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STUDIES ON GRAY MOLD OF CASTOR CAUSED BY Amphobotrys 

ricini (N. F. Buchw.) Hennebert 

RAMYA, R. V. 

ABSTRACT 

Castor crop suffers from many diseases of which gray mold is important. 

Anamorphs of Botryotinia ricini viz., Amphobotrys ricini and Botrytis cinerea are found 

to incite gray mold. On the basis of morphology of the fungus isolated from the castor 

capsules collected at Gandhi Krishi Vignan Kendra, Bengaluru which was grown on oat 

meal enriched medium produced septate and branched mycelium which was thin, hyaline 

to light brown in colour and produced cylindrical, dichotomously branched conidiophores 

bearing conidia and this was identified as Amphobotrys ricini. Morphological studies 

revealed that highest radial growth was observed on Malt extract agar medium, but 

profuse sporulation was in oat meal enriched medium. Maxium dry mycelial weight was 

observed in Richard’s agar. Highest number of sclerotia were produced on Malt extract 

agar whereas large sized sclerotia were produced on Richard’s agar and Malt extract agar. 

The PCR amplification and sequencing of ITS rDNA region confirmed that A. ricini as 

the cause of gray mold. Among the systemic fungicides Carbendazim, Propiconazole @ 

50, 250, 500 ppm showed complete inhibition; contact fungicide Mancozeb @ 1000 ppm; 

combi fungicide Carbendazim + Mancozeb @ 250, 500, 1000 ppm; nano molecule 

Silicon dioxide @ 250 ppm were found to be superior in inhibiting the growth. 

Management of gray mold disease revealed that, least disease index with higher seed 

yield was recorded in Carbendazim 1.0 g L-1 when prophylactic spray was given before 

the onset of disease and next spray 15 days after first spray.  
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CA¥sÉÆÃ¨ÉÆÃnæ̧ ï j¹¤ (J£ï. J¥sï. §ÄZï.) ºÉ£Éß§mïð PÁgÀt¢AzÀ ºÀgÀ½£À §ÆzÀÄ 
§tÚzÀ §Æ¹Ö£À°è£À CzsÀåAiÀÄ£ÀUÀ¼ÀÄ 

gÀªÀÄå, Dgï. «. 

¥Àæ§AzsÀzÀ ¸ÁgÁA±À 

ºÀgÀ¼ÀÄ C£ÉÃPÀ gÉÆÃUÀUÀ½AzÀ §¼À®ÄwÛzÀÄÝ, CzÀgÀ°è §ÆzÀÄ §tÚzÀ §Æ¸ÀÄÖ ¥ÀæªÀÄÄRªÁVzÉ. 

¨ÉÆmÉÆænÃ¤AiÀi j¹¤AiÀÄ C£ÁªÀiÁ¥sïð ºÀAvÀUÀ¼ÁzÀ CA¥sÉÆÃ¨ÉÆÃnæ¸ï j¹¤ ªÀÄvÀÄÛ ¨ÉÆmÉæöÊn¸ï j¹¤ 

§ÆzÀÄ §tÚzÀ §Æ¸ÀÖ£ÀÄß GAlÄ ªÀiÁqÀÄvÀÛªÉ. UÁA¢ü PÀÈ¶ «eÁÕ£À PÉÃAzÀæzÀ DªÀgÀtzÀ°è ¸ÀAUÀæ»¹zÀ 

ºÀgÀ½£À ©ÃdPÉÆÃ±ÀUÀ½AzÀ ¥ÀævÉåÃQ¸À̄ ÁzÀ ²°ÃAzsÀæªÀ£ÀÄß gÀÆ¥À«eÁÕ£ÀzÀ DzsÁgÀzÀ ªÉÄÃ¯É CA¥sÉÆÃ¨ÉÆÃnæ̧ ï 

j¹¤AiÉÄAzÀÄ UÀÄgÀÄw¸À̄ Á¬ÄvÀÄ. NnäÃ¯ï ¸ÀªÀÄÈzÀÞªÁVgÀÄªÀ ªÀÄzsÀåªÀÄzÀ°è ²°ÃAzsÀæªÀÅ «¨sÀfvÀ ªÀÄvÀÄÛ PÀªÀZÀzÀ 

vÀAvÀÄeÁ®ªÀ£ÀÄß GvÀàwÛªÀiÁqÀÄvÀÛzÉ. F vÀAvÀÄeÁ®ªÀÅ vÉ¼ÀÄªÁVzÀÄÝ, EzÀgÀ §tÚªÀÅ ¥ÁgÀzÀ±ÀðPÀ¢AzÀ w½ 

PÀAzÀÄ §tÚ ºÉÆA¢gÀÄvÀÛzÉ ªÀÄvÀÄÛ PÉÆ¤rAiÀÄªÀ£ÀÄß ºÉÆA¢gÀÄªÀ PÉÆ¤rAiÉÆ¥sÉÆÃgï JgÀqÀÄ PÀªÀ®ÄUÀ¼À 

gÀZÀ£ÉAiÀÄzÁÝVgÀÄvÀÛzÉ, F gÀÆ¥À«eÁÕ£ÀzÀ DzsÁgÀzÀ ªÉÄÃ¯É ²°ÃAzsÀæªÀ£ÀÄß CA¥sÉÆÃ¨ÉÆÃnæ¸ï j¹¤ JAzÀÄ 

UÀÄgÀÄw¸À̄ ÁVzÉ. gÀÆ¥À«eÁÕ£À CzsÀåAiÀÄ£ÀzÀ ¥ÀæPÁgÀ UÀjµÀ× vÀAvÀÄeÁ®zÀ ¨É¼ÀªÀtÂUÉAiÀÄÄ ªÀiÁ¯ïÖ ¸ÁgÀ CUÀgï 

ªÀÄzsÀåªÀÄzÀ°è PÀAqÀÄ§A¢zÉ, DzÀgÉ Cw ºÉZÀÄÑ ©ÃdPÀUÀ¼À GvÁàzÀ£ÉAiÀÄÄ NnäÃ¯ï ¸ÀªÀÄÈzÀÞªÁVgÀÄªÀ 

ªÀÄzsÀåªÀÄzÀ°èvÀÄÛ. jZÀqÀìð ¨Áævï£À°è UÀjµÀ× MtVzÀ vÀAvÀÄeÁ®zÀ vÀÆPÀªÀ£ÀÄß UÀªÀÄ¤¸À¯ÁVzÉ. ºÉaÑ£À 

¸ÀASÉåAiÀÄ ¹Ì÷ègÉÆÃ¶AiÀÄªÀ£ÀÄß ªÀiÁ¯ïÖ ¸ÁgÀ CUÀ£Àð°è GvÁà¢¹vÀÄ, DzÀgÉ jZÀqÀìð CUÀgï ªÀÄvÀÄÛ ªÀiÁ¯ïÖ 

¸ÁgÀ CUÀ£Àð°è zÉÆqÀØUÁvÀæzÀ ¹Ì÷ègÉÆÃ¶AiÀiÁzÀ GvÁàzÀ£ÉAiÀiÁVzÉ. ¦¹Dgï ªÀzsÀð£É ªÀÄvÀÄÛ CzÀgÀ 

DgïrJ£ïJ ¥ÀæzÉÃ±ÀzÀ PÀæªÀiÁUÀwAiÀÄ ¥ÀæPÁgÀ CA¥sÉÆÃ¨ÉÆÃnæ¸ï j¹¤ §ÆzÀÄ §tÚzÀ §Æ¹ÖUÉ PÁgÀtªÉAzÀÄ 

zÀÈqsÀ¥Àr¹vÀÄ. ªÀåªÀ¹ÜvÀ ²°ÃAzsÀæ£Á±ÀPÀUÀ¼ÁzÀ PÁ¨ÉðAqÀfÃªÀiï, ¥ÉÆæ¦PÉÆ£ÀeÉÆÃ¯ï 50, 250, 500 

¦¦JªÀiï ¸ÁAzÀævÉAiÀÄ°è À̧A¥ÀÆtð ¤µÉÃzsÀvÉAiÀÄ£ÀÄß vÉÆÃj¹zÉ; ¸Àà±Àð ²°ÃAzsÀæ£Á±ÀPÀªÁzÀ ªÀiÁåAPÉÆeÉ̈ ï 

1000 ¦¦JªÀiï; ¸ÀAAiÀÄÄPÀÛ ²°ÃAzsÀæ£Á±ÀPÀUÀ¼ÁzÀ PÁ¨ÉðAqÀfÃªÀiï + ªÀiÁåAPÉÆeÉ̈ ï 250, 500, 

1000 ¦¦JªÀiï; £Áå£ÉÆ CtÄªÁzÀ ¹°PÁ£ï qÉÊ DPÉìöÊqï 250 ¦¦JªÀiï ²°ÃAzsÀæzÀ ¨É¼ÀªÀtÂUÉAiÀÄ 

¤gÉÆÃzsÀPÀzÀ°è GvÀÛªÀÄªÁVzÉ. ¥Àæw °ÃlgïUÉ MAzÀÄ UÁæA PÁ¨ÉðAqÀfÃªÀiï£ÀÄß gÉÆÃUÀ¤gÉÆÃzsÀPÀªÁV 

¹A¥Àr¹ ªÀÄvÀÄÛ EzÁzÀ 15 ¢£ÀUÀ¼À £ÀAvÀgÀ JgÀqÀ£ÉÃ ¹A¥ÀqÀuÉAiÀÄ£ÀÄß ¤ÃrzÁUÀ ºÉaÑ£À ©Ãd E¼ÀÄªÀj 

ºÁUÀÆ PÀ¤µÀ× PÁ¬Ä¯É ¸ÀÆZÀåAPÀªÀ£ÀÄß zÁR°¸À̄ ÁVzÉ.  

DUÀ¸ïÖ, 2018 
¸À À̧å gÉÆÃUÀ±Á¸ÀÛç «¨sÁUÀ qÁ. PÉ. PÀgÀÄt 
PÀÈ¶ «±Àé «zÁå¤®AiÀÄ  (ªÀÄÄRå ¸À¯ºÉUÁgÀgÀÄ) 
f.PÉ.«.PÉ., ¨ÉAUÀ¼ÀÆgÀÄ-65  
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I  INTRODUCTION 

Castor (Ricinus communis L.) a member of Euphorbiaceae family is an important 

non-edible oilseed crop with immense industrial and medicinal value.  It contains 40-60 

per cent oil that is rich in triglycerides, mainly ricinolein and plays a vital role in Indian 

vegetable oil economy. Castor is indigenous to the south-eastern Mediterranean 

Basin, Eastern Africa and India, but is widespread throughout tropical regions. It is 

grown in tropical and subtropical climate. World production of castor, on an average, is 

around 12.5 lakh tonnes (SEA, 2014) and is produced in about more than 35 countries of 

which India, Brazil, China, Paraguay and Ethiopia are the major producers. India ranks 

first in area and production of castor in the world and its derivatives contributing to 65% 

share in world castor production. At present, India is the undisputed world leader in 

global castor economy in terms of production and export of castor oil and its derivatives. 

Castor oil is an essential source of raw materials for several industries and is of great 

economic importance in domestic, medicinal, and veterinary uses. Castor oil and its 

derivatives are used in the manufacturing of soaps, lubricants, hydraulic and brake fluids, 

paints, dyes, coatings, inks, cold resistant plastics, waxes and polishes, nylon, 

pharmaceuticals and perfumes (Mutlu and Meier, 2010). Important products like, octyl 

alcohols, proteins and active enzymes are also extracted from castor leaves. It plays a 

vital role in agricultural economy of arid and semi-arid regions of the country. Apart 

from meeting the internal demands, India exports 4 lakh tonnes of castor oil earning 40 

billion rupees in foreign exchange (SEA, 2014). With the introduction and release of high 

yielding hybrids, castor is now established as a commercial crop. 

In India, castor is cultivated in an area of 8.29 lakh ha with 1.42 lakh tonnes of 

production and the average yield is 1713 kg ha-1
 (Anon., 2018). The major castor growing 

states in the country are Karnataka, Andhra Pradesh, Gujarat, Maharashtra, Odisha, 

Rajasthan and Telangana. In Karnataka it is grown in an area of 0.09 lakh ha with a 

production of 0.031 lakh tonnes and productivity of 333 kg ha-1 (Anon., 2018). 

Castor is affected by many biotic stresses. Among them fungal and bacterial 

diseases are severe at different crop growth stages. About 150 organisms are known to be 

https://en.wikipedia.org/wiki/Triglycerides
https://en.wikipedia.org/wiki/Ricinolein
https://en.wikipedia.org/wiki/Mediterranean_Basin
https://en.wikipedia.org/wiki/Mediterranean_Basin
https://en.wikipedia.org/wiki/Eastern_Africa
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pathogenic to castor plant. The crop is mainly affected by wilt, gray mold, root rot, 

seedling blight, Cercospora leaf spot, Alternaria blight, powdery mildew and bacterial 

leaf spot. Gray mold caused by the fungus Amphobotrys ricini is one of the most 

destructive disease of castor in India. In the states of Telangana, Andhra Pradesh, Tamil 

Nadu and Karnataka, the area under castor cultivation is continuously decreasing due to 

gray mold. In India, gray mold of castor was first reported in Karnataka (Anon., 1921). 

The anamorphic phase of Botryotinia ricini is responsible for disease epiphytotics and 

heavy yield losses are observed as the inflorescence (raceme) and the capsules are the 

primary targets of the fungal infection. The disease appeared in epidemic form during the 

years 1965 and 1987 causing extensive damage to the crop in erstwhile, Andhra Pradesh 

and Tamil Nadu states. Since then the disease started appearing year after year attaining 

serious proportions limiting castor production in southern states of India. Several 

anamorphs of Botryotinia ricini are found to incite gray mold in various countries. 

Yield losses due to the disease are a major threat to commercial cultivation of the 

crop. Seed yield loss up to 100% was reported from India (Soares, 2012). A meticulous 

study of gray mold was conducted in the early 20th century (Godfrey, 1923), but only a 

few studies on this disease have been conducted recently (Soares, 2012). Consequently, 

there have been only a few advances in the management of gray mold. Breeding 

programs have failed to develop resistant genotypes, but genotypes with moderate levels 

of tolerance have been identified (Anjani, 2012). Inspite of availability of control 

measures against gray mold in castor, epiphytotic incidences of gray mold are not 

uncommon. 

Very little information is available regarding its management and seed yield loss 

up to 100 per cent was reported from this disease. The ambiguity on the anamorph of 

castor gray mold pathogen still exists as two anamorphs, viz., Amphobotrys ricini, and 

Botrytis cinerea are found to be associated with this disease (Soares, 2012). 

Therefore in view of the importance of the crop and disease management, present 

investigation on gray mold of castor was conducted with the following objectives. 
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Objectives: 

1. Morphological and molecular characterization of gray mold pathogen of castor. 

2. In vitro evaluation of fungicides against gray mold pathogen. 

3. Management of castor gray mold disease. 
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II  REVIEW OF LITERATURE 

Castor (Ricinus communis L.) is an important non edible oilseed crop grown in 

India. This crop suffers from many diseases, among which gray mold disease caused by 

Amphobotrys ricini is the most serious disease causing considerable loss in many castor 

growing areas.  

In this chapter, an attempt has been made to review the work done on various 

aspects of the pathogen and disease and presented briefly under different headings.   

2.1 Distribution and economic importance of gray mold disease 

Castor gray mold was first reported in the state of Florida in 1918. Later, the 

disease was reported from almost all countries where castor has been cultivated (Kolte, 

1995), having a worldwide distribution.  

Tropova (1928) reported that castor bean inflorescences infection by gray rot 

pathogen Botrytis cinerea in Don region of Russia. Subsequently, occurrence of the 

disease was reported from Ukraine region of Russia (Bohovic, 1936). In 1932, the disease 

was reported from Sao Paulo state in Brazil (Goncalves, 1936) and later from Africa, 

Asia, Europe, America and from almost all countries where castor has been cultivated 

(Kolte, 1995). 

In India, incidence of gray rot of castor was reported for the first time in 1985 and 

was identified to be caused by Botrytis ricini. Later sporadic incidence of disease was 

observed but its occurrence became a regular feature from 1997-1998 (Anon.,1998).  

Godfrey (1919) reported that in susceptible varieties and hybrids of castor the 

losses were up to 40 per cent in irrigated areas and up to 85% in humid areas due to gray 

mold incited by B. ricini.  In Mississippi, the disease affected more than 25% racemes in 

a commercial field (Stone and Culp, 1959). In India, gray rot incidence occurred at an 

epidemic level with extensive damage of the crop in Andhra Pradesh (Moses and Reddy, 

1989) and Tamil Nadu (Anon., 1995) which led to the decline in castor cultivation (Rao, 

1997). The disease is more prevalent in the southern states where the weather conditions 
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are more favourable for disease development and the fungus was responsible for losses 

up to 100 % of castor yield (Godfrey, 1923). In 1987, an epidemic outbreak of gray mold 

occurred in southern states of Andhra Pradesh and Tamil Nadu (Dange et al., 2005).  

2.2 Pathogen and symptomatology 

2.2.1 Pathogen 

The causal agent of gray mold of castor was originally reported by Godfrey 

(1919) as Sclerotinia ricini Godfrey, based on the holomorph. Later, Whetzel (1945) 

transferred the species S. ricini to the genus Botryotinia, which since then it has been 

known as Botryotinia ricini (Godfrey) Whetzel. 

Buchwald (1949) named the anamorphic state of Botryotinia ricini as Botrytis 

ricini N.F. Buchw. In 1973, Hennebert erected a new genus, Amphobotrys, to 

accommodate the anamorphic state of B. ricini, based mainly on the distinctive pattern of 

conidiophore ramification, and since then the anamorphic state became known as 

Amphobotrys ricini (N.F. Buchw.) Hennebert (Hennebert, 1973). Even so, several authors 

used, and still use, the erroneous name “Botrytis ricini” attributing its authority to 

Godfrey (Barreto and Evans, 1998; Batista et al., 1998; Lima and Soares, 1990).  

However, several anamorphs of Botryotinia ricini are found to incite gray mold in several 

countries. Sung-Kee et al. (2001) isolated the pathogens associated with gray mold of 

castor from 25 locations in Korea. Out of the 25 isolates studied, 5 isolates which 

originated from Wonju were identified as Botrytis cinerea, while 20 isolates from 

Okcheon were identified as Amphobotrys ricini based on morphological and cultural 

characteristics.  

2.2.2 Symptomatology 

The primary targets of the fungus are the inflorescence and the capsules, in any 

development stage. (Araujo et al., 2007; Dange et al., 2005; Goncalves, 1936 and Lima et 

al., 2001). Drumond and Coelho (1981) and Batista et al. (1996) reported that the male 

flowers are the first to be infected, but Soares (2012) reported that it is not always the 
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case because any part of the inflorescence can be infected. However, the female flowers 

being the preferential target.  

The initial symptoms on the inflorescence are visible as bluish spots on both 

female and male (before anthesis) flowers, and also on developing fruits. On fruits, the 

symptoms can be observed as circular or elliptic, sunken, dark coloured spots that can 

result in rupture of the capsule (Araujo et al., 2007). 

The symptoms of gray mold of castor was first described by Godfrey (1923). 

Initial symptoms are seen as small bluish spots on panicles, leaves and stems from which 

yellowish drops of liquid exude. The inflorescence or ‘spike’ is covered with a moldy 

growth which is gray at first and then olive gray. As the affected inflorescence becomes 

older, the mass become darker in colour and more compact. The racemes are covered by 

tan to gray coloured fungal growth. As the infection spreads upwards, the entire racemes 

including flowers, capsules and seeds become infected resulting in total destruction of the 

affected parts. 

Under favourable weather conditions, profuse sporulation is observed when the 

infection starts on immature capsules, they become rotten, if the infection starts later, 

with fully developed capsules, the seeds usually became hollow, with coat discoloration 

and weight loss (Dange et al., 2005). 

On the leaves, the disease is usually traceable to small dots where the inoculum is 

deposited from infected inflorescence. From this central point the fungus spreads, 

producing a light brown dead spot on the leaf accompanied by gray mold. The lesions are 

circular to sub-circular and vary in size from 5 to 9 mm in diameter affecting large 

portions of the leaf. As the lesions coalesce, they increase in area causing extensive 

necrosis of leaves. Infection also occurs apically or marginally and near or around the 

base of the leaf where dew or rain usually accumulates. The lesions are pale brown and 

under humid conditions become covered with a delicate web of mycelium. At times, 

large blighted areas on the leaves show zonations which mark the periodic advance of the 

disease (Godfrey, 1923; Orellana, 1959; Cook, 1981 and Moses and Reddy, 1989). 
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Infection on the stalks and branches do not readily occur, the tissue being more 

mature and consequently more resistant (Godfrey, 1923). However, Moses and Reddy 

(1989) reported that the disease appeared on tender shoots and peduncles as water soaked 

lesions which turned dull white and the destruction of tissues in the affected portions 

resulted in breaking of stems and spikes. 

Sung-Kee et al. (2001) reported gray mold of castor caused by Botrytis cinerea 

and Amphobotrys ricini in Korea. Gray mold symptoms on leaves of castor observed in 

Wonju area appeared as oval to irregular grayish spots. Lesions enlarged and became 

grayish brown blight with abundant conidial mass in humid conditions. However, gray 

mold of castor observed in Okcheon slightly differed from that found in Wonju in terms 

of spotted lesions on the leaves. The symptoms were circular to oval spots on the leaves 

at the early stage of infection. As symptoms progressed, lesions enlarged and became 

pale brown blight with dark blue to purple borders at the margins of the leaves. Conidial 

mass developed on the lesions at late stage of the disease, which was very similar to that 

observed in Wonju. The pathogen associated with gray mold in Wonju and Okcheon in 

Korea were identified as Botrytis cinerea and Amphobotrys ricini, respectively based on 

morphological and cultural characters. 

Differential susceptibility of castor cultivars to B. ricini was studied by Thomas 

and Orellana (1963). They found that the structure of the flower raceme of castor bean is 

important for its susceptibility to B. ricini. Cultivars with short internodes, compact 

inflorescences were more severely attacked than loose inflorescenses, and staminate 

flowers were more susceptible. The compact inflorescences and short internodes 

favoured surface water retention and hence improved the likelihood of infection. 

2.3.1 Morphological characterization of gray mold pathogen of castor 

Botryotinia ricini belongs to the phylum Ascomycota (Family: Sclerotiniaceae, 

Order: Helotiales) and is characterized by its dark, plane-convex, elongated sclerotia, 

which give rise to cinnamon brown to chestnut brown, long stipitate apothecia, with 

cylindrical to cylindro-clavate asci containing eight ascopores, ellipsoidal, often sub-

fusoid, one-celled, bi-guttulate and hyaline, paraphyses hyaline, filiform, septate 
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(Godfrey, 1919). Its anamorphic phase is characterized by cylindrical, straight, 

dichotomously branched, pale brown conidiophores with conidiogeneous cell not 

inflated, thin-walled, conidia globose, maturing synchronically, on short denticles, 

smooth, one-celled, sub-hyaline to pale brown (Godfrey, 1919; Hennebert, 1973 and 

Lima et al., 2008). 

Species of Botrytis to date have been delimited primarily on the basis of 

morphological and cultural characteristics coupled with host specificity (Hennebert, 

1973). Characters such as sclerotial size, form and size of conidium are useful in 

delimiting some species, though many species are morphologically similar with growth 

conditions significantly influencing variation. 

Goto et al. (1980) classified the grapevine isolates of Botrytis cinerea into five 

types (SI-SV) based on the presence and mode of sclerotia formation on PDA. Among 

them 60% belonged to SIII and formed large sclerotia. Classified as types W or L 

(weakly or strongly pathogenic, respectively), 77% of isolates were strongly pathogenic 

(L). A fairly good correlation was observed between the type of sclerotium, colony and 

pathogenicity. Most SI and SII isolates formed colonies of type CI or CII and were of 

pathogenicity type weakly (W), most SIII isolates formed CIII or CIV colonies and were 

of strong pathogenic type.  

Cook (1981) reported that the gray mold incited by Botryotinia ricini (Godfrey) 

Whetzel produced dichotomously branched conidiophores bearing globose shaped, 

hyaline microconidia (2-3.5 m μm).  It produced black, irregular sclerotia that germinate 

by production of apothecia 5-30 mm in height and 1-7 mm in diameter with curved 

margins, which produces cylindrical asci (6-10 × 50-100 μm). The ascospores are 

ellipsoidal, hyaline measuring 4-5 × 9-12 μm. 

Bryk (1985) studied the variability of monoconidial culture of Botrytis cinerea on 

morphological characters and mycelial radial growth and they observed that better 

mycelial growth was observed on potato dextrose agar (PDA) than on Czapek’s medium. 
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But more sclerotia production was observed on Czapek’s medium, however smaller in 

size than on PDA medium. 

Moses and Reddy (1989) observed sclerotia formation of Botryotinia on axis and 

peduncles of old inflorescences of castor. Sclerotia were found to be black, rough, 

elongated, irregular, 1-25 mm long (usually 3 to 9 mm), sub-erumpent to superficial on 

inflorescence stalks. 

Sung-Kee et al. (2001) described the growth characters of Botrytis cinerea and 

Amphobotrys ricini based on morphological and cultural characteristics. B. cinerea on 

potato dextrose agar (PDA) produced pale gray colonies with abundant aerial mycelium 

with black, irregular and large sclerotia. Conidiophores were erect and usually over 1.0 

mm high. Stipes were slender, cylindrical, pale brown below, paler near the apics, 12.0-

23.0 μm wide, some with swollen basal cell, and branches alternating at about three-

fourths of the height from the basal portion and branched again two to three times. 

Conidiogenous cells were inflated at apices producing conidia on sterigma. Conidia were 

globose to subglobose or ellipsoidal, unicellular, pale brown, smooth, and measured 7.5-

13.3 x 7.0-10.5 μm.  

Amphobotrys ricini on PDA produced effuse, pure white, cottony mycelium, and 

produced small, black and irregular sclerotia. Conidiophores scattering over the infected 

plant parts were single, erect, and usually 1.2-1.3 mm high. Stipes were long, slender, 

cylindrical, pale brown, and 10.0-12.5 μm wide, with unswollen basal cells, branches 

bifurcating at about two-thirds height from the basal portion and branched dichotomously 

again two to three times. Each apical cell of the branches and branchlets was delimited by 

a septum. Conidiogenous cells were ampulliform, somewhat inflated at the apices, 6.3- 

8.8 μm wide, and produced conidia on cylindrical sterigma measuring 2.0-2.5 μm in 

length. Conidia were globose, unicellular, pale brown, smooth, and measured 5.0-10.8 

μm (av. 8.1 μm) in diameter. Microconidia produced in PDA culture were globose, 

hyaline, and measured 2.0-2.7 μm in diameter.  
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Mirzaei et al. (2007) characterized 355 isolates of Botrytis from various gray 

mold infected plants in Isreal and identified the species based on morphological 

characters such as conidiophore length, conidial and sclerotial dimensions. Conidiophore 

length was 662-2999 μm, conidial dimension fell in the range of 6-13 × 4-8 μm and 

sclerotial dimension was 1- 11 × 1-8 mm. 

Tanovic et al. (2009) studied the morphological growth characters of Botrytis 

cinerea isolates on PDA and Malt agar (MA) medium. They reported that faster growth 

and more sclerotia were recorded on MA medium, but the number of isolates that 

produce sclerotia on PDA medium was higher than on MA medium, more sporulation 

was also observed on MA medium. 

Hosen et al. (2010) studied the effect of different culture media on colony growth, 

sporulation and sclerotia formation of Botrytis cinerea. They reported that Chickpea 

dextrose agar medium supported the highest mycelial radial growth of 79.17 mm. The 

quickest sclerotia initiation was recorded on Chickpea destrose agar (in 5 days) and lentil 

dextrose agar (LDA) culture media, while the highest number of spores (2.5 × 104 m L–1) 

were recorded on LDA medium. 

Raluca and Emilia (2010) studied the morphology of Botrytis cinerea on PDA 

medium. The conidia were ovate, ellipsoidal or sometimes globose to subglobose. They 

were smooth, often with a slightly protuberant hilum and usually unicellular but 

occasionally septate conidia were observed. The sclerotia were black, shiny black or 

white at first, becoming black with the age. They were variable in shape and size. 

Sclerotia were formed in rings, surface of the medium, edges of the plates and irregularly 

distributed. Number of sclerotia per plate fell in the range of 36- 190. 

Vasilica et al. (2012) studied the morphological characteristics of Botrytis cinerea 

isolates on three different media like Potato Dextrose agar (PDA), Czapek’s agar and 

Malt agar (MA) medium. The majority of the colonies grown on the PDA and MA media 

reached maximum development on sixth day, on Czapek’s medium the fungus had a 

slower development. The highest sporulation was observed on Czapek’s medium. The 
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colony colour varied on different media with different growth pattern. The colonies were 

fluffy, radial or in concentric rings, warty with different colors ranging from white, dirty 

white, grayish white or hyaline and later becoming light gray, dark gray. Conidia were 

ellipsoidal or sometimes globose, smooth, often with a slightly protuberant hilum and 

unicellular. Sclerotia formed on 12th day after inoculation and formed in concentric rings, 

along the edges of the Petri dish or scattered irregularly.  

Ahmed et al. (2014) reported that the highest mycelial growth of Botrytis cinerea 

was recorded on malt extract agar medium with an average colony diameter of 81.26 mm 

followed by chickpea dextrose agar medium 81.11 mm. 

Tanovic et al. (2014) based on colony morphology of Botrytis cinerea on PDA 

medium, the isolates were sorted into eight groups, described by Martinez et al. (2003). 

Among the isolates those forming large, irregularly placed sclerotia were prevalent (81.5 

%), while the mycelial type isolates with mycelial masses were the least frequent (0.7 %).  

Zada et al. (2016) reported that maximum radial growth of Botrytis cinerea was 

recorded on Czepk’s and Malt extract medium (85 mm) and minimum growth was 

observed on PDA (74.1 mm). The colony color was varied from whitish to black grayish 

with fluffy texture. Fungus produces gray mycelium with branched conidiophores having 

rounded apical cells bearing cluster of colorless or gray one celled, ovoid conidia. The 

conidiophores and cluster of conidia resembles a grape-like cluster.  

2.3.2 Molecular characterization of gray mold pathogen of castor 

The phylogenetic approach to systematics has been boosted by the advances in 

DNA sequencing, but for Botrytis this approach is in its infancy. The ITS rDNA region 

has been widely used to discriminate the fungi at species-level, but the variation in the 

ITS region within Botrytis is low. An example for the application of modern methods to 

species recognition in Botrytis has been provided for the neck-rotting species of onion.  

Thompson and Latorre (1999) characterized the 29 isolates of Botrytis cinerea 

from table grapes in Chile using RAPD-PCR. The DNA was amplified using the primers 
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OPA4 and OPA11, these primers distinguished isolates of B. cinerea from other 

epiphytic fungi found on table grapes, including Alternaria alternata, Aspergillus niger, 

Cladosporium herbarum, Epiccocum nigrum, Rhizopus stolonifer, Penicillium sp. 

 Universal-primed polymerase chain reaction (UP-PCR) fingerprinting, coupled 

with restriction analysis of ITS rDNA regions, allowed five groups to be distinguished: B. 

cinerea, B. squamosa, B. byssoidea, and two groups in B. aclada (AI and AII) (Nielsen et 

al., 2001). 

Munoz et al. (2002) evaluated the genetic diversity of B. cinerea in Chile, isolates 

were collected from grapes, tomato, kiwifruit and blueberry and they were analysed using 

molecular markers. RAPD analysis revealed a high degree of genetic diversity, 

dendrograms, analysis of molecular variance revealed the existence of genetic 

differentiation between isolates from the different host plants. PCR-RFLP markers also 

showed that isolates sampled from grapes and tomato were genetically differentiated.  

Staats et al. (2005) conducted molecular phylogenetic analyses of 22 Botrytis 

species and one hybrid using ITS 1 and ITS 4 primers. Based on the morphological 

characters together with molecular data nearly all obtained sequences corresponded 

with Botrytis cinerea. 

 Rigotti et al. (2006) designed primers, BC108 and BC563, for the detection of 

Botrytis cinerea strains which used to amplify a DNA fragment of 0.48 kb for the main 

group of 26 B. cinerea strains. Other closely related Botrytis species such as B. allii and 

B. fabae were not amplified with these primers, confirming their specificity for B. 

cinerea. 

  Khazaeli et al. (2010) characterized 30 isolates of Botrytis cinerea collected 

from rose greenhouses using specific primer pairs C729. Based on the morphological 

identification, i.e., conidiophore and conidial length, all the isolates were found to be 

Botrytis cinerea. Using specific primer pairs (5’-AGCTCGAGAGAGATCTCTGA-3’; 

5’- CTGCAATGTTCTGCGTGGAA-3’), a DNA fragment of 700 bp was amplified for 

most of the isolates, thus confirming the presence of Botrytis cinerea on rose samples. 
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Kwon et al. (2011) reported gray mold of blueberry caused by Botrytis sp. for the 

first time in Korea. A detailed description of the fungus is given based on morphological 

characters and amplification of rDNA using ITS primers 1 (5'-TCCGTAGGTGAAC 

CTGCGG-3') and ITS 4 (5'-TCCTCCGCTTATTGATATGC-3'). The fungus was 

identified as Botrytis cinerea based on morphological characteristics and molecular data. 

 Sarita Kumari et al. (2014) collected 79 isolates of Botrytis cinerea from 

different host plants and different locations of India and Nepal. All the isolates were 

identified as B. cinerea based on morphological features and were confirmed using B. 

cinerea specific primers. Differentiation among the isolates was assessed using 

morphological, genetic and biochemical approaches. To analyze morphological 

variability, differences in conidial size, presence or absence of sclerotia and their 

arrangement were observed. However, isolates could not be grouped on the basis of a 

single approach which provides evidence of their wide diversity and high evolution 

potential. 

 Saito et al. (2014) identified 526 isolates of Botrytis sp. based on PCR-RFLP of a 

fragment of the Bc-hch gene. Four isolates studied showed distinctive restriction banding 

pattern associated with B. pseudocinerea. The identity of these four isolates was further 

confirmed by sequencing portions of four genes, internal transcribed spacer region, 

glyceraldehyde-3-phosphate dehydrogenase (G3PDH), heat-shock protein 60 (HSP60), 

and DNA-dependent RNA polymerase subunit II (RPBII). BLAST analysis showed that 

sequences of all four genes of the four isolates were 99.8 to 100% similar to those of B. 

pseudocinerea.  

Zhang et al. (2018) identified 135 isolates of B. cinerea using PCR-RFLP of a 

fragment of the Bc-hch gene. All the isolates were heterothallic, belonged to two genetic 

clusters. Seventy one isolates belonged to the MAT1-1 type and 64 were characterized to 

MAT1-2 type. 
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2.4 In vitro evaluation of fungicides against gray mold pathogen 

Dispite of many ill effects of chemical control, it is still a first line of control to 

tackle several destructive plant disease. The infectious fungal pathogens which are seed, 

soil, air borne in nature can be effectively controlled by using fungicides as seed, soil and 

foliar applications. 

2.4.1 In vitro evaluation of fungicides against gray mold pathogen 

Iqbal et al. (1992) tested fourteen fungicides (Antracol, Bayton, Benlate, Calixin-

M, Cobox, Daconil, Dithane M-45, Liromenzeb, Polyram Combi, Ridomil, Tecto-60, 

Topsin-M, Tri-Miltox Forte and Vitavax) against Botrytis cinerea the causal fungus of 

lentil blight by poisoned food technique. Banlate, Calixin-M and Tecto-6- were the most 

effective in suppressing the growth of the fungus.  

Singh et al. (2008) evaluated the efficacy of eight fungicides (systemic and non 

systemic) viz., Carbendazim, Benomyl, Mancozeb, Chlorothalonil, Iprodione, Zineb, 

Vinclozolin and Quintal against Botrytis gladiolorum under in vitro condition using 

detached leaf technique. All the test fungicides, except Carbendazim and Benomyl 

showed good efficacy with lower per cent disease index. 

Hosen et al. (2010) tested the efficacy of seven different fungicides in vitro 

against Botrytis cinerea of chickpea. Among the fungicides tested Carbendazim, 

Thiophanate methyl and Iprodione were the most effective to inhibit the mycelial radial 

growth of B. cinerea at 500 mg L–1 concentration.  

Koycu et al. (2012) tested the sensitivity of Botrytis cinerea isolates to Cyprodinil 

+ Fludioxonil, Fenhexamid, Procymidone, Pyrimethanil and Tebuconazole under 

laboratory conditions. Results showed that the isolates were more sensitive to Cyprodinil + 

Fludioxonil than to Fenhexamid, Imazalil, Procymidone, Pyrimethanil and Tebuconazole.  

In vitro efficacy of nine different fungicides systemic and non systemic viz., 

Amistar, Score, Bavistin, Contaf, Hilnate (50, 100, 150 and 200 ppm), Avtar, Cabrio top, 

Quintal and Antracol (150, 500,750 and 1000 ppm) were evaluated against Botrytis 
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cinerea. Complete mycelial inhibition was observed in Quintal, Contaf @ 50, 100, 150 

and 200 ppm followed by Avtar (91.16 %) and Score (63.99 %) respectively (Kaur, 

2015).  

Rautela and Singh (2017) evaluated the fungicides against mycelial growth of 

Botrytis cinerea @ three different concentration of 25, 50, and 100 μgML-1. Among the 

fungicides tested Azoxystrobin + Tebuconazole and Azoxystrobin + Chlorothalonil were 

more effective showing 100 per cent inhibition of mycelial growth of B. cinerea, which 

were on par with Captan + Hexaconazole (96.67 %). Whereas Chlorothalonil was found 

to be least effective showing 45.19 per cent inhibition at 25 μgM L-1.  

2.4.2 In vitro evaluation of nano particles against gray mold pathogen 

Maekawa et al. (2003) reported that hyphal growth of rice blast fungus was very 

slow on agar plates containing liquid silicon.  

Kim et al. (2009) investigated the antifungal activity of silver nano particles 

against Raffaelea sp. It was observed that growth of Raffaelea was significantly inhibited 

in the presence of silver nano particles in a dose-dependent manner. 

Fayadh and Aledani (2011) reported that silicon elements were completely 

inhibited the growth of the pathogenic fungus Rhizoctonia solani at 30, 200 and 500 ppm 

concentration.   

He et al. (2011) reported that zinc oxide nano particle at concentrations greater 

than 3 mmol L−1 significantly inhibit the growth of Botrytis cinerea.  

Kaur et al. (2012) reported fungicidal properties of silver nano particles used as 

an agent for antifungal treatment of various seed borne plant pathogens viz., Rhizoctonia 

solani, Aspergillus flavus and Alternaria alternata and observed the antifungal activity of 

the silver nanoparticles (100 µg ml-1) by inhibition of mycelial growth of the fungi.  

Elamawi et al. (2013) studied the effect of silver nanoparticles (20-30 nm) against 

rice leaf blast caused by Magnaporthe grisea. Under laboratory conditions, the 
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application of four concentrations viz., 25, 50, 100 and 200 ppm of silver nano particles 

showed significant inhibition of both hyphal growth and number of colonies formed in a 

dose-dependent manner.  

Khan et al. (2013) reported silicon in the form of sodium silicate was found to be 

effective in reducing mycelial growth of Macrophomina phaseolina and also observed 

gradual reduction of mycelial growth with increase in concentration of silicon in the agar 

medium. 

Saharan et al. (2013) reported that Cu-chitosan nanoparticles were most effective 

at 0.1% concentration and showed inhibition of Alternaria alternata (89.5 %), 

Macrophomina phaseolina (63.0 %) and Rhizoctonia solani (60.1 %) under in vitro 

condition. At the same concentration, Cu-chitosan nano particles also showed maximum 

of 87.4 per cent inhibition rate of spore germination of A. alternata.  

Shantamma (2016) reported colloidal silver suspension at the concentration of 

500 ppm inhibited the growth of Phytophthora infestans by 86.13 per cent and at 25 ppm 

concentration inhibited the growth of Xanthomonas axonopodis pv. punicae by 100 per 

cent.  

Zalewska et al. (2016) studied the effect of nano particles on growth of Septoria 

carvi colonies on caraway in vitro using fertilizers containing nano particles of copper, 

silver and chitosan and they reported that Viflo Cal S at the concentration of 1.00 gcm-3 

totally inhibited the mycelial growth of S. carvi.  

Nejad et al. (2017) tested the in vitro efficacy of silver nano particles against 

Rhizoctonia solani which causes sheath blight in rice. They observed that at 50 ppm 

concentration of silver nano particles highest inhibition level against sclerotia formation 

(92 %) and mycelia growth (85 %) was recorded.  

2.5 Management of castor gray mold disease 

Rathi (1994) evaluated the six fungicides against Botrytis gray mold of chickpea. 

The results revealed that Bavistin and Ronilan gave the highest protection to crop with 
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least disease severity and other fungicides viz., Dithane M-45, Dithane Z-78, Captan and 

Fytolan reduced the disease severity significantly over control.  

Elad et al. (1995) reported that fungicides viz., Dicarboximide (Iprodione or 

Procymidone) were applied alone decreased the gray mold disease by 40-80 per cent and 

also the disease was effectively suppressed by the application of Dicarboximide with 

Thiram, Dichlofluanid or Tebuconazole. Similar results of disease suppression was also 

achieved by mixtures of Tebuconazole + Dichlofluanid and Carbendazim + 

Diethofencarb.  

Mlikota et al. (1996) conducted an experiment to study the effectiveness of 

fungicides in controlling gray mold on grapes. All the fungicides which were tested i.e., 

Iprodione, Vinclozoline, Procymidone, Dichlofluane and Folpet gave a significant 

reduction in disease.  

Pande et al. (1998) evaluated the ten fungicides Carbendazim, Balyeton, Belltone, 

Captaf, Dithane M-45, Kavach, Baycor, Celest, Chlorothalonil and Cyperconazole for 

control of foliar infection of Botrytis gray mold and results revealed that all the 

fungicides which were tested were very effective in controlling foliar infection.  

Chaurasia and Joshi (2001) reported that three sprays of Bavistin @ 0.2 per cent is 

effective in reducing the gray mold of chickpea.  

Rosslenbroich  and Stuebler (2000) carried out biochemical studies on newly 

introduced Botryticides viz., the Anilinopyrimidines Pyrimethanil, Cyprodinil and 

Mepanipyrim, Phenylpyrrol Fludioxonil and the Hydroxyanilide Fenhexamid, which 

indicated that Fenhexamid is an effective tool for management of Botrytis which is 

having anti-resistance management strategies.  

Singh et al. (2008) tested the efficacy of fungicides viz., Mancozeb, 

Chlorothalonil, Iprodione @ 0.2 per cent, Benomyl and Bavistin @ 0.1 per cent under 

field condition against Botrytis gladiolorum of gladiolus. Out of five fungicides tested, 

three fungicides namely Mancozeb, Chlorothalonil, Iprodione provided very good control 

https://www.sciencedirect.com/science/article/pii/S0261219400000727#!
https://www.sciencedirect.com/science/article/pii/S0261219400000727#!
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of the disease with reduced foliar infection and enhanced cormel yield significantly over 

the control.  

Jung et al. (2010) studied the effect of nano silver liquid against white rot of green 

onion caused by Sclerotium cepivorum and observed reduced disease severity and 

increased biomass of plants under greenhouse condition.  

Lamsal et al. (2011) reported that successful control of cucumber and pumpkin 

powdery mildew using silver nano particles at 100 ppm concentration observed the 

highest inhibition rate for both before and after the outbreak of disease on cucumbers and 

pumpkins under field condition.  

Pandey (2011) carried out an experiment for the management of Botrytis blight in 

gladiolus through chemical means. They tested both systemic and non systemic 

fungicides. The results were showed that the fungicides Stroby and Flint were found to be 

the most effective against Botrytis blight under field conditions and also the fungicides 

Kavach and Dithane-M-45 also showed very promising efficacy.  

Koycu et al. (2012) tested the sensitivity of Botrytis cinerea isolates to Cyprodinil 

+ Fludioxonil, Fenhexamid, Procymidone, Pyrimethanil and Tebuconazole under in vivo 

condition. Results of efficacy tests showed that Cyprodinil + Fludioxonil and 

Tebuconazole were the most effective fungicides (100 %) on isolates both resistant and 

sensitive to these fungicides. No lesion on berries was observed on the fungicide applied 

and inoculated fruits.  

Rashid et al. (2014) evaluated six fungicides against Botrytis gray mold of 

chickpea under field condition. Among the fungicides Companion was most effective, 

resulting in the lowest disease severity (3.33 score on 1–9 scale) and the highest increase 

(38 %) of grain yield. 

Bhat and Rajasri (2015) tested the efficacy of different fungicides against gray rot 

incidence, among the fungicides tested Propiconazole @ 1 ml L-1 was found to be highly 
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effective in controlling the disease with least disease incidence (9.6 %) and higher yield 

of 2473.6 kg ha-1 followed by Carbendazim as compared to control.  

Shahiduzzaman (2015) carried out an experiment to evaluate the most effective 

fungicides in controlling Botrytis gray mold of chickpea during 2011-12 and 2012-13. 

Among the five different fungicides used Fenamidone + Mancozeb (Secure 600WG) 

sprayed at the rate of 1 g L-1 with seven days interval recorded lowest Botrytis gray mold 

score of 3.80 and 4.00 in 1-9 scale, with highest yield of 1547 and 1443 kg ha-1, 

respectively during the two consecutive years over untreated control plot with Botrytis 

gray mold score of 6.26 and 6.33 and produced the lowest yield of 988 and 853 kg ha-1 

during the two consecutive years. 
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III  MATERIAL AND METHODS 

The present investigation was undertaken during 2017-18 at Zonal Agricultural 

Research Station, University of Agricultural Sciences, GKVK, Bengaluru. The 

experimental site is located in the eastern tract (Zone 5) of Karnataka at 120 58' N latitude 

and 770 35' E longitude and at an altitude of 930m above mean sea level.  

3.1 General procedure 

3.1.1 Glassware and cleaning 

For all the laboratory experimental studies Borosil glassware’s were used. The 

glass wares were kept in the cleaning solution containing 60g of potassium dichromate 

(K2Cr2O7) and 60 ml of concentrated sulphuric acid (H2S04) in one litre of water for 24 

hours and then washed with detergent followed by cleaning in running tap water and 

rinsing in distilled water.  

3.1.2 Sterilization 

All the glassware’s as well as both solid and liquid media were sterilized in an 

autoclave at 1.1 kgcm-2 pressure at 121.6 0C for 15 minutes. Inoculation needles, forceps, 

cork borers and blades were sterilized by passing through the flame after dipping in alcohol. 

3.1.3 Equipment and apparatus used  

Incubators were used for incubating cultures at different temperatures. The 

cultures were stored in a refrigerator. Haemocytometer was used for recording spore 

count and adjusting the spore concentration. Samples were weighed using a single pan 

electronic balance. The other equipment and apparatus used in the present study for 

various experiments included inoculation needles, microscope etc. 

3.1.4 Media preparation 

Oat meal enriched medium was used for the isolation of the pathogen, 

maintenance of culture and also in most of the experimental studies. The composition of 

oat meal enriched medium was as follows 
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Oat meal : 72.00 g 

Castor pericarp extract : 20.00 % 

Agar agar : 20.00 g 

L-asparagine : 1.00 g 

Gallic acid : 1.00 g 

Yeast extract : 1.50 g 

Distilled water (Volume to make up) : 1000.00ml 

The medium was prepared by boiling 200 g of fresh castor capsules in 500 ml of 

water in a metallic container for about 25 minutes and filtered through a muslin cloth into 

an another container. In other container with 500 ml water, 72 g of oat meal powder, 20 g 

of agar, 1.5 g of yeast extract, 1 g of L-aspargine and1g of gallic acid were added and 

melted. The final volume of the medium was made up to 1000 ml by adding required 

water and the pH of the medium was adjusted to 6.0 before autoclaving by using 1N HCl 

or 1N NaOH as the case may be. Known quantity of such medium was dispensed into a 

number of conical flasks and plugged with non-absorbent cotton and finally wrapped 

with brown paper. The flask containing dispensed medium was autoclaved at 15 psi 

(121.6 0C) for 15 minutes. 

3.2.1 Isolation of pathogen 

The gray mold infected capsules were collected from GKVK campus and brought 

to the laboratory for isolation of the pathogen causing gray mold. Gray mold infected 

capsules were microscopically examined for confirmation of the fungus. Sections of the 

diseased capsules were made with the help of a sharp blade on a clean glass slide having 

a drop of lactophenol. The specimen was then covered with a cover slip and observed 

under microscope.  

After confirmation of the fungus as Amphobotrys, infected capsules exhibiting 

typical gray mold symptoms were selected and pathogen was isolated by following 

standard tissue isolation method.  
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The infected capsules were cut into small pieces and were surface sterilized by 

immersing in 0.1 per cent mercuric chloride for 30 seconds and placed on to the Petri plates 

containing oat meal enriched medium after thorough washings in sterile distilled water. The 

plates were incubated at 23±10C temperature for 3 to 4 days. The fungal growth emerging 

from diseased capsule pieces were observed. A loop full of fungal culture developed on oat 

meal enriched medium in Petri plates was taken on a glass slide and observed under 

microscope for presence of conidia.   

Single spore isolation technique was followed for the purification of pathogen. 

The spore suspension of the fungal isolate was prepared in sterile distilled water and one 

ml of the suspension from fungal isolate spread gently on 15 ml of molten two per cent 

water agar. Petri plates were observed for the presence of conidia under compound 

microscope.  

The spore along with water agar was picked and transferred on oat meal enriched 

medium plates and slants. Petri plates were incubated at room temperature (23±1 0C) and 

observed for fungal growth and the pure culture so obtained was preserved on oat meal 

enriched medium slants in the refrigerator for further use. 

3.2.2 Proving the pathogenicity of the isolated fungus  

Pathogenicity test was carried out to establish the isolated fungus capability of 

producing typical symptoms of gray mold under artificial inoculation condition on castor 

and also to re-isolate the pathogen to confirm Koch's postulates of pathogenicity. The 

detached spikes of the castor raceme (DCS 9 or Jyothi) was placed in a closed polythene 

humid chamber and these detached spikes were kept in conical flask containing 2 per cent 

sucrose solution. The detached spikes were thoroughly sprayed with sterile distilled water 

using hand atomizer to ensure free water droplets on the surface of the capsules before 

inoculation.  

Inoculum of the pathogen was prepared by using six day old culture of A. ricini 

grown on oat meal enriched medium. Conidia of the pathogen were harvested by flooding 

sporulating cultures with sterile distilled water and gently scraping the surface with a 

sterile needle. The resultant suspension was filtered through a muslin cloth and the 



 

23 Ramya, R. V., M.Sc. (Agri.) 2018 

conidial concentration was adjusted to 106 conidia ml-1 using a haemocytometer. Conidial 

suspension (106 conidia ml-1) was spray inoculated on detached racemes of castor by 

using an atomizer sprayer.  

The inoculated racemes were placed in a growth chamber at 25±1 0C temperature and 

above 90 per cent humidity and observation was made at regular intervals for the symptom 

development. 

The symptoms appeared after 5-6 days of inoculation. The organism was re-

isolated from these infected detached spikes showing gray mold symptoms and the 

culture obtained was compared with the original culture for confirmation.  

3.2.3 Maintenance of pure culture 

The pure culture was sub-cultured on oat meal enriched medium slants and 

allowed to grow for one week at 23±1 0C. Such slants were stored in a refrigerator at 4 0C 

and periodically sub-cultured once in a month to keep the pathogen in rejuvenated and 

viable condition. 

3.3 Morphological and molecular characterization of gray mold pathogen of castor 

3.3.1 Morphological characterization of gray mold pathogen of castor 

3.3.1.1 Effect of different media on growth of gray mold pathogen of castor 

Different media were used for morphological characterization of the pathogen. 

Fifteen ml of medium was poured in each Petri plate and allowed to solidify. Such plates 

were inoculated with 5 mm discs of the pathogen cut from periphery of the culture and 

incubated at room temperature (23±1°C). Each treatment was replicated thrice. Colony 

diameter was recorded by averaging the linear growth of colony in two directions for 

each plate. Colony colour, sclerotia number per plate, size of sclerotia and formation 

pattern of sclerotia were also noted. The data on radial growth was analyzed statistically. 

The fungus was identified based on morphological characteristics, viz., colour, growth 

pattern of the pathogen (Soares, 2012 and Sung-Kee et al., 2001). Comparision of 



 

Studies on gray mold of castor caused by Amphobotrys ricini (N. F. Buchw.) Hennebert 24 

morphological characters of anamorphs of Botryotinia ricini are represented in the Table 

1 (Sung-Kee et al., 2001). 

Table 1: Comparision of morphological characters of anamorphs of Botryotinia 

ricini 

Sl.  

No. 
Characters Botrytis cinerea Amphobotrys ricini 

1 
Colony colour 

and mycelium 

Pale gray with abundant aerial 

mycelium 

Effuse, pure white and cottony 

mycelium 

2 
Size of 

sclerotia 
Large Small 

3 
Branching of 

conidiophore 

Dichotomously branched and 

branches alternating at about 

three-fourths of the height from 

the basal portion and branched 

again two to three times 

Conidiophore branches 

bifurcating at about two-third 

height from the basal portion, 

and branched dichotomously 

again two to three times. 

4 
Size of the 

conidia 
7.5-13.3 x 7.0-10.5 μm. 5.0-10.8 μm 

Composition and preparation of the media were obtained from Ainsworth and 

Bisby’s ‘Dictionary of the fungi’ by Hawksworth et al., (1983). The composition of the 

media are given below.   

1. Oat meal enriched medium composition was mentioned in heading 3.1.4. 

2. Potato Dextrose Agar (PDA) 

Peeled and sliced potatoes : 200.00 g 

Dextrose (C6H12O6) : 20.00 g 

Agar agar : 20.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

Two hundred grams of peeled and cleaned potatoes were cut into small pieces. 

Later these pieces were boiled in distilled water and then extract was collected by 
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filtering through muslin cloth. Dextrose 20 g and agar 20 g each were dissolved in potato 

extract and the final volume was made up to 1000 ml with distilled water. Known 

quantity of such medium was dispensed into a number of conical flasks and plugged with 

non-absorbent cotton and finally wrapped with brown paper. The flask containing 

dispensed medium was sterilized at 1.1 kg/cm2 pressure for 15 minutes. 

3. Castor leaf extract medium 

Castor leaf bits : 200.00 g 

Dextrose (C6H12O6) : 20.00 g 

Agar agar : 20.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

The medium was prepared by boiling 200 g of fresh castor leaf bits in 500 ml of 

water in a metallic container for about 25 minutes. In another container 20 g of agar was 

melted in 500 ml of water. Both of these were filtered through a muslin cloth into another 

container and 20 g of dextrose was added to the filtrate. The final volume of the medium was 

made up to 1000 ml by adding distilled water. 

4. V8 juice agar medium 

V8 juice extract : 8.30 g 

L-aspargine : 10.00 g 

Calcium carbonate : 2.00 g 

Glucose : 2.00 g 

Yeast extract : 2.00 g 

Agar agar : 20.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

44.3 g of V8 juice agar powder was suspended in 1000 ml distilled water and 

sterilized at 1.1 kg/cm2 pressure for 15 min. 

  



 

Studies on gray mold of castor caused by Amphobotrys ricini (N. F. Buchw.) Hennebert 26 

5. Oat meal agar 

Oat meal : 72.00 g 

Agar agar : 20.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

72 g of Oat meal powder was boiled in 400 ml of distilled water for 20 min and 

the extract was filtered through a muslin cloth. Agar agar was melted separately in 400 

ml of distilled water. Both the solutions were mixed thoroughly. The volume was made 

up to 1000 ml with distilled water and sterilized at 1.1 kg/cm2 pressure for 15 min. 

6. Czapek’s Agar  

Sucrose (C12H22O11) : 30.00 g 

Sodium nitrate (NaNO3) : 2.00 g 

Potassium dihydrogen phosphate (KH2PO4) : 1.00 g 

Magnesium sulphate (MgSO4. 7H2O) : 0.50 g 

Potassium chloride (KCl) : 0.50 g 

Ferrous sulphate (FeSO4. 7H2O) : 0.01 g 

Agar agar : 15.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

Final pH (at 25°C) : 7.3±0.2 

Agar agar was melted in 500 ml of distilled water. All the other ingredients were 

mixed in 400 ml of distilled water. The two solution were mixed thoroughly. The volume 

was made upto 1000 ml by adding distilled water and sterilized at 1.1 kg/cm2 pressure for 

15 min. 

7. Richard's  Agar 

Potassium nitrate (KNO3) : 10.00 g 

Potassium dihydrogen phosphate (KH2PO4) : 5.00 g 

Magnesium sulphate (MgSO4. 7H2O) : 2.50g 

Potassium chloride (KCl) : 0.02 g 
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Sucrose : 50.0 g 

Agar agar : 15.0g 

Distilled water (Volume to make up) : 10000.0 ml 

All the above ingredients except Potassium dihydrogen phosphate and agar-agar 

dissolved in 450 ml of distilled water. Agar-agar was melted separately in 500 ml of 

distilled water and was mixed with the above solution. The volume was made upto 950 

ml. Potassium dihydrogen phosphate was dissolved in 50 ml of distilled water. The two 

solutions were sterilized at 1.1 kg/cm2 pressure for 15 min and subsequently mixed 

together. 

8. Carrot agar 

Fresh carrots : 200.00 g 

Agar agar : 20.00 g 

Dextrose : 20.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

         First, Carrot were peeled off and cut into small pieces. Then they were boiled and 

extract was filtered through the muslin cloth. The dextrose was dissolved in the solution. 

9. Malt extract agar 

Malt extract : 30.00 g 

Mycological peptone : 5.00 g 

Agar : 15.00 g 

Distilled water (Volume to make up) : 1000.00 ml 

Final pH (250 C) : 5.4 ±0.2 

          Malt extract was dissolved in 400 ml of distilled water. Agar agar was melted 

separately in 400 ml of distilled water. Both the solutions were mixed thoroughly volume 

was made up to 1000 ml with distilled water and 1.1 kg/cm2 pressure for 15 min.  
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10. Sabouraud’s agar     

Dextrose (C6H12O6) : 40.00 g 

Peptone : 10.00 g 

Agar : 20.00 g 

Distilled water (Volume to make up) : 1000. 00 ml 

Final pH : 5.6 

         Agar agar was melted in 400 ml of distilled water. All other ingredients were 

dissolved in 400 ml of distilled water. The two solutions were mixed thoroughly and the 

volume was made up to 1000 ml by adding distilled water. This was sterilized at 1.1 

kg/cm2 pressure for 15 min. 

11. Tochinai’s agar 

Potassium dihydrogen phosphate (KH2PO4) : 0.50 g 

Potassium nitrate (KNO3) : 2.00 g 

Magnesium sulphate (MgSO4. 7H2O) : 1.00 g 

Ferric chloride (FeCl3. 6H2O) : Trace 

Sucrose (C12H22O11) : 30.00 g 

Agar-agar : 15.00 g 

Distilled water (Volume to makeup) : 1000.00 ml 

Agar agar was melted in 400 ml distilled water. The other ingredients were 

dissolved in 400 ml of distilled water. The two solutions were mixed thoroughly and the 

volume was made up to 1000 ml by adding distilled water and sterilized at 1.1 kg/cm2 

pressure for 15 min. 

12. Asthana and Hawker’s medium  

Glucose (C6H12O6) : 5.00 g 

Potassium nitrate (KNO3) : 3.50 g 

Potassium dihydrogen phosphate (KH2PO4) : 1.70 g 

Magnesium sulphate (MgSO4. 7H2O) : 0.70 g 
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Agar-agar : 15.00 g 

Distilled water (Volume to make to makeup) : 1000.00 ml 

Agar agar was melted in 400 ml of distilled water. The other ingredients were 

dissolved in 400 ml of distilled water. The two solutions were mixed thoroughly and the 

volume was made up to 1000 ml by adding distilled water. Sterilized at 1.1 kg/cm2 

pressure for 15 min.  

3.3.2 Molecular characterization of gray mold pathogen of castor 

3.3.2.1 DNA extraction of Amphobotrys ricini by CTAB method 

The mycelium collected from the liquid cultures in potato dextrose broth after 7-8 

days of incubation was filtered through Whatman No.40 filter paper. The mycelia were 

then dried completely by pressing in between folds of pre-autoclaved filter papers. The 

DNA extraction method was standardized and certain steps were optimized to produce 

good concentration of DNA using plant DNA isolation kit (CTAB method).  

• Mycelium (0.5 g) was taken and ground in a Pestle and Mortar with nine ml of 

CTAB extraction buffer, mixed gently by inversion. For 60-90 minutes the tubes 

were incubated, with occasional inversion at 65 0C. The samples were allowed to 

cool by keeping the tubes in a trough of water at room temperature. 

• Five ml of chloroform:isoamyl alcohol (24:1) was added, the tubes were gently to 

mix the content for five min. 

• The samples were subjected to spinning in a centrifuge for 15 min at 6500 rpm at 

room temperature. 

• The aqueous layer was transferred to a fresh tube and 25 µlRNaseA (20 mg ml-1) 

was added. 

• The samples were mixed gently by inversion and incubated for 30 min at room 

temperature. 

• Six ml isopropanol was added to each tube and mixed gently by inversion until a 

white fluffy DNA precipitate appeared. 
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• The contents were centrifuged at 6500 rpm for 15 min to pellet the DNA. After 2-

3 min, eight ml of cold wash buffer was added and incubated for 20 min at room 

temperature. 

• The tubes were centrifuged to pellet the DNA at 6500 rpm for 15 min. 

• The supernatant was discarded and eight ml of cold 70 per cent ethanol was added 

to the tube containing the DNA pellet. 

• One ml of elution buffer was added and mixed gently to dissolve the pellet and 

kept at 4 0C overnight. 

• The DNA solution appeared to be turbid after standing overnight at 4 0C and the 

samples were heated to 65 0C for centrifugation at 6500 rpm for 15 min and the 

clear supernatant containing DNA was transferred to a fresh 1.5 ml tube 

discarding the pellet. 

3.3.2.2 Qualitative and quantitative analysis of DNA 

The quality and quantity of DNA was analyzed by running 2 µl of sample mixed 

with 2 µl of 10x loading dye in 1.5 per cent agarose gel. The DNA from the sample 

prepared produced clear sharp bands in 1.5 per cent agarose gel indicating good quality 

of the DNA. The DNA was quantified by comparing with the 1 kb size marker (Genei 

Pvt. Ltd. Bengaluru). The gel was observed under UV light and documented using BIO 

RAD gel documentation unit. 

3.3.2.3 PCR amplification of ITS region 

The ribosomal DNA (rDNA) unit contains genic and non-genic or spacer region. 

Each repeat unit consists of a copy of 18S, 5.8S and 28S like rDNA and its like Internal 

Transcribed Spacers (ITS) and Inter-Genic Spacers (IGS). The rDNA have been 

employed to analyze evolutionary events because it is highly conserved, whereas ITS 

rDNA is more variable. Hence, it has been used for investigating the species level 

relationships. 
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The primers for amplification were custom synthesized at Bengaluru Genie Pvt. 

Ltd. and supplied as lyophilized products of desalted oligos. Primer sequences used were 

as follows 

Organism  Sequence  

Fungal ITS 
ITS-1-F 5´-TCCGTAGGTGAACCTGCGG -3´ 

ITS-4-R 5´-TCCTCCGCTTATTGATATGC -3´ 

3.3.2.4 PCR reaction mixture 

Reaction mixture Quantity 

Template DNA(40 ng) 2 µl 

Primers-F and R 4 µl 

dNTP´s (2 mM) 2 µl 

Taq buffer A (10X) 2 µl 

Taq DNA polymerase (3U/ µl) 0.3 µl 

Mgcl2 1 µl 

Sterile Water 13.7 µl 

Total  25 µl 

3.3.2.5 PCR condition for ITS region amplification 

Step  Temp (0C) Duration 

Initial denaturation 95 4 min 

Denaturation  95 30 sec 

Annealing  58 30 sec 

Extension  72 1 min 

Final extension 72 7 min 

Hold  4 20 min 

No. of cycles 

Denaturation 

Annealing 

Extension 

 

                          35 
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3.3.2.6 Separation of amplified products on agarose gel  

Agarose gel electrophoresis was performed to resolve the amplified product using 

1.5 per cent agarose in IX TAE (Tris Acetate EDTA) buffer, 0.5 ug ml-1 of Ethidium 

bromide and loading buffer (0.25 % Bromophenol Blue in 40 % sucrose). Four µl of the 

loading dye was added to 20 µl of PCR product and loaded to the agarose gel. 

Electrophoresis was carried at 65 V for 1.5 h. The gel was observed under UV light and 

documented using gel documentation unit. 

3.3.2.7 Sequencing of ITS region and in silico analysis 

The ITS region was sequenced to confirm organism. The PCR product was 

sequenced using forward and reverse primers at Sakhala enterprise Bengaluru. Homology 

search done using BLAST algorithm available at the VA3T.ncbi.nlm.nih.gov. 

Phylogenetic tree was constructed using MEGA7 software. 

3.4 In vitro evaluation of fungicides and nano particles against gray mold pathogen 

The efficacy of eleven fungicides and five nano particles listed in Table 2 were 

evaluated against Amphobotrys ricini at different concentrations on oat meal medium 

using poisoned food technique (Vincent, 1947). Sterilized oat meal agar was prepared and 

autoclaved. The medium was cooled to 50 0C. Molecules were dissolved in sterilized 

water to make the stock solution. Appropriate quantity of stock solution was added to oat 

meal agar, to get the desired concentration of the molecule, the flasks were agitated 

gently to aid in uniform dispersion of the fungicidal solution into the medium. About 15 

to 20 ml of poisoned oat meal agar was poured into 90 mm Petri plates and allowed to 

solidify. Three replications were maintained for each treatment. One 5 mm disc of the 

actively growing test fungal culture of Amphobotrys ricini were obtained with sterilized 

cork borer and transferred to the centre of the poisoned medium in each of the Petri plates. 

Control was maintained with the pathogen under similar conditions on oat meal agar 

medium without poisoning. Inoculated plates were incubated at 24±10C. The diameter of 

fungal colony was measured in each of the treatment when the fungal colony growth in 

control plate was full. The colony diameter inhibited in fungicide treated plates as compared 
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Table 2: The details of chemicals evaluated under in vitro and in field conditions 

No. Common Name Trade Name Chemical Name 

Systemic fungicides 

1. Carbendazim Bavistin 50 WP Methyl-2-benzimidazole carbamate (C9H9N3O2) 

2. Azoxystrobin Amistar 23 % EC 
Methyl(2E)-2-(2-{[6-(2-cyanophenoxy)pyrimidin-4-yl]oxy}phenyl)-3-

methoxyacrylate 

3. Trifloxystrobin Compass50%WDG 
Methyl2-methoxyimino-2-[2-[[1-[3-(trifluoromethyl)phenyl]ethylideneamino] 

oxymethyl] phenyl] acetate (C20H19F3N2O4) 

4. Propiconazole Tilt 25 % EC 
1-2-(2-chloro-4-(4-dichlorophenoxy))-4-propyl-1,3-dioxolan-2yl methyl)- 1H-1, 

2, 4-triazole 

5. Tebuconazole Folicure 250 EC  
(RS)-1-(4-Chlorophenyl)-4,4-dimethyl-3-(1H, 1,2,4-triazol-l-ymethyl)pentan-3-

ol 

Contact fungicides 

1. Captan Captaf 50 % WP 
(3aR,7aS)-2-[(Trichloromethyl)sulfanyl]-3a,4,7,7a-tetrahydro-1H-isoindole-

1,3(2H)-dione (C9H8Cl3NO2S) 

2. Thiram Thiram 75% DS Dimethylcarbamothioylsulfanyl N, N-dimethylcarbamodithioate (C6H12N2S4) 

3. Mancozeb 
Dithane M- 45 

75 %WP 
Manganese ethylenebis (dithiocarbamate) (polymeric) 

Combi products 

1. 
Carbendazim 12 % + 

Mancozeb 63 % WP 
Saaf  

Methyl 2 benzimidazole carbomae 1,2 + Manganese ethylene bis 

dithiocarbonate plus zinc 63 

C8H12MnN4S8Zn 

2. 

Tebuconazole 50 % 

WG + Trifloxystrobin  

25 % WG 

Nativo 

4-chlorphenyl-4, 4-dimethyl-3-[1,2,4]triazol-l-ylmethyl-pentan-3-ol+(E,E)-

methoxyimino-{2-{1-{3-trifluromethyl-phenyl-ethyllideneaminooxymethyl]-

phenyl}acetic acid methyl ester 

3. 
Hexaconazole 4 % 

+ Zineb 68 % WP 
Avtar 

(Zinc ethylene Bis Dithiocarbamate + Hexaconazole) 

C4H6N2S4Zn+C14H17Cl2N3O 

Nano particles Silicon dioxide, Titanium dioxide, Zinc oxide, Boron nitride, Pure silver nano particles 
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to control was taken as a measure of fungitoxicity. Per cent inhibition over control was 

calculated by following the equation (Vincent, 1947). 

I =
C − T

C
× 100 

Where, 

I = Per cent inhibition of mycelial growth 

C = Radial growth of pathogen in control (mm) 

T = Radial growth of pathogen in treatment (mm) 

3.5 Management of castor gray mold disease  

Field experiment was conducted at Zonal Agricultural Research Station, GKVK, 

Bengaluru during Kharif 2017-18 for the management of gray mold of castor. 

Plot size : 3.0 m x 3.0 m  

Variety : DCS-9 (Jyothi) 

Space : (90 x 45) cm  

Date of sowing : 14- 08-2017 

Design : RCBD  

Treatment : 8 

Replication : 3  

Standard agronomic practices were followed to grow the crop. Fungicides tested 

include three systemic (Carbezdazim, Azoxystrobin, Tebuconozole), two combi products 

(Tebuconazole + Trifloxystrobin and Carbendazim + Mancozeb) and two nano particles 

(Silicon dioxide and Pure silver) with one untreated control. First spray was given before 

the onset of disease i.e., 80 days after sowing (DAS) and second spray was given 15 days 

after first spray (95 DAS).  
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Treatment details 

T1: Carbendazim @ 1.0 gL-1  

T2: Tebuconazole + Trifloxystrobin (Nativo) @ 1.0 %  

T3: Azoxystrobin @ 0.5 %  

T4: Silicon dioxide @ 200 ppm  

T5: Tebuconazole @ 2mlL-1  

T6: Carbendazim + Mancozeb (Saaf) @ 2.0 gL-1  

T7: Pure silver @ 200 ppm  

T8: Control (Untreated) 

Disease incidence in all the spike orders was recorded on 110 days after sowing 

using 0-9 scale. 

Table 3: Key for assessment of disease severity 

Disease grade Intensity of infection (%) 

0 No infection 

1 1 to 10 % raceme area infected 

3 11 to 20 % raceme area infected 

5 21 to 30 % raceme area infected 

7 31 to 50 % raceme area infected 

9 >51 %  raceme area infected 

The per cent disease index (PDI) was calculated by using McKinney (1923) 

infection index. The data on castor gray mold incidence and yield was recorded in net 

plot and converted to kgha-1. The data were analyzed statistically. 

PDI =
Sum of individual ratings 

Total number of spikes observed × Maximum disease grade
× 100 

3.6 Statistical analysis 

  The field experimental data was analysed statistically by Fischer´s method of 

analysis of variance by Panse and Sukhatme (1967). The level of significance used in F 

test was P= 0.05. Critical difference was worked out wherever F- test was significant. 
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IV RESULTS AND DISCUSSION 

Castor is an important non edible oil seed crop which contains 40-60 per cent of 

oil having unique features, rich in triglycerides, mainly ricinolein. India ranks first in area 

and production of castor in the world. Diseases are the major biotic stresses for the 

successful production of castor. Among these gray mold caused by Amphobotrys ricini, a 

necrotrophic pathogen has been considered as a most destructive pathogen which has 

been reported to cause potential seed yield loss up to 100 per cent. Experiments were 

conducted on various aspects of gray mold of castor with reference to its morphological 

and molecular characterization, in vitro and field evaluation of chemicals at GKVK, 

Bengaluru, during 2017-18. The results obtained are presented and discussed below.  

4.1 Symptomatology  

The symptoms first appeared as bluish spots on flowers, developing fruits, 

panicle, leaves and stem from which yellowish drops of liquid exude. On fruits the 

symptoms appeared as circular or elliptic, sunken, dark coloured spots which result in 

rupture of the capsule. The inflorescence or ‘spike’ is covered with a moldy growth (Plate 

1). These descriptions are similar to the symptoms described by Araujo et al. (2007) and 

Godfrey (1923).  

4.2 Isolation and identification of the pathogen 

4.2.1 Isolation of Amphobotrys ricini from capsules of castor 

Isolations made from naturally infected capsules of castor showing typical 

symptoms of gray mold revealed the presence of Amphobotrys ricini. Colonies of the 

fungus on oat meal enriched medium were irregular, initially light brown in colour which 

later turned dark gray. The pure culture of the fungus was obtained and purified by single 

spore isolation method on oat meal enriched medium (Plate 2a). The purified colonies 

were stored in oat meal enriched medium agar slants (Sung-Kee et al., 2001). 
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4.2.2 Morphological identification of gray mold pathogen of castor 

The fungus on oat meal enriched medium produced septate and branched 

mycelium, dichotomously branched conidiophores bearing globose, hyaline to light 

brown coloured conidia (Plate 2b). The morphological characters obtained are in 

accordance with the descriptions of Hennebert (1973).  

4.3 Pathogenicity test  

The pathogenicity test was conducted in a closed polythene humid chamber as 

described in material and methods. The detached spikes of castor variety, DCS 9, were 

kept in conical flasks containing 2 per cent sucrose solution and spray inoculated with 

spore suspension (106 conidia ml-1). Initial symptoms were observed on 3rd day of 

inoculation. The first symptoms of the disease were visible as bluish spots on the 

capsules. These spots enlarged covering the entire castor raceme with grayish moldy 

growth within six days after inoculation (Plate 3).  Godfrey (1923) observed small bluish 

spots on panicles, leaves and stems of castor infected with castor gray mold. The growth 

of gray to olive gray mycelium on infected racemes was described as a spider’s web by 

him.  The pathogen was re-isolated from the infected capsules on oat meal enriched 

medium and the morphological characters were compared with the original culture which 

was similar in all aspects.            

4.4 Morphological and molecular characterization of gray mold pathogen of castor 

4.4.1 Morphological characterization of gray mold pathogen of castor 

The fungus on oat meal enriched medium produced septate and branched 

mycelium which was thin, hyaline to light brown in colour. Conidiophores were 

produced individually or in clusters, cylindrical, hyaline to pale brown, branched 

dichotomously, which developed from conidiogenous cells. Conidia were globose, 

unicellular, smooth, hyaline to pale brown in colour. 

On the basis of morphology, the fungus was identified as Amphobotrys ricini. The 

morphological characters obtained are in accordance with the descriptions of Hennebert 

(1973). Similar observations were made by Sung-Kee et al. (2001) on potato dextrose 
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 Plate 2a. Pure culture of Amphobotrys ricini on oat 

meal enriched medium 
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Plate 2b. Photomicrograph showing conidia and conidiophores of 

Amphobotrys ricini (40x) bearing clumps of  conidia 
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Treatment Medium Treatment Medium 

1 Potato dextrose agar 7 Carrot agar 

2 Sabouraude agar 8 Malt extract agar 

3 Castor leaf extract 9 Asthana and Hawker’s 

4 Czapek’s  agar 10 Tochinai’ s agar 

5 V8 Juice agar 11 Oat meal enriched medium 

6 Richard’s  agar 12 Oat meal agar 

 

 

  

 

 

Plate 4. Colony morphology of Amphobotrys ricini on different solid media 
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agar. The conidiophores were single, erect, pale brown colour and branched 

dichotomously. The conidia were globose, unicellular, pale brown, smooth. These 

descriptions are in accordance with the present findings. 

4.4.2 Effect of different soild media on the growth of Amphobotrys ricini 

The variation in cultural characters of Amphobotrys ricini was studied on twelve 

different growth media as described in material and methods. The radial growth of A. 

ricini on different media ranged from 20.00 to 85.00 mm. The radial growth of A. ricini 

was maximum on Malt extract agar medium with mean colony diameter of 85.00 mm. 

This was followed by V8 juice agar medium (82.66 mm), Tochinai’s agar (79.00 mm), 

Castor leaf extract (72.50 mm). The growth of A. ricini was minimum in Richard’s agar 

medium (20.00 mm) (Table 4, Plate 4 & Fig. 1).  

Though the radial growth of the pathogen was highest on Malt extract agar, 

profuse sporulation was observed in Oat meal enriched medium, more than 100 conidia 

per microscopic field was observed, followed by PDA, Sabouraud’s agar, Malt extract 

agar and oat meal agar (80-100 conidia per microscopic field). Sporulation was minimum 

in Carrot agar (60 conidia per microscopic field) and no sporulation was observed in V8 

juice agar, Richard's agar, Asthana and Hawkers agar and Tochinai's agar (Table 4 & 

Plate 4).  

The perusal of the data presented in Table 5 and Fig. 2 shows that the dry 

mycelial weight of the pathogen varied from 84.24 mg to 604.13 mg on different liquid 

media. Maximum dry mycelial weight of 604.13 mg was recorded in Richard's broth 

followed by Tochinai's broth (456.20 mg), Oat meal enriched broth (325.57 mg). Dry 

mycelial weight of the pathogen was minimum in Asthana and Hawkers broth (84.24 

mg). 

The variation in the colony characters of A. ricini on different media are presented 

in Table 6 & Plate 4. Colony colour on different media varied from white to dirty white, 

cottony white, brown to light brown in colour. Colony colour on PDA, Sabouraud’s agar, 

Castor leaf extract and carrot agar were whitish at the centre and brownish at the 
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periphery. Brownish white mycelium was observed on Czapek’s agar, cottony white 

mycelium was observed in V8 juice agar and it is surrounded by light brown colour 

mycelium in Asthana and Hawkers agar medium. On Richard's agar medium the fungus 

produced whitish mycelial growth, on Tochinai's agar medium colony appeared as white 

to dirty white in colour. Colony colour was whitish at the inoculation point surrounded by 

dirty white in colour on Malt extract agar medium. On Oat meal enriched medium and 

Oat meal agar medium colony was initially white later turned to brown colour. 

On different media tested the sclerotia number per plate, size, formation pattern 

and also the sclerotia initiation varied. The number of sclerotia produced on various 

media varied from 3-250 per plate. Highest number of sclerotia was observed on Malt 

extract agar (250 per plate) followed by Oat meal agar (132 per plate), Oat meal enriched 

medium (120 per plate). Least sclerotial production was noticed in Sabouraud’s agar (3 

per plate).  

Small (< 2.00 mm), medium (2.00-5.00mm) and large (> 5.00 mm) sized sclerotia 

were observed on different media. On Carrot agar, Asthana and Hawkers agar and Oat 

meal agar medium the fungus produced small sclerotia. Medium sized sclerotia was 

observed on PDA, Sabouraud’s agar, castor leaf extract, Tochinai's agar and Oat meal 

enriched medium. Large sized sclerotia were produced on Richard's agar and Malt extract 

agar medium. 

Production of sclerotia was observed on 10th day after inoculation on Carrot agar, 

Malt extract agar and Oat meal agar medium, whereas sclerotia production initiated after 

17th day after inoculation on PDA and Richard’s agar medium. Sclerotia formation was 

not observed on Czapek’s agar and V8 juice agar medium.   

The pattern of sclerotia formation also varied with type of medium used. On PDA 

sclerotia were formed in concentric rings, whereas, in Richard’s agar, Carrot agar, 

Asthana and Hawker’s agar, Tochinai’s agar and Oat meal enriched medium the sclerotia 

formed irregularly. Sclerotia formed irregularly and scattered throughout the plate on 

Sabouraud’s agar, Castor leaf extract and Malt extract agar medium. On Oat meal agar 
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medium sclerotia formed in concentric rings and later scattered throughout the plate 

(Plate 4).  

Similar type of results were obtained by Sung-Kee et al. (2001) who reported that 

A. ricini on PDA produced pure white cottony mycelium. Similarly, Mirzaei et al. (2007) 

characterized 355 isolates of Botrytis cinerea and identified the species based on 

morphological characters such as conidial and sclerotial dimensions, conidiophore length. 

Different kinds of growth pattern were observed on PDA at 20 0C under light. Colonies 

were white, dirty white, grayish white, or hyaline at first but soon becoming light gray, 

dark gray to dark brown in colour. 

The morphological characters obtained are in agreement with the findings of 

Raluca and Emilia (2010) who reported that Botrytis cinerea on PDA produced globose 

conidia. Scleroria were black and were formed in rings, on suface of the medium, edges 

of the plate and irregularly distributed. Number of sclerotia per plate varied from 36-190. 

Similarly, Tanovic et al. (2009) reported that the growth of Botrytis cinerea was 

maximum and more sclerotia were produced on Malt agar (MA) medium. Morphological 

types of colonies on PDA and MA media were similar to those observed by Martinez et 

al. (2003).  

Zada et al. (2016) reported that colony colour of Botrytis cinerea on PDA, 

Czepk’s and Malt extract medium varied from whitish, slightly white, grayish white and 

grayish black.  

Hennebert (1973) reported that Botrytis taxonomy has traditionally been based on 

morphological and cultural characteristics coupled with host specificity. However, 

cultural conditions could considerably modify taxonomic characters such as dimension 

and shape of conidia (Jarvis, 1977). Despite these, morphological characters, in recent 

year’s molecular markers have been used to identify Botrytis species (Mirzaei et al., 

2007).  
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Table 4: Effect of different solid media on growth and sporulation of Amphobotrys 

ricini 

Mediu   Medium Radial colony growth (mm)* Sporulation 

Potato dextrose agar 58.33  +++ 

Sabouraud’s agar 57.00  +++ 

Castor leaf extract 72.50 ++ 

Czapek's agar 40.33 ++ 

V8 juice agar 82.66  - 

Richard's agar 20.00  - 

Carrot agar 41.00  + 

Malt extract agar 85.00  +++ 

Asthana and Hawkers agar 40.30  - 

Tochinai's agar 79.00  - 

Oat meal enriched medium 62.50  ++++ 

Oat meal agar 70.00  +++ 

S.Em ± 0.67 
 

C.D. (P=0.01)  2.67 

                           *Mean of three replications 

++++ : > 100 conidia per microscopic field 

+++ : 80-100 per microscopic field 

++ : 60-80 conidia per microscopic field 

+  : < 60 conidia per microscopic field 

- : No sporulation  



                                                             

                                    Ladder:  M. 1kb; 1. Amphobotrys ricini 
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Plate 5: ITS rDNA region amplification and Phylogenetic tree analysis 
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Table 5: Effect of different liquid media on dry mycelial weight of Amphobotrys 

ricini 

Medium Dry mycelial weight (mg)* 

Potato dextrose broth 109.00 

Sabouraud’s broth 244.63 

Castor leaf extract broth 87.50 

Czapek's broth 243.86 

V8 juice broth 151.96 

Richard's broth 604.13 

Carrot broth 275.20 

Malt extract broth 180.23 

Asthana and Hawkers broth 84.24 

Tochinai's broth 456.20 

Oat meal enriched broth 325.57 

Oat meal broth 195.04 

S.Em ± 0.59 

C.D. (P=0.01) 2.35 

*Mean of three replications 
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Table 6: Colony morphology of Amphobotrys ricini on different media 

Medium 

Colony characters Sclerotia characters 

Colony colour 
Number 

/plate 
Size Formation pattern 

Potato dextrose agar 
Whitish at the centre and brownish at the 

periphery 
55 Medium 

Formed in concentric circular ring (17 

DAI) 

Sabouraud’s agar 
Whitish at the centre and brownish at the 

periphery 
3 Medium 

Formed irregularly, scattered throughout 

the plate (12 DAI) 

Castor leaf extract 
Whitish at the centre and dark brownish at 

the periphery 
75 Medium  

Formed irregularly, scattered throughout 

the plate (11 DAI) 

Czapek’ s  Agar Brownish white - - - 

V8 Juice agar Cottony white mycelium - - - 

Richard's  Agar Whitish mycelial growth 37 Large Formed irregularly (17 DAI) 

Carrot agar 
Whitish at the centre surrounded by 

brownish 
78 Small Formed irregularly (10 DAI) 

Malt extract agar 
Whitish at the inoculation point surrounded 

by dirty white in colour 
250 Large 

Formed irregularly, scattered throughout 

the plate (10 DAI) 

Asthana and 

Hawker’s agar 

Cottony white mycelium surrounded by light 

brown 
3 Small Formed irregularly (14 DAI) 

Tochinai’ s agar White to dirty white in colour 56 Medium Formed irregularly (14 DAI) 

Oat meal enriched 

medium 
Initially white later turn to brown colour 120 Medium Formed irregularly (12 DAI) 

Oat meal agar 
Initially white later turn to light brown 

colour 
132 Small 

Formed in concentric rings and later 

scattered throughout the plate (10 DAI) 

DAI: Days after inoculation;                                                    Small= < 2.00 mm; Medium= 2.00-5.00 mm; Large= > 5.00 mm 
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4.4.3 Molecular characterization  

The DNA of the anamorph of pathogen causing gray mold was isolated and the 

Internal Transcribed Spacer (ITS) region of the fungal genome was amplified in a PCR 

using ITS1 and ITS 4 primer pairs. The amplified region was typically 500 bp in length 

with a concentration of around 70 ngµg-1. The amplified product was checked by 

electrophoresis in 1.5 per cent agarose gel (Plate 5). The amplified region was sequenced 

and the sequence of amplified region was 

51CCCCAAGCCTAAACTCCCCACCCTTTTTTACCTGTTGCTTTGGCAGATGCAA

GTCTGCCAGGCTTAAACTCTGTGTTTTGTTGTCTGAGTGTGGCTTTTGGAATGT

TAAAACTTTCAACAATGGATCTCTTGGCTCTGGCATCGATGAAGAACGCAGC

GAAAAGCGATATGTAATGTGAATTGCAGAATTTAGTGAATCATCGAATCTTT

GAACGCACATTGCGCCCTGTAGCATTCTACAGGGCATGCCTGTTCGAGTGTCA

TTTCACCCTCAAGCATAGCTTGGTCTTGAATCTAGTCGTACGACTGATTTTAA

AAATAGTACTGGCTTCGTAGGTGCTAAACGTAATAACTTTCGTTCCAGCGCCT

CATCTTAGCTGCGAAATGGACTTTTTGGAGGTGAACTCAAAGCAGGGACGGA

AACCC  31. 

The amplified region was compared using bioinformatics tools like NCBI 

(National Centre for Bioinformatics) BLAST programme. BLAST search has shown 98% 

similarity of the query sequence with Amphobotrys ricini (Table 7). The results of this 

study confirmed that A. ricini as the cause of gray mold of castor.  ITS rDNA sequence of 

Amphobotrys ricini was deposited in NCBI and GenBank accession number MH444648 

was obtained.  

The ITS rDNA region has been extensively used for the species-level 

discrimination of fungal species. Universal-primed polymerase chain reaction (UP-PCR) 

fingerprinting, coupled with the restriction of ITS rDNA regions helps in the  

identification of five groups of Botrytis i.e., B. cinerea, B. squamosa, B. byssoidea and 

two groups of B. aclada  (AI and AII) (Nielsen et al., 2001).   
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Table 7: Sequence comparision of Amphobotrys ricini strain AR 01 with that 

available in NCBI GenBank   

Sl. 

No. 

Sequence 

isolate 

GenBank 

accession 

number 

GenBank reference 

accession number  

NCBI BLAST 

Hit results 

Maximum 

Identity 

(%) 

    1 AR 01 MH444648 JF433374.1 

Amphobotrys ricini 

strain CopAr-5 

internal transcribed 

spacer 1 

98 % 

Inter and intra-specific variation within the ITS regions have been reported in 

several fungi and are mostly due to deletion or insertion events in the ITS 1 and ITS 4 

regions (Carbone and Kohn, 1993; Chen et al., 1992).   

Kwon et al. (2011) reported the gray mold of blueberry first time in Korea which 

is caused by Botrytis sp. A detailed description of the fungus is given based on 

morphological characteristics and amplification of rDNA internal transcribed spacer 

sequence using ITS 1 and ITS 4. The fungus was identified as Botrytis cinerea based on 

mycological characteristics and molecular data.  

First report of a gray mold on Lilium cernuum Komar, caused by Botrytis cinerea 

in China was reported by Chen et al., 2017. Based on the morphological and molecular 

analyses using ITS primers 1 and 4, they confirmed that Botrytis cinerea as the causal 

agent of gray mold on Lilium cernuum.  

4.5 In vitro evaluation of fungicides on growth of Amphobotrys ricini 

Availability of different mode of action of fungicides necessitates their evaluation 

under in vitro to provide useful and preliminary information regarding their efficacy 

against pathogens within a short period of time and therefore, serves as a guide for field 

testing. In vitro evaluation of different systemic fungicides, contact fungicides, combi 

products and nano particles against A. ricini was done by poisoned food technique and 

the results revealed the following.   

http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=DF33CHFH012&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3#sort_mark
http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&DATABASE_SORT=0&DESCRIPTIONS=100&FIRST_QUERY_NUM=0&FORMAT_OBJECT=Alignment&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&MASK_CHAR=2&MASK_COLOR=1&NEW_VIEW=yes&NUM_OVERVIEW=100&OLD_BLAST=false&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=DF33CHFH012&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&DISPLAY_SORT=3&HSP_SORT=3#sort_mark
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The efficacy of five systemic fungicides at three different concentrations of 50, 

250 and 500 ppm were tested against A. ricini. The results presented in the Table 8, Plate 

6 & Fig. 3 revealed that all the systemic fungicides used in the experiment inhibited the 

growth of A. ricini. The growth of A. ricini varied significantly in different fungicides 

tested. Of the five systemic fungicides tested complete inhibition (100%) of growth of the 

pathogen over control was observed in two fungicides Carbendazim and Propiconazole at 

50, 250 and 500 ppm concentrations. In Tebuconazole complete inhibition was observed 

at 250 and 500 ppm concentration,whereas it was 97.22 % at 50 ppm concentration. 

Minimum inhibition was observed in Trifloxystrobin (20.84 %) and the least inhibition 

was observed in Trifloxystrobin at 50 ppm (6.10 %). 

Three contact fungicides and three combi products were evaluated at 

concentrations of 250, 500 and 1000 ppm. Among the contact fungicides Mancozeb 

(59.27 %) recorded the maximum inhibition of mycelial growth followed by Thiram 

(52.52 %). Among the three concentration tested 1000 ppm was found to be highly 

effective with mean per cent inhibition of 86.18. Interaction between fungicides and 

concentration was significant i.e., complete inhibition of mycelia growth was observed at 

1000 ppm of Mancozeb. The minimum mycelial inhibition was observed in Captan at 

250 ppm (5.13 %) (Table 9, Plate 7 & Fig. 4). 

Among the combi products tested viz., Carbendazim + Mancozeb, Tebuconazole 

+ Trifloxystrobin and Hexaconazole + Zineb. 100 % inhibition of growth was recorded in 

Carbendazim + Mancozeb followed by Tebuconazole + Trifloxystrobin (98.64 %). Out of 

three concentrations tested 1000 ppm was highly effective with mean per cent inhibition 

of 86.18. All the combi products tested gave the superior results in inhibition of growth 

of A. ricini (Table 9, Plate 7 & Fig. 4). 

Five nano particles viz., Silicon dioxide, Titanium dioxide, Zinc oxide, Boron 

nitride and Pure silver were evaluated for their efficacy against A. ricini under in vitro 

condition. Among these better mycelial inhibition of pathogen was observed in Silicon 

dioxide (36.05 %) followed by Pure silver (28.86 %), Zinc oxide (20.81 %). Maximum 
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inhibition was recorded in Silicon dioxide (58.26 %) at 250 ppm concentration followed 

by pure silver (51.19 %) at same concentration. Pure silver and Boron nitride at 50 ppm 

concentration there was no inhibition of pathogen. Among the concentrations tested 250 

ppm was found to be effective with mean per cent inhibition of 35.51. Per cent inhibition 

of pathogen increased with the increase in concentration of the molecules (Table 10, Plate 

8 & Fig. 5).   

Rautela and Singh (2017) conducted in vitro evaluation of fungicides against gray 

mold of tomato and results revealed that Azoxystrobin + Tebuconazole and Azoxystrobin 

+ Chlorothalonil were more effective showing 100 per cent inhibition of mycelial growth 

of Botrytis cinerea. 

Iqbal et al. (1992) reported that Banlate, Calixin-M and Tecto-6 were the most 

effective in suppressing the growth of the Botrytis cinerea. 

He et al. (2011) reported that zinc oxide nano particle at concentrations greater 

than 3 mmolL−1 significantly inhibit the growth of Botrytis cinerea. Similarly, Derbalah 

et al. (2012) reported that silver nano particles showed a high efficacy against B .cinerea. 

The antifungal activity of nano particles against Botrytis cinerea is that 

nanoparticles may adhere to the cell surface, thereby altering membrane properties. In 

support of this mechanism, silver nano particles have been reported to degrade 

lipopolysaccharide molecules, accumulate inside the membrane by forming “pits” and 

cause large increases in membrane permeability (Sondi and Salopek-Sondi 2004). Other 

proposed mechanisms include the penetration of silver nano particles into the microbial 

cell, resulting in DNA damage, and the release of antimicrobial silver ions due to the 

dissolution of silver nano particles (Morones et al., 2005). 
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Table 8: Effect of systemic fungicides on growth of Amphobotrys ricini 

Treatments 
Per cent inhibition of colony growth 

Mean 
50 ppm 250 ppm 500 ppm 

Carbendazim 
100.00 

(90.00)* 

100. 00 

(90.00) 

100.00 

(90.00) 

100.00 

(90.00) 

Azoxystrobin 
40.55 

(39.56) 

43.22 

(41.11) 

38.11 

(38.13) 

40.62 

(39.60) 

Trifloxystrobin 
6.10 

(14.31) 

22.90 

(28.6) 

33.52 

(35.39) 

20.84 

(27.17) 

Propiconazole 
100.00 

(90.00) 

100.00 

(90.00) 

100.00 

(90.00) 

100.00 

(90.00) 

Tebuconazole 
97.22 

(80.41) 

100 

(90.00) 

100.00 

(90.00) 

99.07 

(84.48) 

         Control 
0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

Mean 
68.77 

(56.03) 

73.22 

(58.84) 

74.32 

(59.56) 

72.11 

(58.13) 

 

Fungicides 

(F) 

Concentration 

(C) 
F×C 

 
        S.Em ± 0.59 0.53 1.02 

      C.D. (P=0.01) 2.26 1.75 3.92 

*Figures in the parenthesis are arc sine transformed values. 
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Table 9: Effect of contact and combi fungicides on growth of Amphobotrys ricini 

Treatments 
Per cent inhibition of colony growth 

Mean 
250 ppm 500 ppm 1000 ppm 

Captan 
5.13 

(13.11)* 

14.73 

(22.58) 

33.60 

(35.43) 

17.82 

(24.98) 

Thiram 
27.83 

(31.85) 

46.22 

(42.84) 

83.52 

(66.06) 

52.52 

(46.45) 

Mancozeb 
31.33 

(34.04) 

46.50 

(43.00) 

100.00 

(90.00) 

59.27 

(50.35) 

Carbendazim + Mancozeb 

(Saaf) 

100.00 

(90.00) 

100.00 

(90.00) 

100.00 

(90.00) 

100.00 

(90.00) 

Tebuconazole + Trifloxystrobin 

(Nativo) 

95.94 

(78.38) 

100.00 

(90.00) 

100.00 

(90.00) 

98.64 

(83.33) 

Hexaconazole + Zineb 

(Avtar) 

87.86 

(69.61) 

100.00 

(90.00) 

100.00 

(90.00) 

95.95 

(78.40) 

Control 
0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

Mean 
58.01 

(49.62) 

67.90 

(55.50) 

86.18 

(68.19) 

70.70 

(57.24) 

 

Fungicides 

(F) 

Concentration  

(C) 
F×C 

 

S.Em ± 0.14 0.11 0.25 
 

C.D. (P=0.01) 0.55 0.39 0.96 
 

*Figures in the parenthesis are arc sine transformed values.  



 

Studies on gray mold of castor caused by Amphobotrys ricini (N. F. Buchw.) Hennebert 50 

Table 10: Effect of nano particles on growth of Amphobotrys ricini 

Treatments 
Per cent inhibition of colony growth 

Mean 
50 ppm 100 ppm 250 ppm 

Silicon dioxide 
11.58 

(19.90)* 

38.31 

(38.25) 

58.26 

(49.76) 

36.05 

(36.91) 

Titanium dioxide 
1.97 

(8.08) 

2.16 

(8.46) 

6.39 

(14.65) 

3.50 

(10.8) 

Zinc oxide 
8.56 

(17.02) 

18.19 

(25.25) 

35.7 

(36.7) 

20.81 

(27.15) 

Boron nitride 
0.00 

(0.00) 

5.26 

(13.27) 

26.03 

(30.68) 

10.43 

(18.85) 

Pure silver 
0.00 

(0.00) 

35.38 

(36.51) 

51.19 

(45.69) 

28.86 

(32.50) 

Control 
0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

0.00 

(0.00) 

Mean 
4.42 

(9.00) 

19.86 

(24.34) 

35.51 

(35.49) 

19.93 

(26.52) 

 
Nano particles (N) Concentration (C) N×C 

 
S.Em ± 0.13 0.11 0.24 

 
C.D. (P=0.01) 0.53 0.41 0.92 

 

* Figures in the parenthesis are arc sine transformed values. 
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4.6 Management of gray mold 

Field experiment was conducted to evaluate the relative efficacy of chemicals 

against gray mold of castor during 2017-18 at Zonal Agricultural Research Station 

(ZARS), Gandhi Krishi Vignana Kendra, Bengaluru (Plate 9). 

The effect of different treatments on gray mold incidence was recorded using 0-9 

scale and the results are presented in Table 11 and Fig. 6 & 7. Results revealed that all the 

treatments reduced the disease significantly compared to the unsprayed control. 

Per cent disease index on different treatments varied from 12.03- 85.65 %. Least 

disease index of 12.03 % was recorded in T1 (Carbendazim, 1 g L-1) followed by T6 

(Carbendazim + Mancozeb, 2 g L-1) 16.16 %, T2 (Tebuconazole + Trifloxystrobin 1%) 

20.38 %, T5 (Tebuconazole, 2 ml L-1) 22.25 %, T3 (Azoxystrobin, 0.5 %) 28.13%. Per 

cent disease index in control plants (T8) was 85.65. 

Yield differed significantly among the treatments sprayed with different 

molecules. Maximum seed yield of 2410.22 kg ha-1 was recorded in treatment 

Carbendazim followed Carbendazim + Mancozeb (2372.00 kg ha-1), Tebuconazole + 

Trifloxystrobin (2108.00 kg ha-1). While unsprayed control treatment recorded lowest 

seed yield of 1101.10 kg ha-1. 

In a similar study Bhat and Rajasri (2015) reported that propiconazole @ 1 ml L-1 

resulted least disease incidence (9.6 %) and higher yield (2473.60 kg ha-1) which was 

followed by Carbendazim 1 g L-1 with yield of 2327.00 kg ha-1. The results obtained are 

in agreement with the Rathi (1994) who reported that Bavistin gave the highest protection 

to the crop with least disease severity of Botrytis blight on chickpea. 

Similarly, Bezerra (2007) reported that Carbendazim and Azoxystrobin are 

effective against the gray mold pathogen. But, Chagas (2009) reported that Azoxystrobin 

to be ineffective against B. ricini, while Carbendazim and other fungicides viz., 

Tebuconazole, Iprodione and Procymidone are highly effective. 
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Plate 9:  Field view of gray mold management trial 
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Nejad et al. (2017) in the glass house studies observed that silicon nano particle at 

50 ppm concentration effectively suppressed the lesion development on rice leaves. 

Zalewska et al. (2016) reported that under field condition, the formulations 

containing nano particles viz., Copper, silver and Chitosan i.e., Viflo Cal S, significantly 

limited the severity of septoriosis and powdery mildew in comparison to the severity of 

these diseases in the control plants, which contributed to an increase in the size and 

quality of the crop of caraway schizocarps. 

Benzimidazole fungicides such as Benomyl and Thiophanate methyl allowed a 

higher level of Botrytis control than the protectants. According to Maiti et al. (1988), 

application of Carbendazim (0.05%) or Thiophanate-methyl (0.05%) twice at 15 days 

interval after emergence of racemes gave good control of castor gray mold. Similar 

results were obtained by Siva Kumar et al. (2011) who reported Carbendazim as the most 

effective treatment with low incidence of Botrytis gray mold on detached castor racemes 

under green house conditions. Dange et al. (2005) recommended two prophylactic sprays 

with Carbendazim (0.05%), the first at 50 per cent of flowering, and the second, when the 

first disease symptoms appear, reduce castor gray mold effectively. 
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Table 11: Field evaluation of chemicals against gray mold of castor 

 

# Mean of three replications 

* The values in the parenthesis are arc sine transformed 

Treatments Conc. PDI 
Yield 

(kgha-1) # 

T1 Carbendazim 1.0 g L-1 
12.03# 

(20.30)* 
2410.22 

T2 
Tebuconazole + Trifloxystrobin   

(Nativo)  
1.0 % 

20.38 

(26.85) 
2108.00 

T3 Azoxystrobin 0.5 % 
28.13 

(32.04) 
1733.33 

T4 Silicon dioxide 200 ppm 
32.10 

(34.52) 
1421.33 

T5 Tebuconazole 2ml L-1 
22.25 

(28.15) 
1928.14 

T6 Carbendazim + Mancozeb (Saaf) 2.0 g L-1 
16.16 

(23.71) 
2372.00 

T7 He    Pure silver 200 ppm 
42.48 

(40.68) 
1200.14 

T8 Control (Untreated) - 
85.65 

(67.75) 
1011.10 

S.Em ± 0.12 3.52 

C.D. (P=0.05) 0.36 10.68 
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V SUMMARY 

Amphobotrys ricini, a well known necrotrophic pathogen and considered as a 

most destructive and known to cause potential seed yield loss up to 100 per cent. Present 

investigations was made to characterize A. ricini, in vitro and field evaluation of 

chemicals at ZARS, UAS, GKVK, Bengaluru, during 2017-18 and the results obtained 

thereon are summarized in this chapter. 

The pathogen causing gray mold on castor initially produces bluish spots on 

flowers, developing fruits, panicle and leaves. On fruits circular, sunken, dark colored 

spots are produced which results in rupture of the capsules and the inflorescence or 

‘spike’ is covered with moldy growth.  

The pathogen causing gray mold was isolated from infected castor racemes 

showing typical gray mold symptoms on oat meal enriched medium through standard 

tissue isolation technique and pure culture was obtained through single spore isolation 

method.  

The colonies of A. ricini on oat meal enriched medium are light gray in colour. 

The fungus produces septate and branched mycelium which is thin, hyaline to light 

brown in colour produces dichotomously branched conidiophores bearing conidia which 

are globose, smooth, hyaline to pale brown colour. 

Highest radial growth was recorded on Malt extract agar medium but profuse 

sporulation was observed on Oat meal enriched medium and maximum dry mycelial 

weight was recorded on Richard's agar medium. The colony colour on different media 

varied from white to dirty white, cottony white, brown to light brown in colour. 

Maximum sclerotia production was observed on Malt extract agar medium (250 per 

plate). Other characters such as sclerotia size, pattern of sclerotia formation and sclerotia 

initiation differed with the media composition. Large sized sclerotia were produced on 

Richard’s agar and Malt extract agar medium. Sclerotia initiation was observed on 10th 

day after inoculation.  
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The PCR amplification and analyses of sequences using ITS rDNA sequence, 

comparision using BLAST progarmme, it was confirmed as A. ricini as the cause of gray 

mold of castor. 

In vitro studies revealed that complete inhibition of A. ricini was observed in two 

systemic fungicides Carbendazim and Propiconazole at 50, 250 and 500 ppm 

concentrations, followed by Tebuconazole (99.07 %). Likewise among the contact 

fungicides maximum inhibition was observed in Mancozeb (59.27 %). Among the combi 

products complete inhibition was observed in Carbendazim + Mancozeb. Silicon dioxide 

nano particle showed better inhibition of pathogen (36.05 %). 

Carbendazin was highly effective in controlling the gray mold in the field with 

least percent disease index of 12.03 and higher yield of 2410.22 kg ha-1. 
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