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Abstract 

Biochar amendment is acknowledged to suppress the effect of pathogenic fungi and favour plant resistance 

against soil‐borne pathogen effect. The study tested the sole role of Biochar’s efficacy in managing Aflatoxin 

in groundnuts and when integrated with Aflasafe (aflatoxin biocontrol). This study was done at NM-AIST 

screen house where groundnut seeds were planted in pots filled with the mixture of soil and Biochar at the 

rates of 2.5%, 5% and 7.5% in April 2022. At a blooming stage, toxigenic and atoxigenic A. flavus strains 

were applied. After 120 days, groundnut seeds were harvested and sent to the ILRI laboratory in Kenya for 

aflatoxin quantification.  Biochar showed a suppressive effect on toxigenic A. flavus by significantly 

reducing aflatoxin contamination in groundnuts. A negative correlation between Biochar and aflatoxin 

content was observed when the biochar rate was increased to 5%; above this rate, there was a slight increase 

in aflatoxin content. Aflatoxin contamination was observed to be comparatively less in the integration of 

Biochar and Aflasafe biocontrol. For example, the application of 5% Biochar and 2 x 106 aflasafe showed a 

99.97% reduction compared to the control, while sole Biochar and aflasafe reduced aflatoxin by 85.6% and 

90%, respectively. Biochar-amended soils indicated a dramatic increase in pH, CEC, Mn, P, K, Ca, B, Zn and 

Si. Over space and time, the long-term positive effects of Biochar potentially offer options for scaling up 

Aflatoxin control at pre-harvest crop growth and development stages. 

* Corresponding Author: Joshua J. Ibrahim  ibrahimj@nm-aist.ac.tz 
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Introduction 

Groundnut (Arachis hypogaea L.) is one of the 

leguminous crops (Daudi et al., 2018). This crop is a 

native New World crop where early pioneers found it 

cultivated broadly in both Mesoamerica and South 

America (Abady et al., 2019; Daudi et al., 2018; Singh 

Tomar et al., 2022). It is reported that groundnut 

remnant pericarp tissue recovered from 

archaeological sites in Peru dates its purposeful 

agricultural use to around 3900-3750 years ago 

(Daudi et al., 2018). The domestication of this crop is 

supported by archaeological records between 300 and 

2500 BC in Peruvian desert oases and likely first 

occurred in the valleys of the Paraguay and Parana 

rivers in the Chaco region of South America 

(ICRISAT, 2016). In Africa, groundnuts were 

presented from Brazil by the Portuguese in the 16th 

century (Daudi et al., 2018).  Frank Samuel, head of 

the United Africa Company, came up with the idea in 

1946 of cultivating groundnuts in Tanganyika for the 

production of vegetable oil (Katundu et al., 2014). 

Groundnut is the most significant crop for 

smallholder farmers in Tanzania, providing food, 

feed, and income for families (Mfaume et al., 2019). 

The crop is grown in different types of soils, but more 

preferably those with more than fifty per cent sand 

with pH ranges between 4.8 to 7 and rainfall range of 

600 mm to 1500 mm (Daudi et al., 2018). 

Nutritionally, groundnut is rich in fat, protein, 

carbohydrates, vitamins, and minerals (Abady et al., 

2019). Groundnuts mostly succumb to Aflatoxin 

contamination at the pre-harvest stage due to their 

anatomical structure (root crop) (Kuhumba et al., 

2018). Aflatoxin contamination in groundnuts is 

increasing tremendously regardless of the 

interventions made due to the inherent nature of the 

crop and soil as the sole media for both crop and 

aflatoxin-causing inoculum. According to the 

European Rapid Alert System for Food and Feed 

(2020) database, among other mycotoxins, Aflatoxin 

was the most common mycotoxin in groundnuts 

(Pickova et al., 2021). FAO (2003) asserts that 25% of 

the world’s food products (maize and groundnuts) 

were significantly affected by Aflatoxins. In Africa, the 

annual monetary loss due to Aflatoxin-contaminated 

groundnut in 2019 was reported to be over $250 

million (Mfaume et al., 2019). It is also reported that 

the annual economic impact caused by the Aflatoxin 

effect on humans in Tanzania was approximated to be 

$1,100 (Mfaume et al., 2019). In 2016, Tanzania 

reported 65 hospitalized patients and 19 deaths in 

high groundnut-producing districts (Chemba and 

Kondoa) due to Aflatoxin (Massomo, 2020).  

 

Currently, the main Aflatoxin management strategies 

in use include good agronomic practices (GAP), 

biological control, timely planting and harvesting, 

good post-harvest handling, good storage techniques, 

and chemical control (Beltran and  Bandyopadhyay, 

2021). The performance of all of these techniques in 

combination was reported to be not effective in 

reducing aflatoxin contaminations (Abdelaziz et al., 

2022; Hell and Mutegi, 2011; Johnson et al., 2018; 

Linz et al., 2014). There is a need to conduct studies 

on Aflatoxin effective management methods that 

would be integrated and offer good results. The use of 

Biochar for soil amendment and pathogen 

management is widely reported in the literature 

explaining its effect in some pathosystems. It is 

reported that Biochar is more effective in controlling 

soil-borne pathogens and has suppression efficacies 

of 86% for fungi, 100% for oomycetes, 100% for 

viruses, 96% for bacteria, and 50% for nematodes 

(Iacomino et al., 2022). As fungal soil-borne 

pathogens are concerned, their effect was reported in 

F. oxysporum f. spp., Verticillium dahlia, Sclerotinia 

sclerotiorum, Rhizoctonia solani, Macrophomina 

phaseolina, Sclerotium cepivorum and Sclerotium 

rolfsii (Hou et al., 2022; Iacomino et al., 2022; 

Jaiswal et al., 2014; Medeiros et al., 2021; Singh  and 

Kumar, n.d.). Biochar effectiveness is the function of 

raw materials used, soil type, soil quality and 

pyrolysis temperature (Frenkel et al., 2017b; 

Rahman, et al., 2022; Sobczak et al., 2020). 

Mechanisms reported so far include initiation of 

systemic resistance, augmentation of rhizosphere 

aptitude of the microbial community, raising soil pH, 

and adsorption of phytotoxic compounds of plant 

and/or microbial origin (Bonanomi and Scala, 2015; 

Lu et al., 2016; Medeiros et al., 2021). 



 

102 Ibrahim et al.  
 

Int. J. Biosci. 2024 

It has also been documented that Biochar can be used 

as a carrier material to deliver both nutrients and 

microbial inoculants to agricultural soils (Bolan et al., 

2021; Bonanomi and Scala, 2015; Kamali et al., 

2022). The unique physical and chemical properties 

of Biochar support beneficial microbial growth and 

activities in a diverse manner, whereby preventing 

them from desiccation during the dry period is the 

main mechanism reported so far (Egamberdieva et 

al., 2016; Frenkel et al., 2017c; Quilliam et al., 2012; 

Wang et al., 2020; Xiang et al., 2022). These unique 

properties can be capitalized in integrating Biochar 

with beneficial atoxigenic Aspergillus flavus to 

increase their effectiveness as biocontrol agents. 

 

Though atoxigenic A. flavus biocontrol was highly 

recommended for controlling aflatoxin in the recent 

years (Bandyopadhyay et al., 2016; Maxwell et al., 

2021; Plateaux et al., 2014), its efficacy is site-specific 

and subject to change due to farming and 

environmental factors. Much as biochar has 

complementary and enhancing multiple micro crop 

environments is desirable. 

 

Therefore, it is here hypothesized that the integration 

of Biochar and atoxigenic Aspergillus flavus fungi 

strains (Aflasafe) would increase the efficacy of 

Aflasafe in smallholder farmers of Tanzania. Proven 

scientific information on this integration hypothesis 

is still scanty (Duan et al., 2019; Hossain et al., 2020; 

Kalus et al., 2020). The study aims to assess the 

effectiveness of Biochar on Aflasafe in managing 

aflatoxin contamination in groundnut farming 

systems. The research will evaluate the efficacy of 

Biochar in-screen-house. It is expected that when 

Aflasafe is applied to the soil amended with Biochar 

in a groundnut planted field, Aflasafe effectiveness 

will be improved. 

 

Materials and Methods 

Study location 

A study was conducted on March of the year 2022 at 

the NM-AIST screen house in Arusha, Tanzania. The 

area is located at latitude 3.40°14′20″ N, longitude 

36.79°58′20″ E and altitude of 1199 m.a.s.l. The area 

has a temperature that ranges between 10 and 30 °C 

(50 and 86 °F) and an average annual rainfall of 1,180 

millimetres (46.46 in). The humidity varies between 

65 dries weather to 90% during the cool weather and 

main rain seasons (Fig. 1). 

 

Fig. 1. Map showing the study area 

 

Materials 

Soil: A composite soil sample was collected from five 

sites in Magugu ward groundnut growing areas, then 

through halving, coning, and quartering, a 

representative 300 kg soil sample that was used for 

the pot experiment was obtained. This soil was the 

best soil for growing groundnuts on the Tanzania 

Northern zone (sand soil above 50%). Magugu is in 

Babati district-Manyara region, located at Latitude -

3.9954° or 3° 59' 43" S; Longitude. 35.78172° or 35° 

46' 54" E. Magugu has an average temperature of 

27°C and relative humidity of 80%. Toxigenic A. 

flavus: The toxigenic fungi were collected from 

Mikocheni Mycology Laboratory. Aflasafe: Aflasafe 

was bought from agro shops in Arusha Tanzania.  

Maize cobs: Maize cobs were collected from farmers 

around NM-AIST for preparing biochar due to the 

necessity of using the locally available materials for 

easy accesabilty. Groundnut seeds: A highly 

susceptible Aflatoxin-free groundnut seed (Red 

Mwitunde variety) was taken from TARI Naliendele. 

 

Methods 

Biochar production and characterization 

Biochar production 

The collected maize cob samples were carried to the 

NM-AIST laboratory for pyrolysis. 
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Pyrolysis was done using a macro furnace at the 

standard effective temperature of 500℃ for one hour, 

cooled by natural conversion, pulverized using a 

grinder, and sieved using a 2mm sieve.  

 

Biochar characterization 

The microscopic analysis of biochar was carried out in 

Motlatsi Phari Institution-South Africa on 2 

December 2023 at the magnification of 200xx and 

Electrical heating temperature of 500 kV. A research 

microscope, Nikon Eclipse E-200, with fluorescence 

attachment, was used to know Biochar morphological 

characteristics using a Scanning Electron Microscope 

(SEM) (Fig. 2). The porosity and pore size of Biochar 

were scrutinized using Brunauer-Emmett-Teller 

(BET). Characterization was done to understand the 

physical morphology for the determination of the 

ability of materials to absorb solvents. Chemical 

characterization of Biochar was done at the TARI-

Uyole laboratory in Tanzania. 

 

Fig. 2. SEM image of maize cob Biochar taken by 

Motlatsi Phari institution (South Africa) showing 

micro and macro pores in maize cob Biochar 

 

Inoculum preparation and experimental layout 

Inoculum preparation 

The inoculum of the S-type virulent strain of A. flavus 

isolates No. TGS 55-6 was cultured in the 90 mm 

Petri dishes containing half-strength Potato Dextrose 

Agar (PDA). The incubation was done at 30oC for 

seven days to allow the formation of infective spores. 

The inoculum was then harvested from its culture 

using distilled autoclaved water, and then twin 20 

was added for dispersion. The concentration was 

adjusted to 2.5×106 spores/mL by using a 

hemocytometer. 

 

Experimental design  

The screen house experiment was laid out in a 

completely randomized design with five replications 

and three observations per replication. A 2L plastic 

pots filled with sterilized soil were used to grow 

groundnuts whereby four seeds were sown and 

thinned to two plants per pot after two weeks. 

Treatments used were (i) Aflasafe 33ml (2x106) + 

2.5% Biochar, (ii) Aflasafe 33ml (2x106) + 5% 

Biochar, (iii) Aflasafe 33ml (2x106) +7.5% Biochar, to 

check for the best combination that can increase 

aflasafe efficiency in the field condition. Another 

treatment was Biochar only at the rate of (iv) 2.5%, 

(v) 5%, and (vi) 7.5%, (vii)   Aflasafe 33ml (2x106) 

applied in the soil without biochar, and the negative 

control was soil without Biochar. Twenty (20mls) 

with a concentration of 2x104 of toxigenic A. flavus 

were used for injection in each pot for the whole 

experiment. Application of Biochar in each treatment 

was done before planting by mixing it with soil in 

each pot. All the treatments were assigned at random 

(Fig. 3), and irrigation was done regularly by using 

water. 

 

Soil analysis 

Before the application of Biochar, the soil was taken 

at TARI Uyole Centre Soil Laboratory for nutrient 

analysis to know the initial soil fertility. Then, after 

harvest, sampling of soil for post nutrient analysis 

was done at the same laboratory. The measurement 

of the pH and exchangeable cations was done in 0.01 

M CaCl2 with a 1:2.5 soil: solution ratio (Van 

Reeuwijk, 1992) read on a pH meter (Hanna, 

HI2210-01 Benchtop pH/mV Meter) and in a 1:5 

soil: solution ratio (Richards, 1954) using a 

conductivity meter (Hanna, HI98312 DiST® 6 

EC/TDS/temperature Tester) respectively.  
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Fig. 3. Layout of the experiment done at NM-AST screen house, Arusha, Tanzania, during the year 2022 

The same letter indicates observations per treatment. 1. Biochar ar the rate of A= 2.5%, B=5%, C=7.5%. 2. 

Integration of 2×106 Aflasafe and Biochar at D=2.5%, E=5% and F= 7.5%. 3 Aflasafe at the rate of G=2×106 and 4 

Control (H=0 Biochar and 0 Aflasafe) 

 

A spectrophotometric machine was used to read the 

available P after analyzing using the Bray 1 method; 

Total N was determined by the Kjeldahl method 

(Bremner and Mulvaney, 1982) and Organic matter 

by Walkley and Black's (1934) chromate reduction 

method. Exchangeable acidity (EA) and bases were 

determined by titration method (McLean, 1965) and 

Atomic Absorption spectrophotometer (AAS) Perkin 

Elmer Analyst 400, respectively. Silicon (Si) content 

was determined by XRF and Cation exchange capacity 

(CEC) by the leaching method (Rowell, 1994). Soil 

texture was determined by the hydrometric method 

 

Harvesting 

Decision to harvest was set at fourth months after the 

groundnut plants showed all symptoms of maturity 

by leaves yellowing. Harvesting was done by 

groundnut plants being separated with soil by 

pouring the pot contents on a clean table, and the 

pods were harvested by hands one by one. Shelling of 

the pods was done by hand. Shelled groundnut seeds 

were left dry to optimum moisture, packed and 

labelled properly as per treatment. The packed 

groundnut seeds were sent to ILRI laboratory Kenya 

for aflatoxin quantification. 

 

Aflatoxin quantification using High-performance 

liquid chromatography (HPLC) 

Sample preparation  

Groundnut seeds were powdered using a heavy-duty 

blender before 1g of the powder was taken and mixed 

with 5 ml of 70% methanol (v/v). 
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Afterwards, the mixture was vortexed for 5 minutes 

and incubated at room temperature with shaking for 

60 minutes. Thereafter, ten minutes of Centrifugation 

at 3000×g was done to get the supernatant, which 

was used for the quantification of aflatoxin. 

  

Extraction of aflatoxin in groundnut  

A 50ml polypropylene centrifuge tube was used to 

measure 5.0g of the sample, and then 1.0g of NaCl salt 

was added to it. The weighing spatula was sterilized 

with 70% ethanol and wiped dry with a paper towel 

after each sample. 25ml of 70% methanol was added 

into the 50-mL Falcon tube containing 5g of milled 

peanut and NaCl, then shaken at room temperature for 

20 minutes at 250 rpm. 20 minutes later, samples were 

removed and allowed to stand undisturbed for 15 

minutes. After that, samples extracted 1:1 were diluted 

with 1 % Acetic acid into 2 ml Eppendorf tubes, caped 

and vortexed for at least 10 seconds, and filtered 

through a GHP 0.2 µm syringe filter into a UPLC 

sample vial. The vial was caped and loaded into the 

UPLC autosampler for analysis. The concentration of 

aflatoxins standard AFG1, AFG2, AFB1 and AFB2 were 

50, 15, 50 and 15ng/mL. The column used was 

Phenomenex Synergi 2.5u Hydro – RP 100mm x 

3.00mm. The mobile phase was Water: Methanol 

(60:40), and the flow rate was 0.4 ml/min. A standard 

calibration curve from a plot of peak areas against the 

known concentration of the injected volume was 

established using LabSolutions data analysis software. 

The injection volume was 20 µL for each. The retention 

time of the chromatographic peak of the target 

compound in the test sample and that of the 

corresponding standard chromatographic peak was 

used to identify the analyte of interest. The calibration 

curve was used to determine the concentration of the 

test solution. The values outside the linear range of the 

standard curve were re-analysed after being diluted 

and loaded into the UPLC autosampler. Note: Total 

aflatoxin was the sum of the individual aflatoxins. 

 

Data collection 

Aflatoxin content data 

Data on Aflatoxin content in the test sample 

concentrations were calculated according to the 

formula below: 

X (ng/g) =
C × V × F × 100

W × R
 

Where, 

X- The overall content of distinct aflatoxin in the test 

sample, ng/g 

C- Aflatoxin concentration in the examined sample 

(ng/mL),  

V- Extraction volume (mL) 

F- Dilution factor  

100- Recovery Percentage   

W- Test sample weight (g) 

R - Recovery factor from spike recovery experiment 

 

Soil nutrient contents and soil reaction data 

Data on soil analysis before planting and after 

harvesting for N, P, K, Ca, Mg, Bo and Si were 

collected in mg/kg of soil. pH and CEC in Cmol/Kg of 

the soil were also measured. 

 

Data analysis 

Data on Aflatoxin and soil nutrient contents were 

checked for normality (Shapiro–Wilk's test). 

Homogeneity of variances (Levene's test) and 

analysed using analysis of variance (ANOVA), 

followed by mean separation test using Tukey’s 

honest significant difference test (P < 0.05) using 

the JAMOVI statistical package version 

2.3.2(2022). Correlation analysis was done to 

measure the strength of the linear relationship 

between treatments and Aflatoxin content and 

their association. 

 

Results and discussion 

The effect of biochar and integration (Biochar and 

atoxigenic A. flavus) on aflatoxin contamination 

in groundnuts 

The analysis of different levels of Biochar and 

Biochar-Aflasafe integration showed a significant 

difference (P <.001) in reducing Aflatoxins B1, B2, 

G1, and G2. The Mean Separation test on Biochar 

levels and Biochar-Aflasafe integration indicated 

that all treatments were able to reduce aflatoxins 

and differed significantly (P <.001) with negative 

control (Table 1). 
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Table 1. ANOVA table showing the sole Effect of different levels of biochar and biochar-aflasafe integration on 

aflatoxin contamination in vivo 

TREAT’S AFL.B1 AFL.B2 AFL.G1 AFL.G2 TOT.AFL 

BCH 5AFL 0.32a 0.13a 0a 0.18a 0.44a 
BCH7.5AFL 0.42a 0.47a 0.24a 0.19a 1.14a 

BCH2.5AFL 1.47a 0.07a 0.02a 0.13a 1.56a 
AFL. 4.7a 2.44a 1.48a 1.04a 8.63a 

BCH 7.5 8.6a 12.64b 8.1a 12.12a 29.34b 
BCH 5 12.94a 3.04a 8.95a 1.07a 24.93b 

BCH 2.5 92.91b 83.14d 75.17b 35.62b 251.22c 
CTR. 153.99c 33.59c 198.54c 156.07c 386.12d 

cv(%) 17.6 20 19.5 33.6 8.3 
lsd 7.791 4.373 9.21 11.18 9.37 

p-value <.001 <.001 <.001 <.001 <.001 
df 32 32 32 32 32 

BCH 2.5AFL= combination of biochar at 2.5% and aflasafe, BCH 5AFL= combination of biochar at 5% and 

aflasafe, BCH 7.5AFL= combination of biochar at 7.5% and aflasafe, AFL= Aflasafe ( 2 x 106), BCH 2.5= Biochar 

at the level of 2.5%, BCH 5= Biochar at the level of 5%, BCH 7.5= Biochar at the level of 7.5% and CTR= Control, 

CV= Coefficient of variance, LSD= least significant difference, DF= Degree of freedom, AFL.B1= Aflatoxin B1, 

AFL.B2= Aflatoxin B2, AFL.G1= Aflatoxin G1, AFL.G2= Aflatoxin G2, TOT.AFL= Total aflatoxin. The same letter 

shows no significant difference between the treatments 

 

Table 2. Kendall's rank correlation coefficient between the combination (biochar and aflasafe) and aflatoxin 

AF. B1 1.0000      

AFL.B2 0.2988 1.0000     
AFL.G1 0.3635 0.2484 1.0000    
AFL.G2 0.2440 0.0867 0.3156 1.0000   

COMB -0.6993 -0.4550 -0.2380 -0.2390 1.0000  
TOT.AFL 0.6689 0.4155 0.5289 0.4682 -0.6410 1.0000 

 AFL.B1 AFL.B2     AFL.G1       AFL.G2       COMB TOT.AFL 

AFL.B1=Aflatoxin B1, AFL.B2=Aflatoxin B2, AFL.G1=Aflatoxin G1, AFL.G2=Aflatoxin G2, TOT.AFL= Total aflatoxin 

 

Table 3. Kendall's rank correlation coefficient between biochar and aflatoxin contamination in groundnuts 

AFL.B1 1.0000      

AFL.B2 0.3951 1.0000     

AFL.G1 0.4783 0.3284 1.0000    
AFL.G2 0.3622 0.0870 0.3920 1.0000   

BCH -0.5671 -0.1051 -0.0183 -0.0280 1.0000  
TOT.AFL 0.8311 0.5460 0.6692 0.5940 -0.3530 1.0000 

 AFL.B1  AFL.B2      AFL.G1          AFL.G2      BCH        TOT.AFL 

AFL.B1=Aflatoxin B1, AFL.B2=Aflatoxin B2, AFL.G1=Aflatoxin G1, AFL.G2=Aflatoxin G2, TOT.AFL= Total aflatoxin 

 

Based on individual treatment effect, integration of 

5% Biochar and 2 x 106 atoxigenic A. flavus was the 

most effective and showed a 99.97% aflatoxins 

reduction efficiency compared to the positive control 

(Aflasafe), which has 90% and Biochar, which had 

85.6% (Table 1). This result implies that Biochar has 

the ability to reduce A. flavus competitive ability. A 

similar result was reported by Iacomino et al. (2022), 

demonstrating that Biochar was capable of reducing 

soil-borne fungal pathogens by 86%. Several authors 

reported the positive effect of Biochar reducing fungal 

pathogens growth or diseases in crops (de Medeiros 

et al., 2021; Frenkel et al., 2017a; Jaiswal et al., 2014; 

Medeiros et al., 2021; Poveda et al., 2021). These 

findings could be attributable to the Biochar's high 

surface area and many macro and micro-pores (Fig. 

2), owing to the property of absorbing cell-wall 

biodegrading enzymes released by A. flavus as an 

infection tool (Khashi et al., 2022) hence the success 

of atoxigenic strains in competition.  



 

107 Ibrahim et al.  
 

Int. J. Biosci. 2024 

The correlation between Biochar and aflatoxin 

content indicated that there was a negative 

correlation between Biochar and all types of 

aflatoxins (Table 3). There was a strong negative 

relationship between Biochar-Aflasafe integration 

and aflatoxin B1 and total aflatoxin (Table 2).  This 

might be due to the Biochar effect on toxigenic A. 

flavus competitive ability due to their narrow growth 

pH range (Reddy et al., 1971).  Toxigenic A. flavus has 

been stated to work efficiently in acidic conditions of 

pH ranging between 3.5 and 4.5 (Gallo et al., 2015). 

High pH was reported to overpower aflatoxin 

biosynthesis gene expression that weakens toxigenic 

A. flavus competitive ability (Ivanova et al., 2016). 

The synonymous result was reported by Scala (2015), 

Frenkel et al. (2017), and Rogovska et al. (2017) that 

Biochar promotes soil microbiome in favour of 

natural enemies. 

  

Table 4. Regression table showing the influence of 

biochar to aflatoxin contamination 

Parameter Estimate S.E. T (16) T PR. 

Constant 552.2 21.2 26.09 <.001 
%5B -107.24 5.99 -17.58 <.001 
%7_5B -68.18 3.99 -17.08 <.001 

%2_5B -95.7 12 -9 <.001 

 

The regression between Biochar and aflatoxin showed 

a significant variation among Biochar levels, with 5% 

being the most effective. The results show that a unit 

increase of 5% Biochar reduces aflatoxin content by 

107.24 ppb at a constant of 552.2 ppb (Table 4). 

Biochar contains benzoic acid, ethylene glycol, 

propylene glycol, hydroxy propionic acid, 

hydroxybutyric acid and phenols which function as 

plant immunity inducers by increasing plant 

phytoalexin production that stimulates systemic 

resistance (Elad et al., 2011; Hou et al., 2022; Hou, 

Pugazhendhi et al., 2022; Lehmann et al., 2011;  Yang 

et al., 2022). Kochanek et al. (2022) reported that 

Biochar has been traditionally used as a pesticide. 

Contradicting results were reported by Cong et al. 

(2023), who stated the increase in plant diseases 

when Biochar was used in high concentrations. This 

paradox might be due to a plethora of small and large 

organic molecules obtained in Biochar that may 

independently or in combination have hormone-like 

or phytotoxic actions that are dose-dependent 

(Frenkel et al., 2017). These hormones play a 

substantial role at low dosages both as a plant growth 

promotor and in promoting plant defenses against 

stresses (de Medeiros et al., 2021; Frenkel et al., 

2017; Jaiswal et al., 2014; Medeiros et al., 2021; 

Poveda et al., 2021). 

 

Studies project an increase in aflatoxin contamination 

due to climate change, soil degradation and its biome, 

which could lead to an increase in crop stresses 

(Ehrlich, 2014). Biochar might be an important 

mitigating option as it reduces the impact of climate 

change by capturing Carbon, increasing soil stability, 

reducing crop stress due to its properties of reducing 

pests and diseases and sequestering Carbon dioxide ( 

Desk, 2019; Egamberdieva et al., 2016; Jaiswal and 

Graber, 2017; Kapoor et al., 2022). Moreover, Biochar 

can remain active in the soil for a long time (more 

than 1000 years) without degrading (Atkinson et al., 

2010; Obia et al., 2020). In this context, the 

integration of Biochar and Aflasafe reduced Aflatoxin 

contamination in groundnut. Over space and time, 

the long-term positive effects of Biochar potentially 

might offer options for scaling up aflatoxin control at 

pre-harvest crop growth and development stages. 

 

Effect of biochar on soil nutrient in relation to 

aflatoxin contamination 

There was a significant (P <0.001) increase in all 

nutrients after Biochar application as compared to 

initial soil nutrient content and control (Table 5). 

Biochar was remarkably higher in K, Ca, P, Mn, B and 

CEC as compared to experimental soil (Fig. 4). Soil P, 

K, Ca, Mg, Mn, Bo, and Zn were significantly 

increased (P <0.001) in Biochar treated soils (Table 

5). High mineral content in Biochar was attributed to 

high Biochar ash content (28.5%). These results 

corroborate those of Ringer et al. (2022), who found 

18.5% ash content in Biochar pyrolyzed at 5000C. 

Hou et al. (2022) documented the increase in 

available soil nutrients after the addition of Biochar to 

the soil. This might be due to raised pH (Fig. 4), as 

soil with low pH tends to fix plant nutrients (Ehrlich, 

2014), or it was due to nutrients supplied directly by 

ash content to the soil (Kapoor et al., 2022).  
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Table 5. ANOVA table showing the effect of different levels of biochar in soil nutrients and soil reaction in NM-

AIST, Arusha, Tanzania during season 2022/2023 

Treat. PH Bo Ca CEC K Mn P Si N 

BCH. 10.38a 1.9a 10.4a 9.8a 0.21a 11.3a 6.1a 13.6a 0.02bc 
BCH.7.5 7.64b 1.54ab 8.23b 7.62b 0.168ab 8.93b 2.294d 9.38b 0.056c 

BCH.5 6.34c 1.32bc 5.664c 6.84c 0.154bc 8.4c 3.64b 8.46c 0.064bc 
BCH.2.5 5.06d 1.18c 3.65d 5.164d 0.136c 6.32d 3.206bc 6.12d 0.096bc 

BCH.0 4.72d 1.1cd 1.16de 3.84d 0.022d 2.95f 1.744d 4.37e 0.124ab 
I.S. N 4.3d 0.86d 2.4e 4.8e 0.04d 3.9e 2.6e 5.8d 0.21a 

CV (%) 6.2 8.4 11.9 3.6 9.3 3.3 9.3 4.8 34.3 
P-VALUE <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 

DF 16 16 16 16 16 16 16 16 16 

BCH=Biochar, BCH 2.5= Biochar at the rate of 2.5%, BCH 5= Biochar at the rate of 5%, BCH 7.5= Biochar at the 

rate of 7.5%, BCH.0=Soil without Biochar, I.S. N= Initial Soil Nutrient, CV= Coefficient of variation, DF= Degree 

of freedom, Bo= Boron, Ca= Calcium, CEC= Cation exchange capacity, K= Potassium, Mn= Manganese, P= 

Phosphorus, Si= Silicon, N= Nitrogen. The same letter shows no significant difference between the treatments 

 

These elements increase the aptitude of plants to fight 

against soil-borne diseases and toxins (Atkinson et 

al., 2010; de Medeiros et al., 2021; Gupta et al., 2017; 

Hou et al., 2022; Mullen et al., 2010; Quilliam et al., 

2012). Calcium ions (Ca2+) are important for 

sustaining plant cell walls and cell membranes as well 

as enhancing plant growth and metabolism (Yang et 

al., 2022, Bonanomi and Scala, 2015; Davis, 2017; 

Luo et al., 2022; Wang et al., 2020).  Yang et al. 

(2022) reported a 90% reduction of Aflatoxin content 

in groundnut grains harvested from the soil 

supplemented with Ca2+.  

 

Potassium ions (K+) function as the element for 

strengthening plants' cell walls and make it difficult 

for A. flavus penetration and infection (Cong et al., 

2023). Furthermore, K is one of the important 

elements in improving the performance of multiple 

plant enzymes responsible for plant resistance 

induction (Evans et al., 2017). Potassium regulates 

the accumulation of inhibitory amino acids, 

phytoalexins, phenols, and auxins in plants (Gupta et 

al., 2017).  Specifically, the same authors observed a 

70% decrease in fungal disease incidence when 

potassium was incorporated into the soil.  

 

Manganese (Mn) is an important element in the 

biosynthesis of lignin and phenol compounds (Evans 

et al., 2017), hence a difficult environment for A. 

flavus hyphae penetration. Additionally, Mn and Bo 

are both important for the activation of systemic 

acquired resistance (SAR) mechanisms of the plants, 

which further interact with salicylic acid and activate 

the defense mechanisms in groundnut plants (Evans 

et al., 2017).  Zhang et al. (2021) found reduced 

fungal invasion in leguminous crops that contain a 

high amount of Zn due to enhanced antioxidative 

enzyme activity (Zhang et al., 2021). 

 

Fig. 4. Effect of biochar levels on soil nutrients under 

controlled experiment 

Bch= Biochar, Bch.S 0= Soil without Biochar, 

Bch.S2.5= Soil amended with 2.5% Biochar, 

Bch.S5=Soil Amended with 5% Biochar, Bch.S7.5= 

Soil amended with 7.5% Biochar and I.S. N=Initial 

Soil Nutrient. Bo=Boron, Ca=Calcium, CEC=Cation 

exchange capacity, =K=Potassium, Mn=Manganese, 

P=Phosphorus, Si=Silicon, N=Nitrogen 

 

The low aflatoxin contamination observed in this 

study might also be attributed to the high Silicon 

content observed in the soil amended with biochar 

(Fig. 4). Silicon, apart from not being among the 
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plant's essential elements, has the properties of 

accumulating at the sites of hyphal penetration 

during fungal infection (Rizwan et al., 2018). 

 

Tubana et al. (2016) reported a higher accumulation 

of Si more than 3 times at the site of infection during 

a pathogen attack compared to unsuccessful infection 

sites. The continued supply of Si to the agricultural 

soils provides disease protection. Gupta et al. (2017) 

reported a tremendous increase in phenolics (plant 

defense hormone to pathogen attack) after the 

application of Si at the sites of fungal infection 

compared to the control. Silicon is considered as a 

chemical barrier to pathogen entry in the host plants 

(Pozza et al., 2015). 

 

Biochar application also significantly increased (P 

<0.001) soil CEC to approximately more than two 

times compared to the initial CEC (Fig. 2). Similar 

results were reported by Yeboah et al. (2020) who 

documented the increase of soil CEC after application 

of rice husk Biochar. High soil CEC was stated to 

increase plant health and vigour and raise plant 

resistance against biotic and abiotic stresses (Wu et 

al., 2021). In this essence, Biochar could be used as 

soil amendment material due to its multiphase 

properties. 

 

Concussion 

The results of the present study demonstrate that 

Biochar was the best soil amendment material due to 

its properties of positively affecting soil physical and 

chemical properties such as increase of nutrient 

content, water holding capacity, redox activity, 

absorption of toxic substances released by A. flavus, 

increase of soil pH, and increase of soil microbiome 

diversity.  Biochar is beneficial at low quantities but 

detrimental at high quantities of more than 5%. This 

finding tells us that biochar can increase the Aflasafe 

efficacy and suppress toxigenic A. flavus competitive 

ability at low dosages. Integration between Biochar 

and Aflasafe at 5% and 2 x 106, respectively, has the 

potential to be recommended as the suitable rates as 

aflatoxin management is concerned. 

The results validate that biochar amendment reduces 

aflatoxin contamination in groundnuts by affecting 

host susceptibility, fungal pathogenicity and soil 

environment. Finally, the long-run effect of biochar as 

an aflatoxin management practice needs to be 

investigated. Also, knowledge of the biochar-dose 

effect on plants is still scanty; hence, there is a need 

for further investigation. 

 

Acknowledgement 

I acknowledge TANIPAC for funding my studies, 

TARI UYOLE laboratory and all laboratory scientists 

who helped in soil analysis, NM-AIST for giving me 

screen houses for doing my experiments and all other 

people who contributed to this study in one way or 

another to accomplish this work. 

 

References 

Abady S, Shimelis H, Janila P, Mashilo J. 2019. 

Groundnut (Arachis hypogaea L.) improvement in 

sub-Saharan Africa: A review. Acta Agriculturae 

Scandinavica Section B: Soil and Plant Science 69(6), 

528-545. 

 

Abdelaziz AM, El-Wakil DA, Attia MS, Ali OM, 

Abdelgawad H, Hashem AH. 2022. Inhibition of 

Aspergillus flavus Growth and Aflatoxin Production 

in Zea mays L. Using Endophytic Aspergillus 

fumigatus. Journal of Fungi 8(5), 482.  

https://doi.org/10.3390/jof8050482 

 

Atkinson CJ, Fitzgerald JD, Hipps NA. 2010. 

Potential Mechanisms for Achieving Agricultural 

Benefits from Biochar Application to Temperate Soils: 

A Review. Plant and Soil 337(1), 1–18.  

https://doi.org/10.1007/s11104-010-0464-5 

 

Bandyopadhyay R, Ortega-Beltran A, Akande 

A, Mutegi C, Atehnkeng J, Kaptoge L, Senghor 

AL, Adhikari BN, Cotty PJ. 2016. Biological 

Control of Aflatoxins in Africa: Current Status and 

Potential Challenges in the Face of Climate Change. 

World Mycotoxin Journal 9(5), 771–789.  

https://doi.org/10.3920/WMJ2016.2130 



 

110 Ibrahim et al.  
 

Int. J. Biosci. 2024 

Bolan N, Hoang SA, Beiyuan J, Gupta S, Hou 

D, Karakoti A, Joseph S, Jung S, Kim K, 

Kirkham MB, Kua HW, Kumar M, Kwon EE, 

Ok YS, Perera V, Rinklebe J, Shaheen SM, 

Sarkar B, Sarmah AK, Sherif A. 2021. 

Multifunctional Applications of Biochar beyond 

Carbon Storage. International Materials Reviews 

0(0), 1–51.  

https://doi.org/10.1080/09506608.2021.1922047 

 

Bonanomi G, Scala F. 2015. A “Black” Future for 

Plant Pathology. Biochar as a New Soil Amendment 

for Controlling Plant Diseases. Journal of Plant 

Pathology 97(2), 223-234.  

https://doi.org/10.4454/jpp.v97i2.3381 

 

Cong M, Hu Y, Sun X, Yan H, Xu W, Jia H. 

2023. Long-term Effects of Biochar Application on 

the Growth and Physiological Characteristics of 

Maize. Frontiers in Plant Science 14, 1172425.  

https://doi.org/10.3389/fpls.2023.1172425 

 

Daudi H, Shimelis H, Laing M, Okori P, 

Mponda O. 2018. Groundnut Production 

Constraints, Farming Systems, and Farmer-Preferred 

Traits in Tanzania. Journal of Crop Improvement 

32(6), 812–828.  

https://doi.org/10.1080/15427528.2018.1531801 

 

de Medeiros EV, Lima NT, de Sousa Lima JR, 

Pinto MS, da Costa DP, Franco Junior CL, 

Souza RS, Hammecker C. 2021. Biochar as a 

Strategy to Manage Plant Diseases Caused by 

Pathogens Inhabiting the Soil: A Critical Review. In 

Phytoparasitica 49(4), 713–726.  

https://doi.org/10.1007/s12600-021-00887-y 

 

Desk S. 2019. Effect of Pyrolysis Temperature on 

Ochratoxin A Adsorption Mechanisms and Kinetics 

by Cashew Nut Shell Biochar’s. 877–888.  

https://doi.org/10.25177/JFST.4.7.RA.565 

 

Duan Y, Awasthi S. K, Chen H, Liu T, Zhang Z, 

Zhang L, Awasthi MK, Taherzadeh MJ. 2019. 

Evaluating the Impact of Bamboo Biochar on the 

Fungal Community Succession During Chicken 

Manure Composting. Bioresource Technology 272, 

308–314.  

https://doi.org/10.1016/j.biortech.2018.10.045 

Egamberdieva D, Wirth S, Behrendt U, Allah 

EA. 2016. Biochar Treatment Resulted in a Combined 

Effect on Soybean Growth Promotion and a Shift in 

Plant Growth Promoting Rhizobacteria. Frontiers in 

Microbiology 7 (February), 1–11.  

https://doi.org/10.3389/fmicb.2016.00209 

 

Ehrlich KC. 2014. Non-aflatoxigenic Aspergillus 

flavus to Prevent Aflatoxin Contamination in Crops: 

Advantages and Limitations. Frontiers in 

Microbiology 5(February), 1–9.  

https://doi.org/10.3389/fmicb.2014.00050 

 

Elad Y, Cytryn E, Meller Harel Y, Lew B. 2011. 

The Biochar Effect: Plant Resistance to Biotic 

Stresses. Phytopathology Mediterranean 50(3), 335–

349. https://doi.org/10.2307/26556455 

 

Evans MR, Jackson BE, Popp M, Sadaka S. 

2017. Chemical Properties of Biochar Materials 

Manufactured from Agricultural Products Common 

to the Southeast United States. HortTechnology 

27(1), 16–23.  

https://doi.org/10.21273/HORTTECH03481-16 

 

Frenkel O, Jaiswal AK, Elad Y, Lew B, 

Kammann C, Graber ER. 2017. The Effect of 

Biochar on Plant Diseases: What Should We Learn 

While Designing Biochar Substrates? Journal of 

Environmental Engineering and Landscape 

Management 25(2), 105–113.  

https://doi.org/10.3846/16486897.2017.1307202 

 

Gallo A, Solfrizzo M, Epifani F, Panzarini G, 

Perrone G. 2015. Effect of Temperature and Water 

Activity on Gene Expression and Aflatoxin 

Biosynthesis in Aspergillus flavus on Almond 

Medium. International Journal of Food Microbiology 

217, 162-169.  

https://doi.org/10.1016/j.ijfoodmicro.2015.10.026 

 

Ghosh S. 2013. Hitting Hard Times: Effect of Abiotic 

Stress on Root Physiology. Springer International 

Publishing. 

https://doi.org/10.1007/978-3-030-84985-6 



 

111 Ibrahim et al.  
 

Int. J. Biosci. 2024 

Gupta N, Debnath S, Sharma S, Sharma P, 

Purohit J. 2017. Role of Nutrients in Controlling the 

Plant Diseases in Sustainable Agriculture. 

Agriculturally Important Microbes for Sustainable 

Agriculture Volume 2, Applications in Crop 

Production and Protection, 217-262.  

https://doi.org/10.1007/978-981-10-5343-6 

 

Hell K, Mutegi C. 2011. Aflatoxin Control and 

Prevention Strategies in Key Crops of Sub-Saharan 

Africa. African Journal of Microbiology Research 

5(5), 459–466.  

https://doi.org/10.5897/AJMR10.009 

 

Hossain MZ, Bahar MM, Sarkar B, Donne SW, 

Ok YS, Palansooriya KN, Kirkham MB, 

Chowdhury S, Bolan N. 2020. Biochar and Its 

Importance on Nutrient Dynamics in Soil and Plant. 

In Biochar 2(4).  

https://doi.org/10.1007/s42773-020-00065-z 

 

Hou J, Pugazhendhi A, Phuong TN, Thanh NC, 

Brindhadevi K, Velu G, Lan Chi NT, Yuan D. 

2022. Plant Resistance to Disease: Using Biochar to 

Inhibit Harmful Microbes and Absorb Nutrients. 

Environmental Research 214(April).  

https://doi.org/10.1016/j.envres.2022.113883 

 

Iacomino G, Idbella M, Laudonia S, Vinale F, 

Bonanomi G. 2022. The suppressive effects of 

biochar on above-and belowground plant pathogens 

and pests: A review. Plants 11(22), 3144.  

https://doi.org/10.3390/plants11010231  

 

International Crops Research Institute for the 

Semi-Arid Tropics (ICRISAT). 2016. How to 

Reduce Aflatoxin Contamination in Groundnuts and 

Maize. A Guide for Extension Workers. 24. 

 

Ivanova N, Gugleva V, Dobreva M, Pehlivanov 

I, Stefanov, Andonova V. 2016. We are 

IntechOpen, the world’s leading publisher of Open 

Access books Built by scientists, for scientists TOP 1 

%. Intech, i(Tourism), 13. 

Jaiswal AK, Frenkel O, Elad Y, Lew B, Graber 

ER. 2014. Non-monotonic influence of biochar dose 

on bean seedling growth and susceptibility to 

Rhizoctonia solani: the “Shifted R Max-Effect”. Plant 

and Soil 395, 125-140.  

https://doi.org/10.1007/s11104-014-2331-2 

 

Jin X, Bai Y, Khashi U Rahman M, Kang X, 

Pan K, Wu F, Pommier T, Zhou X, Wei Z. 2022. 

Biochar stimulates tomato roots to recruit a bacterial 

assemblage contributing to disease resistance against 

Fusarium wilt. IMeta 1(3).  

https://doi.org/10.1002/imt2.37 

 

Johnson AM, Fulton JR, Abdoulaye T, Ayedun 

B, Widmar NJ, Akande A, Bandyopadhyay R, 

Manyong V. 2018. Aflatoxin awareness and Aflasafe 

adoption potential of Nigerian smallholder maize 

farmers. World Mycotoxin Journal 11(3), 437–446. 

https://doi.org/10.3920/WMJ2018.2345 

 

Kalus K, Konkol D, Korczyński M, Koziel JA, 

Opaliński S. 2020. Laying hens biochar diet 

supplementation-effect on performance, excreta N 

content, NH3 and VOCs emissions, egg traits and egg 

consumers acceptance. Agriculture (Switzerland) 

10(6), 1–15.  

https://doi.org/10.3390/agriculture10060237 

 

Kamali M, Sweygers N, Al-salem S, Appels L, 

Aminabhavi TM, Dewil R. 2022. Biochar for soil 

applications-sustainability aspects, challenges and 

future prospects. Chemical Engineering Journal 428, 

131189.  

https://doi.org/10.1016/j.cej.2021.131189 

 

Kapoor A, Sharma R, Kumar A, Sepehya S. 

2022. Biochar as a means to improve soil fertility and 

crop productivity : A review. Journal of Plant 

Nutrition 45(15), 2380-2388.  

https://doi.org/10.1080/01904167.2022.2027980 

 

Katundu BM, Mhina ML, Arbogast G, 

Kumburu NP. 2014. Socio-economic factors 

limiting smallholder groundnut production in Tabora 

Region. In Policy Research for Development (Issue 

September). 



 

112 Ibrahim et al.  
 

Int. J. Biosci. 2024 

Kochanek J, Soo RM, Martinez C, 

Dakuidreketi A, Mudge M. 2022. Resources, 

Conservation & Recycling Biochar for 

intensification of plant-related industries to meet 

productivity, sustainability and economic goals : A 

review. Resources, Conservation & Recycling 179, 

106109.  

https://doi.org/10.1016/j.resconrec.2021.106109 

 

Kuhumba GD, Simonne AH, Mugula JK. 2018. 

Evaluation of aflatoxins in peanut-enriched 

complementary flours from selected urban markets in 

Tanzania. Food Control 89, 196–202.  

https://doi.org/10.1016/j.foodcont.2018.02.006 

 

Lehmann J, Rillig MC, Thies J, Masiello CA, 

Hockaday WC, Crowley D. 2011. Soil Biology & 

Biochemistry Biochar effects on soil biotae a review 

43, 1812–1836.  

https://doi.org/10.1016/j.soilbio.2011.04.022 

 

Linz JE, Wee JM, Roze LV. 2014. Aflatoxin 

Biosynthesis: Regulation and Subcellular Localization 

in Biosynthesis and molecular genetics of fungal 

secondary metabolites (July), 89–110.  

https://doi.org/10.1007/978-1-4939-1191-2_5 

 

Lu Y, Rao S, Huang F, Cai Y, Wang G, Cai K. 

2016. Effects of Biochar Amendment on Tomato 

Bacterial Wilt Resistance and Soil Microbial Amount 

and Activity. International Journal of Agronomy 

2016. https://doi.org/10.1155/2016/2938282 

 

Massomo SMS. 2020. Aspergillus flavus and 

aflatoxin contamination in the maize value chain and 

what needs to be done in Tanzania. Scientific African 

10, e00606.  

https://doi.org/10.1016/j.sciaf.2020.e00606 

 

Maxwell LA, Callicott KA, Bandyopadhyay R, 

Mehl HL, Orbach MJ, Cotty PJ. 2021. Degradation 

of aflatoxins B1 by atoxigenic Aspergillus flavus 

biocontrol agents. Plant Disease 105(9), 2343–2350. 

https://doi.org/10.1094/PDIS-01-21-0066-RE 

Medeiros EV, Lima NT, Romualdo J, Lima DS, 

Maria K, Pinto S, Paes D, Luiz C, Junior F, 

Marcondes R, Souza S, Hammecker C. 2021. 

Biochar as a strategy to manage plant diseases caused 

by pathogens inhabiting the soil : a critical review on 

Phytoparasitica 49(4), 713-726. 

 

Mfaume J, Matemu A, Mbega ER. 2019. 

Distribution and occurrence of indigenous strains of 

atoxigenic and toxigenic Aspergillus section Flavi in 

groundnut producing areas of Southern Tanzania. 

Journal of Biodiversity and Environmental Sciences 

14(2), 14–20. 

 

Mullen CA, Boateng AA, Goldberg NM, Lima 

IM, Laird DA, Hicks KB. 2010. Bio-oil and bio-

char production from corn cobs and stover by fast 

pyrolysis. Biomass and Bioenergy 34(1), 67–74.  

https://doi.org/10.1016/j.biombioe.2009.09.012 

 

Obia A, Cornelissen G, Martinsen V, Smebye 

AB, Mulder J. 2020. Conservation tillage and 

biochar improve soil water content and moderate soil 

temperature in a tropical Acrisol. Soil and Tillage 

Research 197(0806), 104521.  

https://doi.org/10.1016/j.still.2019.104521 

 

Ortega-beltran A, Bandyopadhyay R. 2021. 

Contributions of integrated aflatoxin management 

strategies to achieve the sustainable development 

goals in various African countries. Global Food 

Security 30(July), 100559.  

https://doi.org/10.1016/j.gfs.2021.100559 

 

Pickova D, Ostry V, Toman J, Malir F. 2021. 

Aflatoxins: History, significant milestones, recent 

data on their toxicity and ways to mitigation. Toxins 

13(6), 1–23.  

https://doi.org/10.3390/toxins13060399 

 

Plateaux S, Highlands W, Highlands N, Plains 

A, Republic D. 2014. Aflasafe ® technology transfer 

and commercialization in Africa. 



 

113 Ibrahim et al.  
 

Int. J. Biosci. 2024 

Poveda J, Martínez-Gómez Á, Fenoll C, 

Escobar C. 2021. The Use of Biochar for Plant 

Pathogen Control. Phytopathology 111(9), 1490–

1499. 

https://doi.org/10.1094/PHYTO-06-20-0248-RVW 

 

Pozza EA, Pozza AA, Dos Santos Botelho DM. 

2015. Silicon in plant disease control. Revista Ceres 

62(3), 323–331. 

https://doi.org/10.1590/0034-737X201562030013 

 

Quilliam RS, Marsden KA, Gertler C, Rousk J, 

DeLuca TH, Jones DL. 2012. Nutrient dynamics, 

microbial growth and weed emergence in biochar 

amended soil are influenced by time since application 

and reapplication rate. Agriculture, Ecosystems and 

Environment 158, 192–199.  

https://doi.org/10.1016/j.agee.2012.06.011 

 

Reddy TV, Viswanathan L, 

Venkitasubramanian TA. 1971. High Aflatoxin 

Production on Defined Medium 22(3), 393–396. 

 

Rizwan M, Rehman MZ, Ali S, Abbas T, 

Maqbool A, Bashir A. 2018. Biochar is a potential 

source of silicon fertilizer: An overview. In Biochar 

from Biomass and Waste, 225-238. Fundamentals 

and Applications. Volume. Elsevier Inc.  

https://doi.org/10.1016/B978-0-12-811729-3.00012-1 

 

Singh Tomar Y, Vijayaraje R, Krishi S, 

Vidyalaya V, Tiwari S. 2022. Genetic diversity 

assessment and cluster analysis of morphological 

yield attributing traits of groundnut (Arachis 

hypogaea L.). 

https://www.researchgate.net/publication/361416833 

 

Wang G, Ma Y, Chenia HY, Govinden R, Luo J, 

Ren G. 2020. Biochar-Mediated Control of 

Phytophthora Blight of Pepper Is Closely Related to 

the Improvement of the Rhizosphere Fungal 

Community. Frontiers in Microbiology 11.  

https://doi.org/10.3389/fmicb.2020.01427 

Wu L, Zhang S, Chen M, Liu J, Ding X. 2021. 

Environmental Technology & Innovation A 

sustainable option: Biochar addition can improve soil 

phosphorus retention and rice yield in a saline 

alkaline soil. Environmental Technology & Innovation 

24, 102070.  

https://doi.org/10.1016/j.eti.2021.102070 

 

Xiang L, Harindintwali JD, Wang F, Redmile-

gordon M, Chang SX, Fu Y, He C, Muhoza B, 

Brahushi F, Bolan N, Jiang X, Ok YS, Rinklebe 

J, Schaeffer A, Zhu Y, Tiedje JM, Xing B. 2022. 

Integrating Biochar, Bacteria, and Plants for 

Sustainable Remediation of Soils Contaminated with 

Organic Pollutants. Environmental Science & 

Technology 56(23), 16546-16566.  

https://doi.org/10.1021/acs.est.2c02976 

 

Yang Y, Chen T, Xiao R, Chen X, Zhang T. 

2022. A quantitative evaluation of the biochar 

influence on plant disease suppress : A global meta-

analysis. Biochar 4(1), 43.  

https://doi.org/10.1007/s42773-022-00164-z 

 

Yeboah E, Asamoah G, Ofori P, Amoah B, 

Agyeman KO. 2020. Method of biochar application 

affects growth, yield and nutrient uptake of cowpea. 

Open Agriculture 5(1), 352–360.  

https://doi.org/10.1515/opag-2020-0040 

 

Zhang L, Yan M, Ren Y, Chen Y, Zhang S. 2021. 

Zinc regulates the hydraulic response of maize root 

under water stress conditions. Plant Physiology and 

Biochemistry 159, 123–134.  

https://doi.org/10.1016/j.plaphy.2020.12.014 

 

Zukiewicz-Sobczak W, Latawiec A, Sobczak P, 

Strassburg B, Plewik D, Tokarska-Rodak M. 

2020. Biochars originating from different biomass 

and pyrolysis process reveal to have different 

microbial characterization: Implications for practice. 

Sustainability (Switzerland) 12(4).  

https://doi.org/10.3390/su12041526 

 


