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Abstract 
Nano-biochar is considered an eco-friendly 

tool used as a soil amendment in suppressing 

broad range of plant pathogens and 

promoting plant growth. This study aimed to 

emphasize the importance of using nano-

biochar, with a particular focus on 

investigating the effectiveness of corncob 

nano-biochar (CCNB) at a concentration of 

0.5% in suppressing plant pathogens, such as 

Rhizoctonia solani, and promoting the growth 

of faba bean plants. Applying 0.5% CCNB 

was found to have a significant inhibitory 

effect on the growth and pathogenicity of R. 

solani, as demonstrated by reduced disease 

severity and increased total phenolic content 

in faba bean plants that were infected by Iso1. 

Nano-biochar not only suppresses disease 

symptoms but also enhances the physiological 

processes in plants, such as chlorophyll 

content and nutrient uptake (N, P, and K), 

leading to improved plant growth and 

productivity. These findings support the 

potential role of biochar as a sustainable soil 

amendment to manage soil-borne pathogens 

and improve crop performance and 

productivity. 

Keywords: Disease resistance; Fava Beans; 

Nano-biochar; Rhizoctonia stem canker.  

1. Introduction 

Globally, the faba bean (Vicia faba L.) is 

considered one of the most important legumes 

crops due to its significance in human nutrition, 

as it is a perfect source of vegetarian protein (28– 

30%) [1 , 2]. It also plays a key role in promoting 

soil fertility, animal feeding, and industrial 

processes.  Faba bean is the most important food 

crop in Egypt, although the cultivated area has 

decreased due to several biotic and abiotic 

factors, impacting yield loss in terms of both 

quantity and quality. Increasing quantity and quality 

of faba bean are master targets for meeting the 

increasing demands of faba bean as the main 

sustenance of Egyptian diet [2]. Despite all efforts 

aiming to improve productivity, faba bean 

cultivation is facing biotic and abiotic threats. 

Pathogens such as Rhizoctonia solani, Alternaria 

alternata, Botrytis fabae, and Uromyces fabae are 

among the major abiotic threats. They cause 

Rhizoctonia stem canker, root rot and damping-off, 

as well as leaf spot, chocolate spot, and rust [3]. 

Considering the disease's life cycle and agricultural 

practices, farmers cannot avoid cultivating host 

plants in a certain area, as the pathogen could infect 

a wide range of economically important crops. 

Furthermore, soil movement and infected seeds 

make it difficult to manage this disease, as the 

fungus produces sclerotia that remains in the soil, 

seeds and plant debris for a long time [4]. 

Rhizoctonia solani was found nearly in all Egyptian 

Governorates, particularly in the Nile Delta, 

specifically in Beheira, Monufia, Sharqia, 

Dakahlia, and Gharbia [5]. Therefore, 

implementing an integrated management system to 

control R. solani diseases is crucial. This can be 

achieved by using modern management approaches 

such as breeding for disease resistance, fungicide 

treatments, soil amendments (e.g. biochar and 

biofertilizers), plant defense activators and cultural 

practices (e.g. crop rotation, mixed cropping, cover 

cropping, green manuring and bio-fumigation). 

These measures may reduce soil-borne diseases by 

creating unfavorable conditions for pathogen 

growth and survival [6]. Unfortunately, none of 

these methods could eradicate the pathogen 

completely due to its lifestyle [7]. In addition, the 

pathogen could evolve and develop resistant strains, 

and some unfavorable practices could make it 

difficult to control the disease. For these reasons, 

effective control measures must be in place to 
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reduce these diseases without having an adverse 

effect on humans or the environment. 

Utilization of biochar in agriculture has received 

much attention and offers a potential approach 

for enhancing crop productivity and suppressing 

plant pathogens. Biochar is produced by 

pyrolysis, burning plant-derived organic 

materials in a limited oxygen environment, from 

crop residues such as corncobs, rice husk, and 

sugarcane bagasse. As a sustainable tool for 

enhancing soil characteristics, plant productivity 

and resistance to stressors, researchers have 

implemented several approaches to enhance its 

properties. However, there is still limited 

knowledge on how biochar influences soil 

properties and plant production [8]. Biochar 

increases soil quality and reduces the negative 

effects of excessive pesticides, fertilizers, heavy 

metals toxicity, and other pollutants [9]. As a 

result, biochar improves plant growth and 

sustains crop yields. Also, it reduces soil acidity 

and improves soil pH, effectively maintain levels 

of soil organic matter, enhance the base 

saturation and increase soil cation exchange 

capacity (CEC), store and supply macro and 

micronutrients for growing plants, and improves 

water retention [9, 10]. Greenhouse waste 

biochar (GHWB), produced at 450 °C and 

applied at different rates (0.5%, 1% and 3% 

V/V), may induce systemic resistance in tomato 

(Solanum lycopersicum) plants against the 

Botrytis cinerea fungus, which involves 

jasmonic acid signaling [11]. It has also been 

shown to affect Capsicum annuum plants at the 

same concentrations [12, 13]. The application of 

coconut and commercial Quest biochars at rates 

of 10–30% (V/V) and 0.5–3% (W/W), 

respectively, enhanced the suppression of 

Fusarium oxysporum f. sp. asparagi in 

Asparagus sp. [14]. The application of olive 

pomace (0.5%, 1% and 3%), eucalyptus wood 

(0.5%, 1% and 3%) and citrus wood (3% and 5%) 

biochars to soil was found to have a significant 

impact on the resistance of tomato plants to 

Botrytis cinerea (Elad et al., 2011). Therefore, 

our study aims to investigate the role of nano-

biochar on faba bean productivity and resistance 

to Rhizoctonia stem canker.  

2. Materials and Methods 

2.1 Fungal Isolation and Identification 

Samples of faba bean plants that were 5 to 7 weeks 

old and showed common typical symptoms of 

damping-off, root rot, and stem canker were 

collected from various fields to identify the 

pathogen. Media preparation and isolation 

procedures were performed according to Tuite 

method [15]. To identify the obtained isolates, 

morphological characterization and molecular 

identification were performed as described by Gillman 

[16], and Barnett and Hunter [17]. Primarily the 

nucleic acid (DNA) was extracted from Rhizoctonia 

solani isolates using CTAB procedure according to 

Doyle and Doyle [18]. Then universal primers ITS1 

and ITS4 were used to amplify the internal transcribed 

spacer region of ribosomal DNA (rDNA ITS) as 

demonstrated by white et al. [19]. The amplification 

was performed in PCR thermal cycler (Techne-

Progene). The amplified PCR product was loaded in 

1.5 % agarose gel stained with ethidium bromide and 

electrophoresis was run at 80 V. The DNA bands were 

then visualized and photographed using a special UV 

camera. DNA ladder (from 100 bp to ≤ 10000 bp) was 

used as a molecular size standard [20, 21]. The 

amplified fragments of ITS1-5.8s-ITS2 region (500-

700 bp) of the tested isolates were sent for sequencing 

(Macrogen, Scientific Services Company, Korea). 

Identification of the isolates were confirmed by 

applying Basic Local Alignment Search (BLAST 

search) on National Center for Biotechnology 

information (NCBI) site 

(http://www.ncbi.nlm.nih.gov), using the obtained 

sequences.  

2.2 Nano-biochar preparation and 

Characterization 

Two types of nano-biochar, corncob nano-biochar 

(CCNB) and sugarcane bagasse nano-biochar 

(SCBNB) were prepared as shown in (Fig. 1) according 

to El-Gamal et al. [22]. The produced black solid 

materials (biochars) were ground and passed through a 

0.5 mm sieve. Then, biochar types were converted into 

nano size using a high-energy planetary ball mill 

(Photon Ball Mill Model PH-BML912, Photon 

Scientific Co., Egypt). To characterize the different 

types of nano-biochar, the pH and electrical 

conductivity (EC) were determined according to the 

method described by Masulili et al. [23]. This involved 

mixing 1g of solid biomaterial with 100 ml deionized 

water, heating the mixture to approximately 90°C, and 

stirring it for 20 minutes to dissolve the soluble 

components. The suspensions were cooled to room 

temperature, then the pH and EC were measured by 

using a conductivity meter (multi-parameter pH-ORP-

Conductivity-TDS-TEMP Bench Meter, Adwa, 

AD8000 model, Hungary). Cation exchange capacity 

(CEC) was determined using 1 M ammonium acetate 

at pH 7 (neutral NH4OAc), as illustrated by Gaskin et 

al. [24]. The elemental concentrations of experimental 

nano-biochar were determined using an energy-

dispersive X-ray (EDX) system coupled with a 

scanning electron microscope (SEM; Jeol JSM-6360 

LA, Tokyo, Japan). Scanning Electron Microscopy 

(SEM) was used to examine the physical 

morphological surface of SCBNB and CCNB. The 

SEM analysis was carried out using a JEOL JEM6360 
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LA analytical electron microscope. To avoid the 

build-up of local electrical charges, the samples were 

coated with a thin layer of gold using a sputtering 

coater (model: S150B, Edwards High Vacuum Ltd., 

UK) before investigation [25]. Fourier Transform 

Infrared (FT-IR) spectrometry was used to 

determine the surface functional groups of the 

SCBNB and CCNB. The FT-IR spectra of the 

adsorbent were recorded in the range (4000 - 400 

cm-1) using SHIMADZU-IR spectrophotometer; 

model FT/IR-5300, JASCO Corporation Japan [26]. 

 

 

Figure 1. A brief diagram of corncob and sugarcane 

bagasse nano-biochar (CCNB and SCBNB) 

preparation.  

2.3  Pathogenicity Test 

The purified isolates of the identified Rhizoctonia 

solani were tested for pathogenicity on a Faba bean 

cv. Maryout2 under greenhouse conditions. R. solani 

inoculum was prepared by culturing the fungal 

isolates on sterilized barley grains to enhance 

mycelial growth. Three disks of R. solani isolate, 

previously grown on PDA medium, were transferred 

into conical flasks (500 ml). Each flask contained 

200 g of barley grains, which were moistened with 

water before being autoclaved for 20 minutes. The 

prepared flasks were inoculated with R. solani and 

incubated at 20 ± 2°C for 14 days until the fungal 

growth became homogenous. Seeds of faba bean cv. 

Maryout2 were used for the pathogenicity test. 

Plastic pots with a diameter of 25 cm containing four 

Kg autoclaved calcareous soil were prepared. Soil 

infestation was carried out one week before planting 

faba bean seeds. Forty grams of the barley grain 

medium containing R. solani inoculum were mixed 

with soil. Seeds of faba bean were planted in the 

infested soil at the rate of 6 seeds/pot.  Disease 

severity was determined on the emerged plants 

according to Khangura et al. [27]. 

2.4  In vitro Experiments 

2.4.1. In vitro direct effect of different 

concentrations of biochar on R. solani 

The inhibitory effect of the obtained nano-biochar 

types (SCBNB and CCNB) on the hyphal growth of 

R. solani isolates was studied using an in vitro contact 

method.  Potato Dextrose Agar (PDA) medium was 

prepared and amended with varying concentrations of 

SCBNB and CCNB (0.5, 1.0, and 2.0, W/V) as well as 

control. After autoclaving, PDA medium was 

supplemented with streptomycin sulphate at the rate of 

50 mg/l and dispensed into 9 cm diameter Petri dishes. 

A 5 mm disk taken from a fresh R. solani culture, was 

placed in the center of petri dishes. Three plates were 

prepared for each nano-biochar concentration. The 

dishes were then incubated at 25°C. After 2 days 

mycelial growth of the fungus was measured as the 

average of two perpendicular diameters of each culture. 

The experiment was a factorial design with three main 

factors (Biochar Types, Biochar levels, and the 

phytopathogenic fungus Rhizoctonia solani) in 

complete randomized design (CRD) with 16 treatments 

in three replicates [28].  

2.4.2. Effect of different concentrations of nano-

biochar on R. solani mycelial fresh weight and dry 

weight. 

Potato Dextrose Broth (PDB) was prepared and 

amended with varying concentrations of SCBNB and 

CCNB (0.5, 1.0, and 2.0, W/V), and 0.3% Agar (to 

maintain the biochar in suspension) as well as control. 

After autoclave, medium was supplemented with 

streptomycin sulphate. Agar disk was taken from a 

fresh R. solani culture (5mm) and placed in flask (100 

ml) containing 50 ml PDB, three flasks were prepared 

for each nano-biochar concentration. The flasks were 

incubated for 14 days at 25°C. The mycelial mat was 

separated from the nutrient solution using a sieve, 

excess solution was removed and dry on filter paper. 

Mycelial fresh weight was determined. The mycelial 

mat was then dried in an air circulation oven at 60°C 

for 2-3 days until dry weight was unchanged and 

mycelial dry weight was measured. The experiment 

was a factorial design with three main factors (Biochar 

Types, Biochar levels, and R. solani isolates) in 

complete randomized design (CRD) with 16 treatments 

in three replicates [28].  

2.5  Effect of nano-biochar on the development 

of Rhizoctonia diseases in faba bean 

To investigate the effect of CCNB at the concentration 

of 0.5% on disease development and plant growth 

parameters of faba bean, a highly susceptible cv. 

Maryout2 was used.  Calcareous soil was collected 

from the experimental farm of City of Scientific 

Research and Technological Applications (SRTA-

City) located at Borg Al-Arab city, Alexandria, Egypt. 

The main physicochemical properties of the utilized 

soil were characterized. The soil texture is loamy sand, 

pH and EC were recorded as 8.41 (1:2.5, W: V) and 

0.61 dS m-1 that categorized as non-saline and alkaline 

soil, respectively. In addition, soil has low levels of 

total nitrogen 0.14 % and CEC 3.94 meq/100 g soil, 

medium levels of phosphorus (P) 9.32 mg/Kg, and 
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extremely high levels of NO3- 183.17 mg/Kg. On the 

other hand, this calcareous soil has a high potassium 

(K+) level 324.55 mg/Kg and a moderate level of 

total carbonate (CaCO3) 21.56 % and organic matter 

1.65 % [29, 30]. Plastic pots with a diameter of 25 

cm, containing four Kg from the autoclaved, and 

previously characterized calcareous soil were 

prepared and mixed with CCNB at concentrations (0 

and 0.5 % W/W). Soil infestation was carried out one 

week before planting faba bean seeds. Forty grams 

of the barley grain medium containing R. solani 

inoculum of Iso1 and Iso2 were mixed with soil, and 

seeds were planted in the infested soil at the rate of 

4 seeds/pot. The experiment was a factorial design 

with two main factors (Nano-biochar levels and R. 

solani isolates) in a complete randomized design 

(CRD) with 6 treatments in three replicates.  

2.5.1. Disease Evaluation and Total Phenols 

determination 

A. Damping-off Estimation 

Damping-off (percentage of collapsed plants per 

pot), the percentage of seed decay pre-emergence, 

post emergence damping-off and survival ratio was 

calculated after 15, 30, and 45 days of sawing, 

respectively according to Yehia et al. [31]:  

• 𝐏𝐫𝐞 − 𝐞𝐦𝐞𝐫𝐠𝐞𝐧𝐜𝐞 (%)   =
𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐧𝐨𝐧𝐠𝐞𝐫𝐦𝐢𝐧𝐚𝐭𝐞𝐝 𝐬𝐞𝐞𝐝𝐬

𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐬𝐨𝐰𝐧 𝐬𝐞𝐞𝐝𝐬
𝐗𝟏𝟎𝟎 

• 𝐏𝐨𝐬𝐭 − 𝐞𝐦𝐞𝐫𝐠𝐞𝐧𝐜𝐞 (%) =
𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐝𝐞𝐚𝐝 𝐬𝐞𝐞𝐝𝐥𝐢𝐧𝐠𝐬

𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐬𝐞𝐞𝐝𝐥𝐢𝐧𝐠𝐬
𝐗𝟏𝟎𝟎 

• 𝐒𝐮𝐫𝐯𝐢𝐯𝐚𝐥 𝐫𝐚𝐭𝐢𝐨 (%)  =
𝐍𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐬𝐮𝐫𝐯𝐢𝐯𝐚𝐥 𝐩𝐥𝐚𝐧𝐭𝐬

𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐬𝐞𝐞𝐝𝐥𝐢𝐧𝐠𝐬
𝐗𝟏𝟎 

B. Disease severity (DS) 

To determine disease severity (percentage of the 

hypocotyls and root tissues area covered by lesions) 

on the emerged plants, the roots were thoroughly 

washed and rated for hypocotyl rot on a 0 to 3 scale 

according to Khangura et al. [27] as follows:  

0 = no visible symptoms.  

1 = lesions on hypocotyl affecting <  

               25 % of the length of hypocotyl.  

2 = lesions covering 26 to 75% of the 

             length of the hypocotyl.  

3 = lesions covering approximately 

75% of the length of the 

hypocotyl.  

Percent of disease severity (DS %) was calculated 

after 60 days as following:    

[𝚺 (𝐧𝐨. 𝐩𝐥𝐚𝐧𝐭𝐬 𝐢𝐧 𝐝𝐢𝐬𝐞𝐚𝐬𝐞 𝐜𝐚𝐭𝐞𝐠𝐨𝐫𝐲) − (𝐧𝐮𝐦𝐞𝐫𝐢𝐜𝐚𝐥 𝐯𝐚𝐥𝐮𝐞 𝐨𝐟 𝐝𝐢𝐬𝐞𝐚𝐬𝐞 𝐜𝐚𝐭𝐞𝐠𝐨𝐫𝐲)  ]

[(𝐧𝐨. 𝐩𝐥𝐚𝐧𝐭𝐬 𝐢𝐧 𝐚𝐥𝐥 𝐜𝐚𝐭𝐞𝐠𝐨𝐫𝐢𝐞𝐬)  × (𝐦𝐚𝐱𝐢𝐦𝐮𝐦 𝐯𝐚𝐥𝐮𝐞 𝐨𝐧 𝐫𝐚𝐭𝐢𝐧𝐠 𝐬𝐜𝐚𝐥𝐞)]
× 𝟏𝟎𝟎 

C Total Phenols Quantification 

Total phenols were extracted and quantified utilizing 

Folin-Ciocalteau reagent according to Malik and singh 

[32]. Leaf samples (one gram) were homogenized with 

a sterilized pestle and mortar in10 ml of 80% ethanol 

and agitated for 15 min at 70°C. Using filter paper, the 

extract was filtrated in a falcon tube (15 ml). Then, 0.2 

ml of the ethanolic extract was transferred to a 10 ml 

glass tube. The volume was made up to a volume of 3 

ml by adding 2.8 ml distilled water and then a 500 µl 

of Folin-Ciocalteau reagent 1N (1:1) was added, the 

solution was then kept at 25°C for 3 minutes. Next, 2ml 

of 20 % sodium carbonate was added and mixed well. 

Then the tubes were placed in boiling water for 1 min 

and then cooled down. A blank containing all reagents 

without the extract was also prepared. The absorbance 

of the developed blue color intensities was measured 

using a spectrophotometer at 650 nm and catechol 

solution was used as a source of phenolic compounds 

to prepare the standard curve. The concentration of 

phenolics was expressed as µg catechol equivalent g-1 

fresh weight.   

2.5.2. Plant Growth Parameters 

2.5.2.1. Shoot and Root Parameters 

Leaves, flowers and stem branches of each plant were 

counted at harvest (after 60 days of sowing). The height 

of fresh shoots was measured using a ruler at harvest. 

Shoots and roots were separated from each other and 

weighed immediately after harvest, but roots were 

washed under running tap water to remove adhering 

soil before weighing. Then, each part of plant was 

washed with distilled water many times, air-dried, and 

weighed. Parts for each replicate were collected in 

paper bags and placed in the oven for 48 hours at 70°C 

and weighed immediately after the drying period ended 

and grinded to be used for elemental analysis.   

Moisture content was measured according to the 

following formula:  

M.C %=(W2-W3)/(W2-W1) X 100 

Where: M.C = Moisture Content (%), W1 = Weight of 

paper bag (g), W2 = Initial weight of bag with the 

sample (before drying) (g), W3 = Final weight of bag 

with the sample (after drying) (g).  

2.5.2.2. Chlorophyll Quantification 

One gram of fresh faba bean leaves was chopped into 

small pieces, grinded using sterile mortar and pestle in 

20 ml acetone (80%) and kept at 4 °C. The mixture was 

centrifuge at 10000×g for ten minutes, then the 

supernatant was transferred to a clean test tube. The 

absorbance was measured by a spectrophotometer at 

wavelength 663 for chlorophyll a and 644 for 

chlorophyll b against the solvent blank (acetone 80%). 

Concentrations of chlorophyll A, chlorophyll B, and 

the total chlorophyll were estimated as described by 

Lorenzen [33] according to the following equations:  
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Conc. of Chlorophyll A (mg/gm. FW) = 12.7(E 

663)-2.69(E 644) × V/ (W ×1000)  

Conc. of Chlorophyll B (mg/gm. FW) = 22.9(E 

644)-4.68(E 663) × V/ (W ×1000)  

Total chlorophyll (mg/gm. FW) = (20.2× E 644) + 

(8.02× E 663)  

Where: E= Optical density at the wavelength (663) 

or (644), V= Total extract volume, W= Leaf fresh 

weight.  

2.5.2.3. Elemental Analysis 

The wet digestion method was used to determine the 

total nitrogen content in seeds. Dry seed (0.25 

grams) samples were pre-treated with wet digestion 

reagent (10 ml of concentrated H2SO4, 5 ml H2O2 

30%, and 2 g of digestive mixture (1 g Se: 10 g 

CuSO4: 100 g K2SO4) in a Kjeldahl digestion tube 

[34]. Then, contents of the tube were agitated and 

heated on the block-digester set at 300°C for 2 hours. 

After the digestion, nitrogen content was determined 

using the distillation unit of Kjeldahl device. The 

total P and K in plant parts (shoots, roots, seeds) was 

determined using the dry digestion method (oven-

dried for 48 hours at 70°C). One gram of oven-dried 

sample was put in a porcelain crucible and burnt in 

the muffle furnace at 500°C for 6 hours until it 

reached ash. After cooling, the crucible was removed 

from the muffle furnace. The ash was dissolved by 

adding 10 ml of dilute aqua regia (HNO3: HCl, 1: 3) 

and left the mixture for 20 min until the digestion is 

complete. Using filter paper, the mixture was 

filtrated into a 100-ml measuring flask. The filtrate 

was completed to 100 ml using distilled water [35]. 

Total P in the extract was determined by ammonium 

paramolybdate-vanadate reagent. Five ml of the 

supernatant were transferred to a 50-ml measuring 

flask, 10 ml of the reagent were added and then the 

volume was completed to 50 ml. Measurement was 

performed on a spectrophotometer (T80 UV/VIS 

Spectrophotometer, PG Instruments Ltd) after 10 

min at a wavelength of 430-nm. A blank containing 

all reagents without sample was also prepared. Total 

K was measured by a flame photometer (FP902, PG 

Instruments).  

3. Results 

3.5  Fungal Isolation and Identification 

Two isolates of Rhizoctonia solani (teleomorph, 

Thanatephorus cucumeris) were recovered from 

infected faba bean plants showing typical symptoms 

of Rhizoctonia stem canker, these isolates were 

named Iso1 and Iso2. The obtained isolates were 

identified with morphological and molecular 

characterization. The hyphae of the fungus have 

unique characteristics of brown color, hyphal 

branching with a constriction at the point of 

branching and dolipore septum. On the other hand, 

the BLAST search using the sequence (over 600 bp) of 

ITS1-5.8S-ITS2 region indicates that both isolates 

could be assigned to Rhizoctonia solani based on the 

similarity percentage (99%). The sequences of the two 

isolates were deposited in Genbank under accession 

numbers PV972195 and PV972196 for Iso1 and Iso2, 

respectively.  

3.2  Biochar Characterization 

Characterization indicated that SCBNB and CCNB 

possessed alkaline behavior, with a pH value of 8.63 

and 8.33, respectively. EC was higher in SCBNB than 

CCNB, which recorded 0.8 and 1.3 dS m-1, 

respectively. Moreover, the cation exchange capacity 

(CEC) of the produced nano-biochar types recorded a 

higher value (32.35 meq/100 g soil) in CCNB than 

SCBNB. In general, the total elemental analysis 

showed that the concentrations of C were higher in both 

nano-biochar types followed by O concentrations and 

these results were confirmed by EDX analysis in (Fig.  

2).  

 

Figure 2. Energy dispersive x-ray (EDX) for the 

SCBNB and CCNB.  

Figures (3) show the morphological characteristics and 

pore structure of SCBNB and CCNB that were 

described by SEM images. SEM magnified at 500X 

represents a highly complex network structure with 

longitudinal pores in varied sizes and different 

channels in various diameters. 

Figure 3. SEM image of SCBNB and CCNB 

magnified at 500X. 

SCBNB CCNB 
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The Fourier Transform infra-red spectroscopy (FT-

IR) study illustrates the changes in functional groups 

between SCBNB and CCNB and results from it 

depicted presence and absence of functional groups, 

which revealed the wavelength peak which observed 

between 500-3500 cm-1. The detected functional 

groups and characterizing covalent bonding 

information in SCBNB and CCNB are shown in 

figure 4. The stretching of hydroxyl group and H-

bonds were detected at the band with range from 

3438 to 3439 cm-1, which indicates the presence of 

alcohols, phenols, and organic acids. The peaks in 

the range 2956 to 2918 cm-1 represent to saturated 

aliphatic hydrocarbon (C-H, stretching vibration) 

due to the presence of alkane functional group. Also, 

the band at 1163 to 1111 cm-1 of alcohol (C-O 

stretch) and aliphatic amines (C-N) in both nano-

biochar. The amines, alkenes and aromatic 

functional groups were expressed due to the 

presence of N-H band and C=C stretching vibrations 

between 1608–1511 cm-1 in both biomaterials. In 

addition, the peak at 873 cm-1 in SCBNB indicates 

the presence of the aromatic CH and carboxyl-

carbonate, which disappeared in the CCBN.  

However, these aromatic carbon structures have 

been confirmed by aromatic C=C ring stretching 

between 1608 and 1511 cm-1and the peaks at 1243 

cm-1, corresponding to aromatic CO- stretching and 

aromatic C=C peaks are evidence of hydrocarbon 

rings (benzene-like). Also, the alkyl halide group (C-

Br stretch) was observed at around 670 to 471 cm-1 

in both types. 

 

Figure 4. FTIR spectra and expected corresponded 

functional groups for SCBNB (Red line) and CCNB 

(blue line). 

 

 

 

 

 

3.3  Pathogenicity Test 

The pathogenic potential of the tested isolates (Iso1 and 

Iso2) of Rhizoctonia solani was tested on faba bean cv. 

Maryout2. The obtained results showed that the isolates 

of R. solani significantly produced typical symptoms of 

stem canker on faba bean plants. Iso2 exhibited 

stronger virulence and disease severity was recorded at 

85.55%, while the least severe of symptoms were 

showed with Iso1 infection with a recorded disease 

severity of 68.32 % after 60 days of planting. Hence, 

these results suggest that Iso2 is more aggressive in its 

interaction with faba bean plants more than Iso1. 

3.4  Assessment of Nano-Biochar Efficiency 

Against Rhizoctonia solani 

3.4.1. Effect of different concentrations of Nano-

biochar on Mycelial Growth of Rhizoctonia solani 

As shown in figure 5, examination of the effect of 

nano-biochar on the mycelium growth of R. solani 

revealed that not all concentrations of either type of 

biochar could inhibit fungal growth. Notably, R. solani 

growth was significantly slower on CCNB than that on 

SCBNB. Growth rate in the control treatment was 

slower than the other concentrations followed by 0.5 % 

CCNB. This suggests that the lowest CCNB 

concentration (0.5%) was the most effective to hinder 

fungal growth. 

 

Figure 5. Effect of CCNB and SCBNB concentrations 

on fungal mycelium growth. 

3.4.2. Effect of different concentrations of Nano-

biochar on the fresh weight and dry weights of R. 

solani mycelium. 

Data in Figure 6 indicates a variable effect of both 

biochar types on the growth of R. solani. The fungal 

fresh and dry weights were significantly lower with 

CCNB than with SCBNB. The lowest fresh and dry 

weights were recorded with CCNB and SCBNB at the 

concentration 0.5 % and 1%, respectively compared to 

the other concentrations. At a concentration of 0.5% 

CCNB decreased the fungal fresh weight by 40.34 % 

and 31.24 % with Iso1 and Iso2, respectively. 

However, 1% SCBNB decreased the fungal fresh 

weight by 9.25 % and 11.99 % with Iso1 and Iso2, 

respectively. The dry weight decreased to about half 

compared to the control with 0.5 % CCNB treatment in 
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the presence of both isolates. Whereas SCBNB 

decreased the fungal dry weight by 46.20 and 57.94 

% with Iso1 and Iso2, respectively. 

 
Figure 6. Effect of CCNB and SCBNB 

concentrations on the fresh (blue) and dry weight 

(orange) of Rhizoctonia solani. 

3.5  Effects of Nano-Biochar in Pot 

Experiments Conducted under Growth 

Chamber Conditions 

3.5.1. Assessment of Nano-biochar Efficiency 

Against Total Phenolic Contents of Infected Faba 

bean plants 

The obtained results shown in figure 7 illustrated the 

total phenolics content in the faba bean treated with 

0.5% CCNB measured after 60 days of planting and 

showed a significant increase compared to control 

plants.  This study revealed that CCNB at 

concentration of 0.5% decreased damping-off and 

disease severity in Iso1 and Iso2-infected faba bean. 

In addition, an increase in the survival ratio and total 

phenolic content were observed in infected plants 

compared to healthy, non-infected plants. The 

survival ratio increased by 66.66 % and 50.02 % 

with Iso1 and Iso2, respectively, compared with the 

control, nano-biochar-free treatment. Disease 

severity decreased by 62.43% and 44.61% with Iso1 

and Iso2, respectively, compared with treatments 

without nano-biochar. Total phenolic content 

increased by 16.41 % and 45.26 % with Iso1 and 

Iso2, respectively, compared with treatments 

without nano-biochar.   

 

Figure 8. Disease evaluation and total phenolic 

content (µg catechol equivalent g-1 FW) of the cv. 

Maryout2 inoculated with Rhizoctonia solani 

isolates grown in soil-amended with 0.5 % CCNB. 

3.5.2. The Effect of Nano-biochar on Growth 

Parameters of Infected Plants 

The data obtained shown in figure 8 presented the 

impact of 0.5% CCNB on the shoot growth parameters 

of non-infected and infected faba bean plants. 

Generally, the highest values were recorded in the case 

of pathogen-free treatments. As, the shoot fresh and dry 

weight recorded at 251.92 g and 81.49 g, with an 

increase 24.55 % and 67.26 %, respectively. The height 

of the plants recorded 88.16 cm, with an increase 

14.33%. Moreover, 48 leaves, 2.65 branches and 23 

flowers were recorded, representing increases of 

8.28%, 99.25% and 68.25%, respectively. 

Additionally, the highest root fresh and dry weights 

were recorded at 46.67 g and 12.42 g, with increases of 

22.08% and 30.19%, respectively, compared to the 

control. 

On the other hand, the plants infected by Iso1 were 

affected by the 0.5% CCNB application more than the 

plants infected by Iso2. The highest fresh and dry shoot 

weight of the Iso1-infected plants was recorded at 171 

g and 46.53 g, with increases of 23.06% and 0.7%, 

respectively. The plant height was 63.30 cm, an 

increase of 2.80%. Moreover, number of leaves, 

branches, and flowers recorded 36 leaves, 1 branch, 

and 6.33 flowers, with an increase by 1.90 %, 0.0 % 

and 58.25 %, respectively. The highest root fresh and 

dry weight of the plants infected by Iso1 recorded at 

30.91g and 9.52 g, with an increase of 37.07 % and 

22.37 %, respectively as compared with nano-biochar-

free treatment. While shoot fresh and dry weight of the 

infected plants by Iso2 recorded at 141.88 g and 37.81 

g, with an increase 60.41 % and 73.44 %, respectively. 

The height of plants recorded 43.44 cm, with an 

increase of 39.51 %. Moreover, the number of leaves, 

branches, and flowers recorded 27.67 leaves, 1 branch, 

and 3 flowers, with an increase of 69.44 %, 0.0 % and 

79.61%, respectively. The highest fresh and dry weight 

of the infected plants by Iso2 recorded at 26.48 g and 

8.29 g, with an increase of 32.20 % and 20.85 %, 

respectively as compared with nano-biochar-free 

treatment. 

 
 

Figure 8. Effect of CCNB and SCBNB on growth 

parameters of plants infected with different 

isolates. 
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3.5.3 The effect of Nano-biochar on Chlorophyll 

Quantities 

The photosynthetic pigment content in faba bean 

leaves were affected by 0.5% CCNB as shown in 

Table 1. The highest content of chlorophyll A, B, 

and total chlorophyll was recorded in case of non-

infected plants at 25.88, 15.9, and 30.58 mg/g. Fw, 

with an increase of 54.32 %, 14.45 %, and 33.01 %, 

respectively as compared with control. On the other 

hand, the highest content of chlorophyll A, B, and 

total chlorophyll of infected plants was recorded in 

the presence of Iso1 more than Iso2 at 13.44, 10.27, 

and 17.65 mg/g. Fw, with an increase of 14.77 %, 

6.98 %, and 10.59%, respectively as compared with 

nano-biochar-free treatment. 

Table 1: Effect of 0.5% CCNB on Chlorophyll 

content of faba bean plants 

3.5.4 Effect of Nano-Biochar on Plant Contents of 

Elements 

The results in  figure 9 illustrated that 0.5% CCNB 

increased the plant content of total phosphorus, 

potassium, and nitrogen content in infected and non-

infected plants of cv. Maryout2. In the case of 

pathogen-free treatments, the highest N, P, and K 

content in shoot was recorded at 4.17 %, 0.46 %, and 

0.92 %, with an increase 15.19 %, 35.29 %, and 

22.67%, respectively. As well as the highest N, P, 

and K content in root was recorded at 3.22 %, 0.39 

%, and 0.71%, with an increase 7.69 %, 25.81 %, 

and 31.48 %, respectively as comparing with 

control. On the other hand, the highest 

concentrations of N, P, and K were achieved in the 

shoot and roots infected plants with Iso1 and 

recorded at (3.03 % -2.55%), (0.27 % -0.22%), and 

(0.55 % -0.40%), with an increase (44.29 % -33.51 

%), (50 % -69.23 %), and (31.25 % -41.38 %), 

respectively as comparing with the nano-biochar-

free treatments. Additionally, the content of N and P 

in the shoot and roots of infected plants with Iso2 

was recorded at (2.48 % -0.20%) and (2.05 % -

0.16%), with an increase (51.22% -41.38%) and 

(66.67 % -77.78%), respectively. While K content in 

shoot and root of plants was 0.55 % -0.40%, and K 

content approximately 1.5-fold higher than the nano-

biochar-free treatments. 

 

Figure 9. Effect of CCNB and SCBNB on Phosphorus, 

Potassium, and Nitrogen contents on shoot and root of 

faba beans. 

4. Discussion 

      In this study, we used the Nano-Biochar CCNB as a 

soil amendment to manage Rhizoctonia diseases in 

faba bean. Two Rhizoctonia solani isolates, obtained 

from infected faba bean plants, were suppressed by 

CCNB at a concentration of 0.5% either directly or 

indirectly. This fungus resides in the soil and attacks 

many plant species including faba bean. Due to the 

infection with R. solani, faba bean quantity and quality 

severely affected. As it could attack the plants pre- and 

post-emergence causing severe economic losses on 

faba bean production [36]. In the current study, we 

have recovered two isolates from several diseased faba 

bean samples from different fields. These samples 

showed different symptoms of R. solani infections, 

including damping-off, stem canker, and root rot.  As 

expected, the recovered fungal isolates were assigned 

to the genus R. solani based on its morphological 

characteristics and ITS1-5.8s-ITS2 sequence [37]. 

This highlights the significance of monitoring the 

fields regularly as the phytopathogens could vary in 

their morphology within the species level [38]. 

Considering this variability, using molecular markers 

are a reliable tool for identification, tracking 

phytopathogens, and detecting variations between, 

within species and within strains as well.  Various 

regions of ribosomal DNA (rDNA) are widely 

amplified and sequenced to determine the relationships 

between organisms using specific primers rDNA [39]. 

The use of ITS1 and ITS4 primers for detection of R. 

solani obtained from infected faba bean plants 

produced a specific band of approximately 675 and 

682 bp with Iso1 and Iso2, respectively [40]. As this 

region could be useful for species-level resolution, the 

blast search for ITS1-5.8s-ITS2 sequence revealed 

more than 99 % identity with other R. solani isolates 

registered in NCBI [41].  

The pathogenicity test of the selected R. solani isolates 

was carried out to confirm its aggressiveness on faba 

bean plants. In the present study, the obtained isolate 

of R. solani was found pathogenic and produced the 

typical symptoms on the tested cultivars as those 

observed on infected plants diagnosed in the field. 

Rhizoctonia stem canker disease is the main root 
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disease of faba bean [42]. The incidence of the 

damage was observed mainly up to 15 days after 

sowing [41]. These results prove that the isolation, 

identification and pathogenicity testing of the 

phytopathogens is crucial for developing control 

measures and preventing disease outbreak. 

Therefore, our study aimed to test the efficacy of 

nano-biochar in management of this disease in vitro 

and in vivo. Addition of nano-biochar to the PDA 

and PDB media could suppress fungal growth. The 

radial growth, fresh weight, and dry weight were 

affected at the low concentration at 0.5%.  

Moreover, the lowest rates of disease severity were 

observed in faba bean plants grown in a soil 

amended with 0.5 % of CCNB. On the other hand, 

nano-biochar amendment had a little impact on 

damping-off and no symptoms were obtained in 

pathogen-free treatments. It’s well documented that 

plant derived biochar could suppress plant diseases 

in many plants such as damping-off caused by R. 

solani in cucumber and common bean [28] grown in 

a soil amended with GHWB (Green-house pepper 

plant wastes). This suppression could be attributed 

to the higher accumulation of phenolic compounds, 

the enhancement of plant defense, the inhibition of 

toxin production and the pectinolytic enzymes 

produced by pathogens [43]. Conclusively, results 

showed that the soil was amended with 0.5% CCNB 

increasing the total phenols and enhanced the self-

defense mechanism of faba bean plants that affected 

by Iso1 and Iso2 of R. solani. 

It is worth noting that the use of 0.5% CCNB has a 

great impact on plant growth parameters and 

productivity as well. The general improvements of 

lengths, fresh and dry weights of plants could be due 

to the mode of action caused by the nano-biochar 

such as N2-fixation and general improvement in 

nutrients and water. Graber et al. [14] explained that 

biochar application in the soil may profoundly 

influence the rhizosphere system and disease 

triangle factors (susceptible host plant, suitable 

environmental conditions, and virulent pathogen) 

through its properties which have effects on 

nutrients content of host, water-holding capacity, 

adsorption ability of compounds such as 

allelopathic compounds, soil pH, toxic and 

hormone-like compounds, and soil microbial 

communities. In addition, applying biochar 

improved the leaf photosynthetic rate, which may be 

due to the improvement of soil physicochemical 

properties, ultimately increasing nitrogen 

accumulation and consequently enhancing the 

photosynthetic rate [44]. In our study, we found that 

nano-biochar supplementation had a positive effect 

on plant productivity and chlorophyll content.  We 

observed that biochar at a concentration of 0.5 % 

significantly increased the content of chlorophyll A, 

B, and total chlorophyll content in plants compared 

with other treatments without nano-biochar. 

Moreover, biochar can increase cation-exchange 

capacity (CEC), thereby potentially improve plant 

growth and increase yield [45]. In this study, an 

increase in the N, P, and K content of biochar-amended 

soil as compared to control treatment without biochar 

addition. This reflects the growth-promoting 

properties and benefits of nano-biochar, which may 

exist even when its water-wash extracts, which are rich 

in organic and inorganic compounds, are applied [46]. 

Overall, the mechanisms by which biochar can protect 

plants against disease are varied. These mechanisms 

include enhancing plant growth, providing nutrients to 

plants, increasing the diversity of soil microbes, 

absorbing toxins produced by pathogens, stimulating 

the production of antibiotics or fungitoxic compounds, 

altering the chemistry of root exudates and inducing 

systemic plant resistance through chemical 

compounds that act as elicitors or through 

microorganisms present in microhabitats [47]. The 

mechanisms by which nano-biochar increased disease 

resistant and chlorophyll content, and nutrient 

availability in calcareous soil is warrant further 

studies.  

5. Conclusion 

This study demonstrated the potential of nano-biochar 

(CCNB) as an effective soil amendment for managing 

Rhizoctonia solani diseases in faba bean. The 

recovered isolates (Iso1 and Iso2) were successfully 

identified and confirmed pathogenic through 

molecular and morphological characterization, 

emphasizing the importance of accurate pathogen 

identification in disease management. In vitro assays 

revealed that CCNB at 0.5% significantly suppressed 

fungal radial growth, fresh weight, and dry weight. In 

vivo pot experiments further confirmed that nano-

biochar reduced disease severity, enhanced total 

phenolic content, and improved the self-defense 

mechanisms of faba bean plants. 

Beyond disease suppression, CCNB application 

positively influenced plant growth and productivity by 

improving fresh and dry weights, nutrient uptake (N, 

P, K), and chlorophyll content. These findings 

highlight that nano-biochar is not only a promising tool 

for controlling soil-borne pathogens like R. solani but 

also a growth-promoting amendment capable of 

enhancing crop productivity under calcareous soil 

conditions. 

6. Limitations of the study 

The present study has some limitations that should be 

considered. First, the experiments were conducted 

under controlled growth chamber and pot conditions, 

which may not fully reflect field-scale variability in 

soil, climate, and pathogen pressure. The long-

term impacts on soil health and microbial 

communities were not assessed. 
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