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ABSTRACT 

 
Paes, B. S. J., E. Seguchi, C. M. G. de Oliveira, and J. E. M. de Almeida. 2026. Tomato growth reduction 

caused by Meloidogyne paranaensis and its biological control by fungal agents under greenhouse 

conditions. Nematropica 56: 66–75. 

 

Meloidogyne paranaensis is recognized as one of the most aggressive root-knot nematode species 

affecting coffee crops in Brazil; however, quantitative assessments of its impact on alternative susceptible 

hosts and evaluations of biological control agents against this species remain limited. Although tomato is 

widely used as a standard host for M. paranaensis assays, few studies have integrated nematological 

parameters with measurable agronomic damage. This study aimed to quantify the effects of M. paranaensis 

on tomato growth and to evaluate the efficacy of different fungal biological control agents under greenhouse 

conditions. Two independent experiments were conducted to assess tomato growth parameters and 

nematode population dynamics, including the reproduction factor (RF) and the ratio between final 

population and root fresh mass (Pf/RFM). M. paranaensis caused significant reductions in shoot height and 

shoot dry mass, demonstrating that its successful reproduction was accompanied by measurable damage to 

plant growth. Among the evaluated fungi, Purpureocillium lilacinum, Trichoderma harzianum, and 

Metarhizium anisopliae isolate Ma04 consistently reduced nematode reproduction and maintained low 

Pf/RFM values, demonstrating effective bionematicidal effects. In contrast, Beauveria bassiana and 

Cordyceps javanica showed limited or intermediate suppression. The integration of agronomic and 

nematological variables proved essential for distinguishing true nematicidal effects from mere plant growth 

promotion. These findings provide novel evidence supporting the biological management of 

M. paranaensis and establish a quantitative experimental framework applicable to coffee and other 

susceptible crops. 
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Meloidogyne paranaensis é reconhecida como uma das espécies de nematoides-das-galhas mais 

agressivas que afetam a cafeicultura brasileira; entretanto, ainda são limitadas as avaliações quantitativas 

de seu impacto sobre hospedeiros alternativos suscetíveis e os estudos sobre a eficácia de agentes de 

controle biológico contra essa espécie. Embora o tomateiro seja amplamente utilizado como hospedeiro 

padrão em ensaios com M. paranaensis, poucos estudos integraram parâmetros nematológicos e danos 

agronômicos mensuráveis. Este estudo teve como objetivo quantificar os efeitos de M. paranaensis sobre 

o crescimento do tomateiro e avaliar a eficácia de diferentes agentes fúngicos de controle biológico em 

condições de casa de vegetação. Foram conduzidos dois experimentos independentes para avaliar 

parâmetros de crescimento das plantas e a dinâmica populacional do nematoide, incluindo o fator de 

reprodução (FR) e a relação entre a população final e a massa fresca de raízes (Pf/MFR). Meloidogyne 

paranaensis promoveu reduções significativas na altura da parte aérea e na massa seca da parte aérea, 

demonstrando que sua elevada capacidade reprodutiva foi acompanhada por danos mensuráveis ao 

desenvolvimento das plantas. Entre os fungos avaliados, Purpureocillium lilacinum, Trichoderma 

harzianum e o isolado Ma04 de Metarhizium anisopliae reduziram consistentemente a reprodução do 

nematoide e mantiveram baixos valores de Pf/MFR, evidenciando efetiva atividade bionematicida. Em 

contraste, Beauveria bassiana e Cordyceps javanica apresentaram supressão limitada ou intermediária. 

A integração de variáveis agronômicas e nematológicas mostrou-se essencial para distinguir efeitos 

genuinamente nematicidas de simples promoções de crescimento vegetal. Esses resultados fornecem 

evidências inéditas que sustentam o manejo biológico de M. paranaensis e estabelecem uma abordagem 

experimental quantitativa aplicável ao cafeeiro e a outras culturas suscetíveis. 

 

Palavras chave: Bionematicidas, controle alternativo, experimentos em vasos, nematoide-das-galhas do 

cafeeiro. 

 

  

INTRODUCTION 
 

Over recent decades, Brazilian agriculture has 

been increasingly challenged to reconcile high 

productivity with sustainability, a demand 

intensified by environmental concerns, climate 

variability, global food requirements, and the rising 

costs and regulatory limitations associated with 

pesticide use (Assad & Assad, 2024). In this 

scenario, biotic stress factors, particularly 

soilborne pests and pathogens, have emerged as 

critical obstacles to crop performance, leading to 

substantial yield losses and threatening production 

stability (Fontes & Valadares-Inglis, 2020). Among 

these biotic constraints, plant-parasitic nematodes 

rank among the most destructive pests in 

agricultural systems worldwide, with especially 

severe impacts on annual and perennial crops 

characterized by extended production cycles 

(Agrios, 2005; Lopes & Ferraz, 2016). 

Root-knot nematodes (Meloidogyne spp.) are 

among the most damaging plant-parasitic 

nematodes, inducing gall formation in roots, 

impairing water and nutrient uptake, and reducing 

plant vigor and productivity (Castagnone-Sereno 

et al., 2013; Brown & Ferraz, 2016). In Brazil, 

Meloidogyne paranaensis Carneiro, Carneiro, 

Abrantes, Santos and Almeida, 1996, has emerged 

as one of the most aggressive root-knot nematode 

species, particularly in coffee (Coffea arabica) 

production systems. This nematode is widely 

distributed across the main coffee-producing 

regions of the country, including major growing 

areas in the states of Minas Gerais and São Paulo, 

where its occurrence has been confirmed in 

commercial plantations. It is associated with severe 

root damage, plant decline, and long-term yield 

losses (Oliveira & Rosa, 2018; Salgado et al., 

2015). 

However, host reaction tests have shown that 

this species is not restricted to coffee, presenting a 

broad host range that includes several crops and 

weed species (Campos & Villain, 2005; Carneiro et 

al., 2007; Castro et al., 2003; Lima-Rivera et al., 

2024; Monaco et al., 2008; Roese & Oliveira, 

2004; Santiago et al., 2000). These findings 

demonstrate that adopting crop rotation may not be 

sufficient to reduce M. paranaensis populations, 

emphasizing the need for detailed evaluation of 

different genotypes and the integration of multiple 

management strategies. Despite its 

economic relevance, management strategies for 

M. paranaensis remain limited and are still largely 
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based on chemical nematicides and cultural 

practices, such as the use of nematode-free 

seedlings, resistant cultivars, crop rotation, cover 

crops, organic amendments, biofumigation, and 

other soil management practices aimed at reducing 

nematode populations and improving soil 

suppressiveness (Arita et al., 2020; Gonçalves & 

Silvarolla, 2001; Inomoto, 2013; Oliveira & Rosa, 

2018).  

Furthermore, the growing demand for 

environmentally safe and biologically based 

alternatives to conventional pesticides has 

intensified interest in biological control strategies, 

particularly those involving antagonistic or plant 

growth-promoting microorganisms. Although 

several fungi are widely reported for their 

broad‑spectrum activity against a range of 

agricultural pests and pathogens (Fontes & 

Valadares-Inglis, 2020), their application in the 

context of plant-parasitic nematodes remains 

comparatively limited. Research on fungal 

biological control of plant-parasitic nematodes has 

been largely restricted to Purpureocillium 

lilacinum, Pochonia chlamydosporia, and 

Trichoderma spp. (Contreras-Soto et al., 2025; 

Haron et al., 2001; Oliveira et al., 2021; Paes et al., 

2025; Santiago et al., 2006; Yan et al., 2021; 

Youssef et al., 2020) which dominate both the 

scientific literature and the commercial 

bionematicide market. In contrast, the potential of 

other well-established entomopathogenic fungi, 

such as Metarhizium anisopliae (Oliveira et al., 

2021; Paes et al., 2025), Beauveria bassiana (Fang 

et al., 2025; Oliveira et al., 2021), and Cordyceps 

javanica (Li et al., 2025), remains poorly explored 

against root-knot nematodes and have not been 

specifically investigated for M. paranaensis. 

Moreover, studies involving these fungi are 

predominantly based on in vitro assays, with a clear 

lack of greenhouse and field evaluations that could 

validate their efficacy under more complex 

interactions. Consequently, information regarding 

the consistency of their performance against 

M. paranaensis remains scarce, limiting their 

incorporation into commercially available 

bionematicide formulations. 

Although tomato is widely recognized as a 

highly susceptible host of M. paranaensis and has 

long been used for nematode maintenance, 

inoculum production, and pathogenicity assays, 

quantitative studies linking nematode reproduction 

to measurable agronomic damage remain scarce. 

Most previous investigations have focused 

primarily on host suitability and reproductive 

parameters, with limited attention given to the 

effects of M. paranaensis on plant growth and 

biomass accumulation. Furthermore, few studies 

have integrated agronomic performance, nematode 

population dynamics, and biological control 

efficacy within a single experimental framework. 

Therefore, this study aimed to: (i) quantify the 

effects of M. paranaensis on tomato growth and 

development under greenhouse conditions; 

(ii) evaluate the efficacy of different fungal 

biological control agents in suppressing nematode 

reproduction; and (iii) integrate agronomic and 

nematological variables, including the final 

population-to-root fresh mass ratio (Fp/RFM), to 

provide a more comprehensive assessment of 

host nematode interactions and biological control 

performance. 

 

MATERIALS AND METHODS 
 

Experimental design 

 

Three experiments were carried out under 

greenhouse conditions at the Instituto Biológico, 

Campinas, São Paulo, Brazil (22°54′ S, 47°00′ W; 

707 m altitude), during the summer of 2025. 

Throughout the experimental period, the mean air 

temperature inside the greenhouse was 34 ± 4°C. 

Experimental units consisted of plastic pots with a 

total capacity of 800 cm³ (15 cm in height, 4.75 cm 

upper radius, and 3.5 cm lower radius), containing 

750 cm³ of autoclaved commercial substrate 

(Tropstrato Florestal®, pH 6.0), formulated with 

pine bark, vermiculite, and single superphosphate. 

Seedlings of the tomato hybrid ‘Sophia’ (Sakata 

Seed Sudamerica) were used in all experiments. 

Seeds were initially sown in seedling trays, and 

after 20 days, uniform seedlings were transplanted 

into the pots, with one plant per pot. At 

transplanting, 0.5 g of a slow-release fertilizer 

(NPK 13–40–13) was applied to each pot. 

 

Nematode culture and inoculation procedure 

 

The nematode species was confirmed by 

esterase isoenzyme analysis, which allows reliable 

discrimination between M. paranaensis 

(P1 phenotype) and M. incognita (I1/I2 

phenotypes). In addition, male morphological 

traits, including the position of the dorsal 
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esophageal gland orifice, were examined as 

complementary diagnostic characters (Carneiro 

et al., 1996). The inoculum consisted of eggs and 

second-stage juveniles extracted from infected 

coffee and tomato roots using a modified Coolen 

and D’Herde (1972) protocol. Roots were blended 

in a 0.5% NaOCl solution for one minute, and the 

suspension was filtered through a double sieve 

(60 and 500 mesh; 0.250 and 0.025 mm), resulting 

in a nematode suspension used for inoculation. In 

all experiments, inoculation was performed on the 

day of transplanting by introducing 5,000 

specimens (eggs and second-stage juveniles) into 

two holes approximately 2 cm deep positioned 

close to each seedling. After inoculation, plants 

were maintained under greenhouse conditions and 

irrigated daily throughout the experimental period. 

 

Pathogenicity and aggressiveness of 

M. paranaensis 

 

This experiment consisted of two treatments 

arranged in a completely randomized design: 

non‑inoculated tomato plants and tomato plants 

inoculated with M. paranaensis. Each treatment 

had five replicates, and the experiment was 

conducted twice under identical conditions. 

Evaluations were performed at 72 days after 

transplanting. The agronomic variables assessed 

included shoot height (SH, cm), root fresh mass 

(RFM, g), and shoot dry mass (SDM, g). The final 

nematode population in the roots (Pf) and the 

reproduction factor [RF = Pf/initial population 

(Pi)] were also determined. 

 

Fungal isolates and inoculum production 

 

The fungal isolates were obtained from the 

fungal collection maintained at the Instituto 

Biológico, São Paulo State, Brazil. The following 

species were evaluated: Metarhizium anisopliae 

(isolates Ma03 and Ma04), Purpureocillium 

lilacinum (syn. Paecilomyces lilacinus), 

Trichoderma harzianum, Beauveria bassiana, and 

Cordyceps javanica (syn. Isaria javanica). All 

isolates were freshly cultured prior to use and 

exhibited conidial viability above 80%. The 

isolates were preserved by lyophilization and 

subsequently reactivated on potato dextrose agar 

(PDA) supplemented with oxytetracycline. After 

sporulation, conidia were recovered and suspended 

in sterile Milli-Q water containing 0.01% 

Tween 80. The suspensions were used to inoculate 

autoclaved rice and incubated under controlled 

conditions (25°C; 12:12 h light–dark photoperiod). 

After approximately seven days, conidia were 

recovered by dry separation using a 20-mesh sieve. 

Conidial concentration was determined using a 

Neubauer hemocytometer under a light microscope 

(Leica DMLS), and suspensions were adjusted to 

1 × 10⁸ viable conidia mL⁻¹. Thirty milliliters of 

each suspension were applied to the soil near the 

seedlings. 

 

Biological control trials 

 

Two experiments were conducted 

simultaneously to evaluate fungal biological 

control agents against M. paranaensis. Both 

experiments followed the same inoculation 

procedure described above, using 5,000 eggs and 

second-stage juveniles per plant, as well as 

identical treatments, evaluation variables, and 

assessment timing. The experiments consisted of 

seven treatments arranged in a completely 

randomized design with four replicates per 

treatment: inoculated control, M. anisopliae Ma03, 

M. anisopliae Ma04, P. lilacinum, T. harzianum, 

B. bassiana, and C. javanica. The evaluations were 

performed at 72 days after transplanting. 

Nematodes were extracted from tomato roots 

using the same procedure adopted for inoculum 

preparation. Quantification was performed under a 

light microscope (Leica DMLS) using Peters 

counting slides based on two 1-mL subsamples per 

experimental unit. In all experiments, Pf and RF 

were determined. In one of the experiments, shoot 

height (SH), root fresh mass (RFM), and shoot dry 

mass (SDM) were evaluated. In two other 

experiments, agronomic variables included root 

fresh mass (RFM), shoot fresh mass (SFM), shoot 

dry mass (SDM), and shoot height (SH), whereas 

nematological variables included Pf, RF, 

suppression efficiency relative to the inoculated 

control (E%), and the ratio between Pf and RFM 

(Pf/RFM). Suppression efficiency was calculated 

according to Abbott’s formula: E% = [(C − T)/C] × 

100, where C represents the mean value of the 

inoculated control and T the mean value of each 

treatment (Phiepho et al., 2024).
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Statistical analysis 

 

All statistical analyses were performed using 

Sisvar software (Ferreira, 2011). Treatment means 

were compared using Tukey’s test at the 5% 

significance level. Data for Pf were log-

transformed [log (x + 1)] to satisfy the assumptions 

of normality. Residual normality was verified using 

the Shapiro–Wilk test (p > 0.05). 

 

RESULTS 

 
Pathogenicity of M. paranaensis on tomato  

 

Tomato plants inoculated with M. paranaensis 

showed substantial reductions in shoot 

development in both trials conducted under 

greenhouse conditions (Figure 1). In Trial 1, 

inoculated plants exhibited a significant reduction 

in shoot height (29.0 cm) compared with non-

inoculated plants (47.3 cm). Likewise, shoot dry 

mass decreased from 8.8 g in the non-inoculated 

control to 4.8 g in inoculated plants. Root fresh 

mass did not differ significantly between 

treatments, with values of 7.1 and 7.4 g for non‐

inoculated and inoculated plants, respectively. 

A similar pattern was observed in Trial 2. Although 

shoot height was not significantly affected, 

inoculated plants maintained lower values 

(24.8 cm) than non-inoculated plants (28.5 cm). 

Shoot dry mass was again significantly reduced by 

nematode infection, decreasing from 10.1 g in the 

non-inoculated control to 5.4 g in inoculated plants. 

There was no significant root fresh mass between 

inoculated and non-inoculated plants, despite 

inoculated plants presenting numerically higher 

values (15.2 g) than non-inoculated plants (11.3 g). 

Overall, inoculated plants exhibited lower shoot 

growth and shoot biomass than non-inoculated 

plants in both trials, indicating a negative effect of 

M. paranaensis on tomato development under 

greenhouse conditions. 

 

Biological control of M. paranaensis by fungal 

agents 

 

The effects of the fungal biological control 

agents on tomato growth and nematode 

reproduction were evaluated in two independent 

greenhouse experiments (Figure 2; Tables 1 and 2). 

In both experiments, the inoculated control 

consistently exhibited the poorest plant 

development and the highest nematode population 

densities. Final nematode populations reached 

181,000 and 221,300 individuals, with RFs of 36.2 

and 44.4 in the two experiments, respectively. 

Likewise, the inoculated plants showed the highest 

Pf/RFM values, indicating intense nematode 

multiplication within the root system. Among the 

evaluated fungi, P. lilacinum, T. harzianum, and 

M. anisopliae isolate Ma04 consistently reduced 

nematode reproduction in both experiments. These 

treatments resulted in lower Pf, RF, and reduced 

Pf/RFM values compared with the inoculated 

control. In contrast, B. bassiana showed variable 

efficacy between experiments, whereas 

M.  anisopliae isolate Ma03 consistently exhibited 

low efficacy. C. javanica showed intermediate 

efficacy, providing greater RF than B. bassiana and 

M. anisopliae isolate Ma03, but lower than 

M. anisopliae isolate Ma04, P. lilacinum, and 

T. harzianum. Treatments associated with lower 

nematode densities generally exhibited improved 

plant growth, while treatments with higher RF 

tended to show reduced shoot development. 

 

DISCUSSION 
 

The reductions in shoot height and shoot dry 

mass observed in inoculated plants demonstrate 

that M. paranaensis is highly pathogenic to tomato. 

Similar responses have been reported in susceptible 

hosts infected by root-knot nematodes, where 

impairment of the root system reduces water and 

nutrient uptake, ultimately limiting plant growth 

and biomass accumulation (Perry et al., 2009). 

Although root fresh mass was not significantly 

reduced in the present study, this result should be 

interpreted cautiously because gall formation and 

tissue hypertrophy induced by Meloidogyne spp. 

can artificially increase root weight, masking 

actual losses in functional root biomass. This 

phenomenon has been reported in several 

host‑Meloidogyne interactions and may explain the 

similar or even greater root fresh mass values 

observed in inoculated plants despite the 

pronounced reductions in shoot development 

(Agrios, 2005; Brown & Ferraz, 2016; Castagnone-

Sereno et al., 2013). 

Although tomato is widely used as a 

susceptible host for nematode multiplication, 

relatively few studies have quantified the



71 Tomato growth reduction: Paes et al. 

 
 
 

  

Figure 1. Pathogenic effects of Meloidogyne paranaensis on shoot height (SH, cm), shoot dry mass 

(SDM, g), and root fresh mass (RFM, g) of tomato plants inoculated or non-inoculated in two greenhouse 

trials (Experiment 1). 

Figure 2. Tomato roots treated with different fungal biological control agents and evaluated for 

Meloidogyne paranaensis infection under greenhouse conditions. (A) Non-inoculated control; 

(B) nematode-inoculated control; (C) Trichoderma harzianum; (D) Beauveria bassiana; (E) Metarhizium 

anisopliae isolate Ma03; (F) Purpureocillium lilacinum; (G) Metarhizium anisopliae isolate Ma04; and 

(H) Cordyceps javanica. 
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Table 1. Effects of fungal biological control agents (Trichoderma harzianum, Beauveria bassiana, Metarhizium 

anisopliae, Purpureocillium lilacinum, and Cordyceps javanica) on tomato growth and Meloidogyne paranaensis 

reproduction under greenhouse conditions at 72 days after inoculation. 

Treatment    SH SDM  RFM Pf   RF Pf/ RFM E% 

Control  29.0 c   4.8 c   7.4 d 181,000 a 36.2 a 26,459 a -- 

P. lilacinum  99.2 a 17.9 a 27.7 a   36,650 b   7.4 b   1,423 c 80 

T. harzianum  47.5 bc 16.3 ab 12.4 cd   22,863 b   4.6 b   2,043 c 87 

M. anisopliae Ma03  70.5 ab   3.6 c 17.6 bc 217,950 a 43.6 a 14,383 b   0 

M. anisopliae Ma04  60.3 abc   9.7 bc 16.2 cd   31,975 b   6.4 b   2,103 c 82 

B. bassiana   63.0 abc 16.3 ab 26.5 ab 193,000 a 38.6 a   7,263 bc   0 

C. javanica   58.3 bc   3.9 c 11.0 cd   61,250 b 12.3 b   6,268 bc 66 

Means followed by different lower case in column differ from each other by Tukey test at 0.05 significance. 

SH = shoot height (cm); SDM = shoot dry mass (g); RFM = root fresh mass (g); Pf = final nematode population; 

RF = reproduction factor (Pf/Pi); Pf/RFM = number of nematodes per gram of root; E% = nematode suppression 

efficiency relative to the inoculated control. 

 

 

Table 2. Effects of fungal biological control agents (Trichoderma harzianum, Beauveria bassiana, Metarhizium 

anisopliae, Purpureocillium lilacinum and Cordyceps javanica) on tomato growth and Meloidogyne paranaensis 

reproduction under greenhouse conditions at 72 days after inoculation. 

Treatment    SH SDM  RFM      Pf   RF Pf/ RFM E%E

% Control   24.8 d   5.4 cd 15.2 cd 221,300 a 44.4 a 15,559 a   -- 

P. lilacinum   93.7 a 15.1 a 34.5 a   38,725 c   7.8 c   1,422 c 82 

T. harzianum 101.3 a 12.4 ab 26.7 abc   48,150 c   9.6 c   1,803 c 78 

M. anisopliae Ma03   65.8 bc   9.1 bc 22.7 bc 227,500 a 44.3 a 10,422 b 0 

M. anisopliae Ma04   55.3 c   7.1 cd 21.6 bcd   27,262 c   5.45 c   1,262 c 87 

B. bassiana    84.5 ab 13.2 ab 28.8 ab 114,500 b 21.4 b   3,675 c 51 

C. javanica    45.3 cd   2.4 d 10.8 d 118,250 b 23.8 b 11,349 b 46 

Means followed by different lower case in column differ from each other by Tukey test at 0.05 significance. 

SH = shoot height (cm); SDM = shoot dry mass (g); RFM = root fresh mass (g); Pf = final nematode population; 

RF = reproduction factor (Pf/Pi); Pf/RFM = number of nematodes per gram of root; E% = nematode suppression 

efficiency relative to the inoculated control. 

 

 

agronomic damage caused by M. paranaensis in 

terms of plant growth reduction. Most available 

reports have focused on host suitability and 

nematode reproduction (Lima-Rivera et al., 2024; 

Roese & Oliveira, 2004; Santiago et al., 2000). 
Therefore, the present study contributes additional 

evidence demonstrating that nematode infection 

results not only in high reproductive success but 

also in substantial reductions in plant growth. 

The consistent suppression of nematode 

reproduction by P. lilacinum, T. harzianum, and 

M. anisopliae isolate Ma04 highlights the potential 

of these fungi as biological control agents against 

M. paranaensis. The effectiveness of P. lilacinum 

agrees with previous reports attributing its activity 

to egg parasitism, production of extracellular 

enzymes, and secretion of metabolites that interfere 

with nematode development and reproduction 

(Santiago et al., 2006; Youssef et al., 2020). 

Likewise, the performance of T. harzianum 

corroborates previous studies demonstrating its 

ability to suppress root-knot nematodes through 

competition, antibiosis, induction of plant defense 

responses, and stimulation of root development 

(Contreras-Soto et al., 2025; Haron et al., 2001; 

Yan et al., 2021; Yaseen et al., 2025). 

The results obtained with M. anisopliae, 

particularly isolate Ma04, are consistent with 

reports demonstrating its potential against 

Meloidogyne species in coffee, banana, and cotton 

(Oliveira et al., 2021; Paes et al., 2025). Although 

species of Metarhizium are primarily recognized as 

entomopathogens, increasing evidence suggests 

that they may also suppress plant-parasitic 

nematodes through rhizosphere colonization, 

production of bioactive metabolites, and induction 
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of plant resistance mechanisms (Fontes and 

Valadares-Inglis, 2020). In contrast, B. bassiana 

and C. javanica exhibited less consistent 

suppression, indicating that efficacy may depend 

on isolate characteristics and environmental 

conditions, as reported previously (Fang et al., 

2025; Li et al., 2025; Youssef et al., 2020). 

Overall, the integration of agronomic and 

nematological variables proved essential for 

distinguishing genuine nematode suppression from 

simple plant growth promotion. In particular, the 

Pf/RFM ratio provided a useful complementary 

metric by relating nematode reproduction to the 

amount of root tissue available for colonization, 

thereby improving the interpretation of treatment 

effects. 

 

CONCLUSION 
 

This study demonstrates that M. paranaensis 

causes consistent reductions in tomato 

development under greenhouse conditions. In 

addition, among the evaluated fungal biological 

control agents, P. lilacinum showed the highest and 

most consistent efficacy, followed by T. harzianum 

and M. anisopliae isolate Ma04, whereas 

C. javanica exhibited intermediate performance 

and B. bassiana showed inconsistent results. These 

findings advance the understanding of 

M. paranaensis and support the need for further 

studies on its management, particularly in coffee 

production systems. The methodological approach 

adopted here may serve as a basis for future studies 

involving coffee and other economically important 

hosts, contributing to more integrated and 

quantitative assessments of biological management 

strategies for M. paranaensis. 
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