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Abstract: Botrytis grey mould (BGM) is observed in the fields and one of the most important plant pathogen because of the detrimental 
ramification on the ornamental flowers and vegetables every year in Himachal Pradesh, India. The focus of this work is to study the 
physiological and pathological variability was studies in fifteen isolates of causing botrytis grey mould of gladiolus collected Botrytis cinerea 
from different agro climatic area of Himachal Pradesh. This research aimed to explore the effect of different factors which affects the growth of 
Botrytis cinerea. Moreover, to find out the pathological variability among the isolates. The optimum temperature for the best mycelial growth of 
B. cinerea were 20 ºC and thereafter it decreased gradually up to 30ºC. The production of sclerotia was affected by the distinct temperature 
regimes and was maximum at temperature 10 C and 15 C. Furthermore, also observed that the glucose (fructose) and nitrogen (asparagines) o o

sources were to enhance the mycelial growth of  Maximum disease severity was shown by KBC-16 (58.78%) on Jester cultivar of B. cinerea.
gladiolus whereas, minimum severity was given by KBC-5 (34.47%). Under in vitro conditions, it is observed that on fifth day the flowers were 
completely deteriorated with the fungal growth.
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Gladiolus L.) belonging to the  (Gladiolus grandiflorus 

family Iridaceae and is most commercial cultivated cut flower 

in India (Bika et al 2020, Bi et al 2022). Botrytis grey mould 

(BGM)  is one of the major and destructive Botrytis cinerea

disease of gladiolus and possess a major constraint to 

production of flower, cormels and corms of gladiolus. In 

mostly, the approximately 30 recognized  species Botrytis

with various trophic lifestyles and is placed among the top ten 

most dominant fungal pathogens (Hurtado-Bautista et al 

2021). It is also known as soft corm rot, core rot, grey mould 

and leaf spot (Schuster 2004, Tesfaye and Kapoor 2004, 

Sultana et al 2019).Botrytis grey mould is found worldwide 

and causes diseases in different flowers, vegetables crops 

and fruits (Boff 2001, Hosen 2011, Carisse 2016, Wang et al 

2022). Variability in fungi is noticed in morphology 

(Chardonnet et al 2000) and pathogenicity (Aboelghar et al 

2019). The spores of the  is found highly in B. cinerea

numbers and comes out from the infected tissues (Jarvis 

1962, Dewey and Grant- Downton 2016).  mainly B. cinerea

enters the host via wounds or natural openings (Holz et al 

2007). It can actively promote susceptibility in the host by 

inducing different virulence factors (Choquer et al 2007, 

Nakajima and Akutsu 2014, Petrasch et al 2019).  B. cinerea

causes lysis of plant cell and facilitates penetration by 

loosens host wall (Blanco-Ulate et al 2016). The grey mould 

agents are one of the most studied models (Veloso and Van 

Kan 2018, Fekete et al 2011). is not specific and its B. cinerea 

virulence varies from host to host (Derckel et al 1999, Mirzaei 

et al 2009, Romanazzi and Feliziani 2014).  rated B. cinerea

as second most important fungal pathogen widely adopted 

as molecular model organism (Dean et al 2012). Strains of B. 

cinerea may start accumulate mutations in its genetic 

material that allow it to survive in different environment, 

resulting in damages to various crops worldwide (Harper et al 

2022).  In this study, our objective was to characterize the 

physiological and pathological variability in between fifteen 

B. cinerea isolates that were isolated from gladiolus on the 

radial colony growth on different temperature regimes and 

colony morphology, sporulation and sclerotia production of B. 

cinerea isolates grown on liquid growth media. 

MATERIAL AND METHODS 

 Collection, isolation and preservation of : B. cinerea The 

fifteen isolates of  were isolated from the Botrytis cinerea

different major gladiolus growing districts of Himachal 

Pradesh namely . Solan, Shimla, Sirmour, Mandi and Kullu

These  isolates were isolated using single spore B. cinerea

isolation technique and inoculated on potato dextrose agar 

(PDA) medium at 20± 0.5ºC (Mian 1995). Fifteen single 

spore isolates were produced from the diseased gladiolus 



sample and designated as BC-1. B  C-6, BC-8, KBC-10, 

KBC-1, KBC-14, KBC-13, KBC-16, KBC-5, KBC-15, KBC-9, 

BC-5, KBC-2, KBC-3 and KBC-11. The pure cultures of B. 

cinerea isolates were maintained on PDA slants and stored in 

15% glycerol stocks at -20°C.

Physiological variability: B. cinereaRadial colony growth  

isolates were determined by inoculation of a 5 mm diameter 

portion of agar colonized with mycelium from 2-day-old 

cultures placed on center of a PDA plate and grown in the 

dark at room temperature (20°C). The inoculated Petri plates 

were incubated at different temperature ranging between 10, 

15, 20, 25 and 30 C following completely randomized design º

(CRD) comprising of three replications. The observation on 

growth character, sporulation and other characters were 

recorded after 7 days of inoculation.  

Effect of liquid nutrient media (carbon and nitrogen 

sources) on growth of isolates: Czapeck's Dox broth 

medium was used as basal medium for identifying the best 

carbon and nitrogen sources for growth characters, 

sporulation and sclerotial formation of different isolates of 

Botrytis cinerea. The carbon and nitrogen sources already 

present in the basal medium was substituted with galactose, 

dextrose, fructose, raffinose, ammonium nitrate, glutamine, 

potassium nitrate and asparagine with equal amount as per 

liter as obtained from sucrose and sodium nitrate. No carbon 

and nitrogen sources were added to control. Dry mycelia 

weight (mg), sporulation, and spore size were measured 

after 20 days of inoculation. The mycelial mats of isolates 

were filtered through pre-weighed Watman No.1 filter paper, 

and washed thoroughly with distilled water, and dried in a hot 

air oven at 60 C for 24 hour, cooled in a desiccator and º

weighed. The statistical analyses were performed to 

accomplish the best sources of carbon and nitrogen for the 

test pathogen. The sclerotial distribution of all the isolates 

were recorded on the 20th day after inoculation in a PDA 

medium, and classified based on the types of distribution 

suggested by Tanovic et al (2009), with some modifications 

(Table 1).

Pathological variability: Botrytis The virulence of the 

cinerea isolates were tested on the most demanding and 

Ratings Infected spikes parts

0 No infection

1 < 1/4 area of flower infected 

2 >¼ to ½ area of flower infected

3 >½ to ¾ area of flower infected

4 >3/4 area of flower infected

Table 1. Disease rating scale for calculating per cent disease 
incidence for Botrytis grey mould

commercial cultivars of gladiolus viz., Jester, Peter Pears, 

Rose Prosperity and White Prosperity were selected for 

artificial inoculation. Isolates considered for pathogenicity 

study were collected from different locations of gladiolus 

growing areas of different districts of Himachal Pradesh. The 

test on aggressiveness was conducted according to Abdel 

Wahab (2015). Healthy spikes of gladiolus used in the 

pathogenicity assessment were collected from three months 

old plants and inoculated uniformly with fungus spore 

suspension at the concentration 10  CFU/ml. Ten ml of the 6

spore suspension was applied for each treatment using a 

hand atomizer. After inoculation, plants were covered with 

polyethylene cover for 48 h to provide high moisture, then 

polyethylene opened partially, after 72 h the polyethylene 

was removed. Plants were kept under normal conditions until 

the appearance of the symptoms. Disease severity was 

noticed up to five days from inoculation (Fig. 3). Uninoculated 

spikes of each cultivars served as control treatment. The 

disease appearance was also noticed up to five days to 

assess the virulence among the isolates. The per cent 

disease index (PDI) was assessed using the following rating 

scale and was calculated as per Mc Kinney (1923). 

RESULTS AND DISCUSSION

Physiological variability:  The radial mycelial growth at 10
º ºC was reduced as compared to 15 and 20 C and gradually 

decreased up to 30 C (Table 2). At 20 C highest colony º º

diameter was shown by all the isolates except KBC-3 (82.0 

mm) followed by KBC-2 (84.0 mm). The maximum 

sporulation given by all  isolates at 25 C followed by B.cinerea º

20 C. The size of conidia was increased with increase in  º

temperature (Table 4). The maximum spore size was 

observed in KBC-16 (9.00 x 6.30 µm) followed by BC-1 (9.10 

x 4.48 µm) at 25 C. At 20 C maximum spore size was º º

recorded again in KBC-16 (8.79 x 5.66 µm) followed by KBC-

14 and BC-1. The effects of five temperature regimes were 

observed same on colony colour and texture in all the 

different  isolates except KBC-9 which showed dark Botrytis

grey color and cottony texture at 10, 15 and 20 C, while the º

same isolate observed off white colour and fluffy texture at  

25 C and 30 C (Table 3). The production of sclerotia was º º

maximum at temperature 10 C and 15 C, respectively o o

whereas minimum production of sclerotia occurred at 25 C o

temperature. No sclerotia were formed at 30 C in all the o

isolates tested (Table 4). Isolates of  showed good B. cinerea

colony growth at the wide range of temperature (15-25 C). o

The least growth was recorded at 10 and 25 C. The optimum o

temperature for the growth of  isolates was 20 C B. cinerea o

(Pande et al 2010; Fernandez et al 2014, Sehajpal and Singh 

2014). The distribution of sclerotia also varied among B. 
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Isolates Mycelial growth (mm) Conidia size (µm)*

Temperature ( C)o Temperature ( C)o

10 15 20 25 30 Mean 10 15 20 25 30

BC-1 71.0 88.0 90.0 84.0 77.0 82.0 - 6.54 x 2.66 8.12 x 3.44 9.10 x 4.48 -

BC-6 70.0 88.0 89.0 83.0 76.0 81.0 - 5.44 x 2.22 6.77 x 3.33 7.80 x 4.46 -

BC-8 69.0 88.0 89.0 83.0 75.0 81.0 - 5.66 x 2.33 6.34 x 4.12 7.39 x 5.04 -

KBC-10 63.0 87.0 90.0 80.0 71.0 78.0 6.99 x 3.88 7.11 x 4.09 7.22 X 4.55 7.46 x 4.84 -

KBC-1 57.0 84.0 87.0 75.0 68.0 75.0 NS NS NS NS -

KBC-14 62.0 86.0 90.0 81.0 71.0 78.0 - 7.23 x 4.33 8.11 x 5.00 8.28 x 5.09 -

KBC-13 60.0 86.0 90.0 80.0 70.0 77.0 - 6.33 x 2.11 7.66 x 3.66 8.82 x 4.66 -

KBC-16 61.0 87.0 90.0 82.0 72.0 78.0 - 6.99 x 4.22 8.79 x 5.66 9.00 x 6.30 -

KBC-5 51.0 81.0 86.0 70.0 60.0 70.0 NS NS NS NS -

KBC-15 71.0 87.0 90.0 78.0 68.0 79.0 - 6.33 x 2.22 7.88 x 3.88 8.09 x 4.96 -

KBC-9 68.0 89.0 90.0 84.0 78.0 82.0 6.55 x 2.70 5.99 x 2.88 7.44 x 3.23 8.16 x 4.29 -

BC-5 59.0 86.0 90.0 78.0 65.0 76.0 - 5.22 x 2.01 6.33 x 3.55 7.30 x 4.50 -

KBC-2 18.0 56.0 84.0 48.0 20.0 46.0 NS NS NS NS -

KBC-3 14.0 45.0 82.0 23.0 13.0 37.0 NS NS NS NS -

KBC-11 59.0 86.0 90.0 77.0 63.0 75.0 - 5.11 x 2.09 6.22 x 3.34 7.44 x 4.15 -

Mean 57.0 82.0 90.0 74.0 63.0 - - - - - -

CD (p=0.05) Isolates = 0.07
Temperature = 0.04

Isolates x Temperature = 0.61

Table 2. Effect of temperature on mycelial growth and spore size of different isolatesBotrytis cinerea 

* NS= Non sporulating, Absent= -

cinerea isolates which included centrally placed large 

sclerotia, arranged in concentric rings, towards the periphery 

and sclerotia arranged irregularly (Kuzmanovska et al 2012, 

Sehajpal and Singh 2014, Kumari et al 2014, Mang et al 

2020).

Effect of liquid nutrient media (carbon and nitrogen 

sources) on growth of isolates: The effect of carbon 

(galactose, dextrose, fructose and raffinose) and nitrogen 

(ammonium nitrate, glutamine, potassium nitrate and 

asparagine) sources on mycelial growth of  Botrytis cinerea

was studied under  conditions (Table 5). Maximum dry in vitro

weight (660 and 560 mg) was shown by KBC-10 with respect 

to fructose and raffinose (carbon sources) followed by KBC-9 

(640 and 580 mg). Though maximum conidial size in KBC-16 

was recorded in fructose (11.66 x 6.01 µm) followed by 

raffinose (11.33 x 5.99 µm) while minimum conidial size (4.99 

x 2.02 µm) was obtained by BC-6 in raffinose. However, 

excellent sporulation was observed in fructose, raffinose and 

galactose by BC-1, KBC-10, KBC-16 and KBC-9 isolates 

collected from Jhiri (Kullu), Rajgarh (Sirmour), Sundernagar 

(Mandi) and Namhole (Bilaspur).

During nitrogen sources estimation maximum dry weight 

i.e. 610 mg (asparaine) and 540mg (potassium nitrate) was 

shown by BC-8. While no mycelial growth was observed in 

ammonium nitrate and glutamine by KBC-1 isolate. 

Maximum spore size (12.11 x5.66 µm) was observed in KBC-

9 supplemented with asparagine followed by KBC-10 (10.45 

x 4.99 µm) in same nitrogen source. However the excellent 

sporulation was found in all nitrogen sources by four isolates 

such as BC-1, KBC-10 and KBC-9. Hence the fructose and 

asparagines were reported to enhance the mycelial growth of 

B. cinerea. During the estimation of carbon and nitrogen 

sources, carbon (fructose and raffinose) in comparison to 

nitrogen (asparagine) sources was found to be best as it 

increased the dry mycelial weight (660 and 560 mg), conidial 

size (11.66 x 6.01 and 11.33 x 5.99 µm), excellent sporulation 

and sclerotia production in isolates BC-1, KBC-10, KBC-16 

and KBC-9. However all the isolates showed more growth in 

carbon sources than nitrogen (Table 6). The  maximal  

increment in dry weight (610 mg) was observed in BC-8, 

spore size (12.11 x 5.66 µm) in KBC-9, excellent sporulation 

and sclerotia production in medium supplemented with 

asparagine. Hence, the fructose and asparagine were 

reported to enhance the mycelial growth, conidial size, 

sporulation and sclerotia production of The B. cinerea. 

isolates of  showed variation in mycelial growth on B. cinerea
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Isolates Morphology characteristics and Texture

10 15 20 25 30

Color Texture Color Texture Color Texture Color Texture Color Texture

BC-1 Off white Velvety 
with radial 

growth

Off white Velvety with 
radial growth

Off white Velvety 
with radial 

growth

Off white Velvety 
with radial 

growth

Off white Velvety 
with radial 

growth

BC-6 Off white Velvety Off white Velvety Off white Velvety Off white Velvety Off white Velvety

BC-8 White velvety White Velvety White Velvety White Velvety White Velvety

KBC-10 Light grey Fluffy Light grey Fluffy Light grey Fluffy Light grey Fluffy Of white Fluffy

KBC-1 Off white Cottony Off white Cottony Off white Cottony Off white Cottony Off white Cottony

KBC-14 Ashy off 
white

Cottony Ashy off 
white

Cottony Ashy off 
white

Cottony Ashy off 
white

Cottony Off white Cottony

KBC-13 Off white Cottony Off white Cottony Ashy off 
white

Cottony Ashy off 
white

Cottony Off white Cottony

KBC-16 Off white Velvety Off white Velvety Off white Velvety Off white Velvety Off white Velvety

KBC-5 Off white Cottony Off white Cottony Off white Cottony Off white Cottony Off white Cottony

KBC-15 Dark grey Fluffy Fluffy Fluffy Dark grey Fluffy Dark grey Fluffy Dark grey Fluffy

KBC-9 Dark grey Cottony Dark grey Cottony Dark grey Fluffy Off white Fluffy Off white Fluffy

BC-5 Off white Velvety Off white Velvety Off white Velvety Off white Velvety Off white Velvety

KBC-2 Off white Velvety Off white Velvety Off white Velvety Off white Velvety Off white Velvety

KBC-3 Off white Velvety Off white Velvety Off white Velvety Off white Velvety Off white Velvety

KBC-11 Off white Fluffy Off white Fluffy Off white Fluffy Off white Fluffy Off white Fluffy

Table 3.  Effect of temperature on colony color and texture size of different isolatesBotrytis cinerea 

Isolates Degree of Sporulation* Production of Sclerotia**

Temperature ( C)o

10 15 20 25 30 10 15 20 25 30

BC-1 + +++++ ++++ +++ - ++ ++ + - -

BC-6 ++ +++++ ++++ +++ - ++ ++ + - -

BC-8 ++ +++++ ++++ +++ - ++ ++ + + -

KBC-10 ++ +++++ ++++ +++ + ++ ++ + - -

KBC-1 NS NS NS NS NS NP NP NP NP NP

KBC-14 ++ +++++ ++++ +++ + ++ ++ + - -

KBC-13 ++ +++++ ++++ +++ - ++ ++ + - -

KBC-16 ++ +++++ ++++ +++ + ++ ++ + + -

KBC-5 NS NS NS NS NS NP NP NP NP NP

KBC-15 ++ +++++ +++ +++ + ++ ++ + + -

KBC-9 ++ ++++ +++ +++ + ++ ++ + + -

BC-5 ++ ++++ +++ ++ + ++ ++ + - -

KBC-2 NS NS NS NS NS NP NP NP NP NP

KBC-3 NS NS NS NS NS NP NP NP NP NP

KBC-11 + +++ ++ ++ + ++ ++ + - -

Table 4. Sporulation and production of sclerotia of isolates of  at different temperaturesBotrytis cinerea

*+ + + += Excellent, + + += Very Good, + + = Good, + = Poor and NS= Non sporulating 
**Sclerotia Non- producing = NP, Good= +, Excellent= ++, Absent = -
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Fig. 1. Per cent disease severity of different commercial varieties of gladiolus  
against  isolates recorded for five days ( ) Botrytis in vitro
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Fig. 1. Per cent disease severity of different commercial varieties of gladiolus  
against  isolates recorded for five days ( ) Botrytis in vitro

liquid nutrient media supplemented with different carbon and 

nitrogen sources.  Among different carbon sources the B. 

cinerea isolates showed maximum mycelial growth and 

sporulation in fructose at micromolar concentration than 

glucose (Doehlemann et al 2005, Waghmare et al 2011) 

concluded that the fructose and asparagine were the best 

carbon and nitrogen sources for the growth of pathogen. This 

result is supported with the findings of earliest researcher 

(Kaur et al 2016, Sultana et al 2017). 

Pathological variability: The maximum disease severity 

(Fig. 1-2) developed on florets of gladiolus was shown by BC-

5 (57.00%) and minimum severity was recorded by KBC-5 

(36.58%). Most of the isolates didn't produced disease on 

cultivars Rose Supreme and White Prosperity even after 48 

hours of inoculation followed by KBC-1, KBC-3, KBC-9, KBC-

10 and KBC-11 showed disease severity on Rose Supreme 

and KBC-1 and BC-5 on White Prosperity. Maximum disease 

severity was shown by KBC-16 (58.78%) on Jester cultivar of 

gladiolus whereas, minimum severity was given by KBC-5 

(34.47%). However in fifth day, the flowers were completely 

covered with the fungal growth and get rotted completely. All 

the isolates reported to be virulent on all the four cultivars 

studied. These results are in consonance with Riaz (2010) 

and Petrasch et al 2019. According to the latest taxonomical 

analysis, over 35  species was found, out of which Botrytis

Botrytis cinerea is the most popular and accomplished 

(Richard 2021).

CONCLUSION

The  spp. belongs to the family , Botrytis Sclerotiniaceae

which contain fungal species all over the world, it causing huge 

damage to agricultural farms. The  species is the B. cinerea

renowned member of this genus, which shows a facultative 

secretive endophytic behaviour ('hide and seek'). Usually, 

when a pathogen, whether virulent or non- virulent, contains 

this level of plasticity in their genome that favors it to traverse 
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distinct niches and it changes to different epidemiological 

conditions, because of this its presence detected easily in 

various geographical and climatic regions of the India. 

However, numerous details about the variability of  is B. cinerea

still unknown. Here, we recapitulate, different carbon and 

nitrogen sources, high humidity and optimum temperature that 

favors the growth and infection strategies under  in vitro

conditions. Furthermore, the research on the variability of 

isolates will continue to be resourceful that should be scrutinize 

with substantial efforts to have improve and acceptable 

agricultural practices for the well- being of our planet.
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