
Communication Not peer-reviewed version

Compost-Derived Bacterial

Communities Offer Promise as Organic

Biocontrol Agents against Meloidogyne

javanica and Promote Plant Growth in

Tomato

Eirini Karanastasi * , Vassileios Kotsantonis , Iakovos S. Pantelides *

Posted Date: 5 March 2024

doi: 10.20944/preprints202403.0283.v1

Keywords: Meloidogyne javanica; synthetic bacterial communities; sustainable agriculture

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.



 

Communication 

Compost-Derived Bacterial Communities Offer 

Promise as Organic Biocontrol Agents against 

Meloidogyne javanica and Promote Plant Growth  

in Tomato 

Eirini Karanastasi 1,*, Vassileios Kotsantonis 1 and Iakovos S. Pantelides 2,* 

1 Department of Agriculture, University of Patras 
2 Department of Agricultural Sciences, Biotechnology and Food Science, Cyprus University of Technology 

* Correspondence: ekaranastasi@upatras.gr (E.K.); iakovos.pantelides@cut.ac.cy (I.S.P.) 

Abstract: Meloidogyne nematodes, commonly known as root-knot nematodes, pose a considerable 

threat to crop yields, resulting in significant economic losses due to their intricate biology and 

limited control methods. In line with the European Union's focus on promoting organic farming 

and soil health to encourage sustainable agricultural practices, this study explores the efficacy of 

two characterized bacterial communities obtained from compost, namely SynCom1 and SynCom2, 

against Meloidogyne javanica in tomato plants. Through pot experiments, it is demonstrated that both 

bacterial communities effectively suppress nematode reproduction and root infections while 

simultaneously enhancing various growth parameters in tomatoes. These findings underscore the 

potential of synthetic bacterial communities as promising tools for organic or integrated pest 

management, thereby supporting sustainable agricultural practices and contributing to improved 

crop yields. 
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1. Introduction 

Root knot nematodes (Nematoda: Heteroderidae: Meloidogyne spp., RKN for short) are clearly 

included amongst the most significant soil borne pathogens that account for highly significant yield 

losses per year [1]. Particularly, Meloidogyne javanica (Treub) Chitwood is one of the major pests 

infesting tomato, as well as many other economically important plant species, has a worldwide 

distribution with a preference to temperate climates and is the most abundant RKN species in Greece 

[2,3].  

Control of these pests has always been an issue as they are considered extremely difficult to 

suppress, due to their soil inhabiting and endoparasitic nature, broad host range and lack of resistant 

varieties. Traditionally, RKN control is pursued with chemical nematicides [4], which during the past 

decades have unequivocally been accused with a negative environmental impact leading to almost 

total ban, having the global scientific committee being forced to study and develop more benign, 

alternative solutions. These solutions, including biological control agents should of course be 

incorporated into integrated pest management schemes [5]. 

Biological control research has revealed a number of microorganisms such as bacterial and 

fungal species, that have potential over RKN [6–8]. For example, Penicillium chrysogenum and 

Trichoderma spp., caused 97.67 and 95% mortality of M. javanica juveniles in vitro respectively [9]. 

Several soil-inhabiting fungal species, which express a nematophagous function have been 

considered as efficient biocontrol agents i.e. Trichoderma harzianum, Verticillium chlamydosporium and 

Paecilomyces lilacinus, as well as species of the Pochonia, Penicillium and Fusarium genera. These 

microorganisms have been reported to effectively kill eggs, juveniles or female RKN and have 

significantly decreased the population of parasitic nematodes in the soil [10,11]. Other fungi are 
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capable to trap nematodes by capturing them with special hyphae forming rings or other adhesive 

structures where the nematodes are trapped and subsequently killed by released nematotoxic 

metabolites [12]. Additionally, many arbuscular mycorrhizal fungi species (AMF for short) have been 

shown to enhance growth and inhibit RKN activity when inoculated on the roots of plants growing 

in RKN infested soils [13–18]. On the other hand, several species of rhizobacteria including, 

Pseudomonas, Bacillus and Pasteuria have been shown to affect RKN species [19–21] through antibiosis, 

direct parasitism, competition for food or space, induction of systemic resistance of the host plant 

and reduction of root penetration [22,23]. Also, Streptomyces, Bacillus, Pseudomonas and Pasteuria are 

reported as nematicidal [24,25]. Particularly, Bacillus firmus, B. subtilis and B. coagulans have been 

shown to inhibit nematode infection caused by M. javanica on brinjal [26]. Bacillus subtilis has also 

been reported as a preventor of M. incognita egg hatching [27], and B. subtilis bioactive surfactin, 

lipopeptide, iturin and other compounds were reported as antagonistic to M. incognita [28]. 

Despite the promise of individual biocontrol agents, none have yet achieved the level of efficacy 

necessary to fully replace chemical nematicides. This raises an intriguing option - that these agents, 

when working collaboratively within a well-structured community, with each contributing to RKN 

control, could collectively lead to more promising outcomes. 

The plant roots, namely the part of the plant that RKN invade and inhabit, are surrounded by a 

soil layer, the rhizosphere, that is inhabited by a vast diversity of microorganisms, collectively 

characterized as the microbiome. This micro-ecosystem is especially complex and affected by the 

plant type (annual, biannual, perennial, woody, shrubby, grassy etc.), plant species and/or plant 

activity (climbers, heathers, carnivorous etc.), and vice versa, the microbial species comprising the 

microbiome possess differential properties affecting plant growth and plant and soil health [29–31]. 

The microbiome structure’s fundamental determinant is the rhizosphere’s chemical content, 

primarily being defined by the root exudate composition, secondly by the organic matter content and 

thirdly by any organic amendment [29,30,32,33].  

When RKNs enter the roots of a host plant, they release molecules (enzymes etc) that cause the 

root cells close to the penetration site to enlarge for the establishment of a feeding site. If these 

chemicals disrupt the chemical balance of the rhizosphere, the microbiome may not be capable to 

support plant growth sufficiently. On the other hand, it is postulated that plants, in order to support 

their health and growth, as well as to suppress soil-borne pathogens, actively recruit beneficial 

bacteria [34,35]. But if the plant’s physiology is affected by the nematode attack, this system may need 

to be “manually” reinforced. Considering that the microbiome is affected by the chemical status of 

the rhizosphere as previously described, disruption of this balance may affect microbiome 

composition, which subsequently may affect plant phenotype [36]. Thus, comprehension of the 

processes that regulate the rhizospheric microbiome structure and how particular constituents 

influence plant health and growth are of high importance. 

For example, Bacillus rhizobacteria have been reported to possess the ability to produce 

antimicrobial (-bacterial and -fungal) secondary metabolites and stimulate plant growth [37,38]. 

Moreover, Bacillus spp. have been demonstrated as a rich source of bioactive compounds (exotoxins, 

enzymes, antibiotics) that give them bionematicidal attributes [26,39–41].  

As several studies have focused on the combined control of RKN and soil borne fungi, especially 

Fusarium species (e.g. [42–45]), in the present work we tested the possibility to suppress RKN 

infection of tomato plants recruiting two synthetic bacterial communities (SynComs) that were 

previously successfully engaged in protecting tomato plants against Fusarium oxysporum f. sp 

lycopersici and promoting plant growth [36].  

2. Materials and Methods 

2.1. Preparation of M. javanica inoculum  

The M. javanica population was reared on tomato seedlings (Solanum lycopersicum L.) cv. 

Belladonna in a temperature-controlled environment (27 ± 1 °C; 60% humidity; 16 h light) at the Plant 

Protection Laboratory of the University of Patras, Greece. Well-developed egg masses extracted from 
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the source plant roots were placed on a Baermann funnel at room temperature until emergence of 

second stage juveniles (J2s). The J2s that emerged during the first three days were discarded because 

of age differences, then J2s collected on the 4th day were used as inoculum.  

2.2. Preparation of bacterial SynComs  

In this study, we employed two distinct bacterial synthetic communities with varying 

compositions. SynCom1 comprised a diverse array of bacterial genera, while SynCom2 exclusively 

consisted of Bacilli [36] (Table S1). For the preparation of the SynComs each bacterial isolate 

underwent a 48-hour growth period in Tryptic Soy Broth (TSB) at 25°C with agitation at 180 rpm. 

Following growth, cultures were subjected to two rounds of rinsing with a sterile 10 mM MgCl2 

solution, followed by centrifugation at 2,600 x g for 8 minutes. After the final rinse and centrifugation, 

cells were resuspended in a 10 mM MgCl2 solution. The optical density at 600 nm (OD600) of each 

suspension was adjusted to 0.5 (~2.75 x 108 cfu ml-1). To create synthetic communities (SynComs), the 

bacterial isolates were mixed in equal proportions. For the tomato pot experiments, 2 ml of each 

SynCom suspension with an OD600 of 0.5 was added to 50 ml of sterile 10 mM MgCl2 and root-

drenched in pots containing 200 grams of sterilized potting substrate, resulting in an estimated 

density of approximately ~2.75 x 106 cells per gr of substrate. This mixture was prepared immediately 

before the surface-sterilized tomato seeds were sown [36]. 

2.3. Pot experiment 

Seeds of the tomato (Solanum lycopersicum) cv. Ailsa Craig were surface-sterilized following the 

procedure outlined by Chialva et al. (2016) [46]. Subsequently, the seeds were planted in 10.5 cm 

diameter pots, each filled with 200 grams of sterile peat-based potting substrate (Plantobalt substrate 

2, Plantaflor) [47]. Plants were cultivated within a controlled growth chamber (25°C, 16 h light, 8 h 

dark, 65%–70% RH, light intensity 450 μmol m−2 s−1 at pot height). Plants were watered every other 

day, with each receiving an equal volume of water. 

At the 3-leaf stage, the plants were subjected to a second root drenching with one of the SynCom 

suspensions, as previously described, or with water. Subsequently, they were placed in a growth 

chamber for acclimatization. After 48 hours, the plants underwent manual inoculation with a 2000-

J2 nematode inoculum, which was directly applied to the roots of each plant using a pipette. Two 

weeks later, the plants received a third root-drenching with the respective SynCom suspensions. 

To evaluate the relative effectiveness of SynComs, we introduced a commercial product in the 

experiments. Pochar (MS BIOTECH) is a liquid formulation containing fungal antagonists Pochonia 

and Arthrobotis and other microbial inocula, which serve as natural enemies against root-knot 

nematodes. The formulation was activated by mixing with water and Nutryaction (MS BIOTECH), 

an organic fertilizer containing yeast and brown algae extracts using a ratio of 1-13-2 for formulation-

H2O-Nutryaction, respectively. The mixture was prepared at least 8 hours prior to application on 

plants. Application of the formulation was conducted through root drenching, with each plant 

receiving 10 ml during each application at the same time points as the application of SynComs.  

The experimental treatments consisted of the following groups: (a) Plants treated with SynCom1 

(SC1), (b) Plants treated with SynCom2 (SC2), (c) Plants treated with Pochar (Pochar) and (d) Plants 

treated with water (H2O). Within each treatment group, half of the plants were subjected to nematode 

inoculation (nem), while the remaining half served as controls and received only water. 

2.4. Plant manipulation for nematode extraction and growth parameter assessment 

Forty days after nematode inoculation, the plants were uprooted to confirm on the presence of 

well-developed RKN egg masses. 

Assessment of plant height: the plant height, i.e. the height from the plant collar up to its top was 

measured with a tape measure in cm.  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 March 2024                   doi:10.20944/preprints202403.0283.v1



 4 

 

Assessment of the fresh and dry weights of the aerial parts: the aerial parts were separated from 

the roots, their fresh weight weighed on a 2-digit scale, then placed in a paper bag and left in an 

oven @50oC until completely dry, and subsequently the dry weight was recorded.  

Assessment of the fresh weight of roots: The roots of each plant were separately washed 

thoroughly but carefully, under running tap water, tap-dried with a paper towel and their fresh 

weight weighed on a 2-digit scale.  

Assessment of the total number of egg masses and eggs: The total number of egg masses per plant 

was counted under a stereomicroscope. Subsequently, for each plant, ten egg masses were 

randomly selected, placed in 1% sodium hypochlorite, shaked for 10 minutes to disperse the eggs, 

then the number of eggs per egg mass was estimated under the stereomicroscope. 

Assessment of the nematode population in the soil: the soil of each pot was handled following the 

conventional Baermann funnel technique [48] to estimate RKN soil population. 

2.5. Statistical analysis 

Data obtained in all experiments were analyzed by one-way ANOVA (analysis of variance, 

Tukey’s test with P ≤ 0.05) using GraphPad Prism 8 for Windows (GraphPad Software, La Jolla, CA, 

United States). 

3. Results 

In the pot experiments, the effects of SynCom1, SynCom2 and Pochar were assessed for various 

plant growth characteristics. Fresh weight and dry weight of aerial parts, plant height and fresh 

weight of root were measured in both control plants and plants inoculated with nematodes (Figure 

1). 

The results revealed notable differences in the fresh weight of plants among different treatments. 

Specifically, plants inoculated with nematodes exhibited a decreased fresh weight compared to their 

respective control plants, except for those treated with Pochar (Figure 1A). SynCom1 treatment 

resulted in the highest fresh weight, significantly distinct from the other treatments. SynCom2 and 

Pochar treatments did not significantly differ in fresh weight from water-treated plants. However, 

plants that were both inoculated with nematodes and treated with SynCom1, SynCom2, and Pochar 

exhibited a greater fresh weight compared to their counterparts treated solely with water and 

inoculated with nematodes (Figure 1A). The results suggest that SynCom1, SynCom2 and Pochar 

treatments might have a suppressive or mitigating effect on the detrimental influence of nematode 

infestation on plant growth. In contrast, water-treated plants inoculated with nematodes exhibited a 

lower fresh weight compared to the control plants, emphasizing the negative impact of nematode 

infestation when no treatment was applied. These findings underscore the potential effectiveness of 

SynCom1, SynCom2, and Pochar in promoting healthier plant growth even in the presence of 

nematodes. 

Similar trends were observed in the results for the dry weight of plants, mirroring the patterns 

seen in fresh weight (Figure 1B). Significant differences in dry weight among the various treatments 

were consistent with the findings in fresh weight. Notably, plants inoculated with nematodes showed 

reduced dry weight compared to their respective controls, except for those treated with Pochar. 

SynCom1 treatment continued to demonstrate the most significant impact, exhibiting a dry weight 

distinct from the other treatments. SynCom2 also exhibited a significant difference compared to the 

water-treated plants, while Pochar treatments did not yield a significant difference in dry weight 

compared to the water-treated plants. Moreover, plants treated with SynCom1, SynCom2, and 

Pochar, and inoculated with nematodes, displayed a higher dry weight compared to plants treated 

only with water and subjected to nematode inoculation (Figure 1B). These parallel outcomes between 

fresh and dry weight strengthen the implication that SynCom1, SynCom2, and Pochar treatments 

potentially mitigate the adverse effects of nematode infestation on plant growth. Conversely, water-
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treated plants inoculated with nematodes consistently exhibited a lower dry weight, highlighting the 

detrimental impact of nematode infestation in the absence of treatment. 

Regarding plant height, significant differences were observed among different treatments 

(Figure 1C). Specifically, in each treatment group, plants inoculated with nematodes exhibited a 

reduction in height compared to their corresponding control plants. SynCom1 treatment resulted in 

greater plant height compared to all treatments, while SynCom2 and Pochar treated plants were 

significantly higher compared to the water-treated plants. Moreover, plants treated with SynCom1, 

SynCom2, and Pochar, and inoculated with nematodes, displayed increased height compared to their 

counterparts treated with water alone (Figure 1C). These results align with data related to both fresh 

weight and dry weight highlighting the potential of SynCom1, SynCom2, and Pochar in positively 

influencing plant height. 

In terms of the fresh weight of the roots, the application of SynCom1, SynCom2, and Pochar on 

plants inoculated with nematodes did not result in a significant difference compared to their 

respective control groups (Figure 1D). However, it is noteworthy that the fresh weight of roots in 

water-treated plants was significantly lower than in the other treatments. Interestingly, water-treated 

plants inoculated with nematodes did not show a significant difference in fresh weight of roots when 

compared to the corresponding control plants (Figure 1D). These findings suggest that the treatments 

involving SynCom1, SynCom2, and Pochar may have potential benefits in maintaining or mitigating 

the adverse effects on root fresh weight caused by nematode infestation, particularly when compared 

to untreated plants. 

 

Figure 1. Impact of SynComs and Pochar on tomato growth and nematode protection. (A), Fresh 

weight of aerial parts (gr). (B), Dry weight of aerial parts (gr). (C), Plant height (cm). (D), Fresh weight 

of root (gr). Vertical bars indicate the SE of mean (n = 10 replicates). Different letters indicate 

statistically significant differences: P < 0.05; one-way ANOVA, Tukey’s test. 
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In an effort to elucidate the potential efficacy of SynCom1, SynCom2, and Pochar in alleviating 

the adverse effects on tomato plants caused by nematode infestation, we aimed to evaluate their 

impact on the reproductive capacity of Meloidogyne javanica. Forty days after nematode inoculation, 

the plants were uprooted, and we assessed the total number of eggmasses per root, the number of 

eggs per eggmass, the total number of nematodes in the substrate and the total number of nematodes 

per root (Figure 2). 

The results revealed that water-treated plants exhibited the highest number of eggmasses and 

nematodes per root, followed by plants treated with SynCom2 (Figure 2A and 2C). Conversely, plants 

treated with Pochar and SynCom1 displayed the lowest number of eggmasses and nematodes (Figure 

2A and 2C). These findings suggest that Pochar, SynCom1, and SynCom2 have a negative impact on 

the extent of nematode reproduction and the potential number of offspring emerging from the plant 

roots. 

In terms of the number of nematodes in the substrate, the results revealed the highest 

enumeration in the substrate of water-treated plants, while the lowest count was observed in plants 

treated with Pochar and SynCom1. Interestingly, the number of nematodes in the substrate of plants 

treated with SynCom2 did not show a significant difference compared to water-treated or 

Pochar/SynCom1 treated plants (Figure 2D). 

Regarding eggs per eggmass, no significant differences were found among the different 

treatments (Figure 2B), suggesting that the various treatments did not have a significant impact on 

the fertility or reproductive success of female Meloidogyne javanica. 

Based on the results, it can be concluded that water-treated plants exhibited the highest 

nematode infestation, as indicated by the elevated number of eggmasses and nematodes per root. In 

contrast, plants treated with Pochar and SynCom1 demonstrated the lowest nematode presence, 

suggesting the potential suppressive effects of these treatments on nematode reproduction and 

population. SynCom2 treatment, while not significantly different from water-treated plants 

regarding nematode numbers in the substrate, showed a notable impact on reducing nematode 

numbers in roots. Therefore, the findings suggest that Pochar, SynCom1, and SynCom2 have the 

potential to negatively influence nematode reproduction and the overall nematode population in the 

plant's rhizosphere. 
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Figure 2. This is a figure. Schemes follow another format. If there are multiple panels, they should be 

listed as: (a) Description of what is contained in the first panel; (b) Description of what is contained 

in the second panel. Figures should be placed in the main text near to the first time they are cited. 

4. Discussion 

Root knot nematodes (RKN), particularly Meloidogyne javanica, pose a substantial threat to 

agricultural productivity, causing significant yield losses globally [49–51]. The use of chemical 

nematicides, once a common strategy for RKN control, has faced environmental concerns and 

restrictions, necessitating the exploration of alternative, environmentally friendly approaches. 

Biological control agents, including bacteria, fungi, and other microorganisms, have shown promise 

in mitigating RKN infestations [52,53]. 

In our study, we investigated the potential of synthetic bacterial communities (SynCom1 and 

SynCom2) and the commercial product Pochar in alleviating the adverse effects of M. javanica on 

tomato plants. These communities were previously demonstrated to be effective against another soil-

borne pathogen, Fusarium oxysporum [36]. 

The results indicated that SynCom1, SynCom2, and Pochar had a significant impact on various 

plant growth parameters in the presence of nematode infestation. Notably, plants inoculated with 

nematodes and treated with SynCom1, SynCom2, and Pochar exhibited higher fresh and dry weights 
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of aerial parts, increased plant height, and enhanced fresh weight of roots compared to water-treated 

plants inoculated with nematodes. These findings suggest a potential suppressive effect of SynCom1, 

SynCom2, and Pochar on the detrimental influence of nematode infestation on plant growth. 

The assessment of nematode reproductive parameters further supported the efficacy of the 

treatments. Water-treated plants exhibited the highest number of eggmasses and nematodes per root, 

while Pochar, SynCom1, and SynCom2 treatments resulted in significantly lower numbers. 

Additionally, the enumeration of nematodes in the substrate indicated a notable reduction in 

SynCom2 and Pochar-treated plants compared to water-treated plants, emphasizing their potential 

in limiting nematode reproduction in roots. 

Surprisingly, eggs per eggmass did not show significant differences among the treatments, 

suggesting that while SynCom1, SynCom2, and Pochar influenced the overall nematode population, 

they might not have a direct impact on the fertility or reproductive success of individual females. 

The apparent success of SynCom1 and SynCom2 in controlling nematodes could be attributed 

to several factors. First, the synthetic communities might have introduced beneficial microbial 

consortia into the rhizosphere, fostering a microbiome that actively contributes to plant health and 

simultaneously impedes nematode activity. The introduction of SynCom1 and SynCom2 might have 

contributed to an environment that is less hospitable for nematodes, disrupting their life cycle and 

reproductive success. This aligns with the findings of Zhou et al. [54], who demonstrated that soils 

in non-infested regions of fields under high root-knot nematode (RKN) pressure exhibit greater 

microbial diversity than infested areas and the inoculation of tomato roots with the microbiome from 

non-infested soils resulted in a reduction in the number of root galls. Consequently, this suggests that 

enhancing the diversity and abundance of specific microbial groups could be a viable strategy for 

managing RKN. 

Second, the bacteria of the synthetic communities might produce bioactive compounds or 

exhibit antagonistic behaviors that directly or indirectly affect nematode viability. The direct 

mechanisms include the synthesis of lytic enzymes, antibiotics, toxins and metabolites with 

antagonistic effects or parasitism [55]. Conversely, indirect mechanisms encompass the release of 

molecules that modulate nematode behavior, the competition for nutrients, the induction of systemic 

resistance (ISR), and the promotion of plant growth [56,57]. These indirect strategies involve niche 

exclusion, nitrogen metabolism, siderophore production, phosphate solubilization, and hormonal 

regulation [58].  

Lytic enzymes produced by bacteria can cause damage to both eggshells of nematodes which 

consist of a protein matrix and a chitin layer [59] and to the cuticle of the nematodes, which is 

composed of a proteinaceous membrane [60]. Chitinases, proteases, peptidyl-peptide hydrolases, and 

gelatinolytic proteins are enzymes capable of cleaving these structures [55]. In our study, both 

SynComs consisted of bacterial isolates, with some demonstrating the ability to produce a variety of 

hydrolytic enzymes including chitinases, proteases, cellulases and pectinases. More specifically, as 

observed in Tsolakidou et al. [36], 3 out of 25 bacterial isolates exhibited chitinase-producing 

capabilities within SynCom1; SynCom2 showed a higher proportion, with 10 out of 25 isolates 

demonstrating chitinase activity. Regarding proteases, a single isolate from SynCom1 exhibited 

protease activity, while SynCom2 displayed a higher activity level, with 6 out of 25 isolates showing 

protease activity. There is extensive literature on the pivotal role of lytic enzymes, especially 

chitinases and proteases, of microbial origin in combating nematodes by disrupting nematode 

structures, compromising their integrity, and contributing to their biocontrol in agricultural and 

ecological settings (reviewed in [61]).  

In addition to the previously mentioned enzymes, various other lytic enzymes have been 

identified for their involvement in controlling the incidence of RKN infection. These include 

pectinases, β-glucanases, and cellulases [62]. In the study of Tsolakidou et al. [36] it was reported that, 

within SynCom1, 15 isolates demonstrated pectinase activity, and 2 isolates exhibited cellulase 

activity whereas, in SynCom2, 3 isolates showed pectinase activity, while 8 isolates demonstrated 

cellulase activity.  
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Phosphorus is an essential nutrient for plant growth and development, but it is often present in 

soil in insoluble forms, making it inaccessible to plants. Microorganisms capable of solubilizing 

phosphate play a crucial role in making this essential nutrient available to plants. Phosphate-

solubilizing microorganisms also contribute to plant growth assistance by functioning as biocontrol 

agents against a variety of pathogenic organisms and nematodes. For example, El-Hadad et al. [63] 

noted that the application of Bacillus megaterium, an efficient phosphorus mobilizer, led to increased 

shoot length, plant biomass, NPK levels, and a reduction in the colonization of M. incognita in tomato 

plants. In the study of Tsolakidou et al. [36] it was reported that within SynCom1, one isolate 

demonstrated phosphate solubilization, while within SynCom2, eight isolates exhibited phosphate 

solubilization. 

Apart from lytic enzymes, several studies demonstrated that rhizobacteria reduce nematodes 

severity by inducing plant systemic resistance. Pseudomonas spp. and Bacillus spp. have been 

implicated in employing induced systemic resistance (ISR) as a defense strategy against root-knot 

nematodes (RKNs) [64–66]. This induced resistance is achieved through the reinforcement of the cell 

wall, involving processes such as cell wall thickening, callose deposition, and the accumulation of 

phenolic compounds. Additionally, it encompasses the synthesis of various biochemical compounds 

that are up-regulated in defense reactions, including PR proteins, phytoalexins, lipopolysaccharides 

(LPS), siderophores, salicylic acid (SA), jasmonic acid (JA), peroxidase (PO), chitinase, and other 

secondary metabolites [67,68]. The induction of systemic resistance by rhizobacteria involves 

numerous bacterial factors, with key elements including lipopolysaccharides found in the outer 

membrane of bacterial cells, as well as the production of siderophores and salicylic acid [69]. 

Additionally, various cyclic lipopeptides (CLPs) have been demonstrated to stimulate host immune 

responses and trigger induced systemic resistance (ISR) in specific host plants [70,71]. In our study, 

both SynComs consisted of bacterial isolates harboring genes associated with the biosynthesis of 

cyclic lipopeptides [36]. SynCom1 comprised isolates encoding genes for bacillomycin B synthetase 

and surfactin A and B synthetases, while SynCom2 included bacteria with genes for bacillomycin B 

synthetase, surfactin A and B synthetases, fengycin D synthatase, bacilysin biosynthesis protein A, 

and the antibiotic subtilin [36]. The identification of cyclic lipopeptide (CLP) genes in both SynComs 

implies their potential involvement in stimulating host immune responses and initiating ISR. This 

aligns with prior research highlighting the ISR involvement against RKN. 

The majority of rhizobacterial strains are able to produce plant growth-promoting substances 

that actively regulate plant growth and development. These plant growth-promoting rhizobacteria 

(PGPR) can stimulate plant growth through the production of phytohormones, including auxins, 

cytokinins, gibberellic acid, abscisic acid, and ethylene [72] or through enzymatic activities such as 

aminocyclopropane-1-carboxylate (ACC) deaminase [73]. Notably, indole acetic acid (IAA) emerges 

as the most prevalent phytohormone serving as a key regulator that promotes cell division, 

elongation, lateral and adventitious rooting in plants [74,75]. This hormone not only fosters overall 

plant growth but also improves nutrient and mineral uptake, contributing to increased plant vigor 

and yield [76,77]. Previous studies suggest that phytohormones synthesized by PGPRs may alleviate 

the detrimental effects of various environmental stresses [78]. Inoculating fields with IAA-producing 

PGPR strains through seed application resulted in enhanced plant growth and biocontrol of 

Meloidogyne incognita nematodes [79]. Additionally, phytohormone-producing Streptomyces strains, 

including IAA, have demonstrated the ability to enhance the growth of eggplants, potentially 

reducing the number of galls and nematode egg masses of M. incognita [80]. Similarly, Ruanpanun et 

al. [81] reported the nematicidal activity of IAA-producing Streptomyces sp. against M. incognita. In 

our study, both SynComs comprised bacterial isolates, some of which exhibited the ability to produce 

IAA. More specifically, within SynCom1, 10 out of 25 bacterial isolates demonstrated IAA-producing 

capabilities, while in SynCom2 a higher proportion was observed, with 16 out of 25 isolates 

producing IAA [36]. 

Additionally, ACC deaminase, an enzyme produced by PGPR, reduces the levels of the stress 

hormone ethylene by breaking down its precursor ACC. This reduction in ethylene levels is 

particularly beneficial for plants under stress conditions, as ethylene is associated with stress 
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responses [74] including nematodes attack [82]. Rhizobacteria equipped with ACC deaminase have 

demonstrated remarkable efficacy in controlling nematode-induced diseases, as exemplified by the 

study using Pseudomonas putida UW4 as a model strain [83]. In the case of pine wilt disease (PWD) 

caused by the pinewood nematode Bursaphelenchus xylophilus, inoculation with ACC deaminase-

proficient P. putida UW4 significantly reduced PWD symptoms in Pinus pinaster seedlings while the 

bacterial mutant lacking ACC deaminase displayed expected PWD symptoms. Moreover, seedlings 

inoculated with P. putida UW4 exhibited reduced nematode colonization compared to both 

uninoculated plants and those inoculated with the bacterial mutant. Notably, P. putida UW4 did not 

demonstrate direct nematicidal effects on B. xylophilus in vitro, indicating its ability to enhance plant 

defenses against nematodes without directly affecting nematode populations [84]. These findings 

highlight the potential of ACC deaminase-producing rhizobacteria as effective biocontrol agents 

against nematode-mediated diseases in plants. In our study, the rhizobacterial community SynCom1 

was characterized by the presence of isolates exhibiting ACC deaminase activity, with 11 out of 25 

isolates demonstrating this trait. In contrast, none of the isolates within SynCom2 harbored the ACC 

deaminase activity [36]. This distinct difference in the ACC deaminase profile between the two 

synthetic communities may provide insights into the observed variations in their efficiency. Notably, 

SynCom1 displayed a more efficient effect, evidenced by fewer eggmasses per root and a reduced 

nematode population per root compared to SynCom2. The absence of ACC deaminase activity in 

SynCom2 suggests that this particular enzymatic activity, known for its involvement in mitigating 

plant stress responses, could contribute to the enhanced performance of SynCom1 in promoting 

resistance against nematodes. This finding underscores the potential role of ACC deaminase-

producing rhizobacteria in influencing the efficacy of synthetic communities in managing nematode-

associated issues in plants. 

5. Conclusions 

The synthetic bacterial communities emerge as potent allies in the battle against nematode-

induced crop losses. Their ability to enhance plant growth and concurrently suppress nematode 

reproduction positions them as promising components in sustainable agricultural practices. Our 

findings offer valuable insights into the potential mechanisms by which the synthetic communities 

may impact nematode susceptibility, encompassing microbial community dynamics, lytic enzyme 

production, cyclic lipopeptide synthesis, IAA production and ACC deaminase activity. 

Understanding the specific mechanisms by which SynCom1 and SynCom2 influence nematode 

populations will be crucial for refining and optimizing their application as biocontrol agents. Future 

research should delve deeper into the mechanistic aspects of their activity, the long-term stability of 

introduced microbial communities, and their compatibility with other elements of integrated pest 

management strategies. The potential of synthetic microbial communities to revolutionize nematode 

control opens exciting avenues for environmentally friendly and effective solutions in modern agriculture. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 

paper posted on Preprints.org. Table S1: List of bacterial isolates composing the synthetic communities 

(SynComs). 
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