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Abstract

Biochar, produced through pyrolysis of organic materials, has shown
potential in improving soil properties and reducing population density of plant
parasitic nematodes. Biochar prepared from rice straw, moringa wood and mango
bushes were applied in vitro at various concentrations (1, 3 and 5%) against
Pratylenchus penetrans. Results indicated that biochar types had significant effect
on nematode mortality, the mortality rate increased with increasing the
concentration and exposure period. Rice straw biochar had the highest effect on
suppressing P. penetrans at concentration 5% for 72h (%90), followed by moringa
wood (%86.33) then mango bush (%65.67). In vivo, the highest concentration of
biochar was used. Rice straw biochar had the highest effect. It reduced the root
lesion and population density of P. penetrans infecting peanut seedlings (%39.50)
and (418.88), followed by moringa wood (%59.25) and (497.77) mango bushes
came last with (%77.77) and (543.33). The use of biochar also led to an increase
in plant height and root weight compared to the control infected (only nematode)
and control healthy (without nematode). These findings suggest that biochar from
these plant sources could serve as an eco-friendly alternative for nematode
management in peanut cultivation. Future research should focus on optimizing
biochar and application techniques to enhance its efficiency in sustainable
peanut production.

Keywords: Biochar rice, Mango, Moringa, Nematode infection scale, Pratylenchus
penetrants.

Introduction

Peanut (Arachis hypogaea L.) is an important food and fodder crop in the
agricultural systems in developing countries (Farid and Toma, 2013). Peanut is an
annual legume, also known as groundnut, earthnut, monkey-nut and goobers. It
ranks as the world’s 13™ most important food crop and 4™ most significant oilseed
crop. Peanut seeds are a rich source of nutrients, including vitamin E, calcium,
phosphorus, magnesium, zinc, iron, riboflavin, thiamine and potassium. Peanuts
are considered an excellent cash crop, serving both domestic markets and foreign
trade in many developing and developed countries (Reddy et al., 2011). Recently,
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significant attention has been given to peanuts due to their suitability for growth
in newly reclaimed sandy areas in Egypt. Egypt new reclaimed areas primarily
consist of sandy soils, which are often low in organic matter and lacking in
essential plant nutrients (Mahmoud et al., 2020).

Plant-parasitic Nematodes (PPNs) are considered major pathogens in
agricultural production, as they cause serious damage by increasing both direct and
indirect symptoms in infected plants (Gamalero and Glick, 2020). PPNs impact
peanut crops in all production regions worldwide. The most common nematodes
affecting peanuts are Pratylenchus spp. and Meloidogyne spp. (Singh et al., 2013;
Ebone et al., 2019).

With the revision of European Union (EU) legislation on pesticides use in
agriculture, there is a growing need for control strategies with minimal
environmental impact (Migunova and Sasanelli, 2021). Recently, Biochar has been
promoted as an eco-friendly alternative for controlling plant-parasitic nematodes
instead of using synthetic chemicals (Eche and Okafor, 2020).

Biochar is produced from various feedstocks, including animal and
agricultural waste, such as rice straw, maize cobs, moringa wood, mango bush,
wheat residues, sewage sludge, municipal solid waste, and biogas byproducts
(Kumar et al., 2023). When incorporated into soil, biochar enhances agricultural
productivity and promotes systemic plant resistance. It is widely used as a soil
amendment to improve crop yield and soil fertility (Ikram ef al., 2024).

Biochar has been shown to suppress populations of PPNs, making it a
promising eco-friendly alternative for nematode management (Eche and Okafor,
2020). Additionally, biochar produced from various feedstocks has been found to
reduce the infection rate of Pratylenchus penetrans (George et al., 2016).

The aim of this study is to investigate whether biochar derived from plant
sources can serve as an environmental friendly alternative for nematode
management in peanut cultivation.

Materials and Methods
Pyrolysis of feedstocks for biochar production

Three feedstocks (rice straw, moringa wood and mango bushes) were used to
produce biochar. Feedstocks were sun dried to retain moisture up to 15% before
biochar preparation.

Biochar was prepared in Soil and Water Department, Faculty of Agriculture,
Assiut University. Feedstocks were pyrolyzed at temperature 450°C with retention
time of 30 min after a gradual rise of 10°C for production of biochar following the
protocol described by (Sanchez et al., 2009).

In vitro experiment

Rice straw, moringa wood and mango bushes biochar were used to
suppress root lesion nematode, P. penetrans at three concentrations (1%, 3% and
5%). 5 ml of each concentration were placed in a petri dish with 100 juveniles, the

Assiut J. Agric. Sci. 56 (1) 2025 (147-156) 148



Biochar Addition to Soil as Eco-Friendly Approaches for...

control had distilled water. Three replicates of each concentration were made. Petri
dishes were incubated at 25 + 2°C. The nematode mortality was assessed at 24,
48 and 72 hours.

Greenhouse experiment

The site of this experiment is the greenhouse of Plant Pathology Department,
Faculty of Agriculture, Assiut University. Peanut seedlings were grown in clay pots
(20 cm diam) containing 2 kg of sterilized soil (silt 1:1 clay). Each pot contained
three peanut plants. Fifteen days later, plants were inoculated with 1000 juveniles
per plant from stock cultures. Fifteen days later, 50 ml at 5% concentration of the
three biochar types (rice straw, moringa wood, and mango bushes) were added
around the roots of each plant. In addition to the control healthy (without
nematode) and the control infected (only nematode), each treatment was
performed three times. The experimental design was randomized complete block
design (RCBD).

Three months later, data was recorded for plant and nematode parameters.
Plants were uprooted and water was used to remove the soil that was sticking to
the roots. Population density of nematodes in 100g soil was measured in the soil
samples. The scale 1-9 was used to evaluate disease severity of lesion due to root
lesion nematode, which was measured in the root samples

where 1 represented no symptoms, 2 = 1-5, 3 =6-10,4 =11-20, 5 =21-30, 6
= 31-50, 7 = 51-70, 8 = 71-100 and 9 represented more than 100, described by
Bridge and Page (1980).

T(n.v)

Disease Severity (DS) % = (ﬁ

)x100
Where:

n = Number of plants in each category.

v = Category number from the following scale.
X = The highest determined from the scale.

N = Total number of all inspected.

The root plant weight (g) and plant length (cm) were noted

Statistical analysis

Using ANOVA (Gomez and Gomez, 1984) and means were compared with
Duncan’s test (Duncan, 1955).

Results

1-Effect of biochar types on Pratylenchus penetrans mortality in vitro

Effect of biochar types (rice straw, moringa wood, and mango bushes) at
three concentrations (1, 3, and %5) against P. penetrans, data was recorded after
24, 48 and 72 hours.

Data in Table (1) and Figure (1) show that different biochar types had
significant effect on nematode mortality, where each type had a different effect.
The mortality rate increased as concentration and exposure duration increased.
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The effect of rice straw biochar on suppressing P. penetrans was highest at
concentration 5% after 72h (%90) followed by moringa wood (%86.33) and then
mango bush (%65.67).

Table 1. Effect of Biochar types on Pratylenchus penetrans mortality in vitro.
Nematode mortality (%)

Biochar types Concentration (%)

24h 48h 72h
1 47.00 h 51.67¢g 57.67 ef
Rice straw 3 54.33 fg 62.00 de 7433 ¢
5 76.33 ¢ 83.33b 90.00 a
1 27.33] 33.67 1 4333 h
Moringa wood 3 34.67 1 46.33 h 58.67 ef
5 65.00d 76.00 ¢ 86.33 ab
1 12.001 19.33 k 36.67 i
Mango bushes 3 19.67 k 36.00 1 54.00 fg
5 27.00 j 46.33 h 65.67d
Control 0 0 m 0m 0m

* Means column followed by the same letter are not significantly different by Duncan multiple range test
at P <0.05.

2-Effect of biochar types on Pratylenchus penetrans under greenhouse
conductions:

The highest effective concentration was used in this experiment. Data was
collected after three months. Results show that biochar can reduce the nematode
population density and lesion addition to improved root weight and plant height.

Table (2) and Figure (2) indicate that rice straw biochar was the highest
effective, as it reduced the root lesion and population density to (%39.50 and
418.88), followed by moringa wood (%59.25 and 497.77) and then mango bush
(%77.77 and 543.33), compared with control (only nematode) was (%88.88 and
783.33), respectively.

Table 2. Effect of biochar types on Pratylenchus penetrans under greenhouse

conditions
Biochar types Lesion (%) Population (J2/ 100 gm soil)
Rice straw 39.50d 418.88 ¢
Moringa wood 59.25¢ 497.77 be
Mango bush 77.770b 543.33 b
Control (only Nematode) 88.88 a 783.33 a

* Means within each column followed by the same letter are not significantly different by Duncan multiple
range test at P <0.05.
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Fig 2. Effect of biochar types on Pratylenchus penetrans under greenhouse
conductions.

Table (3) and Figure (3) explain the effect of biochar types on both plant
height and root weight. The use of biochar led to an increase in plant height and
root weight compared to the infected control (only nematode) and healthy control.
Rice straw biochar give the highest increase in plant height and root weight (16.67g
and 37.33cm), followed by moringa wood (13.33g and 35.44cm) and then mango
bush (10.00g and 34.11cm) respectively.

Table 3. Effect of biochar types on plant height and root weight under greenhouse

conditions.
Biochar types Root weight (g) Plant height (cm)
Rice straw 16.67 b 37.44 b
Moringa wood 13.33 ¢ 3544 c
Mango bush 10.00 d 34.11 ¢
Control (only nematode) 6.67 ¢ 27.00 d
Control healthy 21.67 a 39.00 a

* Means within each column followed by the same letter are not significantly different by Duncan
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Fig 3. Effect of biochar types on both plant height and root weight under greenhouse
conditions.
Discussion
Biochar as eco-friendly approaches for controlling root-lesion nematode
infecting peanut. This study indicates that the use of three types of biochar (rice
straw biochar, moringa wood biochar and mango bushes biochar) has effectively
reduce the population density and root lesion caused by Pratylenchus penetrans,
additionally, they effectively improve plant growth.

Biochar plays a significant role in improving soil quality and reducing
population density of nematodes. As noted by Poveda et al., (2021), biochar can
be effectively used as a soil amendment. Its various effects include modifying root
exudates, enhancing soil properties and increasing nutrient availability, which
collectively promote the growth of antagonistic microorganisms. Biochar also
induces systemic defenses in plant roots, which help to reduce pathogens by
activating stress-hormone responses and altering reactive oxygen species. For
plant parasitic nematodes, biochar’s main modes of action include changing the
diversity of soil microbial communities and release nematocidal compounds.
Using biochar as a soil amendment is a promising, sustainable strategy that aligns
with zero-waste principles and supports integrated pathogen and pest management.
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The use of biochar is a sustainable method and an effective strategy for
improving soil quality and addressing heavy metal pollution in soil. Incorporating
biochar into the soil presents a valuable opportunity to enhance soil quality and
promote plant growth. The effectiveness of biochar in boosting nutrients cycles on
agricultural lands is demonstrated by its positive effects on plant growth and soil
health, making it a practical tool for mitigating nutrient deficiencies (Samal ef al.,
2024).

Biochar derived from burned log wood has proven effective in reducing
populations of Pratylenchus coffeae, a migratory endo-parasitic nematode and a
major cause of root lesion nematode (Rahayu and Sari 2017; Muthusamy et al.
2019; Vieira et al. 2019). In grapevines, biochar produced from poultry litters
significantly lowered populations of plant-parasitic nematodes in soils, such as
Pratylenchus spp., Meloidogyne javanica, Tylenchulus spp., Helicotylenchus spp.,
and Criconemoid spp., by increasing the diversity of plant-beneficial organisms
(Rahman et al. 2014).

Edussuriya et al. (2023) investigated the use of biochar and biochar-based
soil amendments, examining their potential applications in enhancing growth,
yield, and control of plant-parasitic nematodes across various root crops. Most
studies have focused on the effects of biochar on crops like cassava, sweet
potatoes, as well as minor root crops such as ginger and turmeric. Biochar
application rates between 5 and 20 t ha™' have been observed to increase length,
the number of leaves and tubers, and tuber weight.

In conclusion, this study recommends that the use of alternative
environmentally friendly methods is effective in reducing the number of
nematodes that infect peanut, such as biochar produced from plants at 5%
concentration.
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