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 Potato (Solanum tuberosum L.), being the most cultivated tuberous crop worldwide, 
is threatened by various biotic and abiotic factors. Among fungal pathogens, 
Rhizoctonia solani is the most virulent and widely distributed soil-borne fungi of 
phylum Basidiomycota which cause severe yield losses to 30-40% around the globe. 
Several management practices have been adopted to overcome the yield losses 
inflicted by this fungus. Use of chemicals and fumigants are not encouraged due to 
health and environmental concerns. Present study was undertaken to develop 
alternate eco-friendly methods to manage this disease. A greenhouse experiment 
through CRD was performed with treatments application of compost, biochar and 
NPK on potato variety Desiree. Treatments and pathogen inoculum were applied at 
the time of sowing. Plant germination was recorded after two weeks of sowing. Data 
of growth parameters (Plant height, no. of leaves, shoot weight, root weight, root 
length, no. of tubers, tuber weight, tuber size) were taken at the end of experiments 
before harvesting the crop. Combined treatment application of biochar (5%) + 
compost (10%) + NPK was found to be the best to suppress R. solani and increased 
plant height, number of leaves, shoot weight, root weight, root length and various 
tuber parameters. On the basis of our results biochar and compost are suggested 
commercially to improve plant growth and suppress pathogens. 
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INTRODUCTION 

Potato (Solanum tuberosum L.) is the most popular and 

consumed nutritious crop of family Solanaceae all over 

the world and in Pakistan (Abbas et al., 2012). History 

revealed that Potato was introduced in India in 17th 

century (Anwar et al., 2015). Fungi plays a tremendous 

role in potato yield loss by causing foliar, tuber and soil 

borne diseases. Rhizoctonia solani is the most devastating 

pathogen of potato among all soil borne fungi (Ahmad et 

al., 1995) which cause black scurf, root rot, stem canker 

and damping off diseases complex of potato crop (Bains et 

al., 2002). This fungus was first reported on potato by 

Julius Kuhn about 150 years ago. Thanatephorus 

cucumeris (Teleomorph) is sexual stage of R. solani which 

is responsible for infection (Lehtonen et al., 2008). This 

fungus survives in the form of sclerotia in soil and 

requires optimum temperature of 20-25 0C and moisture 

20% for growth. 

Temperature and soil moisture are essential for disease 

development (Lacey and Magan, 1991). This fungus 

belongs to phylum Basidiomycota and it’s spores are 

barrel shaped and mostly found in clusters (Saifuddin and 

Sheikh, 2016). Mycelial hyphae are hyaline initial but 

turned brown as they mature. Hyphae are septate and 

branched at right angled 900 (Tsror and Peretz‐Alon, 

2005). This fungus survives on plant debris as 
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saprophytic fungi in the form of vegetative mycelium 

called sclerotia. In the meantime, when hyphae of R. solani 

receive root exudates from the host plant then sclerotia 

grows to the plant roots and infect the plant. Sclerotia in 

soil and on tubers persist as inoculum for the next seasons 

(Dubey et al., 2009). This is important soil borne fungi 

which is responsible for severe diseases of vegetables, 

beans, and grasses (Sneh et al., 1991). R. solani produced 

symptoms on both above and below ground plant parts of 

potato. The most obvious and characteristics symptoms 

are brown to black sclerotia on potato tubers known as 

black scurf of potato (Carling and Leiner, 1986). Sclerotia 

are black, irregular shaped resting spores of R. solani that 

are present on the tuber surface with the lump of soil. 

Above ground symptoms include brown lesions on collar 

region of the plant that leads to stem canker and stem 

girdling, yellowing and leaf curling, root detrition and 

falling off plant (Baker, 1970). Integrated disease 

management practices are adopted worldwide to manage 

this pathogen (Alptekin, 2011). Most commonly used 

methods are cultural and chemical control. Cultural 

practices should also be adopted to avoid pathogens such 

as crop rotation (Larkin et al., 2017) and use of disease-free 

seed. Tuber seed with sclerotia is the primary source of 

inoculum. Use of certified seed is the best way to avoid this 

problem (Daami-Remadi et al., 2008). Many chemicals are 

used to overcome the yield losses due to R. solani. Most 

commonly used fungicides Dithane-M, Mancozeb and 

Captan are used for the seed treatments to avoid seed 

borne pathogens (Olaya et al., 1994). Fungicides Moncut 

and Quadris applied in furrow at planting also overcome 

the disease losses (Wharton et al., 2007). 

This pathogen inflicted 30-40% yield losses of potato in 

temperate regions and 19-34% losses in sub-tropical 

regions from all over the world (Banville, 1989). Use of 

fungicides to manage this pathogen is unsafe and costly. 

Certain ecofriendly approaches like nutrients, organic 

amendments, composts, biochar, plant extracts and oils 

are used as an alternative to chemical control against R. 

solani (Pawar and Thaker, 2006). The current study is 

based on the use of eco-friendly treatments like compost 

and biochar. Compost is a heterogeneous organic 

material prepared from animal manures, greenhouse 

waste, vegetable waste, bark solids and grape marcs are 

strongly capable of inhibition of soil borne pathogens 

(Hoitink et al., 1996) which is effective against many 

soils borne fungal pathogens like Rhizoctonia spp, 

Pythium spp, Fusarium spp, Phytophthora spp and 

Sclerotium spp (Noble and Coventry, 2005). It is 

enriched with carbon, nitrogen, and micronutrients 

which fulfill the nutrient deficiency of plants in soil 

(Yogev et al., 2006). Many types of organic based 

composts such as hardwood bark, vermi compost and 

municipal wastes are used against root rot pathogens 

(Hoitink et al., 1991). In potato fields, compost is used as 

a remedy to manage several soils borne diseases such as 

Verticillium dahlia, black scurf caused by Rhizoctonia 

solani, common scab caused by Streptomyces scabiei 

(Larkin et al., 2011). Chicken manure compost is 

suppressive against Pythium aphanidermatum by 

increasing soil bacterial population upto 68.4% (Nelson 

and Boehm, 2002). Many types of composts such as 

vermi composts, hardwood bark (Nelson et al., 1983), 

animal manure, organic greenhouse and household 

waste are quite effective against R. solani (Santos et al., 

2011). Another study showed that cattle manure 

compost in furrow application was found best in 

reducing the disease incidence and severity of black 

scurf disease on potato (Tsror et al., 2001). Biochar is 

carbon enriched source prepared from the pyrolysis of 

organic compounds wood bark, crop residues, municipal 

wastes, greenhouse waste, animal manure (Kammann et 

al., 2015). Biochar plays important role to attain 

sustainable environment because of long term 

availability of carbon compounds to the soil that 

maintains soil fertility (Lehmann, 2007). Now a day 

biochar is a good organic source to manage yield losses 

and reduce disease incidence caused by soil borne 

pathogens (Bonanomi et al., 2015). Biochar is helpful in 

reduction of greenhouse gas emissions and soil pollution 

and it maintains soil fertility level by nutrients uptake 

and addition of beneficial microorganisms (Lehmann, 

2007). Bonanomi et al. (2015) reported that biochar is 

effective against F. oxysporum f. sp. asparagi, F. 

oxysporum f. sp. radices-lycopersici, Pythium 

aphanidermatum, Phytophthora cinnamomi, 

Phytophthora cactorum, and R. solani. Eucalyptus wood 

biochar and greenhouse waste biochar were found best 

to decrease disease incidence of damping off caused by 

R. solani on cucumber (Jaiswal et al., 2014). 

The objective of this study is to determine an 

environmentally friendly way to suppress R. solani as an 

alternative to noxious chemicals because there are 

concerns related to chemical application regarding soil 

fertility, human health and environmental pollution. 

Chemicals have adverse effects on both the environment 
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and living organisms, leading to the destruction of nature. 

Additionally, their use contributes to pathogen resistance 

to various pesticides. Consequently, there is a pressing 

need to discover eco-friendly approaches for pathogen 

management in order to safeguard the natural 

environment and shield life from the harmful 

consequences of chemical substances (Ghorani et al., 

2008). Considering the harmful nature of chemicals, this 

study aims to investigate the effectiveness of compost and 

biochar in enhancing plant growth in a greenhouse trial. 

 

MATERIALS AND METHODS 

Sample Collection, Isolation and Pathogenicity of R. 

solani 

Diseased samples were collected during the survey in 

different areas of Punjab Pakistan. The samples were 

kept in polythene bags and stored at 4 0C. The samples 

were processed for the isolation of R. solani for further 

experiments. Potato dextrose agar media was prepared 

for the isolation of R. solani and autoclaved at 121 0C.  

Diseased samples were washed under tap water and 

disinfected with 2% sodium hypochlorite for 2-3 

minutes and again washed with sterilized water 

(Goswami et al., 2010). Infected portions from tuber 

samples were removed with the help of scalpel and 

placed on PDA plates and wrapped. Isolated plates were 

kept in incubator at 250C (Das et al., 2014). After two 

days white mycelial growth was observed on PDA plates. 

For purification, a single spore technique was performed 

with inoculating needle and spore was placed on 

autoclaved PDA plates. These plates were kept at 250C 

for fungal growth for 3 days. After growth morphological 

characteristics of tested fungi were observed under 

compound microscope by following key lines of Barnett 

and Hunter (1972). The pathogenicity test of R. solani 

was checked out on potato tubers. For this purpose, 

healthy potato tubers were washed under tap water and 

disinfected with 2% NaOCl. R. solani plugs were taken 

from pure culture and placed on potato tubers with the 

help of inoculating needle (Zhang et al., 2014). Potato 

tubers were placed in plastic boxes, wrapped and placed 

at 250C for 3 days. 

Efficacy of Compost and Biochar with NPK Level 

against R. solani 

Greenhouse pot experiment was conducted to evaluate the 

effect of poultry waste compost and sugar waste biochar 

with single dose of N:P: K to inhibit fungal pathogen. R. 

solani was multiplied on wheat grains for the inoculum. For 

this purpose, 100g of wheat was washed under tap water, 

air dried and autoclaved at 1210C for 20 minutes (Table 1, 

2). After autoclaved, 4-5 R. solani plugs from 1 week old 

culture were placed in wheat contained flasks and kept at 

250C for two weeks (Balali et al., 1995). Fungal growth was 

obtained within two weeks. Potato seeds after surface 

sterilization were grown in pots filled with sterile sandy 

loam soil and wheat inoculum 20g/kg (Sabet et al., 2013). 

Following treatments with three replications were applied 

at sowing in CRD design. 

 

Table 1. Table represents description of treatments compost, biochar and NPK along with their concentrations. 

T1 Control (0%) 
T2 10% compost 
T3 5% biochar 
T4 10% compost + 5% biochar 
T5 NPK 
T6 10% compost + NPK 
T7 5% Biochar + NPK 
T8 10% Compost + 5% Biochar + NPK 

 

Data was recorded after 90 days of planting. Growth 

parameters (Plant height, root length, root shoot weight, 

no. of tubers, size of tubers, and weight of tubers) were 

measured (Jaiswal et al., 2014). 

Statistical Analysis 

Tukey’s test was applied to evaluate the results 

according to the established protocol of Jaiswal et al. 

(2014). 

 

RESULTS 

Sample Collection and Isolation of R. solani 

After 3 days of incubation fungal colony was observed. 

White mycelial growth was obtained which later on 

changed into brown color. Spores were seen in cluster 

form and oval or barrel in shape. The presence of septate 

hyphae with a right-angled appearance, along white 

mycelial growth, and brown lesions on tubers (Figure 1), 

provided confirmation of R. solani's pathogenic nature. 
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Table 2. Fig shows physiochemical properties of poultry waste compost and sugar waste biochar. 

Features Unit Compost Biochar 
pH 

Carbon 
Nitrogen 

C/N 
Phosphorus P

2
O

5
 

Potassium K
2
O 

Silicon 
Color 

Commercial Name 

- 
% 
% 
% 
% 
% 
% 
- 
- 

8.2 
25 

1.15 
19 

0.21 
0.10 

0.001 
Gray 
Suraj 

5.5 
39 

0.90 
30 

2.50 
0.39 
0.5 

Black 
Kissan 

 

  
Figure 1. Mycelial growth and hyphae of R. solani. 
 

Efficacy of Compost and Biochar with N: P: K Level 

against R. solani 

Treatment’s effect of compost and biochar along with 

single dose of N: P: K to inhibit R. solani under green 

house was observed. All treatments had inhibitory 

impact on R. solani and significant impact on plant 

health. Plant seedlings were observed after two weeks of 

sowing and plant germination % was recorded. 

Maximum plant germination 100% was recorded in T8 

(10% compost + 5% biochar + N: P: K), 70% in T4 (10% 

compost + 5% biochar), 66% in T2 (10% compost) and 

T3 (5% biochar), 50% plant germination was shown by 

T7 (5% biochar + N: K) and T6 (10% compost + N: P: K) 

while minimum plant germination 44% and 33% was 

recorded in T5 (N: P: K) and T1 (control) as shown in 

Figure 2. 

 

 
Figure 2. Figure shows the impact of different treatments on plant germination %. 

 

Data of plant growth parameters is mentioned below. 

Plant Height 

Analysis of variance mentioned significant results of 

treatments on plant height of potato. Results cleared that 

T5 combined effect of compost + biochar + NPK had 

maximum plant height 79 cm, T2 biochar + NPK had 77 
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cm, T6 compost + NPK had 69 cm plant height however 

T7 NPK alone was not much effective and increased 

plant height to 58 cm. While T4 compost + biochar, T1 

biochar and T3 compost increased plant height to 66, 68 

and 65 cm respectively. Compost and biochar in 

combination and alone had significant impact on plant 

growth and improved plant height as compared to T8 

control with 45 cm (Figure 3). 

Number of Leaves 

Analysis of variance explained significant effect of 

treatments on number of plant leaves. Results stated 

that T5 compost + biochar + NPK was highly 

significant and increased number of leaves up to 96, 

T2 biochar + NPK and T6 compost + NPK increased 

leaf number to 78 and 75 respectively. T7 NPK alone 

was less significant and had 57 numbers of leaves. 

Treatment 4 compost + biochar, T1 biochar and T3 

compost had 71, 70 and 67 number of leaves 

respectively. T8 control had the minimum number of 

leaves to 41 (Figure 4). 

 

 
Figure 3. Fig shows the efficacy of 8 treatments control, 10% compost, 5% biochar, 10% compost + 5% biochar, NPK, 

10% compost + NPK, 5% biochar + NPK, 10% compost + 5% biochar + NPK on plant height (cm). Error bars represent 

the difference between treatments. 

 

 
Figure 4. Fig shows treatment impact along with concentrations control 0%, compost 10%, biochar 5%, compost 10% 

+ biochar 5%, NPK, compost 10% + NPK, biochar 5% + NPK, compost 10% + biochar 5% + NPK on number of plant 

leaves. Error bars represent the difference between treatments. 

 

Shoot Weight 

Analysis of variance demonstrated significant impact of 

treatment on plant shoot weight. Results cleared that all 

treatments increased shoot weight, but maximum shoot 

weight 9.8 g was observed in T5 combined effect of 

compost + biochar + NPK. T2 biochar + NPK and T6 

compost + NPK increased shoot weight up to 9.3 g and 9 

g respectively, while T7 NPK was less effective than NPK 
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combined with other treatments and had 7 g shoot 

weight.  T4 compost + biochar, T1 biochar and T3 

compost increased shoot weight 9, 8.9 and 8.5 g 

respectively. T8 control had minimum shoot weight of 

5.8 g (Figure 5). 

Root Weight 

Analysis of variance showed significant effect of 

treatments on plant root weight. Results 

demonstrated that T5 compost + biochar + NPK had 

maximum root weight with 1.1 g, T2 biochar + NPK 

increased root weight 1.06 g and T6 compost + NPK 

had 1.05 g, T7 NPK had 0.8 g. T4 compost + biochar 

and T1 biochar alone had intermediate effect with 

0.97 and 0.98 g respectively. T3 compost alone and T8 

control had shoot weight up to 0.79 and 0.3 g 

respectively (Figure 6). 

 

 
Figure 5. Fig represents the treatment efficacy of control, 10% compost, 5% biochar, 10% compost + 5% biochar, NPK, 

10% compost + NPK, 5% biochar + NPK, 10% compost + 5% biochar + NPK on plant shoot weight (g). Error bars 

depict difference between treatments. 

 

 
Figure 6. Fig shows the effect of treatments (control 0%, compost 10%, biochar 5%, compost 10% + biochar 5%, NPK, 

compost 10% +NPK, biochar 5% + NPK, compost 10% + biochar 5% + NPK) on plant root weight (g). Error bars 

represent the difference between treatments. 

 

Root Length 

Analysis of variance showed significance of treatments 

on plant root length. Results cleared that maximum root 

length 5.6 cm was observed by T5 compost + biochar + 

NPK and minimum root length 2.8 cm was recorded in 

T8 control. T3 compost alone increased root length up to 

4.5 cm while T1 biochar and T4 compost + biochar 

improved root length up to 5 cm and 4.95 cm 

respectively. T7 NPK, T6 compost + NPK and T2 biochar 

+ NPK increased root length up to 4.7, 5 and 5.01 cm 

respectively (Figure 7). 

Number of Tubers 

Analysis of variance described the significant impact of 

treatment efficacy on number of tubers. Results 

explained that the highest tuber production 5.5 was 

recorded in T5 compost + biochar + NPK and T4 
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compost + biochar increased 5 tubers/plant. T1 biochar 

and NPK and T2 biochar + NPK both had same tubers 

number 4.3, while T6 compost + NPK and T2 compost 

had number of tubers 3.9 and 3.8 respectively. Number 

of tubers were low in T7 NPK and T8 control with 2.2 

and 1 respectively (Figure 8). 

 

 
Figure 7. Fig explains treatments efficacy (control, compost 10%, biochar 5%, compost 10% + biochar 5%, NPK, 

compost 10% + NPK, biochar 5% + NPK, compost 10% + biochar 5% + NPK) on plant root length (cm). Error bars 

depict difference between treatments. 

 

 
Figure 8. Fig represents impact of treatments along with concentrations control 0%, compost 10%, biochar 5%, 

compost 10% + biochar 5%, NPK, compost 10% + NPK, biochar 5% + NPK, compost 10% + biochar 5% + NPK. Error 

bars show the difference between treatments. 

 

Weight of Tubers 

Analysis of variance showed significant effect of treatments 

on tuber weight of plant. Results showed that maximum 

tuber weight was recorded in T5 compost + biochar + NPK 

and T4 compost + biochar with 80 and 79 g respectively. T2 

biochar + NPK and T6 compost + NPK increased tuber 

weight to 70 g, T7 NPK alone had tuber weight 60 g, T1 

biochar and T3 compost increased tuber weight up to 65 g 

as compared to T8 control with 51 g (Figure 9). 

Tuber Size 

Analysis of variance explained significant difference 

among treatments. Results concluded that maximum 

tuber size 57 mm was obtained in T8 compost + biochar + 

NPK and T4 compost + biochar. It was cleared that T8 and 

T4 were highly significant than remaining treatments. T7 

biochar + NPK increased tuber size to 45 mm, while T6 

compost + NPK, T4 biochar and T3 compost alone gave 

similar results with slight difference as 43, 43.3 and 43.4 

mm respectively. T5 NPK had the least significant impact 

on plant tuber size with 42 mm and T1 control had 

minimum tuber size by 28 mm (Figure 10). 

 

DISCUSSION 

The pathogen, Rhizoctonia solani (Thenatophorus 

cucumeris) is a soil borne and most studied pathogen of 

potato (Kühn, 1858) because of genetic and 
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morphological diversity. Present study results are 

similar to observations of (Desvani et al., 2018) who 

stated that R. solani isolates from rice were rapidly 

grown on PDA. Growth was obtained at 3rd day of 

incubation with white color colony. White colony color 

turned in to brown when culture is being old. Branched 

hyphae were septate and curved at 900. Another study 

found sclerotia in clusters and white or creamy in color 

and turned brown to dark brown as they mature 

(Gopireddy et al., 2017). 

 

 
Figure 9. Fig represents impact of treatments control 0%, 10% compost, 5% biochar, 10% compost + 5% biochar, 

NPK, 10% compost + NPK, 5% biochar + NPK, 10% compost + 5% biochar + NPK on tuber weight (g). Error bars 

depicts difference between treatments. 

 

 
Figure 10. Fig shows the treatments effect with concentrations control 0%, compost 10%, biochar 5%, compost 10% + 

biochar 5%, NPK, compost 10% + NPK, biochar 5% + NPK, compost 10% + biochar 5% + NPK. Error bars explains 

difference among treatments. 

 

Combined application of compost (10%), biochar (5%) 

alongwith NPK under greenhouse gave significant 

results. Present results of greenhouse experiment 

agreed to (Yogev et al., 2006) who reported that 

combination of compost based on chicken manure and 

biochar prepared from jarrah wood and enriched with 

phosphate and iron improved vegetative growth and 

yield of Brassica rapa under screen house conditions in 

pots. It was stated that combined effect of compost and 

biochar with minerals doubled the action of biochar and 

improved soil quality, nutrient up take and carbon 

retention in soil. Biochar with compost and minerals 

increased soil humidity and electrical conductivity up to 

26% and improved plant yield with height and weight 

and increased leaf area. Present project is quite similar 

to another study of (Khalifa, 1991; Khalifa and Thabet, 

2015) who reported that 5% biochar is highly effective 

to reduce disease incidence of fusarium wilt and root rot 

caused by F. oxysporum and R. solani up to 85% and 80% 

respectively on tomato under controlled conditions of 

greenhouse. Biochar 5% increased plant biomass and 

plant vigor 140% and 139% in F. oxysporum inoculated 
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plants and 105% and 100% in R. solani inoculated plants 

respectively. Another study of (Graber et al., 2012) 

revealed that biochar has positive effect on plant vigor 

because biochar facilitated nutrients supply and 

promoted microbial activity in soil that has direct impact 

on plant physiological growth. According to (Graber et 

al., 2012; Jaiswal et al., 2014) biochar not only fulfilled 

nutrient requirement of plant and facilitate plant growth 

but it is also useful to suppress foliar and soil borne 

pathogens. Earlier studies demonstrated that biochar is 

an effective organic amendment against several soil 

borne pathogens as F. oxysporum f.sp. asparagi (Elmer 

and Pignatello, 2011), Ralstonia solanacearum (Nerome 

et al., 2005), Phytophthora cactorum (Zwart and Kim, 

2012), Pythium aphanidermatum and R. solani (Jaiswal et 

al., 2014). In a greenhouse pot experiment, a study 

conducted by Silva et al. in 2020 demonstrated the 

significant effectiveness of biochar derived from 

eucalyptus, specifically when applied at a volume 

concentration of 5%. This treatment proved highly 

efficient in combatting Fusarium wilt in tomato plants, 

resulting in a notable reduction in disease incidence. 

Additionally, it fostered the growth of the plants by 

enhancing various parameters such as plant height, leaf 

count, stem thickness, and the mass of both roots and 

shoots. A recent study by Jin et al. (2023) found that 

using Helianthus tuberosus-derived biochar at 1% and 

2% W/W reduced Fusarium wilt severity in tomatoes. 

This biochar also improved plant growth by boosting 

beneficial rhizosphere microbes like Pseudomonas sp. 

Present results suggested that biochar (5%) and 

compost (10%) alongwith NPK incorporation in potting 

mixture not only suppressed R. solani incidence but also 

improved vegetative growth (plant height, leaf number, 

shoot weight, root weight, root length) and reproductive 

growth (tuber number, tuber weight, tuber size). 

Biochar and compost are organic amendments that can 

increase soil fertility and soil quality and have a great 

tendency to improve plant growth and vigor. According 

to (Khalifa and Thabet, 2015) biochar (salix wood) 

increased tomato plant height up to 93% in F. oxysporum 

inoculated plant and 75% in R. solani inoculated plants 

in greenhouse trail. Biochar stimulated plant growth as 

plant height because of direct nutrient supply. The 

present study proposed that combined application of 

compost 10%, biochar 5% and NPK increased plant 

height up to 79 cm and number of leaves up to 96. These 

results are strongly related to (Khalifa and Thabet, 

2015) who reported that biochar prepared from salix 

wood at 5% concentration increased number of leaves of 

tomato by 99% in F. oxysporum inoculated plants and 

66% in R. solani inoculated plants under greenhouse 

conditions. In a controlled greenhouse experiment, Sales 

et al. (2020) discovered that using 10% and 20% conifer 

wood biochar by volume had several benefits. It helped 

maintain the soil's pH, enhanced nutrient absorption, 

and improved the growth of blueberry plants, 

specifically increasing their root and shoot weights 

(Sales et al., 2020). Biochar enhanced nutrient supply to 

plants so that plant’s physiological, histological and 

biochemical growth has been improved. These changes 

improved the plant growth in a manner of plant height, 

number of leaves, fresh weight of shoot, plant biomass. 

Previous studies proved that biochar application along 

with fertilizer has a great potential to improve plant 

growth and yield and the present study has quite the 

same results. 

 

CONCLUSION 

The basic objective of this study was to develop 

alternative measures to chemical methods that are eco-

friendly and harmless for human consumption. The 

present study used compost and biochar as organic 

amendments to suppress R. solani. These organic 

amendments are enriched with nutrients and beneficial 

microbes which can increase soil fertility, improved 

plant vigor and health and helped to reduce pathogen 

infection by inducing resistance. 

 

CONFLICT OF INTEREST  

The authors declare that there is no conflict of interest to 

publish the article. 

 

AUTHORS CONTRIBUTIONS 

Dr. Muhammad Usman Ghazanfar and Dr. Waqas Wakil 

conceived the idea, facilitated, guided and supervised the 

experiment. Ms. Irum Bilqees conducted field visits, 

carried out experiments and wrote initial draft while Dr. 

Waqas Raza co-supervised and contributed to finalizing 

the manuscript. 

 

REFRENCES 

Abbas, M. F., S. Hameed, A. Rauf, Q. Nosheen, A. Ghani, A. 

Qadir and S. Zakia. 2012. Incidence of six viruses 

in potato growing areas of Pakistan. Pakistan 

Journal of Phytopathology, 24: 44-47. 

https://doi.org/10.33687/phytopath.012.03.4494


Int. J. Phytopathol. 12 (03) 2023. 235-246  DOI: 10.33687/phytopath.012.03.4494 

244 

Ahmad, I., S. Iftikhar, M. Soomro, S. Khalid and A. Munir. 

1995. Diseases of potato in Northern Areas during 

1992. Crop Disease Reserach Institute, PARC. 

Islamabad, Pakistan.  

Alptekin, Y. 2011. Integrated pest management of 

potatoes. Agricultural Sciences, 2: 297-300. 

Anwar, D. M., D. G. Shabbir, M. H. Shahid and W. 

Samreen. 2015. Determinants of potato prices and 

its forecasting: A case study of Punjab, Pakistan. 

Munich Personal RePEc Archive: 6678. 

Bains, P., H. Bennypaul, D. Lynch, L. Kawchuk and C. 

Schaupmeyer. 2002. Rhizoctonia disease of 

potatoes (Rhizoctonia solani): Fungicidal efficacy 

and cultivar susceptibility. American journal of 

potato research, 79: 99-106. 

Baker, K. 1970. Types of Rhizoctonia diseases and their 

occurrence. In, Rhizoctonia solani: biology and 

pathology. University of California Press. Berkeley, 

CA. 

Balali, G., S. Neate, E. Scott, D. Whisson and T. Wicks. 

1995. Anastomosis group and pathogenicity of 

isolates of Rhizoctonia solani from potato crops in 

South Australia. Plant Pathology, 44: 1050-57. 

Banville, G. 1989. Yield losses and damage to potato 

plants caused by Rhizoctonia solani Kuhn. 

American Potato Journal, 66: 821-34. 

Barnett, H. L. and B. B. Hunter. 1972. Illustrated genera 

of imperfect fungi. CAB International. 

Bonanomi, G., F. Ippolito and F. Scala. 2015. A" black" 

future for plant pathology? Biochar as a new soil 

amendment for controlling plant diseases. Journal 

of Plant Pathology, 97: 223-34. 

Carling, D. and R. Leiner. 1986. Isolation and 

characterization of Rhizoctonia solani and 

binucleata R. solani-like fungi from aerial stems 

and subterranean organs of potato plants. 

Phytopathology, 76: 725-29. 

Daami-Remadi, M., S. Zammouri and M. El Mahjoub. 

2008. Relative susceptibility of nine potato 

(Solanum tuberosum L.) cultivars to artificial and 

natural infection by Rhizoctonia solani as 

measured by stem canker severity, black scurf and 

plant growth. The African Journal of Plant Science 

and Biotechnology, 2: 57-66. 

Das, S., F. Shah, R. Butler, R. Falloon, A. Stewart, S. Raikar 

and A. Pitman. 2014. Genetic variability and 

pathogenicity of Rhizoctonia solani associated 

with black scurf of potato in New Zealand. Plant 

Pathology, 63: 651-66. 

Desvani, S., I. Lestari, H. Wibowo, Supyani, S. Poromarto 

and Hadiwiyono. 2018. Morphological 

characteristics and virulence of Rhizoctonia solani 

isolates collected from some rice production areas 

in some districts of Central Java. AIP Conference 

Proceedings. 

Dubey, R., H. Kumar and R. Pandey. 2009. Fungitoxic 

effect of neem extracts on growth and sclerotial 

survival of Macrophomina phaseolina in vitro. 

Journal of American Science, 5: 17-24. 

Elmer, W. H. and J. J. Pignatello. 2011. Effect of biochar 

amendments on mycorrhizal associations and 

Fusarium crown and root rot of asparagus in 

replant soils. Plant Disease, 95: 960-66. 

Gopireddy, B. M., G. U. Devi, K. V. Kumar, T. R. Babu and 

T. Naidu. 2017. Cultural and morphological 

characterization of Rhizoctonia solani f. sp. sasakii 

isolates collected from different districts of 

Andhra Pradesh. International Journal of Current 

Microbiology and Applied Sciences, 6: 3457-69. 

Goswami, B., K. Bhuiyan and I. Mian. 2010. 

Morphological and pathogenic variations in the 

isolates of Rhizoctonia solani in Bangladesh. 

Bangladesh Journal of Agricultural Research, 35: 

375-80. 

Graber, E., L. Tsechansky, Z. Gerstl and B. Lew. 2012. 

High surface area biochar negatively impacts 

herbicide efficacy. Plant and Soil, 353: 95-106. 

Hoitink, H., A. Stone and M. Grebus. 1996. Suppression of 

plant diseases by composts. Hort Science, 32: 184-

87. 

Hoitink, H. J., Y. Inbar and M. Boehm. 1991. Status of 

compost-amended potting mixes naturally 

suppressive to soilborne diseases of floricultural 

crops. Plant Disease, 75: 869-73. 

Jaiswal, A. K., Y. Elad, E. R. Graber and O. Frenkel. 2014. 

Rhizoctonia solani suppression and plant growth 

promotion in cucumber as affected by biochar 

pyrolysis temperature, feedstock and 

concentration. Soil Biology and Biochemistry, 69: 

110-18. 

Jin, X., X. Zhou, F. Wu, W. Xiang and K. Pan. 2023. Biochar 

amendment suppressed Fusarium wilt and altered 

the rhizosphere microbial composition of 

tomatoes. Agronomy, 13: 1811. 

Kammann, C. I., H.-P. Schmidt, N. Messerschmidt, S. 

Linsel, D. Steffens, C. Müller, H.-W. Koyro, P. Conte 

https://doi.org/10.33687/phytopath.012.03.4494


Int. J. Phytopathol. 12 (03) 2023. 235-246  DOI: 10.33687/phytopath.012.03.4494 

245 

and S. Joseph. 2015. Plant growth improvement 

mediated by nitrate capture in co-composted 

biochar. Scientific Reports, 5: 11080. 

Khalifa, E. 1991. Biological control of tomato fusarium 

wilt by Trichoderma harzianum. Minufiya Journal 

of Agricultural Research, 16: 1247-59. 

Khalifa, W. and M. Thabet. 2015. Biochar amendment 

enhances tomato resistance to some soil borne 

diseases. Middle East Journal of Agriculture 

Research, 4: 1088-100. 

Kühn, J. 1858. Die Krankheiten der Kulturgewächse, ihre 

Ursachen und ihre Verhütung. Bosselmann. 

Lacey, J. and N. Magan. 1991. Fungi in cereal grains: their 

occurrence and water and temperature 

relationships. In, Cereal Grain-Mycotoxins, Fungi 

and Quality in Storage. Elsevier. Amsterdam. 

Larkin, R., C. Honeycutt, T. Griffin, O. Olanya, Z. He and J. 

Halloran. 2017. Cumulative and residual effects of 

different potato cropping system management 

strategies on soilborne diseases and soil microbial 

communities over time. Plant pathology, 66: 437-

49. 

Larkin, R. P., C. W. Honeycutt, T. S. Griffin, O. M. Olanya, J. 

M. Halloran and Z. He. 2011. Effects of different 

potato cropping system approaches and water 

management on soilborne diseases and soil 

microbial communities. Phytopathology, 101: 58-

67. 

Lehmann, J. 2007. A handful of carbon. Nature, 447: 143-

44. 

Lehtonen, M., P. Ahvenniemi, P. Wilson, M. German‐

Kinnari and J. Valkonen. 2008. Biological diversity 

of Rhizoctonia solani (AG‐3) in a northern potato‐

cultivation environment in Finland. Plant 

Pathology, 57: 141-51. 

Nelson, E., G. Kuter and H. Hoitink. 1983. Effects of fungal 

antagonists and compost age on suppression of 

Rhizoctonia damping-off in container media 

amended with composted hardwood bark. Journal 

Series Article, 6: 83. 

Nelson, E. B. and M. J. Boehm. 2002. Microbial mechanics 

of compost-induced disease suppression. Biocycle, 

43: 45-45. 

Nerome, M., K. Toyota, T. Islam, T. Nishijima, T. 

Matsuoka, K. Sato and Y. Yamaguchi. 2005. 

Suppression of bacterial wilt of tomato by 

incorporation of municipal biowaste charcoal into 

soil. Soil Microorganisms, 59: 9-14. 

Noble, R. and E. Coventry. 2005. Suppression of soil-

borne plant diseases with composts: A review. 

Biocontrol Science and Technology, 15: 3-20. 

Olaya, G., G. S. Abawi and J. Barnard. 1994. Response of 

Rhizoctonia solani and binucleate Rhizoctonia to 

five fungicides and control of pocket rot of table 

beets with foliar sprays. Plant Disease, 78: 1033-

37. 

Pawar, V. and V. Thaker. 2006. In vitro efficacy of 75 

essential oils against Aspergillus niger. Mycoses, 

49: 316-23. 

Sabet, K. K., M. M. Saber, M. A.-A. El-Naggar, N. S. El-

Mougy, H. M. El-Deeb and I. E.-S. El-Shahawy. 

2013. Using commercial compost as control 

measures against cucumber root-rot disease. 

Journal of Mycology, 2013: 1-13. 

Saifuddin, A. and M. Sheikh. 2016. Preliminary 

investigation suggests soilborne Rhizoctonia 

solani infecting sugarcane in Uttar Pradesh India. 

Advances in Plant and Agriculture, 3: 208-10. 

Sales, B. K., D. R. Bryla, K. M. Trippe, J. E. Weiland, C. F. 

Scagel, B. C. Strik and D. M. Sullivan. 2020. 

Amending sandy soil with biochar promotes plant 

growth and root colonization by mycorrhizal fungi 

in highbush blueberry. HortScience, 55: 353-61. 

Santos, M., F. Diánez and F. Carretero. 2011. Suppressive 

effects of compost tea on phytopathogens. In, 

Natural Products in Plant Pest Management. CAB 

International. Wallingford, UK. 

Sneh, B., L. Burpee and A. Ogoshi. 1991. Identification of 

Rhizoctonia species. The American 

Phytopathological Society: Satin Paul, Minnesota, 

USA. 

Tsror, L., R. Barak and B. Sneh. 2001. Biological control 

of black scurf on potato under organic 

management. Crop protection, 20: 145-50. 

Tsror, L. and I. Peretz‐Alon. 2005. The influence of the 

inoculum source of Rhizoctonia solani on 

development of black scurf on potato. Journal of 

Phytopathology, 153: 240-44. 

Wharton, P., W. Kirk, D. Berry and S. Snapp. 2007. 

Rhizoctonia stem canker and black scurf of potato. 

University of Idaho. Moscow, Idaho, USA.  

Yogev, A., M. Raviv, Y. Hadar, R. Cohen and J. Katan. 2006. 

Plant waste-based composts suppressive to 

diseases caused by pathogenic Fusarium 

oxysporum. European Journal of Plant Pathology, 

116: 267-78. 

https://doi.org/10.33687/phytopath.012.03.4494


Int. J. Phytopathol. 12 (03) 2023. 235-246  DOI: 10.33687/phytopath.012.03.4494 

246 

Zhang, X.-Y., X.-X. Yu, Z. Yu, Y.-F. Xue and L.-P. Qi. 2014. A 

simple method based on laboratory inoculum and 

field inoculum for evaluating potato resistance to 

black scurf caused by Rhizoctonia solani. Breeding 

Science, 64: 156-63. 

Zwart, D. C. and S.-H. Kim. 2012. Biochar amendment 

increases resistance to stem lesions caused by 

Phytophthora spp. in tree seedlings. HortScience, 

47: 1736-40. 

 

 

 

 

 

Publisher’s note: EScience Press remains neutral with regard to jurisdictional claims in published maps and institutional affiliations. 
 

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give 
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license and 

indicate if changes were made. The images or other third-party material in this article are included in the article’s Creative Commons 
license, unless indicated otherwise in a credit line to the material. If material is not included in the article’s Creative Commons license 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission 
directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/. 

 

https://doi.org/10.33687/phytopath.012.03.4494
http://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

