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A B S T R A C T 

 

  Chill i (Capsicum  anuum L. ) is  one of the important 

spice crop, gro wn extens ively in d ifferent locatio n of south 

Gujarat. Occurrence of d ie bac k and fruit rot d iseas e in chilli was  

observed in serio us proportion infec ting heavy losses in south 

Gujarat.  Cons idering the serio usness of the d isease, the pres ent 

inves tigatio n was  carried out to pin point exact cause,  

morpho lo gic al, cultural, patho lo gic al variab ility and mo lecular 

variation.         

 The pathogenic ity of ten iso lates co llected fro m 

different loc atio ns in south Gujarat from d ifferent varieties were 

confirmed by three d ifferent artific ial inoc ulatio n methods on 

fruit viz, injury by pin pric k, tooth brush and carborandum 

powder, where injury by p in pric k was found more effic ient in 

proving pathogenic ity and fruit  inoculation. The c ultures were 

also tallied b y microscopic morp ho logical observations. Cultures  



of the iso lates were also sent to I. T. C. C., New Delhi and it was  

id entified as Colletotrichum gloeosporioides Penz. and Sacc., (ITCC 

No. 8775-12). These 10 iso lates were des ignated, as    CCG -1 to 

CCG-10 (Chilli Colletotrichum gloeosporioides ).  

 There was a remarkab le d ifferenc e in pathogenic,  

cultural, morpho lo gic al and mo lecular characteris tics within the 

iso lates. The patho genic variab ility study was carried out on ten 

different varieties of chill i. Ten iso lates showed d ifferential  

disease reactio ns against ten varie ties. Isolate CCG-2, CCG-9 and  

CCG-10 sho wed res istance reac tion against variety Chill i -4884,  

and Chilli-516, respectively other ten iso lates showed moderately 

res istant to moderately susceptib le d isease reactio n against all  

other varieties.  

 Different iso lates showed d ifferent gro wth pattern o n 

PDA and PDB. Vario us iso lates produced cotto ny, fluffy, fluffy 

cottony,  fluffy b lac k or suppressed growth on the PDA with 

colour range of grey, greyis h b lack to greyish white. The iso late 

CCG-1 sho wed maximum gro wth (85.37 mm) on P DA when 

incub ated at 27±2
0
C temperature for ten d ays. The iso late CCG -9 

showed maximum sporulatio n (23.90 millio n spores/ml),  while  

maximum dry mycelial weight was observed in iso late CCG -1 

(188.84mg) on PDB incubated at 27±2
0
C temperature for 15 days. 

 The iso lates sho wed variation in mo rpho lo gical 

characters. Maximum length of the conid ia was observed in 

iso late CCG-8 (29.26 µ) while the maximum wid th was in iso late   

CCG-5 (6.07 µ). Conid ia of all the iso lates showed oblong 

structure with o il globules. The maximum length of conid iophore 



was record ed in iso late CCG-8 (56.60 µ), while maximum width 

of conid iophore was in iso late CCG-5 (6.64 µ).  The maximum 

length of acervulus was observed in the iso late CCG -7 (74.16 µ),  

while maximum wid th was observed in iso late CCG-9 (53.85 µ).  

The iso late CCG-3 sho wed maximum length of appresoria with 

12.95 µ while maximum wid th was shown in iso late CCG -4 

(12.10 µ). 

 The mo lec ular characterization study was carried out 

by us ing five ISSR (Inter S imp le Sequ ence Repeat) primers. The 

primer UBC -850 and UBC -854 (100.00%) sho wed the highest 

percentage of polymorphism. The dendogram showed iso late 

CCG-9 and CCG-10 were s ituated separately with s imilarity 

matrix of 0.378 and 0.419 with CCG-1.  Other eight iso lates were 

clustered in two group and sub -groups. 

 The study c learly ind ic ated the variatio n among ten 

iso lates of C. gloeosporioides Penz. and Sacc., collec ted from south 

Gujarat regio n in terms of pathogenic, cultural, mo rpho lo gical 

and mo lec ular levels. Further extens ive study is req uired to  

id entify the variatio n among C. gloeosporioides Penz. and Sacc., up to 

races, whic h helps in the develop ment of race spec ific res istance 

varieties.  
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I.  INTRODUCTION 

 

Chill i, popularly kno wn as ‘Mirc hi’ (Capsicum    

annum L.) is an important spic e cum vegetab le crop, often 

referred as caps icum, hot pepper or sweet p epper. It is commo nly 

kno wn as red pepper in western countries belo ngs to family  

Solanaceae, which is native of Trop ical Americ a and West Ind ies.  

It is  an important vegetab le crop, because of its adaptab ility to  

vario us c limatic cond itio ns. Today c hill i crop is  grown in all  

subtropical and tropical regions in many countries of the world.  

Chill i is mainly gro wn in Ind ia, Mexico, Japan,  

Indones ia, Pakis tan and China.  Ind ia ranks second in area and  

production after China. Andhra Prad esh is  the lead ing c hill i  

producing state contrib uting to about 58.0 p er c ent of the 

country's total productio n. Karnataka is the s econd largest c hill i  

producer (13.0%) fo llo wed by Oriss a (4.8%), West Bengal 

(4.8%),  Maharashtra (3.6%) and Gujarat (3.5%).  During 2011,  

Ind ia account 40 p er cent of the to tal c hill i area in the wo rld,  

which is about 7.92 lac hec tares with an annual production of 

12.23 lac MT of ripe dry chillies (Anonymous, 2012). 

In Gujarat, the area under chilli c rop is about 38670 

hectares with total p roductio n of 48051 MT of rip e chillies. The 

area under c ultivatio n is  mostly in Anand, Surat, Himmatnagar,  

Kheda, Vals ad and Navs ari d istricts. In south Gujarat, the crop is  

cultivated in an area of 2200 hectares mainly for green c hill i  

during post rainy season. (Anonymous, 2012).  



It is a popular vegetab le valued around the world for 

the co lour, flavor, sp ices and nutrit io nal value and  contributes to  

many meals. Chilli fruits green o r dry fruit powders have become 

ind ispens ib le ad junct to the d iato ry req uirement of the p eople. It  

contains large amounts of  vitamin-C  and small amounts  

of carotene (pro-vitamin A). In add itio n, peppers are a good 

source of  B vitamins, p artic ular vitamin B6. They are ric h source 

of potassium,  magnesium and iron as well as vitamin-C.  

Both, fresh and dried  fruit  contain pheno lic compound  

‘Capsic in’ in the p lac enta,  which is responsib le for pungency in 

chilli.  The bright red colo r at the ripening stage is  due to the 

pigment of ‘Capsanthin’. Capsic in,  the ac tive princ ip le o f chilli is  

an effec tive counter irritant and hence c hill i extrac t used in 

pharmaceutical drugs as  a powerful st imulate carminative. It  is  an 

important ingred ient for flavo ring meat,  vegetab le soups and  

essence o f caps icum are used to increase the pungency, ginger 

soda, rum etc. (Liverseege, 1932). Internally it is irritant and  

large doses produce gastroenterit is . Due to its med ic inal 

properties, vitamin content and colouring matter, the demand for 

chillies has been fast increasing throughout the world.  

Chill i is generally gro wn througho ut year. The crop is  

vulnerab le to many pests and patho gens due to its extreme 

delic acy and s ucculence.  Numero us arrays of fungi, bacteria and  

virus es frequently invade chilli crop, from prio r sowing to  

harvesting as on post-harvest c hill i fruit rots and c aus e inflic ting 

sizable economic losses.  

http://en.wikipedia.org/wiki/Vitamin_C
http://en.wikipedia.org/wiki/Carotene
http://en.wikipedia.org/wiki/B_vitamins
http://en.wikipedia.org/wiki/Vitamin_B6
http://en.wikipedia.org/wiki/Potassium
http://en.wikipedia.org/wiki/Magnesium


It is attac ked by s everal fungal d is eases viz; Die bac k 

or rip e fruit rot [Colletotrichum gloeosporioid es Penz. and Sacc.],  

Fusarium wilt  [Fusa rium oxysp orum, Schlecht.], Alternaria leaf 

spot and fruit  rot  [Alternaria alternata  Fr.  Keiss ler],  Damp ing off 

[Pyth ium aphanidermatum  (Eds.) F itzp ], Co llar rot o r stem rot 

[Sclerotium rolfsi Sacc.], Powdery mild ew [Leveillula taurica  

(Lev.) Arn. ], Cercospora leaf spot [Cercospora capsici Heald and  

Wolf], Grey mould [Botrysis cin erea Pers], Vertic ill ium wilt  

[Verticil lium alb o-atrum Reinke and Berho ld ] and among 

bacterial d iseases viz; Bac terial leaf spot [Xanthomonas 

compestris p v. vesicatoria  (Do id ge) Dye], Soft ro t [Erwinia  

carotovora  sub sp. carotovora Jones] and Bacterial wilt  

[Rolstonia solanacea rum  Smith],  while, viral d is eases viz; Mosaic  

[Cucumber mosaic virus] and Leaf curl [Tobacoo leaf curl virus] 

(Sharma and Verma 1999).  

Die b ack and rip e fruit rot c aused b y Colletotrichum 

gloeosporioid es P enz. and S acc. is one o f the important d is eas e of 

chilli gro wing area of south Gujarat .  Sym ptoms  a re  b rown les ions  

surro und ed by a yello w halo develop on the fruit. The les ions  

enlarge and result in the formatio n of irregular sunken patc hes  

with a dark brown margin and light grey c entre whic h is covered  

later b y o live b rown fungal gro wth.  In the fruit,  the infected parts  

turn b lac k and become depressed or wrinkled. Ultimately the 

diseased fruits shrivel and dry up. The d isease usually develops 

und er high humid cond itions when rain occurs after the fruits  

have started to rip en. Maximum d isease development takes p lace 



at 28
0
C and 95.7 p er cent relative humid ity. Yield  loss by this  

disease is upto 50 per cent (Gupta and Thind 2006).  

The name Co lleto trichum g loeosporio ides was first  

proposed in Penzig (1882), bas ed on Vermicu laria  

gloeosporio ides, the type spec imen of whic h was collected fro m 

Citru s in Italy. The fungus was identified as C. gloeosp orioides  

[Glomerella cingulata ] based on morphology.  

   There are many reports of genetic characterizatio n of 

other spec ies of Colletotrichum , but very lit t le informations are 

availab le on the relative importance of C. g loeosp orioides  

patho typ e rac es -  their d istrib utio n and d ivers ity.  Variab ility in  

C. gloeosporioid es iso lates have been c harac terized by us ing 

morpho lo gic al characters, host reactio n, arb itrary marker system 

such as Inter S imp le S equenc e  R epeat (ISSR) marker have also  

been successfully used as too ls for und erstand ing the 

phylo genetic relatio nship of fungi. ISSR is simp le tec hnique,  

req uires no sequence informatio n and is carried out us ing a single 

primer bas ed on a s imp le repeat. Only s mall  amo unts of DNA 

temp lates are req uired  and the res ults are c learly scorab le and  

reproducible. (Ratanacherdchai et al.,  2010).  

Now a day's the cultivatio n of chill i is increased under 

south Gujarat cond itio n. But, d ie back and fruit rot c aused b y    

C. gloeosp orioides is on of the important threating d isease 

occurring prevalently and caus ing econo mic damage.                 

So, considering the above facts and serious ness of prob lem, the 

present investigation is carried  out by fo llo wing ob jectives under 

south Gujarat heavy rainfall agro climatic zone.  

http://studiesinmycology.org/content/73/1/115.full#ref-112


Objectives: 

1)  Collectio n, iso latio n, purific atio n, Identificatio n and  

pathogenic ity.  

2)  To study the mo rpho logical, cultural and pathogenic  

variation among isolates of Colletotrichum gloeosporioides. 

3)  To study the mo lecular characterization of Colletotrichum 

gloeosporioid es isolates.   
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II.   REVIEW OF LITERATURE 

Dis eases are one of the majo r constraints in the crop  

production, c aus ing enormous losses by reduc ing the yield  

quantitatively and q ualitatively. Chill i attacked by s everal fungal 

diseases viz; Die b ack and fruit rot  [Colletotrichum 

gloeosporioid es Penz. and Sacc.], Fusarium wilt [Fusarium 

oxysporum,  Schlecht.], Alternaria leaf spot [Alternaria alternate  

Fr. Keiss ler], Damp ing off [Pythium aphanidermatum  (Eds.) 

Fitzp ], Collar rot or stem rot [Sclerotium rolfsi Sacc.], Powdery 

mildew [Leveillula taurica  (Lev. ) Arn. ], Cercospora leaf spot 

[Cercosp ora capsici Heald and Wo lf], Grey mould [Botrysis 

cinerea Pers ], Vertic il lium wilt  [Verticill ium albo-atrum Reinke 

and Berho ld],  and Bacterial d iseases viz;  Bacterial leaf spot 

[Xanthomonas compestris pv.  vesicatoria  (Do id ge) Dye], Soft rot  

[Erwinia carotovora  sub sp. ca rotovora Jones] and Bacterial wilt  

[Rolstonia solanacearum  Smith]; Viral d is eas es viz; Mosaic  

[Cucumber mosaic virus] and Leaf curl [Tobacoo leaf curl virus] 

etc., (Sharma and Verma, 1999).   Among all these d iseases, Die 

back and fruit rot  is one o f the important d iseases of c hill i  

occurring in chilli growing area of south Gujarat in serious  

proportion. 

Research work carried out by vario us workers on 

different aspect of d ie back and fruit ro t d isease caused by         

C. gloeosporioid es is reviewed and presented as under:  

 

 



2.1           Occurrence  

Colletotrichum capsici, C. graminicola ,                       

C. ateramen tarium  and C. gloeosp orioides were found to  

associated with chilli fruit and die back (Verma, 1966). Natarajan 

and Sub ramanian (1973) reported fruit rot of c hill i caused by C.  

capsici, C. piperatum  EII and Eve; Alternaria solani (EII and  

Mart) Jones and Grout, Alternaria tenuis and C. gloeosporioides.  

Roy (1974) reported anthracnose and die back symptoms 

caused by C. gloeosporioides from Jorhat, Assam.  

Thind and Jhooty (1985) reported that anthracnose and fruit 

rot incidence was more of C. capsici as compared to C. 

gloeosporioid es and C. piperatum in Punjab.   

Thind and Jhooty (1990) reported that die back and fruit rot 

of chilli is caused by three species of Colletotrichum, namely viz         

C. capsici, C. gloeosporio id es  and  C. piperatum  in Punjab, while  

C. gloeosporioid es P enz. has been found associated with this  

disease for the first time from this state.  

Shukla et al. (1991) reported the occurrenc e of           

C.  gloeosporio ides  o n the leaves of Rosa indica  Linn. cause of d ie 

back disease of rose.  

Sinha and Singh (1992) reported Ricinus communis L.  

as a new host of anthracnose caused by C. capsici.   

Monaco et al. (2004) reported C.  gloeosporio id es was  

found to cause strawberry anthracnose from No rth West 

Argentina.   



Pandey (2006) reported C. glo eosporio ides and     C.  

dematium  are also kno wn to cause fruit ro t of tomato. For the first  

t ime, severe fruit rott ing symptoms was observed on to mato in 

Varanasi region.        

Talukd ar et al. (2012) reported that d ie back symp toms  

caused by C. gloeosporio ides were identified in c hill i variety 

Bhut jo lo kia from Jorhat,  Assam and revealed that highest d isease 

inc id enc e were fo und from Jorhat d istrict with an average d isease 

incidence of 4.25 per cent.  

2.2           Causal organism 

The genus : Colletotrichum belo ngs to the Ord er:  

Melanconiales, C lass : Deutero mycotina, P hylum: Ascomycota and  

having Kingdom: Fungi. (Agrios, G.N., 2005).  

Verma (1966) reported die bac k and fruit rot of c hill i  

caused by C. gloeosporioid es in Jabalpur.  

Roy (1974) sho wed anthracnose and d ie b ack 

sympto ms caused by Glomerella cingulata  (Sto nem) Spuid and  

Vschr (C. gloeosporioid es ). While, Grover and Bansal (1970) 

showed d ie back and fruit ro t (C. capsici) was fo und in serious  

proportion in Haryana and other states of India.  

Hong and Hang (1998) observed that Different 

Colletotrichum species may also p lay important ro les in d ifferent 

disease of mature stages of chilli fruit. C.  capsici is  widespread  

in red chill i fruits whereas C. acutatum  and                                

C. gloeosporioides have been reported to be more prevalent on 

both young and mature green fruits of chilli.  



Rajapakshe (1998) found that two spec ies of 

Colleti trichum  i. e. C. capsici, and C. gloeosporioides has been 

id entified as causal agent of anthracnose and fruit  rot  of chilli in  

Sri lanka. 

Sharma and Verma (1999) reported that d ie back and  

fruit rot o f chill i caused by C. capsici,                                        

C.  gloeosp orioides, C.  acutatum  S immond  and Coccodes (Wallr).  

Shahzad (2002) reported C. capsici and                                       

C. gloeosporioid es isolates from betelvine.  

Gopalkrishan and Prakasam (2007) iso lated the causal 

agent fro m leaf spots of vario us host p lants like chilli fruits,  

green pods of frenc h bean, lab lab bean, turmeric leaves and  

sugarcanes aseptic ally in sterilized petri p lates containing PDA 

by infected t issue iso latio n techniq ues, the patho gen id entified as  

Colletotrichum  sp. and purified by adopting s ingal hyphal t ip  

method and maintained in PDA slants for further studies.     

Than et a l. (2008) reported anthracnose and fruit  rot  of 

chilli c aus ed by Colleti trichum  sp. inc lud ing                              

C. acutatum, C. capsici, C. gloeosporioid es and C. coccodes.  

2.3           Pathogenicity: 

Vario us workers have proved the patho genic ity of fruit  

rot patho gen Colletotrichum sp . on chilli and different hosts by 

following methods.  

Natarajan and Subramanian (1973) pro ved  

patho genic ity of C. gloeosp orioides successfully on leaves, on 



green and ripe fruits of chillies b y spray inoculation with conid ia 

after slight injury by pin prick method.  

Roy (1974) p roved pathogenic ity of                           

C. gloeosp orioides successfully on wounded ripe fruits of chill i  

on whic h infectio n appeared after fo ur d ays at 30°C but no t on 

unwounded fruits.  

Patel (1978) proved pathogenic ity of                          

C. gloeosporioid es iso lated fro m mango on both detac hed and  

attached leaves by using brush and pin pricking injury.  

Thakare and Patil (1995) proved patho genic ity of      

C. gloeosporioides on chrysanthemum by spraying spore 

suspens ion o n injured leaves. Typ ic al watery c ircular to irregular 

dark brown spot were appeared after four days of inoculation.  

Patel (2000) pro ved the p athogenic ity of                    

C. gloeosporioides  iso lated fro m turmeric o n detac hed leaves  

with and witho ut injury b y p inpric k and tooth b rus h and reported  

that tooth brush injury method appeared more superior fo llo wed  

by pin picking and without injury method.  

Manaco et al. (2004) proved patho genic ity of             

C. gloeosporioides by spray inoculatio n wit h conid ial s uspens io n 

(10
6
 conid ia/ml), whic h regulated the d isease symptoms 7 days  

after inoculatio n. 

Freeman et al. (2006) proved the pathogenic ity of       

C. gloeosp orioides and C. acutum  on strawb erry seed ling by 

fo liar d ip and root soak method at 19
0
C and 25

0
C. They fo und  

that mortality of young seed ling was observed four days after 



inoculatio n, reaching 50 per cent within ten d ays us ing both 

techniques at 25
0
C. 

Gopalkrishnan and Prakasam (2007) pro ved the 

patho genic ity o f C. capsici,  C. fa lcatum                                     

C. lindemuthianum , iso lated fro m leaves of turmeric and fruits of 

chilli. In all these interactio ns, sympto ms were observed after 5 

days using pinpricking method of inoculation.  

Patel et al.  (2007) pro ved patho genic ity of                 

C. gloeosporioid es by making injury on chilli fruit by pin prick.  

2.4               Varietal screening: 

Patil and P atil (1983) screened eleven turmeric  

cultivars fro m Digraj, Sangli d istrict (Maharas htra) by mean of 

natural inc idence of leaf spot diseas e (C. capsici ) and found that 

Kas turi (2.3%) and Gad havi (2.7%) sho wed lo west leaf spot 

infection and higest in Erode (10.66%). 

Hartman and Wang (1999) observed that ten red -rip e 

detac hed fruits from each of 305 field -p lanted accessio ns were 

inoculated with C. capsici and C. gloeosporioid es us ing the fruit  

puncture method. The access ions, C01826 and CO2220, had no  

vis ib le les io ns while eight other lines had less than 0.5 mm 

diameter les io ns. All of these lines  were co ns idered highly 

resistant. 

Sharma and S ingh (2001) screened 800 rose cultivars,  

hyb rids and selec tio ns for res istanc e to d ieback d isease and fo und  

that 88.0 perc ent of the cultivars, hybrids and selectio ns were 



susceptib le, 8.5 p erc ent were moderately s usc eptib le and 3.5 

percent were tolerant.  

Venkataravanappa (2002) evaluated ten mango  

cultivars against C. gloeosporioides b y detached leaf method. 

Among ten genotypes evaluated Mallika and  Alampur benes han 

recorded moderately susceptible reaction.  

Sarath et al. (2004) graded d is ease severity o n 0-5 

scale and found that Do lic hos  bean access ions, viz.,                

IC-383192 (BS BS-151) and IC-369641 (NDS-236) sho wed  

consistent resistant reaction to anthracnose disease.  

Onyeka et al. (2006) screened 60 cultivars of 

Dioscorea alata  L. by us ing a 0-6 grade scale at the seventh days  

after inoculatio n and recorded that 12 cultivars inc lud ing DA 27,  

DA 26, and DA 32 were res istant to yam anthracnose by C.  

gloeosporioid es.  

Kaur et al.  (2011) seventeen chill i genotypes  fro m 

vario us sources in Ind ia were screened against C. capsici with 

respect to phys io logic al and b iochemic al traits. A vis ual 

observatio n had identified fo ur chilli genotypes : LLS,   Breek-1,  

Breek-2 and Jaun were resistant to die back and fruit rot.  

2.5           Pathogenic variability 

Latha et al. (2002) c harac terized eighteen iso lates of 

Colletotrichum graminicola  infecting sorghum and comp ared for 

their morpho lo gical, patho genic and genetic d ivers ity and fo und  

that these iso lates exhib ited significant variatio n for d isease 

reaction on a set of sorghum differential line.      



Mohan et al. (2006) s tud ied patho lo gic a l b ehavior of 

12 rep resentative iso lates of C. capsici four groups were 

compared on d etached red ripe fruit  of c hill i cultivars Punjab Lal,  

Punjab S urkh and CH-1. The inc ubation period, perc ent infec ted  

fruits and d isease severity presented revealed that a ll the 12 

iso lates of C. capsici were p athogenic and exhib ited variab le 

pathogenic response on three chilli cultivars.  

Ratanacherdchai et a l. (2010) stud ied that thirty-four 

of Colletotrichum sp. inc lud ing two spec ies,                              

C. gloeosporioid es and C. capsici,  from anthracnose on bell  

pepper, lo ng cayenne pepper and b ird’s eye c hill i were iso lated.  

They found that patho genic variab ility o f Colletotrichum  iso lates  

was group ed into three categories viz; two iso lates fro m bell  

pepper were grouped in low virulent, four in moderately virulent 

and one in highly virulent group.  For Colletotrichum  sp. isolate 

fro m lo ng cayenne p epper, 13 iso lates were p laced in the 

moderately virulent and four in the high ly virulent group.  

Whereas, four from b ird’s eye chilli sho wed lo w virulence while  

six isolates were moderately virulent.   

Sangdee et al. (2011) reported variatio n amoung 10 

iso lates of C. capsici on chill i fruit. The iso lates were evaluated  

for their patho genic variation and produced typ ic al anthracnose 

sympto ms small les ions and tissue co llapse, acervulus productio n 

and sporulation on chilli fruits after inoculatio n. Various d isease 

scores based on the acervulus development t ime on inoculated  

fruits were observed and categorized into three gro ups viz; mild ly 

virulent, moderately virulent and severely virulent strain.   



Masoodi et al.,  (2012) stud ied patho logical variab ility 

amo ng the twenty iso lates of C. capsici  by record ing the response 

on a set of 20 chill i geno typ e and found that ten groups of          

C. capsici on the basis of varied pathogenic response.   

2.6                Cultural and morphological variation 

2.6.1             Cultural variation: 

  Ekbote et al. (1997) evaluated ten d ifferent s ynthetic  

and no n-s ynthetic med ia fo r sporulation and gro wth of 

Colletotrichum gloeosporioides . Among the tested  med ia 

maximum rad ial gro wth of C. gloeosp orioides was recorded on 

Ric hards’, Bro wns’ and Potato Dextrose Agar, fo llo wed by 

Czapek (Dox) agar.  

Jeyalaks hmi and Seetharaman (1999) revealed that 

there is variab ility among 5 iso lates of chilli fruit rot patho gen     

C. capsici on the bases of their cultural characteris tics. Whic h 

can be d ivided in five groups as far as mycelia l growth and  

pigmentatio n is concern.    

Kumar et al. (2010) stud ied that 21 iso lates of 

Colletotrichum species collected fro m different infec ted crop 

plants were evaluated for their cultural characterizatio n. Suc h as  

gro wth, variation in the co lour p igments within the agar and  

colour of the aerial myc elium and variatio n in the s hap e of co lony 

and were characterized into four different groups.  

Sangdee et al. (2011) stud ied that c ultural morp ho logy,  

spore shape and s ize sho wed an overlap in co lony colo ur and  

conid ial shape and size amo ng the s ix groups stud ied. This result  



was  found a morp hometric  overlap o f conid ial s ize within 

Colletotrichum species. 

2.6.2             Morphological variation: 

Natarajan and Sub ramanian (1973) showed that c hill i  

fruit rot inc itant C.  gloeosp orioides p roduce acervuli whic h were 

rounded or irregular measuring 121.3 to 223.9 µ with an average 

hyaline, aseptate and measure 11.3-21.6 µ x 3.6-5.7 µ with an 

average of 17.4 x 4.3 µ. Setae were absent.  

Garc ia-Jimenez and Alfaro (1985) observed that          

C. gloeosp orioides produced hyaline, s ingle c elled and  

bacill ifo rm conid ia with truncated base and averaged 13.1 x 3.9 

µm in s ize. Ac ervuli were 60.0-180.0 µm long and had few or 

only rudimentary seate.  

Patel (2000) reported that C. gloeosporioid es causal 

organis m of anthracnose of tumeric produce light gray to d irty 

white and cottony mycelium. The hyp hae were thin, branc hed,  

hyaline, o ne c alled, thin walled, s traight, ob long, s lightly 

depressed in the midd le with rounded ends and granular 

protoplasm contents meas uring 13.44-16.66 µm x  3.8-4.5 µm in 

size and o il drop lets in the midd le.  The ac ervuli were dark b rown,  

disk s haped produced in gro ups or singly with straight or s lightly 

curved, meas uring 82.8-140.76 µm produc ing hyaline, short  

cylindric al conid iop hores and dark b rown setea measuring 39.33 -

51.75 µm x 3.11-5.89 µm.  

Bag (2004) reported that C. gloeosporioid es  inc itant of 

flo wer and fruit drop of p apaya,  produce b rown to b lack septate 



mycelium. While ac ervulus was found dark with b lack co loured  

lo ng, slender septate setae. Conid ia were short, cylind rical,  

hyaline and single celled measurning, 13-19 × 4-5 µm.  

Wijes ekara and Agarwal (2006) found that conid ia 

variab le, in shape and s ize. S ingle celled, hyaline, straight,  

cylindric al, ell ipso id al or s lightly curved. Conid ia ap ic es round or 

obtuse with narrow truncate base. Conid ia meas urements of         

C. gloeosp orioides in range of 8.54-21.95 x 2.44-7.32 µm.  

Appressoria b rown, c lavate or irregular, something becoming 

complex, 7.32-14.63 x 7.32-10.98 µm. setae were not observed in 

any of the cultures studied.   

Akhtar et al.  (2007) were fo und  that the mo rpho lo gical 

characters are C. capsici full development of co lonies,  

sporulatio n was evid ent. The conid ia were gently harves ted and  

measured. Conid ia measured 25.27-26.15 x 3.14-3.67 µm. There 

were only very mino r d ifferenc es in the s ize of conid ia of the 

isolates grown on different media. 

Shenoy et al. (2007) were fo und that the 

morpho lo gic al c harac ters are C. capsici o f fres h spec imen are 

compared with those o f the lec totype. Acervuli on chilli fruit,  85 -

245 µm in d iam. Setae 70-135 µm long x 5 µm wid e at b ase,  

abundant, dark brown, rigid, smooth-walled,1-5 septate, s lightly 

swo llen at base, tapered to the paler acute apex. Conid ia 17 -26 

µm long x 3.75 µm wid e, one called, smooth walled, hyaline,  

falc ate, so metimes fus ifo rm, tapered toward both ends, acute at  

the apex.    



Kumar et al. (2010) stud ied that a to tal o f 21 cultures  

of Colletotrichum  sp. were iso lated. Cultures sho wed dense,  

cottony puffy and white co lour aerial mycelium. On the reverse 

side of the p late, co lo nies were white to pale grey mycelium and  

dark grey at the inoculatio n point. Iso lates in mostly med ium s ize 

conid ia whic h ranged fro m 7.5-22.5 x 2.5-7.5 µm most of the 

iso lates in these group had cylindric al c onid ia tapered at one end  

(C/T) and a few iso lates had cylindric al conid ia with ro und ed end  

white a few other had egg shaped conidia. 

2.7               Molecular variation 

Pandey (2006) reported that the patho gen 

Colletotrichum capsici  was characterized o n mo lecular bas is  by 

specific PCR. The DNA was extracted from p ure mycelial mat by 

CTAB method. This pr imer was used as forward primer while  

ITS4 was used as reverse primer. The pathogen was amp lified as  

single band at 450bp DNA and size.  

Souza Serra et al.  (2006) stud ied mo lecular methods to  

be effic ient in d ifferentiatio n of the                                           

C. gloeosporioides  iso lates in relatio n to host spec ific ity.  In the 

analys is of the ITS sequenc e of the ribosomal DNA, all the 

iso lates amp lified with the CgInt and ITS 4 primers, confirming 

that they pertain to C. gloeosp orioides. The results from this  

study suggest that methods based on pathogenic ity, iso zyme 

analys is and RAPD are effective in d ifferentiating                     

C. gloeosporioid es isolates from cashew and mango trees.  

Shenoy et al. (2007) reported that the phylo genies  

based on the comb ined partial β -tub ulin gene and ITS               



nu-rDNA seq uence d ata suggest a c lose phylo genetic relations hip  

of the epitype with C. capsici strains.  

Eight random primers were tested by Gupta et al.,  

(2010) in the genome of C. gloeosporioid es iso lates collec ted  

fro m d ifferent locations generated distinc t fingerprints. Primers  

OPA-1, OPA-3 and OPA-18 produced reprod uc ib le po lymorp hic  

major bands amo ng the selected isolates. Amp licons of 2138,  

1202 and 955 bp as generated by OPA-3, 2291 and 1995 bp was  

obtained with OP A-18 which was shared by all iso lates exc ept for 

iso lates 7 and 8 as fo r the set of amp licons generated by primer 

OPA-1. Overall fingerprints obtained from C. gloeosp orioides 

with the selected primers were unique and species -specific. 

Kumar et al.  (2010) observed that twenty o ne iso lates  

of Colletotrichum  sp. were obtained fro m infected vegetab le and  

spice p lants. The experiment to stud ied  ITS- RFLP analys is with 

three restrictio n enzymes viz, TaqI, HinfI, Msp I and EcoRI  

provided greater reso lutio n for d istinguishing the                      

C. gloeosporioid es  and unid entified  Colletotrichum . All                  

C. gloeosp orioides iso lates produced identical RFLP pattern,  

while other unidentified Colletotrichum  sp. showed uniq ue ITS-

RFLP band ing pattering. Sequence analys is of the ITS regio n 

revealed that iso lates in group I and III sho wed high s imilarity 

with the reference isolates of C. gloeosporioides. 

Pandey et al. (2010) reported that genomic DNA fro m 

12 iso lates of C. gloeosp orioides belo nging to d ifferent 

agroc limatic  regions was amp lified b y PCR with                       

C. gloeosporioides species-spec ific primer. All the iso lates  



amp lified have a unifo rm DNA fragment of s ize 450 bp. 

PCRRFLP using the restric tion endonuc lease AluI, Ha eIII, MspI,  

RsaI and TaqI reliab ly reproduc ed uniq ue restric tio n patterns  

specific for C. gloeosporioides. 

Ratanacherdchai et al. (2010) stud ied ISSR for 

comparison of cross-inoculation potential of Colletotrichum 

capsici caus ing c hill i anthracnose and observed that inter  s imp le 

sequence repeat (ISSR) analys is ind ic ated that there are two  

distinc t groups of C. gloeosporioides  and C. capsici.  

Furthermore, genetic d ivers ity was correlated with geograp hic  

distrib utio n, while there was no clear relationship between 

genetic diversity and pathogenic variability.   

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Material and methods 

 



 

III.   MATERIALS AND METHODS 

 

 The details of the materials used and the methods 

adopted in the present investigatio n are described here as under.  

GLASSWARES 

Different typ es of glasswares viz., P etri p lates, test  

tubes, conic al flasks, meas uring cylinders, glass rods, slides,  

cover s lips etc., used throughout the study were c leaned by 

overnight soaking in s ix per cent chromic ac id solutio n fo llo wed  

by washing with tepo le and finally rinse with d is tilled water.  

These glasswares were air dried before use at room temperature.  

CHEMICALS 

All chemic als used were of either "F isher’s" or 

proanalytic quality of E-Merck. The chemicals used for mo lecular 

study were from Bangalo re Genei Pvt. Ltd. Bangalore, India.  

STERILIZATION 

Glasswares 

The glasswares were sterilized in electrical hot air 

oven at 180°C for an hour.  

Media 

The liq uid and solid med ia us ed througho ut the study 

were sterilized by autoclaving at 1.045 kg / cm
2
 for 15 minutes. 



Plasticwares  

 The p lastic ware used for mo lec ular study were 

sterilized by autoclaving at 1.045 kg/ cm
2
 for 15 minutes. 

Experimental location 

The laboratory experiments were conducted in 

Dep artment of P lant Patho lo gy, ASPEE Co llege of Ho rtic ulture 

and Forestry, Navsari Agric ultural Univers ity, Navsari. The 

mo lecular study was conducted at Department of Mo lecular 

Bio lo gy and Plant Biotechno logy, ASPEE College of Ho rtic ulture 

and Forestry, Navsari Agricultural Univers ity, Navsari.  

The pot experiment was laid  out in green hous e near 

Forestry College, Navsari Agricultural Univers ity, Navsari.  

3.1 Pathological investigations  

3.1.1 Collection of samples  

 The d is eas ed samp les of chilli s ho wing d ie bac k and  

ripe fruit  rot  symptoms o f d ifferent varieties were collec ted fro m 

different locatio n of south Gujarat regio n. The infec ted chill i  

fruits were b rought into the laboratory. The chilli fruits were sp lit  

open and prepared the s lide for the mic roscopic examinatio n. The 

sympto ms and s igns on infected  chill i fruits, found in nature were 

critically observed and recorded.  

3.1.2 Isolation of pathogen 

External as well as mic roscopic examinatio n of the 

infec ted chilli fruits were carried out and sympto ms associatio n 

with the fungus were studied.  The samples were subjected to   



Table 1: Different isolates of Colletotrichum gloeosporioides  Penz. 

and Sacc. causing die back and fruit rot in chilli collected from 

different places and  geographical locations of south Gujarat 

Sr. 

No. 
Isolate Variety Place Geographical coordinates  

1. CCG – 1 GVC- 111 
Regional Horticulture Research 

Station, NAU, Navsari. 

20°55′ 38″ N 72°53′ 54″ E 

 

2. CCG – 2  G- 4 Bardoli 
21° 7′ 12″ N, 73° 7′ 12″ E 

3. CCG – 3 Sitara Chikhli 
20° 45′ 0″ N, 73° 4′ 12″ E 

4. CCG – 4 Sulekha Bardoli 
21° 7′  N, 73° 7′  E 

5. CCG – 5 Suryamukhi Gandevi 
20° 49′ 12″ N, 72° 58′ 48″ E 

6. CCG – 6 Local Patari 
23.18

0
 N 71.08

0
 E 

7. CCG – 7 Local Mandvi 
21° 15′ 11″ N, 73° 18′ 1″ E 

8. CCG – 8 Local Maroli 
28° 0′ 30″ N, 76° 0′ 51″ E 

9. CCG – 9 Chilli 4884 Valsad 
20° 36′ 36.18″ N, 72° 55′ 33.14″ E 

10. CCG - 10 GVC- 121 
Regional Horticulture Research 

Station, NAU, Navsari. 
20°55′  N 72°53′ E 

Note: CCG = Chilli Colletotrichum gloeosporioide  

t issue iso lation from infected c hill i fruits. The infected t issue due 

to die back and fruit rot were cut into small p ieces, surface 

steril ized with 0.1 per cent mercuric chlorid e (HgCl 2 ) so lutio n for 

30 second fo llo wed by three subsequent washing of sterile  

distil led water, then asep tically transferred under laminar air flo w 

system (cab inet manufactured by Klenzo id contaminatio n contro l 

Ltd.) to sterile petrip lates containing 20 ml of Po tato Dextrose 

Agar (P DA) med ium (Peeled potato 200 g + d extrose 20 g + agar 

agar 20 g + distilled water 1000 ml). The petrip lates were 

incub ated at 27 + 2°C temp erature. The growth of the fungus  

developed after an incub atio n of 48 hrs, were sub -cultured on 

http://toolserver.org/~geohack/geohack.php?pagename=Navsari_Agricultural_University&params=20_55_38_N_72_53_54_E_
http://toolserver.org/~geohack/geohack.php?pagename=Navsari_Agricultural_University&params=20_55_38_N_72_53_54_E_


PDA. The cultures were further p urified b y s ingle spore iso latio n 

techniq ue and p ure iso lates were maintained o n P DA s lants for 

further studies.  

3.2  Identification of the pathogen 

 Identific ation of the pathogen c aus ing d ie bac k and  

fruit ro t of chilli was carried out by studying the cultural and  

morpho lo gic al c harac ters. The c ultural characters were recorded  

right fro m the init iatio n of mycelial gro wth till the p eriod of 15 

days. The morpho lo gic al characters of spore viz., length and  

diameter were measured under lo w power magnificatio n (100 X) 

fro m 10 days o ld c ulture, us ing stage and occular mic ro meter.  

The characteris tics of mycelium and conid iopho re were also  

observed and record ed . These were compared with those 

described in literature. The photomic rographs of the mycelium 

and spores were also taken. The pure culture was also sent to  

Ind ian Type Culture Co llectio n (I.T.C.C.), Divis ion of P lant 

Patho logy, I.A.R.I., New Delhi-110 012 fo r further identificatio n 

and confirmation. 

3.3   Pathogenicity assay 

 In order to test the p athogenc ity o f ten iso lates  

collected from d ifferent locations of south Gujarat, the p in 

pricking, injury tooth brushing and carborandum method of 

inoculatio n tec hniq ue and  best s uperior method was us ed in 

patho genic variab ility. The chill i p lant of highly s usceptib le 

variety GVC-111 was gro wn in the pot. The spore s uspens io n of 

1x10
6
 spores/ml was used for the inoculation of the chill i fruits .  

Two drops of spore suspens ion were put in the ho le by a need le.  



The sympto ms were observed as that of iso lated fruits. The 

infec ted fruits were sub jected to the re -iso latio n of the patho gen.  

The re-iso lated cultures showed same cultural and mo rpho lo gical 

characters thus proved the pathogenic ity test.     

3.4   The pathogenic, cultural and morphological                                                                                                                                                         

                variation. 

3.4.1         Pathogenic variability 

To study was pathogenic variab ility, ten d ifferent 

varieties of chill i were us ed. Spore suspens io ns (1x10
6 

spores/ml) 

fro m 9 days o ld culture were prepared by through homogenizatio n 

of mycelia mass in sterile  d isti lled  water fo llo wed by filtratio n 

through mus lin c loth to remove mycelium. This was then 

inoculated  on the fruits. The fruits  were surface sterilized with 

0.1 per cent merc uric chlo rid e (HgCl2) so lutio n and was hed  

thoro ughly with sterile d istil led wa ter to remo ve traces of the 

mercuric chlo rid e (HgCl2 ). Inoculation was carried out by putting 

two drops of spore suspension on fruits by three methods;  

(i)         Pin pricking 

Sterile p ins were d ipped in spore suspens ion and 

pricked immediately on chilli fruit at 6 to 8 place.  

(i i)          Tooth brush injury method  

Sterile tooth brus h was dipped in spore suspens ion and  

inoculated with gentle rubbing on chilli fruit at 6 to 8 place.  

(i ii)      Injury by carborandum powder  



  Fruit were injured with carborandum 

powder (600 mesh) and spore suspens io n was placed on the 

injured area.  

The per cent d is eas e intens ity (PDI) for severity was  

calculated using the formula;  

                        Sum of all numerical rating  X 100 

         PDI =                           

                    Total no. of observation  X  Max. rating observed  

The fruits are scored on a 0-10 rating described by 

scale (Paul et al., 2008): 

Severity 

scale  

Fruit surface  affected 

(%) 
Category 

0 0 Highly resistant 

1 1-10 

Resistant 
2 11-20 

3 21-30 

Moderate ly Resis tant 
4 31-40 

5 41-50 
Moderate ly 

Susceptib le 

6 51-60 

Susceptib le 

7 61-70 

8 71-80 

Highly Susceptib le  9 81-90 

10 91-100 

 



3.4.2          Cultural variation 

The iso lates were s eparately cultured on potato 

dextrose agar (P DA) med ia, at 27±2
o
C fo r seven days. After 

seven days of incubatio n d iameter of the mycelial growth and the 

growth pattern of pathogen were recorded.  

 The iso lates were also cultured in liq uid med ia in 

100ml flask containing 20ml of potato dextrose broth (P DB ).  

These flasks were inc ubated at 27±2
o
C fo r fifteen days.  In c ase 

of liq uid med ia, the mycelial mat was removed by filtering 

through Whatman No. 1 filter paper after fifteen d ays of 

incub ation and dried in ho t air oven till cons is tant weight was  

obtained. The numb ers of spores were counted with the help of 

haemocyto meter.  Three rep licatio ns maintained for eac h iso lates,  

the results were tab ulated and data were analyzed statist ically  

using complete randomized design.  

3.4.3        Morphological variation 

The Colletotrichum gloeosporioides  iso lates were 

cultured on potato dextrose agar in Petri p lates at 27±2
0
C for 

seven d ays. After incubatio n, average measurements were taken 

by the micrometry method.  

 The morpho lo gic al characters like s ize (length and  

wid th) and shape of the conid ia and conid iophore, s ize of 

acervuli, s ize of the setae and shape (length and wid th) of 

appressoria were recorded. The observatio ns were recorded in 

three rep licatio ns within each iso late.  The study was carried out 

us ing ocular and stage micro meter after mounting them on the 



slid es containing sterile d istil led water at magnificatio n of 450X.  

Data were analyzed statis t ic ally us ing comp lete randomized  

design. 

3.5  Molecular variation 

3.5.1  Study of molecular variation by using ISSR primers 

3.5.1.1   Genomic DNA isolation and purification 

Ten p urified iso lates o f C. gloeosporioid es  were grown 

on potato dextrose broth at 27 ± 2
o
C for 10 days. Young growing 

mycelia were filtered thro ugh autoc laved mus lin c loth, and about 

1 g mycelia were ground in a p re-chilled mortar with liq uid  

nitro gen. The powd er was transferred to an Eppendorf tube and  

resuspended in 500 µl o f extraction buffer (0.5% SDS, 200 mM 

Tris–HCl p H 8.5, 250 mM NaCl, and 25 mM EDTA) (Raeder and  

Broda 1985). The tubes were incub ated at 65
o
C for 30 min with 

occasional gentle swirling. Two third vo lumes of chlo rofo rm: 

isoamylalco ho l (24 : 1, v ⁄ v) was added to this samp le and mixed  

for 15–25 min and then centrifuged at 10000 rpm for 10 min. For 

purific atio n, 10 µl RNAse (10 mg⁄ml) was added to the 

supernatant and incub ated for 30 min at 37
o
C. The inc ubated  

samp le was again extrac ted with chlo roform : iso amyl alco ho l 

solutio n and centrifuged at 10000 rp m for 10 min.  Chilled  

isopropano l (0.57 vo lume) was added to the upper phase, mixed  

by inverting and centrifuged at 10000 rpm for 10 min at 4
o
C. The 

DNA pellet was rinsed twic e with 70% ethano l for 10– 15 min.  

and then dried  at room temperature. The dried pellet  was  

disso lved in 250 µl TE buffer (p H 8.0). The purified DNA was  

checked by running 2 µl of the samp le o n a 0.8% agarose gel. The 



quality and quantity of DNA were meas ured at 260/280 nm and  

260nm respectively using nanospectophotometer.  

3.5.1.2  Molecular analysis  

Twenty ISSR primers were screened for the 

amp lific atio n of geno mic DNA with one iso late of C. 

gloeosporioid es  f ive o f them gave reproduc ib le results. The 

annealing temperature o f primers varied accord ing to  GC content 

(Table 2). 

For ISSR, PCR amp lific atio ns were carried out in a 

reactio n vo lume of 25 µl containing 25 ng of fungal DNA. The 

PCR reaction mixture cons isted of 10X PCR buffer            

(0.01% gelatin 20 mM Tris–HCl, pH 8.4; 50 mM KCl,  1.5 mM 

MgCl2 ), 10 mM dNTPs, 1 U Taq DNA po lymeras e, and 0.2 µm 

primer. All the PCR reactio n components were obtained fro m 

Bangalore Genei P vt. Ltd. Bangalo re, Ind ia. The amp lific ations  

were performed us ing a Thermal c yc ler (T -Grad ient Bio metra;  

GmBh, Goettingen, Germany). For ISSR markers, PCR 

temperature profiles were as fo llo ws : init ial DNA d enaturatio n at  

94
o
C for 5 min, fo llo wed by 35 PCR cyc les at 94

o
C for 1 min,      

1 min at  the primer spec ific annealing temperature 72
o
C fo r 2 min 

and a final c yc le at 72
o
C for 7 min. All the amp lified PCR 

products were reso lved by electropho res is in 1.4% Agarose gel 

containing 5µg ethid ium b romide/100ml for 2 h in 0.5X TBE 

buffer at 60 V. the stand ard DNA marker (Fermentus) was also  

run alo ng with the samp le. The separate bands were visualized  

und er UV light and photo graphed by Bio rad gel documentatio n 

system (Biorad GelDoc XR+).  



Tabl e  2: Det ai l s of pri mers use d for ISSR anal ysi s o f 

Colletotrichum gloeosporioides Penz. and Sacc. 

Sr. 

No

. 

Code Sequence (5’-3’) 

1 UBC-801 5’-ATA TAT ATA TAT ATA TT-3’ 

2 UBC-802 5’-ATA TAT ATA TAT ATA TG-3’ 

3 UBC-807 5’-AGA GAG AGA GAG AGA GT-3’ 

4 UBC-810 5’-GAG AGA GAG AGA GAG AT-3’ 

5 UBC-816 5’-CAC ACA CAC ACA CAC AT-3’ 

6 UBC-817 5’-CAC ACA CAC ACA CAC AA-3’ 

7 *UBC-819 5’-GTG TGT GTG TGT GTG TA-3’ 

8 UBC-821 5’- GTG TGT GTG TGT GTG TT-3’ 

9 *UBC-825 5’-ACA CAC ACA CAC ACA CT-3’ 

10 UBC-827 5’-ACA CAC ACA CAC ACA CG-3’ 

11 UBC-837 5’-TAT ATA TAT ATA TAT ART-3 ’ 

12 UBC-843 5’-CTC TCT CTC TCT CTC TRA-3 ’ 

13 *UBC-850 5’-GTG TGT GTG TGT GTG TYC-3 ’ 

14 *UBC-854 5’-TCT CTC TCT CTC TCT CRG-3’ 

15 UBC-857 5’-ACA CAC ACA CAC ACA CYG-3’ 

16 UBC-873 5’-GAC AGA CAG ACA GAC A-3’ 

17 *UBC-875 5’-CTA GCT AGC TAG CTA G-3’ 

18 UBC-877 5’-TGC ATG CAT GCA TGC A-3’ 

19 ITS-4 5’-TCC TCC GCT TAT TGA TAT GC-3’ 

20 ITS-5 5’-GGA AGT AAA AGT CGT AAC AAG G-3’ 

              *Primers selected for further study 
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IV. RESULTS AND DISCUSSION 

Chilli is o ne of the most extens ively grown sp ice crops 

in south Gujarat. It is severely affected by d ie bac k and fruit rot  

disease infecting fruits resulting in fruit loss and posing a serious  

threat to its cultivatio n in south Gujarat. Cho udhary (1957),  

Gupta and Thind (2006) and Masood i et al, (2012) earlier 

reported highest inc idence, intens ity of d ie back and fruit  rot  of 

chilli and fruit  yield losses, (61.36%, 28.75%, 76.29%),  

respectively. Cons id ering t he serio usness of the problem and lack 

of systematic stud ies on this dis ease und er south Gujarat 

conditio n, present investigation were carried out with a view to  

study variab ility in d ie back and fruit rot fungus. Variab ility in 

the pathogen is main cause of deterio ratio n of cultivated chill i  

varieties, consid ered dis eas e res istant at the t ime of their release.  

Thus, appearance of new race of Colletotrichum gloeosp orioides  

Penz. and Sacc.,  is an important factor in the d ie b ack and fruit  

rot epidemic and the failure of popular varieties.  

4.1  Pathological investigations  

4.1.1  Symptoms 

  Und er the natural cond itio ns, the symp toms  

observed in the infected chilli fields during the survey are as  

under. 

Die back: 

Sympto ms on the branc hes firs t appeared as yello wing 

of the upper leaves on showed b lighting of leaves in advance 

stage. (P late-I A). S unken les io ns developed fro m the apex whic h 



becomes dark b lac k colo ured in advanc e stage of d is ease resulting 

in q uic k dried up portio n when the typ ical d ie bac k se t in. A few 

branches of the same p lant might sho w these s ymptoms  

simultaneous ly. Acervuli appeared as minute grey to almost b lack 

dots on the d iscolo ured twigs .  These sympto ms are more or less 

similar with the sympto ms described by Roy (1974) and Gupta 

and Thind (2006).  

Fruit rot: 

On rip e fruit, the les ions appeared as slightly sunken,  

circular to irregular d isco loured or yello wish s traw co loured spots 

on fruits later o n turning light bro wn with acervuli either 

scattered (P lates I -B). Thes e are s imilar to those described  by 

Natarajan and Subramanian (1973). In severe case fruits get 

detached from the petioles and fall on the ground.  

4.1.2      Collection of die back and fruit rot samples and    

isolation of pathogen 

The samp le of infected chilli leaves and fruits sho wing 

die b ack and fruit rot s ymp toms co llected fro m the various  

locatio ns and from d ifferent varieties fro m south Gujarat regio n 

and d isease s amp le were sub jected to t issue iso latio ns, yielded  

pure culture of Colletotrichum sp., whic h was further p urified  by 

single spore isolation technique and maintained on potato  



 



dextrose agar (PDA) slants for further investigation.  

The samp les sho wing typ ical d ie bac k and fruit rot  

sympto ms on all infected varieties which were collec ted fro m 

different loc atio ns and varieties yield ed pure culture ind icating 

its constant association with the disease.  

4.1.3   Cultural characters  

Colonies grew fairly fas t on PDA covering who le Petri  

plate within 9-10 days at temp erature 27 ± 2°C. Init ially the 

fungus p roduced white cottony mycelium, which turned light grey 

and finally as hy grey.  Ac ervulus produced 12 days after 

inoculatio n (Plate II).  

 

 



4.1.4       Morphological characters  

In all the cases, mycelium was light grey to ashy grey 

and cotto ny. The hyp hae were thin, branched, hyaline, septate 

containing o il drop lets. Conid ia were hyaline, one celled, ob long 

in shap ed. The acervuli cons is ted of a mass of s hort,  c losely 

packed, short conid iop hores having conid ia and dark brown to  

almost black setae (Plate VI and VII). 

4.1.5      Taxonomy and identification 

The iso lates o f Colletotrichum sp. obtained by tissue 

iso lation from the leaves and fruits of infected chilli were 

purified b y s ingle spore iso latio n tec hniq ue. The mo rpho lo gical 

and cultural characters of the pure c ul ture grown o n PDA were 

studied for identification and taxonomy.  

The stud ies on morp ho logic al and cultural characters  

of iso lated Colletotrichum  sp. showed its c lose identity with 

Colletotrichum gloeosporioides Penz.  and Sacc . As describ ed by 

earlier wo rkers (Verma,  1966; Natarajan and Sub ramanian,  1973; 

Roy et al., 1974; Sharma and  Verma, 1999; and Pandey, 2006).  

Further,  pure culture was sent fo r id entific ation to  

Ind ian Typ e Culture Co llectio n (I.  T. C. C), Divis ion of 

Mycolo gy and P lant P atho logy, I. A. R. I., New Delhi -110 012 

and was id entified as Colletotrichum gloeosporioides Penz.  and  

Sacc . (ITCC No. 8775-12). The fungus also produced d ie b ack 

and fruit rot symp toms under pathogenic ity tests. Thus  

Colletotrichum sp. under study was identified  and confirmed as  

Colletotrichum gloeosporioides Penz. and Sacc . 



4.1.6   Pathogenicity test 

  For proving the patho genic ab ility of the fungus  

Colletotrichum gloeosp orioides iso lated from the d ie back and  

fruit rot infected fruits, inoculatio n were carried out o n healthy 

fruits with and without injury b y p in p ricking,  tooth b rush and  

carborandum powder method. The results  are presented in Table-3 

  It is c learly ind ic ated from the data presented in    

tab le-3 that the fungus Colletotrichum gloeosporioides  was  

capab le of infecting fruit of chill i. The pathogen invad ed the host 

t issues thro ugh the intact as  well as injured s urface of fruits  

showing c learly their pathogenic  ab ility. All the three d ifferent 

method of inoculation viz., p in pricking, tooth brush and  

carborandum powd er injury method confirmed its pathogenic  

nature produc ing fruit rot sympto ms on the inoculated green 

fruits. All the method appeared successfully in reproduc ing the 

sympto ms on artific ially inoculated healthy green fruits. Among 

the three method; p in prick method is most superio r fo llowed by 

tooth brush and carborandum powder injury method. The d isease  

producing effic ienc y by these three method reported here is in 

line with the find ing o f Natarajan and S ubramanian (1973), Patel  

(1978), Patel (2000) and Patel (2004) who reported for p roving 

the pathogenic ity of chilli, mango, and turmeric, respectively.    

 

 

 

 

 



Table 3: Pathogenici ty test of i nocul ation of Colletotrichum  

gloeosporioides  by di fferent i nocul ation method on frui t of 

chi l li for frui t rot symptoms after ten days i nocul ati on.  

 

4.2   Pathogenic, cultural and morphological variation: 

4.2.1  Pathogenic variation 

Pathogenic variab ility o f ten iso lates of                         

C. gloeosporioides were carried out on a chilli fruit of ten 

differential varieties by us ing p in pric king method of inoculatio n 

as deseriabed earlier. The data of the d isease score ind ic ated the 

differential react io ns on host genotype.  Iso lates of                        

C. gloeosporioides ind ic ating,  d ifferential pathogenic  behavio r 

within isolates (Table 4).   

The d ata of the d isease score ind icated that all the ten 

iso lates showed more or less pathogenic behavio ur against ten 

different varieties. In the present study, all the iso lates were 

Sr. 

no. 
Inoculation method 

Number of green fruit 
Per cent 

Infection 
Inoculated Infected 

1. Injury by pin prick 10 10 100 

2. Injury by tooth brush 10 06 60 

3. Injury by carborandum powder 10 06 60 

4. 
Control (Spray sterilized distilled water 

on uninjured surface ) 
10 00 00 



showed moderately to highly susceptib le reactio n agains t variety 

SG-5, GVC -121 and GVC -111. Iso late CCG-2 (20 PDI), CCG-9 

(20 PDI) and CCG-10 (20 PDI), showed res is tance reactio n 

against variety Chill i-516 and Chilli-4884, respectively (Tab le 4).  

All the ten iso lates were sho wn moderately res istant to  

moderately s usceptib le reactio n against all o ther d iffe rent chili  

varieties showed in table.  

 



Table 4: Pathogenic variability among different isolates of Colletotrichum gloeosporioides Penz. and Sacc .  on ten different 

varieties of chilli (in severity per cent).  

Isolates 
CCG-1 CCG-2 CCG-3 CCG-4 CCG-5 CCG-6 CCG-7 CCG-8 CCG-9 CCG-10 

Varieties 
PDI RE PDI RE PDI RE PDI  RE PDI RE PDI RE PDI RE PDI RE PDI RE PDI RE 

Chilli-516 30 MR 20 R 45 MS 60 S 40 MR 45 MS 46 MS 25 MR 30 MR 54 S 

SG-5 67 S 65 S 50 MS 50 MS 75 HS 45 MS 55 S 75 HS 75 HS 60 S 

GVC-121 70 S 80 HS 90 HS 54 S 66 S 55 S 70 S 75 HS 67 S 66 S 

GAVCH-1 80 HS 90 HS 50 MS 90 HS 90 HS 76 HS 76 HS 35 MR 73 HS 46 MS 

Suryamukhi 40 MR 34 MR 88 HS 45 MS 75 HS 35 MR 55 S 30 MR 30 MR 40 MR 

Jwala 50 MS 60 S 40 MR 50 MS 50 MS 40 MR 70 S 80 HS 50 MS 50 MS 

Chilli-4884 80 HS 60 S   35 MR 67 S 60 S 30 MR 30 MR 27 MR 20 R 20 R 

S-49 66 S 74 HS 62 S 40 MR 70 S 30 MR 50 MS 60 S 60 S 40 MR 

GVC-111 42 MS 80 HS 68 S 65 S 62 S 46 MS 70 S 65 S 68 S 70 S 

G-4 50 MS 30 MR 40 MR 47 MS 35 MR 35 MR 30 MR 34 MR 30 MR 46 MS 

          R= Resistant, MR= Moderately Resistant, MS= Moderately Susceptible, S= Susceptible, PDI= Percent Disease Inensity) RE= Reaction. 

 



The study conducted by Manandhar, et al. (1995) 

suggested that the iso lates of anthracnose and d ie b ack patho gen 

with d ifferential patho genic ity were in existenc e in the country. It  

appears necessary to exerc is e muc h great care and d iscretio n in 

selec tion of C. gloeosporioides  iso lates for screening chill i  

varieties. It appears des irab le to make regular co llectio n of 

prevailing iso lates of Colletotrichum gloeosporioid es  pathogen in 

nature to keep the track for determining the exis tence and changes  

in population of parasitic races in the country or region.   

Pathogenic ity tests d ivided the p athogenic potential of               

C. gloeosporioides into lo w, med ium and high-virulenc e gro ups. 

It c learly revealed that ten iso lates of C.  gloeosp orioides  

inoculated  on twenty fo ur standard d ifferentials  were the most 

virulent iso lates. Patho genic ity b ehaviour is  supported by the 

earlier studies (Thakare and Patil, 1995 and Than et al., 2008). 

Masoodi et al. (2012) evaluated twenty iso lates of die 

back and fruit rot pathogen and observed that twenty geno typ e of 

chilli exhib ited susceptib le reactio n, on the other d ifferential line 

viz., S H-SC-17, S H-SC-17, KL-1, S H-SC-111,  SH-SC-23,  SH-SC-

7, S H-SC-4, S H-SC-13, S H-SC-444, S H-P -104 and  SH-P-201 

whereas other genotyp e of chilli p roduced res istanc e reac tio n on 

above genotype o f chilli. S mith and  Blac k (1990) evaluated the 

patho genic  variab ility in d ifferent iso lates of C. g loeospor ioides 

Penz. and  Sacc . showing d if ferent patho genic behavio ur of the 

iso lates on different host. Manad har et al. (1995) evaluated  

response of c hill i varieties to d ifferent iso lates of C.  

gloeosporio ides Penz.  and  Sacc . in whic h they observed that 



different iso lates gave various degree of res istance or s usceptib le 

reaction on different varieties.  

Rao et al. (1998) investigated pathogenic d ivers ity 

amo ng iso lates of C. graminicola  and observed that the iso lates     

Cg 042(5.0),  Cg 044(5.1), Cg 015(6.0) Cg 035(5.4) and Cg 

048(5.9) were more virulent than other iso lates. All other iso lates  

were significantly varied in pathogenic ity.  

Jayalakashmi and  seetharaman (1999) have also  

evaluated 40 chilli varieties agains t Colletotrichum sp. and fo und  

reis tance o nly in eight cultivar, whereas remaining c ultivars were 

either moderately susceptible or highly susceptible.  

4.2.2   Cultural characteristics  

The morp ho logic al and cultural variatio n s erves as an 

aid in d ifferentiatio n of iso lates. All the iso lates of  C.  

gloeosporio ides possessed characteris tic feature when c ulture on 

PDA. The d ifferences in co lony characteris tics were observed  

viz., co lony co lour, growth,  sporulation,  ac ervuli frequenc y and  

colony diameter.  

Vario us isolates produced cottony, fluffy, fluffy 

cottony, fluffy b lack and suppressed gro wth on the P DA with 

colour range of grey, greyish b lack to greyis h white (P late IV) on 

ventral surface whereas the reverse of the co lonies were mainly  

creamis h white with some b lack spots. The co lony d iameter of 

different iso lates ranged between 65.33 mm to 85.37 mm after ten 

days of incubatio n at  27±2
o
C temperature (Tab le 5). The iso late 

CCG-1 showed maximum growth (85.37 mm) whic h was at par 



with CCG-10 and CCG-5 with 82.68 mm and 82.09 mm rad ial  

gro wth respectively. The iso late CCG-7 sho wed minimum rad ial  

growth (65.33 mm).  

The iso late CGG-9 was showed maximum sporulatio n                 

(23.90 mill io n spores/ml) whic h is at par iso lates CCG -5 values  

23.07 mill io n spores/ml. Minimum sporulatio n was observed in 

isolate CCG-7 (8.73 millio n spores/ml).  

Dry mycelial weight was observed in the range of  

140.48 mg to 188.84 mg when iso lates were cultured on 20 ml 

PDB for 15 days at 27±2
o
C temp erature. Maximum dry myc elial  

weight was observed in iso late CCG-1 (188.84 mg) whic h is  at  

par iso lates CCG-10 (182.67 mg).  The co lony of iso lates CCG -1,  

CCG-2,    CCG-3, CCG-4, CCG-5, CCG-8, CCG-9 and CCG-10 

showed more or less orange co lo ured p igmentatio n while CCG -6 

and CCG-7 colonies had no pigmentation (Table 5).  

Find ings  of the cultural va riation are correspondence 

in case of the mycelia l gro wth, co lo ur,  sporulation with previous  

workers. Fokunang et al.  (2000) observed that maximum 

sporulatio n observed in iso late -5 (20.36 millio n/mg)  while  

minimum in iso late-15 (1.10 mill ion/mg). The co lon y co lour on 

Potato Dextrose Agar med ia was white to grayish and fluffy to  

white while S mith and Black (1990) observed the co lony colour 

of C. fragariae isolates was olive to dark gray. 



 

 

 



Table 5: Growth, sporulation and growth character of different isolates of C. gloeosporioides  on PDA at 27±2
o
C temperature for ten days 

of incubation and on PDB for fifteen days of incubation                                                                                        

Sr. 
No. 

Isolates 
*Growth 

(mm) 

*Dry 
mycelium 

weight (mg) 

**Sporulation 
(million/ml) 

**Sporulation 
catagory 

*Pigmentation *Colony colour 
*Colony 
growth 

1 CCG – 1 85.37 188.84 17.07 ++++ Dark orange Greyish white Fluffy cottony 

2 CCG – 2  72.03 140.48 17.16 +++ Light orange Greyish black black 

3 CCG – 3 71.55 156.92 15.07 +++ Light orange Grey Fluffy 

4 CCG – 4 68.78 160.94 12.73 ++ Light orange Grey Fluffy 

5 CCG – 5 82.09 154.22 23.07 ++++ Dark orange Greyish white Fluffy cottony 

6 CCG – 6 70.18 177.84 18.81 + Absent Whitish grey Suppressed 

7 CCG – 7 65.33 141.33 8.73 + Absent Whitish grey Suppressed 

8 CCG – 8 75.32 178.00 12.07 ++++ Light orange Greyish white Fluffy 

9 CCG – 9 71.46 160.94 23.90 +++ Light orange Greyish white Fluffy 

10 CCG - 10 82.68 182.67 18.07 ++ Light orange Greyish white Fluffy cottony 

 S. Em. ± 1.143 2.887 0.449 
 

 C.D. at 5% 3.37 8.52 1.32 

* On PDA (Average of three replications)  

** On PDB (Average of three replications) 

Sporulation category: - Absent, + Scanty, ++ Moderate, +++ Good, ++++ Abudent 



 



 

Fig 1: Growth, sporulation and dry mycelial weight of different isolates of Colletotrichum 

gloeosporioides Penz. and Sacc., on PDA and PDB at 27±2
o
C temperature. 

 

 
 

Adaskaveg et al. (1997) observed arial mycelium in      

C. acutatum  isolates with grayis h to p ink with bright orange spore 

masses p roduced outward from the centre of the culture, whereas  

the reverse was orangish or occasionally reddish to gray.  

4.2.3  Morphological characteristic 

4.2.3.1  Conidia 

The variatio n in conid ial measurement like length and  

bread th between the iso lates has been reported by several 

workers. In the present study also conid ial length amo ng the 

iso lates varied from 14.67 µ to 29.26 µ while width of co nid ia 

varied from 2.82 µ to 6.07 µ. The length of the conid ia was  
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bigger in the iso late CCG-8 (29.26 µ) than other iso lates which is  

at  par with iso late CCG-5 (28.60 µ).  Smaller conid ial length was  

observed in iso late CCG-3 (14.67 µ). The larger conid ial w idth 

was observed in iso late CCG-5 (6.07 µ) which is at par with 

isolates CCG-8 (5.79 µ) and CCG-4 (5.72 µ) (Table 6).  

The structure of conid ia was oblong with rounded ends 

shaped among the ten iso lates. There was d ifferenc e in the 

presence o f o il glob ules  in conid ia. The iso lates CCG-1, CCG-5 

and CCG-10 were sho wed larger and less oil globules while other 

were showed very s mall and more number of o il globules       

(Plate V). 

 



 



Table 6:   Variation in length and breadth of conidi a (µ) among isolates of  C. 

gloeosporioides Penz and Sacc. on PDA at 27±2
o
C temperature after ten days 

of incubation 

Sr. 

no. 
Isolates 

**Conidial length  

(µ) 
*Mean 

**Conidial 

breadth  (µ) 
*Mean 

1 CCG-1 21.77-23.44 22.57 3.11-3.47 3.28 

2 CCG-2  14.61-16.11 15.34 4.62-4.99 4.80 

3 CCG-3 13.99-15.42 14.67 3.63-4.08 3.87 

4 CCG-4 17.01-18.86 17.91 5.68-5.76 5.72 

5 CCG-5 27.65-29.68 28.60 5.65-6.34 6.07 

6 CCG-6 23.98-25.99 24.86 3.33-3.88 3.58 

7 CCG-7 17.34-18.88 18.06 3.92-4.28 4.08 

8 CCG-8 28.16-30.40 29.26 5.71-5.84 5.79 

9 CCG-9 14.01-15.44 14.70 3.98-4.34 4.15 

10 CCG-10 20.87-22.58 21.75 2.62-2.99 2.82 

 
S. Em. ± 

CD at 0.05% 

CV % 

0.51 
1.51 

4.26 

0.12 
0.36 

4.77 

 *The values are average of three replications 

**The values are the range of minimum and maximum value 

 

 

 

 

 

 

 

 

 

 

 



Fig 2: Variation in length and breadth of conidia in µ among isolates of C. 

gloeosporioides Penz. and Sacc., on PDA at 27±2
o
C temperature after ten days of 

incubation. 

 

 

 

4.2.3.2  Conidiophore 

The variatio n in conid iop hores also recorded. The 

length of conid iop hores varied from 30.05 µ to 56.60 µ while the 

wid th o f conid iopho res ranged fro m 3.40 µ to 6.64 µ. Maximum 

length of conid iophore was recorded in iso late CCG -8 (56.60 µ) 

which is at par with iso late CCG-4 (54.28 µ). Minimum length of 

conid iop hore observed in the iso late CCG-3 (30.05 µ).  Maximum 

wid th of conid iophore observed in the iso late CCG -5 (6.64 µ) 

which is at par with iso lates CCG-8 (6.25 µ) and CCG-4 (6.42 µ).  

The minimum width o f conid iop hore was observed in iso lates  

CCG-10 (3.46 µ), (Table 7). 
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Table 7: Variation in length and breadth of conidiophores (µ) among isolates 

of C. gloeosporioides Penz and Sacc. on PDA at 27±2
o
C temperature 

after ten days of incubation  

Sr. 

no. 
Isolates 

**Conidiophore 

length  (µ) 
*Mean 

**Conidiophore 

breadth  (µ) 
*Mean 

1 CCG-1 
42.33-46.30 44.33 3.72-4.37 4.03 

2 CCG-2 
28.49-32.02 30.26 5.38-5.84 5.59 

3 CCG-3 
28.38-31.70 30.05 4.35-4.85 4.60 

4 CCG-4 
51.58-56.98 54.28 6.22-6.68 6.42 

5 CCG-5 
32.89-37.54 35.23 6.41-6.88 6.64 

6 CCG-6 
43.18-48.38 45.79 4.06-4.99 4.50 

7 CCG-7 
42.05-47.52 44.80 4.42-4.89 4.65 

8 CCG-8 
53.85-59.33 56.60 5.94-6.46 6.25 

9 CCG-9 
31.93-35.31 33.63 4.90-5.16 5.01 

10 CCG-10 
43.13-46.79 44.91 3.24-3.72 3.46 

 

S. Em. ± 

CD at 0.05% 
CV % 

1.30 

3.83 
5.35 

 
 

0.16 
0.47 

5.37 
 

 

*The values are average of three replications 

**The values are the range of minimum and maximum value  

 

 

 

 

 

 

 

 

 

 



Fig 3: Variation in length and breadth of conidiophore in µ among isolates of C. 

gloeosporioides Penz. and Sacc., on PDA at 27±2
o
C temperature after ten days of 

incubation. 

 

 

 

4.2.3.3  Acervulus  

The length of the acervuli ranged fro m 63.77 µ to  

74.16 µ as well as wid th was 40.89 µ to 53.85 µ. The maximum 

length of acervulus was observed in the iso late CCG -7 (74.16 µ) 

which is at par with iso late CCG-2 (67.08 µ), CCG-8 (69.80 µ),  

CCG-4 (70.59 µ),  CCG-6 (73.24 µ) and CCG-9 (73.85 µ).  

Minimum length was observed in the iso late CCG -1 (63.77 µ).  

Maximum wid th of acervulus was observed in iso late CCG -9 

(53.85 µ) whic h is at par with CCG-2 (48.61 µ), CCG-7 (53.45 

µ), CCG-8 (48.41 µ) and CCG-10 (48.55 µ) while minimum width 

was observed in isolate CCG-4   (40.89 µ), (Table 8).  
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Table 8: Variation in length and breadth of acevulus (µ) among isolates of C. 

gloeosporioides Penz and Sacc. on PDA at 27±2
o
C temperature after ten days 

of incubation 

Sr. 

no. 
Isolates 

**Acervulus 

length  (µ) 
*Mean 

**Acervulus 

breadth  (µ) 
*Mean 

1 CCG-1 
60.93-66.61 63.77 38.76-46.47 42.61 

2 CCG-2 
63.08-70.0 67.08 44.15-53.62 48.61 

3 CCG-3 58.64-71.24 64.76 39.00-44.98 42.06 

4 CCG-4 64.94-77.06 70.59 37.83-43.95 40.89 

5 CCG-5 
63.58-69.38 66.40 39.57-43.13 41.53 

6 CCG-6 
68.57-78.20 73.24 43.49-50.42 46.78 

7 CCG-7 70.59-78.34 74.16 50.08-56.59 53.45 

8 CCG-8 65.02-74.17 69.80 47.50-49.51 48.41 

9 CCG-9 
70.26-77.45 73.85 50.43-57.28 53.85 

10 CCG-10 64.53-68.84 66.62 45.70-51.52 48.55 

 
 
 

S. Em. ± 
CD at 0.05% 

CV % 

2.47 
7.30 
6.21 

 
 

1.85 
5.47 
6.88 

 
 

*The values are average of three replications 

              **The values are the range of minimum and maximum value 

 

 

 

 

 

 

 

 

 

 

 



Fig 4: Variation in length and breadth of acervulus in µ among isolates of C. 

gloeosporioides Penz. and Sacc., on PDA at 27±2
o
C temperature after ten days of 

incubation. 

 

 

 

4.2.3.4  Appresoria  

The length and wid th of appresoria was set  out 

between    11.06 µ to 12.95 µ and 10.08 µ to 12.10 µ respectively.  

Maximum length was observed in the iso late CCG -3 (12.95 µ) 

which was at par with iso late CCG-1 (12.34 µ), CCG-4 (12.60 µ),  

and CCG-10 (12.21 µ) while minimum length was observed in 

iso late CCG-6 (11.06 µ). The maximum wid th o f appresoria was  

recorded in iso late CCG-4 (12.10 µ) whic h was at par with iso late 

CCG-5 (11.16 µ), CCG-7 (11.70 µ) and CCG-10 (11.38 µ) 

respectively. Minimum wid th was observed in iso late CCG -2 

(10.08 µ.) (Table-9). 
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Table 9: Variation in length and breadth of appresoria (µ) among isolates of C. 

gloeosporioides Penz and Sacc. on PDA at 27±2
o
C temperature after ten days 

of incubation 

Sr. 

no. 
Isolates 

**Appresoria 

length  (µ) 
*Mean 

**Appresoria 

width  (µ) 
*Mean 

1 CCG-1 11.84-12.82 12.34 10.21-11.30 10.85 

2 CCG-2 11.26-12.50 11.87 9.47-10.40 10.08 

3 CCG-3 12.26-13.60 12.95 10.20-11.52 10.86 

4 CCG-4 12.01-13.18 12.60 11.57-12.63 12.10 

5 CCG-5 10.83-11.90 11.35 10.41-11.62 11.16 

6 CCG-6 10.60-11.44 11.06 9.96-11.12 10.52 

7 CCG-7 11.24-12.05 11.65 11.26-12.13 11.70 

8 CCG-8 11.15-12.16 11.68 9.82-12.21 10.57 

9 CCG-9 11.09-12.06 11.58 9.54-11.09 10.34 

10 CCG-10 11.56-12.78 12.21 11.09-11.63 11.38 

 

S. Em. ± 

CD at 0.05% 
CV % 

0.31 

0.92 
4.53 

 
 

0.34 

1.00 
5.35 

 
 

*The values are average of three replications 

**The values are the range of minimum and maximum value 

 

 

 

 

 

 

 

 

 



Fig 5: Variation in length and breadth of approsoria in µ among isolates of C. 

gloeosporioides Penz. and Sacc., on PDA at 27±2
o
C temperature after ten days of 

incubation. 

 

 
 

All the iso lates produced hyline, ob long conid ia 

bearing small o il globules. The d ifferent iso lates showed smaller 

to higher degree of variation within d ifferent parameters like s ize 

of conid ia,  conid iophore,  acervuli,  appresoria  and length of setae.  

Such mo rpho logical variatio n in C. gloeosporioides has also been 

observed b y many workers (Fokunang  et al.,  2000 and                

Rao, et al. 1998).   

Kumar et al.,  (2010) observed that measurement in 

conid ia, conid iop hores, acervulus varied from eac h other among 

ten iso lates o f C. gloeo sporio ides.  The s ize of conid ia,  length and  

wid th of conid iophores and s ize of acervulus was maximum in 

group-1. 
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4.3    Molecular variation 

4.3.1  Identification and evaluation of ISSR markers for 

diversity estimates in ten C. gloeosporioides isolates 

In   recent years, mo lec ular markers have received  

arab le attentio n and have been us ed for genetic d ivers ity 

phylo genetic  and evo lutio nary stud ies and mapping and  tagging 

of agronomically important traits in different plant spec ies. It can 

also be used in the stud y of mo lecular d ivers ity in mic roorganis m 

such as fungus, bacteria, viruses, etc. In this  stud y, the pres ent 

inves tigatio n was carried o ut with the ten d ifferent iso lates of 

fungus C.  gloeosp orioides to study the mo lec ular variation in 

these isolates.  

 A total of 20 Primers cons isted of d i-nuc leotid e rep eat 

motifs were used for init ial screening with two iso lates. Out of 

these, fifteen primers gave no amp lificatio n at all, while only five 

primers were found to give c lear band ing patterns and were 

subsequently used to analyze the entire set of ten iso lates.           

The o ligo nuc leotide seq uences of these p rimers are given in    

Tab le 10. These five ISSR primers amp lified a total of 64 

scorable bands of which 59 bands were po lymo rphic. These 

primers showed variatio n in the percentage of polymorphis m. The 

percent of po lymo rphis m ranged fro m 81.25 to 100.00% . The 

primer UBC-850 and UBC -854 showed the highest value of 

percentage of polymorphism i.e. (100.00%). 

 

 



Table 10: Details of amplification obtained with different ISSR primers 

 

Sr. 
No

. 

Name of 
primer 

Sequence 

Annealing 

temperature 
(oC) 

No. of 

total 
bands 

No. of 

polymorphic 
bands 

No. of 

mono 
morphic 
bands 

Polymorphism 

percent  
(P %) 

Total No. 
of bands 

amplified 
in 10 

isolates 

1. 
UBC-
819 

5’-(GT)8 
TA-3’ 

50.3 12 11 1 91.67 67 

2. 
UBC-
825 

5’-(AC)8 T-
3’ 

51.4 13 12 1 92.30 70 

3. 
UBC-

850 

5’-(GT)8 

YC-3’ 
52.7 11 11 0 100.00 52 

4. 
UBC-

854 

5’-(TC)8 

RG-3’ 
54.3 12 12 0 100.00 49 

5. 
UBC-
875 

5’-(CTAG)4-
3’ 

43.9 16 13 3 81.25 97 

Total 64 59 5 92.19 335 

  

 



 

Amp lific atio n pattern obtained us ing p rimers UBC -

819, UBC-825, UBC -850, UBC -854 and UBC-875 are dep icted as  

representative p ic tures in P late VIII B to VIII F. This primer   

UBC-819 has amp lified a total number of 12 bands (P late VIII B).  

Out of these 12 bands 11 were po lymorphic  while one was  

mono morphic  amp lificatio n pattern.  In s ame P late, amp lificatio n 

pattern of the primer UBC-825 sho wed a total o f 13 scorab le 

bands, out of whic h 12 were polymorphic (P late VIII C). A total  

of 11 b ands were amp lified o n primer UBC-850 sho ws in (P late 

VIII D), o ut o f whic h 11 were polymorphic while no one  was  



mono morphic. The band ing pattern of primer UBC- 854 sho wed  

total of 12 scorab le bands out of whic h 12 were po lymorp hic  

while zero was mo nomo rphic (P late VIII E).  The primer UBC-875 

was s howed more amp lific atio n than o ther primers with 16 

scorable bands of whic h 13 were po lymo rphic and three were  

monomorphic as showed in (Plate VIII F). 

The ISSR amp lific atio n data were used to obtain a 

similarity matrix (Tab le 11). A de ndrogram was construc ted    

(F igure VI) us ing UPGMA method for ten iso lates under pres ent 

study. The dendogram c learly ind icated the one b ig c luster of 

eight iso lates while two iso late was sep arately s ituated whic h 

similarity matrix 0.378 and 0.419 (CCG -9) and (CCG-10) with 

CCG-1. In these eight iso lates CCG-3 was p laced separately while  

others were sub d ivid ed in two sub c lusters A and B. The c luster 

A was contained three iso lates (CCG-1,  CCG-2 and CCG-8) while  

cluster B contain four iso lates (CCG-4, CCG-5, CCG-6 and CCG-

7). These two sub clusters showed s imilarity coeffic ient of 0.48.  

The sub-c luster B consisted of iso lates CCG-6 and CCG-7 whic h 

were most s imilar which were d iversed from iso lateCCG -4 and  

CCG-5. 

ISSR markers are us eful for studying genetic d ivers ity 

in Colletotrichum  spec ies. These are rap id, reproduc ib le and  

produce a large number of polymorphic bands and aid the 

und erstand ing of p athogen populatio n dynamics, whic h can 

fac ilitate the development o f effective contro l strategies. The 

genetic d ivers ity of C. gloeosp orioides bas ed on ISSR markers  

showed a correlatio n b etween genetic and geograp hical 



distrib utio n which was supported by Ratanacherdchai et al.  

(2010) who reported that C. capsici iso lates of c hill i formed a sub  

cluster distinct from isolates from Thailand.  

The intra and inter spec ific po lymorphism among 

fungal patho gen that cause wilt  and root rot o n chic k pea were 

inves tigated by us ing 30 RAP D and 20 ISSR primers. Accord ing 

to ISSR analys is, primers (GA) 8T, (AG) 8G and (AC)8T produced  

amp lific atio n profiles that d ifferentiated each fungal spec ies of 

Fusarium  (Bayraktar  and  Sara Dolar, 2007).   

Similarly Kumar et al., (2011) util ized nine ISSR 

markers out of whic h two ISSR markers, ISSR 02 (ACTG 4) and  

ISSR 10 (CAC 5) d ifferentiated all the 25 C. falcatum  iso lates  

with alleles ranging from 250 to 3500 bp. The average number of 

bands per primer was eight with 100 per cent po lymo rphis m.  

ISSR 10 performed better in all the marker efficiency parameters.   

Table 11: Jaccard’s similarity coefficient between ten isolates of Colletotrichum 

gloeosporioide  Penz. and Sacc. based on ISSR data. 

 

 
CCG-

1 
CCG- 

2 
CCG-

3 
CCG-

4 
CCG-

5 
CCG- 

6 
CCG-

7 
CCG-

8 
CCG-

9 
CCG-

10 

CCG-1 1.000          

CCG-2 0.600 1.000         

CCG-3 0.455 0.447 1.000        

CCG-4 0.426 0.479 0.370 1.000       

CCG-5 0.431 0.453 0.468 0.636 1.000      

CCG-6 0.510 0.560 0.489 0.659 0.646 1.000     

CCG-7 0.426 0.543 0.400 0.571 0.565 0.738 1.000    

CCG-8 0.426 0.578 0.313 0.404 0.412 0.553 0.571 1.000   

CCG-9 0.378 0.467 0.208 0.356 0.367 0.417 0.488 0.488 1.000  

CCG-10 0.419 0.383 0.326 0.395 0.347 0.489 0.429 0.429 0.571 1.000 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

Summary and conclusion 

 
 



V.  SUMMARY AND CONCLUSION 

 

Chilli is the most important crop gro wn extens ively 

und er South Gujarat cond itions. The d ie bac k and fruit rot has  

become the most important d iseas e of chilli during last three 

years with a s evere threat to successful and profitab le c ultivatio n 

of the crop in South Gujarat area. The pres ent inves tigatio n was  

to p in po int cause, pathogenic,  cultural, mo rpho logical and  

mo lecular variab ility among the d ifferent iso lates of 

Colletotrichum gloeosporioides Penz. and S acc ., whic h were 

collected fro m d ifferent loc atio ns and from d ifferent varieties of 

chilli south Gujarat.  

The microscopic examinatio n and tissue iso lation fro m 

fruit of the infected chilli p lants of different varieties yielded  

pure culture of Colletotrichum  sp. The typ ical sympto ms of the 

disease were observed in the field were on the branc hes whic h 

first appear as yello wing of the upper leaves. Sunken les io n 

developed fro m apex whic h b ecomes d ark b lack co lo ured in 

advanc e stage of d isease res ulting in q uick dried up portion when 

the typ ic al d ie bac k set in acervuli appeared as minute grey 

colour to almost b lack dots on the fruits. On fruits, the les io n 

appear as slightly sunken, c irc ular to irregular d iscoloured or 

yello wis h straw colo ured, later on turning light bro wn with 

acervuli either scattered. I n sever cas es fruits get detac hed fro m 

the petioles and fall on the ground.   

On the bas is o f morpho lo gic al and cultural characters  

Colletotrichum sp. was id entified as Colletotrichum 



gloeosporioid es Pen z. and Sacc . This was also confirmed thro ugh 

id entific ation b y I. T. C. C., I. A. R. I., New Delhi (ITCC No.   

8775-12). The pathogenic ity was tested by injury by p in pric k,  

tooth brush and carborandum powder on fruits. All these methods 

successfully in reproduc ing the sympto ms on artific ially  

inoculated healthy green fruits. Among the three methods, pin 

prick method is most superior fo llo wed by tooth brush and  

carborandum po wder injury method. Pathogenic ity was p in pric k 

method of inoculatio n produced typ ic al  fruit rot  s ymptoms  

similar to those observed under natural cond itio ns and described  

in the literature, conferring pathogenic nature of the fungus.      

Pathogenic  variab ility of ten iso lates on a chilli o f 

differential varieties were carried out b y p in pric k met hod of 

inoculatio n. The iso lates of C. gloeosp orioides ind icating 

differential pathogenic b ehavio ur. Iso late CCG -2, CCG-9 and  

CCG-10 showed res istance reactio n agains t variety Chilli -516 and  

Chilli-4884 respectively.  

The iso lates of C. gloeosporioid es possessed 

characteristic  feature when culture on P DA with respect to co lony 

colour, gro wth, sporulation acervuli frequenc y, etc. Iso lates  

produced cottony, fluffy, fluffy cotto ny o r suppressed gro wth 

with colo ur grey, greyish b lack to greyis h white the co lony  

diameter ranged between 65.33 mm to 85.37 mm after ten days of 

incub ation at 27±2
0
C temperature. The iso late CCG-1 was sho wed  

maximum rad ial gro wth 85.37 mm while iso late CCG -7 was  

showed minimum rad ial growth 65.33mm. The maximum 

sporulatio n was observed in iso late CCG-9 (23.90 mill io n 



spores/ml) while maximum d ry mycelia l weight was observed in 

iso late CCG-1 (188.84) when cultured o n liquid med ia.  The 

maximum isolates were showed orangish pigmentation.  

Morp ho lo logic al stud ies also revealed the variatio n in 

size of conid ia, conid iophore, ac ervuli and size of acervulus and  

appresoria when cultured on PDA at 27±2
o
C temperature.  The 

maximum length o f conid ia was observed in iso late CCG -8 (29.26 

µ) while maximum b readth was in iso late CCG -5 (6.07 µ). The 

conid ia of C. gloeosporioid es were falcate in nature with more or 

less number of o il globules. The iso late CCG -1,  CCG-5 and CCG-

10 were showed larger and less o il globules while other had small  

and more o il glob ules. The maximum length o f conid iop hore was  

observed  in iso late CCG-8 (56.60 µ) while maximum bread th of 

conidiophore observed in the isolate CCG-5 (6.64 µ). 

The acervulus body also showed variatio n in d ifferent 

iso lates. The maximum length of acervulus was observed in the 

iso late CCG-7 (74.16 µ) while maximum b readth of acervulus was  

observed in isolate CCG-9 (53.85 µ).  

On the so lid culture med ia also formed appresoria 

which were varied in their length and width. The length of 

appresoria was larger in iso late CCG-3 (12.95 µ) while it was  

smaller in iso late CCG-6 (11.06 µ). The maximum width of 

appresoria was observed in CCG-4 (12.10 µ) while minimum in 

isolate CCG-2 (10.08 µ). 

The mo lec ular characterization study was carried out 

by us ing ISSR primers. The five primers ( UBC-819, UBC-825,  

UBC-850, UBC-854 and UBC -875) were used for analyze the ten 



iso lates whic h gave total of 64 scorab le bands of whic h 59 bands 

were polymorp hic . The d endogram was showed iso late CCG-9 and  

CCG-10 was s ituated separately with s imilarity matrix of 0.378 

and 0.419 with CCG-1 while other eight were c lustered in two  

gro ups and sub-groups. The ISSR markers were reveal suffic ient 

genetic  d ivers ity. There is need to verify the results with more 

number of primers as well as isolates.  

Present study c learly ind ic ated the variatio n among ten 

iso lates of C. gloeosporioides Penz. and Sacc., collected fro m 

South Gujarat regio n in terms of pathogenic, cultural,  

morphological and molecular level.  

Further extens ive study is required to id entify the 

variation amo ng C. gloeosporioid es Penz.  and S acc., up to races.  

Therefore, race spec ific screening programmes are to be s tarted to  

id entify spec ific res istance or multip le race res istant chilli whic h 

can withstand die back and fruit rot disease for long time.  
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