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Abstrakt 

Cílem diplomové práce byla zaměřena na biologické ošetření osiva kukuřice, sóji a 

okurky pomocí entomopatogenní houby Beauveria bassiana, mykoparazitické houby 

Trichoderma virens a antagonistické bakterie Bacillus mycoides. Pro obalení semen 

byl použit 0.5% roztok karboxymethylcelulóza, ve kterém byla v 1 ml koncentrace 

spor 1x106. Po namoření osiva byl stanoven počet spor vláknitých hub na jednom se-

meni a zároveň byl sledován vliv mikroorganismů na klíčivost semen a vývoj sazenic. 

Z výsledků vyplývá, že pozitivní efekt na růst a vývoj sazenic všech testovaných 

plodin měla antagonistická bakterie B. mycoides a entomopatogenní houby B. bassi-

ana. Naopak mykoparazitická houba T. virens slabě retardovala během klíčení vývoj 

kořínků a klíčků u kukuřice a sóji. Ošetřená semena okurek pomocí T. virens vykázala 

rychlejší vývoj obou hodnocených parametrů. Setím mořeného osiva pomocí 

užitečných mikroorganismů lze snadno vnést tyto mikroorganismy do půdy a tím 

zvýšit supresivitu půd. Klíční rostlinky tak mohou být chráněny proti půdním škůdcům 

nebo původcům onemocnění rostlin.   

 

Klíčová slova: moření osiva, kukuřice, sója, okurka, Beauveria bassiana, Tricho-

derma virens, Bacillus mycoides, biologická ochrana rostlin  
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Abstract 

The aim of the thesis was focused on the biological treatment of corn, soybean and 

cucumber seeds using the entomopathogenic fungus Beauveria bassiana, mycopara-

sitic fungus Trichoderma virens and antagonistic bacteria Bacillus mycoides. A 0.5% 

solution of carboxymethylcellulose was used for seed coating, in which the concentra-

tion of spores in 1 ml was 1x106. After seed coating, the number of spores of filamen-

tous per one seed was determined and also the influence of microorganisms on seed 

germination and seedling development was evaluated. The results show that the antag-

onistic bacterium B. mycoides and entomopathogenic fungi B. bassiana had a positive 

effect on the growth and development of seedlings of all tested crops. The mycopara-

sitic fungus T. virens slightly retarded the development of roots and shoots in corn and 

soybean during germination. On the other hand, cucumber seeds coated by T. virens 

showed a faster development on both parameters evaluated. By sowing coated seeds 

with useful microorganisms, which can be easily introduced into the soil in addition 

increasing soil suppressiveness. Thus, seedlings can be protected against soil-dwelling 

pests or plant pathogens.   

 

Key words: seed coating, corn, soybean, cucumber, Beauveria bassiana, Trichoderma 

virens, Bacillus mycoides, biological control  
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1 PREFACE 

In today's modern agriculture, chemical applications against diseases and pests are 

widely used. The reason and advantage of this treatment is its ease of application and 

immediate effect. However, as a modern and educated society, we should think about 

the effects and consequences of conventional (chemical) agriculture. Residues of pes-

ticides and other chemicals used in conventional agriculture effect and will affect fu-

ture generations and their health. The soil will continue to be contaminated with resi-

dues on a larger scale, affecting the natural biological cycle. The problem with today's 

society is that it is short-sighted and comfortable with cutting back in any way it can 

at the expense of its personal needs, thereby mitigating the effects of industrial actions 

on our planet. Unfortunately, the actions of people, especially monopolistic corpora-

tions, are already having an impact on the state of the planet, on a global scale. 

In agriculture, the use of biological pest management seems to be a suitable way to 

mitigate these disastrous effects. This method of protection is not new; on the contrary, 

it was among the first attempts of plant protection in history. The Integrated Pest Man-

agement Regulation of European Union, in force since 1 January 2014, obliges all 

professional users, including farmers, to comply with the IOR principles established 

by law. The regulation includes a preference for the use of biological protection over 

chemical plant treatments. Modern biological control agents are highly and long-term 

effects while being friendly to human health and the environment. They are low or 

non-toxic to non-target species. The bioagents used thus increase the richness, diver-

sity and stability of natural systems in the agricultural landscape, enabling quality pro-

duction. In addition to being non-toxic, bioagents are suitable for alternative cropping 

systems. Biological agents can also be used to treat seeds as effectively as pesticides.  

This thesis begins by describing the biocontrol to the use of microorganisms, the 

different seed coating methods, and agents, and discusses how these microorganisms 

are utilized in biological seed coating. Additionally, the seed coating with microorgan-

ism effect on seed germination and plant growth are examined. All stages of the pro-

cess are considered where possible, including isolation of microorganisms. 

This thesis will share in detail knowledge on the use of beneficial microorganisms 

especially B. bassiana, T. virens and B. mycoides as biological control agents to seed 
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coating and also about adhesive carboxymethylcellulose (CMC). Most of the re-

search papers often reported their positive effects on seed germination, nodulation (in 

legumes) and plant growth. An attempt has been made to draw not only upon scientific 

literature, but also practical experience, which contains much of the current expertise. 

One difficulty in reviewing this area is that much of the work is done by commercial 

companies but not in Myanmar and is not available for publication. Finally, more re-

search needs and future prospects for biological control by coating seed with microor-

ganisms are summarized. 

The aim of this thesis was to study the efficacy of the selected strain of entomopatho-

genic fungus Beauveria bassiana, mycoparasitic fungus Trichoderma virens and an-

tagonistic bacterium Bacillus mycoides on biological seed coating of selected crops. 
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2 LITERATURE REVIEW 

2.1 Integrated pest management (IPM) 

Integrated pest management (IPM) as a means of crop protection has been successfully 

used in agricultural practice for a long time. It includes biological, physical, cultural, 

and targeted chemical control, as well as the use of resistant spe-cies. It uses, whenever 

practical and possible, all available information on the appli-cation and a combination 

of all gentle control methods. Index of Refraction (IOR) consists of careful monitoring 

of the abundance of pests and their natural enemies, which involves continuous adjust-

ment of control methods to current needs. The con-trol methods work together in a 

complex, they are neither antagonistic nor mutually exclusive (Navrátilová 2015). 

The classic definition of FAO (Food and Agriculture Organization) from 1967 char-

acterizes IOR as “a complex system of measures aimed at regulating the abun-dance 

of pest populations, taking into account ecological, economic, toxicological and hy-

gienic requirements, to maintain the abundance of pest populations at tolera-ble levels, 

deliberately favouring and using natural methods of controlling pest pop-ulations” 

(Landa 2002). 

Complementary methods of IOR include agrotechnical, genetic, mechanical, physical, 

biotechnical, and chemical methods that control pest populations in the long term, con-

sidering the economic situation and without undesirable ecological and toxicological 

side effects on the environment. These are efficient control of pathogens, pests, and 

weeds (Bailey et al. 2010). 

 

2.2 Biological control by microorganisms 

The term of biological control or biocontrol refers to the use of organisms and micro-

organisms, consisting fungi, bacteria, viruses, and nematodes, in order to improve the 

prevention of diseases, pests, and weeds (Fravel, 2005). In spite of the biological con-

trol has been used for at least 2000 years, modern biological control technology was 

use started at the end of the 19th century (van Lenteren and Godfray 2005). There are 

different mechanisms by which microorganisms act in biological control, which are 

generally classified as; competition, antibiosis, suppression, parasitism/predation, in-

duced systemic resistance, and hypovirulence. The antagonistic activity was generally 

correlated with the production of secondary metabolites (Hoitink and Boehm, 1999).  
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There are several commercial products for biocontrol based on various species of mi-

croorganisms, for instance, Beauveria bassiana, Metarhizium anisopliae, Trichoderma 

spp. and Bacillus spp., which are used in order to control generally 48 families of in-

sects from the following orders: Lepidoptera, Coleoptera, Hemiptera, Thysanoptera, 

and Orthoptera (Ortiz-Urquiza et al., 2014; Wang et al., 2014; Rezende et al., 2015). 

The use of microorganisms in biological control can play as a crucial role in many 

complicated visions of crop protection, as it can maintain the agroecosystem health 

and productivity, to reduce the populations of pests and diseases without causing dam-

age to crops, in order to produce higher-quality food and better nutritional content 

(Wall et al., 2015; Etesami and Maheshwari, 2018; Gouda et al., 2018). Biocontrol 

agents can be used together with other chemical products and also physical methods 

such as solarization or steam sterilization (Ma et al., 2016). 

The chemical pesticides have negative impact to environment and their efficiency can 

lessen as time goes by (Wang et al., 2015). Berg, 2009 has been reviewed that com-

pared to chemical control, using biological control by microorganisms have several 

advantages, which are more safe, reduced environmental pollutions and potentially 

risk of chemical residual effect on human health, show targeted multi activity, although 

they multiply themselves, they are controlled by the plant and by the original microbial 

populations as well, decompose rapidly than conventional chemical pesticides, limited 

the improvement of resistence by several mechanisms, and can be also used in con-

ventional or integrated pest management systems. 

Most of the biological seed treatments available in the market are used to control fungi, 

and also available others specific against nematodes and bacteria (Stockwell & Duffy, 

2012). For some instances, Serenade is effective to control Rhizoctonia, Fusarium, 

Pythium, and some variants of Phytophthora, which is based on Bacillus subtilis from 

Bayer Crop Science, and Clariva is useable as a nematicide for soybean crop, which is 

based on the bacterium Pasteuria nishizawae from Syngenta (Schmidt et al., 2010; 

Syngenta, 2018). Biocontrol agents are very sensitive to environmental stresses such 

as temperature, humidity, and UV radiation. For this reason, biocontrol agents are of-

ten coated with carriers or binders to protect and stabilize (Anal & Singh, 2007, Malik 

et al., 2017). 
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2.3 Seed coating 

Jeffs (1986) reviewed that many coating technologies for improved agricultural 

productivity were developed during the mid-20th century. Seed coating technology 

has continually improved through the 1970s to 1990s (Taylor and Harman, 1990; 

Scott, 1989 and Hill, 1999). Recently reviews focus on seed enhancements and seed 

coating agents in the 21st century by Taylor (2003), Pedrini et al. (2017), Halmer 

(2000), and Pedrini et al., (2020). The extensive commercial utilization of seed coating 

for field scale agriculture started in 1960s and is continually increasing (Hazra and 

Patanjali, 2016). Seed coating is one of the reliable methods to apply exogenous ma-

terials (such as biopolymers, colorants, biocontrol agents, microbes, and other addi-

tives), in these coating materials around the germinating seeds offers great potential to 

enhance in seed quality (viability and vigor) and yield through enhancing the seed 

situation and execution (Adak et al., 2016). Previously, the impacts of seed coatings 

have been evaluated mainly in terms of their effect on phytopathogenic microorgan-

isms. Nevertheless, their impact on potentially beneficial, plant-related microorgan-

isms has only been analyzed indirectly by examining rhizosphere communities in 

plants derived from coated seeds (Nettles et al., 2016). The coating is able to convey 

the seeds in a bigger, rounder, heavier, and more uniform structure. Seed coating is 

considered as a biological apparatus for early plant establishment and also as a stimu-

lant of seed quality (Hazra and Patanjali 2016, Ma 2019). Generally, there are five seed 

coating methods: dry powder, seed dressing, film coating, pelleting, and encrusting, 

dependent on size, shape, weight, and utilization properties of the coated seeds (Pedrini 

et al., 2017). 

 

a) Dry Powder Coating  

Dry powder seed coating method is used for mixing seeds with a dry powder and pre-

viously called “planter box” treatment. Dry powders are used to control fungi or bac-

teria and seeds can have a shorter shelf-life (Taylor, 2003). This technology can be 

performed on a farm to apply labeled pest control treatments (Jeffs, 1986). The most 

common dry powders are talc and graphite (Anderson, 2014). Recent research has 

shown that soy-based protein is an environmentally friendly and the use of soy-based 

proteins has the potential to reduce the risk of negative impacts on pollinators and 

humans (Badua et al., 2019). The dosage of dry coating powders applied to seeds is 
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inversely relative to seed size, and as seed size decreases the amount of powder re-

tained increases because of the increment in seed surface area of smaller seeds (An-

derson, 2014).  

 

b) Seed Dressing  

Seed dressing is the most widely used method for low dosages of active ingredients 

onto seeds (Kimmelshue et al., 2019). This method can be used to apply a wide range 

of active materials, especially chemical plant protectants. For better result of chemical 

seed treatment, in particular insecticides, finishing powders or fluency powders are 

added immediately after the liquid application to absorb excess liquid (Anderson, 

2014). 

 

c) Film coating 

The film coating originally developed for the pharmaceutical and confectionery indus-

tries has been modified as a seed coating method (Taylor, 2003). Film coating is the 

technique by using rotating drum machines of encapsulating seeds with a thin layer of 

comprising of a mixture of polymers, plasticizers, pigments, and colourants (Taylor et 

al., 1998). Film coating provides an ideal technique for the application of chemical and 

biological seed treatments (Taylor and Harman, 1990, McGee, 1995). The thin coating 

layer does not significantly change the size and shape of seeds but improves the han-

dling properties of the seeds and at the same time eliminating or minimizing products 

(such as pesticides, biological and micronutrients) dust-off (Taylor et al., 2001). The 

formulations are commercially available that are ready-to-use as liquids or as prepared 

dry powders. Recently, film coating has acquired widespread acceptance in the seed 

industry as a reliable approach to deal with improving the productivity of many im-

portant crop species, such as rapeseed (Brassica napus), soybean (Glycine max), Goss-

ypium sp., sunflower (Helianthus annuus), alfafa (Medicago sativa), wheat (Triticum 

aestivum) and corn (Zea mays) (Oliveira et al., 2016; Zhou et al., 2017). 
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d) Pelleting 

Pelleting is the technique of coating seeds with inert materials (for instance, calcium 

peroxide, talc, bentonite, sand, and diatomaceous earth) in order to enable precise me-

tering and enhance plantability by modifying their shape, size, and weight. This helps 

make planting easily and exactly for such crops grow from very small or irregularly 

shaped seeds, such as onion (Allium cepa), carrot (Daucus carota), cotton (Gossypium 

hirsutum), Lettuce (Lactuca sativa), and rice (Oryza sativa) (Zhang et al., 2009; Mei 

et al., 2017). The pelleting process and formulations made by the seed industry have 

been improved. Pellets should not slow the germination rate or reduce the percentage 

compared to the non-pelleted control. The pellet can act as a barrier against oxygen 

diffusion, which affects germination (Sachs et al, 1981). 

 

e) Encrusting 

Encrusting is a method of coating seeds with the addition of liquids and solid particles, 

which leads to a coated seed that is completely covered, but the original shape of the 

seed is preserved (Taylor, 2020). Encrusting is the process of coating seeds by using a 

small amount of adhesive and inert material which cause to be a smoother surface, 

more uniform shape and increased the size and weight of seeds that can be used not 

only in the greenhouse but also in the field, consequntly attempting seed planting 

productivity (Szemruch and Ferrari, 2013). This technique is mostly used for plants 

that get benefit from seed singulation and during the time of post-emergence do not 

require for thinning (Oliveira et al., 2016). Coating with encrusting method result more 

weight to seeds than film coating and significantly less weight than pelleting, which is 

more economical compared to pelleting (Ma, 2019). 

 

2.4 Seed coating agents 

2.4.1 Protectants 

A wide range of active components may serve as plant protectants including natural 

products, biologicals, and synthetic chemicals such as pesticides, insecti-cides, fungi-

cides, bactericides, nematicides, and herbicides (Ehsanfar and Modarres-Sanavy, 

2005; Elzein et al., 2010). When the conditions are favourable for the path-ogens to 
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infect and predate the plant, generally seed coating with protectants can improve plant 

establishment, increase the germination rate, enhance the plant growth, and yield 

(Yang et al., 2014; Ryu et al., 2006). However, some coating pro-tectants such as fun-

gicides and insecticides can be harmful to the environment and could lead to defiling 

the agroecosystem (Smith et al., 2016). 

 

2.4.2 Micronutrients 

Seed coating with polymer micronutrients [for examples, phosphorus (P), po-tassium 

(K), copper (Cu), manganese (Mn) and zinc (Zn)] or plant nutrient-rich sub-stance 

(e.g., biochar) can provide plant host available nutrients during plant growth, therefore 

achieving optimum crop production (Williams et al., 2016). Wiatrak (2013) found that 

the effect of polymer seed coating with a mixture of Cu, Mn and Zn on wheat and 

soybean crops and discovered a cost-effective technique to in-crease the plant growth 

and quality yield of both crops. Despite its widespread use, the critical state of micro-

nutrients in soils and plants should be evaluated before making recommendations for 

fertilizers (Anthony et al., 2012). All fertilizers were synthetic chemicals, but several 

are available as organically approved. Zinc oxide and zinc sulphate are the most en-

couraging micronutrients used in the seed coating of cereal crops and pulses (Acha et 

al., 2006; Shivay et al., 2008; Masuthi et al., 2009; Adhikari et al., 2016). 

 

2.4.3 Biostimulants 

The combination of the properties of growth stimulants and their application through 

seed coating has remarkable potential for enhancing plant performance (Madsen et al., 

2016). There are various categories of plant biostimulants applied as seed coatings are 

as followed; beneficial bacteria and fungi (Ben-Jabeur et al., 2019, and Rocha et al., 

2019), plant and animal-derived proteins, protein hydrolysates and amino acids 

(Amirkhani et al., 2016, Wilson et al., 2018, Amirkhani et al., 2019, Qiu et al., 2020), 

carbohydrate derivatives (Chookhongkha et al., 2012, Ziani et al., 2010), seaweed 

(Michalak et al., 2017) and herbal extracts (Ben-Jabeur et al., 2019). The application 

of biostimulant components is not widely integrated as a seed treatment in agriculture. 

Biostimulants applied as seed coatings may serve as sus-tainable, inexpensive and con-

tribute to great potential for improving plant estab-lishment compared to foliar and soil 
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application methods (Ma et al., 2019 and Amirkhani et al., 2019). The beneficial ef-

fects of biostimulants applied as seed coat-ings on germination increment and growth 

stimulation on several types of crop spe-cies. For instance, seed coating with plant-

derived protein-enhanced germination index and seedling uniformity, as well as broc-

coli vitality index, compared to un-coated seeds under optimum conditions (Amirkhani 

et al. 2016, Amirkhani et al. 2019). In another study has been reported in response to 

biostimulant seed coating, enhancement in the percentage and the rate of germination 

in red clover, and root enhancement in ryegrass (Qiu et al. 2020). However, the type 

of biostimulant coat-ings can be varied to inhibit root growth, delay germination, bio-

control, and fertili-zation functions, and also bind seeds to surround soils (Gorim and 

Asch, 2012). 

 

2.4.4 Markers 

Different marker substances (such as visible or invisible dyes, fluorescent tracers, 

sound, and magnetic powders) have been developed into coatings to trace the seed in 

the supply chain and protect the true seeds from fake seeds in the market (Amirkhani 

et al. 2016, Pedrini et al., 2017). The colour marker is the most used marker in coating 

processes to help users as identification of a specific variety of seed treatment (Ma et 

al., 2019). Additionally, researchers have also evaluated dou-ble marking with fluo-

rescent dyes and magnetic powder while in the coating can improve the technology 

against counterfeiting and seed security in the supply chain, consequently ensuring the 

use of high-quality seeds in crop production (Guan et al., 2013). Riboflavin which is a 

natural fluorescent compound was used for marking cucumber seeds for authentication 

and it was not phytotoxic after application com-pared to non-treated seeds (Sikhao et 

al., 2014). Coloured seed indicated to the seed coat treatment with a suitable fungicide 

or pesticide and is used to lessen the risk of livestock or human consumption (Pedrini 

et al., 2017). 

 

2.4.5 Microorganisms 

Beneficial microorganisms are widely used as biofertilizers and biocontrol inocula. 

Coating the seeds is considered a useful and convenient tool for introduces beneficial 

microorganisms into the soil and the rhizosphere of plant tissues (Bennett et al., 2009). 
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The application of microorganisms to seeds is an appealing suggestion because it com-

bines a specific effect and a limited impact on the environment (McQuilken et al., 

1998). There are three main groups of microorganisms that are considered beneficial 

for plant nutrition: arbuscular mycorrhizal fungi (AMF), plant growth-promoting rhi-

zobacteria (PGPR), and nitrogen-fixing rhizobia, which are not usually considered as 

PGPR. Microbial inoculants based on these microorganisms can be divided into dif-

ferent categories depending on their use (Jeffries et al., 2003; Podile and Kishore, 

2006; Franche et al., 2009). The procedure of coating seeds with PGPM (especially 

PGPB, AMF, and rhizobia) with an active ingredient as a coating agent is a microbial 

seed coating (Oliveira et al., 2016; Ma et al., 2019; Rocha et al., 2019). Nevertheless, 

commercialization and execution of microbial inoculants still encounter limiting ele-

ments, especially because of poor microbial survival and in-adequate colonization of 

plant host (Ma et al., 2016). 

De Gregorio et al. (2017) proposed that coating seeds with nanofiber immobi-lized 

(PGPB) may serve as a beneficial environmentally friendly approach to sup-port the 

production of soybean. Besides, a method for inoculating seeds with PGPB using al-

ginate beads as a substrate for applying PGPB to crops (Bashan et al., 2002). Likewise, 

the encapsulation of PGPB Bacillus subtilis with alginate beads enriched with humic 

acid was also tested to protect the PGPB inoculum from poor soil condi-tions for their 

successful introduction in the rhizosphere (Young et al., 2006). 

 

2.5 Carriers and binders used in microbial seed coating 

2.5.1 Carriers 

Carrier is defined as the important component of the inoculants that helps to deliver an 

appropriate number of microbes in good physiological conditions (Pacheco-Aguirre et 

al., 2017). The carriers used for microbial seed coating should have the following prop-

erties; easily stick to seeds and make certain of seed germi-nation and seedling growth, 

the adequate shelf life in addition to the survival of mi-crobes on the seeds. According 

to their function carriers can be generally classified as nutrients (for examples: P, K, 

Cu, Mn, and Zn) or fillers (for examples: biochar, cellulose, chitosan, peat, talc, lime, 

and vermiculite) (Zhang et al., 2009; Mastouri et al., 2010; Berninger et al., 2016; 

Głodowska et al., 2016; Głodowska et al., 2017; Ruiz-de-La-Cruz et al., 2017; Padhi 
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and Pattanayak, 2018). The most common carriers for microbial coating include silica 

and biochar. 

Several properties of biochar are suggested to be suitable as an inoculant car-rier and 

seed-coating material. The physicochemical properties of biochar such as highly per-

meable structure and surface area can be inhabited by bacteria, protect microorganisms 

from predation, high water holding capacity can prevent bacterial desiccation, reduced 

carbon is a potential source of energy that can provide bacteri-al life, moreover, bio-

char can provide some mineral nutrients. 

 

2.5.2 Binders 

Binders according to Elzein et al., (2010). are commonly used to provide structural 

support and retention of active ingredients, even to prolong the survival of microbial 

inoculants. Some of the binders that can be used in seed coating are listed below: 

Xanthan gum (E415) - a substance of natural origin, a polysaccharide which is a prod-

uct of a certain bacterium Xanthomonas campestris (Anonymous1). This sub-stance 

has hydrocolloidal properties and therefore binds water well, which is partic-ularly 

useful in the substitution of gluten (Anonymous2). 

Guar gum (E412) - Galactomannan found in the seeds of the plant Cyamopsis 

tetragonolobus, grown mainly in India. It is the ground endosperm of the seeds of this 

plant; guar gum is obtained by peeling and grinding these seeds (Anonymous3). In 

Europe, guar gum is used as an additive in the food industry. 

Gum Arabic (E414) - a resin extracted from the sap of certain species of acacia (Aca-

cia senegal and Acacia seyal) that grow in North Africa. It is a highly digestible mix-

ture of carbohydrates and glycoproteins used as a stabiliser in the food industry (Anon-

ymous4). 

Polyvinyl acetate (PVAC) - a synthetic polymer. It is produced by polymerization of 

vinyl acetate (VAM). Polyvinyl alcohol is produced by partial or complete hy-drolysis 

of the polymer.  

Polyvinyl alcohol (PVA) - a synthetic polymer that is soluble in water. This polymer 

is produced by alkaline hydrolysis of polyvinyl acetate in e.g., methanol (Fikr and 

Kahovec, 2008). 
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The binder that I used during my experiments was Carboxymethylcellulose (CMC). 

Carboxymethylcellulose (CMC) - novel modified carboxymethylcellulose (CMC) 

composite films were prepared by a casting method. The effects of CMC addition on 

some physical properties of the resulting blend films were investigated. The moisture 

absorption and water-solubility properties of the blend films indicate simi-lar trends 

(Ghanbarzadeh et al., 2010).  

Reports on CMC-modified starch biocomposite films are scarce. CMC is a cellulose 

ether that exhibits thermal gelation and forms excellent films due to its polymeric 

structure and high molecular weight chains. It would be expected that CMC could 

improve the mechanical and barrier properties of the starch-based films due to the 

chemical similarity of starch and CMC, which enables good compatibility between 

them (Ma et al., 2008). For example, CMC has been used as an adhesive binder and 

thus as a coating polymer in seeds (De Camargo et al., 2017). Microbial survival is 

critical not only during the storage period of biological products but also after intro-

duction into the soil, where inoculants must compete with native soil mi-crobes for 

both nutrients and habitable niches (Malusá et al., 2012). 

  

2.6 Entomopathogenic fungi 

In plant pathology, biological control most often refers to the use of entomopathogenic 

fungi (EPF). Entomopathogenic fungi (EPF) are playing an important role in natural 

ecosystems and are being developed as alternative control agents for insect pests (Gao 

et al. 2011). EPFs are divided into differentGroups I.e.  Zygomycota, Ascomycota, Ba-

sidiomycota, Deuteromycota, Chytridiomycota and Oomycota (Shah and Pell 

2003). Beauvaria, Metarhizium, Lecanicillium and Isaria species were commercially 

produced as major EPF (Schrank and Vainstein 2010, Lacey et al. 2015). 

EPFs are usually isolated from soil or insects (Meyling and Eilenberg 2007; Quesada-

Moraga et al. 2007). Similarly in some other studies, the larvae of highly susceptible 

insect species, such as the mealworm, Tenebrio molitor L. and the wax moth, Galleria 

mellonella L. are used as baiting insect for the EPF recovery from soil (Zimmermann 

1986). 



 

20 

 

EPF can directly penetrate when conidia (asexual) land on the cuticle of a suitable host 

and the life cycle of EPF begins after the conidia land on the cuticle of the host, they 

attach and start germination (Gillespie et al. 2000, Shah and Pell 2003, Schrank and 

Vainstein 2010). The next step in the life cycle is hyphal differentiation into blasto-

spores / hyphal bodies in host hemolymph (Gillespie et al. 2000). The number of blas-

tospores spread inside the hemolymph of the host producing toxins that eventually kills 

the host (Shah and Pell 2003). The hyphae come out from the host cadaver under suit-

able environmental conditions (Shahid et al. 2012) The EPF then produces conidia on 

the surface of the cadaver that is dispersed in the environment and the life cycle may 

start again if the conidia come in contact with a suitable host (Schrank and Vainstein 

2010). 

EPF infect to the insect of almost all orders; most common are Hemiptera, Diptera, 

Coleoptera, Lepidoptera, Orthoptera and Hymenoptera (Ramanujam et al. 2014). EPF 

has been much focused on their role as pathogens, although there have additional roles 

in nature as plant endophytes, rhizosphere colonists and plant growth promoters 

(Lacey et al. 2015). Enhanced plant growth mediated by the endophytic colonization 

with various genera of fungal entomopathogens, has been established after inoculation 

with fungi by different methods such as seed treatment, foliar spray, and root drench 

(Gurulingappa et al. 2010; Lopez and Sword 2015; Jaber and Enkerli 2016, 2017; Ja-

ber and Araj 2018). The endophytic abilities of EPF have the potential to increase the 

biological control of soil-dwelling pests or plant pathogens that cannot be easily con-

trolled by chemical insecticides (Moonjely et al., 2016). 

EPF has recently been discovered that they have the potential to be developed as ver-

satile microbial agents with multiple uses in sustainable agriculture, for example as 

dual-biocontrol agents of insect and pathogen pests and also as biofertilizers (Vega et 

al. 2009; Lacey et al. 2015; Jaber and Ownley 2018). 
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Fig 1: Mechanism of action of entomopathogenic fungi (Sandhu et al., 2017) 

 

2.6.1 Beauvaria bassiana  

Beauveria bassiana belongs to the class deuteromycete which is the most widely cir-

culated species of the genus. Agostino Bassi was described to B. bassiana as an ento-

mopathogen since 1835. However, Bing and Lewis were not recognized B. bassiana 

as an endophytic fungus until 1991, but later they discovered again its endophytic abil-

ity to colonize corn plants (Zea mays L.) (Bing and Lewis 1991, 1992; Wagner and 

Lewis 2000). 

B. bassiana has been recorded as endophyte corn, bean plants and cucumber (Mutune 

et al. 2016, Shaalan and Ibrahim 2018). Endophyte B. bassiana grows within the tis-

sues of corn plants (Zea mays L.) and they enter through the plant cuticle after germi-

nation of spores and hyphal growth across the leaf surface (Wagner & Lewis, 2000; 

Bruck, 2010). Also, endophytic isolates of B. bassiana has been effectively controlled 

European corn borer, Ostrinia nubilalis (Lepidoptera: Crambiadea) while being non-

pathogenic to Z. mays (Bing & Lewis, 1991; Lewis et al., 2002; Vidal, 2015). 
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B. bassiana produces secondary metabolites such as non-peptide pigments and polyke-

tides (oosporein, bassianin and tenellin), nonribosomally synthesized peptides (beau-

vericin, bassianolides and beauveriolides) and secreted metabolites that have roles in 

the pathogenesis and virulence (oxalic acid) (Xiao et al. 2012). These metabolites have 

insecticidal properties and also able to inhibit the growth of other microorganisms (van 

der Weerden et al. 2013). 

The biological control with B. bassiana for insect pests has been the subject of numer-

ous articles and reviews (Roy et al. 2005). B. bassiana play as a pathogen to a number 

of insects including hosts of agricultural distinction such as the Colorado potato beetle 

and codling moth (Sandhu et al. 2012). B. bassiana infects a wide range of insect spe-

cies (over 700 species) and is used to control of plant pests (Vilcinskas and Matha 

1997, Glare et al. 2008, Xiao et al. 2012). B. bassiana has many genetically significant 

species with different geographical locations and hosts. It is used as an insecticide by 

spraying spores on crops as suspensions or wettable powder (Sandhu et al. 2012). 

B. bassiana have the ability to promote plant growth, transmit the nutrients to plants 

or activate plant resistance mechanisms as an endophyte (Greenfield et al., 2016; 

Moonjely et al., 2016; Vega, 2018). Endophytic B. bassiana has been experimentally 

proved to suppress damping off caused by the soil-borne pathogens Rhizoctonia sola-

niand Pythium myriotylum in tomato (Ownley et al. 2004) and cotton (Ownley et 

al. 2008), bacterial blight caused by Xanthomonas axonopodis pv. malvacearum in 

cotton (Ownley et al. 2008), the Zucchini yellow mosaic virus in squash (Jaber and 

Salem 2014), and downy mildew caused by Plasmopara viticola in grapevines (Ja-

ber 2015). 

Seed coating with entomopathogenic fungi promoted the fungal persistence in the sys-

tem of the rhizosphere or even roots endophytically after entomopathogenic fungal 

colonization (Rivas-Franco et al., 2019). Dash et al. (2018) found that the bean plant 

heights and biomass were increased after seed inoculation with B. bassiana. Also, in 

cotton seedlings get results after pre-treatment with B. bassiana reduced severity bat-

erial blight caused by Xanthomonas axonopodis pv. malvacearum (Griffin, Ownley, 

Klingeman, & Pereira, 2006; Ownley et al., 2008). 
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Some species of B. bassiana are able to colonize in the tissues of plants, also above 

and below of soil that was the different to Metarhizium which only has been found 

associated with roots (Greenfield et al., 2016; Meyling et al., 2011; Moonjely et al., 

2016). 

 

2.7 Mycoparasitic fungus 

Mycoparasitism means the interaction between mycoparasitic fungi, which have the 

ability to parasitize on other fungi, and mycohost, which means the fungus acts as a 

host to be parasitized. (Barnett, 1963). Mycoparasitic fungi include Trichoderma, Gli-

ocladium, and Pythium spp. (Chelkowski, 1998). Mycoparasitism interactions can be 

divided into two groups, necrotrophic and biotrophic parasitism (Boosalis, 1964). 

Necrotrophic parasites usually have a broader host range than biotrophic parasites be-

cause necrotrophic parasites produce non-specific toxic compounds. The famous ne-

crotrophic mycoparasites include Trichoderma spp. which play a crutial role in bio-

logical control (Barnett 1963; Boosalis 1964). Normally, biotrophic mycoparasites get 

nutrients from living host cells (Boosalis 1964). Biotrophic mycoparasites are Cos-

mospora, Melanospora, Nitschkia, and Anthostomella. Jeffries and Young (1994) re-

ported that the effects caused by necrotrophic mycoparasites are more harmful than 

biotrophic mycoparasites. 

Mycoparasitic fungi of Trichoderma spp. directly attack some plant pathogenic fungi 

as biofungicides due to lytic activity of cell wall-degrading enzymes (Mukhopadhyay 

et al. 1992; Viterbo et al., 2002). Chet et al. 1998 was reported that lytic activity in-

volved chemotropism, recognition, attachment and coiling, and cell wall penetration 

and digestion of host cell content consecutively. Significantly increase the growth pa-

rameters in bitter gourd, loofah and cucumber were discovered by using several strains 

of Trichoderma spp., under greenhouse conditions (Lo and Lin 2002). 

Generally, Trichoderma can be found around the root, soil, plant debris, forest humus 

and orchids (Howell 2003; Jash et al., 2008). Trichoderma spp.  has also been evalu-

ated frequently as a seed treatment and can control pathogenic ascomycetes, basidio-

mycetes, oomycetes and may even be against nematodes. Not only that Trichoderma 
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spp. can also enhance plant growth by several other mechanisms, including enhance-

ment of systemic plant resistance and enhanced root proliferation (Schuster and 

Schmoll 2010) and show a great potential for agricultural use. 

 

2.7.1 Trichoderma virens 

Trichoderma virens (formerly Gliocladium virens GL-21) has been reported as an ag-

gressive mycoparasite and they are able to parasitize not only hyphae but also fungal 

resistance structures (Aluko and Herring 1970, Tu 1980, Howell 1982). Trichoderma 

virens is one of the commercially formulated biocontrol agent that effectively protects 

from soilborne plant pathogens, such as Rhizoctonia solani, Sclerotium rolfsii , 

and Pythium  spp. (Lumsden et al., 1996, Viterbo et al., 2007). 

Among the mycoparasitic fungi, T. virens is distinct beacause it can produce extracel-

lular chitinase and several structurally complex antibiotics such as viridin, gliotoxin, 

and peptaibols, which have ability to inhibit the growth of pathogens in an artificial 

environment and also have capacity to synthesize with lytic enzymes (Howell et al., 

1993; Baek et al., 1999; Wiest et al., 2002). 

Treatment of seeds of vulnerable cultivars with T. virens prevents seed infection by 

disrupting the process (Howell., 2002). If pathogenic propagules are stimulated to ger-

minate, seed treatment with T. virens may not prevent early disease in seedling. Lastly, 

the ability of seed treatment with T. virens as fungicides has considerably expanded 

the range of activity of the fungus as a biocontrol agent. However, seed treatment with 

T. virens may provide longer-lasting protection to the developing root system than seed 

treatment with chemical only (Howell et al., 1997). The death cells of T. virens are 

ineffective as biocontrol agents (Howell., 2003). T. virens has been reckoned with ver-

satile and effective biocontrol agent. In addition, T. virens has been reported as a plant 

endophyte, capable of asymptomatically colonizing a host plant and occupying the 

same place as phytopathogens (Tsavkelova et al., 2005). 

 

2.8 Antagonist bacteria  

The term antagonism is used to describe a generalized mechanism that reduces the 

viability or disease-causing activity of a pathogen. Several antagonistic mechanisms 
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against plant pathogens have been discovered which involve production of various 

antibiotics, enzymes, and bioactive volatile compounds such as ammonia, hydrogen 

cyanide, alkyl pyrones, alcohols, acids, esters, ketones and lipids. And other mecha-

nisms are hypovirulence, induced systemic resistance and enhanced plant growth re-

sponse and competition parasitism for niche or infection site, carbon, nitrogen, or var-

ious minerals (Ownley and Windham, 2007). 

The use of antagonistic microorganisms as biocontrol agents have proved to success-

fully prevent various plant diseases in many countries (Sivan 1987). Several antago-

nistic bacteria species such as Pseudomonas spp. and Bacillus spp. have been success-

fully used to control plant pathogens and they have been often related with the plant 

growth, yield and crop quality (Ahmed et al., 2014, Aeron et al., 2011., Orhan et al., 

2006). In addition, they are aggressive colonizers of the rhizosphere of several crops 

and show a wide range of antagonistic activities against many pathogens (Schippers et 

al., 1987).  Bacillus species have a highly antagonistic effect against certain pathogenic 

fungi including F. solani (Sunick et al., 1997). 

The used of antagonistic microorganisms in seed treatment to protect soil-borne path-

ogens is an ideal method as bring it to rhizosphere where plant pathogens such as 

Pythium and Rhizoctonia are active. A spectrum of antagonistic microorganisms has 

been used experimentally and commercially for this purpose nevertheless it has been 

used rarely as seed treatments (McQuilken et al. 1998, Butt and Copping 2000; Berg 

2009). On the other hand, microbial antagonists can provide plant protection in condi-

tions where chemical treatments are unaccessible, for example use of micrioorganisms 

in oilseed rape crop to delivery for inhibition of pathogen Verticillum dahlia (Muller 

and Berg 2008). 

 

2.8.1 Bacillus mycoides 

Bacillus mycoides was first described by Fliigge in 1886 and it is characterized by the 

formation of rhizoid or mycoid colonies when its spreading rhizoidal colony structure 

was observed in soil cultures (Fliigge., 1886, Logan and De Vos, 2009). In some stud-

ies, has already found that strains of B. mycoides can be isolated from the rhizospheres 

of plants such as Elaeagnus angustifolia L., tea, corn and grapevine (Benizri et al., 

2002, Karagöz et al., 2012). Among the Bacillus group B. mycoides and B. subtilis 
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were able to secrete both indole acetic acid (IAA) and high antifungal enzymes, such 

as chitinase, protease, laminarinase, gluconase and peroxidase. These bacteria strains 

may be good candidate for effectively used as biocontrol agents to prevent from vari-

ous fungal pathogens such as Fusarium, Rhizoctonia, Phytophthora, Sclerotinia, 

Nectria, Pythium and Gaeumanomyces (Bargabus et al., 2002 and Essghaier et al., 

2009). 

Nakamura and Jackson, 1995 considered that B. mycoides is as a saprophytic organ-

ism. B. mycoides is ubiquitous around the rhizosphere and in the soil. Some B. my-

coides isolates have beneficial plant growth and biocontrol activity in various plants, 

including sugar beet, cucumber, and sunflower (Bargabus et al., 2002, Neher et al., 

2009, Ambrosini et al., 2016). Moreover, B. mycoides is capable to reduce the severity 

of several important diseases such as the bacterial vascular necrosis of sugar beet, an-

gular leaf spot of cucumber, early blight (Alternaria solani) of potato and bacterial 

spot of both pepper and tomato in both glasshouse and field experiments (Bargabus et 

al., 2003, Zietlow et al., 2004, Jacobsen et al., 2007). In addition, Diaz et al., 2009 have 

shown that B. mycoides effectively stimulated root development and increased root 

biomass on cloned plants of Eucalyptus spp. reproduced by vegetative propagation. 
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3 MATERIALS AND METHODS 

3.1 Source of organisms 

The experiments were aimed at testing the influence of two species of fungi and one 

species of bacterium on the growth and development of roots or sprouts of selected 

seeds.   

The entomopathogenic fungus used in experiments was Beauveria bassiana, strain 

CCM 8382, and was isolated from the adult of bark beetle Ips typographus in Sumava 

National Park in 2007. This strain is patented in Czech Republic under the number PV 

308112 and deposited at the Culture Collection of Microorganisms in Brno, Masaryk 

University, Faculty of Science, Brno, Czech Republic. The mycoparasitic fungus 

Trichoderma virens, isolate GL-21 was re-isolated from the bioproduct SoilGard 12G 

of the company Certis USA Llc., USA. The antagonistic bacterium Bacillus mycoides, 

isolate J was re-isolated from the bioproduct LifeGard WG of the company Certis USA 

Llc., USA. 

Mature culture of all the strains was maintained at the laboratory of Department of 

Special Plant Production, Faculty of Agriculture, the University of South Bohemia in 

Ceske Budejovice.  

 

3.2 Plants 

In the experiments, seeds of selected crops were used, corn (Zea mays L.) variety Per-

rero (Z230), soybean (Glycine max L.) variety Abelina and cucumber (Cucumis sativus 

L.) variety Stela F1. The seeds of all selected crops were obtained from the company 

SAATBAU ČESKÁ REPUBLIKA s.r.o., Czech Republic. 

 

3.3 Insect 

In experiments, the larvae of the mealworm Tenebrio molitor and the death beetles of 

T. molitor were used. The population was reared by continuous breeding under con-

stant conditions (thermostat, 25±1°C, photoperiod 16/8). The individual was feeding 

wheat bran, peeled barley and flour. All the stages of T. molitor were read separately 

because of the cannibalism of this species of insect. 
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3.4 Other material 

Alginate pellets were used for re-isolation of fungi and bacterium from the soil as a 

nutritive trap. Alginate pellets are formed from the bran mixed with alginate. The mass 

was dripped into the solution of CaCl2. After forming the pellets, the pellets were 

drained through a sieve and were dried during the nights in the Laminar flow-box. Dry 

pellets were stored in the refrigerator until using for experiment. 

    

3.5 Adhesive used in experiments 

For seed coating was used Carboxymethyl cellulose (CMC) from the company Sigma 

Aldrich, Germany. The adhesive served as binding materials to attach spores on the 

surface of seeds. 

 

3.6 Preparation of suspension 

The culture of fungi was cultivated on potato dextrose agar (PDA) and incubated at 25 

°C for 5 days (T. virens) and 10 days (B. bassiana). The suspension from the full spor-

ulated cultures of B. bassiana strain CCM 8382 and T. virens strain GL-21 was pre-

pared. The suspension was obtained by spilling the surface of fully sporulated strains 

GL-21 and CCM 8382 with 0.05% sterile solution of Tween 80. The obtained suspen-

sion of each fungus was filtered through a sterile gauze and a titer was determined 

using improve Neubauer's counting chamber. Based on the observed value, the sus-

pension was adjusted to a final concentration of 2x107 spores in 1 ml.  

Suspension of B. mycoides was prepared directly from the bioproduct LifeGard WG. 

The 1 g of powder was diluted in 100 ml in 0.05% sterile solution of Tween 80 and 

properly mixed. Next, one dilution (1:10) was done, the final concentration was 

3.0x107 spores per 1 ml.  

Adhesive served as a sticky agent, with the help of which spores of fungi or bacterium 

were more easily caught on the surface of the seeds. A basic 1.0% solution before the 

final "tank-mix" was prepared, which, in a 1:1 (v/v) ratio, was mixed with a suspension 

spore of strains of either entomopathogenic fungus B. bassiana (CCM 8382) or myco-

parasitic fungus T. virens (strain GL 201) adjusted to a titer of 2 x 107 spores in 1 ml 

suspension. Mixing produced a 0.5% adhesive solution with a concentration of 1 x107 

spores in 1 ml. For bacterium B. mycoides, the 1% solution of CMC was mixed with 
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the suspension in concentration 3.0x107 spores per 1 ml. Final 0.5% solution contain 

1.5 x107 spores of bacterium in 1 ml.  

After the final mixture of each microorganism was formed, the "tank-mix" was left for 

30 minutes, and then the mixture was used for seed coating.  

 

3.7 Biological treatment of seed of selected crops 

3.7.1 Seed coating 

Four times of 300 seeds of soyabean, 300 seeds of corn and 400 seed of cucumber 

were separately placed into the plastic box.  The seed of each crop were coated by 

solution of each microorganism. 

 

1. Corn:  

a) 30 ml of B. bassiana solution was poured on the seeds in the box.  

b) 30 ml of T. virens solution was poured on the seeds in the box. 

c) 30 ml of B. mycoides solution was poured on the seeds in the box. 

 

2. Soyabean:  

a) 30 ml of B. bassiana solution was poured on the seeds in the box.  

b) 30 ml of T. virens solution was poured on the seeds in the box. 

c) 30 ml of B. mycoides solution was poured on the seeds in the box. 

 

3. Cucumber 

a) 15 ml of B. bassiana solution was poured on the seeds in the box.  

b) 15 ml of T. virens solution was poured on the seeds in the box. 

c) 15 ml of B. mycoides solution was poured on the seeds in the box. 

 

Each variant of the seeds was thoroughly mixed with the solution to obtain uniform 

covering of the surface of each seed. After coating, the seeds were transferred on the 

sieve for drying by using an active air flow in the flow-box (Biohazard, KRD, s.r.o.). 

After drying, the seeds were placed into the new sterile plastic box and cover by lid. 

The boxes with seeds were stored in the refrigerator to obtained suitable condition for 

microorganisms. The exposition prevents rapid spore inactivation by higher room tem-

perature which is around 23 to 25 °C. The spores on the seeds kept in the refrigerator 
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at 4 °C can stay viable for at least 1 year. The seeds were stored until they were used 

for experiment.  

 

3.7.2 Yield spore of beneficial fungi  

The objective of the test aimed at setting up the number of spores attached on the 

surface of the seed. The 15 seeds of each crop of each variant were transferred into the 

glass tube. 5 ml of 0.05% solution of Tween 80 was added to glass tube contained corn 

and soybean seeds. 3 ml of solution was added to cucumber seeds.  

The content of each glass tubes was left for 60 minutes to allow to soak the layer of 

CMC on the surface of the seed for better releasing and spreading out of spores into 

the solutions. After 60 minutes, the glass tubes were also shaken every by using vortex 

(Heidolph, Reax top, German) to ensure that the spore really releases into the solution. 

In the solution, the concentration of spores in 1 ml was counting using improved 

Neubauer's counting chamber using the light microscope (Nicon). Spores were 

counted 2 days after inoculation. The results were times by amount of ml (corn 5 ml, 

soybean 5 ml and cucumber 3 ml).  The number of spores per one seed was determined.   

The test serves as an indicator of the quality of seed coating. The quantity of spores 

per seed is an indicator that helps to understand how many spores can be entered by 

means of seeds into the soil during sowing. And it can also give the information to 

what extent the fungus or bacterium species can colonize the environment close to the 

seeds. 

 

3.7.3 Laboratory germination test 

The aim of the test was to verify the biological value of the seed after adhesion in 

combination with the entomopathogenic fungus B. bassiana, mycoparasitic fungus T. 

virens and antagonistic bacterium B. mycoides.  

First experiment was realized on Petri dishes. The 9 seeds of corn and soybean and 25 

seeds of cucumbers were placed on the surface of 2 % water agar in Petri dish (90 mm) 

in the arrangement 3 x 3, respectively 5 x 5 seeds.  

 

https://www.google.com/search?sxsrf=ALeKk00ccRcnKlMgyz5UnoQz78_UYqRooA:1614176742273&q=Neubauer%27s+counting+chamber&spell=1&sa=X&ved=2ahUKEwiRr8_63ILvAhUKzIUKHTvzAJoQBSgAegQIERAw
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Fig 2. The laboratory germination box 

For germination test in the germinated boxes, 100 seeds of corn, 100 seeds of soybean, 

and 100 seeds of cucumber were used. The 500 ml of the water was put into the lower 

part of germination box. On the desk, the filter paper was placed and wetted by water. 

On the soaked filter paper, the seeds were arranged in the square 50 x 50 seeds sepa-

rately for each crop. Two replications for each variant were prepared.  

For both experiments, the seed germination was evaluated after 4 and 7 days. The 

percentage of germination was established.  The growth and development of roots and 

shoots were measured by ruler and indexes were determined.          

 

3.7.4 Index scales 

A more detailed evaluation of all parameters, including the development of sprouts 

and seed roots, took place after 4 days according to the following scale:  

 

Table 1. Evaluation scale of growth and development for corn 

Characteristics of the coleoptile 

length index 

Index Characteristics of the root length 

index 

not germinated  0 not germinated 

coleoptile grows upwards to 0.9 cm 1 
the radicle grows downwards to  

 1.9 cm 

coleoptile grows upwards 1 to 1.9 cm 2 
the radicle grows downwards to 2-

3.9 cm 

coleoptile grows upwards 2 to 2.9cm 3 
the root grows downwards to 4-4.9 

cm 

emergence of the foliage leaves, longer 

than 3 cm 
4 

the length of the root is longer than 

 5 cm 
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Table 2. Evaluation scale of growth and development for soybean  

Characteristics of the coleoptile 

length index 

Index Characteristics of the root length 

index 

not germinated 0 not germinated 

the appearance of germ 0.3 cm 1 
the radicle grows downwards to  

1 cm 

The hypocotyl elongates to 1 cm 2 
the radicle grows downwards to 3 

cm 

The hypocotyl elongates to 1.5 cm 3 the root grows downwards to 4.5 cm 

Becomes easier to see the cotyledon 

(>1.5) 
4 

the length of the root is longer than 

 4.5 cm 

 

Table 3. Evaluation scale of growth and development for cucumber 

Characteristics of the coleoptile 

length index 

Index Characteristics of the root length in-

dex 

the seed does not germinate, or the tip 

is cracked 0.1 
0 

the seed does not germinate, or the tip 

is cracked 0.1-3 

the appearance of the cotyledon 0.2-4 1 radicle grows (white tip) to 1 cm 

cotyledons up to seed size, cotyledons 

in the hook 0.5-1 
2 root size 1 cm up to seed length, 2 cm 

Release of cotyledons, plantlets length 

2 cm 
3 root length to 2 to 3 cm 

plant erect, longer than 2 cm 4 
the length of the root is longer than 

 3 cm 
 

 

3.8 Re-isolation of beneficial microorganisms from soil after sowing the 

seed into the sterile substrate  

The aim of this experiment was established to verify the occurrence of beneficial or-

ganisms which were transferred via seed into the substrate. For experiment, the 700 

ml of sterile soil substrate was added to clear plastic boxes (10x7x3 cm) for each var-

iant.  

The 48 seeds of corn (arrangement, 6 x 8), 48 seeds of soybean (6 x 8) and 60 seeds 

of cucumber (6 x 10) were sowed in the substrate. The seeds in the box were watering 

and covered by lid to keep high humidity for seed germination. The boxes were placed 

into the growing chamber and the plant were planted at 25 °C and photoperiod was 

12:12 (light: dark).  
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The seedling germination was evaluated after 3, 6 and 7 days. After 23 days, the above-

ground part was cut with disinfected scissors. The soil substrate and plant residues 

were used for detection of microorganisms. 

Isolation of beneficial fungi from the variant where the seeds coated by B. bassiana 

and T. virens was done by using selective medium and by using the traps. For isolation 

of B. bassiana was used artificial medium PDA and selective medium based on a.i. 

dodine. The receipt is: distilled water 1 000 ml, PDA 39 g, cycloheximide 0.25 g, 

chloramphenicol 0.5 g, dodine 0.05 g. 

 For isolation of T. virens was used also PDA and selective medium based on Rose 

Bengal. The receipt is: distilled water 1 000 ml, PDA 39 g, Bengal rose 0.15 g, chlo-

ramphenicol 0.25 g, streptomycin 0.05 g, propamocarb 1.2 ml.  

For the B. mycoides nonselective medium was used because it does not contain the 

antibiotics, it was used only PDA. 

For each variant, 20 ml of soil substrate was placed into the Erlenmeyer flask (250 ml) 

and 100 ml od 0.05% solution of Tween 80 was added. The Erlenmeyer flasks were 

placed on the shake for 30 minutes. The soil elution was diluted one times (1:10). The 

0.5 ml of elution and 0.5 ml of first dilution were separately poured on the surface of 

PDA and selective mediums and spread by spatula around the surface of the medium. 

The Petri dishes with treated suspension into the medium were placed into the plastic 

bags and incubated in the thermostat at 25 °C. The CFU (Colony forming units) were 

counting on PDA after 2 days for T. virens, after 4 days for B. bassiana and B. my-

coides. On selective medium, the counting of CFU was done later, 5-7 days for both 

fungi.  

For trap, the larvae of mealworm T. molitor were used as an alive trap except for T. 

virens which given information about efficacy of entomopathogenic fungus B. bassi-

ana. The dead beetle of T. molitor and alginate pellets were also used as a trap and 

these traps were used for all three microorganisms. If the object is overgrowing by 

fungi or bacteria, it gives information that the microorganisms had very good sapro-

trophic effect.  
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The remaining soil substrate was taken from the large plastic boxes of each variants 

and transferred into 66 small plastic boxes (10x7x3 cm). 10 larvae of T. molitor, 10 

dead beetles and 10 alginate pellets were inserted into prepared small boxes according 

to their variants. All boxes were closed with the lids and incubated at room temperature 

of 23±1°C. Boxes were frequently inverted, shaken gently and kept upside down for 

the total incubation period. The efficacy of microorganisms on the larvae, dead beetles 

and alginate pellets were evaluated on the 40th day after the larvae were inserted. 

 

Fig 3. Evaluation of the efficacy of beneficial microorganisms 
 

 

3.9 Statistical analysis  

For evaluation of number of corn roots, the variation test one-way ANOVA was used, 

the means were compared, using the LSD test at p ≤ 0.05. When a significant F test 

was obtained at P = 0.05, separation of treatment means was performed using Tukey's 

test. The root length index and shoot length index were evaluated using the Kruskal-

Wallis test. In addition, descriptive statistics were used to evaluate means and standard 

deviations. The Statistica software Version 13 (StatSoft Inc.) was used for conducting 

all statistical analyses. 
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4 RESULTS 

4.1 Number of spores of entomopathogenic fungus Beauveria bassiana and 

mycoparasitic fungus Trichoderma virens on the surface of selected seed 

crops 
 

The number of spores attached to the seeds correlate with the seed size. The quantity 

of spores per seed is an indicator that helps to understand how many spores can be 

entered by means of seeds into the soil during sowing. The highest number of spores 

of B. bassiana were attached during the corn seed coating process. The second value 

was determined after elution of soybean seeds. The average of spores per 1 soybean 

seed was 2,200. Cucumber is smaller than other crops, so the number of spores per 1 

seed was almost two times lower (1,180).  

After seed coating by T. virens, the biggest number of spores were again determined 

on the corn seeds. Almost the same number per one seed was obtained from the soy-

bean and cucumber seed. The reason can be, that the spores from soybean seed were 

not well eluted.  

 

 

Table 4: Average spore number per 1 seed of entomopathogenic fungus B. bassiana 

and mycoparasitic fungus T. virens on selected seed crops 

Fungi Crops Spores per seed 

B.bassiana Corn 2.33E+03 

Soybean 2.20E+03 

Cucumber 1.18E+03 

T. virens Corn 1.10E+03 

Soybean 6.67E+02 

Cucumber 7.60E+02 
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Graph 1: Comparison of the number of spores of entomopathogenic fungus B.bassiana 

and mycoparazitic fungus T. virens from one seed of selected crop species 

 

 

4.2 The effect of seed coating of selected crops by beneficial microorgan-

isms on the seed germination 

 

4.2.1 Germination of seeds (%) on Petri dish  

The treated seed with different microorganisms had significant effects on the final ger-

mination percentage. In this experiment the germination of all crops was started from 

2 days after sowing. The germination rate of corn seeds 2 days after sowing, control 

gave better performance than other treatments. Even though after 7 days of sowing, B. 

bassiana and B. mycoides had significantly higher than control, but no significant dif-

ferences were observed on the seed germination coated with T. virens. 

From the beginning, the germination rate of soybean seeds was high compared to corn 

and cucumber. The data presented in Graph. 3 revealed that the percentage of seed 

germination for all the treatments were 100% after 4 days of sowing. 
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performance than control but percentage value of T. virens was the same as control 7 

days after sowing (Graph 4). 

 

Graph 2: Showing the effect of corn seed germination on Petri dish 

 

 

Graph 3: Showing the effect of soybean seed germination on Petri dish 
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Graph 4: Showing the effect of cucumber seed germination on Petri dish 

 

 

4.2.2 Germination of seeds (%) on filter paper 

As can be seen from the Graph no. 5 and 6, no significant differences were observed 

on the effects of seed treatments with microorganisms on the germination percentage 

of corn and soybean seeds. In cucumber, the germination percentage of all treatments 

with microorganisms were slightly higher than control. 

 

Graph 5: Showing the effect of corn seed germination on filter paper 
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Graph 6: Showing the effect of soybean seed germination on filter paper  

 

 

Graph 7: Showing the effect of cucumber seed germination on filter paper 
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germination percentage in B.mycoides was 88% after 7 days of sowing, which was the 

lowest one.  

 

Graph 8: Showing the effect of corn seed germination in soil  

 

 

Graph 9: Showing the effect of soybean seed germination in soil 

 

 

40

88 90

25

83
88

69

94 96

48

92 94

0

20

40

60

80

100

3 day 6 day 7 day

G
er

m
in

at
io

n
 %

 (
co

rn
)

Control Bacillus mycoides Beauveria bassiana Trichoderma virens

25

73 75

35

85 88

33

96 98

27

88 90

0

20

40

60

80

100

3 day 6 day 7 day

G
er

m
in

at
io

n
 %

 (
so

yb
ea

n
)

Control Bacillus mycoides Beauveria bassiana Trichoderma virens



 

41 

 

No germination of cucumber seeds in soil were observed within 3 days after sowing. 

After 7 days, germination percentage of all the treated seed with microorganisms gave 

better performance than control. The highest germination percentage was obtained in 

cucumber by treating with T. virens. Second highest seed germination was obtained at 

the treatment with B. bassiana. The rate of germination for B. mycoides was steady up 

to 6 days after sowing.  
 

 

Graph 10: Showing the effect of cucumber seed germination in soil 

 

 

For soybean, B. bassiana also showed the best performance among other treatments in 

seed germination. At beginning, rate of germination in T. virens was low compared to 

the treatment with B.mycoides. After 6 days of sowing, T. virens was gradually in-

crease. The final germination percentage of all treatments with microorganisms were 

significantly higher than control. 

 

 

 

 

58

8385
88

78

93

70

95

0

20

40

60

80

100

3 day 6 day 7 day

G
er

m
in

at
io

n
 %

 (
cu

cu
m

b
er

)

Control Bacillus mycoides Beauveria bassiana Trichoderma virens



 

42 

 

4.3 Effect of seed coating by beneficial microorganisms on the growth and 

development of selected crops 

 

4.3.1 Effect on shoot and root length of selected crops on Petri dish 

 

Corn seeds 

The evaluation of shoot and root length of corn seedling on Petri dish were observed 

no significant differences for all treatments after 4 days of sowing. The length of seeds 

shoots and roots was expressed as an index. The shoot and root length of corn seedlings 

were gradually increased with proceeding of time after sowing. At 7 DAS, the highest 

shoot and root length (3.62 and 3.96) was examined at the treatment with B. mycoides. 

The seedling of T. virens had the shortest shoot and root length (2.81 and 3.44 respec-

tively). However, the maximum number of roots were observed at T. virens coated 

seedlings (Table 5). 

 

Table 5. Effect of treatments with microorganisms on seedling growth of corn on Petri 

dish 

Treatments 

Shoot index of length 

(Mean±SE) 

Root index of length 

(Mean±SE) 

Number of roots  

(Mean±SE) 

Day 4 Day 7 Day 4 Day 7 Day 4 Day 7 

Control  0.96±0.19 3.00±1.09 2.00±0.72 3.59±0.91 0.81±1.09 a 4.15±1.11 a 

B. mycoides 1.04±0.19 3.26±0.75 1.74±0.58 3.96±0.19 0.96±1.20 a 3.96±0.84 a 

B. bassiana 1.04±0.19 3.04±0.88 2.07±0.66 3.89±0.31 1.00±1.15 a 4.22±0.79 a 

T. virens 0.96±0.19 2.81±0.94 1.85±0.52 3.44±0.92 0.81±1.09 a 4.30±1.05 a 

 H (3,N=108) 
= 3.962963 
p =0.2655 

H (3,N=108) 
= 2.947029 
p =0.3999 

H(3,N=108) 
=  4.895175 
p=0.1796 

H (3, N=108) 
= 8.555660 
p=0.0358 

F=0.19, 
df= 3.104, 
p=0.9019 

F= 0.582, 
df= 3.104, 
p= 0.6279 
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Graph 11: Effects of microorganisms on seedling root numbers, shoot and root index 

of corn after 4 days of sowing on Petri dish 

 

 

 

Graph 12: Effects of microorganisms on seedling root numbers, shoot and root index 

of corn after 7 days of sowing on Petri dish 
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Histogram 1: Effect of treatments with microorganisms on frequency of shoot index 

distribution of corn after 7 days 

Histogram z Shoot index 7; kategorizovaný Variant

Corn  50v*108c

Variant: Control Shoot index 7 = 27*1*normal(x; 3; 1,1094)
Variant: B. mycoides Shoot index 7 = 27*1*normal(x; 3,2593; 0,7642)
Variant: B. bassiana Shoot index 7 = 27*1*normal(x; 3,037; 0,8979)
Variant: T. virens Shoot index 7 = 27*1*normal(x; 2,8148; 0,9623)
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The histogram statistically shows the frequencies of corn shoot length index after 7 

days of germination test on 2% agar in Petri dishes. It is evident from the histogram 

that all indices from 1 to 4 occurred in the control variant. Index 0, which means that 

the seed does not germinate, was the most represented in the control variant. Indexes 

from 2 to 4 were the most presented in the seed treated with all beneficial microorgan-

isms. The best results of the shoot length index were shown by the variant where maize 

seeds were coated by species of antagonistic bacteria B. mycoides. Entomopathogenic 

fungus B. bassiana also had significant efficacy on shoot length index. Similar results 

were observed for the evaluation of the root length index. Again, B. mycoides and B. 

bassiana had a significant effect on the development of maize roots. The effect of T. 

virens on root formation showed weak retardation in maize compared to the control 

variant. 
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Histogram 2:  Effect of treatments with microorganisms on frequency of root index 

distribution of corn after 7 days  

Histogram z Root index 7; kategorizovaný Variant

Corn 50v*108c

Variant: Control Root index 7 = 27*1*normal(x; 3,5926; 0,9306)
Variant: B. mycoides Root index 7 = 27*1*normal(x; 3,963; 0,1925)
Variant: B. bassiana Root index 7 = 27*1*normal(x; 3,8889; 0,3203)

Variant: T. virens Root index 7 = 27*1*normal(x; 3,4444; 0,9337)
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Soybean seeds 

In soybean, the data on the B. mycoides at 4 and 7 DAYS produced the highest shoot 

length among other treatments, and these were index 1.67 and 3.59 respectively (Table 

6). The minimum shoot length was recorded in T. virens coated seedlings. The root 

length of soybean seedling with beneficial microorganisms were significantly higher 

over control except T. virens. Up to 4 DAS, the shoot and root length was similarly 

increased, and the values were significantly higher over T. virens. 

 

 

 

 
 



 

46 

 

Table 6: Effect of treatments with microorganisms on seedling growth of soybean on 

Petri dish 

Treatments 
Shoot index of length (Mean±SE) Root index of length (Mean±SE) 

Day 4 Day 7 Day 4 Day 7 

Control 1.59±0.49  3.48±0.67  1.96±0.64  3.70±0.81  

B. mycoides 1.67±0.47  3.59±0.68  1.96±0.54  3.96±0.19  

B. bassiana 1.63±0.48  3.37±0.87  1.96±0.33  3.85±0.52  

T. virens 1.22±0.42  2.52±0.57  1.81±0.55  2.59±0.68  

 

H (3,N=108) 

=13.65566 p 

=0.0034 

H (3,N=108) 

=29.51769 p 

=0.0000 

H (3,N=108) 

=1.664998 

p=0.6447 

H (3,N=108) 

=60.46716 p 

=0.0000 

 

 

 

Graph 13: Effects of microorganisms on seedling shoot and root index of soybean after 

4 days of sowing on Petri dish 
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Graph 14: Effects of microorganisms on seedling shoot and root index of soybean after 

7 days of sowing on Petri dish 

 

 

Histogram 3: Effect of treatments with microorganisms on shoot index distribution of 

soybean after 7 days 

Histogram z Shoot index 7; kategorizovaný Variant

Soybean 50v*108c

Variant: Control Shoot index 7 = 27*1*normal(x; 3,4815; 0,7)
Variant: B. mycoides Shoot index 7 = 27*1*normal(x; 3,5926; 0,6939)
Variant: B. bassiana Shoot index 7 = 27*1*normal(x; 3,3704; 0,8835)

Variant: T. virens Shoot index 7 = 27*1*normal(x; 2,5185; 0,5798)
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Histogram 4: Effect of treatments with microorganisms on root index distribution of 

soybean after 7 days 

Histogram z Root index 7; kategorizovaný Variant

Soybean 50v*108c

Variant: Control Root index 7 = 27*1*normal(x; 3,7037; 0,8234)
Variant: B. mycoides Root index 7 = 27*1*normal(x; 3,963; 0,1925)
Variant: B. bassiana Root index 7 = 27*1*normal(x; 3,8519; 0,5338)

Variant: T. virens Root index 7 = 27*1*normal(x; 2,5926; 0,6939)
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The histogram shows differences in shoot length index of soybean among the benefi-

cial microorganisms. In comparison to control variants, the better results were deter-

mined in B. mycoides variant. Antagonistic bacteria B. mycoides have a positive effect 

on soybean shoot development. Index 4 was the most frequently observed. Ento-

mopathogenic fungus B. bassiana was almost comparable with the control variant. 

However, the shoots were shorter. It is shown the frequency of index 2 is higher than 

in the control variant. Mycoparasitic fungus T. virens has negatively effect on the shoot 

development of soybean after 7 days. The soybean shoots developed slowly.  

The same observation was determined in the root length indexes. Again, the beneficial 

microorganisms B. mycoides and B. bassiana had positive effect on the roots develop-

ment. The roots of the soybean seeds coated by these microorganisms were longer than 

roots in T. virens variant.  
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Cucumber seeds 

For cucumber, the shoot length at 4 DAS and root length for both recorded days 

showed no remarkable differences by the interaction of microorganisms on this Petri 

dish experiment (Table 7). The shoot length of seedlings at 7 DAS was significantly 

higher affected by treatment with B. bassiana compared to control and other treat-

ments. However, no significant differences were observed in root length between treat-

ments.  

 

Table 7: Effect of treatments with microorganisms on seedling growth of cucumber on 

Petri dish 

Treatments 
Shoot index of length (Mean±SE) Root index of length (Mean±SE) 

Day 4 Day 7 Day 4 Day 7 

Control 0.44±0.57 1.60±1.08 1.38±1.20 2.60±1.59 

B. mycoides 0.62±0.56 1.98±1.17 1.64±1.16 3.30±1.33 

B. bassiana 0.64±0.56 2.36±1.29 1.68±1.21 3.12±1.31 

T. virens 0.52±0.50 1.78±0.99 1.62±1.34 2.64±1.44 

 

H (3,N= 200) 

=4.526425 

p=0.2099 

H (3,N= 200) 

=10.56460 p 

=0.0143 

H (3,N= 200) 

=1.513183 

p=0.6792 

H (3,N= 200) 

=10.52150 

p=0.0146 

 

Graph 15: Effects of microorganisms on seedling shoot and root index of cucumber 

after 4 days of sowing on Petri dish 
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Graph 16: Effects of microorganisms on seedling shoot and root index of cucumber 

after 7 days of sowing on Petri dish 

 

 

Histogram 5: Effect of treatments with microorganisms on shoot index distribution of 

cucumber after 7 days 

Histogram z Shoot index 7; kategorizovaný Variant

Cucumber 50v*200c

Variant: Control Shoot index 7 = 50*1*normal(x; 1,6; 1,088)
Variant: B. mycoides Shoot index 7 = 50*1*normal(x; 1,98; 1,1865)
Variant: B. bassiana Shoot index 7 = 50*1*normal(x; 2,36; 1,3056)

Variant: T. virens Shoot index 7 = 50*1*normal(x; 1,78; 0,9957)
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Histogram 6: Effect of treatments with microorganisms on root index distribution of 

cucumber after 7 days 

Histogram z Root index 7; kategorizovaný Variant

Cucumber 50v*200c

Variant: Control Root index 7 = 50*1*normal(x; 2,6; 1,6036)
Variant: B. mycoides Root index 7 = 50*1*normal(x; 3,3; 1,3439)
Variant: B. bassiana Root index 7 = 50*1*normal(x; 3,12; 1,3192)

Variant: T. virens Root index 7 = 50*1*normal(x; 2,64; 1,4535)
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Entomopathogenic fungus B. bassiana had positive effect on the cucumber seedlings 

development on 2 % water agar in Petri dishes. The most frequented indexes of seeds 

treated by B. bassiana were 2 and 4. The seeds in control variant germinate and devel-

oped slowly in compare with beneficial microorganisms, expect variant where the 

seeds were coated by T. virens. However, T. virens has positive effect against plant 

pathogens, so after sowing the seedlings can be protected with this mycoparasitic fun-

gus. Both B. mycoides and B. bassiana positively affected cucumber root development. 

Also, T. virens show better results in root length index in compared to control variant 

after 7 days of germination.  

 

4.3.2 Effect on shoot and root length of selected crops on filter paper 
 

Corn seeds  

The evaluation of entomopathogenic fungi (B. bassiana), mycoparasitic fungi (T. vi-

rens) and antagonistic bacteria (B. mycoides) on the growth parameters of corn seed-

ling on filter paper is described in Table 8. After 4 DAS, there was no significant effect 

on the shoot length for all treatments. The highest root length at 4 DAS was examined 
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in T. virens (index 2.66). Among the treatments of microorganisms, B. mycoides gave 

the highest shoot and root length (index 3.98 and 3.97 respectively) and the lowest shoot 

and root length (3.67 and 3.75) was obtained in B. bassiana at 7 DAYS. 

 

Table 8: Effect of treatments with microorganisms on seedling growth of corn on filter 

paper 

Treatments 

Shoot index of length 

(Mean±SE) 

Root index of length 

(Mean±SE) 

Number of roots  

(Mean±SE) 

Day 4 Day 7 Day 4 Day 7 Day 4 Day 7 

Control  1.68±0.90 3.82±0.80 2.61±0.79 3.77±0.88 2.95±1.42 5.58±1.86 a 

B. mycoides 1.65±0.91 3.98±0.14 2.53±0.64 3.97±0.17 2.78±1.27 5.28±1.33 a 

B. bassiana 1.73±0.89 3.67±0.98 2.22±0.89 3.75±0.82 2.92±1.50 4.41±1.59 b 

T. virens 1.58±0.87 3.84±0.60 2.66±0.64 3.91±0.45 3.12±1.42 4.70±1.51 b 

 H (3,N= 400) 

=2.401630 p 

=0.4933 

H (3,N= 400) 

=11.58916 

p=0.0089 

H (3,N= 400) 

=21.99130 

p=0.0001 

H (3,N=400) 

=7.731231 

p=0.0519 

F=0.4045, 

df=3.396, p= 

0.4045 

F=11.169, 

df=3.396, 

p= 0.0000 

 

 

Graph 17: Effects of microorganisms on seedling root numbers, shoot and root index 

of corn after 4 days of sowing on filter paper 
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Histogram 7:  Effect of treatments with microorganisms on shoot index distribution of 

corn on filter paper after 4 days 

Histogram Shoot index day 4, categories Variant

Zin filter paper_Corn 50v*400c

Variant: Control Shoot index day 4 = 100*1*normal(x; 1,68; 0,9088)
Variant: B. mycoides Shoot index day 4 = 100*1*normal(x; 1,65; 0,9143)
Variant: B. bassiana Shoot index day 4 = 100*1*normal(x; 1,73; 0,8973)

Variant: T. virens Shoot index day 4 = 100*1*normal(x; 1,58; 0,8782)

Shoot index day 4

N
o
. 
o
f 
s
e
e
d

s

Variant: Control

0 1 2 3
0

10

20

30

40

50

60

70

Variant: B. mycoides

0 1 2 3

Variant: B. bassiana

0 1 2 3
0

10

20

30

40

50

60

70

Variant: T. virens

0 1 2 3

 

 

The influence of corn seed coating on the shoot development was equable in all vari-

ants after 4 day of germination except seeds which were coated by T. virens. In each 

variant, not germinated seeds were observed. In the T. virens variant, the index 1 was 

dominant. The roots were well developed in control variant and T. virens variant. My-

coparasitic fungus T. virens had a positive effect on the corn roots development in 

compared to antagonistic bacteria B. mycoides and entomopathogenic fungus B. bas-

siana.  
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Histogram 8: Effect of treatments with microorganisms on root index distribution of 

corn on filter paper after 4 days 

Histogram Shoot index day 4, categories Variant

Zin filter paper_Corn 50v*400c

Variant: Control Root index day 4 = 100*1*normal(x; 2,61; 0,79)
Variant: B. mycoides Root index day 4 = 100*1*normal(x; 2,53; 0,6428)
Variant: B. bassiana Root index day 4 = 100*1*normal(x; 2,22; 0,8942)

Variant: T. virens Root index day 4 = 100*1*normal(x; 2,66; 0,6391)
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Graph 18: Effects of microorganisms on seedling root numbers, shoot and root index 

of corn after 7 days of sowing on filter paper 
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Histogram 9: Effect of treatments with microorganisms on shoot index distribution of 

corn on filter paper after 7 days 

Histogram Shoot index day, kategories Variant

Zin filter paper_Corn 50v*400c

Variant: Control Shoot index day 7 = 100*1*Normal(Location=3.82, Scale=0.8088)
Variant: B. mycoides Shoot index day 7 = 100*1*Normal(Location=3.98, Scale=0.1407)
Variant: B. bassiana Shoot index day 7 = 100*1*Normal(Location=3.67, Scale=0.9853)

Variant: T. virens Shoot index day 7 = 100*1*Normal(Location=3.84, Scale=0.5983)

Shoot index day 7

N
o

. 
o
f 

s
e

e
d

s

Variant: Control

0 1 2 3 4
0

20

40

60

80

100

Variant: B. mycoides

0 1 2 3 4

Variant: B. bassiana

0 1 2 3 4
0

20

40

60

80

100

Variant: T. virens

0 1 2 3 4

 

Histogram 10: Effect of treatments with microorganisms on root index distribution of 

corn on filter paper after 7 days 

Histogram Root index day 7, categories Variant

Zin filter paper_Corn 50v*400c

Variant: Control Root index day 7 = 100*1*Normal(Location=3.77, Scale=0.886)

Variant: B. mycoides Root index day 7 = 100*1*Normal(Location=3.97, Scale=0.1714)

Variant: B. bassiana Root index day 7 = 100*1*Normal(Location=3.75, Scale=0.8211)

Variant: T. virens Root index day 7 = 100*1*Normal(Location=3.91, Scale=0.4516)
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After 7 days, all the variants show almost the same results in the histograms. All ben-

eficial organisms had positive effect on the shoot development and also root develop-

ment of corn seedlings. The influence of beneficial organisms is almost uniform. It is 

evident from the histograms that index 4 was the most frequent in all variants of both 

determined indexes.  

Soybean seeds 

 

Shoot length of soybean with B. bassiana at 4 DAS was significantly higher than con-

trol and other microorganisms. B. mycoides at 4 DAS enhanced root length signifi-

cantly higher over other treatments. After 7 DAS, there was no significantly differ-

ences in the shoot and root length among treatments. However, the lowest shoot and 

root length was obtained in T. virens condition. 

 

Table 9: Effect of treatments with microorganisms on seedling growth of soybean on 

filter paper 

Treatments 

Shoot index of length  

(Mean±SE) 

Root index of length 

 (Mean±SE) 

Day 4 Day 7 Day 4 Day 7 

Control 1.64±0.50  3.56±0.89 1.99±0.78  3.83±0.51 

B. mycoides 1.69±0.48  3.75±0.55 2.12±0.77  3.81±0.52 

B. bassiana 1.85±0.38  3.64±0.82 2.01±0.87  3.86±0.49 

T. virens 1.53±0.53  3.50±0.84 1.78±0.69  3.75±0.43 

 

H (3,N= 400) 

=24.04606 

p=0.0000 

H (3,N= 400) 

=3.386497 

p=0.3358 

H (3,N= 400) 

=10.76559 p 

=0.0131 

H (3,N= 400) 

=7.562959 

p=0.0560 
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Graph 19: Effects of microorganisms on seedling shoot and root index of soybean after 

4 days of sowing on filter paper 

 

Histogram 11: Effect of treatments with microorganisms on shoot index distribution 

of soybean on filter paper after 4 days 

Histogram Shoot index day 4, categories Variant

Zin filter paper_Soybean 50v*400c

Variant: Control Shoot index day 4 = 100*1*normal(x; 1,64; 0,5029)
Variant: B. mycoides Shoot index day 4 = 100*1*normal(x; 1,69; 0,4861)
Variant: B. bassiana Shoot index day 4 = 100*1*normal(x; 1,85; 0,386)
Variant: T. virens Shoot index day 4 = 100*1*normal(x; 1,53; 0,5214)
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The histogram shows the frequencies of the shoot length indexes that were found dur-

ing the evaluation of the tests after 4 days of seeds of soybean germination. Index 2 

represents the most numerous of all indexes observed after soybean seeds germination 

on the filter paper. The best variant was that where the seeds were coated by ento-

mopathogenic fungus B. bassiana but it was similar to variant where the seeds were 

coated by bycteria B. mycoides and control variant. The almost similar frequency of 

index 1 and index 2 of shoot length was observed in the variant where the soybean 

seeds were coated by T. virens. 

The bacteria B. mycoides and entomopathogenic fungus B. bassiana postively influ-

enced the root development of soybean after 4 days of germination. The most frequent 

index was 2. However, both variants had higher frequent index 3 in compare to control 

variant. The root development was slower in variant T. virens.  

 

 

Histogram 12: Effect of treatments with microorganisms on root index distribution of 

soybean on filter paper after 4 days 

Histogram Shoot index day 4, categories Variant

Zin filter paper_Soybean 50v*400c

Variant: Control Root index day 4 = 100*1*normal(x; 1,99; 0,7849)
Variant: B. mycoides Root index day 4 = 100*1*normal(x; 2,12; 0,7691)
Variant: B. bassiana Root index day 4 = 100*1*normal(x; 2,01; 0,8703)

Variant: T. virens Root index day 4 = 100*1*normal(x; 1,78; 0,6902)
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Graph 20: Effects of microorganisms on seedling shoot and root index of soybean after 

7 days of sowing on filter paper 

 

 

Histogram 13: Effect of treatments with microorganisms on shoot index distribution 

of soybean on filter paper after 7 days 

Histogram Shoot index day 7, categories Variant

Zin filter paper_Soybean 50v*400c

Variant: Control Shoot index day 7 = 100*1*normal(x; 3,56; 0,8913)
Variant: B. mycoides Shoot index day 7 = 100*1*normal(x; 3,75; 0,5573)
Variant: B. bassiana Shoot index day 7 = 100*1*normal(x; 3,64; 0,8229)

Variant: T. virens Shoot index day 7 = 100*1*normal(x; 3,5; 0,8469)
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Histogram 14: Effect of treatments with microorganisms on root index distribution of 

soybean on filter paper after 7 days 

Histogram Root index day 7, categories Variant

Zin filter paper_Soybean 50v*400c

Variant: Control Root index day 7 = 100*1*normal(x; 3,83; 0,5136)
Variant: B. mycoides Root index day 7 = 100*1*normal(x; 3,81; 0,526)
Variant: B. bassiana Root index day 7 = 100*1*normal(x; 3,86; 0,4928)

Variant: T. virens Root index day 7 = 100*1*normal(x; 3,75; 0,4352)
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Histograms show that all the variants did not affect the sprout's development in time.  

The index 4 of soybean shoots is dominant in all variants after 7 days. The variant B. 

mycoides shown better results in shoot observation from all the beneficial microor-

ganisms. The roots were developed well in all variants. Only the seeds treated by T. 

virens developed shorter roots in comparison to other variants.  

 

Cucumber seeds 

In cucumber, significantly differences between treatments were not observed for all 

parameters tested. However, after 4 DAS, all treatments of microorganisms found sim-

ilar in increasing shoot and root length over control. 
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Table 10: Effect of treatments with microorganisms on seedling growth of cucumber 

on filter paper 

Treatments 
Shoot index of length (Mean±SE) Root index of length (Mean±SE) 

Day 4 Day 7 Day 4 Day 7 

Control 1.24±0.67 3.62±1.06 1.98±1.03 3.56±1.10 

B. mycoides 1.45±0.55 3.79±0.82 2.00±0.97 3.81±0.74 

B. bassiana 1.39±0.56 3.78±0.72 2.03±0.93 3.72±0.87 

T. virens 1.41±0.57 3.86±0.69 2.06±0.85 3.85±0.71 

 

H (3,N= 400) 

=4.897813 

p=0.1794 

H (3,N= 400) 

=6.121033 

p=0.1059 

H (3,N= 400) 

=0.0663529 

p=0.9955 

H (3,N= 400) 

=8.458583 

p=0.0374 

 

 

Graph 21: Effects of microorganisms on seedling shoot and root index of cucumber 

after 4 days of sowing on filter paper 
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Histogram 15: Effect of treatments with microorganisms on shoot index distribution 

of cucumber on filter paper after 4 days 

Histogram Shoot index day 4, categories Variant

Zin filter paper_Cucumber 50v*400c

Variant: Control Shoot index day 4 = 100*1*normal(x; 1,24; 0,6685)
Variant: B. mycoides Shoot index day 4 = 100*1*normal(x; 1,43; 0,5904)
Variant: B. bassiana Shoot index day 4 = 100*1*normal(x; 1,39; 0,5667)

Variant: T. virens Shoot index day 4 = 100*1*normal(x; 1,41; 0,5702)
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All the variants showed almost the same development of cucumber shoots after 4 days 

of germination on the filter paper. Antagonistic bacteria B. mycoides developed longer 

shoots than cucumber seeds in the next variants. Beneficial microorganisms have a 

positive effect on cucumber seedling's development. The cucumber roots development 

was also not affected by beneficial microorganisms. However, it seems that beneficial 

microorganisms a little bit retard the development of the root in comparison to the 

control variant. The distribution of indexes ranged from 0 to 3. The most dominant 

indexes were 2 and 3. From all beneficial microorganisms, the seeds coated by myco-

parasitic fungus T. virens developed shorter roots.  
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Histogram 16:  Effect of treatments with microorganisms on root index distribution of 

cucumber on filter paper after 4 days 

Histogram Root index day 4, categories Variant

Zin filter paper_Cucumber 50v*400c

Variant: Control Root index day 4 = 100*1*normal(x; 1,98; 1,0346)
Variant: B. mycoides Root index day 4 = 100*1*normal(x; 2; 0,9744)

Variant: B. bassiana Root index day 4 = 100*1*normal(x; 2,03; 0,937)
Variant: T. virens Root index day 4 = 100*1*normal(x; 2,06; 0,8507)
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Graph 22: Effects of microorganisms on seedling shoot and root index of cucumber 

after 7 days of sowing on filter paper 
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Histogram 17: Effect of treatments with microorganisms on shoot index distribution 

of cucumber on filter paper after 7 days 

Histogram Shoot index day 7, categories Variant

Zin filter paper_Cucumber 50v*400c

Variant: Control Shoot index day 7 = 100*1*Normal(Location=3.62, Scale=1.0615)
Variant: B. mycoides Shoot index day 7 = 100*1*Normal(Location=3.79, Scale=0.8201)

Variant: B. bassiana Shoot index day 7 = 100*1*Normal(Location=3.78, Scale=0.7189)

Variant: T. virens Shoot index day 7 = 100*1*Normal(Location=3.86, Scale=0.6966)
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Histogram 18:  Effect of treatments with microorganisms on root index distribution of 

cucumber on filter paper after 7 days 

Histogram Root index day 7, categories Variant

Zin filter paper_Cucumber 50v*400c

Variant: Control Root index day 7 = 100*1*Normal(Location=3.56, Scale=1.1039)
Variant: B. mycoides Root index day 7 = 100*1*Normal(Location=3.81, Scale=0.748)

Variant: B. bassiana Root index day 7 = 100*1*Normal(Location=3.72, Scale=0.8771)

Variant: T. virens Root index day 7 = 100*1*Normal(Location=3.85, Scale=0.716)
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After 7 days, all the variants show almost the same results. The beneficial microorgan-

isms support cucumber seedlings development. The shoot length index 4 is dominant 

in all variants, the better results are observed in the variant where the cucumber seeds 

were treated by mycoparasitic fungus T. virens. The shoots and also the roots were 

supported by this beneficial fungus. The shorter shoots were observed in the control 

variant but the differences among variant are not statistically significant. The week 

significant differences are observed in root indexes (α=0.05).  

 

4.4 Re-isolation of beneficial microorganisms from the soil substrate 

where the seedlings were growing  

 

Table 11: Parasitic and saprotrophic abilities of beneficial microorganism  

  TBM* 

infect./dead/alive 
Dead beetles** 

Alginate pel-

lets** 

Control Corn 0/6/4 0/9 1/9 

Soybean 0/5/5 0/9 1/9 

Cucumber n/a n/a n/a 

Bacillus mycoides Corn 0/4/6 0/10 2/8 

Soybean 0/1/9 1/9 2/8 

Cucumber 1/3/6 3/9 3/7 

Beauveria bassiana Corn 4/6/0 3/7 5/5 

Soybean 6/4/0 7/3 4/6 

Cucumber 4/6/0 5/5 3/7 

Trichoderma virens Corn - 3/7 8/2 

Soybean - 4/6 6/4 

Cucumber - 6/4 5/5 

*Tenebrio bait method – parasitic effect of microorganisms (infected/dead/alive) 

** saphrothrophic effect (overgrowering/non-overgrowering) 

 

The beneficial microorganisms transferred with seeds into the soil substrate were re-

isolated after the end of the experiment. The coated seeds of all variants were sown 

into the sterile soil substrates. The seedling germination was observed in the previous 

experiment and after 1 month of growing, the plants were cut and the larvae of T. 

molitor were transferred to the variants where the seeds were coated by entomopatho-

genic fungus B. bassiana and also to the variant where the seeds were coated by B. 
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mycoides. The parasitic and saprotrophic effect of entomopathogenic fungus was ob-

served. Alive larvae were not observed. Fungus B. bassiana infected the larvae in all 

the variants. The best variant was that one where the soybean seeds were coated.  

Dead beetles were put into all variants. Dead beetles can show the saprotrophic effect 

of all microorganisms. The best saprotrophic effect showed the beneficial fungi, ento-

mopathogenic fungus B. bassiana, and also mycoparasitic fungus T. virens. The algi-

nate pellets are also substrate which is used for the re-isolation of beneficial microor-

ganisms from the soil. Some alginate pellets were mostly overgrown by fungus B. 

bassiana and T. virens. Also, bacteria B. mycoides was caught by alginate pellets from 

the soil. 
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5 DISCUSSION 

This study showed the effect of biological seed coating by using beneficial microor-

ganisms in selected crops: corn (Zea mays L.), soybean (Glycine max L.), and cucum-

ber (Cucumis sativus L.). The reason for choosing these crops is that corn is the second 

most crucial cereal after rice, soybean is a major grain legume crop, and cucumber is 

an important vegetable belonging to the family Cucurbitaceae in Myanmar. However, 

the yield of Myanmar is only about one-third of the world average yield (USDA 2018) 

because of insufficient agricultural inputs and problems with pests and diseases. For 

biological seed coating, two types of filamented fungi (Beauveria bassiana and 

Trichoderma virens) and one antagonistic bacterium (Bacillus mycoides) were used. 

The results of the diploma thesis experiments showed that beneficial microorganisms 

when introduced through seed coating, have a positive effect on the growth of plants, 

and the germination of plants in all selected crops. Biological seed coating with mi-

croorganisms is potentially the most effective method of integrated pest management 

and it is also suitable for use instead of chemicals. Moonjely et al., 2016 found that 

biological seed coating of entomopathogenic fungi has the potential to increase the 

biological control of soil-dwelling pests or plant pathogens that cannot be easily con-

trolled by chemical insecticides. B. bassiana is one of the entomopathogenic fungus 

(EPF) that was used due to its ability to cause insect diseases on most of the common 

pests and plant pathogen. Sandhu et al. 2012 found that B. bassiana play as a pathogen 

to several insects including hosts of agricultural distinction such as the Colorado potato 

beetle and codling moth. Furthermore, B. bassiana has been experimentally proved to 

suppress damping-off caused by the soil-borne pathogens Rhizoctonia solani 

and Pythium myriotylum in tomato (Ownley et al. 2004) and bacterial blight caused by 

Xanthomonas axonopodis pv. Malvacearum in cotton (Ownley et al. 2008), the Zuc-

chini yellow mosaic virus in squash (Jaber and Salem 2014), and downy mildew 

caused by Plasmopara viticola in grapevines (Jaber 2015). 

The second fungus was the mycoparasitic fungus T. virens that can parasite on the 

plant pathogens which occurred around the seed in many types of soils that sup-

presses plant pathogens such as Rhizoctonia solani, Fusarium spp., Sclerotinia spp., 

Pythium spp., Verticillium spp., and Botrytis spp. (Howell et al., 2000; Howell, 2002, 
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Viterbo et al., 2007). On the other hand, B. mycoides as a representative of antagonis-

tic microorganisms, have beneficial plant growth and biocontrol activity in vari-

ous plants, including sugar beet, cucumber, and sunflower (Bargabus et al., 2002, 

Neher et al., 2009, Ambrosini et al., 2016). Moreover, B. mycoides isolates BmJ 

is capable to reduce the severity of several important diseases such as the bacterial 

vascular necrosis of sugar beet, angular leaf spot of cucumber, early blight (Al-

ternaria solani) of potato and bacterial spot of both pepper and tomato in both 

glasshouse and field experiments (Bargabus et al., 2003, Zietlow et al., 2004, 

Jacobsen et al., 2007). Therefore, this bacteria strain BmJ may provide control of 

other cucurbit diseases. For all the above reasons, the use of biocontrol in agri-

culture has grown continuously, especially biocontrol of filamentous fungi such 

as B. bassiana, T. virens and mycoparasitic bacterium B. mycoides. 

In the present study, we used CMC as an adhesive binder in seed coating to aim for 

effective colonization of seeds, to maintain the viability and perhaps the virulence of 

spores of microorganisms. Seed coating with conidia of entomopathogenic fungi can 

be efficiently delivered to the rhizosphere of seedlings through seed coating because, 

after conidia germination, the developing hyphae would survive on the ooze produced 

by the plant roots and at the same time provide the plant with nutrients and protect 

against pests and diseases (Bruck, 2005; Ownley, Gwinn, & Vega, 2010).  

Part of the diploma thesis was the evaluation of the number of spores attached to 

the seeds which are an important value to recognize how many spores can be spread 

into the soil after sowing. The spores spread into the soil can protect the seedlings 

against pests or diseases. The number of spores per seed was recorded that coating 

with B.bassiana produces more spores than T. virens in all selected crops (Table 1). 

The present results were per the findings of Petlamul et al. (2017) who reported that B. 

bassiana had the efficacy to release cellulolytic enzymes on CMC for cellulose reduc-

tion to carbon source led to their growth. The seeds of corn and soybean had significant 

differences in the attachment of spores to 1 seed compared to cucumber seeds. This is 

logical, since the seeds of these crops have a different morphological structure, and 

smaller size, therefore not as many spores have been caught on the seed surface of 

cucumber as on corn and soybean seeds. However, no different number of spores were 

observed between cucumber and soybean in the variant of T.virens. The reason can be, 
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that the spores from soybean seed were not well eluted. During the soybean seed coat-

ing process, the seed coat layer getting separated from the embryo.  

The microorganism isolates used in this study had no impact on seed germination per-

centage in all treatments including controls. Nevertheless, the germination percentage 

of seed coating with microorganism in the present study did not show many differences 

under laboratory conditions. Jaber and Enkerli (2016) observed similar results that nei-

ther B. bassiana nor M. brunneum was affected on broad bean (Vicia faba) seed ger-

mination. However, Russo et al. (2019) reported that seed treatment with B. bassiana 

increased the germination of corn (Zea mays) seeds. Additionally, B. bassiana and 

methylcellulose do not have inhibitory effects on corn seed germination in laboratory 

condition (Kuzhuppillymyal et al., 2020).  

Plant growth parameters such as primary root length, shoot height and root numbers 

were determined after 4 days and 7 days of sowing. There were some interactions 

between microorganisms isolates and seedling age for the measured plant growth pa-

rameters. So far, much research has been done on the microbial seed coating with veg-

etables (such as onion, beet, artichoke, carrot, tomato, and cucumber), cereals (such 

as Sorghum, wheat, and corn), oilseeds (such as rapeseed, and Sesame) and legumes 

(such as soybean and cowpea). Most of these research papers often reported their pos-

itive effects on seed germination, nodulation (in legumes), plant growth and yield after 

seed coating with microorganisms to crops (Ying, 2019). 

In this study, the microorganism variants through the seed coat from tested soil were 

re-isolated by using larvae of T. molitor, dead beetles and alginate pellets. The parasitic 

and saprotrophic effect of all microorganisms was observed. This result was per the 

findings of Torres et al. (2009) who reported that entomopathogenic fungus B. bassi-

ana infects a wide range of insects and they are also able to survive as saprophytes in 

the soil.  

On the other hand, agriculture is the major economic sector of Myanmar, responsible 

for approx. 36% of the national GDP and food security for the people are dependent 

on the agricultural sector. At the same time, Peeters et al., (2015) reported that Myan-

mar lacks an effective and fully operational system for pesticide regulation and control 

and support to farmers regarding best practices in sustainable pest management and 
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pesticide use. The present study can contribute to sustainable agricultural production 

in Myanmar through improving plant health, promote food safety and reducing risks 

of pesticide use, enhancing the economic performance of the agricultural sector and 

protect the health of growers, the surrounding community and consumers as well. For 

all the above reasons, Myanmar’s agriculture is a strong incentive to find alterna-

tive strategies to replace the use of chemical fertilizers and pesticides. The present 

study encourages reducing the utilization of chemical pesticides in Myanmar. 
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6 CONCLUSIONS 

The germination and the growth parameters of the corn seed was positively influenced 

by the combination of carboxymethylcellulose (CMC) with conidia of the antagonistic 

bacterium B. mycoides and entomopathogenic fungus B. bassiana. Seed coating of 

mycoparasitic fungus T. virens strain GL-21 with the CMC adhesive has been found 

slowly on the growth of shoot and root length, however T. virens had the highest num-

ber of roots on petri dish.  

Spores of B. mycoides and B. bassiana have synergistic action with the CMC adhesive, 

also provided positive stimulation of the seed germination and plant growth for soy-

bean seed. Nevertheless, seed coating of T. virens resulted the negative effect on soy-

bean seed germination and on growth parameters comparable to the effects of B. bas-

siana and B. mycoides in all substrates.  

On the cucumber seed of the selected variety Stela F1 has the positive effect of the B. 

bassiana was clearly visible, especially after 7 days of germination. The combination 

of this CMC with the T. virens fungus gave also positive effect on the length of shoots 

and roots on filter paper.  

As mentioned in the discussion, many scientific studies had already confirmed that 

these fungi and bacterium have the positive effect on plant growth and germination. 

Moreover, the findings conclude that CMC could be used in seed coating of microor-

ganisms which serve as a source of nutrients for germinating spores and helps to en-

hance its shelf life. This study is considered as a preliminary research to the utilization 

of beneficial microorganisms especially entomopathogenic fungus B. bassiana, antag-

onistic bacterium B. mycoides and mycoparasitic fungus T. virens as biological seed 

coating in plants to protect from insect pest and pathogens. 

The number of spores per seed indicated that helps to understand how many spores 

can be entered by means of seeds into the soil during sowing. The highest number of 

spores of the fungi B. bassiana and T. virens were observed on corn seeds, average 

2.33x103 and 1.10 x103 spores per 1 seed, respectively. Based on the results of this 

work, it is possible to recommend reducing the dose of suspension by half, however, 

the solution should contain a higher concentration of spores. 
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This study confirms that coating of selected seeds with microorganisms are suitable to 

either control plant disease and insect pests or promote seed germination and plant 

growth. Additionally, this has led to a steadily increasing interest in biological control 

for pests and diseases. The results may bring a new perspective on the use of beneficial 

microorganisms as seed coating agents, may be a promising plant protection strategy 

in Myanmar. Moreover, field research is needed to determine how to enhance seed 

germination and plant growth parameters in field condition.  
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8 ANNEXES 

Picture sheet 1 Influence of beneficial microorganisms on seed germination and seed-

ling growth of selected crops in laboratory (Photo: Zin Moe Wai Aung) 

 

  

Germination of corn seeds on Petri dishes 

4 DAS 

Development of roots and shoots in corn af-

ter seed coated with microorganisms 

  

Germination of cucumber seeds on Petri 

dishes 4 DAS 

Germination of soybean seeds on Petri dishes  

4 DAS 

  

Germination of cucumber seeds on filter 

paper 7 DAS 

Germination of corn seeds on filter paper 7 

DAS 



 

 

 

Picture sheet 2 Influence of beneficial microorganisms on seed germination in soil 

substrate and the procedure for evaluating the effectiveness of these microorganisms 

in soil substrate (Photo: Zin Moe Wai Aung) 

 

 

Sowing selected crops into soil substrate 

  

Germination of selected crops in soil  

substrate 7 DAS 

Germination of selected crops in soil  

substrate 7 DAS 

  

After 23 days, before cutting the above-

ground part of plants 

The above-ground part was cut with disin-

fected scissors 

 



 

 

 

Picture sheet 3 The procedure for evaluating the effectiveness of these microorganisms 

in soil substrate (Photo: Zin Moe Wai Aung) 

 

 

The remaining soil substrate was 

taken from the large plastic boxes 

transferred into small plastic boxes 

  

 

T. virens growing on the selective 

medium based on a.i. dodine 

  

 

B. bassiana growing on the artificial 

medium PDA 

  

 



 

 

 

8.1 List of abbreviations 

AMF   Arbuscular mycorrhizal fungi 

CFU  Colony forming units 

CMC  Carboxymethylcellulose 

DAS  Days after sowing 

EPF   Entomopathogenic fungi 

PDA  Potato dextrose agar 

PGPR  plant growth-promoting rhizobacteria  

 

 


