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Introduction
A soil dwelling fungal pathogen Sclerotium rolfsii (Athelia rolfsii, 

belonging to phylum Basidiomycota, sub-phylum Agaricomycotina 
and class Agaricomycetes) causing seedling mortality/root rot/
collar rot is a widely distributed pathogen of crop plants around the 
world. Its presence is reported from 45 countries in Africa region, 
28 countries in Asian region, 16 countries in Europe, 28 countries in  

 
North America, 11 countries in South America and 13 countries in 
Oceania region. The detail and updated list up to July 2021 of these 
countries are available on CABI website [1]. In USA the pathogen is 
widespread and reported from 33 states while in India it is reported 
from 24 states including Union territories [1]. The infection of the 
pathogen is severe in some crops (Figure 1) whereas sporadic in 
others, where it causes either collar rot, root rot, wilt, seedling 
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Sclerotium rolfsii, a soil dwelling fungal plant pathogen causing seedling mortality/
collar rot disease in crop plants have a wider host range of cereals, millets, pulses, 
oilseeds, fibre crop, vegetables, fruit crops, medicinal, spices, flowering plants and forest 
trees to cause plant mortality and yield losses in fields and storages around the world. 
Sclerotium rolfsii, as a single pathogen infect all these crop species or there is variation 
among the isolates infecting these crop species and thereby presence of formae speciales 
in this pathogen, is not yet known. In our studies 13 isolates of Sclerotium rolfsii isolated 
from different crop species comprising cereal, pulses, oilseed, vegetables, medicinal 
plant, and flowering plant were test inoculated on 27 different crop species of above 
plants for their susceptibility to determine the host range of these individual/ particular 
isolate. On the basis of host-Pathogen interaction, leading to seedling mortality/collar 
rot disease at least 11 formae speciales of this pathogen viz. f.sp.ciceri, f.sp.glycinae, f.sp. 
betae, f.sp.gossypi, f.sp. plantago, f.sp. mangeferae, f.sp. lagenariae, arachis, polianthes, 
dahlia and lilium were established. Sclerotium rolfsii isolates from Chickpea, Wheat 
and Tomato had the same host range, and therefore inclusion of further different crops 
in host range studies will established the presence of formae speciales in the isolates 
from chickpea, wheat and tomato. Based on host range studies of these isolates/f. sp. a 
crop diversification system is proposed so as to avoid the infection in crop plants in the 
Sclerotium rolfsii infected fields. These results have a great significance in planning the 
crop cultivation in Sclerotium rolfsii sick soils. 
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blight etc depending on the host plant. The losses caused by this 
pathogen are severe in term of yield losses, e.g. in North Carolina 
state in USA, the peanut crop suffered higher losses than any other 
agricultural crop. The USDA estimated losses of US$ 10 million to 
20 million in Southern peanut growing region with yield depletion 
of 1-60% in the fields of North Carolina coastal plains region due to 
Sclerotium rolfsii infection [2]. In India, the yield losses in peanut 

field is reported over 25% [3]. In betel-vine gardens the plant losses 
is reported from 40-62% [4]. The post- harvest losses in storage 
and transit by this pathogen for ginger and elephant yam is 35%, 
for Carrot and Ladyfinger it is 30% and in beet, pumpkin, potato 
and bottle-gourd these are at 25, 20, 15 and 12% respectively in 
West Bengal [5]. The pathogen is continuously making its impact on 
the crop plant since its first report on tomato in 1892 till today [6].

Figure 1: Infection of Sclerotium rolfsii on groundnut crop.

The pathogen has a wide host range infecting the cereals [7,8], 
Pulses [9,10], Oilseeds [11-14], Fibre crops [15], Vegetables [16-
22], Fruits crop [23], Spices [24], Medicinal and aromatic plants 
[25,26], Flowering plants [27,28], Forest tress seedlings [29] 
and others [30]. Thus, the pathogen Sclerotium rolfsii, as a single 
pathogen infect all these crop species or there is variation among 
the isolates infecting these crop species and thereby presence of 
formae speciales in this pathogen, is not yet known. Therefore, 
studies on host range of Sclerotium rolfsii isolated from different 
crop species were studied with an aim to determine the variability 
in the pathogen and detection of formae speciales among Sclerotium 
rolfsii infecting various crop species. Further, on the basis on host 
range a crop diversification system was derived for Sclerotium 
rolfsii infected soil to bring such soils in crop cultivation without 
causing Sclerotium diseases in cultivated crop in such soils.

Materials and Methods

Isolation / Collection of Different Isolates of Sclerotium 
rolfsii

Sclerotium rolfsii from collar rot disease plants of chickpea, 
soybean, sugar-beet, wheat, cotton, groundnut, tomato, bottle 
gourd, Isabgol (Psyllium), Tuberose, Dahlia and Lilly, collected from 
diverse geographic locations of Western Maharashtra state, India, 
were isolated on potato-dextrose-agar (PDA) medium. Isolations 
were made from the fresh diseased plant samples collected at 
seedling / vegetative stage of the crop. The infected sample bits 
were surface sterilized with 0.1 percent mercuric chloride (HgCl2) 
solution followed by thorough washing (three times) with sterile 

distilled water, dried gently by placing in between the two sterile 
blotter paper and then placed on sterilized PDA medium in Petri 
dish for isolation of the pathogenic fungus . These petri-plates 
were then incubated at 28 ± 2 ˚C in BOD incubator. Mycelial growth 
radiating from infected bits was further sub-cultured on the same 
medium to obtain the full fungal growth and sclerotial fruiting 
bodies of the pathogen. To obtain the pure culture of the respective 
isolates, the single sclerotial body from the isolate was grown in 
petri-plate/test tube slant on PDA and maintained as pure culture 
of the respective isolate. 

Mass Multiplication of Different Sclerotium rolfsii 
Isolates for Host Range Studies

Mass multiplication of different Sclerotium rolfsii isolates 
(Figure 2) was made by following the method suggested by Borkar 
and Chaudhary [8]. The individual Sclerotium rolfsii culture isolated 
from different host was grown separately on Wheat-Sorghum-
Soybean grain medium (Wheat 500g; Sorghum 250g; Soybean 250 
g; CaCo3 -25g.). This was prepared by soaking grains of Wheat, 
Sorghum and Soybean in water for overnight and then cooked in 
boiling water for 20min, the excess water was drained out and the 
grains were dried in shed for 30min. All grains were mixed well 
with CaCo3 and filled into the glass bottles (500ml). These were 
autoclaved at 15lbs pressure for 30min. The autoclaved sterilized 
grain medium in bottles was inoculated with Sclerotium rolfsii 
cultures separately and incubated at 28 ± 0.5 ˚C for its growth. After 
thirty days of incubation (the whole grain medium get covered 
with mycelium and sclerotial bodies.), these cultures were used for 
pathogenicity test on respective host plant and Host range studies.
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Figure 2: Mass multiplication of S.rolfsii f.sp. isolates.

Studies on Host Specificity of Different Host Isolates of S. 
rolfsii by Cross Inoculation Method

Thirteen different Sclerotium rolfsii isolates obtained as disease 
pathogen from Chickpea, Soybean, sugar beet, Isabgol, Mango, 
Bottle gourd, Wheat, Cotton, Groundnut, Tomato, Tuberose, Dahlia 
and Lily were tested for their pathogenicity on their respective host 
plant. Further, these thirteen isolates were tested for their host 
specificity and host range by cross inoculation on 27 different crop 
species plants belonging to cereals, millet, pulses, oilseeds, fibre 
crop, vegetables crop, medicinal plant, and flowering plants. These 
plants included Wheat, Pearl millet, Rice, Maize, Gram, Moth bean, 
Pigeon pea, Pea, Green gram, black gram, Soybean, Linseed, Cotton, 
Sun hemp, Sunflower, Jute, Groundnut, Sugar beet, Isabgol, Brinjal, 
Chilli, Bottle gourd, Tomato, Onion, Lily, Mango and Tuberose. 
The soil tray technique of Backman, et al. [31] was used in this 
study. The wooden trays of 4×3×0.5 feet size was used for these 

studies (Figure 3). Different isolates of Sclerotium rolfsii were mass 
multiplied as stated previously and the individual trays was filled 
with 120Kg well mixed material consisting of sterilized soil + FYM 
(3:1) + 800gm inoculum of Sclerotium rolfsii of concerned isolate. 
The whole soil - S. rolfsii mixture was kept moist and humid by 
sprinkling water on it intermittently and covering with polythene 
sheet. This was allowed to incubate for 15 days for profuse growth 
and multiplication of the S. rolfsii inoculum. The profuse growth 
thus obtained of the pathogen was thoroughly mixed into the soil 
for maintaining uniform inoculum in the soil. The control treatment 
maintained was of sterilized soil + FYM (3:1) without inoculum. The 
seeds of different hosts/planting material (as the case may be) for 
27 crop species as mentioned above were either sown or planted in 
each tray consisting of individual S. rolfsii isolate. The observations 
regarding germination of seed and mortality of seedling or infection 
on seedling /grafts were taken up to 45 days at a weekly interval 
from the date of sowing / planting. 

Figure 3: Soil tray with Sclerotium rolfsii f.sp. inoculum and host range studies. Red circle shows healthy crop plant while yellow 
circle shows diseased rotted crop plant in the same S. rolfsii f.sp. inoculum.
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Result and Discussion

Host Specificity/Host Range of Different S. rolfsii Isolates 

None of the isolate of Sclerotium rolfsii was strictly host specific, 
rather they could infect other number of hosts. The 13 S. rolfsii 
isolates obtained from different host plants and tested for their 
host range against 27 different crop species revealed that different 
isolates have different host range (Table 1). However, the isolates 
from Chickpea, Tomato and Wheat had the same host range and 
therefore is to be considered as the same isolate. These three 
isolates could not infect Sun hemp, Lily, Mango, and Tuberose. The 
Soybean isolate could not infect Lily, Mango and Tuberose plant. 
Sugar beet isolate could not infect Maize, Green gram, Black gram, 
Cotton, Sun hemp, Bottle gourd, Lily, Mango, and Tuberose. The 
Isabgol isolate could not infect the Maize, Pea, Green gram, Lily, 
Mango and Tuberose. The Mango isolates could not infect Pea, 
Green gram, Black gram, Soybean, Sun hemp, Chilli, Bottle gourd, 

Tomato, Onion, Lily and Tuberose. However, it was interesting to 
note that all the isolates could infect their respective host from 
which these were isolated. In case of Tuberose isolate it could not 
infect Paddy, Maize, Bottle gourd and all five fruits and ornamental 
plants. The isolate of Bottle gourd have very narrow host range 
and could not infect Maize, Red gram, Soybean, Sun hemp, Jute, 
Onion, Groundnut and test fruits and Ornamental host plant. The 
Cotton isolate could not infect Black gram, Soybean, Sun hemp, 
Bottle gourd, Groundnut and test fruits and ornamental host plant. 
Similarly the groundnut isolate could not infect Paddy, Maize and 
the tested fruits and ornamental host plant i.e. Lily and tuberose. 
Dahlia isolate could not infect Maize, Sun hemp, Tomato and Lily 
plant, whereas Lily isolate could not infect Paddy, Maize, Soybean, 
Sun hemp, Groundnut, Onion and Mango. Thus, different isolates 
showed variation in its pathogenicity when cross inoculated on 
several other crops.

Table 1: Determination of host range of Sclerotium rolfsii isolates of different crops by cross inoculation test.
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1 Chickpea + + + + + + + + + + + + + - + + + + + + + + + + - - -

2 Soybean + + + + + + + + + + + + + + + + + + + + + + + + - - -

3 Sugar beet + + + - + + + + - - + + - - + + + + + + + - + + - - -

4 Isabgol + + + - + + + - - + + + + + + + + + + + + + + + - - -

5 Mango + + + + + + + - - - - + + - + + + + + + - - - - - + -

6 Bottle 
gourd + + + - + + - - + + + + - - + - - + + + + + + - - - -

7 Wheat + + + + + + + + + + + + + - + + + + + + + + + + - - -

8 Cotton + + + - + + + + + - - + + - + + - + + + + - + + - - -

9 Groundnut + + - - + + + + + + + + + + + + + + + + + + + + - - -

10 Tomato + + + + + + + + + + + + + - + + + + + + + + + + - - -

11 Tuberose + + - - + + + - + + + + + - + + - + + + + + + - - - +

12 Dahlia + + - - + + + + + + + + + - + + + + + + + + - + - + -

13 Lilly + + - - + + + + + + - + + - + + - + + + + + + - + - -

14 Control - - - - - - - - - - - - - - - - - - - - - - - - - - -

Note: + = Diseased (Mortality of seedling/plants), - = No disease (Healthy Plant). 

Geographical variation among Sclerotium rolfsii population in 
respect of growth rate, fungal morphology, sclerotial bodies and 
their formation has been studied by several workers [32-38], but 
the research on pathogenic variability among such populations are 
lacking. Though variability in oxalic acid production among different 
isolates of S.rolfsii [39] as well as genetic variability among these 
isolates in western Maharashtra was studied [40], the results on 
pathogenic variability within Sclerotium rolfsii in the geographical 
region is not yet available. Such studies are important because 
these form the basis to know the host range of the given Sclerotium 

rolfsii, so as to formulate the cropping systems to avoid the infection 
of the pathogen and in the management of the crop disease. This 
will also help to know the different sub-species/formae speciales 
present in Sclerotium rolfsii population in the geographical region.

Scheme for Identification of Formae Speciales of 
Sclerotium rolfsii on Differential Host Plant

 On the basis of 12 differential host used for the identification 
of formae-speciales of S. rolfsii and the reaction of the host to 
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the pathogen, at least 11 formae-speciales of this pathogen viz. 
f.sp.ciceri, f.sp.glycinae, f.sp. betae, f.sp.gossypi, f.sp. plantago, f.sp. 
mangeferae, f.sp. lagenariae, arachis, polianthes, dahlia and lilium 
(Table 2) were identified for 13 different host isolates. At present 
three S. rolfsii isolates viz., from Tomato, Wheat and Chickpea 

showed similar reaction on these differential hosts and therefore 
considered as a same formae-speciales i.e f.sp. ciceri. This is the first 
report of identification of formae speciales in the Sclerotium rolfsii 
pathogen

Table 2: Identification of sub-species of Sclerotium rolfsii on differential host plant.

S. rolfsii isolate of

Reaction on Differential Host Plants
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Soybean + + + + + + + + + + + + Glycine

Sugar beet + - + - - + - - + - + + Betae

Isabgol + - - - + + + + + + + + Plantago

Mango + + - - - - + - - - - - Mangiferae

Bottle gourd + - - + + + - - + + + - Lagenariae

Wheat / Tomato / Chickpea + + + + + + + - + + + + Ciceri

Cotton + - + + - - + - + - + + Gossypi

Groundnut - - + + + + + + + + + + Arachis

Tuberose - - - + + + + - + + + - Polianthes

Dahlia - - + + + + + - + + - + Dahlia

Lily - - + + + - + - + + + - Lilium

Note: + = development of disease i.e., Root rot / collar rot 

- = No disease development 

Crops Susceptible to Sclerotium rolfsii f.sp.

Table 3: Crops susceptible to different f. sp of Sclerotium rolfsii.

Sr. No Sclerotium rolfsii f.sp. Crop Plants Infected

1. f. sp. ciceri Chickpea, Wheat, Pearl millet, Paddy, Maize, Pea, Red gram, Green Gram, Black Gram, Soybean, Moth bean, Cotton, 
Linseed, Groundnut, Sunflower, Sugar beet, Isabgol, Jute, Chilli, Tomato, Brinjal, Onion, Bottle gourd,

2. f. sp. glycinae Soybean, Chickpea, Wheat, Pearl millet, Paddy, Maize, Pea, Red gram, Green Gram, Black Gram, Moth bean, Cotton, 
Linseed, Groundnut, Sunflower, Sugar beet, Isabgol, Jute, Sun hemp, Chilli, Tomato, Brinjal, Onion, Bottle gourd

3 f. sp. betae Sugar beet, Wheat, Pearl millet, Paddy, chickpea, Moth bean, Red gram, Pea, Soybean, Linseed, Sunflower, Ground-
nut, Jute, Isabgol, Brinjal, Chilli, Tomato, Onion

4 f. sp. gossypi Cotton, Wheat, Pearl millet, Paddy, chickpea, moth bean, red gram, Pea, Green Gram, linseed, sunflower, jute, sugar 
beet, Isabgol, brinjal, Chilli, Tomato, Onion

5 f. sp. plantago Isabgol, Wheat, Pearl millet, Paddy, chickpea, moth bean, red gram, Black Gram, Soybean, linseed, Cotton,, Sun 
hemp, sunflower, jute, groundnut, sugar beet, brinjal, Chilli, Tomato, Onion, Bottle gourd

6 f. sp. mangeferae Mango, Wheat, Pearl millet, Paddy, Maize, Chickpea, moth bean, red gram, linseed, Cotton, Sunflower, Jute, 
Groundnut, Sugar beet, Isabgol, Brinjal.

7. f. sp. lagenariae Bottle gourd, wheat, Pearl millet, Paddy, chickpea, moth bean, Green Gram, Black Gram, Soybean, linseed, sunflow-
er, sugar beet, isabgol, brinjal, Chilli, Tomato, Bottle gourd

8. f. sp. arachis Groundnut, wheat, Pearl millet, chickpea, moth bean, red gram, pea, Green Gram, Black Gram, Soybean, linseed, 
cotton, sun hemp, sunflower, jute, sugar beet, isabgol, brinjal, Chilli, Tomato, Bottle gourd, onion.

9. f. sp. polianthes Tuberose, wheat, Pearl millet, chickpea, moth bean, red gram, Green Gram, Black Gram, Soybean, linseed, cotton, 
sunflower, jute, sugar beet, isabgol, brinjal, Chilli, Tomato, Bottle gourd

10. f. sp. dahlia Dahlia, wheat, Pearl millet, chickpea, moth bean, red gram, pea, Green Gram, Black Gram, Soybean, linseed, cotton, 
sunflower, jute, groundnut, sugar beet, isabgol, brinjal, Chilli, Bottle gourd, onion.

11. f. sp. lilium Lilium, wheat, Pearl millet, chickpea, moth bean, red gram, Green Gram, Black Gram, linseed, cotton, sunflower, 
jute, sugar beet, isabgol, brinjal, Chilli, Tomato, Bottle gourd
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The 11 formae speciales of Sclerotium rolfsii, besides their 
natural host plant infect other crop species and therefore, these 
crops should not to be grown in the specific formae speciales 
infected soils (Table 3) to avoid the infection of collar rot disease 
and yield losses. There are reports from India and elsewhere that 
the host range of this pathogen is increasing and thereby poses 
great threat to the crop grower [41] to know exactly which crop 
they should grow in such S. rolfsii infected soils and therefore need 
a crop diversification system.

Crop Diversification for S. rolfsii Infected Soils

Based on the host range studies of different S.rolfsii f.speciales, 
the crop diversification system is proposed for the respective 
Sclerotium rolfsii infected soil (Table 4). The soils having Sclerotium 
rolfsii (f.sp.ciceri) of Chickpea / Tomato / Wheat are only suitable 
for green manure crop like Sun hemp, flowering crops like Lily 
and Tuberose and horticultural crop like Mango. The soils having 
Sclerotium rolfsii (f.sp.arachis) of Groundnut are only suitable for 
Paddy, Maize, Lily, Tuberose and Mango. Soils infected with Sugar 
beet Sclerotium rolfsii (f.sp.betae) are suitable for Maize, Green 
gram, Black gram, Cotton, Sun hemp, Bottle gourd, Lily, Mango, and 
Tuberose. The soils infected with soybean collar rot pathogen (f.sp.

glycinae) are only suitable for growing lilium, tuberose and mango. 
The soils infected with collar rot pathogen of cotton (f.sp. gossypi) 
are suitable for growing Maize, Black gram, soybean, sun hemp, 
groundnut, bottle gourd, lilium, tuberose and mango. The soils 
infected with collar rot pathogen of Bottle gourd (f.sp.lagenariae) 
are suitable for growing Maize, Red gram, Pea, Cotton, Sun hemp, 
Jute, Onion, Mango, Groundnut, Lily, tuberose. The soils infected 
with collar rot pathogen of Isabgol (f.sp. plantago) are suitable for 
growing Maize, Pea, Green gram, Mango tuberose and lilium. The 
soils infected with collar rot pathogen of mango (f.sp. mangeferae) 
are suitable for growing pea, green gram, black gram, soybean, 
sun hemp, chilli, bottle gourd, tomato, onion, tuberose and lilium. 
The soils infected with collar rot pathogen of dahlia are suitable 
for growing paddy, maize, sun hemp, tomato, lily and tuberose. 
The soils infected with collar rot pathogen of lily (f.sp.lilium) are 
suitable for growing paddy, maize, soybean, sun hemp, groundnut, 
onion, mango and tuberose while the soils infected with collar rot 
pathogen of tuberose (f.sp.polianthes) are suitable for growing 
paddy, maize, pea, sun hemp, groundnut, onion, lily and mango. The 
crop diversification system for S. rolfsii infected soils are proposed 
for the first time and beneficial to the crop cultivators encountering 
the disease problem of S. rolfsii.

Table 4: Crop diversification for S. rolfsii infected soil.

Sr. No. Soil having Sclerotium rolfsii of Host Plants for Crop Diversification/Rotation

1 Chickpea/Tomato/Wheat Sun hemp, Lily, Mango, Tuberose

2 Soybean Lily, mango, tuberose

2 Sugar beet Maize, Green gram, Black gram, Cotton, Sun hemp, Bottle gourd, Lily, Mango, Tuberose

4 Cotton Maize, Black gram, Soybean, Sun hemp, Bottle gourd, Groundnut, Lily, Mango, Tuberose

5 Isabgol Maize, Pea, Green gram, Lily, Mango, Tuberose,

6 Mango Pea, Green gram, Black gram, Soybean, Sun hemp, Chilli, Bottle gourd, Tomato, Onion, Lily, 
Tuberose

7 Bottle gourd Maize, Red gram, Pea, Cotton, Sun hemp, Jute, Onion, Mango, Groundnut, Lily, Tuberose

8 Groundnut Paddy, Maize, Lily, Mango, Tuberose

9 tuberose Paddy, maize, pea, sun hemp, groundnut, onion, lily, mango

10 Dahlia Paddy, Maize, Sun hemp, Tomato, Lily, Tuberose

11 Lily Paddy, Maize, Soybean, Sun hemp, Groundnut, Onion, Mango, Tuberose

Conclusion and Recommendation
A Sclerotium rolfsii formae speciales specific crop host range is 

made available with this research paper. The crop growers having 
S. rolfsii infected soil, can grow any crop mentioned in the crop 
diversification system to avoid the disease infection and crop losses. 
Similarly, they can check their field infected soils themselves in a 
pot/trays by sowing the seeds of their proposed crop in these pots/
trays and observe whether the same succumb to the pathogen. In 
case, it won’t succumb, they can go for the field cultivation of their 
desirous crop.
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