). Ly-

ophilization, an expensive process, seems to be 

not suitable for the development of a commercial 

product in this case. 
 

Table 2. Mean counts of the studied microorganisms in 

microcapsules (log cfu·g-1 ± SE) immediately after en-

capsulation and after lyophilization 
 

Type of mi-

crocapsules 

Encapsulated microorganisms 

PZ9 SZ61 CAT5 TRS106 

after en-

capsulation 

10.40 a ± 

0.09 

10.83 a ± 

0.31 

10.98 a ± 

0.12 

8.46 a ± 

0.07 

lyophilized 
9.62 b ± 

0.15 

 9.01 b ± 

0.17 

9.41 b ± 

0.22 

5.50 b ± 

0.16 

The values are the means of the nine replicates. The means 
within the column with the same letters do not differ signifi-
cantly according to DMRT at p = 0.05. 
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The maintenance of cell viability during 

longer storage of microbial preparations is cru-

cial to develop a commercial product. Bashan 

and Gonzales (1999) kept dried alginate beads 

containing PGPR Azospirillum brasilense and 

Pseudomonas fluorescens for 14 years at ambient 

temperature. The population of both bacteria had 

decreased, but a significant number of viable 

cells were still detected after such long time. 

However, they found that P. fluorescens was less 

durable than A. brasilense. Similarly, in our stud-

ies, the kind of entrapped microorganism had a 

marked effect on the product durability (Fig. 1). 

Instead, the viability of the studied microorgan-

isms was little related to the type of microcap-

sules (wet or lyophilized, except for Tricho-

derma) and to the used organic additives (Fig. 3). 

The highest storage potential had conidia of 

Trichoderma fungus. In lyophilized capsules, 

TRS106 survived at almost the same level for 

half a year. In wet microcapsules, the reduction 

of viable conidia number was noted in the sixth 

month of the storage, but still load of the fungus 

was high – 107 cfu·g-1. Bacteria were less re-

sistant to the storage conditions. The reduction of 

viable cells was observed after one month, and it 

progressed in wet as well as in lyophilized micro-

capsules (Fig. 1). After six months of storage, the 

number of detected bacterial cells was reduced 

for about 2 log cfu·g-1. However, there were dif-

ferences between encapsulated strains. PZ9 had 

the best storage ability in wet and dried micro-

capsules. The loss of PZ9 viability was continu-

ous but slower than in the case of other studied 

bacteria. Good potential was also obtained with 

CAT5. However, after three months, the number 

of viable cells of this strain decreased rapidly, es-

pecially in lyophilized microcapsules. Bacteria 

SZ61 was not stable during storage, despite of the 

type of the microcapsules and used additives. It 

was noted that after 1 month, the microcapsules 

with SZ61 were contaminated, and this process 

progressed, what falsified the microbial count. 

A microscopic observation revealed not regular 

shape and disintegrated structure of these micro-

capsules, while capsules with PZ9 and CAT5 

were coherent and round or oval. Such structure 

was probably not efficient to protect entrapped 

cells of SZ61. 

The incorporation of additional components 

into the alginate matrix did not change the viabil-

ity of the microorganisms in the microcapsules 

(Fig. 3). In the literature, there are reports indicat-

ing positive or negative effects of the amend-

ments: Bashan and Gonzales (1999) observed 

a greater reduction of bacterial survival in beads 

supplemented with skim milk, while humic acid 

incorporated into alginate beads containing Bacil-

lus subtilis CC-pg. 104 provided high viability of 

encapsulated bacteria for five months (Young et 

al. 2006). However, the composition of microcap-

sules had a significant effect on the contamination 

degree and shelf life quality, especially for wet 

products. Lyophilized microcapsules were free 

from contamination during all storage time (data 

not shown). In wet microcapsules, the first symp-

toms of spoilage were generally observed after 

three months, but addition of peat to alginate sig-

nificantly reduced the contamination (Fig. 2). The 

reduction of contamination was also obtained 

when chitosan was used. Instead, the supplemen-

tation of microcapsules with skim milk had dele-

terious influence on their storage abilities (Fig. 2). 

The capsules were intensively colonized by bacte-

ria and yeasts, causing strong discolorations, coat-

ings, and unpleasant smell. After one month they 

were not suitable to use. 

A task for microorganism capsulation is not 

only to secure them during storage, but also after 

application into a predestined environment. In 

most cases, the population density of microorgan-

isms introduced to soil or plant rhizosphere de-

clines over time. Therefore, their efficacy may be 

reduced. It was proved that encapsulated bacteria 

better survive in soil than free cells (van Elsas et 

al. 1992; Guo et al. 2012). Cells are gradually re-

leased from the capsules by matrix degradation; 

therefore, they are more protected against destruc-

tive factors than not coated microorganisms 

(Young et al. 2006; Vemmer & Patel 2013). Con-

trolled release of the biocontrol agent Pantoea ag-

glomerans strain E325 from microcapsules and 

satisfactory colonization of apple flowers stigma 

by these bacteria were reported by Kim et al. 

(2012). However, Bashan et al. (2002) suggested 

that different polymers or type of beads may have 

various degradability in soil and may release en-

trapped microorganisms at different rates. For this 
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reason, the ability of alginate microcapsules, con-

taining different organic additives, to release mi-

crobial agents in non-sterile soil conditions was 

studied. The wet and lyophilized alginate micro-

capsules, contained bacteria CAT5 or conidia of 

TRS106 were mixed with soil to examine the 

number of released microorganisms during incu-

bation time. After 4 days of incubation of wet cap-

sules in the soil, the number of CAT5 was about 

107 cfu·g-1 (7.5 log cfu) and TRS106 105 cfu·g-1 

(5.5 log cfu) (Fig. 3). The population of both mi-

croorganisms was maintained at this level for all 

time of the experiment. When lyophilized micro-

capsules were added to the soil, the number of 

CAT5 significantly decreased after 10 days 

(Fig. 3). At the beginning of the experiment, it was 

about 6.2 log cfu·g-1, while after 30 days, the pop-

ulation decreased to 4.9 log cfu·g-1. In the case of 

Trichoderma TRS106, the density of propagules 

in soil declined insignificantly from 3.7 to 2.9 log 

cfu·g-1. It should be mentioned that the initial den-

sity of cells introduced with lyophilized microcap-

sules was lower than after the application of wet 

microcapsules (about 106 cfu·g-1 for CAT5 and 

104 cfu·g-1 for TRS106). There were two reasons: 

the number of viable cells in dry capsules was 

much lower due to reduction after lyophilization, 

and the dose of lyophilized preparation added to 

the soil was lower than for the wet one. The dose 

of dry capsules had to be reduced, because the vol-

ume of weight equivalent of these capsules com-

pared to wet capsules was too big for soil applica-

tion and not acceptable. Probably, the lower num-

ber of viable cells added with the lyophilized mi-

crocapsules might be one of the reasons of CAT5 

reduction in non-sterilized soil, where they lost 

competition with native microorganisms. Tricho-

derma fungi are more resistant to such competi-

tion (Atanasova 2014). It was observed that the 

capsules added with skim milk indicated tenden-

cies to release a higher number of entrapped bac-

teria than other microcapsules. Similar result was 

obtained by Bashan et al. (2002). Incorporation of 

peat and chitosan into the alginate matrix did not 

affect the level of microorganisms released to the 

soil compared with that without additives. 
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Fig. 1. Survival of different microorganisms during storage at 4 °C in wet () and lyophilized () microcapsules: 

A – Bacillus spp. PZ9, B – Bacillus spp. SZ61, C – B. cepacia CAT5, and D – T. virens TRS106. The vertical bars 

represent standard error of the means (n = 9). 
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Fig. 2. Degree of wet microcapsules contamination during storage according to the kind of additives (A – alginate. 

B – chitosan. C – peat. D – skim milk). The vertical bars represent standard error of the means (n = 9). The 

horizontal dotted lines represent the average value for additives over time of storage. The small letters represent 

homogenous groups for the kind of additives according to DMRT at p = 0.05. 
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Fig. 3. The number of B. cepacia CAT5 and T. virens TRS106 in soil amended with wet (A, C) or lyophilized (B, 

D) microcapsules containing: chitosan (), peat (), skim milk (), and alginate without additives (). The ver-

tical bars represent standard error of the means (n = 9). 
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The efficacy of the produced microcapsules 

in control of Fusarium wilt of tomato plants was 

examined in the greenhouse experiment. For these 

studies, capsules supplemented with peat were 

chosen as material of the highest quality for com-

mercial production. In all experiments, in the con-

ditions of strong infection with F. oxysporum 

(80% diseased plants compared to control), the 

best protective effect was obtained when micro-

capsules with bacteria PZ9 were used (Fig. 4). The 

effectiveness of this bacterium was comparable to 

fungicide (thiram). In the previous studies, the cell 

culture of PZ9 enhanced germination and reduced 

Fusarium wilt of tomato and cucumber plants in 

greenhouse experiments (Szczech 2009). The ef-

fect of SZ61 and CAT5 was lower. Trichoderma 

TRS106 entrapped in the capsules did not protect 

tomato plants. The treatments did not reduce path-

ogen density in the soil (Fig. 4). Fusarium density 

was reduced only when seeds were coated with 

fungicide. In other treatments, where the micro-

capsule-entrapped microorganisms were applied, 

the number of pathogen propagules increased, de-

spite that, in other studies, CAT5 and PZ9 showed 

abilities to inhibit the pathogens growth (Szczech 

2009). There are several reviews on the efficacy of 

encapsulated microorganisms as biocontrol agents 

or plant growth promoters (Bashan et al. 2002; 

John et al. 2011; Vemmer & Patel 2013). How-

ever, there is little know about the influence of mi-

crocapsules on the pathogens population in soil, 

and further studies are needed. 

 

 
Fig. 4. Fresh weight (bars) of tomato seedlings and the 

number of Fusarium spp. propagules (line) in soil with mi-

crocapsules containing bacteria PZ9, SZ61, CAT5, and T. 

virens TRS106. The values are the means of 18 replications 

for plant weight and 9 replications for Fusarium number. 

The means of the plant weight with the same letters do not 

differ significantly according to DMRT at p = 0.05. 

CONCLUSIONS 

 

1. The emulsification of microbial culture with 

calcium alginate and plant oil is an easy tech-

nique to obtain microcapsules containing mi-

croorganisms. 

2. The additives did not influence the microbial 

load in microcapsules and cell viability after 

processing and storage. However, they signifi-

cantly affected the productivity and durability of 

the microcapsules: peat and chitosan increased 

yield and reduced capsule contamination, while 

skim milk addition to the alginate matrix had a 

negative effect on the microcapsules. 

3. Peat used as an additive appeared as the most 

effective component, increasing the production 

of microcapsules and their storage ability. 

4. Drying of the capsules by lyophilization did 

not improve their quality, but significantly re-

duced microbial load and increased production 

costs. 

5. The productivity and quality of the microcap-

sules were related to the kind of used microor-

ganisms. 

6. The best properties and qualities for commercial 

use: high yield of microcapsules, good viability 

of entrapped cells during storage, and reduction 

of Fusarium wilt showed microcapsules con-

taining bacteria Bacillus spp. strain PZ9. 
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