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Abstract Mango is one of the most popular and esteemed fruits of the tropical and subtropical world. Among biotic stresses, anthracnose caused by Colletotrichum gloeosporioides (Penz) is the most destructive diseases of mango. In Andhra Pradesh, the disease occurs throughout the year with varying intensities in different locations under different agro-climatic conditions. A survey was carried out in nine agro climatic zones of A.P and 72 isolates of C. gloeosporioides were collected and named as Cg 1 to Cg 72 and characterized for enzymatic variability. Isozyme patterns of polyphenol oxidases of all the seventy two isolates of C. gloeosporioides were studied through polyacrylamide gel electrophoresis (PAGE). The dendrogram based on UPGMA analysis separated 72 isolates into 7 clusters with Jaccuard’s coefficient ranging from 0.61 to 1.00. The dendrogram constructed from the pooled data clearly showed two major clusters at similarity coefficient of 0.61. First cluster consisted of five sub clusters and second cluster contain two sub classes. There was variation among the isolates with respect to poly phenol oxidase banding pattern, or may be there are different races. It was clear from the cluster analysis that, the isolates from nearer geographical location were grouped together . Cluster analysis also showed that C. gloeosporioides isolates from mango collected from nine agro climatic zones of Andhra Pradesh are distinctly related. Keywords: Anthracnose, C. gloeosporioides, mango, polyphenol oxidase



Introduction Various biotic and abiotic stresses cause immense loss to mango crop throughout the world. Among biotic stresses, anthracnose caused by Colletotrichum gloeosporioides (Penz). Penz & Sacc in Penz., (Teleomorph Glomerella cingulata (Stonem) Spauld and Schreule) is the most important prevalent disease in all mango growing regions that contributes significantly to pre-harvest and post-harvest losses in mango. It is also known as leaf spot (Bird eye disease), blossom blight or fruit rot. Field observations revealed the difference in virulence with in C. gloeosporioides populations from different conventional mango growing areas indicating the emergence of new pathotypes. Hence, a survey was carried out in nine agro climatic zones of A.P and C. gloeosporioides isolates were collected and characterized for enzymatic variability based on polyphenol oxidases analysis to determine the extent of variation among C. gloeosporioides isolates. It is also being



used to trace the geographic origins of pathogens, follow the segregation of genetic loci.



Material and methods Mango leaves infected with Colletotrichum gloeosporioides were collected from nine major mango growing zones of Andhra Pradesh. In each zone two mandals were selected and from each mandal four distinct areas were selected and four samples from each area, were used to record the data on garden age, per cent disease incidence and chemical usage. Totally seventy two samples of C. gloeosporioides were collected from different mango growing areas of A.P and designated as Cg1 to Cg72 (Table 1). C. gloeosporioides isolations were made from the leaves of mango which were showing typical symptoms of anthracnose disease by tissue segment method (Rangaswami and Mahadevan, 1999), on potato dextrose agar medium



Variability Studies Among Colletotrichum gloeosporioides



(PDA). The fungus was further purified by single spore isolation method (Dhingra and Sinclair ,1993).The pathogen was identified as Colletotrichum gloeosporioides Penz., based on its mycelial, conidial characteristics through standard mycological keys (Barnett et al., 1972).Isolates were stored on PDA for further studies.
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Isozyme pattern of polyphenol oxidases of all the seventy two isolates of the C. gloeosporioides were studied through polyacrylamide gel electrophoresis (PAGE) (Laemmli., 1970). The polyphenol oxidase enzyme was estimated, depending on presence or absence of bands in each isolate which was visually scored and set in a binary matrix. The



Table 1. Various C. gloeosporioides Isolates collected from major mango growing districts in different agro-climatic zones of Andhra Pradesh S. No.



Isolate designation



(I)



Krishna Zone



1



Cg1



2 3



District



Mandal



Village



Agiripalli



Adivinekhalam Baneshan



Cg2



Agiripalli



Cg3



Agiripalli



4



Cg4



5



Cg5



6



Cg6



Nuziveedu



7



Cg7



Mylavaram



8



Cg8



Mylavaram



Mylavaram



Krishna



Variety



Garden Percent age disease (Year) index



Details of chemicals used by the farmers



30



36.30



Carbendazim, Sulphur, Endosulfan



Adivinekhalam Baneshan



25



22.00



Chemicals not used



Agiripalli



Baneshan



10



38.60



Carbendazim, Mancozeb and Copper Oxy Chloride, Monocrotophos



Agiripalli



Agiripalli



Baneshan



35



20.60



Chemicals not used



Nuziveedu



Nuziveedu



Baneshan



25



25.40



Mancozeb, Carbendazim, Sulphur, Monocrotophos



Nuziveedu



Baneshan



35



30.20



Chemicals not used



Mylavaram



Baneshan



20



38.40



Carbendazim, Mancozeb, Endosulfan



Baneshan



40



20.00



Chemicals not used



Chinthalapudi Yadavalli



Baneshan



25



62.00



Carbendazim & Mancozeb, Sulphur (Paddy inter cropping) Imidacloprid



( II ) Godavari Zone 9



Cg9



West Godavari



10



Cg10



Chinthalapudi Yadavalli



Baneshan



40



50.20



Neglected Garden



11



Cg11



Pedavegi



Vijayarai



Baneshan



20



28.20



Carbendazim, Mancozeb, Monocrotophos



12



Cg12



Pedavegi



Vijayarai



Baneshan



35



18.50



Chemicals not used



13



Cg13



Dwaraka Thirumala



Dwaraka Thirumala



Baneshan



25



26.40



Carbendazim, Karathen, Mancozeb, Monocrotophos



14



Cg14



Dwaraka



Dwaraka



Baneshan



35



32.00



Chemicals not used



Thirumala



Thirumala



15



Cg15



Bhimadolu



Bhimadolu



Baneshan



35



44.40



Hexaconazole, Mancozeb, imidachloprid



16



Cg16



Bhimadolu



Bhimadolu



Baneshan



32



30.20



Chemicals not used



Sangareddy



Sangareddy



Baneshan



35



28.50



Carbendazim, Mancozeb Sulphur, Monocrotophos, Nuvan



( III ) Central Telangana Zone 17



Cg17



Medak



18



Cg18



Medak



Patancheru



Patancheru



Baneshan



15



20.50



Copper oxychloroide, & Carbendazim



19



Cg19



Warangal



Warangal



Hanumakonda



Baneshan



40



19.60



Chemicals not used



20



Cg20



Warangal



Warangal



Hanumakonda



Baneshan



26



26.00



Carbendazim, Mancozeb, Endosulfan



21



Cg21



Khammam



Sathupally



Sathupally



Baneshan



10



25.40



Carbendazim, Mancozeb, Monocrotophos



22



Cg22



Sathupally



Sathupally



Baneshan



30



22.50



Fungicides not used



23



Cg23



Aswaraopet



Ashwaraopet



Baneshan



10



18.20



Chemicals not used Continued
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Table 1. continued



S. No.



Isolate designation



24



Cg24



District



Garden Percent age disease (Year) index



Details of chemicals used by the farmers



Mandal



Village



Variety



Dhammapet



Dhammapet



Baneshan



22



30.80



Carbendazim, Mancozeb, Monocrotophos, Endosulfan



Karimnagar



Erukulla



Baneshan



15



32.60



Carbendazim, Sulphur, Hexaconazole, Endosulfan, Dimethoate



( IV ) Northern Telangana Zone 25



Cg25



Karimnagar



26



Cg26



Karimnagar



Erukulla



Baneshan



7



25.00



Chemical not used



27



Cg27



Annaram



Manakonduru



Baneshan



23



20.50



Companian, Carbendazim, Mancozeb, Endosulfan, Monocrotophos



28



Cg28



Annaram



Manakonduru



Baneshan



25



10.20



Chemicals not used



29



Cg29



Jagithyala



Lower Manneru Baneshan



25



22.60



Carbendazim, Copper Oxychloride, Endosulfan



30



Cg30



Jagithyala



Lower Manneru Baneshan



10



10.50



Chemicals not used



31



Cg31



Nizambad



Dichipally



Totapari



15



20.00



Carbendazim, C.O.C, Sulphur, Mancozeb, Manocrotophos



32



Cg32



Nizambad



Rudhru



Baneshan



20



18.00



Chemicals not used



Yelikatta



Baneshan



12



25.40



Carbendazim, Carbaryl, Mancozeb, Monocrotophos



Nizambad



( V ) Southern Telangana Zone 33



Cg33



Mahbubnagar Shadnagar



34



Cg34



Shadnagar



Shadnagar



Baneshan



10



15.80



Chemicals not used



35



Cg35



Kollapur



Kalvakol



Baneshan



28



45.00



Carbendazim, Intercropping with Pulses, Carbaryl



36



Cg36



Kollapur



Kalvakol



Baneshan



15



38.00



Chemicals not used



37



Cg37



Kollapur



Kalvakol



Baneshan



25



52.50



Chemicals not used



38



Cg38



Pedda-



Pedda-



Baneshan



10



36.40



Chemicals not used



kothapalli



kothapalli



39



Cg39



40



Cg40



Ranga reddy



Chevella



Kandhada



Baneshan



16



26.20



Chemicals not used



Chevella



Kandhada



Baneshan



20



25.00



Carbendazim, C.O.C, Mancozeb, Carbaryl



( VI ) North Coastal Zone 41



Cg41



Vijayanagaram Padmanabham Reddipalli



Panakulu



28



42.60



Carbendazim, Sulphur, Monocrotophos



42



Cg42



Padmanabham Reddipalli



Totapari



60



36.20



Sulphur, C.O.C, Carbendazim, Mancozeb, Carbaryl



43



Cg43



Padmanabham Padmanabhapuram



Suvarnarekha



18



26.60



Sulphur, Carbendazim, Carbaryl, Monocrotophos



44



Cg44



Padmanabham Padmanabha-



Suvarna-



16



18.20



Chemicals not used



puram



rekha



45



Cg45



Visakha-



Sabhavaram



Amruthapuram Suvarnarekha60



25.30



Chemicals not used



46



Cg46



patnam



Sabhavaram



Amruthapuram Baneshan



35



32.90



Carbendazim, C.O.C, Sulphur, Mancozeb, Carbaryl



47



Cg47



Choudavaram Choudavaram



Baneshan



25



29.10



Carbendazim, Mancozeb, Monocrotophos



48



Cg48



Narsipatnam



Local



40



25.80



Chemicals not used



Narsipatnam
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Table 1. continued



S. No.



Isolate designation



District



Garden Percent age disease (Year) index



Details of chemicals used by the farmers



Mandal



Village



Variety



Bangarupalleym



Palamakulapalli



Neelum



70



18.50



Chemicals not used



Bangarupalleym Bangarupalleym



Balijapalli



Neelum



20



24.30



K.G.Sathram



Totapari



25



28.50



Carbendazim, Mancozeb, Sulphur, Endosulfan Neglected Garden



K.G.Sathram



Totapari



15



23.40



Thaduku



Baneshan



15



29.30



( VII ) Southern Zone 49



Cg49



Chittoor



50



Cg50



51



Cg51



52



Cg52



53



Cg53



Bangarupalleym Puthur



54



Cg54



Karvetinagar



Surendranagar



Totapari



25



24.20



Endosulfan, Carbaryl, Carbendazim, Mancozeb



55



Cg55



Karvetinagar



Surendranagar



Baneshan 750



26.40



Chemicals not used



56



Cg56



Puthur



Puthur



Totapari



10



32.00



Neglected Garden



Bukkapatnam Buchaiyyagari- Baneshan palli



20



26.20



Carbendazim, Endosulfan, Mancozeb, Carbaryl



Carbendazim, C.O.C. Sulphur, Mancozeb Carbendazim, Endosulfan, Zincsulphate,



(VIII )Scarce Rainfall Zone 57



Cg57



Ananthapur



58



Cg58



Bukkapatnam Buchaiyyagari- Baneshan palli



15



22.40



Sulphur, Carbendazim, Endosulfan, Monocrotophos



59



Cg59



Bukkapatnam Janakammapalli Baneshan



10



30.50



Carbendazim, Manozeb, Sulphur, Carbaryl



60



Cg60



Bukkapatnam Janakammapalli Baneshan



15



14.00



Chemicals not used



61



Cg61



Bukkarai Samudram



Janthuluru



Baneshan



31



36.00



Chemicals not used



62



Cg62



Bukkarai Samudram



Janthuluru



Baneshan



15



8.00



Chemicals not used



63



Cg63



Baneshan



10



12.30



64



Cg64



Bukkarai Nilareddypalli Samudram Dharmavaram Puttapartti



Baneshan



12



20.00



C.O.C., Endosulfan, Carbendazim, Carbaryl Chemicals not used



Baneshan



16



6.40



Chemicals not used



( IX ) High Altitude and Tribal Zone 65



Cg65



Visakhapatnam



Paderu



Paderu



66



Cg66



G.Madugula



Uramu



Baneshan



8



5.00



Chemicals not used



67



Cg67



G.Madugula



Uramu



Local



25



8.20



Chemicals not used



68



Cg68



Chinthapalli



Kokkiraipalli



Local



50



15.00



Chemicals not used



69



Cg69



Chinthapalli



Kokkiraipalli



Local



10



20.80



Chemicals not used, Turmeric Intercropping



70



Cg70



Chinthapalli



Chinthapalli



Baneshan



20



12.00



Chemicals not used



71



Cg71



Narsipatnam



Narsipatnam



Local



20



15.40



Chemicals not used



72



Cg72



Narsipatnam



Narsipatnam



Local



30



14.80



Chemicals not used



polyphenol oxidase bands were scored as present (1) or absent (0) and used for statistical analysis. Enzymatic similarities among the isolates were determined based on



the Jaccard’s coefficient. A dendrogram was then constructed using the un-weighted pair-group method of the arithmetic average (UPGMA) with a 2.2 (Rohlf 2002).
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Results and discussion



number 2 and 4 which were very wide, prominent and denser were common in most of the 72 isolates. The dendrogram based on UPGMA analysis separated 72 isolates into 7 clusters with Jaccard’s coefficient ranging from 0.61 to 1.00 (Fig 2). Minimum similarity index values (0.75) were observed between the clusters I and cluster II, cluster IV and Cluster V, cluster VI and cluster VII. Maximum similarity index values (0.61) were observed between cluster VI and cluster VII with other clusters viz., I, II, III, IV and V.



Differences were detected in the polyphenol oxidase enzyme activity of 72 isolates of C. gloeosporioides (Fig. 1). A total of 288 polyphenol oxidase isozyme bands were produced in all the isolates including very faint bands. Two bands



Cluster analysis also showed that C. gloeosporioides isolates from mango collected from nine agro climatic zones are distinctly related. The dendrogram constructed from



Similarity index (SI) and genetic distance values were calculated using the following formula. No. of pairs of similar bands SI =----------------------------------------------------------- x 100 No. of different bands + No. of pairs of similar bands



Genetic distance = 100 - Similarly index (SI)



Krishna Zone



Godavari Zone



Central Telangana Zone



Northern Telangana



Southern Telangana



North coastal zone



Southern Zone



Scarce rainfall Zone



High altitude and Tribal Zone



Figure 1. Variability among Polyphenol oxidase among C. gloeosporioides isolates
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1 40 42 49 50 51 2 3 4 5 69 11 14 63 61 58 59 55 54 64 68 66 53 70 72 43 17 18 33 20 28 26 25 23 24 27 9 16 57 15 13 10 19 67 44 45 34 35 21 22 29 48 6 71 62 60 65 56 52 7 8 47 46 39 30 32 41 12 31 36 37 38 0.61



0.71



0.90



0.81



1.00



Coefficient



Figure 2. Zymogram based on poly phenol oxidase production in C. gloeosporioides isolates the pooled data clearly showed two major clusters. Among these seven groups (Table 2), Cluster II was largest, with maximum number of isolates of C. gloeosporioides (30 isolates) from minimum one to maximum five isolates representing every zone. However, cluster V contained only one isolate i.e., Cg 48 from North coastal zone with 2 bands and cluster VI, contained the isolates collected from all the zones grouped except Central Telangana zone isolates. However, in cluster VII, only 3 isolates were grouped viz., Cg 36, 37, 38 from Southern Telangana zone. There was variation among the isolates because some isolates produced an extra band with respect to poly phenol oxidase or may be due to virulent races. The age of the garden and the per cent disease incidence in those gardens did not pay any role on grouping of isolates. However, out of seven clusters, five clusters (I,II,III,IV and VI) contained the both the isolates which were collected from chemicals used and neglected orchards. Where as Cluster V contain Cg 48 from north coastal zone and Cluster VII included Cg 36,Cg 37 and Cg 38 from non chemical used orchards of Southern Telangana zone (Fig 3). This shows that the



grouping of isolates may be influenced by the intensity of chemicals usage in that garden due to indirect effect of fungicides usage on resistance development of C. gloeosporioides isolates which was directly related to polyphenol oxidase levels in those isolates. It is clear from the cluster analysis that, the isolates from geographically nearer location were grouped in one cluster (cluster II) and also included isolates from some other distinct locations. The reasons may be due to the pathogen being introduced into new areas through seedlings (or) fruits. The variation may be attributed due to intra specific variation and difference in geographical location. These findings are in accordance with reports by Gantotti and Davis (1993), where grouping of C. gloeosporioides isolates was done based on pectic zymogram groups (PZGS). Lima Filho et al., (2003) reported that electrophoresis analysis of total proteins and isoenzymes showed variation in the isolates due to variation in the number and position of the bands of C. gloeosporioides isolated from cashew, mango, papaya and C. musae from banana.
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Table 2. Grouping of C. gloeosporioides isolates based on similarity index of Polyphenol oxidase enzyme S. No. Cluster



Krishna zone



Godavari zone



Central Telangana Zone



Northern Telangana Zone



Southern Telangana Zone



North coastal zone



Southern zone



Scarce rainfall zone



High altitude and tribal zone



1



I



1



--



--



--



40



42



49,5051



--



--



2



II



2, 3,4, 5



11, 14



17,18, 20, 23,24



25, 26, 27, 28



33



43



53, 54 55



58, 59,61, 63,64



66, 68, 69, 70,72



3



III



--



9, 10,13,



--



--



--



--



--



57



--



15,16 4



IV



--



--



19, 21, 22



29



34, 35



44, 45



--



--



67



5



V



--



--



--



--



--



48



--



--



--



6



VI



6, 7, 8



12



--



30,31,32



39



41, 46, 47



52, 56



60,62



65,71



7



VII



--



--



--



--



36, 37, 38



--



--



--



--



16 14 12 10 8 6 4 2 0



I



II



III Chemicals used



IV



V



VI



VII



Chemicals not used



Figure 3. Distribution pattern of C. gloeosporiodes in isolates collected from chemical and chemical free areas of Andhra Pradesh in Zymogram
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