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Abstract | In Côte d’Ivoire, a country located in west Africa between 4° and 11° Nord latitude and 2° and 
9° West longitude, sugarcane production is significantly affected by plant-parasitic nematodes, particularly 
Xiphinema spp. and Pratylenchus spp., which are widely distributed throughout the country’s sugarcane 
growing areas. This study aimed to evaluate the efficacy of three Bionematicides: Bionem 4 and Bionem 5, 
both based on Purpureocillium lilacinum, and Prod 1, formulated from a mixture of active ingredients against 
these nematodes. In vitro assays were conducted at different concentrations using nematode juveniles extracted 
from infested sugarcane soils and roots. Nematode mortality was assessed after 48 hours, 72 hours, and 7 
days of exposure. The data were subjected to analysis of variance (ANOVA), followed by Duncan’s multiple 
range test at the 5% significance level. Overall, the three products exhibited moderate efficacy, with mortality 
rates remaining below 50% in most treatments. However, Prod 1 exhibited the highest efficacy, achieving 
mortality rates of up to 57.33% at the highest concentrations, while maintaining relatively stable activity 
over time. In contrast, the efficacy of Bionem 4 and Bionem 5 decreased after 48 hours of exposure. A dose-
dependent response was observed for some treatments. These findings suggest that, although bionematicides 
hold considerable promise for the management of plant parasitic nematodes, their efficacy needs to be further 
improved through optimization of application conditions. Prod 1 appears particularly promising; however, 
further studies under semi-controlled conditions, followed by field trials, are required to validate its efficacy 
and evaluate its potential for sustainable integration into local sugarcane production systems. 
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Introduction 

Sugarcane (Saccharum spp.) is one of the world’s most 
important industrial crops, serving as the primary 

source of sugar while increasingly contributing to the 
production of bioethanol, bioenergy, bioplastics, and 
other bio-based products that support sustainable 
agricultural and industrial development (Bhuiyan et 
al., 2024). Maintaining high sugarcane productivity 
is therefore essential to meet growing demands for 
food and renewable bioresources. However, sugarcane 
production is constrained by numerous biotic stresses, 
including fungal diseases, insect pests, and plant-
parasitic nematodes (PPNs), which substantially 
reduce cane yield and quality (Kouamé et al., 2018). 

Among these constraints, plant-parasitic nematodes 
have emerged as major yield-limiting pathogens in 
sugarcane production systems worldwide (Sikora et al., 
2023; Bhuiyan et al., 2024). More than 300 nematode 
species have been reported from sugarcane-growing 
regions, with severe infestations causing yield losses 
of up to 30% (Bhuiyan et al., 2024). Ectoparasitic 
nematodes such as Xiphinema spp. and migratory 
endoparasites such as Pratylenchus spp. damage 
the root system by feeding on root tissues, thereby 
reducing water and nutrient uptake, limiting tillering 
and stalk elongation, and ultimately decreasing cane 
productivity in both cane and ratoon crops (Spaull 
and Cadet, 1990; Bhuiyan et al., 2024). Because 
above-ground symptoms are generally nonspecific, 
nematode damage is frequently underestimated until 
significant economic losses have occurred. 

In Côte d’Ivoire, sugarcane represents one of the 
most important agro-industrial crops, particularly 
in the northern production areas surrounding 
Ferkessédougou of the Tchologo region in northern 
Côte d’Ivoire at 9°35′N and 5°11′W. Current 
nematode management relies mainly on preventive 
measures, including hot-water treatment of planting 
material, together with the application of synthetic 
nematicides during the establishment of plant cane 
(Kouamé et al., 2018). Although these approaches 
contribute to nematode suppression, repeated 
reliance on chemical nematicides raises increasing 
concerns regarding environmental contamination, 
adverse effects on non-target organisms, disruption 
of soil microbial communities, and the potential 
development of resistance (Bhuiyan et al., 2024). 

Consequently, there is growing interest in 
environmentally friendly alternatives that can be 
integrated into sustainable nematode management 
programs. Recent advances in biological control 
have demonstrated that microbial based nematicides 
formulated with beneficial bacteria and fungi represent 
promising alternatives to conventional chemical 
nematicides. Species of Bacillus, Pseudomonas, and 
Purpureocillium have shown significant potential 
to suppress populations of economically important 
nematodes, particularly Pratylenchus zeae, while 
simultaneously preserving rhizosphere microbial 
diversity and improving plant performance (Antil et 
al., 2023; Melo et al., 2025; Costa et al., 2025). These 
biological products act through multiple mechanisms, 
including the production of nematicidal metabolites, 
secretion of hydrolytic enzymes, competition for 
ecological niches, and induction of plant defense 
responses, making them attractive components of 
integrated nematode management strategies. 

Despite these encouraging advances, relatively little 
information is available on the efficacy of biological 
nematicides against the plant-parasitic nematode 
communities associated with sugarcane production in 
West Africa, particularly in Côte d’Ivoire. Moreover, 
comparative evaluations of different commercial 
biological formulations against the predominant 
genera Xiphinema and Pratylenchus under controlled 
experimental conditions remain scarce. Generating 
such information is essential before large-scale field 
validation and eventual integration into local nematode 
management programs. Therefore, the present study 
evaluated the in vitro nematicidal activity of three 
biological nematicides against Xiphinema spp. and 
Pratylenchus spp. isolated from sugarcane fields in 
northern Côte d’Ivoire. Specifically, the study aimed 
(i) to determine the most effective concentrations 
or application rates of the tested biological products 
and (ii) to assess their nematicidal efficacy against 
both nematode genera under controlled laboratory 
conditions. The findings provide a scientific basis 
for the future development of environmentally 
sustainable biological control strategies for nematode 
management in sugarcane production systems.

Materials and Methods

Study site 
The study was conducted at the experimental station 
of the Centre National de Recherche Agronomique 
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(CNRA), located southwest of Ferkessédougou (9°35’ 
N, 5°12’ W; 323 m a.s.l.) in the Tchologo Region 
of northern Côte d’Ivoire. This region is one of the 
country’s principal sugarcane-producing areas and 
includes the Ferké 1 and Ferké 2 industrial estates 
managed by SUCAF-CI. SUCAF-CI (Sucrerie 
Africaine de Côte d’Ivoire) is an agro-industrial 
company specialized in sugarcane cultivation, 
production, and commercialization of white and 
brown sugar, operating extensive plantations around 
Ferkessédougou in the Tchologo region. The study 
area has a sub-humid tropical (sub-Sudanian) 
climate characterized by a distinct dry season from 
November to April and a rainy season from May 
to October (Péné and Kéhe, 2005). Mean annual 
rainfall is approximately 1200 mm and follows a 
unimodal distribution, with nearly half of the annual 
precipitation occurring during August and September. 

The dominant soils are Ferralsols (ferralitic soils) with 
a shallow cultivated horizon (40–60 cm) overlying 
ironstone hardpans (Bigot et al., 2005). These soils are 
generally hydromorphic, nutrient-poor, and acidic to 
slightly acidic, with pH values ranging from 4.5 to 
6.5.

Collection of samples and nematode extraction 
Soil and root sampling 
Sugarcane root and rhizosphere soil samples were 
collected from both commercial fields in the Ferké 1 
production area and experimental plots at the CNRA 
research station in Ferkessédougou. Sampling was 
carried out around randomly selected sugarcane 
stools exhibiting symptoms suggestive of nematode 
infestation. Soil samples were collected from the 0–20 
cm layer within a 30 cm radius of each stool, together 
with fine root samples from the same plants. Ferralitic 
soils are the most representative, with a shallow arable 
layer (40–60 cm) limited by indurations (Bigot et 
al., 2005). They are predominantly hydromorphic, 
nutrient-poor, and have a pH ranging between 4.5 
and 6.5.

Extraction and identification of plant-parasitic 
nematodes 
Plant-parasitic nematodes were extracted separately 
from soil and root samples using a modified Baermann 
funnel technique (El-Marzoki, 2019). Briefly, 50 g of 
rhizosphere soil and 50 g of finely chopped sugarcane 
roots were processed independently. After 48 hours of 
incubation, the nematode suspension was recovered 

and filtered through a 5 µm mesh sieve. Nematodes 
retained on the sieve were gently rinsed with 
distilled water and transferred to a counting dish. 
The recovered nematodes were examined under a 
compound light microscope. Individuals belonging to 
the genera Xiphinema and Pratylenchus were isolated 
and identified based on diagnostic morphological 
characteristics, including body shape, body length, 
stylet morphology, oesophageal structures, and tail 
morphology, using standard taxonomic keys. The 
extracted nematodes were subsequently used to 
prepare inoculate for the bioassays (Figures 1 and 2).
 
In vitro evaluation of bionematicidal activity 
The nematicidal activity of the tested biological 
products was evaluated in vitro against second-stage 
juveniles ( J2) of Xiphinema spp. and Pratylenchus 
spp. Approximately 100 juveniles of each genus were 
transferred into sterile 90 mm Petri dishes containing 
the appropriate treatment solution. 

Three biological nematicides were evaluated at three 
concentrations or application rates: 
• Bionem 4: 13.5, 67.2 and 134.5 mg L⁻¹ (B4C1, 
B4C2 and B4C3); 
• Bionem 5: 12.6, 63.1 and 126.2 mg L⁻¹ (B5C1, 
B5C2 and B5C3); 
• Product 1: 0.75, 1.0 and 2.0 L ha⁻¹ (P1C1, P1C2 
and P1C3). 
• Sterile distilled water served as untreated control. 

Each treatment was arranged in a completely 
randomized design with five replicates. Following 
treatment application, Petri dishes were incubated 
in darkness at 25 ± 2 °C. Nematode mortality was 
assessed after 48 h, 72 h, and 7 days of exposure. 
Corrected mortality (%) was calculated for each 
nematode genus using Abbott’s correction (Finney, 
1971) to account for natural mortality observed in the 
untreated control:

MC (%)=(M2-M1) / (100-M1) X 100

Results 

Efficacy of bionematicides against Xiphinema spp.
The three tested bionematicides exhibited variable 
levels of activity against Xiphinema spp., with 
mortality responses differing according to product, 
concentration or application rate, and exposure 
duration (Table 1). Overall, Prod 1 showed the 
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highest mean efficacy, with an overall corrected 
mortality of 46.48%. Its activity remained relatively 
stable throughout the experimental period, with mean 
mortality increasing from 40.57% at 48 h to 50.24% 
after 7 days of exposure. Substantial differences were 
observed among treatments. At 48 h, the highest 
mortality was recorded with Prod 1 at an application 
rate of 1 L ha⁻¹ (P1C2), reaching 68.02%, followed 
by Bionematicide 5 at 63.1 mg L⁻¹ (B5C2; 61.85%) 
and Bionematicide 4 at 67.2 mg L⁻¹ (B4C2; 58.95%). 
In contrast, the lowest mortality was observed with 
Bionematicide 4 at 13.5 mg L⁻¹ (B4C1), with only 
10.75% mortality.

Table 1: Mortality rates of Xiphinema spp. nematodes, 
adjusted for concentration/dose, products, and time 
periods following nematicide application.
Peri-
ods

Products Concentra-
tion/ Dose

Codes Mortality adjusted 
for Xiphinema spp. 
nematodes (%)

48 h Bionemat-
icide 4

13.5 mg/L B4 C1 10.75
67.2 mg/L B4 C2 58.95
134.5 mg/L B4 C3 53.91

Bionemat-
icide 5

12.6 mg/L B5 C1 49.88
63.1 mg/L B5 C2 61.85
126.2 mg/L B5 C3 41.67

Product 1 0.75 L/Ha P1 C1 18.52
1 L/Ha P1 C2 68.02
2 L/Ha P1 C3 35.19

72 h Bionemat-
icide 4

13.5 mg/L B4 C1 2.90
67.2 mg/L B4 C2 32.14
134.5 mg/L B4 C3 53.13

Bionemat-
icide 5

12.6 mg/L B5 C1 32.14
63.1 mg/L B5 C2 40.10
126.2 mg/L B5 C3 27.46

Product 1 0.75 L/Ha P1 C1 47.92
1 L/Ha P1 C2 33.33
2 L/Ha P1 C3 64.58

7 days Bionemat-
icide 4

13.5 mg/L B4 C1 15.25
67.2 mg/L B4 C2 28.81
134.5 mg/L B4 C3 40.07

Bionemat-
icide 5

12.6 mg/L B5 C1 56.78
63.1 mg/L B5 C2 43.64
126.2 mg/L B5 C3 42.19

Product 1 0.75 L/Ha P1 C1 37.29
1 L/Ha P1 C2 55.81
2 L/Ha P1 C3 57.63

After 72 h, Prod 1 at 2 L ha⁻¹ (P1C3) produced the 

highest mortality (64.58%), followed by Bionematicide 
4 at 134.5 mg L⁻¹ (B4C3; 53.13%). The lowest 
mortality was again recorded with Bionematicide 4 
at 13.5 mg L⁻¹, with only 2.90% mortality. After 7 
days, the highest mortality was obtained with Prod 1 
at 2 L ha⁻¹ (57.63%), closely followed by Prod 1 at 1 
L ha⁻¹ (55.81%) and Bionematicide 5 at 12.6 mg L⁻¹ 
(56.78%).

The results therefore indicate substantial variability 
in the response of Xiphinema spp. to the tested 
formulations. Although several treatments produced 
mortality rates exceeding 50%, no consistent linear 
relationship was observed between concentration 
and mortality. For example, Bionematicide 5 
produced 61.85% mortality at 63.1 mg L⁻¹ after 48 
h, whereas mortality decreased to 41.67% at the 
higher concentration of 126.2 mg L⁻¹. Similarly, Prod 
1 at 1 L ha⁻¹ produced greater mortality after 48 h 
(68.02%) than the higher rate of 2 L ha⁻¹ (35.19%). 
These results indicate that increasing the nominal 
concentration or application rate did not necessarily 
result in a proportional increase in mortality under 
the experimental conditions.
 
The relatively consistent activity of Prod 1 over 
time is noteworthy. Unlike the two biological 
formulations, Prod 1 maintained comparatively 
high mortality through the seventh day, suggesting 
greater persistence of its nematicidal activity under 
the experimental conditions. Taken together, these 
findings indicate that Prod 1 was the most consistently 
effective formulation against Xiphinema spp. among 
the products evaluated. However, its overall efficacy 
remained moderate, and the results obtained under 
in vitro conditions should be considered preliminary.

Efficacy of bionematicides against Pratylenchus spp. over 
time 
The response of Pratylenchus spp. to the three 
tested bionematicides varied according to product 
and exposure duration (Table 2). Prod 1 exhibited 
the highest overall efficacy, with a mean corrected 
mortality of 48.04%, whereas Bionematicide 4 showed 
the lowest overall efficacy, with a mean mortality of 
32.66%. Bionematicide 5 displayed an intermediate 
response. Prod 1 maintained relatively stable activity 
throughout the assessment period, with mean 
mortality remaining close to 50% between 48 h and 7 
days after treatment. In contrast, the mean mortality 
associated with Bionematicide 5 decreased from 
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50.96% to 41.05%, whereas that of Bionematicide 
4 decreased from 42.18% to 27.51% over the same 
period.

Table 2: Results of the analysis of variance for corrected 
mortality of Pratylenchus spp. nematodes as a function of 
incubation time.
Source DDL Sum of 

squares
Mean of the 
squares

F Pr > F

Model 8 1949.072 243.634 0.850 0.573
Error 18 5160.639 286.702
Adjusted total 26 7109.712      

Importantly, the analysis of variance showed that 
incubation time did not significantly affect corrected 
mortality (F= 0.850; P= 0.573; Table 2). Thus, despite 
the numerical differences observed among assessment 
periods, these temporal variations were not statistically 
significant at the 5% probability level.

The relatively stable response observed with Prod 1 may 
indicate greater persistence of its nematicidal activity, 
whereas the decline observed for Bionematicides 
4 and 5 may reflect reduced biological activity over 
time. The differences observed among products, 
therefore, highlight the importance of evaluating both 
nematicidal activity and persistence when screening 
candidate bionematicides. A formulation capable of 
maintaining moderate activity over several days may 
have greater potential for subsequent development 
than a formulation exhibiting high initial activity 
followed by a rapid decline. 

Effect of bionematicide concentration/application rate on 
Pratylenchus spp. mortality 
Corrected mortality of Pratylenchus spp. varied 
significantly among the tested concentrations and 
application rates (Table 3). The analysis of variance 
revealed a significant effect of treatment level on 
nematode mortality (F = 4.735; P = 0.003), indicating 
that the tested products and their respective 
concentrations or application rates did not produce 
equivalent nematicidal responses. The lowest overall 
mortality was observed with Bionematicide 4 at 13.5 
mg L⁻¹ (B4C1), with a value of 8.66%. In contrast, 
the highest mean mortality was obtained with Prod 
1 at 2 L ha⁻¹ (P1C3), reaching 58.56%. These results 
indicate that Prod 1, particularly at the highest 
tested application rate, had greater activity against 
Pratylenchus spp. than the other treatments under 
the experimental conditions. The temporal data 

presented in Table 4 further illustrates the variability 
of the response. After 48 h, Prod 1 at 1 L ha⁻¹ (P1C2) 
produced the highest mortality, reaching 72.21%, 
followed by Bionematicide 4 at 67.2 mg L⁻¹ (60.84%) 
and Bionematicide 5 at 63.1 mg L⁻¹ (58.97%). After 72 
h, the highest mortality was recorded with Prod 1 at 2 
L ha⁻¹ (P1C3), reaching 64.37%. At 7 days, the same 
treatment remained among the most effective, with a 
mortality of 56.11%. Conversely, Bionematicide 4 at 
13.5 mg L⁻¹ consistently produced very low mortality, 
with values of 13.14%, 0.85%, and 11.99% after 
48 h, 72 h, and 7 days, respectively. This treatment 
therefore showed limited activity against Pratylenchus 
spp. at the lowest tested concentration. Although the 
ANOVA demonstrated a significant treatment effect, 
the mortality response was not strictly proportional 
to concentration. For example, Bionematicide 5 
produced 58.97% mortality at 63.1 mg L⁻¹ after 48 
h, whereas the higher concentration of 126.2 mg L⁻¹ 
resulted in only 41.42% mortality. Similarly, Prod 1 
at 1 L ha⁻¹ produced the highest mortality after 48 h 
(72.21%), whereas the 2 L ha⁻¹ treatment resulted in 
a lower mortality of 55.21% at the same time point. 
The relatively high activity of Prod 1, particularly at 
2 L ha⁻¹, identifies this formulation as a promising 
candidate for further evaluation.

Table 3: Results of the analysis of variance for corrected 
mortality of Pratylenchus spp. nematodes according to the 
concentrations/doses of the tested nematicides.
Source DDL Sum of 

squares
Mean of the 
squares

F Pr > F

Model 8 4819.494 602.437 4.735 0.003
Error 18 2290.218 127.234
Adjusted total 26 7109.712

Comparative response of Xiphinema spp. and Pratylenchus 
spp. 
The comparative results demonstrate that Xiphinema 
spp. and Pratylenchus spp. responded differently to the 
tested bionematicides (Table 4). Prod 1 consistently 
showed comparatively high activity against both 
nematode genera, whereas Bionematicide 4 generally 
produced the lowest mortality, particularly at its 
lowest concentration. The magnitude and temporal 
dynamics of mortality nevertheless differed between 
the two nematode groups. For Pratylenchus spp., the 
concentration/application-rate effect was statistically 
significant (P= 0.003), whereas incubation time did 
not have a significant effect (P= 0.573). These results 
indicate that treatment level was a more important 
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source of variation in mortality than exposure duration 
under the conditions tested. 

Table 4: Mortality adjusted for Pratylencus spp. 
nematodes by concentration/dose, product, and time period 
following nematicide application.
Peri-
ods

Products Concentra-
tion/ Dose

Codes Mortality adjusted 
for Pratylencus spp. 
nematodes (%)

48 h Bionemati-
cide 4

13.5 mg/L B4 C1 13.14
67.2 mg/L B4 C2 60.84
134.5 mg/L B4 C3 52.56

Bionemati-
cide 5

12.6 mg/L B5 C1 52.49
63.1 mg/L B5 C2 58.97
126.2 mg/L B5 C3 41.42

Product 1 0.75 L/Ha P1 C1 23.84
1 L/Ha P1 C2 72.21
2 L/Ha P1 C3 55.21

72 h Bionemati-
cide 4

13.5 mg/L B4 C1 0.85
67.2 mg/L B4 C2 32.24
134.5 mg/L B4 C3 51.75

Bionemati-
cide 5

12.6 mg/L B5 C1 40.28
63.1 mg/L B5 C2 35.99
126.2 mg/L B5 C3 25.97

Product 1 0.75 L/Ha P1 C1 41.19
1 L/Ha P1 C2 33.44
2 L/Ha P1 C3 64.37

7 
days

Bionemati-
cide 4

13.5 mg/L B4 C1 11.99
67.2 mg/L B4 C2 32.77
134.5 mg/L B4 C3 37.79

Bionemati-
cide 5

12.6 mg/L B5 C1 44.68
63.1 mg/L B5 C2 43.85
126.2 mg/L B5 C3 34.63

Product 1 0.75 L/Ha P1 C1 41.62
1 L/Ha P1 C2 44.38
2 L/Ha P1 C3 56.11

The differential susceptibility of the two genera may 
be related to their distinct biological characteristics. 
Xiphinema spp. are predominantly ectoparasitic 
nematodes that feed externally on plant roots, whereas 
Pratylenchus spp. are migratory endoparasites capable 
of penetrating and migrating within root tissues. 
Differences in feeding behavior, cuticle characteristics, 
physiology, and interaction with the active compounds 
may consequently influence their susceptibility to 
nematicidal treatments. The identification of Prod 1 
as the most consistently active formulation against 
both genera is therefore of particular interest. Rather, 

its potential should be investigated as one component 
of an integrated nematode management strategy.

Figure 1: Photomicrograph of the body of Pratylenchus 
sp. (De Jesus et al., 2020).

Figure 2: Photomicrographs of Xiphinema sp. (Munawar 
et al., 2018).

Implications for integrated nematode management 
The present study provides preliminary evidence 
that the tested formulations possess nematicidal 
activity against Xiphinema spp. and Pratylenchus spp. 
associated with sugarcane in northern Côte d’Ivoire. 
However, the substantial variability among treatments 
and the generally moderate overall efficacy highlight 
the importance of interpreting these results within 
the limitations of the in vitro experimental system. 
The relatively stable activity of Prod 1 over the seven-
day assessment period is nevertheless noteworthy. 
Its comparatively persistent effect, together with 
the relatively high mortality recorded at selected 
application rates, supports its selection for subsequent 
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greenhouse experiments. 

Overall, the present findings suggest that biological 
and formulated nematicides could contribute to 
integrated management of plant-parasitic nematodes 
in sugarcane. Prod 1 appears to be the most promising 
candidate among the formulations tested, while 
the activity of Bionematicides 4 and 5 may require 
optimization of concentration, formulation, or 
application conditions. 

Discussion 

The present study demonstrated that the three 
biological nematicides tested exhibited variable levels 
of activity against Xiphinema spp. and Pratylenchus 
spp. under in vitro conditions. Overall, mortality rates 
were generally moderate, with substantial variation 
according to product, concentration or application 
rate, and exposure time. These findings are consistent 
with previous reports indicating that the efficacy 
of biological control agents against plant-parasitic 
nematodes can be highly variable and is strongly 
influenced by experimental and environmental 
conditions (Zhan et al., 2021; Mokrini et al., 2024). 
The relatively moderate mortality observed in the 
present study may reflect the limitations inherent 
to vitro assays, in which the complex interactions 
occurring in the rhizosphere are not reproduced. In 
soil, microbial antagonism, organic matter content, 
pH, moisture, temperature, root exudates, and the 
physical characteristics of the soil can substantially 
influence the survival, establishment, and activity of 
biological control agents. 

The efficacy of microbial-based nematicides is 
particularly dependent on environmental conditions 
and on the concentration of viable propagules. Zhan et 
al. (2021) emphasized the importance of factors such 
as pH and inoculum concentration in determining the 
performance of fungal biocontrol agents. Similarly, 
Paes et al. (2026) reported that the germination and 
subsequent activity of Purpureocillium lilacinum can 
be influenced by the characteristics and homogeneity 
of the surrounding microenvironment. These 
observations may help explain, at least in part, the 
differences in efficacy observed among Bionem 4 and 
Bionem 5 in the present study. Costa et al. (2025) also 
emphasized the importance of maintaining suitable 
environmental and microbial conditions for achieving 
effective suppression of Pratylenchus spp.

The concentration of fungal propagules may represent 
another important determinant of nematicidal 
activity. El-Marzoky et al. (2023) reported 
substantially greater nematode mortality at a high 
concentration of P. lilacinum spores (5 × 10⁷ spores/
mL), reaching approximately 89%. In the present 
study, the concentrations of viable propagules differed 
substantially between the biological products. Bionem 
4 was applied at concentrations ranging from 1.35 × 
10⁴ to 1.345 × 10⁷ spores/mL, whereas Bionem 5 was 
applied at concentrations ranging from 1.512 × 10⁶ 
to 1.514 × 10⁷ spores/mL. The comparatively lower 
propagule concentrations, particularly those used 
for Bionem 4, may therefore have contributed to the 
lower mortality observed for this product.

The activity of fungal biocontrol agents against 
nematodes is generally associated with a combination 
of direct and indirect mechanisms. These may include 
adhesion and penetration of the nematode cuticle, 
production of extracellular hydrolytic enzymes, 
secretion of secondary metabolites, and competition 
for resources. Recent studies have highlighted the 
role of proteases and chitinases in the degradation 
of nematode cuticular components by P. lilacinum 
and other nematophagous fungi (Rajendran et al., 
2024). However, the expression and activity of these 
mechanisms are strongly dependent on environmental 
conditions and nutrient availability. Consequently, 
the absence of a suitable nutrient source or an 
unfavorable physicochemical environment may limit 
fungal growth and reduce nematicidal activity during 
prolonged exposure. The temporal response observed 
in the present experiment provides additional insight 
into the behavior of the tested products. Bionem 4 
and Bionem 5 did not show a consistent increase 
in mortality throughout the seven-day assessment 
period. For Pratylenchus spp., for example, mean 
mortality decreased from approximately 42.18% to 
27.51% for Bionem 4 and from 50.96% to 41.05% 
for Bionem 5 between 48 h and seven days. Such a 
decrease may reflect the progressive reduction in the 
activity or viability of the biological agents under 
experimental conditions. In a closed in vitro system, 
the absence of continuous nutrient inputs and the 
accumulation of metabolic products may progressively 
modify the physicochemical environment and 
consequently reduce biological activity. In contrast, 
Prod 1 displayed a different response pattern from 
the two microbial formulations. For Xiphinema spp., 
the highest mortality recorded during the experiment 
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was 68.02% at 1 L/ha after 48 h, whereas mortality of 
64.58% was observed at 2 L/ha after 72 h. After seven 
days, mortality remained relatively high, reaching 
55.81% and 57.63% at 1 and 2 L/ha, respectively. 

A comparable pattern was observed against 
Pratylenchus spp., for which Prod 1 produced the 
highest mortality at 1 L/ha after 48 h (72.21%) and 
at 2 L/ha after 72 h (64.37%). These results indicate 
that Prod 1 exhibited the highest overall activity 
among the tested products, although its response was 
not strictly proportional to concentration or exposure 
time. The comparatively persistent activity of Prod 
1 may be related to its formulation and chemical 
composition. Unlike Bionem 4 and Bionem 5, which 
are microbial-based products, Prod 1 consists of a 
formulation containing benzisothiazole, sodium 
hydroxide, glutaraldehyde, and cellulose. The presence 
of compounds with direct antimicrobial or biocidal 
properties could contribute to the relatively rapid 
mortality observed during the first 48–72 h. However, 
studies dedicated to the formulation and mode of 
action of these biopesticides must be conducted. The 
results also revealed considerable variability in the 
response of the two nematode genera to the tested 
products. Pratylenchus spp. generally exhibited a 
response pattern similar to that of Xiphinema spp., 
but some treatments produced markedly different 
mortality levels between the two groups. Such 
differences may be related to the biological and 
morphological characteristics of the nematodes. 
Xiphinema spp. are ectoparasitic nematodes with a 
relatively robust stylet and distinct feeding behavior, 
whereas Pratylenchus spp. are migratory endoparasites 
that penetrate and migrate within plant roots. 
Differences in body structure, cuticle characteristics, 
feeding behavior, and physiological tolerance may 
influence their susceptibility to biological or chemical 
compounds. 

The concentration-response analysis further 
demonstrated that nematicidal activity was 
influenced by the concentration or application rate 
of the tested products. For Pratylenchus spp., the 
analysis of variance indicated a significant effect of 
treatment concentration/application rate on corrected 
mortality (F= 4.735; P= 0.003). The highest mortality 
was recorded for Prod 1 at 2 L/ha (58.56% when 
averaged across the assessment periods), whereas 
the lowest value was observed for Bionem 4 at 13.5 
mg/L (8.66%). These results indicate that increasing 

the concentration or application rate can enhance 
nematicidal activity, although the relationship was not 
strictly linear for all products. Similar concentration-
dependent responses have been reported for microbial 
and other biological nematicides (El-Marzoky et al., 
2023; Mitu and Kayess, 2025).
 
Importantly, the absence of a significant effect of 
exposure time on Pratylenchus spp. mortality should 
also be considered. The analysis of variance showed 
that the effect of the experimental model associated 
with incubation time was not significant (F= 0.850; 
P= 0.573). This result suggests that, when considered 
across the tested treatments, mortality did not 
systematically increase with prolonged exposure. This 
finding contrasts with studies in which nematicidal 
activity increased progressively with exposure time 
(Swibawa et al., 2024). The discrepancy may be 
explained by differences in experimental design, 
biological material, product formulation, nematode 
species, and environmental conditions. The lack of a 
consistent temporal increase in mortality also suggests 
that prolonged exposure alone may not necessarily 
enhance the efficacy of the tested biological products 
under in vitro conditions. In particular, the decline 
observed for Bionem 4 and Bionem 5 after 48 h 
may indicate that the active microorganisms require 
suitable environmental conditions to maintain their 
activity over time. Conversely, the relatively sustained 
activity of Prod 1 suggests greater persistence of its 
active components under the conditions used in this 
experiment. An important finding of this study is 
therefore the differential performance of the tested 
formulations. Prod 1 consistently showed the greatest 
activity against both Xiphinema spp. and Pratylenchus 
spp., whereas Bionem 4 generally exhibited the 
lowest efficacy. Bionem 5 showed an intermediate 
response. These differences demonstrate that the 
efficacy of biological nematicides cannot be inferred 
solely from their classification as biological products; 
formulation, active ingredient concentration, viability, 
and compatibility with the target nematode are likely 
to be critical determinants of performance. 

From an applied perspective, the results indicate 
that Prod 1 may represent a promising candidate for 
further evaluation against the two nematode genera 
associated with sugarcane production in Côte d’Ivoire. 
However, the mortality levels obtained in vitro, 
although encouraging for some treatments, should 
not be directly interpreted as evidence of field efficacy. 
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Greenhouse and field experiments are required to 
determine whether the observed nematicidal activity 
can be reproduced under more complex conditions 
and whether reductions in nematode populations 
translate into improved root development and 
sugarcane growth. Such experiments should also 
evaluate phytotoxicity, persistence in soil, effects on 
non-target microorganisms, and interactions with 
existing crop-management practices. 

Conclusion 

Overall, the present findings demonstrate that the 
tested bionematicides differ substantially in their 
efficacy against Xiphinema spp. and Pratylenchus spp. 
under controlled in vitro conditions. Prod 1 exhibited 
the highest and comparatively most persistent activity, 
whereas the two microbial formulations showed 
more variable responses over time. The significant 
concentration effect observed for Pratylenchus spp., 
combined with the absence of a significant overall 
effect of exposure time, highlights the importance of 
optimizing both product dose and formulation rather 
than relying solely on prolonged exposure. Further 
greenhouse and field studies are therefore warranted 
to validate these findings and determine the practical 
potential of these products within integrated 
nematode management programs for sustainable 
sugarcane production in Côte d’Ivoire.
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