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Abstract 

Background: Diseases caused by soil-borne pathogens have become a 

serious problem in processing tomato plants, which results in yield decline 

and reduction in profitability. The use of conventional chemical-based 

treatments has been effective yet the side effects are also significant. It is 

therefore important to discover and develop biological disease control 

methods as part of the integrated disease management (IDM), in order to 

improve plant health, and thus achieve better growth and production. 

Biostimulants have been recognised for their stimulative effects on plant 

growth and nutrients uptake, however, the inhibitive effects against soil borne 

pathogens and reduced disease development on host plants have not been 

extensively studied. The objective of this research was to assess the efficacy 

of a commercial plant biostimulant – NutriSmart to prevent root disease 

development by Pythium irregulare and Fusarium oxysporum. The specific 

aims were to test if the biostimulant would be able to enhance plant health 

and suppress disease development on young processing tomato plants. 

Results: In pot trials, tomato plants treated with biostimulant achieved the 

highest biomass production in terms of both root development and above 

ground height. In treatments that included P. irregulare or F. oxysporum 

inoculum in the soil with the biostimulant, plant also showed significantly 

higher root production and above ground height than the plants treated with 

pathogens only. The growth of plants and rate of disease development varied 

between the two pathogens. The glasshouse pathogenicity tests were 

repeated to obtain consistent results. Pre-treatment of seedlings with 

biostimulant had a negative effect on root development in the bioassays 
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which may have been due to plants being exposed to too high a 

concentration of biostimulant. The majority of the active microbes in the 

NutriSmart biostimulant were determined to be bacterial species such as 

Bacillus megaterium, Bacillus subtilis and Massilia brevitalea, together with 

fungal species Penicillium and Rhizopus, which confirmed the commercial 

product information. Biostimulant solution inhibited the in vitro mycelial 

growth of P. irregulare and F. oxysporum through competitive exclusion due 

to the growth of biostimulant microorganisms. Antibiosis or inhibition of 

growth by toxic secondary metabolites was not observed. Autoclaved-

sterilised and filter-sterilised biostimulant solutions did not inhibit Pythium or 

Fusarium mycelial growth. The result confirmed that the mode of action of the 

biostimulant was due to biological activity and not due to secondary 

metabolites. 

Conclusion: Applying NutriSmart biostimulant to healthy young processing 

tomato plants increased their growth and performance, with significantly 

enhanced root production and increased above ground height. Moreover, 

using the biostimulant as a potential disease control method might also be 

achievable since the plants treated with both biostimulant and pathogens did 

not display any disease symptom or loss of production, even though 

pathogens were still re-isolated from the roots. Results from in vitro toxicity 

tests suggested that the beneficial microorganisms from the biostimulant may 

have a stimulative effect on host plants, rather than induce a direct inhibition 

against pathogen growth. However, the mechanisms of biostimulation on 

host plants have not yet been fully understood. Further studies are therefore 

necessary to understand the interactions amongst host plants, pathogen and 
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rhizosphere microbiome. In addition, more molecular and genomic based 

works are also needed to fully understand the mechanisms of biostimulation 

on plants.  

 

Key words: biostimulants, processing tomatoes, yield decline, Pythium and 

Fusarium root rot, glasshouse bioassays, in vitro toxicity test 

 

1. Literature review 

Soil borne pathogens are a serious problem that negatively influences 

agricultural production globally, in terms of the pathogens’ wide host range 

and the ability to survive in variable environmental conditions (van Gils et al., 

2017). In general, soil borne pathogens are able to remain dormant in soil for 

a long period of time, once optimum environmental conditions are satisfied, 

they are then able to reproduce and rapidly cause infection on host plants, 

thus it is almost impossible to eradicate them completely (Liu et al., 2017). 

However, excessive amount of chemical-based products have been applied 

to treat diseases caused by soil borne pathogens, which leads to build up of 

toxic residues in the soil profile, and development of resistance against many 

active chemical substances (Lucas, Hawkins, & Fraaije, 2015). 

Consequently, biological control strategies have become an important 

alternative to the conventional chemical-based products as part of the 

integrated disease management (IDM) that would possibly improve disease 

control and thereby increase yield and production of different commodity 

species.  
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Biological-based disease management strategies have become a 

possible alternative to traditional chemical products due to many different 

factors, such as minimising build-up of toxic residues, stimulating plant 

growth, increasing nutrient uptake and mitigating the effect of biotic and 

abotic factors that are associated with yield decline. (Yakhin, Lubyanov, 

Yakhin, & Brown, 2016). For microbial-derived biostimulants in particular, 

they were found to have numerous positive effects especially on stimulation 

of plant growth and enhancement of root production.  

Plant biostimulants were first recognised as “biogenic stimulant” by 

Prof. V.P. Filatov in 1933 (Yakhin et al., 2016), who proposed the idea that 

substances derived from various natural organisms could be used to 

manipulate plant energetic metabolism. However, most scientific researches 

that focused on the stimulative effects of biostimulants have not been 

undertaken until the past few decades. Lucini et al. (2018) found that plants 

treated with different types of biostimulants were able to achieve better 

performance and higher yield, especially with higher root biomass production. 

However, the concept of microbial biostimulation was not fully established 

until early 2000s (Colla et al., 2017), and due to the wide range of raw 

materials and organisms that are able to act as biostimulating agents, there 

have been some controversies regarding the efficacy of biostimulants 

compared to conventional fertilisers and other chemical products. In addition, 

the mode of action of biostimulants to improve plant health and growth still 

remains unclear. 

The European Union Fertilizing Products Regulation proposed a 

general definition of biostimulants, which indicated that biostimulants were a 
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mixture of biological-based compounds that were supposed to increase 

plants nutrient uptake and growth processes without directly supplementing 

any essential substances that are required by plants (Ricci et al., 2019). 

Typical substances that have been proven to be effective biostimulating 

agents include microalgae, biopolymers, protein hydrolysates and most 

importantly, beneficial microorganisms such as bacteria, fungi and yeasts 

(Colla et al., 2017). For instance, microalgae were considered as effective 

raw materials due to their ability to improve plant nutrients uptake and 

production. Plants treated with microalgae were found to produce more 

branches and flowers, which was attributed to the production of several 

important plant growth regulators such as auxins, gibberellins and cytokinin, 

as well as large amount of trace elements (Garcia-Gonzalez & Sommerfeld, 

2016). Another example was a vegetal biopolymer-based biostimulant, which 

was proven to effectively promote root growth and biomass production in 

melons. This stimulation of root development was found to be associated 

with increased production of brassinosteroids and some stress-release 

compounds (Lucini et al., 2018). Finally, certain strains of beneficial bacteria 

and fungi are also capable of stimulating plant growth by being involved in 

many different metabolic pathways, which makes these microbes extremely 

important as raw materials for the development of microbial-derived plant 

biostimulants. Past studies used Pseudomonas species as commercialised 

biostimulants (Crovadore et al., 2017), since they were able to improve the 

efficiency of plant metabolic pathways and photosynthesis. Furthermore, 

some beneficial Trichoderma species were also proven to effectively promote 
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plant growth, yield and nutrient uptake (Colla, Rouphael, Di Mattia, El-

Nakhel, & Cardarelli, 2015).  

In addition to the stimulative effects on plant growth and production, 

biostimulants were found to have much fewer negative impacts to the 

environments and people who have close contact to farmland. Through 

application of biostimulants, build-up of toxic chemical residues in wheat field 

was largely reduced compared to the other fields that were treated with 

conventional fertilisers and fungicides (Assainar et al., 2018). As a result, the 

negative impacts on farmers and the environment were also reduced. 

Furthermore, since biostimulants are not supposed to contain any 

substances that directly act on plants according to the previously prosed 

definition, chemical resistance was also effectively mitigated (Cordovez et al., 

2018).  

On the other hand, although the advantages of biostimulants were 

proven to be valid in most cases, the mechanisms of how biostimulants 

interact with the plants and the rhizosphere have not yet been accurately 

defined. This may have been due to the extremely wide range of raw 

materials, which would interact with plant roots and the rhizosphere 

microbiome in all possible pathways. Due to the unclear mechanisms of host-

pathogen interactions with biostimulant, there have also been many negative 

concerns in regard to biostimulant application. First, the efficacy of microbial-

derived biostimulants compared to conventional chemical-based products is 

a point of consideration. As mentioned previously, since biostimulants act on 

plants in a completely different manner from chemical-based products 

(Cordovez et al., 2018), it is difficult to prove if they are able to achieve the 
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same efficacy against soil borne pathogens as the traditional chemicals 

(Przybysz, Gawronska, & Gajc-Wolska, 2014). Furthermore, because most of 

the effective raw materials of biostimulants are microbial-based, it is hard to 

prove and demonstrate the stability. Since some microorganisms can only 

work within an optimum temperature and pH range, once external 

environmental conditions become less suitable, the stability of such 

biostimulants would also be negatively affected (Colla et al., 2017), therefore 

the efficacy of biostimulants might also become weaker. Another big issue 

was found to be the dose effect, which may negatively influence plant growth 

and production once overdose occurs. Since there might be many different 

microbial species as a mixture in biostimulants, it is thus necessary to 

determine the optimum effective dosage prior to application. Under some 

circumstances where overdose becomes an issue, those beneficial 

organisms may have lost their positive properties and become pathogenic, 

which might ultimately decrease plant production and even kill the host plants 

(Cordovez et al., 2018). Consequently, it is important to test various 

concentrations on actual plants to determine the most effective dose to 

provide growth stimulation. More importantly, as various microbes are 

present interactively within a certain type of biostimulant, the mode of action, 

or the mechanisms of biostimulation on plant growth and production have not 

been fully proven, therefore application of biostimulant in large-scaled plant 

production systems may be problematic, and would cause further confusion 

to the industry (Vargas-Hernandez et al., 2017). With insufficient solid 

evidence to demonstrate the mechanisms of biostimulation, it would be less 

convincing to make biostimulants practically available to the industry. 
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2. Introduction 

The Australian Processing Tomato Industry (APTI) has observed a 

yield decline in recent years, especially after shifting to a sub-surface drip 

irrigation system. This has been partially attributed to an increase in diseases 

caused by soil borne pathogens. Disease symptoms include stunted growth 

of processing tomato plants, reduced shoot and root production and 

ultimately decreased yield and loss in profitability. As biostimulants were 

found to be able to effectively increase plant yield and root production, with 

fewer negative impacts to soil and the environment, it is therefore possible to 

use biostimulant as an alternative disease management strategy that targets 

the most frequently occurring soil borne pathogens found in processing 

tomato plants, which were Pythium irregulare and Fusarium oxysporum. 

Pythium irregulare and Fusarium oxysporum have been shown to be 

the primary pathogens associated with the observed yield decline and loss of 

production in processing tomato plants in recent years. In the past, 

Phytophthora species were considered important but these pathogens 

tended to co-exist with flood irrigation practices where the free water was 

conducive for zoospores infection of young roots (Callaghan et al., 2017).  

Pythium species are very common soilborne oomycete plant 

pathogens that cause damping-off and root rot in a wide range of host plants 

(Weiland et al., 2015). Since zoospores require adequate amount of water to 

move around and spread in the environment, excessive amount of water in 

the soil profile could be one of the possible causes to the increased disease 

incidence of Pythium species. As for Fusarium oxysporum isolated from the 

processing tomato fields, it is an ascomycete fungus that causes crown and 
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root rot in plants, which is slightly different from the Fusarium wilt disease 

found in other places. Infected plants typically have browning and lesions 

near the bottom of the stem and vascular tissues, which are recognised as 

“chocolate streaks” (Gordon, 2017). Both of these pathogens were found to 

have a broad host range and disease incidence can vary a lot depending on 

host species and environmental conditions.    

The premise of this study was to test the efficacy of a commercial 

microbial-based biostimulant NutriSmart, in pot bioassays inoculated with 

Pythium irregulare or Fusarium oxysporum, to improve plant growth and 

disease control. The starting hypothesis was that application of biostimulant 

alone could promote plant growth and increase biomass production, 

especially with an enhanced development of root system, while applying 

biostimulant together with pathogen inoculum may inhibit or delay disease 

development. Plant growth would be measured by above ground plant height 

and root dry weight. The aims were thus to identify the interactions between 

NutriSmart and pathogens to effect plant growth in glasshouse pot trials, and 

to assess the biological activity of the biostimulant in order to better 

understand the mechanisms of biostimulation in in vitro pathogen growth 

studies. 

 

3. Material and Methods 

3.1. Determination of optimum biostimulant concentration to induce plant 

growth 
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A trial was conducted to determine the optimum concentration of 

biostimulant that would enhance plant growth. Four treatments were set up 

using 500 ml pots that had been sterilised according to glasshouse protocols. 

Treatments included: control with no biostimulant, 1% of pot volumetric ratio 

treatment of biostimulant, i.e. 5 ml biostimulant per pot; 3% of pot volumetric 

ratio treatment with 15 ml biostimulant per pot; and 5% of pot volumetric ratio 

treatment with 25 ml biostimulant per pot, with each treatment having 6 

replicates. 10-day-old tomato seedlings that were previously germinated on 

seedling trays were carefully transplanted into each pot to minimise root 

damage. Above ground heights for each plant were measured weekly. After 4 

weeks, plants were carefully removed from the pots and washed thoroughly 

to remove the leftover soil, in order to assess root and shoot biomass 

production  

 

3.2. Pathogen inoculum preparation 

The pathogen inoculum for both P. irregulare and F. oxysporum was 

prepared by soaking the millet seeds into tap water for around 12 hours. The 

millet was then strained and transferred into 500 ml Schott bottles. The 

Schott bottles containing millet seeds were autoclaved three times for three 

consecutive days and then each bottle of autoclaved millet seeds was 

inoculated with 8 pieces of agar plugs (of a 7-day-old culture) of respective 

pathogen. The bottles were shaken to mix the plugs thoroughly with millet 

seeds and then incubated at 25°C under light until the millet seeds were fully 

colonised. This process generally took 2 to 3 weeks to reach full colonisation.  



 
20 

 

3.3. Tomato seedlings preparation 

Processing tomato seeds, cultivar H3402 were planted in seedling mix on 

trays and individual cells in growth cabinet under 26°C with 12 hours daylight 

and 12 hours dark time. Most seeds were able to germinate within 7 days, 

with a germination rate of almost 100%. Osmocote fertilisers were added to 

tomato seedlings after 1 week to supplement essential nutrients such as 

nitrogen, phosphorus and potassium. Seedlings were watered every other 

day to maintain soil moisture content at field capacity. 

 

3.4. Glasshouse Pythium pathogenicity tests 

Glasshouse pathogenicity test of P. irregulare was conducted in a walk-in 

growth room in the glasshouse of Melbourne University under 22°C with 12 

hours of daylight and 12 hours dark time. 1 L pots that were sterilised using 

glasshouse protocols were filled with 5% of pot volume (50 mL) of inoculated 

millet seeds, together with pasteurised Dookie sandy soil, which containing 

25% volumetric ratio of perlites in order to improve soil drainage. 

There were 4 treatments: a control group with no biostimulant and sterile 

millet seeds for the nutritional value, a pathogen-only group with P. irregulare 

inoculum, a biostimulant-only group with biostimulant and sterile millet seeds 

for the nutritional value, and lastly a group containing both P. irregulare 

inoculum and biostimulant (referred to as “both” in the following text). Both 

biostimulant pellets and millet seeds colonised with pathogen were 

incorporated into soil and mixed thoroughly. Pots were given ample amount 

of water before transplanting tomato seedlings in order to activate the 
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microbial content of the biostimulant. Each treatment had 8 replicates, the 

total 32 pots were arranged in a complete randomised design on the benches 

in the growth room and observed daily. Plants were watered every other day 

in order to maintain soil moisture level at field capacity.  

The control group with the same amount of sterile millet seeds (50 mL per 

pot) was prepared and mixed first to minimise the risks of cross 

contamination from different treatments. 3-week-old tomato seedlings were 

carefully transplanted into each pot to minimise root damage. There were two 

seedlings in each pot initially, one of which would be destructively removed 

after 1 week to assess pathogen infection on host plants.  

The biostimulant treatment group contained 1% of pot volume (10 mL) of 

biostimulant pellets had a gross mass of 7.08g. 1% of pot volume i.e. 10 mL 

biostimulant pellets were incorporated into soil, then thoroughly watered to 

activate the microorganisms in order to interact with tomato plants better. 

Plant above ground heights were measured from the soil base line to the 

highest growing node, and recorded weekly. Any above ground symptoms 

were recorded as well. After 4 weeks, final plant above ground heights were 

measured, photographs were taken before plants were harvested. Plants 

were carefully removed to reduce physical damage, roots were gently 

washed. Tissue cultures of crown and root were made to assess any 

microbial colonisation on host plants, and to prove disease infection by P. 

irregulare. Fresh weights of both root and shoot were measured before 

putting into oven at 70°C for 48 hours. After plant moisture was completely 

removed, root and shoot dry weights were measured and recorded.  
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This experiment was repeated. 

 

3.5. Glasshouse Fusarium pathogenicity tests 

The method for F. oxysporum pathogenicity tests was mostly similar to 

that used for P. irregulare, however temperatures were kept at 26°C in a 

separate growth cabinet and seedlings used were 2-weeks old. The more 

optimum environment of the growth cabinet resulted in tomato seedlings 

being more mature at 2 weeks. The pathogenicity test was conducted for 4 

weeks as well. 

This experiment was also repeated. 

 

3.6. Repeated glasshouse pathogenicity tests 

For repeated glasshouse pathogenicity tests for both P. irregulare and F. 

oxysporum, the same 4 groups of treatments were repeated to demonstrate 

the consistency of results between these two experiments.         

   In addition to the repeated 4 treatment groups, there was an additional 

treatment where extra tomato seeds received a pre-treatment of biostimulant 

during seedling stage, and the seedlings were raised on biostimulant before 

transplanting into the pot bioassays. These pre-treated seedlings were then 

transplanted into pots containing biostimulant pellets only (referred to as 

“biostimulant*” groups in the following text) and pots containing both 

biostimulant pellets and pathogen inoculum (referred to as “both*” groups in 

the following text) respectively. The amount of pre-treated biostimulant was 
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the same to the previously determined optimum concentration of biostimulant 

(i.e. 1% of pot volume). Tomato seeds were planted into individual seedling 

cells in the repeated experiments to avoid root damage that occurs during 

transplanting. Other treatment groups and procedures after transplanting into 

pot bioassay remained the same as previously described.  

 

3.7. Dilution Plating and microbial identification 

Prill of the NutriSmart biostimulant was dissolved in sterile water and a 

serial dilution plating was done to determine the microbial composition of the 

biostimulant. The biostimulant solution was made to a concentration of 1:1 

volumetric ratio by mixing the biostimulant pellets thoroughly with sterile 

water. The biostimulant solution also autoclaved at 121°C 30 mins three 

times for three consecutive days to eliminate the microbial contents, as well 

as denature proteins that may be associated with heat-resistant secondary 

metabolites. In addition, the biostimulant solution was also filter sterilised 

using 0.2 μm sterile syringe filters to remove the living microorganisms but 

keep proteins, chemicals and secondary metabolites as much as possible. All 

three treatments of biostimulant solutions were thoroughly vortexed to mix 

the supernatant with sterile water. Sterile water was then added to the 3 

treatments to gradually dilute the concentration to a final 1:10,000 volumetric 

ratio, which were then stored for further use. 

A total of 2 ml of biostimulant solution with the final 1:10,000 

concentration from the original, autoclaved and filter sterilised samples was 

cultured onto different selective media, including potato dextrose agar (PDA), 
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nutrient agar (NA), water agar, PDA + fungicide and streptomycin, NA + 

fungicide and WA + streptomycin respectively. Cultures were kept in the 

incubator at 22°C for up to 1 week to get an optimum growth.  

After 7 days, only cultures from the original biostimulant solution had 

profuse microbial growth, there was no growth observed from cultures with 

autoclaved and filter sterilised biostimulant solutions. For isolation of fungal 

species, single sporing and hyphal tipping were used to purify cultures and 

eliminate any contaminants for further morphological identification. Bacterial 

isolates were purified by streaking single colonies from old cultures onto new 

NA plates to get active single colonies for further PCR sequence analysis.  

Bacterial cultures were sent for PCR sequence analysis to AGRF, in order 

to differentiate the species of active microorganisms in the biostimulant. This 

information would be used further to analyse the functions of each bacteria in 

this NutriSmart biostimulant. 

 

3.8. In vitro toxicity test 

An in vitro toxicity test was done to determine if NutriSmart biostimulant 

was able to directly inhibit both P. irregulare and F. oxysporum growth under 

a controlled environment. A control group was set with pathogen plugs only 

and sterile water with no biostimulant. The 3 treatments of biostimulant 

solutions with initial concentration of 1:1 that were stored previously were 

then further diluted into 1%, 5%, 10%, 15%, 20% and 30% volumetric ratios, 

2 ml of biostimulant solutions was evenly spread onto PDA plates with those 

various concentrations from the 3 treatments of biostimulant solutions. 7-day-
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old agar plugs with the same initial size (0.7cm diameter) containing 

respective pathogen growth were then sub-cultured onto those PDA plates.  

There were five replicates in each group. Diameters of pathogen 

growth were measured daily for 7 days in an incubator under 22°C, and 

photos were taken. This in vitro pathogenicity test was done purely on PDA 

cultures in a sterile environment. 

 

3.9. Data collection and statistical analysis 

For glasshouse experiments, data was analysed using one-way analysis 

of variance (1-way ANOVA) with n = 6 for the minitrial and two-way analysis 

of variance (2-way ANOVA) with n = 8 for the pathogenicity tests by MINITAB 

2019. For in vitro experiments, data was analysed using linear regression 

with n = 5. All difference of means was determined using Tukey Pairwise 

Comparison and Dunnett’s Multiple Comparison (P < 0.01) by MINITAB 

2019. 

 

4. Results 

4.1. Biostimulant dose effect on plant growth 

The minitrial prior to formal glasshouse pathogenicity tests confirmed that 

the most effective dose that could enhance tomato seedling growth was 1% 

of pot volume (Fig 3). Amongst the 3 different concentrations tested, 3% and 

5% treatments were both found to have detrimental effects on plant growth 

and root production. One replicate from 3% treatment died during the 3rd 
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week of this minitrial, whereas two replicates from 5% treatment died during 

the 1st and 3rd weeks respectively. No plant from control and 1% treatment 

groups displayed any stress symptom or loss of production. The dead plants 

from 3% and 5% treatment groups had been carefully removed and washed, 

crown roots were thoroughly cut and cultured (Fig 4) to figure out the 

possible reasons of plant death. 

 

Figure 1. Comparison of plants harvested after 4 weeks treatment of 

biostimulant with 1% of pot volume treatment (left) and control group (right) in 

the glasshouse test 

As Fig 1 shows, seedlings treated with 1% volumetric ratio of 

biostimulant had a massive root production than plants from the control 

group. Furthermore, leaf sizes were bigger and plants had thicker stems, and 

there were also two more branches produced comparing to plants from 

control group. 
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Figure 2. Comparison of plants harvested after 4 weeks treatment of 

biostimulant with 5% (left) and 3% (right) of pot volume in the glasshouse test 

 

On the other hand, plants with 3% and 5% of pot volume of 

biostimulant treatments were found to have largely stunted growth, extremely 

reduced root and shoot production, and smaller leaf sizes. The bottom half of 

the stems appeared purple in colour. Moreover, there were also fewer 

branches produced in these two groups compared to the control and 1% 

treatments. Final above ground heights, root weight and biomass production 

of these two treatments were all found to be significantly lower than the 

control and 1% volumetric treatments.    
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Figure 3. Mean plant fresh weight from different biostimulant 

concentration treatments. Error bars represent 95% confidence intervals for 

the means. Columns that do not share the same letter are significantly 

different (P < 0.01). 

 

After 4 weeks, the remaining plants were carefully removed and final 

height was recorded. Treatment with 1% pot volume of biostimulant was 

found to have the highest above ground height and biomass production, 

followed by control group, and lastly 3% and 5% of pot volume biostimulant 

treatments. 
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Figure 4. Crown root tissue cultures of dead plants from 5% (left) and 3% 

(right) treatments on PDA + streptomycin media 

  

For tissue cultures of crown and root tissues from dead tomato plants 

grown in 3% and 5% of pot volume biostimulant treatment, a fungal species 

was consistently isolated in all three dead plants (Fig 4). A small piece of 

agar containing the fungal growth was cut and observed under the 

microscope. Since there were clear presence of long sporangiophores and 

sporangiospores at the top, and based on the morphological features on the 

cultures, this fungus was likely to be a Rhizopus species, which is one of the 

active ingredients in the biostimulant NutriSmart according to the commercial 

information. 

In order to demonstrate if Rhizopus was the cause of the plant death 

in the minitrial, another informal test was done. Agar plugs with Rhizopus 

growth were thoroughly incorporated into potting mix and tomato seedlings 

were transplanted into pots. The seedlings with Rhizopus in the soil started to 

wilt after 4 days and were dead after 3 weeks. On the contrary, tomato plants 

in control group without Rhizopus inoculum did not have any disease or 

stress symptom. This informal test demonstrated that colonisation of 

Rhizopus spp. in plant crown and roots was likely to be the cause of seedling 

death under high dose treatments such as 3% and 5% in the minitrial. 

In summary, this minitrial confirmed that 1% of pot volume of 

biostimulant was the most effective dose to stimulate plant growth and root 

production, therefore all future glasshouse experiments used 1% treatment to 
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get a consistent stimulation on host plants. In addition to that, it also showed 

that over-application of biostimulant might cause poor performance and plant 

death in extreme cases.  

 

4.2. Interaction of biostimulant with P. irregulare in glasshouse 

experiments 

Glasshouse pathogenicity test for Pythium irregulare was replicated to 

confirm consistency of results. The first and repeated experiments were able 

to demonstrate similar growth patterns. 

First, the treatments containing P. irregulare displayed clear disease 

symptoms within the first week of inoculation. Disease symptoms included 

stunted growth and leaf lesions (Fig 5), and most importantly reduced root 

development (Fig 6). Most plants treated with pathogen only had poor root 

growth compared to the control group, leaf sizes were also the smallest 

compared to the other three treatments. The height of the plants of all 

replicates from P. irregulare treated groups was significantly lower than the 

other three groups (Figs 14,15, 26, 27). Nonetheless, after 3 weeks of the 

glasshouse pathogenicity test, the growth of Pythium-infected plants tended 

to increase slightly based on the accumulative growth of plant height, yet not 

as fast as the other groups (Fig 13). After harvest, plants from pathogen-

treated groups were found to have less branches with purple leaves that had 

very small size (Fig 6).  
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Figure 5. Stunted plant growth, leaf discolouration and leaf lesion, 2 weeks 

after inoculation with P. irregulare inoculum in the glasshouse pathogenicity 

test. 

 

Figure 6. Plants treated with pathogen only, 4 weeks after inoculation with P. 

irregulare isolates with severely damaged root system and purple leaves in 

the glasshouse pathogenicity test 
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For treatments with biostimulant only, plants had the highest above 

ground height and root biomass production with thicker stems, larger leaves 

and well-developed root systems (Fig 7a). Above ground height at harvest 

was significantly higher than the other 3 groups (Figs 14, 26). Tissue cultures 

of crown and root after harvest showed mixed growth of various 

microorganisms (Fig 7b), which were likely to be the biostimulant microbes 

that colonised tomato root system and thus induced an enhancement of root 

production. 

 

Figure 7a. Plants treated with biostimulant-only at week 4 (left) and after 

harvest (right) with well-developed root and shoot system, more branches 

and bigger leaf sizes, without showing any stressed or diseased symptoms. 
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Figure 7b. Crown root tissue cultures of plants treated with biostimulant only 

at the end of the glasshouse pathogenicity test 

 

Finally, plants treated with both biostimulant and P. irregulare 

inoculum achieved similar above ground height and root production with 

control group (Figs 8, 11). Above ground height and root dry weight data 

were not significantly different between these two groups, but both 

parameters were significantly higher than the treatments containing P. 

irregulare only (Figs 14, 15, 26, 27). Plants treated with both pathogen 

inoculum and the biostimulant did not have any disease or stressed 

symptoms, however they had a lower biomass production than the plants 

treated with biostimulant only. Tissue cultures of crown and roots showed 

that there was a co-existence of both P. irregulare and a mixture of different 

microorganisms that might be the biostimulant microbes (Fig 10). This 

indicated that application of biostimulant was not able to eliminate pathogen 
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completely, although plants had a healthy appearance without loss of 

production. 

 

Figure 8. Plants treated with both pathogen and biostimulant (left) and control 

group (right) with similar root and shoot production after 4 weeks of 

glasshouse pathogenicity test. 

 

Figure 9. Comparison of root production between biostimulant-treated plant 

(left) and P. irregulare-treated plant (right) at the end of glasshouse 

pathogenicity test. 
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Figure 10. Tissue cultures of crown root from plants that have been treated 

with both P. irregulare and biostimulant, 4 weeks after the glasshouse 

pathogenicity test. 

 

Figure 11. Comparison of plant roots treated with both pathogen and 

biostimulant (left) and control group (right) at the end of glasshouse 

pathogenicity test. 
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Figure 12. Tissue culture of crown root from plants in control group at the end 

of the glasshouse pathogenicity tests, no pathogen growth was observed 

 

 

Figure 13. Accumulative plant growth curve for P. irregulare and 

biostimulant initial glasshouse pathogenicity tests, above ground height was 

measured on a weekly basis 

0

5

10

15

20

1 2 3 4 5ab
o

ve
 g

ro
u

 d
 e

h
ig

h
t/

cm

Weekly measurements

Accumulative growth curve for P. irregulare and 
biostimulant group

control pathogen biostimulant both



 
37 

 

 

Figure 14. Mean data of above ground height of processing tomato cultivar 

H3402, 4 weeks after inoculation with P. irregulare and biostimulant in the 

glasshouse pathogenicity test. Error bars represent 95% confident interval 

(CI) for the means, columns do not share the same letter are significantly 

different (P < 0.001) 

 

Figure 15. Mean data of root dry weight of processing tomato cultivar H3402, 

4 weeks after inoculation with P. irregulare and biostimulant in the 

glasshouse pathogenicity test. Error bars represent 95% CI of the means, 

columns that do not share the same letter are significantly different (P < 

0.001) 
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In summary, tomato plants treated with the biostimulant only had the 

highest biomass production especially with a well-developed root system. On 

the contrary, plants treated with P. irregulare only had the lowest above 

ground height and largely damaged root production, with a poor overall plant 

performance. Control and treatments containing both pathogen and 

biostimulant were not significantly different from each other, in terms of 

above ground height, root and shoot dry weight, leaf size, number of 

branches and general performance.  

 

4.3. Interaction of biostimulant with F. oxysporum in glasshouse 

experiments 

In general, results of glasshouse pathogenicity tests for F. oxysporum 

were similar to P. irregulare. However, there were also some differences in 

regard to the rate of disease development on host plants and growth 

responses to different treatments. 

For plants treated with F. oxysporum only, most were not able to display 

any clear disease symptoms until after 2 weeks of inoculation. This was due 

to Fusarium oxysporum being a more slow-growing pathogen than P. 

irregulare (Gordon, 2017), thus the rate of disease development on host 

plants was also slower. Nevertheless, once clear disease symptoms 

appeared, plants were found to have much worse performance than those 

infected with P. irregulare. Symptoms of F. oxysporum-infected plants 

included stunting, leaf lesions and external shrinkages of stems (Figs 16, 17). 

After 3 weeks of inoculation with F. oxysporum, there were distinct browning 
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and external lesions found at the bottom of stems. After harvest, stems of 

infected plants were cut open to assess the external lesions. More 

importantly, plants treated with F. oxysporum had an extremely damaged 

root system (Figs 16, 24), which was a typical symptom of Fusarium 

infection. Stems of these plants were generally thinner compared to plants 

from the other treatments, with curled and discoloured leaves. 

 

Figure 16. Plants treated with F. oxysporum only, showing leaf 

discolouration, reduced root production, stunting and wilting, 4 weeks after 

the glasshouse pathogenicity test. 

 

Figure 17. Plants treated with F. oxysporum only, showing external browning 

near the bottom of stems with largely reduced root production, 4 weeks after 

the glasshouse pathogenicity test. 
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For treatments with biostimulant only, plants had distinctly larger root 

and shoot production, and stems were much thicker compared to other 

treatments. More importantly, most plants treated with biostimulant had a 

much more extensive production of the root system (Fig 19). Data of both 

above ground height and root dry weight were significantly different from 

other treatments (Figs 22, 23, 28, 29). Tissue cultures of crown and roots 

showed a mixed growth of various microbial colonies that were likely to be 

the biostimulant microorganisms (Fig 18). 

  

Figure 18. Tissue cultures of crown roots from plants treated with 

biostimulant only at the end of the glasshouse pathogenicity test 
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Figure 19. Plants treated with biostimulant only, showing advanced root and 

shoot production without any stress symptom or disease infection 

  

Figure 20. Tissue cultures of crown roots from plants treated with both 

F. oxysporum and biostimulant at the end of the glasshouse pathogenicity 

test 
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Finally, for plants that were treated with both F. oxysporum inoculum 

and biostimulant, most of them were also able to achieve similar performance 

and production with the control group (Fig 21). Data of above ground height 

and root dry weight were not significantly different between control and “both” 

groups (Figs 22 & 23). In general, plants treated with both F. oxysporum and 

biostimulant did not display any disease symptom or loss of production, even 

though tissue cultures proved that F. oxysporum was still present that co-

existed with some biostimulant microbes (Fig 20). 

 

Figure 21. Comparison of plants treated with both F. oxysporum and 

biostimulant (left) and the control (right), showing similar biomass production, 

4 weeks after the glasshouse pathogenicity tests 
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Figure 22. Mean data of above ground height of processing tomato cultivar 

H3402, 4 weeks after inoculation with F. oxysporum and biostimulant in the 

glasshouse pathogenicity test. Error bars represent 95% confident interval 

(CI) for the means, columns do not share the same letter are significantly 

different (P < 0.001) 

 

Figure 23. Mean data of root dry weight of processing tomato cultivar H3402, 

4 weeks after inoculation with F. oxysporum and biostimulant in the 

glasshouse pathogenicity test. Error bars represent 95% confidence intervals 

0

2

4

6

8

10

12

14

control pathogen biostimulant both

h
ei

gh
t/

cm

treatment groups

b

a

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

control pathogen biostimulant both

A
xi

s 
Ti

tl
e

Treatment groups

c

b 

b 

b 

c 

a 



 
44 

 

for the means. Columns that do not share the same letter are significantly 

different (P < 0.001). 

  

Figure 24. Comparison of root production between biostimulant-

treated plant (left) and F. oxysporum-inoculated plant (right) from the 

glasshouse pathogenicity tests 

 

Figure 25. Accumulative plant growth curve for F. oxysporum and 

biostimulant group, above ground height was measured on a weekly basis 

during glasshouse pathogenicity test 
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In summary, results for the glasshouse pathogenicity test using 

F.oxysporum bioassay was very similar to those for the Pythium experiment. 

Plants treated with the biostimulant only had significantly higher biomass 

production compared to the other three treatments; control and plants treated 

with both F. oxysporum and biostimulant were not significantly different from 

each other; whereas pathogen-only treatments had the lowest root dry weight 

and above ground biomass production. 

 

4.4. Repeated glasshouse pathogenicity tests with pre-

treatment of biostimulant 

For the repeated glasshouse experiments, plants were able to 

demonstrate highly consistent growth and host-pathogen interactions with the 

initial experiments, in terms of both above ground plant height and root dry 

weight data.  

However, there were some unexpected results from seedlings that had a 

pre-treatment of biostimulant during germination. Unfortunately, tomato 

seeds sown into seedling mix with pre-treatment of biostimulant were not 

able to demonstrate any growth enhancement compared to the other 

seedlings without the pre-treatment of biostimulant. As a matter of fact, 

although the initial sizes of tomato seedlings prior to transplanting into the pot 

bioassays were similar, plants in the biostimulant-only groups with pre-

treatment of biostimulant (“biostimulant*” groups) had a significant reduction 

in biomass production, especially a largely reduced root dry weight. (Figs 27, 

28, 29). On the other hand, some of the new-emerging leaves of biostimulant 
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pre-treated plants were slightly curled with discolouration. After 4 weeks of 

glasshouse pot bioassays, plants with pre-treatment of biostimulant had poor 

performance and production compared to the other plants without the pre-

treatment of biostimulant, even though they still had a better growth than the 

plants treated with respective pathogens only (Figs 26 - 29).  

On the other hand, tomato seedlings with pre-treatment of biostimulant 

that were transplanted to pot bioassays containing both pathogen inoculum 

and biostimulant (“both*” groups) did not have this large reduction in root 

development. Although plant production and performance were observed to 

be slightly worse compared to the seedlings without the pre-treatment of 

biostimulant, the difference was not significant (Figs 26-29).  

Results from the extra two treatments indicated that pre-treatment of 

seedlings with biostimulant was not likely to improve production and 

performance. However, since treatments containing biostimulant pre-

treatment and pathogens had only been tested once unlike the other groups, 

results for these two groups may not be entirely accurate and there might be 

some anomalies yet to discover. 
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Figure 26. Mean data of above ground height of processing tomato 

cultivar H3402, 4 weeks after inoculation with P. irregulare and biostimulant 

in the repeated glasshouse experiment. Error bars represent 95% confidence 

intervals of the means, columns that do not share the same letter are 

significantly different (P < 0.001). 

 

Figure 27. Mean data of root dry weight of processing tomato cultivar 

H3402, 4 weeks after inoculation with P. irregulare and biostimulant in the 

repeated glasshouse pathogenicity test. Error bars represent 95% confidence 
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intervals of the means, columns that do not share the same letter are 

significantly different (P < 0.001) 

 

Figure 28. Mean data of above ground height of processing tomato cultivar 

H3402, 4 weeks after inoculation with F. oxysporum in the glasshouse 

pathogenicity test. Error bars represent 95% confidence intervals of the 

means, columns that do not share the same letter are significantly different 

(P < 0.001) 
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Figure 29. Mean data of root dry weight of processing tomato cultivar H3402, 

4 weeks after inoculation with P. irregulare in the glasshouse pathogenicity 

test. Error bars represent 95% confidence intervals of means, columns that 

do not share the same letter are significantly different (P < 0.001). 

 

Figure 30. Accumulative plant growth curve for P. irregulare bioassay and 

biostimulant of the repeated glasshouse pathogenicity test 

 

Figure 31. Accumulative plant growth curve for F. oxysporum bioassay 

and biostimulant of the repeated glasshouse pathogenicity test 
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4.5. Active ingredient of biostimulant  

After 7-day incubation under 22°C of the original (non-sterilised) 

biostimulant solution, there was massive growth of various bacterial colonies 

of different colours and morphological features. PCR results showed these 

bacterial species were mainly beneficial Bacillus spp. such as B. megaterium 

and B. subtilis, there was also a particular nitrogen-fixation bacteria Massilia 

brevitalea. 

 

Table 1. PCR sequence of bacterial colonies from in vitro dilution plating of 

original non-sterilized biostimulant solution 

     

Bacillus 

thuringiensis 

Enterobacter 

hormaechei 

Massilia 

brevitalea 

Bacillus 

megaterium 

Bacillus 

subtilis 

 

In addition, there were also a few fungal species that have been 

isolated from the original biostimulant solution (Fig 32). Due to time 

constraints, PCR sequence analysis was not able to be performed on these 

isolates. However, it was possible to identify some species based on 

morphological features. Due to the presence of long sporangiophores with 

dark sporangiospores, one of them was beneficial Rhizopus spp (bottom 
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right). Moreover, the presence of green and white colonies with a dense felt 

of spores indicated some of them were Penicillium spp.  

 

Figure 32. Fungal cultures from dilution plating of original non-autoclaved 

biostimulant solution  

 

4.6. Biological activities of biostimulant against P. irregulare growth in vitro 

In the in vitro toxicity test, the original biostimulant solution without 

sterilisation was able to suppress P. irregulare growth. The autoclave-

sterilised and filter-sterilised biostimulant solutions did not inhibit pathogen 

growth (Fig 35).  
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 The pathogen growth in the 1% untreated biostimulant solution and 

water control was not affected with the mycelium fully growing across the 

medium in the agar plates within 3 days. The 5% and above concentrations 

inhibited pathogen growth from day two. Diameter of pathogen growth 

gradually decreased with increased biostimulant concentration, where 30% 

treatment stopped pathogen growth completely. For autoclaved and filter 

sterilised biostimulant solutions, the mycelium of the pathogen in almost all of 

the replicates were able to fully colonise the agar plates within three to four 

days. As a result, there was no relationship between pathogen growth and 

biostimulant concentration for autoclaved and filter sterilised biostimulant 

solutions. On the contrary, there was a strong regression between 

concentration of original biostimulant solution and growth of P. irregulare (Fig 

35). 

For treatment with original biostimulant solution in particular, there were 

various bacterial colonies present on agar plates, which co-existed with P. 

irregulare (Fig 33), however there was no distortion of mycelia or antibiosis 

observed under the microscope. 

   

Figure 33. Microscopic pictures of P. irregulare growth on PDA 7 days 

after the in vitro pathogenicity test with 10% volumetric ratio of biostimulant 
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solution, agar plugs containing P. irregulare was surrounded by large number 

of bacterial colonies.  

  

Figure 34. Pictures of P. irregulare growth of control group 3 days after in 

vitro pathogenicity test 

 

Figure 35. Mean diameter of P. irregulare growth on PDA in response to 

increased biostimulant concentrations, 7 days after in vitro pathogenicity test 

under 22°C. (Regression Analysis, P < 0.001). 
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4.7. Biological activities of biostimulant against F. oxysporum growth in 

vitro 

As for F. oxysporum, the general trend of pathogen growth with the three 

treatments of biostimulant solutions was similar to that of P. irregulare, 

however the reduction in growth diameter was not as clear and quick as for 

P. irregulare. Similarly, amongst the three treatments, only the original 

biostimulant solution was able to effectively reduce growth of F. oxysporum, 

however the degree of reduction was relatively weaker than that of P. 

irregulare. Moreover, there was barely any reduction in pathogen mycelium 

diameter from the autoclaved and filter sterilised biostimulant treatments. 

For original biostimulant solution, diameters of pathogen growth stared to 

decrease from relatively low concentrations (Fig 36). As the concentration of 

biostimulant gradually increased, growth of F. oxysporum was inhibited 

gradually. However, since Fusarium is a slow-growing pathogen compared to 

Pythium, a clear reduction of pathogen growth was only observed after day 3. 

Similarly, there were also many bacterial colonies growing over the agar 

plates, which co-existed with the pathogen (Fig 37a, d). For treatments with 

autoclaved and filter sterilised biostimulant solutions, diameter of mycelium 

growth was consistent with the control treatment; no microbial colony was 

observed, even for groups treated with relatively high concentration such as 

20% and 30%. Thus, confirming that autoclaved and filter sterilised 

biostimulant solutions were not able to inhibit F. oxysporum growth. 

Similar to P. irregulare, concentration of biostimulant could also determine 

the effect of inhibition against F. oxysporum. For the original biostimulant 

solution in particular, there was also a strong regression between 



 
55 

 

concentration and diameter of pathogen growth, i.e. the higher the 

concentration, the smaller and slower F. oxysporum grew (Figs 36 & 37a).  

 

Figure 36. Mean diameter of F. oxysporum growth on PDA in response to 

increased biostimulant concentrations, 7 days after in vitro pathogenicity test 

under 22°C. (Regression Analysis, P < 0.001). 

  

Figure 37a. F. oxysporum growth on 1% (left), 15% (middle) and control 

(right) volumetric ratio concentration of non-autoclaved original biostimulant 
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solution, co-existed with bacterial colonies, 7 days after in vitro pathogenicity 

test with F. oxysporum. 

 

Figure 37b. F. oxysporum growth on 20% volumetric ratio concentration 

of autoclaved biostimulant solution, no bacterial colony was observed at the 

end of in vitro pathogenicity test. 

 

Figure 37c. F. oxysporum growth on 20% volumetric ratio concentration of 

filter sterilised biostimulant solution, no bacterial colony was observed at the 

end of in vitro pathogenicity test. 
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Figure 37d. Microscopic pictures of F. oxysporum growth on PDA in the in 

vitro pathogenicity test with 20% volumetric ratio of original biostimulant 

solution, a large number of bacterial colonies co-existed with pathogen, no 

antibiosis or distortion of fungal mycelia was observed. 

 

In summary, the in vitro toxicity test for F. oxysporum showed similar 

pathogen-biostimulant interactions to P. irregulare. For biostimulant solutions 

that were autoclaved and filter sterilised, there was barely any inhibition 

against pathogen growth, whereas the original biostimulant solution was able 

to inhibit F. oxysporum growth, yet there were also a number of bacterial 

colonies present that co-existed with pathogens. In addition, there was no 

distortion of fungal mycelia or antibiosis therefore, the reduction of fungal 

growth was more likely due to pure competition from the bacterial colonies 

that simultaneously existed with the pathogen. 

 

5. Discussion 

5.1. Biostimulant dose effect on plant growth and development 
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The concentration or dose of the NutriSmart biostimulant effected plant 

growth and root production. 

Most tomato seedlings treated with 3% and 5% volumetric ratio of 

biostimulant had very poor growth, and the purple colour on leaves and 

stems was typical stress symptoms (Bai, Kissoudis, Yan, Visser, & van der 

Linden, 2018). These plants also had largely damaged root systems and 

extremely thin stems. The Rhizopus spp. cultured from dead plant tissues 

might be one of the possible causes to the plant deaths under high doses of 

biostimulant. Although the source of Rhizopus spp. was impossible to prove, 

it may have come from the higher concentration of biostimulant treatments or 

from external environment with Rhizopus being an air borne species (Sircar 

& Bhattacharya, 2012). On the other hand, for plants treated with 1% 

volumetric ratio of biostimulant, both above and below ground biomass 

production were largely higher than plants treated with higher doses of 

biostimulant. This could possibly be due to the active microorganisms from 

the biostimulant interacting with the rhizosphere microbiome and tomato root 

system, inducing an enhancement of root and biomass production. 

Consequently, over-application of biostimulant to young tomato plants might 

induce some detrimental effects that could cause reduced growth and poorer 

root development. 

Past researches have studied how different concentrations of plant 

growth promoting bacteria (PGPB) and beneficial fungi influenced plant 

growth. For instance, plants that were successfully infected with some 

pathogenic Alternaria, Botrytis and Sclerotinia spp. did not display any 

disease symptoms or loss of production after treatment with beneficial strains 
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of Bacillus spp. (Asari, Matzen, Petersen, Bejai, & Meijer, 2016). The 

protective effect of various concentrations of the beneficial Bacillus spp. on 

host plants showed that although all different concentrations were able to 

protect host plants from developing disease symptoms in glasshouse trials, 

plants treated with the highest concentration of Bacillus were found to have 

less shoot and root production compared to plants treated with relatively 

lower doses. 

Moreover, Singh et al. (2016) showed that for certain beneficial 

Trichoderma species, high spore concentrations, such as 107-108 spores ml-

1 and 106-108 spores ml-1, largely reduced germination rate and radicle 

growth of tomato seeds compared to the controls that contained no 

Trichoderma spores. Whereas the most optimum concentration that was able 

to effectively stimulate germination rate and biomass production of tomato 

plants was found to be 103 spores ml−1. 

Thus, the minitrial demonstrated that a high concentration of biostimulant 

above a certain threshold level (1%) may have negative impacts on plant 

growth and performance, although the threshold levels may vary amongst 

different host species. The mechanisms of why excessive number of 

beneficial microorganisms could induce a detrimental effect on plants were 

not quite clear, however some studies suggested this may be due to nutrient 

toxicity caused by increased availability of essential nutrients fixed by those 

beneficial microbes, which largely exceeded plant demand. It was also 

possible that these beneficial aerobic bacteria and fungi may compete for 

oxygen and other resources with host plants, which leads to oxygen 
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depletion of root systems and thus induced further damage to plants (Wu, 

Du, Zhuang, & Jing, 2013).  

As a result, despite the fact that most studies regarding beneficial soil 

microorganisms have focused on their protective and stimulative effects on 

host plants, it is also possible that plant growth can be negatively influenced 

if the number of beneficial microbes is higher than threshold levels. In 

addition, this minitrial also suggested that careful consideration of optimum 

concentration is necessary prior to any future experiments and field 

application. 

 

5.2. Pythium irregulare bioassay with biostimulant 

Results from the two P. irregulare bioassay trials with NutriSmart 

biostimulant were highly consistent. Application of biostimulant successfully 

stimulated plant growth and root production. Applying biostimulant together 

with P. irregulare inoculum in the soil also protected the tomato plants from 

growth loss and prevented the development of disease symptoms. 

Nevertheless, as the glasshouse pathogenicity test was run for only 4 weeks, 

only above ground symptoms were observed, any symptoms on root 

morphological changes were not able to be recorded or analysed. 

 Although plants treated with the biostimulant and P. irregulare did not 

experience any loss of production or disease infection, tissue cultures from 2 

out of 8 replicates showed that the pathogen was not eliminated completely 

by biostimulant, indicating that the amount of pathogen inoculum in the soil 

might have been reduced below threshold level required to cause disease. 
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The remaining pathogen inoculum may have resulted in a low level of 

infection which was not adequate to cause any disease on plants and 

therefore plants had a healthy performance, without experiencing any loss of 

production. 

As P. irregulare is a fast-growing oomycete pathogen species, plants 

were able to establish clear disease symptoms within 1 week in the 

glasshouse pathogenicity tests. However, after 3 weeks of inoculation with P. 

irregulare, an increase in plant growth was observed and the plants started to 

grow slightly faster than previous weeks with a reduction in stunting. This 

indicated that P. irregulare is more likely to infect host plants in their early life 

stages (Weiland et al., 2015). However, the damage caused by P. irregulare 

in early stages was quite severe, which explained why plants treated with 

pathogen only still had the lowest growth and biomass production at harvest. 

 

5.3. Fusarium oxysporum bioassay with biostimulant 

The general trend of F. oxysporum glasshouse bioassay was similar to 

that of P. irregulare. Although F. oxysporum has a relatively slow growth, 

disease incidence and severity are much more serious than P. irregulare. 

The repeat experiment was also able to demonstrate highly consistent results 

to the first experiment. Similar to P. irregulare, biostimulant application 

induced root development on processing tomato plants. Applying 

biostimulant together with F. oxysporum inoculum in the soil also protected 

the plants from pathogen infection and loss of root growth. 
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For biostimulant-treated plants, numerous microbes were isolated 

from the root and crown tissues, which were likely to be the biostimulant 

microorganism that may have caused extensive root and shoot production. 

On the other hand, for plants treated with both F. oxysporum and 

biostimulant, the pathogen was isolated from mostly all of the replicates, 

which indicated that F. oxysporum was still present in the soil and host plants 

without being completely eradicated by the biostimulant. Similar to the P. 

irregulare bioassay, the amount of pathogen inoculum in the soil might have 

been reduced below threshold level required to cause disease development 

although root infection did occur. As a result, plants did not display any 

disease or stress symptoms, or loss of production. 

At the end of glasshouse pathogenicity tests, the number of replicates 

with F. oxysporum infection were relatively more than that of P. irregulare 

after treatment with the biostimulant, therefore the efficacy of NutriSmart 

biostimulant against F. oxysporum may not be as effective as that for P. 

irregulare. 

The accumulative growth curve demonstrated that in general, the rate 

of disease development on host plants of F. oxysporum and the host-

pathogen interactions were slightly different from P. irregulare. As mentioned 

previously, since Fusarium oxysporum is a relatively slow-growing species, 

plants in all treatments did not have significant difference in terms of above 

ground height during the first two weeks. Nonetheless, above ground plant 

height started to differ largely after 2 weeks of respective treatments. As the 

pathogen progressively colonised the host plants, the growth of plants 

infected with F. oxysporum reduced rapidly from the third measurement. This 
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showed that F.oxysporum is able to target middle to late life stages of host 

plants (Gordon, 2017). Unlike P. irregulare bioassay, most of the plants 

infected with F. oxysporum were not able to recover at the end of the 

glasshouse pathogenicity tests, confirming that F. oxysporum was more 

pathogenic than P. irregulare. 

 

5.4. Influence of biostimulant application time on plant growth 

The possible causes of the reduction in biomass production especially 

the largely reduced root dry weight associated with pre-treatment of 

biostimulant may have been due to the influence of plant age, or growth 

stage at time of application of biostimulant. 

For biocontrol strategies in cereal crops, the age of plants when being 

exposed to Streptomyces spp. was an extremely important factor that could 

influence the efficacy of Streptomyces on host plants (Newitt, Prudence, 

Hutchings, & Worsley, 2019). This was because the assemblage of soil 

microbes was largely influenced by the various growth stages of plants 

(Chaparro, Badri, & Vivanco, 2014). In this particular research, four different 

growth stages of plants were analysed: seedling, vegetative, bolting and 

flowering. During seedling stage, the microbial community in the rhizosphere 

was extremely distinct from the other three stages. A conclusion from this 

research demonstrated that plants were able to select different microbes at 

various developmental stages that may function differently. In addition, a 

significant change of soil microbial community throughout the lifecycle of rice 

was also observed (Edwards et al., 2018). This study presented that the 
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interaction of root exudates with rhizosphere microbiota was highly active 

during plant vegetative growth, and remained comparatively dormant during 

the other three phases especially during seedling stage. As the interactions 

of host plants with beneficial microbes were found to be dormant during seed 

germination, over-supplementation of those beneficial microbes in the form of 

pre-treatment of biostimulant may not be necessary.  

Potential toxicity could be another reason that caused the reduction in 

biomass production on biostimulant pre-treated seedlings. Although the 

concentration of biostimulant used in the pre-treatment was exactly the same 

1% of pot volume as previously used, the tomato seedlings with pre-

treatment of biostimulant were technically being exposed to the same amount 

of biostimulant twice throughout the glasshouse experiments: the first time 

was during seedling stage with the pre-treatment and the second time was 

after transplanting them into pot bioassays, which also contained 

biostimulant. Similar to what happened with the tomato seedlings under high 

concentrations from the minitrial, once the concentration of biostimulant 

exceeded 3% of pot volume, tomato seedlings started to establish stress 

systems, followed by reduced root production. As the tomato seedlings with 

pre-treatment of biostimulant started to grow in a much slower rate during the 

first week of the pot bioassays for both pathogen species, and slow growth 

was maintained throughout the glasshouse experiments, it was therefore 

possible that the excessive biostimulant microorganisms might have become 

detrimental and started to cause damage to plant growth and performance. 

As previous studies found, plants treated with higher concentrations of 
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beneficial microbes had induced a decrease in production of both plant root 

and shoot systems (Asari et al., 2016).  

On the other hand, considering the seedlings with pre-treatment of 

biostimulant, were then transplanted into pot bioassays containing both 

pathogen and biostimulant (“both*” groups), above ground height and root 

dry weight data were not statistically different from the plants in “both” groups 

without the pre-treatment of biostimulant. Consequently, the interaction of 

biostimulant with pathogen inoculum in the soil might delay the reduction in 

plant growth, as the interactions of pathogen with the excessive number of 

biostimulant microorganisms reduced the toxicity caused by the high 

concentration of microbes. 

The treatments containing both pre-treatment of biostimulant and 

pathogens were only experimented once without repetition for each 

pathogen, however the results were similar in the two trials. Nonetheless, the 

comparison between seedlings with and without the pre-treatment of 

biostimulant was able to convey the idea that growth stage, or age of host 

plants at the time of application is also an important factor to consider before 

implementing any microbial-based stimulating methods. 

 

5.5. Inhibitive effects of biostimulant on pathogens 

The major beneficial microbes in the NutriSmart biostimulant were 

Bacillus, Actinomycetes, Streptomyces, Trichoderma, Aspergillus, Penicillium 

and Rhizopus spp. These have been used in previous studies as beneficial 

microorganisms that stimulates plant growth and increases biomass. 
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Manetsberger et al. (2018) showed that beneficial bacterial strains such as 

Bacillus megaterium and B. subtilis, to be effective in the stimulation of plant 

growth and production. 

Pseudomonas, Streptomyces and Actinomycetes spp. were not 

isolated from the NutriSmart biostimulant, although they were referred to in 

the commercial analysis sheets to be part of the microbial composition. 

Meisner & de Boer (2018) reported that these bacteria provided inhibition 

against some fungal and oomycetes pathogens, due to their ability to secrete 

pathogen-inhibiting volatiles. Antagonistic interactions were often found 

between certain pathogens and those beneficial bacterial species. Moreover, 

production of secondary metabolites and toxic chemicals were also 

associated with beneficial rhizosphere microbiomes. Under ideal 

circumstances, antibiosis may occur thus pathogen growth could be inhibited 

(Haas & Defago, 2005). Streptomyces spp. in particular, was very effective 

against certain phytopathogens in cereal crops due to their ability to produce 

“potent antimicrobial secondary metabolites” and various volatile organic 

compounds. Newitt et al., (2019) reported that Streptomyces spp. were able 

to produce a particular enzyme called chitinase, whose main function was to 

degrade chitin present in cell walls of phytopathogens. This enzyme 

produced by Streptomyces was found to be particularly effective against soil 

borne pathogens such as Fusarium and Rhizoctonia. 

In addition to direct inhibition such as antibiosis and secretion of toxic 

secondary metabolites, indirect inhibition against soil borne pathogens have 

also been reported. Beneficial microbes require a specific ecological niche, 

nutrients, oxygen and other resources to live and reproduce, thus limiting the 
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available resources to pathogens and hence creating a far less suitable 

environment. This phenomenon have been defined as “competitive 

exclusion” (Newitt et al., 2019 & Worsley 2019), where pathogen growth 

would be largely reduced in the simultaneous presence of various bacterial 

colonies. However, this mechanism only implied on Petri dishes and was not 

likely to be effective in the rhizosphere. 

There was no clear inhibition observed from the autoclave-sterilised 

and filter-sterilised biostimulant solutions against either P. irregulare or F. 

oxysporum, thus direct inhibition against both pathogens from secondary 

metabolites did not likely occur in this case. Pathogen grown in vitro on 

medium containing the untreated biostimulant solution had reduced mycelial 

growth but no distrotion of hyphae or antibiosis, thus the reduction of 

pathogen growth was not likely to be direct inhibition. On the contrary, it was 

highly likely that the gradual reduction in pathogen growth was due to 

“competitive exclusion”. Since nutrients were taken up and utilised by the 

bacterial colonies, there were inadequate resources left for the pathogens to 

develop and colonise the space. The large reduction in pathogen growth in 

vitro under high concentrations of biostimulant was due to competitive 

exclusion as a higher concentration of mcirobes grew in the Petri dishes. 

Since the autoclaved and filter sterilised biostimulant solutions did not induce 

any significant inhibitionagainst pathogen growth, it was highly likely that 

proteins, secondary metabolites and chemical produced by the beneficial 

mcirobes in the NutriSmart biostimulant may not be able to effectively 

suppress P. irregulare or F.oxysporum growth in vitro.  
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Nonetheless, although the direct inhibition against P. irregulare or F. 

oxysporum was not as effective under laboratory conditions, the situation 

might be different in glasshouse or actual fields as the interactions amongst 

host plants, rhizosphere microbiome, living microorganisms and chemicals 

(secondary metabolites, proteins etc.) from the biostimulant are likely to be 

much complex. 

 

5.6. Stimulative effects of biostimulant on plants 

Biostimulant application effectively increased tomato plant growth and 

enhanced root production, as well as protected plants from pathogen 

infection. The mode of action of the NutriSmart biostimulant may have been 

due to three possible mechanisms: firstly, the beneficial microorganisms in 

the biostimulant might have been able to directly or indirectly increase the 

secretion of plant growth hormones, which induced root and shoot growth 

(Oluwaseyi Samuel Olanrewaju, Bernard R. Glick, & Olubukola Oluranti 

Babalola, 2017). Secondly, many beneficial soil microorganisms have been 

proven to be associated with increased nutrient availability. Once the 

availability of essential nutrients are increased, both root and shoot 

production of plants would be rapidly increased (Verbon et al., 2017). Thirdly, 

secondary metabolites produced by the beneficial microorganisms in the 

biostimulant might have been able to switch on specific genes or proteins 

that could trigger plant defence system, providing improved plant defence 

and immunity, thus enabling host plants to become more resistant against 

attacking pathogens. (Ueki, Kaku, & Ueki, 2018).  
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For plant growth promoting bacteria such as Bacillus, Actinomycetes 

and Streptomyces, past researches suggested the main reason they were 

able to stimulate root growth was the ability to directly secrete auxins, which 

is essential for plant growth and development (Oluwaseyi Samuel 

Olanrewaju et al., 2017). Furthermore, cytokinin production was also 

detected when Bacillus spp. was used as supplementary microbes in soil to 

promote plant growth, although how these plant growth hormones were 

produced as secondary metabolites from beneficial microorganisms still 

remains unclear. These are examples of how PGPB secrete plant growth 

hormones directly as their secondary metabolites. In addition, application of 

beneficial microorganisms has been reported to alter root morphological 

structures through stimulating the secretion of plant growth hormones from 

the host plants (Asari et al., 2017). Through application of beneficial Bacillus 

and Trichoderma species, the root architecture was altered with lateral roots, 

root lengths and total root area largely increased. In addition, the signalling 

pathway of several plant growth hormones had also been improved, which 

increased secretion of those hormones by the plants and consequently 

achieved faster plant growth with higher biomass production. Furthermore, 

secondary metabolites and enzymes produced by the beneficial strains of 

Bacillus were also shown to actively stimulate the secretion of essential 

growth hormones by host plants (Hashem, Tabassum, & Fathi Abd Allah, 

2019). As a result, the stimulative effects of biostimulants could be due to 

direct production of plant growth hormones as secondary metabolites that 

aids plant growth and development, or indirectly stimulation of plant signalling 

pathways that increased the production of plant growth hormones from the 
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host plants. Both mechanisms result in enhanced root production, improved 

plant performance and increased biomass production. 

In addition, most of the beneficial organisms were found to be involved in 

many nutrient synthesis pathways, such as nitrogen fixation, phosphorus 

solubilization and synthesis of other essential nutrients such as potassium, 

iron and zinc etc. For nitrogen fixation in particular, those beneficial microbes, 

especially Massilia brevitalea that was isolated from the biostimulant, could 

fix a large amount of non-available forms of nitrogen such as nitrogen gas 

into readily available forms for plant uptake (Mus et al., 2016). Plants were 

then able to utilise more available nitrogen and thereby producing more 

branches with bigger leaves and enhanced production of lateral roots 

(Karlson et al., 2015), and consequently achieved higher plant growth. 

Furthermore, these beneficial microbes were also found to play an important 

role in phosphorus solubilization. They are able to convert insoluble organic 

and inorganic forms of phosphate into readily soluble forms for plants to 

utilise. The most effective bacterial strains that are able to achieve this 

conversion was found to be Bacillus, Rhizobium and Pseudomonas spp. 

(Saharan and Nehra, 2011). With increased availability of phosphorus, plants 

could have an increased yield and performance (Kumpiene et al., 2016). 

Other than those two main nutrients, soil organic matter, oxygen levels and 

the availability of other important nutrients have also been elevated due to 

addition of beneficial microorganisms in soil (Jiao et al., 2018), which 

interacted with the host plants to elevate biomass production. As a result, 

with increased nutrient availability, plants are likely to have improved yield 

and performance. 
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The presence of beneficial microbes is also able to trigger certain 

plant defence systems and thereby increasing plant resistance against 

several pathogens. The activation of plant defence systems can be triggered 

from various pathways. The first and most commonly known activation of 

plant defence system from beneficial microbes, was via the secretion of 

enzymes directly to external environment, which was able to be recognised 

by specific recognition receptors as a stimuli to trigger induced plant defence 

system (Köhl, Kolnaar, & Ravensberg, 2019). Consequently, improved host 

resistance could be achieved and thereby is possible to protect the host 

plants against attacking pathogens. Another activation mechanism occurred 

when the production of secondary metabolites, exudates and other chemicals 

from beneficial microbes interacted with host plants and switched on 

particular immune-regulatory genes, thus inducing higher plant resistance 

(Bernsdorff et al., 2016). The expression of direct and indirect defence genes 

could both triggered by application of Trichoderma spp. on table tomatoes 

(Coppola et al., 2019). Once expression of particular plant defence genes 

was elevated, tomato plants were found to have increased resistance against 

both abiotic and biotic stressors that may negatively influence yield and 

production. Finally, increased availability of iron production from beneficial 

microbial synthesis could also help increase plant immunity. Some beneficial 

microbes were able to produce siderophores, which is a type of iron chelator 

that has been proven to effectively activate plant defence against fungal, 

oomycetes and bacterial infection (Aznar et al., 2014). Consequently, the 

molecular interaction of beneficial microbes and host plants was able to 
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induce activated plant immunity and more effective defence system, thus 

achieved higher plant resistance against attacking pathogens. 

In the glasshouse experiments, all of the plants with biostimulant 

treatment did not display any signs of disease infection, nutrient deficiency or 

stresses. Due to time limit it was impossible to scan individual root 

morphological changes or composition of the rhizosphere microbiome. 

Nevertheless, according to results from PCR sequencing, those bacterial 

colonies of Bacillus spp. from the dilution plating are typical biostimulating 

agents, and the particular bacteria Massilia brevitalea is an effective nitrogen 

fixation bacterium. The young tomato plants were stimulated effectively, in 

terms of increased production of growth hormones, increased nutrient 

availability and elevated immunity. These properties may have acted 

interactively to encounter the attacking pathogens, which protected the plants 

from experiencing disease infection and loss of production. 

 

6. Conclusion 

In summary, applying biostimulant to healthy processing tomato 

seedlings was able to stimulate plant growth and development thus achieved 

better performance and higher production. In addition, the NutriSmart 

biostimulant protected the plants from infection by P. irregulare and F. 

oxysporum hence, the biostimulant could also be used as an alternative 

disease management strategy. Since direct inhibition against P. irregulare 

and F. oxysporum was not observed, the stimulative effect of biostimulant on 

host plants was much more likely in terms of, a: direct secretion and indirect 
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stimulation of production of plant growth hormones, b: being involved in 

various nutrient fixation cycles hence increasing the availability for plant 

uptake, and c: switch on particular genes that activated or elevated plant 

immunity and defence systems against attacking pathogens. Nevertheless, 

although there was no direct inhibition of biostimulant against P. irregulare 

and F. oxysporum in vitro, the interactions amongst biostimulant with 

rhizosphere microbiome, pathogens and the host plants in the glasshouse 

may be different and more complicated from what occurred in a sterile 

environment. Consequently, further experiments such as molecular analysis 

of root morphological changes and plants exudates production, as well as 

more genomic-based works such as transcriptomics to study RNA 

expression need to be done to fully understand the mechanisms of 

biostimulation on host plants. 

 

 

 

 

 

 

 

 

 

 



 
74 

 

7. References 

Callaghan, S.E., Burgess, L.W., Ades, P., Mann, E., Morrison, A., Tesoriero, L.A., & Taylor, 
P.W.J. (2017). Identification and pathogenicity of Pythium species associated with 
poor growth of tomato plants in the Australian Processing Tomato Industry.  

Asari, S., Matzen, S., Petersen, M. A., Bejai, S., & Meijer, J. (2016). Multiple effects of 
Bacillus amyloliquefaciens volatile compounds: plant growth promotion and growth 
inhibition of phytopathogens. FEMS Microbiol Ecol, 92(6), fiw070. 
doi:10.1093/femsec/fiw070 

Asari, S., Tarkowska, D., Rolcik, J., Novak, O., Palmero, D. V., Bejai, S., & Meijer, J. (2017). 
Analysis of plant growth-promoting properties of Bacillus amyloliquefaciens 
UCMB5113 using Arabidopsis thaliana as host plant. Planta, 245(1), 15-30. 
doi:10.1007/s00425-016-2580-9 

Assainar, S. K., Abbott, L. K., Mickan, B. S., Whiteley, A. S., Siddique, K. H. M., & Solaiman, Z. 
M. (2018). Response of Wheat to a Multiple Species Microbial Inoculant Compared 
to Fertilizer Application. Front Plant Sci, 9, 1601. doi:10.3389/fpls.2018.01601 

Aznar, A., Chen, N. W., Rigault, M., Riache, N., Joseph, D., Desmaële, D., . . . Dellagi, A. 
(2014). Scavenging iron: a novel mechanism of plant immunity activation by 
microbial siderophores. Plant Physiol, 164(4), 2167-2183. 
doi:10.1104/pp.113.233585 

Bai, Y., Kissoudis, C., Yan, Z., Visser, R. G. F., & van der Linden, G. (2018). Plant behaviour 
under combined stress: tomato responses to combined salinity and pathogen 
stress. Plant J, 93(4), 781-793. doi:10.1111/tpj.13800 

Bernsdorff, F., Döring, A. C., Gruner, K., Schuck, S., Bräutigam, A., & Zeier, J. (2016). 
Pipecolic Acid Orchestrates Plant Systemic Acquired Resistance and Defense 
Priming via Salicylic Acid-Dependent and -Independent Pathways. Plant Cell, 28(1), 
102-129. doi:10.1105/tpc.15.00496 

Chaparro, J. M., Badri, D. V., & Vivanco, J. M. (2014). Rhizosphere microbiome assemblage 
is affected by plant development. The ISME journal, 8(4), 790-803. 
doi:10.1038/ismej.2013.196 

Colla, G., Hoagland, L., Ruzzi, M., Cardarelli, M., Bonini, P., Canaguier, R., & Rouphael, Y. 
(2017). Biostimulant Action of Protein Hydrolysates: Unraveling Their Effects on 
Plant Physiology and Microbiome. Front Plant Sci, 8, 2202. 
doi:10.3389/fpls.2017.02202 

Colla, G., Rouphael, Y., Di Mattia, E., El-Nakhel, C., & Cardarelli, M. (2015). Co-inoculation of 
Glomus intraradices and Trichoderma atroviride acts as a biostimulant to promote 
growth, yield and nutrient uptake of vegetable crops. J Sci Food Agric, 95(8), 1706-
1715. doi:10.1002/jsfa.6875 

Coppola, M., Diretto, G., Digilio, M. C., Woo, S. L., Giuliano, G., Molisso, D., . . . Rao, R. 
(2019). Transcriptome and Metabolome Reprogramming in Tomato Plants by 
Trichoderma harzianum strain T22 Primes and Enhances Defense Responses 
Against Aphids. Front Physiol, 10, 745. doi:10.3389/fphys.2019.00745 

Cordovez, V., Schop, S., Hordijk, K., Dupre de Boulois, H., Coppens, F., Hanssen, I., . . . 
Carrion, V. J. (2018). Priming of Plant Growth Promotion by Volatiles of Root-
Associated Microbacterium spp. Appl Environ Microbiol, 84(22). 
doi:10.1128/aem.01865-18 

Crovadore, J., Xu, S., Chablais, R., Cochard, B., Lukito, D., Calmin, G., & Lefort, F. (2017). 
Metagenome-Assembled Genome Sequence of Rhodopseudomonas palustris Strain 
ELI 1980, Commercialized as a Biostimulant. Genome Announc, 5(18). 
doi:10.1128/genomeA.00221-17 



 
75 

 

Edwards, J. A., Santos-Medellin, C. M., Liechty, Z. S., Nguyen, B., Lurie, E., Eason, S., . . . 
Sundaresan, V. (2018). Compositional shifts in root-associated bacterial and 
archaeal microbiota track the plant life cycle in field-grown rice. PLoS Biol, 16(2), 
e2003862. doi:10.1371/journal.pbio.2003862 

Garcia-Gonzalez, J., & Sommerfeld, M. (2016). Biofertilizer and biostimulant properties of 
the microalga Acutodesmus dimorphus. J Appl Phycol, 28, 1051-1061. 
doi:10.1007/s10811-015-0625-2 

Gillis, A., Fayad, N., Makart, L., Bolotin, A., Sorokin, A., Kallassy, M., & Mahillon, J. (2018). 
Role of plasmid plasticity and mobile genetic elements in the entomopathogen 
Bacillus thuringiensis serovar israelensis. FEMS Microbiol Rev, 42(6), 829-856. 
doi:10.1093/femsre/fuy034 

Gordon, T. R. (2017). Fusarium oxysporum and the Fusarium Wilt Syndrome. Annu Rev 
Phytopathol, 55, 23-39. doi:10.1146/annurev-phyto-080615-095919 

Haas, D., & Defago, G. (2005). Biological control of soil-borne pathogens by fluorescent 
pseudomonads. Nat Rev Microbiol, 3(4), 307-319. doi:10.1038/nrmicro1129 

Hashem, A., Tabassum, B., & Fathi Abd Allah, E. (2019). Bacillus subtilis: A plant-growth 
promoting rhizobacterium that also impacts biotic stress. Saudi J Biol Sci, 26(6), 
1291-1297. doi:10.1016/j.sjbs.2019.05.004 

Jiao, S., Chen, W., Wang, J., Du, N., Li, Q., & Wei, G. (2018). Soil microbiomes with distinct 
assemblies through vertical soil profiles drive the cycling of multiple nutrients in 
reforested ecosystems. Microbiome, 6(1), 146. doi:10.1186/s40168-018-0526-0 

Karlson, A. M., Duberg, J., Motwani, N. H., Hogfors, H., Klawonn, I., Ploug, H., . . . 
Gorokhova, E. (2015). Nitrogen fixation by cyanobacteria stimulates production in 
Baltic food webs. Ambio, 44 Suppl 3, 413-426. doi:10.1007/s13280-015-0660-x 

Köhl, J., Kolnaar, R., & Ravensberg, W. J. (2019). Mode of Action of Microbial Biological 
Control Agents Against Plant Diseases: Relevance Beyond Efficacy. Front Plant Sci, 
10, 845. doi:10.3389/fpls.2019.00845 

Kumpiene, J., Brannvall, E., Wolters, M., Skoglund, N., Cirba, S., & Aksamitauskas, V. C. 
(2016). Phosphorus and cadmium availability in soil fertilized with biosolids and 
ashes. Chemosphere, 151, 124-132. doi:10.1016/j.chemosphere.2016.02.069 

Liu, Y., Chen, L., Wu, G., Feng, H., Zhang, G., Shen, Q., & Zhang, R. (2017). Identification of 
Root-Secreted Compounds Involved in the Communication Between Cucumber, the 
Beneficial Bacillus amyloliquefaciens, and the Soil-Borne Pathogen Fusarium 
oxysporum. Mol Plant Microbe Interact, 30(1), 53-62. doi:10.1094/mpmi-07-16-
0131-r 

Lucas, J. A., Hawkins, N. J., & Fraaije, B. A. (2015). The evolution of fungicide resistance. Adv 
Appl Microbiol, 90, 29-92. doi:10.1016/bs.aambs.2014.09.001 

Lucini, L., Rouphael, Y., Cardarelli, M., Bonini, P., Baffi, C., & Colla, G. (2018). A Vegetal 
Biopolymer-Based Biostimulant Promoted Root Growth in Melon While Triggering 
Brassinosteroids and Stress-Related Compounds. Front Plant Sci, 9, 472. 
doi:10.3389/fpls.2018.00472 

Meisner, A., & de Boer, W. (2018). Strategies to Maintain Natural Biocontrol of Soil-Borne 
Crop Diseases During Severe Drought and Rainfall Events. Front Microbiol, 9, 2279. 
doi:10.3389/fmicb.2018.02279 

Mus, F., Crook, M. B., Garcia, K., Garcia Costas, A., Geddes, B. A., Kouri, E. D., . . . Peters, J. 
W. (2016). Symbiotic Nitrogen Fixation and the Challenges to Its Extension to 
Nonlegumes. Appl Environ Microbiol, 82(13), 3698-3710. doi:10.1128/aem.01055-
16 

Newitt, J. T., Prudence, S. M. M., Hutchings, M. I., & Worsley, S. F. (2019). Biocontrol of 
Cereal Crop Diseases Using Streptomycetes. Pathogens (Basel, Switzerland), 8(2), 
78. doi:10.3390/pathogens8020078 



 
76 

 

Olanrewaju, O. S., Glick, B. R., & Babalola, O. O. (2017). Mechanisms of action of plant 
growth promoting bacteria. World journal of microbiology & biotechnology, 33(11), 
197-197. doi:10.1007/s11274-017-2364-9 

Olanrewaju, O. S., Glick, B. R., & Babalola, O. O. (2017). Mechanisms of action of plant 
growth promoting bacteria. World journal of microbiology & biotechnology, 33(11), 
197. doi:10.1007/s11274-017-2364-9 

Przybysz, A., Gawronska, H., & Gajc-Wolska, J. (2014). Biological mode of action of a 
nitrophenolates-based biostimulant: case study. Front Plant Sci, 5, 713. 
doi:10.3389/fpls.2014.00713 

Ricci, M., Tilbury, L., Daridon, B., & Sukalac, K. (2019). General Principles to Justify Plant 
Biostimulant Claims. Front Plant Sci, 10, 494. doi:10.3389/fpls.2019.00494 

Singh, V., Upadhyay, R. S., Sarma, B. K., & Singh, H. B. (2016). Trichoderma asperellum spore 
dose depended modulation of plant growth in vegetable crops. Microbiol Res, 193, 
74-86. doi:10.1016/j.micres.2016.09.002 

Sircar, G., & Bhattacharya, S. G. (2012). 221 Allergenic Significance of Airborne Rhizopus 
Stolonifer (ehrenb.) Vuill, a Common Bread Mold. The World Allergy Organization 
Journal, 5(Suppl 2), S90-S90. doi:10.1097/01.WOX.0000411978.49685.7f 

Ueki, A., Kaku, N., & Ueki, K. (2018). Role of anaerobic bacteria in biological soil 
disinfestation for elimination of soil-borne plant pathogens in agriculture. Appl 
Microbiol Biotechnol, 102(15), 6309-6318. doi:10.1007/s00253-018-9119-x 

van Gils, S., Tamburini, G., Marini, L., Biere, A., van Agtmaal, M., Tyc, O., . . . van der Putten, 
W. H. (2017). Soil pathogen-aphid interactions under differences in soil organic 
matter and mineral fertilizer. PLoS One, 12(8), e0179695. 
doi:10.1371/journal.pone.0179695 

Vargas-Hernandez, M., Macias-Bobadilla, I., Guevara-Gonzalez, R. G., Romero-Gomez, S. J., 
Rico-Garcia, E., Ocampo-Velazquez, R. V., . . . Torres-Pacheco, I. (2017). Plant 
Hormesis Management with Biostimulants of Biotic Origin in Agriculture. Front 
Plant Sci, 8, 1762. doi:10.3389/fpls.2017.01762 

Verbon, E. H., Trapet, P. L., Stringlis, I. A., Kruijs, S., Bakker, P., & Pieterse, C. M. J. (2017). 
Iron and Immunity. Annu Rev Phytopathol, 55, 355-375. doi:10.1146/annurev-
phyto-080516-035537 

Weiland, J. E., Garrido, P., Kamvar, Z. N., Espindola, A. S., Marek, S. M., Grunwald, N. J., & 
Garzon, C. D. (2015). Population Structure of Pythium irregulare, P. ultimum, and P. 
sylvaticum in Forest Nursery Soils of Oregon and Washington. Phytopathology, 
105(5), 684-694. doi:10.1094/phyto-05-14-0147-r 

Wu, Q., Du, J., Zhuang, G., & Jing, C. (2013). Bacillus sp. SXB and Pantoea sp. IMH, aerobic 
As(V)-reducing bacteria isolated from arsenic-contaminated soil. J Appl Microbiol, 
114(3), 713-721. doi:10.1111/jam.12093 

Yakhin, O. I., Lubyanov, A. A., Yakhin, I. A., & Brown, P. H. (2016). Biostimulants in Plant 
Science: A Global Perspective. Front Plant Sci, 7, 2049. doi:10.3389/fpls.2016.02049 

 

 

 

 



 
77 

 

8. Appendices: 

Appendix 1. Plant growth data of minitrial 

treatment Above ground height/cm Fresh weight/g 

Control rep 1 28.8 2.37 

Control rep 2 24.4 2.03 

Control rep 3 19.8 1.61 

Control rep 4 20.5 2.11 

Control rep 5 18.5 1.86 

Control rep 6 25.5 2.25 

1% rep 1 26.6 2.39 

1% rep 2 22.6 1.97 

1% rep 3 22.3 2.16 

1% rep 4 28.2 2.70 

1% rep 5 26.6 2.39 

1% rep 6 26.2 2.52 

3% rep 1 dead N/A 

3% rep 2 14.2 0.64 

3% rep 3 11.6 0.44 

3% rep 4 15.7 0.90 

3% rep 5 13.6 0.46 

3% rep 6 18.8 0.59 

5% rep 1 dead N/A 

5% rep 2 12.3 0.8 

5% rep 3 9.1 0.31 
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5% rep 4 12.6 0.9 

5% rep 5 dead N/A 

5% rep 6 7.6 0.22 

 

 

Appendix 2. Microbial composition of NutriSmart Biostimulant 

     

Bacillus 

thuringiensis 

Enterobacter 

hormaechei 

Massilia 

brevitalea 

Bacillus 

megaterium 

Bacillus subtilis 

 

    
Rhizopus spp. Penicillium spp. Penicillium spp. Penicillium spp. 

 

Commercial information of the biostimulant microbial composition: 

Bacteria: Bacillus, Pseudomonas, Actinomycetes and Streptomyces 

Fungi: Rhizopus, Aspergillus, Mucor, Penicillium and Trichoderma 


