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ABSTRACT 

Rahman MM, Ali MA, Dey TK, Mondol MRH, Khalequzzaman KM (2015) Reaction of some potato germplasm against stem canker and 
black scurf disease under natural infection in the field. Int. J. Sustain. Crop Prod. 10(4), 17-22. 

 

The experiment was conducted at Tuber Crops Research Sub-Centre, BARI, Bogra during 2007-2008 to evaluate the 

reaction of some potato germplasm against stem canker and black scurf of potato under natural infection in the field. 

Nineteen potato germplasm such as V-4, Quincy, Billini, Meridian, Raja, Innovator Lady Rosetta, Diamant, Lalpakri, 
Courage, Heera, Ajiba, Cardinal, V-36, BARI-TPS-1, Daifla, Asterix, Felsina and Granola were evaluated. Among 

the germplasm, only three (Raja, Heera and BARI-TPS-1) were found to be moderately resistant, eight germplasm 

were (V-4, Quincy, Billini, Lady Rosetta, V-36, Courage, Daifla, Lalpakri) were moderately susceptible and two were 
susceptible to Rhizoctonia solani.  
 

Key words: potato, disease reaction, black scurf and stem canker, Rhizoctonia solani    
 

INTRODUCTION            
 

The filamentous fungus Rhizoctonia solani Khun is the most well-known phytopathogenic fungus which was 

the described by Julius Khun from potato in 1885 (Banvile 1989). The Rhizoctonia spp. does not produce 

conidia or sexual spores, thus the fungus survive as vegetative hyphae and sclerotia in the environment. 

Sclerotia form when food becomes short and environmental condition is not suitable for vegetative growth. The 

sclerotia remains in the soil and dispersed by irrigation, rain, splash crop debris. R solani causes various diseases 

in many important crops species under Brassicaceae, Fabaceae, Asteraceae and Poaceae family as well as 

ornamental and forests plants (Ogoshi 1996). Disease symptoms include leaf blight, leaf sports, damping-off, 

root rots, stem rot or fruit rot, canker lesion on sprout and stolon etc. (Lehtonen 2009) Stem canker and black 

surf disease of potato caused by R. solani is an economically important disease in potato growing region of the 

world. Usually, the disease start from the roots then gradually cause lesion on underground stem and stolon and 

black sclerotia on the tuber that cause  significant reductions in production and quality of potato (Banvile 1989). 

Wicks et al. (1996) have shown that fungus is present on the most tuber seed, and act as the main source of 

inoculum for introducing the disease into the new areas. In soil, the fungus survives in decomposing plant 

residues or as free sclerotia. The soil is usually contaminated with rotten roots and stolon tips which, causes 

stolon infection and formation of sclerotia on the tubers. Yield reduction of 7-64% (average 35%) may result if 

the seed source is contaminated with sclerotia (Carling and Leiner, 1986). The disease causes a reduction in the 

size of progeny tubers as well as in the yield (Carling and Leiner, 1986; Dillard et al. 1993; Leach and Web, 

1993). In terms of disease control use of pre-treated seed with effective fungicide is an important factor or 

prerequisite to reduce the yield loss of potato. 
 

Besides the fungicides, disease free seed or resistant cultivars is required for the tolerance of black scurf or other 

diseases in potato. (Frank et al. 1976; Leach and Web, 1993). 
 

Naz et al. (2008) reported the reaction of 14 cultivars and advanced breeding lines of potato against Rhizoctonia 

solani in the greenhouse. All of them were susceptible while Cardinal and CIP-393574-61 were less affected. 

Chand and Logan (1982) observed that there was no difference in susceptibility among the potato cultivars yet 

yield reduction was much higher in some cultivars (Pentland Squire, Dunbar Standard and Arran Consul) than 

the others. Therefore, the susceptibility of a cultivar to stem canker early in the season cannot be used to predict 

the amount of yield loss.  
 

Dowley (1972) conducted field trials of potato germplasms in sandy soilsto assess their reaction to black scurf 

(R. solani). Cherokee, Dore, Ackersegen, Mentor, Majestic, Pentland Envoy, Plato, Aquila and Ulster Chieftain 

were moderately resistant to the disease. Bakr et al. (2007) screened 25 germplasm of potato in Bangladesh 

against R. solani by artificial inoculation in the field. Five of the entries including Raja and Arinda were 

moderately resistant. The germination and survival of seedlings from true potato seeds were tested against R. 

solani isolates. The survival of seedlings was seriously affected due to the inoculation of R. solani isolates in 

sterilized soil compared with the uninoculated control. Thus, potato grower requires both fungicide and high 

quality potato cultivars to control the disease effectively. Hence, this study was conducted to assess the reaction 

of some potato cultivars against stem canker and black scurf of potato in natural infection in the field. 
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MATERIALS AND METHODS 
 

The experiment was conducted during 2007-2008 cropping season at Tuber Crops Research Sub-Centre, BARI, 

Bogra. Seed tubers of different germplam were collected from Breeder Seed Production Centre, Debigonj, 

Panchagarh. Nineteen potato germplasm were included under the study. The germplasm were V-4, Quincy, 

Billini, Meridian, Raja, Innovator, Lady Rosetta, Diamant, Lalpakri, Courage, Heera, Ajiba, Cardinal, BARI-

TPS-1, V-36 and Daifla, Asterix, Felsina and Granola. The experiment was conducted in previously Rhizoctonia 

solani infested soil. The unit plot size was 3.0m × 1.8m. The experiment was set up in randomized complete 

block design with three replications. Block to block and plot to plot distance was 100 cm and 50 cm 

respectively. Row to row distance and tuber to tuber distance was 60 cm and 25 cm, respectively. Each plot had 

three rows, twelve seed tubers were sown in each row.  
 

Recommended doses of fertilizers and manures were applied as suggested by Tuber Crops Research Centre, 

BARI, Gazipur (Anon. 2007). Cowdung was incorporated to the soil during land preparation at the rate of 10 

t/ha. Urea, Triple super phosphate (TSP), Muriate of potash (MoP), Gypsum, Zinc sulphate and Boric acid were 

applied at the rate of 360, 220, 250, 120, 14 and 6 kg per hectare, respectively. The entire amount of TSP, MoP, 

Gypsum, Zinc sulphate, Boric acid and half of urea were applied at the time of final land preparation. Seed 

tubers were planted on 27 November 2007 maintaining 25 cm seed to seed distance. The 2
nd

 half of urea was 

applied at 30 days after planting (DAP). Weeding was done at 25 DAP and earthing up was done at 30 DAP. 

Irrigation was applied at 20 and 40 DAP. The insecticides Dursban 50 WP (Chloropyrifos) @ 0.5% and Admire 

200 SL (Imidacloprid) @ 0.1% were applied respectively, to control cutworms and aphids. Secure 600 WG 

(Pyrimunamined) @ 0.1% was sprayed at 10 days interval as preventive measures against late blight disease of 

potato. The crop was harvested on 24 February 2008. 
 

Data on germination, number of stem per hill, plant height were recorded from the field. After harvest, data on 

healthy and infected tubers were collected. The black scurf infected tubers were separated into three groups such 

as russet, deformed and sclerotia infected. Number and weight of tubers under each group were recorded. 

Number and weight of healthy tubers harvested from each plot were also recorded. Disease related data such as 

incidence, percent disease index (PDI), tuber infection and yield were collected. To record disease incidence, 20 

plants were randomly selected from each unit plot at 70 DAP, uprooted carefully, washed with running tap 

water and checked for infection. Numbers of infected and healthy plants were counted and percent disease 

incidence was calculated based on total number of plants checked according to the formula:  
 

 
 

At 70 DAP, severity of stolon infection was indexed on a  0-6 indexing scale (Bakr et al. 2010), where 0 = No 

symptom on stolon, 1 = minute brown lesion on stolon or root, 2 = moderately brown lesion on stolon and 

curling tendency on central leaf, 3 = stolon symptom discolored accompanied by brown discoloration on roots, 4 

= brown to black discoloration on underground parts, tissue discoloration and curling of growing leaves, 5 = 

profuse emerging of auxiliary leaves, leaf size reduced markedly and pale green on leaf margin, and 6 = 

production of aerial tuber with green color.  
 

Twenty plants in each plot were randomly selected and uprooted carefully from soil, washed with water. The 

plants were checked individually and severity of stolon infection was indexed. Number of stem canker infected 

plants under each grade (0-6 scale) was recorded and the percent disease index (PDI) was calculated using the 

following formula: (Singh 1984). 
 

 
 

The black scurf infected tubers were separated into three groups such as russet, deformed and sclerotia infected. 

Number and weight of tubers under each group were recorded. Number and weight of healthy tubers harvested 

from each plot were also recorded.  
 

After harvest the reaction of the germplams were scored on the basis of affected tuber surface and the 

assessment was made on using the following (0-5) scale (Bakr et al. 2010).  
 

Grade Description Reaction 

0 No symptom on potato tubers  Highly Resistant 

1 1 % or less area affected  Resistant 

2 ›1-10% area affected Moderately Resistant 

3 11-20% area affected Moderately Susceptible 

4 21-50% area affected Susceptible 

5 51% or more area affected Highly Susceptible  
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Collected data were analyzed statistically following MSTAT-C computer program Differences among treatment 

means were determined following Duncan’s Multiple Range Test using the same computer program. 
 

RESULTS AND DISCUSSION 
 

The results on the germination of the tubers and growth parameters of the germplasm of potato are shown in 

Table 1. Significant variation in germination, growth parameters, black scurf disease incidence and severity was 

observed. Germination ranged from 88.88% to 96.29%. Among the germplasm Lady Rosseta, Diamant, Asterix 

and Cardinal showed similarity in germination of the tubers. The germination in BARI-TPS-1 was 96.29%. 

Germination was comparatively low in Innovator and Ajiba. Germination in Raja 94.44% and Lalpakri was 

93.52% in the field. 
 

The number of stem per hill did not differ significantly among the germplasm, The number of stem per hill was 

5.0 in Heera and 3.97 in Innovator. It was 4.0 in Lalplkri, 4.2 in V-36 and 4.5 in Courage. The other germplasms 

such as Lady Rosetta produced 4.7 stems per hill, which was 4.9 in Cardinal and 4.66 in Daifla (Table 1).  
 

There was significant variation in plant height among the germplasms. Some of the germplasm were similar in 

plant height. The plant height was 51.13 cm in Daifla. Cardinal, Heera and Meridian were similar in plant 

height. The tallest plant was observed in Quincy. Plant height of Lady Rosetta was 50.8 cm as compared to 

46.53 cm in Innovator (Table 1). 
 

Table 1. Reaction of some potato germplasm on black scurf incidence, PDI, germination, growth parameters in 

the field 
 

Germplasms Germination (%) 
No. of stem/ 

hill (NS) 
Plant height (cm) Incidence (%) 

PDI 

(Severity) 

V-4 92.59 abc 4.9 51.1 bcd 21.66 bcd 11.66 bcd 

Quincy 93.51 abc 4.7 68.2 a 22.21 bcd 11.94 bcd 

Billini 91.66 abc 4.4 57.3 b 22.77 bcd 11.94 bcd 

Meridian 93.51 abc 4.5 59.1 b 20.55 cde 11.66 bcd 

Raja 94.44 abc 4.53 49.90 bcd 16.66 fg 8.33 ef 

Innovator 88.88 c 3.96 46.53 cd 27.22 a 16.38 a 

Lady Rosetta 92.59 abc 4.7 50.8 bcd 17.22 efg 9.99 de  

Diamant 92.59 abc 5.2 54.6 bc 23.33 ab 12.22 bcd 

Lalpakri 93.52 abc 4.0 45.1 d 17.77 efg 10.27 cde 

Courage 90.73 abc 4.5 50.23 bcd 19.99 cdef 11.38 bcd  

Heera 95.36 ab 5.0 59.3 b 15.55 g 7.77 fg 

Ajiba 89.82 bc 4.03 46.83 cd 24.44 abc 13.33 b 

Cardinal 92.58 abc 4.9 56.66 b 23.88 abc 12.49 bc 

V-36 91.66 abc 4.2 50.6 bcd 18.88 defg 10.83 bcd 

BARI-TPS 1 96.29 a 4.36 58.2 b 12.22 h 6.38 g 

Daifla 91.66 abc 4.66 51.13 bcd 19.44 def 11.11 bcd 

Asterix 92.58 abc 4.6 60.03 b 22.21 bcd 11.66 bcd 

Felsina 89.92 bc 4.2 67.49 a 24.44 abc 12.49 bc 

Granola 91.66 abc 5.13 50.57 bcd 20.55 cde 12.99 bcd 

CV % 1.72 14.53 9.12 5.20 5.83 
 

Means followed by the same letter within a column did not differ significantly at the 5% level by DMRT. NS = Not Significant 
 

The reaction of germplasm on disease incidence and PDI varied significantly (Table 1). Disease incidence was 

significantly higher in the varieties Innovator, Diamant, Ajiba, Cardinal and Felsina as compared to other 

varieties. The lowest incidence was recorded in BARI-TPS-1 (12.22%). Incidence was less than 20% in seven 

varieties but all other varieties had infection of more than 20%. The maximum incidence was recorded in 

Innovator.  
 

Percent disease index (PDI) was the highest in Innovator (16.38%). The PDI was 6.38% in BARI-TPS-1 and 

7.77% in Heera. Diamant, Cardinal, Ajiba and Felsina were similar in PDI. Seven varieties showed PDI less 

than 10%. The number of tubers showing different types of symptoms of black scurf of potato differed 

significantly among the germplasms (Table 2). Significantly higher number of russet tubers was recorded in 

Ajiba and Daifla. It was similar in Billini, Innovator, Lady Rossetta, Diamant, Cardinal, V-36 and Granola. 

There was no significant variation among V-4, Quincy, Meridian, Raja, Lalpakri, Courage, Heera and BARI-

TPS-1, Asterix and Felsina in number of russet tuber was insignificant.  
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Table 2.  Number of black scurf infected and healthy tubers of some potato germplasm                      
                 

Germplasms 
Number of infected tuber/plot Number of healthy 

tubers Russet Deformed Sclerotia Total  

V-4 8.33 e 8.67 cd 10.33 cdefg 27.33 151.00 bcde 

Quincy 8.67 de 10.33 bcd 12.33 cdef 31.33 156.67 abc 

Billini 14.33 ab 15.67 a 12.67 cde 42.67 146.67 cdef 

Meridian 11.33 bcde 14.67 ab 10.33 cdefg 36.33 141.67 efg 

Raja 7.67 e 8.33 cd 3.67 h 19.67 167.67 a 

Innovator 12.67 abcd 11.33 abcd 27.33 a 51.33 110.33 h 

Lady Rosetta 13.67 abc 7.00 d 11.00 cdefg 31.67 143.67 def 

Diamant 15.00 ab 14.33 ab 13.00 cd 42.33 160.67 ab 

Lalpakri 10.00 cde 10.33 bcd 8.00 g 28.33 135.33 fg 

Courage 8.00 e 8.00 d 9.33 defg 25.33 160.67 ab 

Heera 8.33 e 7.67 d 3.33 h 19.33 164.00 a 

Ajiba 16.33 a 10.67 bcd 19.00 b 46.00 131.67 g 

Cardinal 12.67 abcd 15.67 a 13.67 c 42.01 155.67 abcd 

V-36 15.33 ab 12.67 abc 8.67 efg 36.67 144.67 cdef 

BARI-TPS -1 9.00 de 9.00 cd 2.33 h 20.33 148.33 cde 

Daifla 15.67 a 13.67 ab 8.33 fg 37.67 145.00 cdef 

Asterix 11.33 bcde 14.66 ab 10.33 cdefg 36.32 141.66 efg 

Felsina 8.00 e 8.00 d 9.33 defg 25.33 160.68 ab 

Granola 13.66 abc 7.0 d 11.00 cdefg 31.66 156.63 abc 

CV % 18.44 12.06 18.77 - 4.42 
Means followed by the same letter within a column did not differ significantly at the 5% level by DMRT  
 

The number of deformed tubers were high in Billini Meridian, Innovator, Diamant, Cardinal, V-36, Daifla and 

Asterix (Table 2). Significantly lower number of deformed tubers was recorded in Lady Rosetta, V-4, Quincy, 

Raja, Innovator, Lalpakri, Courage, Heera, Ajiba, BARI-TPS-1, Felsina and Granola. The highest number of 

sclerotia bearing tubers was recorded in Innovator; other germplasms such as Raja, Heera and BARI-TPS-1 

were similar (Table 2). 
 

The number of healthy tubers in case of Raja Quincy, Diamant, Courage, Heera and Cardinal were similar. The 

lowest number of healthy tubers was harvested from Innovator (Table 2). 
 

The weights of tubers with different types of symptoms of black scurf are presented in Table 3. The weight of 

russet tubers was higher in Ajiba Billini, Meridian, Innovator, Lady Rosetta, Diamant, Cardinal, V-36, Daifla, 

Asterix and Granola. The other varieties differed significantly in these parameters. Minimum weight of russet 

tubers was recorded in Lalpakri, V-4, Quincy, Raja, Courage, Heera BARI-TPS-1 and Felsina. 
 

The weight of deformed tuber was similar in Billini, Cardinal Quincy, Meridian, Innovator, Diamant, V-36, 

Daifla and Asterix. On the other hand, there were no significant differences among V-4, Raja, Lady Rosetta, 

Lalpakri, Courage, Heera and BARI-TPS-1, Felsina and Granola (Table 3).  
 

Table 3. Weight of black scurf infected and healthy tubers of some potato germplasm 
 

Germplasms  
Weight of infected tuber/plot (g) 

Total (Kg) 
Weight of Healthy 

tuber (Kg) Russet Deformed Sclerotia 

V-4                                                                                                                                                                                                                                                                                                                630 cd 630 de 800 cdef 2.06 9.60 bcd 

Quincy 700 bcd 970 ab 870 cdef 2.545 9.93 abc 

Billini 1030 a 1070 a 900 cde 3.00 8.80 cde 

Meridian 830 abc 1000 ab 770 cdefg 2.60 8.37 ef 

Raja 630 cd 600 de 270 hi 1.50 11.00 a 

Innovator 900 ab 830 abcd 1800 a 3.53 5.93 h 

Lady Rosetta 970 a 470 e 830 cdef 2.27 8.60 def 

Diamant 1030 a 1000 ab 930 cd 2.96 9.53 bcde 

Lalpakri 500 d 600 de 500 gh 1.60 6.57 gh 

Courage 600 cd 600 de 670 defg 1.87 9.73 bcd 

Heera 630 bcd 600 de 230 i  1.46 10.33 ab 

Ajiba 1100 a 800 bcd 1300 b 3.20 7.57 fg 

Cardinal 900 ab 1070 a 970 c 2.94 9.80 bcd 

V-36 1030 a 900 abc 600 fg 2.53 8.67 def 

BARI-TPS -1 630 bcd 670 cde 170 i 1.47 9.73 bcd 

Daifla 1.070 a 930 ab 630 efg 2.63 8.70 def 

Asterix 830 abc 1000 ab 770 cdefg 2.60 8.35 ef 

Felsina 600 cd 600 de 670 defg 1.87 9.72 bcd 

Granola 970 a 630 de 870 cdef 2.47 8.66 def 

CV % 17.02 16.71 19.20 - 7.03 
Means followed by the same letter in the same column did not differ significantly at the 5% level by DMRT 
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The weight of sclerotia bearing tubers (SBT) was 1800 gm in Innovator as compared to 170 gm in BARI-TPS-1. 

The weight of SBT was similar Raja and Heera. The weights of SBT were 770-900 in seven sermplasms and 

170-270 in three germplasm. Ajiba produced 1300 SBT in each Plot (Table 3).  
 

Total number of healthy tubers was high in Raja, consequently the quantity of infected tubers was low. Quincy 

and V-4 showed similarly in weight of total amount of infected and healthy tuber. The number of healthy tuber 

was very low in Innovator as it gave high quantity of infected tubers. The weigh of healthy tubers was nearly 

equal in Heera and Raja; there was no difference between Cardinal and BARI-TPS-1. The amount of healthy 

tubers of Lady Rosetta was nearly equal to that of Billini (Table 3). 
 

The tuber yield of germplasm as affected by black scurf and stem canker of potato are shown in (Table 4). Tuber 

yield was 24.08 t/ha in Raja. The yield of Lalpakri was comparatively low (15.12 t/ha) but the yield was 

statistically similar to V-4, Billini, Meridian, Innovator, Lady Rosetta, Courage, Ajiba, V-36, BARI-TPS-1, 

Daifla and Granola. On the other hand the yield of Diamant, Cardinal and Lady Rosetta was identical to that of 

Raja. 
 

The reaction of the germplasm against black scurf and stem canker was scored on the basis of (0-5) grading 

scale and categorized in to resistant, moderately resistant (MR) susceptible and moderately susceptible (MS) 

(Table 4). Most of the varieties showed susceptible reaction to the disease under natural infection in the field. 

Raja, Heera, BARI-TPS-1 showed moderately resistant reaction. Eight germplasms (V-4, Quincy, Billini, Lady 

Rosetta, Lalpakri, Courage, V-36, Daifla) showed moderately susceptible, six were (Meridian, Diamant, 

Cardinal, Asterix, Felsina and Granola) gave susceptible and two (Innovator, Ajiba) gave highly susceptible 

reaction to the disease (Table 4). 
 

Table 4. Tuber yield of some potato germplasm as affected by stem canker and black scurf  
 

Germplasms Yield (t/ha) Black  Scurf (0-5 scale) Disease reaction 

V-4 20.61 ab 3 MS 

Quincy 23.08 a 3 MS 

Billini 21.85 ab 3 MS 

Meridian 20.48 ab 4 S 

Raja 24.08 a 2 MR 

Innovator 18.44 ab 5 HS 

Lady Rosetta 20.74 ab 3 MS 

Diamant 23.14 a 4 S 

Lalpakri 15.12 b 3 MS 

Courage 22.09 ab 3 MS 

Heera 22.96 a 2 MR 

Ajiba 20.29 ab 5 HS 

Cardinal 22.64 a 4 S 

V-36 20.74 ab 3 MS 

BARI-TPS -1 20.86 ab 2 MR 

Daifla 20.92 ab 3 MS 

Asterix 22.66 a 4 S 

Felsina 23.08 a 4 S 

Granola 20.86 ab 4 S 

CV % 10.46 - - 
Means followed by the same letter within a column did not differ significantly at the 5% level by DMRT 
 

Research in the present study for the sources of resistance against stem canker and black scurf under natural 

condition indicate that none of the potato germplasm showed resistance reaction to R. solani. Only three, Raja, 

Heera and BARI-TPS-1. Out of 19 showed moderately resistant reactions to stem canker and black scurf 

disease. Commercially cultivated varieties like Cardinal, Diamant and Granola also showed susceptible reaction 

to the disease but according to Naz et al. (2008) Cardinal showed resistant reaction to R. solani, the causal agent 

of stem carker and black scurf of potato. Variation of the varieties/ germplasm in their reaction to R. solani 

depends on their genetical constituents. Variations of varieties/germplasm in their reaction to R. solani have 

been studied by many researchers such as Dowley (1972), Chand and Logan (1982), Rauf et al. (2007), 

Remandi et al. (2008), Naz et al. (2008) and Khandker et al. (2011). This might happen due to difference in 

anastomosis group of R. solani (Ag-3) which was not considered in this study.  
 

It may be concluded that only three varieties (Raja, Heera, BARI-TSP-1) were moderately resistant to R. solani 

under field study. Further studies are needed to utilize these resistance sources for their sustainability.    
 

CONCLUSION 
 

The results reveal that none of the potato germplasm showed of resistance reaction to R. solani. Only three, 

Raja, Heera, and BARI-TSP-1 showed moderately resistant reaction to stem canker and black scurf disease.  
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