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ABSTRACT 
Root-knot nematodes (Meloidogyne spp.) are among the most destructive pests 
limiting tomato production, particularly in tropical regions. Two experiments (pot 
and field trials) were conducted at the University for Development Studies, 
Nyankpala, Ghana, to evaluate the effects of different biochar amendment rates on 
the efficacy of a peptide-based bionematicide (Nemanol) in suppressing root-knot 
nematodes and improving tomato yield. The pot experiment comprised five (5) 
treatments; 0, 1, 3, and 5% biochar (w/w), applied with or without 5mL of peptide 
solution. Treatments were arranged in a completely randomized design with four (4) 
replications. The field experiment evaluated biochar application rates of 0, 2, 4, and 
6 t/ha combined with 20 mL of peptide solution per plant, using a randomized 
complete block design with three (3) replications. In both experiments, treatments 
significantly (p<0.05) affected most measured growth, yield and nematode 
infestation indices. Low biochar application rates (1–3% in the pot experiment and  
2 t/ha in the field experiment) significantly enhanced plant growth, canopy spread, 
flowering, and fruit yield compared with the control and higher biochar rates (5% in 
pots and 6 t/ha in the field). The combined application of 1% biochar and peptide 
increased plant height by 28.9%, while 2 t/ha biochar combined with peptide reduced 
root galling severity by 58.3% relative to untreated soil. Biochar amendment also 
reduced soil pH to a range more favourable for tomato growth. Overall, the 
combination application of moderate biochar rates and a peptide-based 
bionematicide effectively suppressed root-knot nematode populations and improved 
tomato growth and yield. These findings suggest that applying 2 t/ha of rice husk 
biochar together with 20mL per plant of peptide-based bionematicide can be 
recommended as an effective management strategy for root-knot nematodes control 
in tomato production in the study area.  

INTRODUCTION 
Root-knot nematodes (Meloidogyne spp.) are 
among the most destructive soil-borne pests 
affecting a wide range of agricultural crops, 
including tomato (Solanum lycopersicum L.), 
cabbage, and carrot (Sahebani & Hadavi, 2020). 
Root-knot nematode infestation typically causes 
gall formation on roots, reduced nutrient uptake, 

stunted growth, decreased yield, and may lead to 
complete crop failure under severe conditions 
(Sikora et al., 2005). The management of root-knot 
nematodes has traditionally relied on synthetic 
nematicides such as Furadan and Carbofuran 
(Olabiyi., 2008). Although these products are 
effective, their use is increasingly discouraged due 
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to concerns about toxicity, persistence in the 
environment, and potential risks to human and 
animal health (Molinari, 2011). In Ghana, studies 
have explored alternative strategies using organic 
soil amendments such as chicken manure (Dawuda 
et al., 2011) and green manures like Mucuna 
pruriens (Atta-Poku et al., 2014). While these 
organic materials can suppress nematode 
populations and improve soil fertility, they often 
require large quantities for effective control, 
making them labour-intensive and expensive for 
large scale vegetable crop production. 

Peptide-based nematicides have recently emerged 
as environmentally friendly and cost-effective 
alternative for nematode management. Peptides 
have demonstrated strong activity against plant-
parasitic nematodes and pathogenic fungi, while 
posing minimal ecological risk (Aulakh and 
Regmi, 2013; Vanzolini et al., 2022). At the same 
time, biochar a carbon-rich product of biomass 
pyrolysis has gained attention as a soil amendment 
that can enhance soil fertility and modify physical 
and chemical soil properties, including pH, cation 
exchange capacity, and moisture retention ( Novak 
et al., 2009; Jeffery et al., 2011; Igalavithana et al., 
2016). It has been hypothesized that biochar may 
influence the efficacy of peptide-based nematicides 
by altering soil conditions that affect nematode 
activity and plant response. The present study 
therefore investigated the combined effects of 
biochar amendment rates and a peptide-based 
nematicide (Telluris) on root-knot nematode 
infestation, plant growth, and yield performance of 
tomato. 

MATERIALS AND METHODS 
Study Area 
Two (2) experiments were conducted at the 
University for Development Studies (UDS), 
Nyankpala Campus, Ghana (Figure 1). The pot 
experiment was carried out in the planthouse of the 
Department of Horticulture over a two-month 
period. The field experiment was conducted in the 
Horticulture Department Garden over a period of 
three months. Soil sampling and nematodes 
identifications were performed in the Nematology 
Laboratory of the Kwame Nkrumah University of 
Science and Technology (KNUST), Kumasi. 
Tomato (Solanum lycopersicum L.) was selected as 
the test crop due to its economic importance and 
high susceptibility to root-knot nematodes 

(Meloidogyne spp.) in Ghanaian vegetable 
production systems.  

 
Figure 1. Map Showing the Experimental Site 

Pot and Field Experiment Setup 
The pot experiment was arranged in a randomized 
complete block design (RCBD) with five (5) 
treatments and three (3) replications. Rice husk 
biochar was produced using the Kuntine pyrolysis 
method and sieved through <2 mm mesh. The 
treatments consisted of varying rates of biochar 
combined with a peptide-based bionematicide 
(Telluris) as follows: Control (no biochar and no 
peptide), Soil + 5 mL peptide, Soil + 1% biochar + 
5 mL peptide, Soil + 3% biochar + 5 mL peptide, 
and Soil + 5% biochar + 5 mL peptide. A naturally 
root-knot nematode infested soil was collected 
from the ‘Water Works’ Vegetable Farms in 
Tamale and homogenized with the appropriate 
biochar quantities. Each pot was filled with 5 kg of 
soil, seeded directly with two tomato seeds per pot, 
and treated with peptide solution immediately after 
sowing. The peptide-based nematicide (Nemanol 
20% EC) was obtained from Telluris 
Biotechnology Limited, India. A second 
application of the peptide solution was made three 
weeks after the first application.  The field 
experiment was laid out in a randomized complete 
block design (RCBD) with three (3) replications 
and five (5) treatments, namely; Control (no 
biochar or peptide), Soil + 20 mL peptide, Soil + 2 
t/ha biochar + 20 mL peptide, Soil + 4 t/ha biochar 
+ 20 mL peptide, and Soil + 6 t/ha biochar + 20 mL 
peptide. The field (14 × 8 m) was divided into 15 
plots (2 × 2 m) separated by 1 m alleys. Biochar 
was mixed into the soil prior to transplanting at 2t, 
4t and 6t per hectare. The peptide solution (20 mL 
per planting hole) was applied 24 hours before 
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transplanting and repeated at 21 days after 
transplanting.  
 
Data Collection and Analysis  
Germination, growth, yield, and nematode indices 
were measured using standard procedures. Growth 
indices included plant height, leaf number, and 
stem diameter. In addition, days to flowering and 
fruiting, fruit number, fruit weight and yield were 
measured. Nematode population density, galling 
severity using the (Bridge & Page, 1980) rating 
from 1-5 where 1= no galling, 2= slightly galling, 
3= mild galling, 4= moderate galling and 5= severe 
galling, and egg counts were determined at 70 days 
after sowing. Soil pH (1:2.5 soil–water) and bulk 
density were also measured. Data collected were 
analyzed using analysis of variance (ANOVA), and 
treatment means were separated by the least 
significant difference (LSD) test at a 5% 
probability level. 

RESULTS AND DISCUSSION 
 
Nematode Population in Tamale ‘Gumbihini’ 
Soil Sample 
Soil nematode assay was conducted using soil 
samples collected from the ‘Gumbihini’ Vegetable 
Farms. The results of the soil assay showed that 
Meloidogyne spp. (root-knot nematodes) were 
dominant, followed by Pratylenchus and 
Helicotylenchus spp., while Aphelenchoides and 
Tylenchus spp. occurred in very low numbers 
(Figure 2). Thus, farmers growing root-knot 
nematodes susceptible crops like tomato, okra and 
cabbages will have root-knot nematodes control as 
a challenge to deal in the location. This pattern is 
consistent with earlier reports from Ghana, where 
high populations of root-knot nematodes have been 
documented in vegetable-producing soils 
(Adomako et al., 2017). The high incidence of 
Meloidogyne spp. indicates that farmers growing 
tomato, okra and cabbage in the area are likely to 
suffer from low yields due to the adverse effects of 
root-knot nematodes.  

 
Figure 2 Nematode population density (per 500 g 
soil) in naturally infested vegetable field from 
‘Gumbihini’ Tamale, Ghana 

Effect of Biochar and Peptide Application on 
Soil pH  
The results showed that the application of biochar 
and peptide based nematicide significantly (p = 
0.002) affected soil (Figure 2). The control (only 
soil) and Soil + Peptide treatments gave the highest 
soil pH values (almost 7.0), while the 1%, 3%, and 
5% biochar + peptides treatments decreased the pH 
levels. The higher biochar rates (3% and 5%) also 
decreased soil pH from near neutral to slightly 
acidic conditions, which are more favourable for 
the growth of tomato plants. This shows that 
biochar amendment can regulate soil pH towards 
the optimal range for increased nutrient availability 
and root functioning in tomato plants. Igalavithana 
et al. (2016) and Elad et al. (2011) earlier reported 
that biochar can modify soil pH by increasing 
organic acid formation and enhancing microbial 
activity, resulting in better nutrient solubility and 
uptake. In contrast, treatments without biochar 
(Only Soil and Soil + Peptides) maintained higher 
soil pH levels, suggesting that biochar 
incorporation buffered the soil environment and 
prevented alkalinity buildup. These results support 
the findings of Novak et al. (2009), who observed 
that biochar-amended soils often stabilise around 
pH levels optimal for vegetable crops. 
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Figure 3. Effect of biochar and peptide 
application on soil pH at 70 days after sowing. 
Bars represent standard deviations 

Effect of Biochar and Peptide Application on 
Germination and Plant Growth  
The combined application of biochar and a peptide-
based nematicide (Telluris) significantly (p< 
0.001) improved germination and growth of tomato 
compared with untreated soil (Figures 4-8). The 
best responses were observed at low to moderate 
biochar rates. Germination was slightly higher 
under the 3% biochar + peptides treatment (Figure 
4), possibly due to better soil aeration and moisture 
retention. Novak et al. (2009) reported similar 
effects of biochar on soil structure and seedling 
emergence. Vegetative growth parameters such as 
plant height (Figure 5), leaf number (Figure 6), 
stem diameter (Figure 7), and canopy spread 
(Figure 8) all increased significantly under the 1–2 
t/ha biochar + peptides treatments. These effects can 

be attributed to improved soil fertility, nutrient 
retention, and effective root-knot nematode 
control. Igalavithana et al. (2016) found that 
biochar enhanced nutrient availability, while Lima 
et al. (2021) reported that peptide-based 
nematicides improved root health and nutrient 
uptake. In contrast, higher biochar rates slightly 
limited growth, as noted by (Lehmann et al., 2011). 
This suggests that the application of moderate 
biochar levels improve nutrient use and promote 
faster growth and reproductive development.  

 

 

Figure 4. Effect of different concentrations of 
biochar and peptide on germination of tomato seed. 
Bars represent standard deviations 
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Figure 5. Effect of biochar and peptide application on plant height 30 days after sowing 

 

 
Figure 6. Effect of biochar and peptide application on number of leaves per plant 30 days after sowing  
 

 
Figure 7. Effect of biochar and peptide application on stem diameter at 70 days after sowing. Bars represent 
standard deviations 
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Figure 8. Effect of biochar and peptide 
application on canopy spread in tomato 
 

Effect of biochar and peptide application on 
root-knot nematodes performance 

The treatments significantly (p < 0.001) affected 
the root-knot nematode population in soil, gall 
count in root, egg count and severity of galling in 
roots at 70 days after sowing (Table 1). The 3% 
biochar + peptides treatment produced the lowest 
average galling index (1.78) and greatly reduced 
nematode infestation. The rating of below 2 is an 
indication that fewer galls which were difficult to 
find with an unaided eye occurred on the roots. The 
untreated soil (control) which recorded an average 
gall severity rating of 3.05 showed that the galling 
had affected more than 50% of the root system. The 
lower rates of application of biochar (1%, 3% and 
2 t/ha) improved soil structure and enhanced the 
effectiveness of the Telluris peptide-based 
nematicide against root-knot nematode.  

Moreover, these (1%, 3% and 2 t/ha) enhanced the 
effectiveness of  the peptide applied in the root 
zone which probably triggered calcium signaling 
and synthesizing defensive proteins at the root tips 
of the plants to hinder the activities of root-knot 
nematode in the soil and in the roots as explained 
by (Huffaker et al., 2013). Kim et al. (2017) 
observed increased galling and egg-mass 
formations of M. incognita were derived from the 
increased penetration rates in sandy soil conditions, 
which provided sufficient aeration due to coarse 
soil nature for the nematodes, leading to their 
mobility increased for the enhanced root 
penetration. In the current experiment, the biochar 
amendment slightly decreased soil bulk density and 
enhanced the effectiveness of the Telluris peptide-
based nematicide against root-knot nematodes. In 
an experiment conducted by Elad et al. (2011), it 
was reported that the application of 1.2 % biochar 
in a potting medium effectively suppressed 
nematode development in rice roots. They further 
explained that the increased plant resistance was 
associated with biochar-primed 
H2O2 accumulation as well as with the 
transcriptional enhancement of genes involved in 
the ethylene (ET) signaling pathway (Elad et al., 
2011). In another experiment, Elad et al. (2011) 
found that biochar had a high sorption capacity for 
dichloropropene, a strong anti-nematode fumigant.  

As a result, biochar amendment to the soil could 
increase the required dose of dichloropropene to 
efficiently control nematodes. Lehmann et al. 
(2011) reported that biochar does not contain an 
indigenous consortium of microorganisms that can 
potentiate disease suppression, and the potential 
methods by which biochar induces systemic plant 
defenses against microbes. The suppression of soil 
pathogens by biochar may stem from several 
mechanisms, including improved nutrient 
solubilisation and uptake, which helps enhance 
plant growth and resistance to the stresses caused 
by pathogens; microbe stimulation (Elad et al., 
2011; Lehmann et al., 2011).  
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Table 1 Effect of biochar and peptide application on root-knot nematodes performance at 70 days after sowing 

Treatments 
Root-knot 
nematode 

population in soil 

Galling 
count in 

roots 

Root-knot nematode 
egg extraction from 

root 

Severity of 
galling in 

roots 
Only soil 10a 14a 4a 4a 
Soil+Peptides 5b 11b 2b 3b 
1% Biochar+Peptides 1c 7d 1c 2c 

3% Biochar+Peptides 1c 7d 1c 1d 

5% Biochar+Peptides 3bc 8cd 1c 2c 
P- value <.001 <.001 <.001 <.001 
LSD 2.369 1.039 0.4904 0.2003 

Values within columns with the same letters are not significant different from each other 

Effect of biochar and peptide application on 
Flowering, Fruit Yield and Biomass  
The combination of biochar and a peptide-based 
nematicide (Telluris) significantly (p<0.001) 
improved tomato flowering, fruit yield and root 
biomass (Tables 2 and 3). The 2 t/ha biochar + 
peptides treatment promoted early flowering and 
produced 65% more fruits than the control (Table 
2). Similar findings were reported by Elad et al. 
(2011) and Kim et al. (2017), who found that 
moderate biochar enhanced flowering and fruit 
formation in vegetables. The findings in this 
experiment are in line with Novotny et al. (2009) 
and  Lima et al. (2021), who observed that biochar 
and biological agents synergistically enhance plant 
health. The 2 t/ha biochar + peptides treatment 
produced the highest fruit weight per plot (Table 2) 
as well as the greatest root biomass (Table 3). This 
may be due to enhancement in soil fertility and 
nutrient retention, while the peptide nematicide 
checked the adverse effects of the root-knot 
nematodes. Similar yield increases with biochar 

and biological treatments were reported by Elad et 
al. (2011) and Igalavithana et al. (2016), who 
observed that biochar improved soil structure and 
nutrient availability. Likewise, Lima et al. (2021) 
found that peptide-based nematicides promoted 
healthy root development and higher productivity. 
Root biomass also increased significantly under the 
2 t/ha biochar + peptides treatment due to improved 
soil aeration and root protection. This agrees with 
Novak et al. (2009) and Kim et al. (2017), who 
found that biochar enhanced root growth and 
nutrient uptake. Although shoot weights did not 
vary significantly, plants with stronger roots 
generally produces higher fruit yields, supporting 
the view of Novotny et al. (2009) that biochar-
amended soils promote balanced vegetative and 
reproductive growth. Overall, moderate biochar 
application (2 t/ha) combined with peptide-based 
nematicide improved both fruit yield and root 
development, indicating that their integration 
enhances soil health, nutrient efficiency, and 
sustainable tomato production. 

Table 2. Effect of biochar and peptide application on tomato flowering and yield  

Treatments Days to first 
flower set 

Days to 50% 
flowering 

Days to first 
fruit set Fresh fruit    weight (g/plot) 

Only soil 24.ab 31.5a 36a 132.2b 
Soil+Peptides 26a 28ab 37a 184.5ab 
2t/ha 
Biochar+Peptides 19d 25b 29c 246.6a 

4t/ha 
Biochar+Peptides 22bc 29a 34ab 138b 

6t/ha 
Biochar+Peptides 21cd 28a 32bc 136.3b 

P- value 0.002 0.018 <.001 0.009 
LSD 2.848 3.338 2.877 62.46 

Values within columns with the same letters are not significant different from each other. 
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Table 3 Effect of biochar and peptide application on root and shoot biomass at 63 days after transplanting 
Treatments Fresh root weight 

(g plant-1) 
Dry root weight 

(g plant-1) 
Fresh shoot weight 

(g plant-1) 
Dry shoot weight 

(g plant-1) 
Only soil 63.1b 12c 481.7a 126.8ab 
Soil+Peptides 141.2a 16.45bc 698.3a 155.6a 
2t/ha 
Biochar+Peptides 

148.1a 23.53a 705a 165.7a 

4t/ha 
Biochar+Peptides 

125.3a 18.28ab 630.1a 155.4a 

6t/ha 
Biochar+Peptides 

134.7a 21.06ab 654.9a 159.3a 

P- value 0.037 0.01 0.22 0.684 
LSD 54.89 5.668 227.5 20.23 

Values within columns with the same letters are not significant different from each other

CONCLUSION  
This study demonstrated that the combined 
application of biochar and a peptide-based 
nematicide effectively suppressed root-knot 
nematode activity and significantly improved 
tomato growth and yield. Biochar application rates 
of 1–3% in pot experiments and 2 t/ha under field 
conditions produced the most favorable outcomes. 
Biochar amendment also reduced soil pH to 
slightly acidic levels, which are optimal for tomato 
production. 
The treatment combining 2 t/ha biochar with 
peptide-based nematicide consistently 
outperformed all other treatments, resulting in 
increased fruit yield and root biomass while 
markedly suppressing nematode activity. Overall, 
the integration of moderate biochar application 
rates with a peptide-based nematicide represents a 
sustainable and environmentally friendly strategy 
for managing root-knot nematodes. 
Therefore, the combined application of moderate 
biochar levels (1–3% in pots or 2 t/ha in the field) 
with a peptide-based nematicide is recommended 
for the sustainable management of root-knot 
nematodes in the Nyankpala soil series of Ghana. 
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