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Abstract 

 

Potato is the main cash crop of Gilgit-Baltistan in particular of buffer zone of Central Karakorum National Park (CKNP). 

There are many biotic and abiotic threats to its production. Amongst them the black scurf disease caused by Rhizoctonia solani 

is the major constraint. In order to assess black scurf of potato a comprehensive survey was carried out in four main valleys of 

the region consisting of 24 villages. The survey revealed that valley wise mean disease prevalence was high in Bagrote 

(63.85±9.06) and low in Haramosh (45.40±14.62). Maximum mean disease incidence and severity were recorded in Hoper 

valley while least disease incidence appeared in Haramosh and severity in Bagrote valley. Production practices as risk factor 

were assessed through a questionnaire. The majority of farmers performed activities in field that were supportive to the black 

scurf epidemics, such as, use of pits for storage of late harvested potato tuber for growing in next season, table potato, lack of 

general awareness about black scurf, not maintaining proper depth of sowing, irrigation, harvesting time and crop rotation. In 

vitro efficacy of three fungicides at different concentrations i.e. 50, 100, 150 and 200 ppm were tested against Rhizoctonia 

solani isolates. Results indicated that increase of fungicide concentration significantly inhibited the mycelial growth of 

respective isolates. However, sensitivity reaction of each of isolates against each fungicide was also differential.  Fungicide 

ridomil gold and mencozeb showed more toxic effect against the fungus compared to vitavax.  
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Introduction 

 

Potato (Solanum tuberosum L.) occupies a distinct 

position among the major crops of the world. Today 

potato holds the fourth position in the world food 

production next to maize, rice and wheat (Anon., 

2008).Its commercial cultivation is common in all 

climatic condition except tropical low lands (Hijmans, 

2001).  In Pakistan, it’s ranked third after wheat and rice 

as well as its consumption increasing over the year.  The 

agro climatic conditions of Pakistan specifically Gilgit-

Baltistan is conducive for growing potato. The region was 

considered as favorable for good quality seed production 

but unfortunately the yield as well as quality of the 

produce has declined due to a variety of problems 

including insect pest, diseases, unavailability of certified 

seeds and imbalanced application of fertilizers. Diseases 

that affect the potato production include, early and late 

blight, black scurf and potato virus (X and Y) etc. Black 

scurf of potato caused by Rhizoctonia solani represent an 

economically important disease. Due to its complex 

nature it occurs all over the world where potato is grown 

(Powelson et al., 1993; Banville et al., 1996; Banville 

&Carling, 2001). It is one of the serious threats to potato 

crop that reduced the production (qualitatively and 

quantitatively). Rhizoctonia solani is a polyphagous 

fungus causing different types of disease symptoms 

including seed decay, damping off, stem canker, black 

scurf, root decay, and foliage disease. Among them black 

scurf is identified on the surface of progeny tubers, is a 

significant problem for the potato growers (Carling & 

Leiner 1986).It is highly destructive pathogen and lives as 

sclerotia or mycelium in infected plant residues or in the 

soil and remains there forever (Sneh et al., 1996). These 

infective propogules have potential to infect potato crop 

growing next season in the same soil (Agrios, 2005).The 

current study was therefore designed to assess black scurf 

epidemiology, existing growing practices that influence 

black scurf and In vitro fungitoxic effect against 

Rhizoctonia solani isolates. 

 

Materials and Methods 

 

Black scurf: Disease distribution (prevalence, incidence 

and severity) was carried out through extensive survey of 

four valleys of CKNP region Gilgit-Baltistan. These 

valleys comprised of 24 villages and 130 potato fields. 

Inspection of potato fields and collection of diseased 

tubers were subjected to the willingness of farmers. 

Disease distribution was calculated using formulas as 

described by Rauf et al. (2007). Formulas used for 

assessment of black scurf of potato were: 

 

(i)  
 
(P % = Prevalence %; F.S = Farm showing black scurf 

symptom; T.F = Total farm)  

 

(ii)  
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(I % = Incidence %; P.T = Potato showing black scurf 

symptom; T.P.T = Total potato tuber) 

 

(iii)  
 

(DS = Disease severity; SI = Sum of all disease rating; TR 

= Total number of rating; MD= Maximum disease grade) 

 
Production Practices as risk factors: This study was based 
on primary data collected from potato growers of Bagrote, 
Haramosh, Hoper and Shigar valley of CKNP region Gilgit-
Baltistan, Pakistan during the year 2013-14 (Fig. 1). Before 
launching, the survey, questionnaire was developed and was 
improved accordingly. Sample survey was undertaken and 
personal interviews were conducted to collect the 
information about production practices of potato crop. 

 
Sample size: The survey was based on one hundred 
randomly selected potato growers. Twenty five potato 
growers were selected from each valley. The analysis was 
carried out in relation to percentage analysis; including 
potato tuber used for sowing, depth of sowing, and 
awareness about black scurf disease, irrigation and 
harvesting time. 

 

Rhizoctonia solani isolates: Twenty Rhizoctonia 

solani isolates (RS1 to RS20) were collected from 

potato tuber during field survey. These isolates were 

cultured in laboratory and purified by sub culturing. 

The sub culture of each isolate was examined under 

microscope and identified as described by Burgess et 

al., 1994.From the twenty isolates only eight isolates 

(RS2, RS3, RS4, RS5, RS10, RS12, RS15 and RS16) were 

selected on the basis of their rapid growth in PDA 

medium and used in the current study. 

In vitro efficacy of fungicide: In order to test the fungicide 

sensitivity of R. solani isolates, three fungicides viz; redomil 

gold, vitavax and mencozeb at four concentrations 50, 100, 

150 and 200 ppm were studied using poison food technique 

(Nene & Thapliyal, 1982). Petri plates (9 cm-diameter) having 

20 ml of fungicide amended potato dextrose agar (PDA) 

medium were used. In each Petri plates culture of Rhizoctonia 

solani isolate was cut into 5 mm diameter disc from actively 

growing margins using cork borer and placed it at the center of 

each treatment. Three replicates along with control were 

maintained. The inoculated Petri dishes were incubated at 

27±2°C and data were recorded after one week of incubation. 

The data were recorded for mycelial growth reduction in 

millimeter while the mean inhibition percentage of the 

mycelial growth was recorded by using following formula: 

 

(IMGR = Isolate mycelial growth reduction %; MGC = 

Mycelial growth in control; MGT = Mycelial growth in 

treatment). 

 

Results 

 
Black scurf prevalence, incidence and severity: The 
study was carried out during 2013-14 to investigate black 
scurf distribution. Results showed that black scurf 
intensity varied significantly (p≤0.05) in the study area. 
Valley wise mean disease prevalence was found higher in 
Bagrote (63.85±9.06) followed by Hoper (57.61±12.71), 
Shigar (54.95±16.81) and Haramosh (45.40±14.62) 
respectively. Results pertaining to disease incidence 
showed maximum in Hoper (14.47±3.45) followed by 
Shigar (14.28±5.74), Bagrote (13.99±3.26) and Haramosh 
(11.82±2.84), whereas, higher disease severity was 
recorded in Hoper (3.77±1.41) and Shigar (3.74±1.60), 
while least in Bagrote (3.57±1.20) and Haramosh 
(3.58±1.07) valleys respectively (Table 1).  

 

 
 

Fig. 1. Map of study area of CKNP valleys. 
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Fig. 2. Categories of potato used for sowing. 

 

 
 

Fig. 3. Sowing of potato in different depth. 

 

 
 

Fig. 4. Irrigation practices of potato crop. 

 
 

Fig. 5. Harvesting time of potato crop. 

 

 
 

Fig. 6. Crop rotation practices adapted by potato growers. 

 

 
 

Fig. 7. Awarness about potato black scurf disease. 

 
Assessment of production practices: Assessment of 
production practices as risk factors contributing to 
black scurf intensity was carried outthrough a 
questionnaire based survey, conducted among the 
potato growers of CKNP region GB. The information 
about sources of potato seed, depth of sowing, 
irrigation, time of harvesting, awareness about black 
scurf and crop rotation was ascertained. Result showed 
that 45% of farmers used pits to store potato, 35% 
obtained fresh seed from Agriculture Department GB 
and 10% used table potatoes obtained from market 
(Fig. 2). The depth of sowing of potato seed was 

recorded as 25, 65 and 20% farmer placed potato seed 
in soil within 2 inch, 3-4 inch and above 4 inch (Fig. 
3). 15, 50 and 35% farmers irrigated potato before 
sowing, after sowing and within a week (Fig. 4). The 
percent of farmers harvesting potato crops was 
recorded as 20% (immediately after vine kill), 25% 
(within 1-2 week) and 55% (after 3-4 week) (Fig. 5). 
Majority of farmers adopted one year crop rotation in 
this region while 85% of farmers were not aware about 
black scurf of potato (Figs. 6-7). During the harvesting 
time the temperature of study area fell in the range of 
20-30°C in August and 16-28°C in September (Fig. 8). 
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Table 1. Distribution of potato black scurf in the study area. 

Disease 
Valleys 

Bagrote Haramosh Hoper Shigar 

% Prevalence 63.85 ± 9.06 45.40 ± 14.62 57.61 ± 12.71 54.95 ± 16.81 

% Incidence 13.9 ± 3.26 11.82 ± 2.84 14.47 ± 3.45 14.28 ± 5.74 

% Severity 03.57 ± 1.20 03.58 ± 1.07 03.70 ± 1.41 03.74 ± 1.60 

The values represent mean ± St. Dev for the given parameters in different valleys 

 

Table 2. In vitro effect of fungicide ridomil gold on the redial colony growth of sclerotial isolates of Rhizoctonia solani. 

Isolates Control 
50 ppm 100 ppm 150 ppm 200 ppm 

RCG (mm) % I RCG (mm) % I RCG (mm) % I RCG (mm) % I 

RS2 84.43 60.93bc 27.83 50.60ab 40.06 33.62c 60.18 16.30e 80.69 

RS3 85.36 60.21cd 29.46 52.23a 38.81 34.12b 60.02 17.06d 80.01 

RS4 86.40 63.28a 26.75 49.37ab 42.85 35.21a 59.24 21.18a 75.48 

RS5 84.37 60.18cd 28.67 50.53ab 40.10 33.28d 60.55 18.80c 77.72 

RS10 84.37 61.38b 27.24 49.10a 41.80 34.31b 59.33 20.12b 76.15 

RS12 82.23 60.12cd 26.88 48.18b 41.40 32.22e 60.82 21.19a 74.23 

RS15 85.03 63.88a 24.87 42.86c 49.60 30.01f 64.70 16.74d 80.31 

RS16 84.30 60.00d 28.82 44.60c 47.09 29.58g 64.91 15.64f 81.44 

Mean 84.56 61.24 27.56 48.43 42.75 32.79 61.21 18.38 78.25 

Means in each column followed by the same letter are not significantly different at LSD test (p≤0.05); RCG: Colony growth rate 

and % I: % of inhibition 

 

Table 3. In vitro effect of fungicide vitavax on the redial colony growth of sclerotial isolates of Rhizoctonia solani. 

Isolates Control 
50 ppm 100 ppm 150 ppm 200 ppm 

RCG (mm) % I RCG (mm) % I RCG (mm) % I RCG (mm) % I 

RS2 84.43 62.29c 26.22 50.11d 40.64 34.00e 59.72 16.75e 80.16 

RS3 85.36 63.72b 25.35 56.30a 34.04 38.12b 55.34 23.18a 72.84 

RS4 86.40 63.30b 32.43 53.12b 45.08 38.06b 62.87 23.42a 79.06 

RS5 84.37 65.45a 22.42 51.16c 39.36 39.09a 53.66 22.24b 73.64 

RS10 84.37 63.28b 24.99 49.24e 41.64 38.11b 54.82 20.16c 76.10 

RS12 82.23 61.75c 24.90 48.32f 41.23 37.15c 54.82 19.64d 76.11 

RS15 85.03 60.06d 29.36 47.11g 44.60 38.24b 55.02 20.07c 76.39 

RS16 84.30 59.84d 28.67 45.30h 46.26 36.29d 56.95 16.61e 80.29 

Mean 84.56 60.46 26.79 50.08 41.60 37.38 56.65 20.26 76.82 

Means in each column followed by the same letter are not significantly different at LSD test (P≤0.05); RCG: Colony growth rate 
and % I: % of inhibition 

 

Table 4. In vitro effect of fungicide mencozeb on the redial colony growth of sclerotial isolates of Rhizoctonia solani. 

Isolates Control 
50 ppm 100 ppm 150 ppm 200 ppm 

RCG (mm) % I RCG (mm) % I RCG (mm) % I RCG (mm) % I 

RS2 84.43 58.77cd 30.39 48.46a 42.60 33.25a 60.61 17.74bc 78.98 

RS3 85.36 60.00ab 29.70 48.98a 42.62 33.26a 61.03 18.26a 78.60 

RS4 86.40 58.38d 32.43 47.45b 45.08 32.08bc 62.87 17.54c 79.69 

RS5 84.37 59.00cd 30.06 46.14c 45.31 33.20a 60.64 18.09ab 78.56 

RS10 84.37 59.34bc 29.66 44.94d 46.73 32.30b 61.72 17.41c 79.36 

RS12 82.23 59.92ab 27.13 45.75c 44.36 31.52c 61.66 16.26d 80.22 

RS15 85.03 60.71a 28.60 45.44cd 46.56 30.31d 64.35 17.56c 79.34 

RS16 84.30 60.08ab 28.73 44.17e 47.60 29.65e 64.82 16.39d 80.55 

Mean 84.56 59.52 29.58 46.42 45.10 31.95 62.21 17.40 79.41 

Means in each column followed by the same letter are not significantly different at LSD test (p≤0.05); RCG: Colony growth rate 

and % I: % of inhibition 
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Fig. 8. Harvesting time of potato crop in Hilly areas of Gilgit-Baltistan. 

 

 
 

Fig. 9. Mean inhibition percentage of Rhizoctonia solani isolates at different concentration of fungicides. 

 

In vitro efficacy of fungicide against R. solani isolates: 

The data on In vitro efficacy of fungicides ridomilgold, 

mencozeb and vitavax against eight R. solani isolates was 

evaluated at 50, 100, 150 and 200 ppm using food poison 

techniques (Nene &Thapliyal, 1982). Results showed that 

the radial colony growth of all isolates significantly 

decreased with the increased in concentration of 

fungicide. However, fungicide ridomilgold and mencozeb 

sowed high toxic effect as compared to vitavax over 

control. Similarly sensitivity reaction of each isolates 

against fungicides was differential. Fungicide ridomilgold 

inhibited mycelial growth >80% in RS2, RS3, RS15 and 

RS16, vitavax in RS2 and RS16 and mencozeb in RS12 and 

Rs16) at 200 ppm concentration (Tables 2, 3 and 4). 

Among the tested fungicide ridomilgold and mencozeb 

were more effective comparatively than vitavax (Fig. 9). 

 

Discussion 
 

The general trend of agriculture in Gilgit-Baltistan is 

shifting from subsistence level to commercial enterprise 

especially for potato production, which is key income 

generating activity. The agro climatic condition of GB is 

considered a rich basket of producing quality seed potato. 

Unfortunately, during the last twenty year potato crop 

faced different pathological problems. Amongst, black 

scurf is one of the major constraints in terms of qualitative 

and quantitative losses. There are few published reports 

on black scurf of potato in Gilgit-Baltistan especially the 

buffer zone of Central Karakoram National Park (CKNP). 

Keeping in view the above facts, a compressive study was 

carried out in the selected valleys. The survey results 

revealed that distribution of black scurf of potato varied 

from valley to valley. High disease prevalence of black 

scurf was found in Bagrote, incidence in Hoper and 

severity in Shigar valley was recorded. Some reports 

reveal that high incidence and severity of black scurf in 

GB is due to flow of susceptible potato seed, weak 

quarantine system, lack of crop rotation and poor crop 

husbandry (Bhutta et al., 2004). It is further supported by 

the findings of Hooker (1981) that favorable climatic 

conditions, mono-cropping, and growing susceptible 

cause by high incidence and severity. Previous findings 

concluded that harvesting time of potato crop is another 

Days temperature august 2013 
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factor for high incidence of black scurf. The extended 

harvesting time results into greater incidence of black 

scurf (Daami-Remadi et al., 2008a; Rajpal et al., 2005). 

Potato varieties Desire and Cardinal are grown in GB 

followed by Ultimus and Diamant (Bhutta et al., 2004). 

Previous research reports showed that Cardinal, Desire, 

Diamant, Ultimus and Cleopatra were highly susceptible 

to this particular disease (Zanoni, 1991; Ahmad et al., 

1995c; Rauf et al., 2007). 

Production practices as risk factor for black scurf 

epidemiology was also assessed in the study area. The 

result revealed that majority of the framers of the study 

area heavily irrigate potato fields, did not follow 

sowing depth, delay harvesting time and one year crop 

rotation. It was further observed that they store late 

harvest in pits in the field or nearby their residence for 

next year growing and also lack of awareness about 

black scurf as well as low temperature during 

harvesting time. Previous research findings agree that 

all these production practices support the black surf 

epidemiology. It has been further reported that early 

harvesting, minimum two year rotation, maintaining 

moisture contents, good drainage practice are essential 

to minimize black scurf occurrence (Abdessamad 

&Maria 2006; Dijst et al., 1986; Peters et al.,  2005). 

The findings of current study were further supported by 

Peters et al. (2005) that more than two year rotation 

practices reduce the severity of Rhizoctonia solani. 

Some previous studies also showed that good 

agriculture practices such as use of resistant varieties, 

crop rotation, irrigation and proper depth of sowing 

were instrumental in reducing the incidence of soil 

borne diseases (Olanya et al., 2006; Peters et al., 2004; 

Honeycutt et al., 1996). Raufet al., 2007 reported that 

low soil temperature during harvesting, monocropping 

and high moisture contents support high black scurf of 

potato in Pakistan. Crop rotation, using disease free 

tuber, maintaining soil depth (2 inch or less), and 

harvest without delay after vine kill are the only 

possible ways to manage black scurf disease in field 

(Lacy & Hammerschmidt, 1994; Hill & Anderson, 

1989). Increase of disease in soil has always been a 

problem for the growers and researchers (Gul et al., 

2005). Rhizoctonia solani, Fusarium solani and 

Pythium ultimum are most important soil borne 

pathogens that cause numerous vegetable diseases 

(Nicolle et al., 2003). The most suitable, effective and 

viable methods to manage plant disease is use of 

resistant varieties but it takes lot of time (Wada 2003). 

Fungicide is another option to manage pathogens in 

short term. In current investigation three fungicides, 

namely, ridomilgold, vitavax and mencozeb were 

tested against eight isolates of Rhizoctonia solani 

through poisoned food technique. The results indicated 

that the increase of fungicide concentration suppressed 

the mycelial growth of respective isolates. However, 

the level of sensitivity of each isolate against fungicide 

was observed to be different. Our study is in agreement 

with Delp & Dekar (1985). He stated that resistance to 

fungicide is a stable, inheritable and adjusted by the 

fungus to a particular fungicide. Brent (1998) stated 

that for management of fungicide-resistant pathogens 

effectively, it is imperative to observe the occurrence 

and distribution of resistant isolates, as well as the 

degree of resistance to the fungicide applied. 

According to Virgen-Calleros et al. (2000), variation of 

sensitivity of fungicide against R. solani isolates means 

the capability of isolates to fight against active 

ingredient. This statement is in agreement with our 

current study. Use of fungicide against R. solani is the 

most common method to protect potato crop. Broad 

spectrum fungicides are used.  However, no fungicides 

were recorded as effective against all species of 

Rhizoctonia. Variation in sensitivity to fungicides has 

been frequently reported within R. solani (Kataria et 

al., 1991; Csinos & Stephenson, 1999; Virgen-Calleros 

et al., 2000). Many researchers have used ridomil gold, 

vitavax and mencozeb against plant pathogen viz 

ridomil gold and mencozeb against Sclerotium rolfsii 

isolates and Sclerotinia sclerotiorum (Abida et al., 

2007; Iqbal et al., 2003) and Vitavax against R. solani 

isolates (Maniruzzaman et al., 2010), while efficacy of 

ridomil gold was tested against F. solani (Zahoor et al., 

2012; Naik et al., 2007). Nasreen & Gaffar (2010) used 

ridomilgold, vitavax and mencozeb against wide range 

of pathogen including F. solani that cause damping off, 

seed decay, seedling and infection of root. 

 

Conclusion  

 
The farming communities of the region can be 

empowered for improving production skill and 
management of black scurf disease. The result revealed 
that the area was severely infected with black scurf 
disease and percentage of prevalence, incidence and 
severity was varied within the valleys. Some of the 
leading factors like poor sowing practices, unavailability 
of resistant varieties, weak internal quarantine system, 
poor purchasing power of quality seed, lack of awareness 
about disease, delay in harvesting after vine killing and 
poor crop rotation are responsible for higher black scurf 
incidence. In vitro efficacy of fungicides showed that with 
the increase in their concentration mycelial growth of 
respective isolates was significantly reduced. However, 
fungicide ridomilgold and mencozeb showed high toxic 
effect compared to vitavax. Fungicide application is 
important tool for control of plant disease specially soil 
borne disease mainly when disease is prevalent in the 
field. In addition effective fungicides identification would 
help for combination of different components required for 
formulation of integrated disease management. 
 

Acknowledgements  
 

The authors are sincerely thankful to the Italian project 

(SEED and EvK2CNR) and Karakoram International 

University for financial and intellectual support.  
 

References 

 

Abdessamad, M.E.L.B. and P.M. Maria. 2006. Black scurf of 

potato. Mycologist, 20: 130-132. 

Abida, A., S.M. Iqbal, A.Q. Rizwana and C.A .Rauf. 2007. 

Variability among the isolates of Sclerotium rolfsii 

associated with collar rot disease of chickpea in Pakistan. 

Mycopath., 5(1): 23-28. 



FUNGITOXIC EFFICACY OF RHIZOCTONIA SOLANI ISOLATES IN HILLY AREAS OF GILGIT-BALTISTAN 1559 

Adams, M.J., P.J. Read, D.H. Lapwood, G.R. Cayley and G.A. 

Hide. 1987. The effect of irrigation on powdery scab and 

other tuber diseases of potatoes. Ann. App. Bio., 110: 287-

294. 

Agrios, G.N. 2005. Plant Pathology. 4th Ed. New York: 

Academic press, 214 p. 

Ahmad, I., M.H. Soomro, S, Khalid and A. Munir. 1995. 

Diseases of potato in Northern Areas during 1992 (p. 38) 

CDRI-PSPDP, PARC, Islamabad, Pakistan. 

Anonymous. 2008. Statistical database. Available: 

http://www.fao.org. 

Banville, G.B. and D.E. Carling. 2001. Rhizoctonia canker and 

black scurf. In: Compendium of Potato Diseases. (Eds.): 

Stevenson, W.R., R. Loria, G. Franc & D.P. Weingartner.St 

Paul, MN, APS Press, pp. 36-37. 

Banville, G.J., D.E. Carling and B.E. Otrysko. 1996. 

Rhizoctonia disease on potato. In: (Eds.): Baruch, J.-H. 

Suha, S. Neate and G. Dijst. In: Rhizoctonia species: 

Taxonomy, Molecular Biology, Ecology, Pathology and 

Disease Control. Kluwer Academic Publishers, The 

Netherlands, pp. 321-330. 

Bhutta, A.R., M.Q. Khan, J. Muhammad and I. Hussain. 2004. 

Pathological survey of potato crop in Northern Areas. 2003 

FSC & RD/AKRSP, DOA, Islamabad, p. 109. 

Brent, K.J. 1988. Monitoring for fungicide resistance. In: (Ed.): 

Delp, C.J. Fungicide Resistance in North America. APS 

Press, St. Paul, MN, USA. 

Burgess, L.W., B.A. Summerell, S. Bullock, K.P. Gott and D. 

Backhouse. 1994. Laboratory Manual for Fusarium 

Research, 3rd edn. Department of Crop Science, University 

of Sydney, Sydney.  

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

characterization of Rhizoctonia solani and binucleate R. 

solani-like fungi from aerial stems and subterranean organs 

of potato plants. J. Phytopath., 76: 725-729. 

Csinos, A.S. and M.G. Stephenson. 1999. Evaluation of 

fungicides and tobacco cultivar resistance to Rhizoctonia 

solani incited target spot, damping off and sore shin. Crop 

Prot., 18: 373-377. 

Daami-Remadi, M., S. Zammouri and M. El-Mahjoub. 2008a. 

Effect of the level of seed tuber infection by Rhizoctonia 

solani isolates at planting on potato growth and disease 

severity. African J. Pl. Sci. and Biotech., 2: 34-38. 

Delp, C.J. and J. Dekker. 1985. Fungicide resistance: Definitions 

and use of terms. EPPO Bull., 15: 569-574. 

Dijst, G., A. Bouman, A. Mulder and J. Roosjen. 1986. Effect of 

haulm destruction supplemented by cutting off roots on the 

incidence of black scurf and skin damage, flexibility of 

harvest period and yield of seed potatoes in field 

experiments. Netherland J P. Pathol., 92: 287-303. 

Gul, A., D. Erogul and A.R. Ongum.2005. Comparison of the 

use of zeolites and perlite as substrate for crisp-head 

lettuce. Scientia Hort., 106: 464-471. 

Helias, V. 2008. Pectobacterium spp. and Dickeya spp., on 

potato: A new nomenclature for Erwinia spp., symptoms, 

epidemiology and disease prevention. Cahiers Agric., 17: 

349-354. 

Hide, G.A. and J.P. Firmager. 1989. Effects of soil temperature 

and moisture on stem canker (Rhizoctonia solani) disease 

of potatoes. Potato Res., 32: 75-80. 

Hijmans, R.J. 2001. Global distribution of the potato crop. Ame. 

J. Potato Res., 78: 403-412. 

Hill, C.B. and N.A. Anderson. 1989. An evaluation of potato 

disease caused by isolate of Rhizoctonias olani AG-3. Ame. 

J. Potato Res., 66: 709-720. 

Honeycutt, C.W., W.M. Clapham and S.S. Leach.1996. Crop 

rotation and N fertilization effects on growth, yield, and 

disease incidence in potato. Ame. J. Potato Res., 73: 45-61. 

Hooker, W.J. 1981. Compendium of potato diseases. Ame 

Phytopathol Soc Saint Paul, Minnesota, USA. 

Iqbal, S.M., A. Ghafoor, Z. Ahmad and M. Haqqani. 2003. 

Pathogenicity and fungicidal efficacy for Sclerotinia rot of 

brinjal .I. J. A. B., 4: 618-620. 

Kataria, H.R., U. Hugelshofer and U. Gisi. 1991. Sensitivity of 

Rhizoctonia species to different fungicides. Plant Patho., l  

40: 203-211. 

Lacy, M.L. and R. Hammerschmidt. 1994. Disease of potato; 

Rhizoctonia canker and black scurf. Michigan State Uni. 

Ext. bull. E-2469. 

Maniruzzaman, K., A.B. Khurshed and K. Abul. 2010. In vitro 

evaluation of fungi cidal responses on the growth of 

pathogenic Rhizoctonia solani Kuhn, antagonistic 

binucleate Rhizoctonia and Trichoderma harzianum Rifai. 

Bangladesh J. Bot., 39(1): 107-110. 

Naik, M.K., H.M. Madhukar and G.S. Devika Rani. 2007. 

Evaluation of fungicides against Fusarium solani, the 

causal agent of wilt of chilli. Veg. Sci., 34(2): 173-176. 

Nasreen, S. and A. Ghaffar. 2010. Effect of fungicides, 

microbial antagonists and oilcakes in the control of 

Fusarium solani, the cause of seed rot, seedling and root 

infection of bottle gourd, bitter gourd and cucumber. Pak J 

Bot., 42(4): 2921-2934. 

Nene, Y.L. and P.N. Thaplyal. 1982. Fungicides in plant disease 

control. Oxford and IBH Pub Co, New Delhi, pp. 507. 

Nicolle, C., N. Cardinault, E. Gueux,  L. Jaffrelo, E. Rock, A. 

Mazur, P. Amouroux and C. Remesy. 2003. Health effect 

vegetable-based diet: lettuce consumption improves 

cholesterol metabolism and antioxidant status in the rat. 

Clinical Nutrition, 23: 605-614. 

Olanya, O.M., D.H. Lambert and G.A. Porter. 2006. Effects of 

pest and soil management systems on potato diseases. Ame. 

J. Potato Res., 83: 397-408. 

Peters, R.D. M.R. Carter, J.B. Sanderson, R. Reddin, K.A. 

MacIsaac, I.K. Macdonald, D. Carragher, D. Darrach, M.I. 

Power and A.V. Sturz. 2005. Influence of crop rotation and 

tillage practices on Rhizoctonia canker and black scurf, 

2003. Plant Disease. Management Reports (online) Report, 

20: PT001. 

Peters, R.D., A.V. Sturz, M.R. Carter and J.B. Sanderson. 2003. 

Developing disease suppressive soils through crop rotation 

and tillage management practice. Soil and Till. Res., 72: 

181-192. 

Peters, R.D., A.V. Sturz, M.R. Carter and J.B. Sanderson. 2004. 

Influence of crop rotation and conservation tillage practices 

on the severity of soil-borne potato diseases in temperate 

humidagri culture. Canadian J. Soil Sci., 84: 397-402. 

Powelson, M.L., K.B. Johnson and R.C. Rowe.1993. 

Management of diseases caused by Soil borne pathogens. 

In: Potato Health Management. (Ed.): Rowe, R.C. St Paul, 

MN, APS Press, pp. 149-156. 

Rajpal, S., S.M. Paul Khurana, B.P. Singh and M. Narayana 

Bhat. 2005. Integrated management schedule for control of 

black scurf disease of potato caused by Rhizoctonia solani. 

Pot. Journal, 32(3-4): 81-182. 

Rauf, C.A., M. Ashraf and I. Ahmad. 2007. Occurrence and 

Distribution of black scurf of Potato in Pakistan. Pak. J. 

Bot., 39(4): 1341-1352. 

Sepulveda, R.P., T.H. Lopez and L.D. Nunez. 2000. Effect of 

different soil humidity on the development of potato smut 

http://www.fao.org/
https://www.google.com.pk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0CBoQFjAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fscientia-horticulturae%2F&ei=0JHHU9LQB-fD0QWV_oGYDw&usg=AFQjCNFaX6kRK3AP9IHWKNvOv7ZphPBNiw&sig2=JO54jvcsPQ5VORoFTWlPlQ&bvm=bv.71198958,d.bGE


AZHAR HUSSAIN ET AL.,  1560 

(Angiosorus solani) in two potato varieties (Solanum 

tuberosum) under greenhouse conditions. Agric. Tech., 60: 

313-319. 

Virgen-Calleros, G., V. Olalde-Portugal and D.E. Carling. 2000. 

Anastomosis groups of Rhizoctonia solani on potato in 

Central Mexico and potential for biological and chemical 

control. Ame. J. Potato Res., 77: 219-224. 

Wada, A.C.2003. Control of sugarcane smut disease in Nigeria 

with fungicides. Crop Prot., 22: 45-49. 

Wale, S., H.W.B. Platt and N.D. Cattlin. 2008. Diseases, pests 

and disordersof potatoes.Academic,London. 

Wharton, P.S. 2001. Rhizoctonia stem canker and black scurf of 

potato. Bull Michigan Stat Uni. 

Zahoor, A.S., R. Fazli, K. Hakim and I. Muhammad. 2012. 

Chemical and biological control of Fusarium root rot of 

Okra. Pak. J. Bot., 44(1): 453-457l. 

Zanoni, U. 1991. Potato atlas compendium of Pakistan 

PSPDP/PARC Islamabad. 
 

(Received for publication 22 May 2016) 

http://www.sorghumanthracnose.org/

