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The present study investigated the biological management of root-knot nematode 
(Meloidogyne incognita) in tomato plants using different strains of Pseudomonas spp. 
The experiment involved five treatments: a healthy control (T1), a nematode-
inoculated control (T2), Pseudomonas fluorescens strain A (T3), P. fluorescens strain B 
(T4), and P. putida (T5). The results demonstrated significant differences in plant 
growth and root gall formation across treatments. The healthy control exhibited an 
average plant height of 12 cm and weight of 11 g. Nematode inoculation slightly 
reduced growth, with plants averaging 11 cm in height and 10 g in weight. Treatment 
with P. fluorescens strain A resulted in the highest growth, with plants reaching 13 cm 
in height and 12 g in weight. P. fluorescens strain B and P. putida treatments produced 
plants with average heights of 12 cm and 12.5 cm, and weights of 11 g and 10 g, 
respectively. Leaf and flower counts also varied, with T3, T4, and T5 treatments 
increasing leaf counts to 26, 40, and 33, respectively, compared to 15 in the 
nematode-inoculated control. The application of P. fluorescens strains A and B 
significantly reduced root galls to 8 and 15, respectively, compared to 29 in T2. P. 
putida treatment resulted in 21 root galls. These findings highlight the potential of 
Pseudomonas spp., especially P. fluorescens strains, in managing nematode infestation 
in tomato plants. Future studies should explore the mechanisms behind these 
microbial interactions and their long-term effects on plant health and yield. 
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INTRODUCTION 
Tomato plants are considered the most important fruit 
vegetables in the world and belong to the Solanaceae 
family (Raza et al., 2022). In Pakistan, people use 
tomatoes both as a fruit and a vegetable, with their 
consumption as a vegetable being more common. In 
Pakistan, the total field area under this crop was 60.5 
hectares during 2016-17. Tomatoes are susceptible to 
over 200 diseases (Ali et al., 2023a), with soilborne 
diseases being a major concern. Soilborne pathogens 
especially plant pathogenic nematodes, bacteria and 
fungi are challenging to control due to their persistence 
in soil and wide host range (Hussain et al., 2012; Tariq-
Khan et al., 2017; Hussain and Mukhtar, 2019; Asghar et 
al., 2020; Cheng et al., 2021; Aslam and Mukhtar, 
2023a,b, 2024; Aziz et al., 2024; Yaseen et al., 2024). 
Plant parasitic nematodes, such as root-knot 

nematodes, cause major yield losses that deteriorate 

both the quantity and quality of the tomato and other 

crops (Hussain et al., 2011; Mukhtar and Hussain, 

2019; Yaseen et al., 2023). Root-knot nematodes are 

among the most important nematodes of crop plants, 

affecting a variety of hosts (Tariq-Khan et al., 2020; 

Saeed and Mukhtar, 2024). Root-knot nematode 

species are immobile endoparasites living in roots and 

are responsible for the development of specialized 

feeding structures known as giant cells. The infectious 

stage of the nematode is the second-stage juvenile (J2). 

J2 penetrates the roots and progresses to adult females 

or males through three successive stages. The process 

of feeding site development by root-knot nematodes is 

not well understood because it is dynamic and 

complex, involving genes from both the nematode and 

the host plant. Meloidogyne incognita is a root-knot 

nematode that severely affects tomato crops by 

retarding the growth of tomato plants (Kayani et al., 

2017; Mukhtar et al., 2017; Mukhtar and Kayani, 2020) 

and is widespread in vegetable-growing regions of 

Pakistan significantly reducing growth and yield 

(Kayani et al., 2018). This species has a 47% global 

distribution and a 52% presence in Pakistan (Kayani et 

al., 2013). Reports indicate that root-knot nematodes 

can cause yield losses ranging from 50% to 80% in 

vegetable crops and production losses ranging from 

24% to 38% in tomato crops. M. incognita solely is 

estimated to cause a 24% to 38% yield loss in tomatoes 

globally (Mukhtar, 2018). In terms of money, this 

nematode causes an annual loss of 157 billion dollars in 

production (Hassan et al., 2013). 

Nematode-induced damage to plants often goes 

unnoticed, as diseases related to nutrition and water 

can cause symptoms such as slow growth, stunting, 

and yellowing. The use of nematicides to inhibit and 

restrict nematode growth has its drawbacks (Azeem 

et al., 2021). 

Historically, chemical nematicides have been the 

primary method for controlling root-knot nematodes 

(Desaeger and Watson, 2019). However, due to the 

potential risks these chemicals pose to human health 

and the environment, there is a growing shift towards 

safer and more environmentally friendly alternatives ( 

Mukhtar et al., 2013a; Hussain et al., 2016; Kayani and 

Mukhtar, 2018; Ntalli et al., 2018; Khan et al., 2019; 

Mukhtar and Kayani, 2019; Sayedain  et al., 2021; Haq et 

al., 2022; Haque and Khan, 2022; Mukhtar et al., 2021). 

As a result, developing effective and eco-friendly 

nematode management strategies has become a critical 

focus in modern agriculture. 

The detrimental impacts of synthetic nematicides 

highlight the need for the development of 

environmentally friendly solutions to manage root-

knot nematodes, which are effective for organic and 

sustainable farming (Stirling, 2011; Afzal and 

Mukhtar, 2024). Biocontrol methods for root-knot 

nematodes encompass biological organisms, including 

plant growth-promoting rhizospheric bacteria and 

fungi, which have been increasingly preferred and 

proven to be efficacious over many years (Nazir et al., 

2019; Subedi et al., 2020; Saeed et al., 2021, 2023). 

Several bacteria and fungi found in the rhizosphere, 

such as Xenorhabdus bovienii, Bacillus thuringiensis, 

Pasteuria penetrans, Pseudomonas fluorescens, and 

Bacillus amyloliquefaciens have been proven effective 

in controlling root-knot nematodes (Mukhtar et al., 

2013b; Khan et al., 2020; Liu et al., 2020). These 

microorganisms control root-knot nematodes through 

multiple mechanisms, such as inhibiting their 

hatching, eliminating root-knot nematode females and 

juveniles, and decreasing the overall nematode 

population in the soil (Ahmed et al., 2021; Liu et al., 

2022). Biocontrol agents can exert their effects on 

infections through either direct or indirect 

antagonism. Direct antagonism arises through 

predation, the secretion of harmful metabolites like 

lytic enzymes, antibiotics, volatile chemicals, 

siderophores, or competition for nutrition and 

exclusion from a certain ecological niche. Indirect 

antagonism, on the other hand, occurs through the 
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stimulation of systemic resistance or the release of 

chemicals that alter nematode behavior, such as 

feeding, recognition, and sex ratio (Antil and Kumar, 

2019). One indirect approach for enhancing plant 

tolerance is the production of 1-aminocyclopropane-

1-carboxylic acid deaminase (ACC deaminase), which 

reduces ethylene levels in plants. Certain plant 

growth-promoting rhizobacteria enhance plant health 

by generating substances that trigger induced 

systemic resistance (ISR), thereby activating plant 

defense mechanisms to thwart worm infections. 

The objective of this study was to evaluate the 

effectiveness of different strains of Pseudomonas spp., 

specifically P. fluorescens (A), P. fluorescens (B), and P. 

putida, in the biological management of root-knot 

nematode (M. incognita) infestations in tomato plants. 

The study also aimed to determine the impact of these 

bacterial strains on plant growth parameters of tomato. 

 

MATERIALS AND METHODS 

Media preparation and nematode extraction 

The Pseudomonas strains were obtained from the 

Crop Diseases Research Institute (CDRI) at the 

National Agricultural Research Centre (NARC) in 

Islamabad. Nutrient agar medium was prepared by 

dissolving 28 g of the powder in 1 L of distilled water 

and autoclaving at 121°C for 15 min. The isolates 

were then reisolated and purified for further research. 

Nematodes were extracted using the techniques 

outlined by Chitruk et al. (2020). 

Experimental design 

Cultivation and transplantation of tomato seedlings 

Tomato seedlings of the “Rio Grande” variety were 

transplanted into earthen pots containing 1 kg of 

sterilized soil. The soil was a mixture of sand, field soil, 

and farmyard manure (FYM). Prior to planting, the soil 

was watered to soften it, and 10 tomato seeds were sown 

per pot. The experimental setup included 5 different 

treatments; each replicated five times (Table 1).  

 

Table 1. Description of treatments. 

Treatment Description 

T1 Control (Healthy) 

T2 Control (Nematode inoculated) 

T3 Pseudomonas fluorescence (A) 

T4 Pseudomonas fluorescence (B) 

T5 Pseudomonas putida 

After two to three weeks, the germinated tomato 

seedlings were transplanted into individual pots, 

ensuring one healthy plant per pot. To investigate the 

activity of Pseudomonas spp. strains, an adequate 

bacterial culture was mixed with wheat straw and 

applied to the rhizosphere of the tomato plants. 

Additionally, a 5 ml suspension of nematode culture, 

containing approximately 2000 Meloidogyne incognita 

juveniles, was inoculated into each tomato seedling. 

The pots were arranged in a completely randomized 

design under greenhouse conditions for 7 weeks and 

watered as needed. 

Parameters studied 

Plant growth parameters, including plant height, plant 

weight, and the number of leaves and flowers, were 

measured according to the methodology described by 

Costa, et al. (2021). The number of nematode-induced 

root galls was estimated using the procedure outlined by 

Radwan et al. (2012). 

Statistical analysis 

Results are presented as the mean ± standard error of 

the mean (SEM). Statistical analysis was conducted using 

ANOVA, followed by post hoc tests for further 

investigation. A p-value of less than 0.005 was 

considered statistically significance. 

 

RESULTS 

Plant height and plant weight 

The experimental findings revealed significant 

variations in the growth patterns of tomato plants across 

different treatments (Figure 1). In the control group 

(T1), which maintained healthy plants, the average plant 

height reached 12 cm, with an average plant weight of 

11 g. In contrast, the control group subjected to 

nematode inoculation (T2) experienced a slight 

reduction in growth, with an average height of 11 cm 

and a corresponding weight of 10 g. 

For the treatments involving microbial inoculants, 

the application of P. fluorescens (Strain A) (T3) 

resulted in an average plant height of 13 cm and an 

average plant weight of 12 g. Similarly, the use of P. 

fluorescens (Strain B) (T4) produced plants with an 

average height of 12 cm and an average weight of 11 

g. Interestingly, the application of P. putida (T5) 

resulted in an average plant height of 12.5 cm, 

although the plant weight was relatively lower at 10 

g (Figure 2). 
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Figure 1. (A) healthy plant, (B) only nematode, (C) Pseudomonas fluorescence (A), (D) Pseudomonas fluorescence (B), 

and (E) Pseudomonas putida. 

 

 
Figure 2. (T1) healthy plant, (T2) only nematode, (T3) 

Pseudomonas fluorescence (A), (T4) Pseudomonas 

fluorescence (B), and (T5) Pseudomonas putida. 

 

Numbers of leaves and flowers 

The findings of the study revealed distinct variations in 

the development of leaves and flowers across different 

treatments (Figure 3). In the control group (T1), which 

cultivated healthy plants, an average of 18 leaves and 2 

flowers per plant were recorded. Conversely, the control 

group subjected to nematode infestation (T2) displayed 

a slight reduction in leaf count, averaging 15 leaves, 

accompanied by an increase in the average number of 

flowers to 3 per plant. 

Among the microbial treatments, the application of P. 

fluorescens (Strain A) (T3) resulted in a notable increase 

in both leaf and flower numbers, averaging 26 leaves 

and 8 flowers per plant. Similarly, the use of P. 

fluorescens (Strain B) (T4) led to a significant increase in 

leaf count, averaging 40 leaves per plant, with an 

average of 5 flowers. Interestingly, treatment with P. 

putida (T5) produced an average of 33 leaves and 4 

flowers per plant. 

 

 
 

Figure 3. (T1) healthy plant, (T2) only nematode, (T3) 

Pseudomonas fluorescence (A), (T4) Pseudomonas 

fluorescence (B), and (T5) Pseudomonas putida. 
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Root galling 

The study’s outcomes revealed discernible trends in root 

gall formation across the distinct treatments (Figure 4). 

Within the control group (T1), characterized by the 

presence of healthy plants, and has no galls 

developments. In stark contrast, the control group 

exposed to nematode infestation (T2) demonstrated a 

marked escalation in root gall occurrence, registering an 

average of 29 root galls. 

In the realm of microbial interventions, the 

administration of P. fluorescence (Strain A) (T3) 

correlated with a noteworthy decrease in root gall 

formation, with an average of 8 root galls per plant. 

Likewise, the employment of P. fluorescence (Strain B) 

(T4) resulted in an average of 15 root galls per plant. 

Interestingly, the application of P. putida (T5) yielded an 

average of 21 root galls per plant. 

 

 
 

Figure 4. (T1) healthy plant, (T2) only nematode, (T3) 

Pseudomonas fluorescence (A), (T4) Pseudomonas 

fluorescence (B), and (T5) Pseudomonas putida. 

 

DISCUSSION 

The application of several Pseudomonas spp. strains are 

one of the promising biological management options 

that could be used to suppress root-knot nematodes 

(Meloidogyne incognita) in tomato crops and in several 

other crops (Azeem et al., 2020; Ali et al., 2022; 

Tabbasum et al., 2022; Ali et al., 2023b; Nauman et al., 

2023). Numerous studies have examined the 

effectiveness of various Pseudomonas spp. strains in 

reducing nematode infestations through mechanisms 

such as direct antagonistic relationships, systemic 

resistance induction, and hormone regulation that 

promotes plant growth. For instance, research by 

Khanna et al. (2021) demonstrated that certain strains 

of Pseudomonas spp. effectively suppressed nematode 

population densities in tomato plants by colonizing the 

rhizosphere, competing for resources, and producing 

nematocidal compounds. Sharma and Sharma, (2017) 

used pseudomonad rhizobacteria filtrates to prevent 

root-knot disease both in vitro and in the greenhouse. 

Specifically, the P. jessenii strains R62 and R81 

controlled root-knot nematodes (M. incognita) on 

tomato plants. All treatments with R62 and R81 (25%, 

50%, 75%, 100%) and all R62 + R81 dilutions killed 

second-stage juveniles in the lab. There was no effect on 

J2 at 25%, and some mortality at 50%. Combining R62 

and R81 in greenhouse conditions resulted in significant 

variations in plant growth characteristics. Plants under 

nematode stress showed a significant increase in growth 

metrics after receiving the same treatment (R62 + R81), 

unlike nematode-inoculated plants. 

Chinheya et al. (2017) investigated 70 Bacillus isolates 

against M. javanica J2 on soybean in vitro. After 

successive dilutions, the primary spore suspension was 

108 per ml, and five isolates viz. BC 27, BC 29, BC 31, BC 

56, and BC 64 caused more than 50% mortality. Three of 

these five isolates namely BC 27, BC 29, and BC 31 from 

the grass rhizosphere in goat pastures induced 80% 

larval mortality after 24 hours and were selected for a 

second screening. In a second in vitro screening, BC 27 

produced 100% mortality after 3 h, while BC 29 induced 

more mortality than BC 31. BC 27 and BC 29 were more 

effective than BC 31 after 24 h. In glasshouse tests, 

bacterial isolates BC 27 and BC 29 significantly reduced 

gall formation and eggmasses. Bacillus spp. are also 

widely employed to control plant-parasitic nematodes 

(Lee et al., 2021). Nematicidal metabolites from Bacillus 

spp. minimize chemical use. A possible biocontrol agent, 

B. subtilis, may generate spores and has other traits that 

help it survive in the rhizosphere (Rao et al., 2017). 

The endospore-forming parasites of Pasteuria reduce 

root-knot nematodes on tomato, grapevine (Vitis vinifera 

L.), tobacco (Nicotiana tabacum L.), and peanut (Arachis 

hypogaea L.) (Mukhtar et al., 2013b). This host-specific 

root-knot nematode parasite is very virulent and resistant 

to nematicides. Cetintas and Dickson (2004) found that P. 

penetrans reduced M. arenaria race 1 root galls on peanut. 

Bakr et al. (2017) found that P. penetrans controlled M. 

arenaria on tomato. Additionally, Serratia plymuthica, a 
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ubiquitous bacterium, can control M. incognita. 

Moreover, these beneficial bacteria have been observed 

to enhance plant vitality and root growth, thereby 

reducing tomato plants’ vulnerability to nematode 

damage. As a sustainable and eco-friendly method of 

controlling root-knot nematodes in tomato farming, 

using a variety of Pseudomonas spp. strains shows great 

promise as an alternative to chemical pesticides. This 

approach not only improves soil health but also 

increases crop yield. 

The results from this study highlight the significant 

impact of microbial inoculants on the growth of tomato 

plants. Both strains of P. fluorescens (Strain A and Strain 

B) demonstrated a positive effect on plant growth, as 

evidenced by increased plant height and weight 

compared to the control groups. This growth 

enhancement can be attributed to the microbial strains’ 

ability to improve nutrient assimilation and stimulate 

the secretion of plant growth-regulating hormones. 

Notably, the application of P. putida (T5) resulted in 

increased plant height, although the corresponding 

increases in plant weight was less pronounced 

compared to the other treatments. This discrepancy 

might be due to the unique interactions between P. 

putida and the tomato plants, which differ from those 

established by P. fluorescens. 

In contrast, the control group subjected to nematode 

inoculation (T2) exhibited inhibited growth, 

underscoring the detrimental effects of nematode 

infestation on tomato plants. The findings of the study 

underscore the potential of microbial treatments to 

positively influence the development of tomato plants. 

Specifically, the microbial treatments, particularly the 

strains of P. fluorescens (Strain A and Strain B), 

significantly enhanced both leaf and flower production, 

as indicated by the higher counts compared to the 

control groups. This increase in developmental 

parameters can be attributed to the microbial strains’ 

ability to improve nutrient availability and induce 

factors that promote plant growth. It is noteworthy that 

the application of P. putida (T5) led to an increase in the 

number of leaves; however, the corresponding rise in 

flower count was relatively moderate. This divergence 

could potentially result from the unique interactions 

between P. putida and tomato plants, which differ from 

those mediated by P. fluorescens. 

Bacteria are commonly observed to possess both 

nematicidal and plant growth-enhancing characteristics 

(Liu et al., 2022; Bhat et al., 2023; Nagrale et al., 2023). 

Multiple studies have demonstrated that bacteria can 

enhance growth and productivity in plants afflicted by 

nematodes in both greenhouse and field settings (Liu et 

al., 2022). However, some bacteria can significantly 

enhance plant development without affecting nematode 

control (Aballay et al., 2011). Xiang et al. (2017) found 

that B. velezensis Bve12 and B. weihenstephanensis 

Bwe15 can enhance the initial development and 

productivity of cotton plants in field settings, 

particularly when affected by M. incognita. S. plymuthica 

M24T3 exhibited potent nematicidal activity, achieving a 

100% kill rate. Additionally, it demonstrated a 

remarkable ability to colonize plants and promote their 

growth (Proença et al., 2019). The combination of 

nematicidal activity and plant growth-stimulating 

capacity enables farmers to enhance their crop yield, 

leading to economic advantages and alleviating the 

strain on soil fertility. 

This research makes a distinct contribution by 

conducting a thorough comparative examination of the 

impacts of various Pseudomonas strains on the growth 

parameters of tomato plants. This work differs from 

prior research that typically concentrated on a single 

strain or the overall impacts of Pseudomonas spp. 

Instead, it provides precise information on several 

strains, including P. fluorescens Strain A and Strain B, as 

well as P. putida T5. 

Furthermore, tomato plants treated with P. fluorescens 

Strain A showed a height increase of 15%, while those 

treated with Strain B showed an increase of 18% 

compared to the control. In contrast, plants treated with 

P. putida (T5) exhibited a 12% increase in height. P. 

fluorescens Strain A and Strain B exhibited a weight gain 

of 20% and 22% respectively, while P. putida (T5) 

resulted in a 10% increase in weight. This sophisticated 

understanding can guide more precise applications of 

microbial therapies in sustainable agriculture. 

Upon comparing these findings with other research, it 

becomes apparent that the distinct interactions between 

different strains of Pseudomonas and tomato plants can 

result in diverse outcomes in terms of growth and 

nematode suppression. This research provides a more 

sophisticated understanding of how various bacterial 

strains might be employed to enhance the health and 

productivity of tomato plants, contributing valuable 

knowledge to the field of biological plant protection and 

sustainable agriculture. 
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CONCLUSION 

This study demonstrates that several strains of 

Pseudomonas spp. are effective in managing root-knot 

nematodes (M. incognita) in tomato crops through 

mechanisms such as antagonistic interactions, systemic 

resistance induction, and hormone regulation. Research 

highlights illustrate the nematode suppression and plant 

growth benefits provided by these bacterial strains. The 

findings underscore the potential of microbial inoculants 

like P. fluorescens and P. putida to enhance tomato plant 

growth and yield, offering a sustainable alternative to 

chemical pesticides and contributing to soil health and 

agricultural productivity. 
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