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Abstract. Biochar plays an important role in improving the plant growth and activating defense 

mechanisms against biotic and abiotic stresses. In our study, the focus was on the effect of biochar made 

from rice straw and flyash on plant growth and development of Xanthomonas campestris pv. vesicatoria 

causing bacterial leaf spot in chilies. The chilli plants were grown in different substrate compositions 

containing either only soil or amended with Rice straw biochar (RSB)/and flyash at the rate of 3%, each. 

Rice straw biochar had a positive effect on plant growth, in the form of increased root and shoot weight. 

In comparison to flyash and soil only treatment, the application of biochar has enhanced the production of 

phenols, catalase, peroxidase and flavonoids. The rise in level of defense related biochemical resulted in 

significant reduction of bacterial leaf spot development in chilies grown in biochar amended soil. 

Moreover, RSB had also shown a significant in vitro inhibitory effect (up to 50% or more) on different 

pathogenic fungi and bacteria. Disease severity and incidence was significantly minimized among the 

plants grown in RSB containing substrate as compared to other substrate compositions. Overall, our 

findings indicated a positive effect of RSB amendment on plant health, as well as by enhanced protection 

against bacterial leaf spot in chilli plants. Biochar addition in soil not only improve fertility but also helps 

in achieving long-lasting Carbon sequestration goals. The ability of biochar to influence plant growth and 

defense pathways apparently contributes towards its ability of disease suppression. 

Keywords: environment protection, disease management, soil amendment, Xanthomonas campestris pv. 

Vesicatoria, resistance activation 
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Introduction 

Biochar is a pyrolyzed product of organic waste (e.g., domestic organic waste, 

animal manure and plant residues). It is produced by burning the biomass in the absence 

or low concentration of Oxygen. During this process, half of the biomass is converted to 

char with increased surface area and stability in the soil (Laird et al., 2009). Biochar 

does not decompose easily in the soil, thus can serve as a long-term carbon 

sequestration organic source. In routine agriculture practices application of biochar 

contributes to increasing productivity and decreasing emission of harmful carbon in 

atmosphere. Soil biochar amendments are known to increase plant growth by enhancing 

nutrients availability as well as reduction in nutrient leaching losses (Bera et al., 2018), 

and by improving the biological and physico-chemical properties of soil (Mandal et al., 

2016; Purakayastha et al., 2016). 

In soil biochar acts as a remediate to remove pollutants. Due to its large surface area 

biochar has great sorption ability for of recalcitrant contaminants (Rasool et al., 2021). 

Biochar application modifies soil structures by influencing the nutrient flow patterns, 

along with soil moisture retention and pore size distribution (Olmo et al., 2016). 

Disease suppressing ability of biochar was described many years ago (Allen, 1847), 

while studying the role of biochar in diseases like rust and mildews of wheat. Recent, 

(Elad et al., 2010) studies reported that the biochar had the ability to induce systemic 

defense response in tomatoes and pepper against Botrytis cinerea and Leveillula 

taurica, respectively. In strawberry plants defense response was studied against B. 

cinerea, Colletotrichum acutatum and Podosphaera aphanis (Harel et al., 2012). 

Jaiswal et al. (2015) explained the fact of biochar concentration in soil substrate and its 

impact on plant disease development. 

Usually, lower application rates of biochar help in suppressing the disease, so 

thatplants can withstand or tolerate the infections. There are also reports that higher 

concentration of biochar in the soil substrate negatively influenced the plant 

productivity and growth (Spokas et al., 2012). Akhter et al. (2015) also found that the 

3% application level of biochar was effective in suppressing the tomato wilt caused by 

Fusarium oxysporum f. sp. lycoperisici. However, data is scarce regarding the impact of 

biochar on chilli plants and bacterial leaf spot pathosystem. 

In addition to biochar, flyash (amorphous mixture of ferro-aluminosilicate minerals 

produced at 400-1500°C) or powdered carbon utility needs to be explored for 

agriculture purposes (Mattigod et al., 1990). Flyash, which can be acidic or alkaline 

depending on the source, used to regulate soil pH (Elseewi et al., 1978; Phung, 1978). 

Lime in flyash reacts easily with acidic substances in the soil and release nutrients such 

as S, B and Mo in the quantity and form beneficial for crop plants. The use of flyash to 

increase the pH of acidic soil (Phung et al., 1979) and to improve the soil texture 

(Chang et al., 1977) has been studied for agricultural benefits (Adriano et al., 1980; 

Doran and Martens, 1972), previously. The presence of almost all basic nutrients in 

ionic form and the attenuating effect on the physical, chemical, and microbial nature of 

the soil make flying ash a useful tool for crop production, particularly in degraded or 

contaminated soils. 

Chilies (Capsicum annuum L). are native to South America, while prevalence of wild 

cultivars reporrted from southern America, Africa, Australia to central Argentina 

(Utami et al., 2022). Xanthomonas campestris pv. vesicatoria is the gram-negative 

bacterium that causes bacterial leaf spot, a debilitating disease that affects chilies 

worldwide. Bacterial leaf spot develops in warm (30 to 34℃) and humid (relative 
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humidity; 80%) cultivated areas globally (Scaldaferro et al., 2018). The pathogenic 

bacterium has limited survival duration ranging from few days to weeks in plant debris, 

infected seeds or soil. Rain splashes and mechanized irrigation or pesticide application 

are the main cause of pathogen spread (Larrahondo-Rodríguez et al., 2022). Control of 

the bacterial leaf spot by chemicals was discouraged globally because of harmful and 

residual effects on all life forms on earth. So far seven Bacterial spot resistance genes 

(R genes) have been identified in peppers including “VI037601” a resistant genotype of 

chilli pepper (Wang et al., 2022). On the basis of whole genome analysis, a total of 89 

pathogenic strains of Xanthomonas are known to infect chilli pepper worldwide 

(Tambong et al., 2022). Amongst the alternative methods for controlling diseases are 

the use of organic amendments like compost and biochar (Akhter et al., 2015). 

The purpose of this study was to determine (i) the effect of biochar (rice straw 

biochar) on the development of Xanthomonas campestris pv. vesicatoria, ii) the direct 

toxicity of rice straw biochar on selected phyto-pathogens, and iii) the potential of 

biochar and flyash on chilies growth in an environmentally friendly manner. 

Materials and methods 

Xanthomonas campestris pv. vesicatoria culture multiplication 

The Xanthomonas campestris pv. vesicatoria (Accession no: 003) culture was kindly 

provided by the First Fungal Culture Bank of Pakistan (FCBP), University of the Punjab 

Lahore. Xanthomonas campestris pv. vesicatoria was multiplied on LB broth media as 

suggested by Rayner et al. (1990). Flasks (250 mL) containing luria-bartania (LB) broth 

were inoculated with X. campestris pv. vesicatoria and placed on a shaker for vigorous 

and continuous shaking. The bacterial growth was checked by determining the 

absorbance with the help of spectrophotometer. 

 

Production of biochar 

The biochar was prepared by taking the Rice Straw as a raw material of feed stock. 

The biomass was air dried and burnt in the oil barrels according to Steiner et al. (2018). 

After complete burning and cooling final product was packed in plastic bags for further 

use. Table 1 shows the physical and chemical characters of rice star biochar as 

compared to flyash and soil. 

 
Table 1. Chemical and physical characteristics of rice straw biochar (RSB), flyash and soil 

Parameters assessed RSB Flyash Soil 

Ash (%) 35 46 --- 

pH 8.54 9.75 5.6 

Electrical conductivity dsm-1 3.0 2.43 0.23 

Carbon (%) 45.5 39.3 30.2 

Nitrogen (g Kg-1) 9.80 6.71 10.5 

Phosphorous (g Kg-1) 3.31 2.97 2.31 

Potassium (g Kg-1) 0.29 0.31 0.71 

Calcium (g Kg-1) 3.51 2.51 3.32 

Magnesium (g Kg-1) 2.37 1.37 1.92 

Sulfur (g Kg-1) 9.51 7.52 4.71 
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Soil and chilies nursery preparation 

The soil substrate was used for this experiment was autoclaved for 20 min at 121°C. 

Biochar was made from Rice Straws taken from local fields from University of the 

Punjab, Lahore and named as Rice Straw Biochar (RSB). Chilli pepper (Yolo Wonder: 

cv) seeds were surface sterilized before sowing. Chilli pepper seeds were soaked in 

NaOCl solution (2%) for 10 min. Afterwards, seeds were washed thrice with distilled 

water to remove residues of NaOCl from the seeds (Steinkellner et al., 2005). The seeds 

were cultivated in autoclaved soil substrate and placed in glass house to maintain 

optimum growing conditions (24-26°C). After 8-12 days, chilli seedlings start 

emerging. After 3 weeks, the seedlings were uprooted gently for transplanting into the 

separate pots according to experimental design as described below. 

Soil served as a basic plant growth medium and further amended with compost 

(20%; v/v), while biochar and flyash were mixed at the rate of 3% each, according to 

treatment set-up (Akhter et al., 2016). The experiment comprised of the following 

treatments: 

i. Rice straw biochar with Xanthomonas campestris pv. vesicatoria (RSB 

+ XCV) 

ii. Rice straw biochar without Xanthomonas campestris pv. vesicatoria (RSB - 

XCV) 

iii. Flyash with Xanthomonas campestris pv. vesicatoria (Flyash + XCV) 

iv. Flyash without Xanthomonas campestris pv. vesicatoria (Flyash - XCV) 

v.  Only Soil 

vi.  Soil with Xanthomonas campestris pv. vesicatoria (Soil + XCV) 

 

The experiment was repeated twice with 5 replicates for each treatment. Each pot 

with one plant represent one replicate. The experiment followed a randomized complete 

block design in the greenhouse under long day conditions (Yadav et al., 2020). 

 

Plant inoculation with Xanthomonas campestris pv. vesicatoria 

A week after transplantation, the ‘XCV’ was inoculated with a hypodermic syringe. 

Plant leaves were washed with double distilled water to eradicate any surface grime. 

Using an atomizer, broth bacterial culture medium (approximately 107 CFU/mL) was 

then applied on the injured/prickled leaf surface. For 36 h, plants were placed under 

polythene bags to regulate optimal humidity for bacterial infection to establish 

(Bashan et al., 1985). Daily irrigation was performed to maintain optimal moisture 

conditions. 

 

Agronomic traits 

Agronomic traits of plants including shoot height, root length, root and shoot weights 

were calculated by using standard procedure (CIMMYT, 1988), 20 days after 

transplanting. 

 

Disease incidence and severity assessment 

Disease incidence was calculated by dividing number of plants infected by total 

number of plants grown in a specific treatment according to the formula as given below 

(Akhter et al., 2015): 
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For disease severity assessment, a disease rating scale based on the number of spots 

and lesions on the leaf surface (%) covered by spots was developed. According to the 

scale, plants were rated from 0 to 4 (0 = not infected, 1 = 0-25% leaf surface area 

covered with spots, 2 = 26-50%, 3 = 51-75%, and 4 = greater than 75% of leaf area 

covered with spots) (Patil and Bodhe, 2011). The disease severity index was calculated 

using the following formula (Chiang et al., 2017): 

 

   
 

Chilli plant samples were taken 3 weeks after inoculation with Xanthomonas 

campestris pv. vesicatoria for the biochemical analysis (Awan et al., 2018). 

 

Determination of the level of total phenols, catalase, peroxidase and flavonoids 

determination 

Chilli leaf samples were taken 5 days after inoculation for the biochemical analysis. 

Leaf sample of 250 mg was collected and processed according to the Zieslin and Ben 

Zaken (1993) protocol for the estimations of total phenols by utilizing the gallic acid’s 

standard curve (Bijali et al., 2021). Similarly for the catalase, peroxidase and flavonoid 

contents determination samples were prepared separately as described by Bijali et al. 

(2021), for chilli plants. To quantify the peroxidases, the processed sample absorbance 

was recorded at 470 nm, while for catalase and flavonoid contents at 240 and 495 nm, 

respectively. 

 

In vitro effect of biochar on different plant pathogenic microorganism 

The effect of biochar on the growth of different plant pathogenic bacteria and fungi 

was carried out on PDA plates. All the pathogenic isolates were taken from FCBP (1st 

Fungal Culture Bank of Pakistan) University of the Punjab, Lahore. Phyto-pathogenic 

bacteria are used in this test: Pseudomonas syringae (Bacterial brown blotches), 

Escherichia coli (Vegetable maladies), and Erwinia spp (Soft rot of fruits). Fusarium 

solani (Root and stem rot), Fusarium oxysporum (Fusarium Wilt), Alternaria solani 

(Early blight), Alternaria alternata (Leaf blotches), and Penicillium spp. were used to 

investigate the antifungal activity of RSB (Ear rot). Agar disk diffusion was used to 

measure the RSB’s direct toxicity (Heatley, 1944). The diameters of the inhibition 

growth zones were measured after the antimicrobial agent (Rice Straw Biochar) 

diffused into the agar and inhibited the germination and growth of the microbial 

colonies (Swenson et al., 2014). 

 

Statistical analysis 

The data was analyzed by Statistix 8.1 software. The experimental data was pooled 

before the analysis. The two-way analysis of variance (ANOVA) was used for data 

analysis at P < 0.05%. The means were separated by Tuckey’s HSD test. 
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Results 

Agronomic parameters estimation 

The data analysis revealed significant influence of individual factors namely soil 

substrate (SS) and ‘XCV’ on the shoot weight, height, root weight, except of root length 

(Table 2). chilli plant biomass production in biochar and flyash amended substrate are 

shown in Figures 1 and 2, respectively. The root dry weigh was maximum (0.45 g) for 

the plants grown in soil amended with ‘RSB’, followed by the root dry weight of plants 

grown in flyash amended substrate in the absence of inoculation with leaf spot inducing 

bacterium (-XCV). However, a significant reduction in root biomass was recorded 

among all the treatments under disease stress (+XCV) (Table 2). Chilli plants in RSB 

containing soil sustained minimum reduction in root dry weight as compared to the soil 

or un-amended control. The root dry weight was significantly reduced in soil only 

substrate in the presence of XCV. Chilli shoot weight was highest (1.62 g) in “RSB-

XCV”, while the lowest (0.24 g) was recorded for “Soil + XCV” treatment. 

 

 

Figure 1. Effect of rice straw biochar and flyash on the root weight of chilli plants either 

inoculated (+XCV) or un-inoculated (-XCV) with Xanthomonas campestris pv. Vesicatoria 

 

 

 

Figure 2. Effect of rice straw biochar and flyash on the shoot weight of chilli plants either 

inoculated (+XCV) or un-inoculated (-XCV) with Xanthomonas campestris pv. vesicatoria 
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Our results revealed that height of plants were increased by the biochar addition in 

‘SS’ (Fig. 3). The plant height was approx. 18 and 14 cm, for the plants received 

biochar both in the presence and absence of ‘XCV’, respectively. 

 

 

Figure 3. Effect of rice straw biochar and flyash on the plant height of chilli plants either 

inoculated (+XCV) or un-inoculated (-XCV) with Xanthomonas campestris pv. vesicatoria 

 

 
Table 2. Two-way analysis of variance (ANOVA) with the factors of soil substrate 

composition (SSC) and Xanthomonas campestris pv. vesicatoria (XCV) to determine their 

lone and interactive effect on chilies growth and biochemical alterations 

 
Total 

phenols 
Peroxidase Catalase Flavonoids 

Root 

length 

Plant 

height 

Dry root 

weight 

Dry shoot 

weight 

SS * ** * ** * ** ** ** 

XCV ** ** ** ** N-S ** ** ** 

SS × XCV * N-S N-S ** ** N-S N-S N-S 

 *P ≤ 0.05; **P < 0.001; and N-S = non-significant 

 

 

However, a highly significant interactive effect (SS × XCV) was observed for 

maximum root length (Table 2). Biochar amended ‘SS” has significantly higher root 

length than flyash and soil. There was no significant difference in mean root length of 

inoculated chilli plants grown in flyash or rice straw biochar in comparison to their un-

inoculated counterparts. Treatment with ‘only soil’ had minimum root length of 7.62 

and 5.5 cm in un-inoculated and inoculated plants, respectively (Fig. 4). 

 

Assessment of disease incidence and severity 

The bacterial leaf spot disease assessment on chilli plants was performed 21 days after 

nursery transplantation (Table 3). There was a reduction in disease incidence when plants 

were grown in biochar in comparison to soil only and flyash containing treatments. The 

minimum (40%) disease incidence was in inoculated treatment containing biochar (RSB 

+ XCV), followed by treatment containing “flyash + XCV” (60%). On the other hand, 

treatments without any amendment (Soil + XCV) had shown incidence of 100%. 

Reduction in disease severity was recorded in treatments having RSB and flyash. Plants 
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grown in “RSB + XCV” treatments were resistant against ‘XCV’ with the disease severity 

of 21.25%, while highly susceptible (95%; disease severity) response was recorded in 

plants growing without biochar amendment (Figs. 5 and 6). 

 

Biochemical analysis of chilli plants 

The statistical analysis revealed significant interactive effect (SS × XCV) for the 

total phenols and flavonoid contents of chilli leaf samples, however influence of 

individual factors ‘SS’ and ‘XCV’ was significant for peroxidase and catalase contents 

of leaf samples (Table 2). 

 
Table 3. Effect of soil substrate composition on the disease parameters of Xanthomonas 

campestris pv. vesicatoria on chillies 

Treatment RSB + XCV Flyash + XCV Soil + XCV 

Disease incidence (%) 40c 60b 100a 

Disease Severity (%) 21.25c 32.5b 95a 

 

 

 

Figure 4. Effect of RSB and flyash on the root length of chilli plants either inoculated (+XCV) 

or un-inoculated (-XCV) with Xanthomonas campestris pv. Vesicatoria 

 

 

 

Figure 5. Disease symptoms intensity on chilli plants grown in in (A), biochar (RSB), (B) flyash, 

and (C) in only soil, inoculated with Xanthomonas campestris pv. vesicatoria (top view) 
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Figure 6. Bacterial leaf spot symptoms expression on the foliage of chilli plants grown in (A), 

biochar (RSB), (B) flyash, and (C) in only soil, inoculated with Xanthomonas campestris pv. 

vesicatoria 

 

 

(a) Total phenols 

The phenol contents were significantly higher in chilli plants both with and free from 

pathogen grown in rice straw biochar (Table 2). The presence of biochar in soil 

substrate resulted in 30.81% increase in phenol contents of chilies inoculated with 

‘XCV’ as compared to their un-inoculated (–XCV) counterparts. However, no such 

increase was observed for diseased chilli plants grown in flyash or soil only treatment. 

The lowest (2.23) phenol contents were recorded for ‘Soil + XCV’ treatment (Fig. 7). 

 

 

Figure 7. Effect of RSB and flyash on the total phenols of chilli plants either inoculated (+XCV) 

or un-inoculated (-XCV) with Xanthomonas campestris pv. vesicatoria 

 

 

(b) Peroxidase 

The peroxidase activity was maximum for the ‘+XCV’ chilli plants grown in 

biochar amended soil, while in case of flyash amended soil substrate the plants had 

sustained the level of peroxidase irrespective to the disease stress on chilli plants 

(Fig. 8). Overall, the increase in peroxidase activity was greater both for biochar and 
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flyash, in the presence of disease stress, while the lowest (1.73) activity was recorded 

in soil only treatment. 

 

 

Figure 8. Effect of RSB and flyash on the peroxidase level of chilli plants either inoculated 

(+XCV) or un-inoculated (-XCV) with Xanthomonas campestris pv. vesicatoria 

 

 

(c) Catalase 

The catalase levels were significantly up-regulated by the inoculation of 

Xanthomonas campestris pv. vesicatoria, in all of the treatments either with or without 

biochar (Table 2). However, the maximum (4.72) value was recorded for ‘RSB + XCV’ 

followed by ‘flyash + XCV’ (3.90). Although, catalase production was slightly higher 

(2.89) in ‘Soil + XCV’ treatment, but the difference was non-significant when 

compared to its respective un-inoculated control (2.64). 

Overall, the presence of biochars and chilies inoculation with ‘XCV’ significantly 

increased the catalase level in leaves (Fig. 9). 

 

 

Figure 9. Effect of RSB and flyash on the catalase contents of chilli plants either inoculated 

(+XCV) or un-inoculated (-XCV) with Xanthomonas campestris pv. vesicatoria 

 

 

(d) Flavonoids estimation 

The increase of 26% and 12.26% was calculated for pathogen inoculated chilli plants 

grown in biochar and flyash containing soil substrate, respectively (Fig. 10). However, 
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in soil control, the flavonoids estimates of inoculated (+XCV) and un-inoculated plants 

were non-significant. The flavonoids were ranked according to maximum to lowest 

concentration in chilli leaves among the ‘XCV’ inoculated treatments in the following 

order ‘RSB > flyash and > and Soil only. 

 

 

Figure 10. Effect of RSB and flyash on the concentration of flavonoids of chilli plants either 

inoculated (+XCV) or un-inoculated (-XCV) with Xanthomonas campestris pv. Vesicatoria 

 

 

Toxicity assay of rice straw biochar 

In vitro antimicrobial effect of RSB was carried out on PDA plates. RSB amended 

media has shown growth suppression of 65.7% against X. campestris pv. vesicatoria in 

comparison to un-amended control. Whereas colony diameter suppression (62%) was 

recorded for X. campestris pv citri followed by Erwinia spp (65%). Moreover, a 

significant toxic effect of RSB was also recorded for fungal phytopathogens. Highest 

fungal growth suppression (78.8%) was recorded for penicillium spp, while the lowest 

%58%) for Alternaria alternata (Table 4). 

 
Table 4. Percentage inhibitory effect of Rice straw biochar (RSB) against fungal and 

bacterial phyto-pathogens 

Pathogens Percentage inhibition 

Alternaria solani 59.7d 

Fusarium solani 60.2cd 

Fusarium oxysporum 69.3b 

Alternaria alternate 58d 

Penicillium spp 78.8a 

Escherichia coli 53.1e 

Erwinia spp 65c 

Xanthomonas campestris pv. citri 62.4cd 

Pseudomonas syringae 64.6c 

Xanthomonas campestris pv. Vesicatoria 65.7bc 
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Discussion 

The negative impact of pesticides like fungicides, weedicides and etc. on crop plants 

pose a serious threat to human and environmental health. Agricultural commodities are 

continuously exposed to the toxic chemicals and multiple abiotic stresses. Heavy and 

non-regulated use of pesticides is a constant threat for all kind of life forms on earth, so 

to create an eco-friendly atmosphere, the adoption of sustainable agriculture practices is 

the key to success (Yadav and Devi, 2017). 

Agro-chemicals usage shifts the normal environmental balance such as by disruption 

of ozone layer contributing to climate change (Singh and Mandal, 2013). In addition to 

that, burning of plant derived biomass is a major source of pollution releasing gases like 

carbon dioxide (CO2), carbon monoxide (CO), nitrous oxides (NOx), methane (CH4), 

and other various hydrocarbons in the troposphere (Crutzen and Andreae, 1990). Open 

burning of wheat straw had a total particulate matter (PM) of 8.8 g/kg and 0.1 g/kg and 

3.5 g/kg of total emission of elemental carbon of organic waste and organic carbon, 

respectively, was recorded (Guoliang et al., 2008). Carbon dioxide emission has 

increased by more than 3% annually for last 20 years (Raupach et al., 2007), thus 

adding into existing volume of greenhouse gases (GHGs). Preparation of pyrlytic 

product (biochar) has been suggested as one of the possible ways to reduce CO2 levels 

in the atmosphere (Lehmann et al., 2006). Converting the organic biomass into biochar 

by pyrolysis avoid the emission of GHGs. Biochar’s ability to store carbon enables it to 

use as reclaimant which helps the plants to grow faster and healthier (Woolf et al., 

2010). 

Biochar proves to be an alternative to chemical inputs, without any damaging 

consequences to the environment. Biochar incorporation in the soil to maintain carbon 

cycle balance is a burning issue and a popular matter frequently discussed by policy 

makers globally (Gaunt and Lehmann, 2008). 

The popularity of biochar is mainly because of its ability to carry out functions of 

novel green sorbent organic soil fertilizers (Lehmann et al., 2003) and carbon 

sequestering agent. Biochar is being widely used among farmers to increase the soil 

organic carbon content (Villamil et al., 2015). Carbon sequestration helps in climate 

change mitigation and is most important soil quality parameter (Lal, 2009). The 

aromatic structure of biochar makes it less degradable, thus has higher potential for 

carbon sequestration as compared to other soil amendments (Brewer et al., 2011; 

Hansen et al., 2015). Leppäkoski et al. (2021) reported the negative carbon foot print of 

biochar made from willow which offers its useful application in limiting the emission of 

greenhouse gases. 

The strong correlation between pH correction and soil nutrient availability suggests 

that most of the flyash elements are related to the mineral phase. We can therefore 

expect that the interaction between inorganic flyash and organic matter may further 

intensify the beneficial effects on plant growth in problem soils (Page et al., 1979; 

Molliner and Street, 1982). Boron toxicity is the main limiting factor in the agricultural 

use of flyash. Inhibition of boron-induced microbial respiration can be avoided by the 

concomitant use of an easily oxidizable organic substrate (Page et al., 1979). Adriano et 

al. (1980) recommended mixing alkaline fly ash with highly carbonated acidic material 

to make fertilizers for soil treatment. 

In this study, RSB has shown its potential against bacterial induced chilies leaf spot 

(Kloss et al., 2014). Bacterial leaf spot severity and incidence was notably decreased in 
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biochar amended soil. As Harel et al. (2012) also reported that the biochar application 

can activate defense response of plants. 

Biochar addition has increased plant growth measurements, while also suppressed 

the disease severity and incidence of X. campestris pv. vesicatoria. Biochar and 

compost association had significant plant growth promotion effect, when compared with 

no biochar soils (Schulz et al., 2012). 

The biochar ability to hold nutrient positively influence plant growth (Glaser et al., 

2002). Moreover, higher carbon contents of soil improves the micronutrient sorption 

capacity as previously reported by Hille et al. (2005). Biochar manufacturing at high 

temperatures (above 600°C) usually generate stable carbon compounds, which were 

reported to interfere with microbial organic decomposition. Thus, significantly 

contributes toward the sustainable carbon sequestration (Ippolito et al., 2020) 

While, the increase of plant height plausibly related to the sorption of organic 

allelopathic substances by the biochar (Lair et al., 2006). Moreover, rice straw based 

biochars have plant growth enhancement capacity for considerably longer period of 

times (Ogawa and Okimori, 2010). 

Xiang et al. (2017) found that the biochar amendments modify the roots to enhance 

the absorption efficiency of water and nutrients from soil. Thus, greater availability of 

solutes and solvents required for plant growth had a positive effect on both root and 

shoot length and overall dry matter production (Jeffery et al., 2015; Liu et al., 2016). 

The increase in maximum plant root length due to biochar amendment is helpful for 

plants because of expansion in rhizosphere to facilitate absorption of essential nutrients 

and water which otherwise becomes difficult for the plants grown in only soil 

(Prendergast‐Miller et al., 2014). Soil-biochar interaction improves root growth of 

chilies. Makoto et al. (2010) documented the increase in root biomass as well as 

development of number of root tips (64%) in biochar containing soil. 

In this study, the addition of biochar significantly decreased the incidence and 

severity of disease. When grown in soil-biochar (RSB) combination, disease severity 

was reduced compared to other treatments. In general, biochar improved the resistance 

of chili plants to X. campestris pv. vesicatoria infection. The mechanisms behind 

biochar’s disease suppressing ability are similar to those of other soil amendments, such 

as compost (Noble and Coventry, 2005). These mechanisms include (a) release of 

organic inhibitors, (b) increase in the population and diversity of beneficial microflora, 

(c) increased nutrients availability to the plants, and (d) activation of plant resistance 

inducing pathways including intercellular adhesion molecules (Jasmonic acid pathway) 

(Rasool et al., 2021). In our study, the increase in level of phenols, catalase, peroxidases 

and flavonoids also played a significant role by inhibiting the establishment of X. 

campestris pv. vesicatoria in chilies. Enhanced lignification and expression of SAR 

pathways due to phenols plausibly contributed towards plant’s resistance response to the 

invading pathogen (Bijali et al., 2021). Additionally, enhanced levels of catalase and 

peroxidases due to rice straw biochar amendment plausibly contributed in protecting 

chilies from bacterial leaf spot development (Dey et al., 2019). The suppression of 

disease severity in chili plants may be linked to biochar’s activation of defense-related 

genes. In other research, the addition of biochar made from wood and municipal waste 

reduced the incidence of bacterial wilt (Ralstonia solanacearum) in tomato (Nerome et 

al., 2005). However, biochar role in disease prevention cannot be solely attributed to the 

defense genes activation. The improvement in plant growing conditions and soil 

properties also among the majour contributors in modulating chilies response to the 
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‘XCV’ (Hou et al., 2022). Thus, our study agreed with previous findings that biochar 

application has a stimulating effect on plant’s physiological growth parameters. 

Moreover, biochar is also responsible for the induction of defense associated 

compounds production, thus moderating the infection of bacterial leaf spot of chilies. 

Conclusion 

Biochar, a low-cost carbonaceous material, is widely being used as a substitute for 

several pesticides and fertilizers because of its ability to retain and provides essential 

nutrients to plants as well as protection from pests and disease, while preserving its eco-

friendly nature. In our study we evaluated the effect of biochar on chilli plants growth 

and its ability to suppress leaf spot disease on chilies. Flyash as well as biochar had 

shown a positive impact on disease suppression and plant growth, but biochar was most 

effective in activating defense response of chilies against Xanthomonas campestris pv. 

vesicatoria. Crop residues, open burning of fossil fuels, and production of organic 

wastes result in global emission of greenhouse gases which contributes to climate 

change. In this scenario, biochar provides an effective remedy and can be used as a 

carbon sequester agent to draw excess carbon from the atmosphere, improving water 

and soil quality and maintaining carbon sink to terrestrial ecosystem. Biochar 

application is an innovative strategy which helps in reduction of pesticide usage, thus 

contributing to climate change mitigation and improving soil and plant health. 
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