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Abstract: Root-knot nematodes (Meloidogyne spp.) are common plant pathogens that cause significant yield losses, particularly in vegetable crops such 

as tomatoes. Due to the environmental impacts and legal restrictions associated with chemical nematicides, the development and evaluation of biological 

alternatives have become increasingly important. In this study, the efficacy of four biological products and one chemical nematicide against Meloidogyne 

incognita was evaluated through a pot experiment conducted under growth room conditions. The biological products used were Biostimulant-I (Oxydez 

Plus), Biostimulant-II (Ozark), Biostimulant-III (Konsorta Root), and Biostimulant-IV (Accudo). The chemical nematicide was Velum Prime SC 400, which 

contains the active ingredient fluopyram. The efficacy of the products was examined based on the root-knot index and second-stage juvenile (J2) 

population parameters in a 70-day growth room experiment. The results showed that the chemical nematicide provided the highest efficacy, by reducing 

the root-knot index by 67.08% and the J2 population by 87.67%. Among the biological products, Biostimulant-IV suppressed root-knot formation by 

43.88% and the J2 population by 51.74%. Biostimulant-III, applied at a high dose, also showed a significant effect, reducing root-knot formation by 32.46% 

and the J2 population by 40.71%. In contrast, Biostimulant-I and Biostimulant-II showed lower levels of effect, reducing the root-knot index by 12.63% 

and 10.97%, respectively, and the J2 population by 21.57% and 24.34%, respectively. These findings suggest that biological products could serve as an 

alternative to chemical products in controlling M. incognita when supported by appropriate doses and application timings.  

Keywords: Root-knot nematode, Meloidogyne incognita, Biological control, Biostimulant, Nematicide 

& 

Öz: Kök-ur nematodları (Meloidogyne spp.), özellikle domates gibi sebze türlerinde ciddi verim kayıplarına yol açan yaygın bitki patojenlerindendir. 

Kimyasal nematisitlerin çevresel etkileri ve yasal kısıtlamalar nedeniyle, biyolojik alternatiflerin geliştirilmesi ve etkinliğinin değerlendirilmesi giderek 

daha fazla önem kazanmaktadır. Bu çalışmada, Meloidogyne incognita’ya karşı dört biyolojik ürün ile bir kimyasal nematisidin etkinliği, büyüme odası 

koşullarında yürütülen saksı denemesiyle değerlendirilmiştir. Biyolojik ürünler Biostimulant-I (Oxydez Plus), Biostimulant-II (Ozark), Biostimulant-III 

(Konsorta Root) ve Biostimulant-IV (Accudo) olarak kullanılmıştır. Kimyasal nematisit ise fluopyram etken maddesi içeren Velum Prime SC 400’dür. 

Ürünlerin etkinlikleri, 70 gün süren büyüme odası denemesinde kök-ur indeksi ve ikinci dönem larva (J2) sayısı parametreleri esas alınarak incelenmiştir. 

Elde edilen sonuçlar, kimyasal nematisidin kök-ur indeksini %67.08 ve J2 popülasyonunu %87.67 oranında azaltarak en yüksek etkinliği sağladığını 

ortaya koymuştur. Biyolojik ürünlerden Biostimulant-IV, kök-ur oluşumunu %43.88 ve J2 popülasyonunu %51.74 oranında baskılamıştır. Yüksek dozda 

uygulanan Biostimulant-III de sırasıyla %32.46 ve %40.71 oranlarında kayda değer bir etki göstermiştir. Buna karşılık, Biostimulant-I ve Biostimulant-II 

daha düşük düzeyde etki göstermiştir ve kök-ur indeksinde sırasıyla %12.63 ve %10.97, J2 popülasyonunda ise %21.57 ve %24.34 oranlarında azalma 

sağlamıştır. Bu bulgular, biyolojik ürünlerin uygun doz ve uygulama zamanlarıyla desteklenmesi durumunda M. incognita kontrolünde kimyasal 

ürünlere alternatif olabileceğini göstermektedir.  
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INTRODUCTION  

Plant-parasitic nematodes (PPNs) infect a wide range of food, feed, and fiber crops, leading to significant 

yield losses worldwide (Abd-Elgawad, 2021). Among PPNs, root-knot nematodes (RKN; Meloidogyne spp.) 

were discovered during the 1850s on the roots of cucumber plants by Miles Joseph Berkeley. The genus of 

Meloidogyne contains around 100 species described to date (Perry et al., 2009).  These nematodes attack a 

broad range of plant hosts, causing annual losses estimated at nearly 100 million dollars globally. The RKN 

species are found worldwide and parasitise the hundreds of plant species including agricultural crops 

(Mitkowski and Abawi, 2003). Although over 34 species of RKN have been reported on tomato, there are 

four species of economic importance to tomato production: M. incognita (Southern root-knot nematode), 

M. javanica (Sugarcane eelworm), M. arenaria (Peanut root-knot nematode), and M. hapla (Northern root-

knot nematode) (Noling, 2014). 

Initially, nematicides proved to be the most effective measure for controlling high levels of Meloidogyne 

spp. populations (Onkendi et al., 2014). However, the high market cost of nematicides, along with their 

harmful effects on humans, animals, and beneficial soil microbes, limits their use (Mukhtar et al., 2013). 

The effective and sustainable management of RKN is required for profitable tomato production (Kariuki, 

2006). 

Biological control, or biocontrol, is a method that has been researched for many years in the control of soil-

borne diseases and stands out for its sustainability. This approach involves the deliberate use of one or 

more beneficial organisms to control the populations of pathogenic organisms (Collinge et al., 2022). The 

most effective application of biocontrol is as a preventive treatment against pathogens; it is not 

recommended to use it alone after the disease has progressed. Biocontrol products have been successfully 

applied against various pathogens in different agricultural systems, with fungi and bacteria being 

extensively studied, particularly for the management of RKNs (Meloidogyne spp.) (Kiewnick and Sikora, 

2006; Xiong et al., 2015; Ahmed et al., 2022; Ali et al., 2024). 

Bio-based biostimulants, on the other hand, are innovative products that offer an environmentally 

sustainable and ecological alternative to synthetic agricultural chemicals. These biostimulants contain 

components such as humic acid and rhizobacteria that support plant growth, and they provide long-term 

protection against nematodes through various mechanisms (Goyat et al., 2024). 

This study aims to evaluate the efficacy of four biostimulants, containing different biological components, 

such as chlorine dioxide, essential oil blends, and microorganism-based bioproducts, against M. incognita 

under growth room conditions. 

MATERIAL AND METHOD 

Nematode Population 

The RKN species, M. incognita, was used in this study. The nematodes were isolated from various egg 

masses and propagated using the sensitive Falcon tomato variety. The entire process was carried out at a 

temperature of 25 ± 2 °C and a relative humidity of over 60%. Infected roots were washed and egg masses 

were collected by hand. After being soaked in distilled water, the egg masses were incubated at 28 ± 2 °C 

to obtain second-stage juveniles (J2). The nematode suspension was standardised to contain 200 J2 per 
milliliter. 

Biostimulants and Chemical Product 

Table 1 shows the active ingredients, trade names, and manufacturers of the biological and chemical 

products used in the experiment. The products have been coded as biological-based products from 

“Biostimulant-I” to “Biostimulant-IV”, to facilitate management and tracking. 
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Table 1. Biological and chemical products used in trial. 

Çizelge 1. Denemede kullanılan biyolojik ve kimyasal ürünler. 

Code Active substance Trade name of product Company 

Biostimulant-I 

Stabilized chlorine dioxide 

with quaternary ammonium 

compounds. 

Oxydez Plus 
Nutri Biotech Agriculture Industry 

and Trade Co. Ltd. 

Biostimulant-II 
Essential oil blend derived 

from five plant species 
Ozark 

Nutri Biotech Agriculture Industry 

and Trade Co. Ltd. 

Biostimulant-III 
Burkholderia rhizogenes and 

Glomus iranicum  
Konsorta Root 

Nutri Biotech Agriculture Industry 

and Trade Co. Ltd. 

Biostimulant-IV Bacillus licheniformis RTI184 Accudo 
FMC Türkiye Industrial Products 

Ind. Ltd. Co. 

Nematicide Fluopyram Velum Prime SC 400 
Bayer Türk Chemistry Ind. Ltd. 

Co. 

 

Experimental Design and Set-up 

The experiments were conducted in 1.2-liter pots filled with 800 grams of autoclaved soil each. For 

treatment code A, RKN inoculation was performed 5–7 days prior to the relevant treatment, i.e., on March 

8, 2025. Three-week-old Falcon tomato seedlings were planted in the pots on March 13, 2025, with 8 

replicates per treatment. 

For application codes B, C, and D, all relevant pots were inoculated on the planting day (March 13, 2025). 

In this inoculation, nematodes were applied at a rate of 2.000 second-stage larvae (J2) per pot, using a 5 ml 

micropipette into two holes next to the roots. Thus, the B application represents its own inoculation time, 

and the pots in which the C and D applications were performed were infected with the common B 

inoculation. Additionally, 10 grams of infected root soil were buried in each pot. 

The second application code, C, was performed 14 days after planting, on March 27, 2025, using drip 

irrigation. The third application code, D, was performed 25 days after planting, on April 10, 2025, using the 

same method. Nematode inoculations for application codes B, C, and D were performed on the specified 

dates (Table 2). 

 
Table 2. Treatments application program. 

Çizelge 2. Tedavilerin uygulama programı. 

Application code Timing A 

  

B 

 

C 

 

D 

 

 5-7 days before 

transplanting 

Just after transplanting 14 days after 

transplanting (DAT) 

28 DAT 

 

Eight replicates were used, including a control without inoculation (0 J2), for each compound. The pots 

were arranged in a randomised block design and kept in a growth room. Irrigation was performed every 

two days. The experiment began on March 13, 2025, and ended on May 23, 2025, lasting approximately 70 

days. 

Table 3 shows the different treatments used in this study with the recommended doses, considering that 

tomato seedlings must be planted at 1500 plants da-1. After chemical application, the pots were irrigated to 

enhance their effect.  
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Table 3. Biological and chemical application and doses used in trials. 

Çizelge 3. Denemelerde kullanılan biyolojik ve kimyasal uygulama  dozları. 

Code Treatments Form. Rate 

(ml l⁻¹ or ml da⁻¹) 

Time 

1 Biostimulant-I SL 60 ml 100 l⁻¹ A 

2 Biostimulant-II EC 80 ml 100 l⁻¹ A 

3 Biostimulant-III (Dose I) SL 2000 ml da⁻¹ BCD 

4 Biostimulant-III (Dose II) SL 3000 ml da⁻¹ BCD 

5 Biostimulant-IV SC 300 ml da⁻¹ A 

6 Nematicide SC 60 ml da⁻¹ B 

7 Untreated Control NA NA NA 

 

Trial Assessment 

At the end of the trial, the plants were carefully removed without damaging their roots. Any soil residues 

on the root surface were gently washed off. The severity of the galls formed on the roots was evaluated 

using Bridge and Page's (1980) standard gall index scale. Additionally, the population density of the J2 

population belonging to the M. incognita species was determined using Hooper's (1986) modified Baermann 

funnel method, with counts performed under a light microscope. 

Statistical Analysis 

The data were analysed using Minitab Version 20. Statistical differences between applications were 

evaluated using analysis of variance (ANOVA). Where significant differences were identified in the 

ANOVA results, the Tukey HSD test was applied at a 95% confidence level to determine the differences 

between groups. 

RESULTS AND DISCUSSION 

Table 4 presents the ANOVA evaluating the effects of different treatments on the root-knot index in tomato 

plants. The results showed significant differences among treatments (F(6.49) = 36.02, p < 0.001), indicating 

that the treatments significantly influenced root-knot development. 

 
Table 4. Analysis of variance (ANOVA) of the effect of treatments on root-knot index in tomato plants. 

Çizelge 4. Domates bitkilerinde kök ur indeksi üzerine uygulamaların etkisinin varyans analizi (ANOVA). 

Source  DF Adj SS Adj MS F-Value p-Value 

Replication  6 131.13 218.555 36.02 0.000 

Error  49 29.73 0.6068    

Total  55 160.87      

Adj SS: Adjusted Sum of Squares; Adj MS: Adjusted Mean Squares; DF: Degrees of Freedom; p-values < 0.001 indicate statistically significant differences. 
 

Table 5 shows the effects of different biostimulants and chemical nematicides on the root-knot index in 

tomato plants infected with M. incognita. The chemical nematicide was the most effective treatment, 

reducing the root-knot index to 2.37, resulting in a 67.08% decrease compared to the control group (7.20). 

Among the biostimulants, Biostimulant-IV achieved the greatest reduction, lowering the index to 4.04 and 

reducing gall formation by 43.88%. Biostimulant-III, applied at a high dose, also showed a significant effect, 
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with the index value decreasing to 4.87 and a 32.46% reduction achieved. Low-dose Biostimulant-III 

reduced the index to 5.74, achieving a 20.27% reduction. Biostimulant-I and Biostimulant-II showed lower 

effects, with index values of 6.29 and 6.41, respectively, and reduction rates of 12.63% and 10.97%, 

respectively. 

 
Table 5. The impact of applications on the root-knot index of tomato plants infected with Meloidogyne incognita. 

Çizelge 5. Meloidogyne incognita ile enfekte olmuş domates bitkilerinde kök-ur indeksi üzerine uygulamaların etkisi. 

Treatments Root-knot index  95% CI Decrease in galls (%) 

Biostimulant-I 6.29 ± 0.65ab (5.739; 6.846) 12.63 

Biostimulant-II  6.41 ± 1.34ab (5.864; 6.971) 10.97 

Biostimulant-III (Dose I) 5.74 ± 0.61bc (5.195; 6.302) 20.27 

Biostimulant-III (Dose II) 4.87 ± 0.53cd (4.322; 5.428) 32.46 

Biostimulant-IV 4.04 ± 0.84d (3.488; 4.595) 43.88 

Nematicide 2.37 ± 0.45e (1.822; 2.928) 67.08 

Untreated Control 7.20 ± 0.66a (6.654; 7.761) 0.00 

Each value is the mean of eight replicates. Means followed by different letters are significantly different according to Tukey’s honestly significant 

difference (HSD) test at p < 0.05. 

 

Table 6 presents the ANOVA assessing the effects of different treatments on the population of second-stage 

juveniles (J2) of M. incognita in tomato plants. Significant differences were observed among treatments 

(F(6.49) = 57.91, p < 0.001), indicating that the treatments were effective in reducing nematode juveniles. 

 

Table 6. Analysis of variance (ANOVA) of the effect of treatments on second-stage juveniles in tomato plants. 

Çizelge 6. Domates bitkilerinde ikinci dönem larvalar üzerine uygulamaların etkisinin varyans analizi (ANOVA). 

Source  DF Adj SS Adj MS F-Value p-Value 

Replication  6 9082046 1513674 57.91 0.000 

Error  49 1280737 26.137    

Total  55 10362784      

Adj SS: Adjusted Sum of Squares; Adj MS: Adjusted Mean Squares; DF: Degrees of Freedom; p-values < 0.001 indicate statistically significant 

differences. 

 

Table 7 presents the effects of the tested biostimulants and a chemical nematicide on the second-stage larvae 

(J2) population of M. incognita in tomato plants. In the control group where no application was made, the 

highest density was observed with an average of 1541.3 J2 per 100 g of soil. The chemical nematicide was 

the most effective treatment, reducing the J2 population by 87.67%, to 190.0. Among the biostimulants, 

Biostimulant-IV, was the most effective, reducing the J2 count to 743.8, a decrease of 51.74%. Biostimulant-

III, applied at a higher dose, also showed a notable effect, reducing the J2 population to 913.8, a decrease 

of 40.71%. In contrast, Biostimulant-I, Biostimulant-III at a low dose, and Biostimulant-II, showed only 

limited effectiveness. In these applications, J2 counts were measured as 1208.8 (21.57% reduction), 1205.0 

(21.82% reduction), and 1166.3 (24.34% reduction), respectively. 
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Table 7. The impact of applications on the second-stage juveniles of tomato plants infected with Meloidogyne incognita. 

Çizelge 7. Meloidogyne incognita ile enfekte olmuş domates bitkilerinde ikinci dönem larvalar üzerine uygulamaların etkisi. 

Treatments Second- stage juveniles (J2) 

(100 g of soil) 

95% CI Decrease in J2 (%) 

Biostimulant-I 1208.8 ± 145.4b (1093.9; 1323.6) 21.57 
 

Biostimulant-II 1166.3 ± 209.8b (1051.4; 1281.1) 24.34 
 

Biostimulant-III (Dose I) 1205.0 ± 244.1b (1090.1; 1319.9) 21.82 
 

Biostimulant-III (Dose II) 913.8 ± 98.4c (798.9; 1028.6) 40.71 
 

Biostimulant-IV 743.8 ± 177.7c (628.9; 858.6) 51.74 
 

Nematicide 190.00 ± 22.68d (75.13; 304.87) 87.67 
 

Untreated Control 1541.3 ± 128.4a (1426.4; 1656.1) 0.00 
 

Each value is the mean of eight replicates. Means followed by different letters are significantly different according to Tukey’s honestly significant 

difference (HSD) test at p < 0.05. 

 

PPNs cause significant yield losses in vegetable production, and are responsible for approximately 9–15% 

of annual crop losses worldwide (Nicol et al., 2011). In particular, RKNs belonging to the Meloidogyne genus 

damage the plant root system, reducing yield and quality, and also decrease the plant's resistance to various 

stresses (Sikora and Fernandez, 2005). The environmental and health risks associated with chemical 

nematicides have raised questions about the sustainability of these methods and increased interest in 

biologically derived biopesticides (Le Mire et al., 2016). Therefore, in this study, the efficacy of biological 

biostimulants against M. incognita was compared with a control group that did not receive the standard 

chemical nematicide Fluopyram. 

The results showed that Fluopyram reduced both the root-knot index (by 67.08%) and the J2 population 

(by 87.67%). These results are consistent with data from previous studies (Haque and Khan, 2022). Of the 

biological applications tested, Biostimulant-IV reduced root-knot formation by 43.88% and J2 density by 

51.74%. Following this application, Biostimulant-III, applied at a higher dose, resulted in a 32.46% 

reduction in root-knot formation and a 40.71% reduction in J2. In contrast, Biostimulant-I, low dose of 

Biostimulant-III, and Biostimulant-II exhibited the lowest biological activity. These results corroborate 

previous studies and affirm the efficacy of biostimulants in nematode control (Saad et al., 2012; Kepenekci 

et al., 2017; Hammad and El-Sagheer, 2023; Özevin et al., 2025; Yılmaz et al., 2025). 

The high efficacy of Biostimulant-IV is due to its ability to trigger systemic resistance mechanisms in plants 

through the biostimulants it contains, such as the microorganism B. licheniformis. This strengthens the 

plant's immune system and increases its resistance (Engelbrecht et al., 2018; Abokorah and Fathalla, 2022). 

On the other hand, a high dose of Biostimulant-III containing Burkholderia rhizogenes and Glomus iranicum 

achieved moderate success. 

Microbial biostimulants offer important alternatives in sustainable agriculture due to their environmental 

friendliness and low risk to human health. However, high production costs, short shelf life, logistical 

challenges, and uncertainties in legal regulations limit the widespread adoption of these products 

(Hamrouni et al., 2025). Therefore, the development of formulation technologies, optimization of 

application methods, and clarification of regulatory processes are of critical importance. 

Finally, the positive results obtained in laboratory and controlled environments must be validated under 

different agricultural conditions and field applications (Radwan et al., 2012; Yılmaz et al., 2025). Field trials 

will reveal the effects of environmental variables and application conditions on the efficacy of 

biostimulants, thereby facilitating the practical acceptance of these environmentally friendly alternatives. 
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CONCLUSION  

In this study, the effects of different biostimulants on M. incognita were investigated and compared with 

chemical nematicides. Biostimulants containing B. licheniformis, as well as biostimulants containing 

Burkholderia rhizogenes and Glomus iranicum, provided significant nematode suppression. The findings 

indicate that biostimulants could serve as an environmentally friendly and sustainable alternative to 

chemical nematicides, when supported by appropriate dosage and application timing. However, the 

efficacy of these products under field conditions must be validated, and their applicability as part of 

integrated pest management strategies should be investigated. 
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