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			Abstract | Mango anthracnose is the most ravaging biotic stress to the successful production of mango fruit across the globe. Colletotrichum gloeosporioides is an etiological agent of this disease that adversely affects the quality as well as quantity of produce. The occurrence of disease at pre- and postharvest conditions is a common phenomenon which is responsible for potential economic losses. It has been studied that the hot and humid climatic conditions are conducive for the outbreak of disease. Therefore, integrated management of mango anthracnose is essential. It has been estimated that approximately 25 to 30% loses in mango production are due to anthracnose and stem end rot. Previous investigations revealed that the disease incidence may reach up to 100% on fruits under humid conditions. Many management strategies such as chemical control, biocontrol, use of Phyto-extracts and nanotechnological approaches have been introduced to combat this disease. The synthetic fungicides are used to curb the disease incidence. Pathogen have developed resistance against various chemicals that are generally utilized to overcome this disease. Because of its antifungal potential against mango anthracnose, among these strategies, nanotechnology is a rapidly evolving discipline that is gaining the attention of researchers. 
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			1. Introduction

			Mango (Mangifera indica L.) is an agro-industrial fruit crop that belongs to the family Anacardiaceae and it is believed to be the king of all fruits ranking 8th position in terms of productivity globally. The mango is considered as most delicious fruit grown around the tropical and sub-tropical regions of the world. It is a main component of the diet in most of the countries of the world (Mukherjee and Litz, 2009), and is considered an important fruit crop because of its high nutritional and medicinal value, it is a good source of vitamins such as carotene, thiamine, riboflavin and niacin (Archibald et al., 2003). It has been estimated that mango ranked 2nd after citrus in terms of area under cultivation and production in Pakistan. According to a statistical report, Pakistan produces approximately 85 thousand tons of mango per annum and occupies 9th position in the world’s mango exporting countries. In Pakistan, it is cultivated on an area of 158.6 thousand hectares with an annual production of 1.8 million tons (MNSFR, 2020). It plays a vital role to enrich the economy of Pakistan with a contribution in the export of up to $ 36.66 million annually. The pathogen causing mango anthracnose is pathogenic to more than 470 different plants (Pavitra et al., 2017). Among these, mango anthracnose is gaining more attention because of its commercial prospects. The disease is caused by 2 spp where C. gloeosporioides is mainly responsible and C. acutatum is thoughtless destructive in a few locations (Tarnowski and Ploetz, 2008). High humidity is a primary factor that promotes disease spread and development. The C. gloeosporioidies Penz is one of the most devastating pathogenic fungi that are responsible to cause pre-harvest as well as postharvest losses in mango fruit (Chowdhury and Rahim, 2009). Pathogen attacks young fruits, leaves, flowers and twigs even this disease can also occur in the storage of mature fruits (Chowdhury and Rahim, 2009). It has been detected that the postharvest phase of this disease is economically significant because of its serious threat to fruit worldwide. However, proper knowledge of this disease is a basic need for the management of disease to ensure a fruitful mango yield. Keeping in view the seriousness of this phytopathological problem, the main aim of the present manuscript is to throw light on the pathogen profile, historical perspective of the disease, symptomology, geographical distribution of the disease and fruitful strategies to overcome pathogen causing anthracnose disease.

			1.1 Taxonomic status

			The Colletotrichum gloeosporioides (Penz.) is an ascomycetes fungus that belongs to the family Phyllachoraceae and is a facultative parasite. However, the latest published data have raised a question on the accurate identification of Colletotrichum gleosporioides which is based on morphological and microscopic parameters, Hyde et al. (2009) described that it is difficult to identify the Colletotrichum species based on limited morphological parameters i-e. size and shape. Phoulivong et al. (2010) conducted a research trial on tropical fruits to check the cross pathogenicity of Colletotrichum gloeosporioides. Similarly, several researchers and scientists reviewed the taxonomic confusion of Colletotrichum gloeosporioides (Cano et al., 2004; Cai et al., 2009; Cannon et al., 2012). All studies discussed the use of molecular approaches by applying sequencing of gene loci including ITS, ACT, CAL TUB2, LSU GS, GAPDH, TUB2, EF1α, APN2, RPB1 and MAT1- 2 (Moriwaki et al., 2002; Than et al., 2008) to assign the strains to Colletotrichum gloeosporioides in its currently defined sense. Variability among the isolates of Colletotrichum gloeosporioides was also assessed through molecular approaches and sequences (Prashanth and Sataraddi, 2011), studies on the description of the taxonomic status of fungi based on morphological and molecular approaches were also conducted in India while a detailed description of its taxonomy was presented by Shigh and Prasad (1967) during an epidemiological study of anthracnose disease of Dioscorea alata.

			1.2 Biology of pathogen

			The C. gloeosporioides is the asexual or imperfect stage of fungi while the Glomerella cingulate is its sexual or perfect stage. Glomerella cingulata attack on a variety of host species and produce acervuli within a host part during the asexual stage (mitotic phase) of their life cycle. The teleomorph stage of fungus is known because of its ability to incite a severe infection that leads to disease development (Cannon et al., 2012) and it requires warm -humid conditions for the dispersal of disease more effectively and uniformly (Farr et al., 2006). The fungus primarily entered through injured or weakened parts and produces specialized structures i.e., conidia, setae, acervuli and appressoria during host-pathogen interaction. Colletotrichum gleosporioides colonizes the injured plant parts (tissue) and produce a number of conidia as well as acervuli which are dispersed to short distances through rain splashes or overhead irrigation that cause infection to healthy plant tissue. The penetration of fungus depends on the formation of specialized structures known as “appressoria” and these appressoria facilitate the fungus for penetration into the host epidermal cell directly through narrowing the penetration peg that emerges at the base of appressoria while acervuli are asexual bodies that are produced during infection cycle as a small, flask-shaped structure of which short conidiophore is produced and can be found on the surface infected plants, setae are long brownish structure developed from acervuli (Purkayastha and Gupta, 1973; Perfect et al., 1999). The whole infection cycle includes the formation of acervuli, conidia, setae and appressoria and infection results in the necrosis of tissue. The water-soaked spots appeared on diseased plant parts. But variation in symptoms is recorded from host to host and these symptoms may be water-soaked, round to oval, irregular brownish to black spots. Similarly, the characteristics of fungi on culture media also differentiate among the host. Generally, Colletotrichum gleosporioides produces circular, cottony colonies on cultured medium with characteristic colors such as greyish white or pale brown (Hiremath et al., 1993; Vidyalakshmi and Divya, 2013) and on the growing culture, it produces hyaline, branched and septate mycelium. The Colletotrichum gleosporioides show maximum growth at a temperature of 25-30°C and in the pH range of 6-7 whereas it requires 12hrs of light duration for maximum growth of mycelia (Nelson et al., 2015).
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			Figure 1: Distribution map of the world for mango anthracnose.

			1.3 Distribution map

			1.3.1 Disease cycle

			Spore (conidia) dispersion occur through rain splashes and irrigation water from infected plants to healthy one. Spores (conidia) arrives at infection sites i-e. leaves, panicles and branch terminals Spores (conidia) penetration on immature fruits and young tissues takes place through cuticle as well as through epidermis. Black sunken rapidly spreading lesions established on affected parts of plant. Sticky masses of spores (conidia) are developed in acervuli (fruiting body) on infected tissues especially under moist conditions. Many disease cycles may occur as pathogen continues to reproduce during the whole season. The Pathogen (fungus) survives b/w the season on infected leaves and on the defoliated branch terminals.
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			Figure 2: Disease cycle of mango anthracnose caused by Colletotrichum gleosporioides.

			1.4 Chemotherapeutic management of mango anthracnose

			A variety of synthetic fungicides have been recommended to control mango anthracnose disease (Shukla and Adak, 2017). Application of fungicides in the mango field are most suitable strategy in order to achieve effective anthracnose control as well as safeguard production in the areas with high humidity (Arauz, 2000). The latest technology with fungicides spray at the time of flowering as well as 50% fruit maturity give best result to minimize the incidence of disease and severity which may be equal or less to the traditional (Paez, 2000). Azoxystrobin reduced hundred percent mycelial growth of C. gloeosporioides. The successful anthracnose control may be achieved by the utilization of pre harvest as well as postharvest fungicides. By the application of Dithio-Carbamates which are organic sulphure fungicide and heterocyclic nitrogenous compounds like mancozeb, zineb as well as captan, respectively sufficient over anthracnose of mango may be achieved (Cole et al., 2005).The benzimidazoles especially benomyl and carbendazim proved to be most effective in controlling anthracnose diseases under in vivo conditions (Akem, 2006) The control of anthracnose disease in the field can be done mostly by the application of chemical fungicides like benomyl, chlorothalonil, maneb and mancozeb. Chemical control of anthracnose needs biweekly as well as monthly fungicide application which proved to be harmful to environment, and regular application of fungicides may lead to the evaluation of chemical resistant strains (Onyeka et al., 2006). The hot benomyl dip control the anthracnose disease found on fruits of mango which are infected after harvest (Kim et al., 2007).

			Table 1: Previous investigation regarding use of fungicides against anthracnose diseases caused by Colletotrichum gleosporiodes.

			
				
					
					
					
					
				
				
					
							
							Active chemicals

						
							
							Trade name 

						
							
							Mode of action

						
							
							References

						
					

					
							
							Thiophanate methyl

						
							
							Topsin M

						
							
							Curative action

						
							
							Arauz (2000)

						
					

					
							
							Azoxystrobin

						
							
							Amistar Top

						
							
							Distrub ATP synthesis

						
					

					
							
							Mancozeb 

						
							
							Dithan M-45

						
							
							Distrub biochemical processes in fungi

						
							
							Diedhiou et al. (2014)

						
					

					
							
							Copper hydroxide

						
							
							Kocide

						
							
							Curative and systemic action

						
							
							Nelson (2008)

						
					

					
							
							Carbendazim

						
							
							Bavistin

						
							
							Interfere with DNA synthesis

						
							
							Thomas et al. (2008)

						
					

					
							
							Tebuconazole

						
							
							Elite 

						
							
							Affects fungal cell wall

						
					

					
							
							Benomyl 

						
							
							Benlate

						
							
							Distrub tubulin polymerization

						
					

					
							
							Thiabendazole

						
							
							Mintezol

						
							
							Inhibit mitochondrial enzymes

						
							
							Muñoz (2002)

						
					

					
							
							Azoxystrobin

						
							
							Amitar Top

						
							
							Distrub ATP synthesis

						
							
							Ishii et al. (2022)

						
					

					
							
							Propiconazole

						
							
							Tilt

						
							
							Inhibit fungal cell membrane 

						
							
							Atri et al. (2022)

						
					

					
							
							Carbendazim 

						
							
							Bavistin

						
							
							Inhibit DNA synthesis

						
					

				
			

			Table 2: Previous investigation regarding use of Phyto-extracts against anthracnose diseases caused by Colletotrichum spp. on different hosts.

			
				
					
					
					
					
				
				
					
							
							Phyto-extracts

						
							
							Mode of action

						
							
							Host plant 

						
							
							References

						
					

					
							
							Eucalyptus oil

						
							
							Inhibit fungal growth

						
							
							Mango

						
							
							Chauhan et al. (1990)

						
					

					
							
							castor oil 

						
							
							Reduce the absorption of electrolyte 

						
							
							Mango 

						
					

					
							
							Lantana leaves

						
							
							Inhibit fungal growth

						
							
							Mango 

						
					

					
							
							Garlic cloves

						
							
							Inhibit fungal growth

						
							
							Mango 

						
							
							Gahlot et al. (2021)

						
					

					
							
							Azadirachta indica

						
							
							Therapeutic action

						
							
							Tomato

						
							
							Ehsan et al. (2020)

						
					

					
							
							Allium sativum

						
							
							Inhibitory action

						
							
							Tomato 

						
					

					
							
							Garlic extracts

						
							
							Inhibit spore formation

						
							
							Mango 

						
							
							Chowdhury et al. (2007)

						
					

					
							
							Azadirachta indica

						
							
							Therapeutic action

						
							
							Mango 

						
							
							Ahmed et al. (2018)

						
					

					
							
							Prosopis juliflora

						
							
							Inhibit mycelial growth

						
							
							Mango

						
							
							Deressa et al. (2015)

						
					

					
							
							Oregano extract

						
							
							Membrane breakage 

						
							
							Bean

						
							
							Pinto et al. (2010)

						
					

					
							
							Custard apple extract

						
							
							Cell death 

						
							
							Pappya

						
							
							Bautista-Baños et al. (2003)

						
					

					
							
							Ginger

						
							
							Cell death

						
							
							Bell pepper 

						
							
							Alves et al. (2015)

						
					

					
							
							Turkey Berry 

						
							
							Cell death

						
							
							Banana

						
							
							Thangavelu et al. (2004)

						
					

					
							
							sGinger

						
							
							Spore inhibitionand cell death 

						
							
							Banana

						
							
							Bhutia et al. (2016)

						
					

					
							
							Eucalptus

						
							
							Inhibitory action

						
							
							Mango 

						
							
							Hur et al. (2000)

						
					

					
							
							Yarrow 

						
							
							Inhibit spore germination

						
							
							Tropical fruits 

						
							
							Fiori et al. (2000)

						
					

				
			

			The systematic as well as non-systematic fungicide were used with various doses in lab due to their efficacy against C. gloeosporioides and in systematic fungicides the carbendazim proved to be the most effective against mango anthracnose and inhibit the 89.66% fungus growth at 0.1% concentration and among non-systematic fungicides mancozeb inhibited the 89.38% fungus growth at 0.25% concentration followed by propineb (at 0.3% conc.) and thiophanate (at 0.1% conc.) which showed 58.57% and %7.35% inhibition respectively (Sudhakar, 2000) The systemic fungicide such as carbendazim had fully inhibited the mycelial growth of C. gloeosporioides at all concentration in laboratory conditions (Prabakar et al., 2008). Studies showed that the effect of 8 fungicides such as Carbendazim (at 0.1% concentration), cholorothalonil (at 0.2% concentration), copper oxychloride (at 0.25% concentration), difenoconazole (a 0.1%concentration), hexaconazole (a0.2% concentration),mancozeb (at 0.2% concentration), thiophanate-methyl (at 0.1% concentration) and ziram (a 0.3% concentration) and among the eight fungicides which were tested against C. gloeosporioides pathogen the carbendazim reduced 88.76% and thiophanate-methyl 85.39% reduced the growth of mycelia of Colletotrichum pathogen (Sharma and Verma, 2007). List of fungicides are given in Table 1 which have been used against mango anthracnose in different studies.

			Table 3: Previous investigation regarding use of nanoparticles against anthracnose diseases caused by Colletotrichum spp. on different hosts.

			
				
					
					
					
					
				
				
					
							
							Nanoparticles

						
							
							Mode of action

						
							
							Host Plant

						
							
							References

						
					

					
							
							Nano-silver

						
							
							Cell membrane lysis

						
							
							Chilly pepper

						
							
							Lamsal et al. (2011a)

						
					

					
							
							Thiamine di-launrate sulphate (TDS)

						
							
							Inhibition of mycelial growth

						
							
							Chilly pepper

						
							
							Seo et al. (2011) 

						
					

					
							
							Chitosan

						
							
							Disrupt DNA synthesis

						
							
							Chilly pepper

						
							
							Chookhongkha et al. (2012)

						
					

					
							
							Chitosan AgNP composite

						
							
							Disrupt plasma membrane and DNA

						
							
							Mango

						
							
							Chowdappa et al. (2014)

						
					

					
							
							Cz-AgNPs

						
							
							Denaturation of proteinand cell wall damage

						
							
							Mango

						
							
							Shivamogga et al. (2020)

						
					

					
							
							 CuNPs

						
							
							Cellular leakage

						
							
							Several tropical fruits

						
							
							Nguyen et al. (2020)

						
					

					
							
							ZnO NPs

						
							
							Membrane leakage and reduces cell viability 

						
							
							Dendrobium orchards

						
							
							Ruangtong et al. (2021)

						
					

					
							
							EC-NPs

						
							
							Inhibit spore germination

						
							
							Postharvest fruits 

						
							
							Xue et al. (2019)

						
					

					
							
							Ag-Neem Nps

						
							
							Cell wall breakdown

						
							
							Banana 

						
							
							Jagana et al. (2017)

						
					

					
							
							Ajwain-Ni NPs

						
							
							Therapeutic action

						
							
							Banana

						
					

					
							
							CuNPs

						
							
							Cellular leakage

						
							
							Olive

						
							
							Ntasiou et al. (2021)

						
					

					
							
							Cur-ChNP

						
							
							Cell death 

						
							
							Papaya 

						
							
							Suryadi et al. (2020)

						
					

					
							
							CuNPs

						
							
							Cellular damage

						
							
							Chilli

						
							
							Divte et al. (2019)

						
					

					
							
							ZnO NPs

						
							
							Distrupt fungal hyphae 

						
							
							Coffee 

						
							
							Mosquera et al. (2020)

						
					

					
							
							Chitosan-silver NPs composite

						
							
							Disrupt fungal cells

						
							
							Mango

						
							
							Ruffo et al. (2019)

						
					

					
							
							Copper oxychloride-conjugated AgNPs

						
							
							Inhibit spore formation

						
							
							Mango 

						
							
							Ruffo et al. (2019)

						
					

					
							
							Aloe vera gel, glycerol and ZnO NPs

						
							
							Membrane leakageand cell viability 

						
							
							Mango 

						
					

					
							
							Chitosan NPs 

						
							
							Damage fungal cells 

						
							
							Postharvest fruitsand vegetables 

						
							
							Bautista-Baños et al. (2017)

						
					

					
							
							Mc-AgNPs 

						
							
							Damage fungal cell cytoplasm

						
							
							Mango 

						
							
							Raghavendra et al. (2020)

						
					

				
			

			The non-systematic fungicide such as mancozeb inhibited the mycelial growth (64.0%) of C. gloeosporioides at 0.1% concentration whereas systematic fungicides such as difenoconazole and propiconazole inhibited mycelial growth more than 90.7% at 0.1% concentration (Prashanth et al., 2008).The fungicides such as Score(difenoconazole), Contaf (hexaconazole) and Bavistan (carbendazim) had fully inhibited the pathogen growth at 100ug per milliliter concentrations tested in the laboratory, whereas copper oxychloride was less effective because it did not cause considerable reduction in the growth of pathogen (Sing et al., 2008).The excessive use of such chemicals disturb the ecological balance of nature by finishing the beneficial and antagonistic microbes present in the soil. Jabbar et al. (2011) described that carbendazim which is a systemic fungicide completely reduced the mycelial growth of C. gloeosporioides pathogen at each concentration under lab conditions (Sharma and Verma, 2007). Anthracnose disease can be victoriously controlled by the application of pre-harvest and postharvest fungicides treatment, heat treatment or by the combination of both fungicides and heat treatment (Jabbar et al., 2011). The efficacy of various fungicides against C. gloeosporioides by following the poisoned food technique at different concentrations, and find out that the collaboration of mancozeb and carbendazim a (0.2% concentration) proved to be superior over all the treatment with 96.25% hindrance of the fungus followed by the carbendazim (a 0.1% concentration) 68.34%, mancozeb (at 0.25% concentration) 67.51% and copper oxychloride (at 0.3% concentration) 64.88% inhibition. The minimum inhibition (63.62%) was recorded in the treatment of tridemorph at 0.1% concentration (Patil et al., 2009). The tricyclazole at 0.1% concentration and procbloraz at 0.125% concentration were proved to be most optimistic fungicides which showed 50.38% and 48.78% anthracnose disease control (Bhagwat et al., 2010).

			Various species of Colletotrichum as well as its various isolates has shown differential response against a range of fungicides. Sharma et al. (2009) described that the application of Saaf (mancozeb 63% and carbendazim 12%) at 0.2 percent concentration was most optimistic fungicide in field conditions and may be recommended to manage the anthracnose disease of mango (Nithyameenakshi et al., 2010). Carbendazim which is systematic fungicide was proved to be best effective while mancozeb a non-systematic fungicide found to be best inhibition of the pathogen C. gloeosporioides which is responsible to cause mango anthracnose disease (Kolase et al., 2014). The efficacy of 5 fungicides such as carbendazim, copper oxychloride, captan, propiconazole and mancozeb against the growth of fungal pathogen C. gloeosporioides under lab conditions followed by poisoned food technique and find out that the carbendazim fully reduced the mycelial growth of Colletotrichumu up to 100% at 100ppm dose whereas propiconazole at 500ppm dose fully reduced the mycelia growth up to 100%. Mancozeb completely inhibited the mycelial growth up to 100% at 1000ppm dose than 24.6% inhibition at a dose of 100ppm. Captan at 1000ppm inhibited the mycelia growth up to 80.00% whereas at 100ppm the growth inhibition was 52.2%. Copper oxychloride proved to be least effective against the growth of Colletotrichum among all the used fungicides because it inhibited 55.0% the fungal growth even at a 1000ppm dose (Pavitra et al., 2017).

			1.5 Eco friendly approach for management

			1.5.1 Antifungal potential of Bio-control agents and phytoextracts

			The inhibitory action of E. unigera oil evaluated on the mycelial growth of various phytopathogenic fungi under field conditions (Hur et al., 2000) The fungitoxicity of essential oils and crude extracts of Cymbopogon citrates, A. millefolium, E. maydis were proved to be inhibitory against the germination of spore of H. maydis ranged from 50-100% under laboratory conditions (Fiori et al., 2000). These phyto-extracts act as bio-pesticides in controlling the C. gloeosporioides. Antagonistic microorganism were isolated and were evaluated against five to seven days old purified cultures of A. flavus, C. gloeosporioides, A. niger, R. stolonifera and Pestalotia grown on potato dextrose medium. In vitro evaluation of T. viride against post-harvest pathogens of mango showed that growth of A. flavus, C. gloeosporioides, A. niger and Pestalotia was hampered by 56.83, 52.76, 70.73 and 72.88%, respectively. Mango fruit inoculated with T. viride was found to be free from Pestalotia, A. flavus, A. niger as well as from C. gloeosporioides (Bhuvaneswari and Rao, 2001). T. viride effective against pathogen by reducing the target pathogen through antibiosis by the production of lytic enzyme (Janisiewicz and Korsten, 2002). The bioactive plants which have less residual effects in environment do not harm the mammals as well as other non-target animals or plants are used for the management of diseases at postharvest level (Meepagala et al., 2002). Jatropha curcas and leaf extract of various plants have antifungal properties against fungal pathogen C. gloeosporioides (Banos et al., 2003; Rahman et al., 2011). Phyto-extracts of Jatropha curcas increased the inhibitory effect of citralon at high concentrations on the spore germination of C. gloeosporioides under lab as well as field conditions (Palhano et al., 2004). The Zanthoxyluma mericanum as well as Piper regnelli are well known due to their antifungal activity and are used to control fungal diseases under field conditions (Pessini et al., 2005). The plant extracts are best alternate to currently applied synthetic fungicides in order to control the phytopathogenic fungi because these are a rich in bio-active chemicals like flavor compound, oils, terpenoids, chitosan as well as glucosinolate. These compounds help to prevent resistance in pathogen (Tripathi and Dubey, 2004; Song et al., 2011). The antifungal property of widdrol as well as its biotransformation against C. gloeosporioides Penz. (Nunez et al., 2006). Plant extracts are ecofriendly bio-pesticides against fungal pathogens. The lemon grass, palmarosa as well as thymus oil are proved to be most effective against fungal diseases at post-harvest level (Evueh and Ogbebor, 2008). The efficacy of eucalyptus leaves, garlic bulb as well as leaf extract of ocimum against C. glosporioides under field as well as lab conditions and found them effective (Prashanth, 2007). Trichophyton spp. as well as Trichocladium species showed the maximum antagonistic effect against C. gloeosporioides (Evueh and Ogbebor, 2008). The antagonists found to be most effective mainly in controlling the postharvest diseases when fruits were subjected to cold storage in order to stimulate the export conditions showed that many postharvest diseases can be controlled by the application of bio-control strategy like microbial antagonistic (Sharma et al., 2009). Nutrient competition and place is the main accepted way of their action. Moreover, formation of antibiotics and conceivably induced resistance in harvested products are other ways of their influence through which they inhibit the action of postharvest pathogen in fruits as well as in vegetables (Govender and Korsten, 2006). Various phytoextracts have been used in various studies which are discussed in Table 2.

			Use of bio-control agents under field conditions is an important substitute of chemical control of plant pathogens because in chemical control the quality of fruit decreases due to the residual effects of toxic compounds which may persist for a long time in fruit (Haggag et al., 2011). Maximum growth inhibition among all isolates of C. gloeosporioides was observed by the field application of leaf extracts of Moras alba as well as A. indica (Pandey et al., 2009).The bio-control involve the utilization of microorganism (commonly from similar habitat as pathogen) which prevent the growth of pathogenic organism because of their specificity as well as environmental protection in the field conditions (Tongsri and Saghchote, 2009). The complete inhibition of mycelial growth as well as spore germination of Colletotrichum from papaya on chitosan solution confirm the possibility of effective bio-control of C. gloeosporioides (Govender and Korsten, 2006).Various plant species such as Z. officinale, A.sativumbulb, C. galeaves, C. sativus, A. indica, and A. squamosa were found effective against C. gloeosporioides (Yenjit et al., 2004) The application of bacterial filtrate such as S. aureofaciens in the form of spray on mango plants proved to be most effective to control mango anthracnose due to their property of producing antifungal enzyme which protect the fruit against this pathogen (Haggag et al., 2011). Under field conditions the maximum growth inhibition of C. gloeosporioides was observed by the utilization of garlic extracts @ 70% dose (Mukherjee et al., 2011). Neem, Eucalyptus, Garlic and Akk extracts were used to manage the C. gloeosporioides under lab as well as field conditions. Eucalyptus proved to be most effective against the mycelial growth of pathogen at all doses among all the plant extracts which were used (Kumari et al., 2016). Neem extract proved to be most effective in the inhibition of mycelial growth of Colletotrichum at 5% concentration under field application (Kolase et al., 2014).

			Among various plant extracts to control C. gloeosporioides, eucalyptus proved to be the most effective in inhibiting the mycelial growth at each concentration. The efficacy of 3 plant extracts in vitro such as leaf extract of eucalyptus, neem leaf extracts as well as extract of neem seed was evaluated and leaf extract of eucalyptus proved to be most effective against growth of C. gloeosporioides and inhibited its growth up-to 58.5% and 70.3% at 5 and 10% dose respectively. Leaf extract of neem inhibited the fungal growth up to 57% as well as 45.9% at 10 and 5% dose respectively while extract of neem kernel seed found to be least effective as compared to other extracts which were tested and inhibited 53.3% fungal growth at a dose of 10% (Pavitra et al., 2017).

			1.6 Nanotechnological approaches for disease management

			The demand for fungicides has grown because of their low cost and ease of application culminating in the overuse of chemicals (Youssef et al., 2019). This increased usage has tended to develop resistance in pathogens against fungicides. However, the introduction of ecologically acceptable novel techniques can prove feasible to combat diseases caused by fungi (Hussien et al., 2018). Nanotechnology approaches have provided new avenues to enhance agricultural productivity sustainably. Nanotechnology is a rapidly evolving discipline that encompasses synthesis including the development of nanoparticles that are 1-100 nm in size containing only a few hundred atoms. Antifungal activity of chitosan-AgNPs composite against C. gloeosporioides has been evaluated (Chowdappa et al., 2014). The potential of zinc and magnesium oxide nanomaterials to fight against pathogen associated with anthracnose disease has been studied (la Rosa-García et al., 2018). SNPs a promising solution to manage postharvest anthracnose disease of mango (Basu et al., 2019). The biosynthesized CuNPs, AgNPs, NiNPs and MgNPs have been utilized to evaluate their efficacy to inhibit the growth of Colletotrichum spp (Jagana et al., 2017). Previous research indicates that the Carbendazim-conjugated AgNPs could be effectively used to control anthracnose disease in mango against etiological agent of anthracnose disease (Nagaraju et al., 2020). Nanoparticles as an emerging field of study was used against different diseases which are discussed in Table 3.

			Conclusions and Recommendations

			It is the need of the hour to pay attention to cutting-edge research areas such as disease forecasting models and pathotyping because of the diverse and complex nature of this pathogenic fungus. Several biocontrol agents don’t have the potential to thrive in newly introduced habitats that’s why an extensive field evaluation of the biocontrol strategy is needed. Keeping in view a dearth of information available regarding the green nanotechnological approach, it is very vital to direct focus on this greener method to combat this phyto-pathological challenge.

			Future direction

			It is critical to focus attention on cutting-edge research areas, particularly in Pakistan. It is crucial to undertake a comprehensive study regarding the impact of epidemiological factors and the development of disease forecasting models. Disease forecasting models should be introduced at region level by keeping in view ecological conditions. It has been detected that introduction of new pathogenic starins has been blamed for the withdrawal of varietal resistance to Colletotrichum gleosporioides. Work on pathotyping should be done because of complex and diverse nature of pathogen. There are pathogenicity variations in pathogen that’s why my hypothesis is that enhancing the resistance of mango to the Colletotrichum gleosporioides is very important to be the foremost economical and effective approach for controlling this disease. A comprehensive study regarding the impact of epidemiological factors and the development of disease forecasting models should be done. Disease forecasting models should be introduced at region- level by keeping in view ecological conditions. Briefly, an intense genome project on this pathogen is urgently needed.

			Novelty Statement

			The data of current manuscript have not been copied from anywhere as it contains management tactics regarding mango anthracnose.

			Author’s Contribution

			All authors have equally contributed in the preparation of manuscript.

			Conflict of interest

			The authors have declared no conflict of interest.

			References

			Akem, C.N., 2006. Mango anthracnose disease: Present status and future research priorities. Plant Pathology Journal, 5(3): 266-273. https://doi.org/10.3923/ppj.2006.266.273

			Alves, K.F., Laranjeira, D., Câmara, M.P., Câmara, C.A., and Michereff, S.J., 2015. Efficacy of plant extracts for anthracnose control in bell pepper fruits under controlled conditions. Horticultura Brasileira, 33: 332-338. https://doi.org/10.1590/S0102-053620150000300009

			Arauz, L.F., 2000. Mango anthracnose: Economic impact and current options for integrated management. Plant Disease, 84(6): 600-611. https://doi.org/10.1094/PDIS.2000.84.6.600

			Archibald, J.K., Mort, M.E., and Crawford, D.J., 2003. Bayesian inference of phylogeny: A non-technical primer. Taxon, 52(2): 187-191. https://doi.org/10.2307/3647486

			Atri, A., Banyal, D.K., Bhardwaj, N.R., and Roy, A.K., 2022. Exploring8 the integrated use of fungicides, bio-control agent and biopesticide for management of foliar diseases (anthracnose, grey leaf spot and zonate leaf spot) of sorghum. International Journal of Pest Management, pp. 1-12. https://doi.org/10.1080/09670874.2022.2039799

			Banos, S.B., Lopes, M.H., Molina, E.B., and Wilson, C.L., 2003. Effects of chitosan on the growth and sporulation of Colletotrichum gloeosporioides anthracnose levels and quality of papaya fruit. Crop Protection, 22(9): 1087-1092. https://doi.org/10.1016/S0261-2194(03)00117-0

			Basu, P., Chakraborty, J., Ganguli, N., Mukherjee, K., Acharya, K., Satpati, B., and Chatterjee, K., 2019. Defect-engineered MoS2 nanostructures for reactive oxygen species generation in the dark: Antipollutant and antifungal performances. ACS Applied Materials and Interfaces, 11(51): 48179–48191. https://doi.org/10.1021/acsami.9b12988

			Bautista-Baños, S., Hernández-López, M., Bosquez-Molina, E., and Wilson, C.L., 2003. Effects of chitosan and plant extracts on growth of Colletotrichum gloeosporioides, anthracnose levels and quality of papaya fruit. Crop Protection, 22(9): 1087-1092. https://doi.org/10.1016/S0261-2194(03)00117-0

			Bautista-Baños, S., Ventura-Aguilar, R.I., Correa-Pacheco, Z., and Corona-Rangel, M.L., 2017. Chitosan: a versatile antimicrobial polysaccharide for fruit and vegetables in postharvest. A review. Revista Chapingo Serie Horticultura, 23(2): 103-122. https://doi.org/10.5154/r.rchsh.2016.11.030

			Bhagwat, R.G., Mehta, B.P., and Patil, V.A., 2010. Evaluation of fungicides and biological agents for the management of mango anthracnose. International Journal of Environmental and Agriculture Research, 2(4): 49-52.

			Bhutia, D., Zhimo, D., Kole, Y.R., and Saha, J., 2016. Antifungal activity of plant extracts against Colletotrichum musae, the post-harvest anthracnose pathogen of banana cv. Martaman. Nutrition and Food Science, 46: 1-14. https://doi.org/10.1108/NFS-06-2015-0068

			Bhuvaneswari, V., and Rao, M.S., 2001. Evaluation of Trichoderma viride antagonistic to Postharvest Pathogens on mango. Indian Phytopathology, 54(4): 493-494.

			Cai, L. Hyde, K.D., Taylo, P.W.L., Weir, B.S., and Waller, J.M., 2009. A polyphasic approach for studying Colletotrichum. Fungal Diversity, 39(1): 183-204.

			Cannon, P.F., Damm, U., Johnston P.R., and Weir, B.S., 2012. Colletotrichum current status and future directions. Studies in Mycology, 73: 181–213. https://doi.org/10.3114/sim0014

			Cano, J., Guarro, J., and Gene. J., 2004. Molecular and morphological identification of Colletotrichum species of clinical interest. Journal of Clinical Microbiology, 42(6): 2450-2454. https://doi.org/10.1128/JCM.42.6.2450-2454.2004

			Chauhan, H.L., and Joshi, H.U., 1990. Evaluation of phyto-extracts for control of mango fruit anthracnose. In Botanical pesticides in integrated pest management. Proceedings of national symposium held on January 21-22, 1990 at Central Tobacco Research Institute, Rajahmundry Indian Society of Tobacco Science, 533(105): 455-459.

			Chookhongkha, N., Sopondilok, T., and Photchanachai, S., 2012. Effect of chitosan and chitosan nanoparticles on fungal growth and chilli seed quality. International Conference on Postharvest Pest and Disease Management in Exporting Horticultural Crops, pp. 231-237. https://doi.org/10.17660/ActaHortic.2013.973.32

			Chowdappa, P., Gowda, S., Chethana, C.S., and Madhura, S., 2014. Antifungal activity of chitosan-silver nanoparticle composite against Colletotrichum gloeosporioides associated with mango anthracnose. African Journal of Microbiology Research, 8(17): 1803-1812. https://doi.org/10.5897/AJMR2013.6584

			Chowdhury, M.N.A., and Rahim, M.A., 2009. Integrated crop management to control anthracnose (Colletotrichum gloeosporioides) of mango. Journal of Agriculture and Rural Development, 7: 115-120. https://doi.org/10.3329/jard.v7i1.4430

			Chowdhury, M.N.A., Rahim, M.A., Khalequzzaman, K.M., Humauan, M.R., and Alam, M.M., 2007. Effect of plant extracts and time of application on incidence of anthracnose, yield and quality of mango. International Journal of Sustainable Crop Production, 2(5): 59-68.

			Cole, J.T., Cole, J.C., and Conway, K.E., 2005. Effectiveness of selected fungicides applied with or without surfactant in controlling anthracnose on three cultivars of Euonymus fortunei. Journal of Applied Horticulture, 7(1): 16-19. https://doi.org/10.37855/jah.2005.v07i01.04

			Deressa, T., Lemessa, F., and Wakjira, M., 2015. Antifungal activity of some invasive alien plant leaf extracts against mango (Mangifera indica) anthracnose caused by Colletotrichum gloeosporioides. International Journal of Pest Management, 61(2): 99-105. https://doi.org/10.1080/09670874.2015.1016135

			Diedhiou, P.M., Diallo, Y., Faye, R., Mbengue, A.A., and Sene, A., 2014. Efficacy of different fungicides against mango anthracnose in Senegalese Soudanian agroclimate. American Journal of Plant Sciences, 5: 1-6. https://doi.org/10.4236/ajps.2014.515236

			Divte, P.R., Shende, S., Limbalkar, O.M. and Kale, R.A., 2019. Characterization of biosynthesised copper nanoparticle from Citrus sinesis and in-vitro evaluation against fungal pathogen Colletotrichum capsici. International Journal of Chemical Studies, 7(5): 325-330.

			Evueh, G.A., and Ogbebor, N.O., 2008. Use of phylloplane fungi as biocontrol agent against Colletotrichum leaf disease of rubber (HeveabrasiliensisMuell. Arg.). African Journal of Biotechnology, 7(15): 3569-2572.

			Farr, D.F., Aime, M.C., Rossman, A.Y., and Palm, M.E., 2006. Species of colletotrichum on agavaceae. Mycological Research, 110(12): 1395–1408. https://doi.org/10.1016/j.mycres.2006.09.001

			Fiori, A.C.G., Schwan-Estrada, K.R.F., Stangarlin, J.R., Vida, J.B., Scapim, C.A., Cruz, M.E.S., and Pascholati, S.F., 2000. Antifungal activity of leaf extracts and essential oils of some medicinal plants against Didymella bryoniae. Journal of Phytopathology, 148(7): 483-487. https://doi.org/10.1046/j.1439-0434.2000.00524.x

			Gahlot, D., Meena, N.L., Trivedi, A. and Kumar, S., 2021. In vitro efficacy of fungicides and phyto-extracts against Colletotrichum gloeosporioides causing Anthracnose of Mango. Annals of Plant Production Science, 29(3): 217-221. https://doi.org/10.5958/0974-0163.2021.00047.1

			GOP, 2018. Agriculture statistics of Pakistan. Govt of Pakistan, Area, production of fruit, vegetables and Condiments. Ministry of Food and Agriculture (Economic wing). 2010-11.

			Govender, V. and Korsten, L., 2006. Evaluation of different formulations of Bacillus licheniformis in mango pack house trials. Biological Control, 37(2): 237-242. https://doi.org/10.1016/j.biocontrol.2005.11.012

			Haggag, W.M., Mohamed, E.M. and Azzazy, E.A.M., 2011. Optimization and production of antifungal hydrolysis enzymes by Streptomyces aureofaciens against Colletotrichum gloeosporioides of mango. Agricultural Sciences, 2(2): 146. https://doi.org/10.4236/as.2011.22021

			Haider, E., Khan, M.A., Atiq, M., Shahbaz, M. and Yaseen, S., 2020. Phytoextracts as management tool against fungal diseases of vegetables. International Journal of Biosciences, 16(3): 303-314.

			Hameed, R. and Imran, M., 2014. Challenges in Pakistani mango export. Business Recorder, 

			Hiremath, P.C., Lokesh, M.S. and Kulkarni, M.S., 1993. Seed borne nature of Alternaria helianthi and its effect on seed germination of sunflower. Karnataka Journal of Agricultural Sciences, 6(1): 68-69.

			Hur, J.S., Ahn, S.Y, Koh, Y.J. and Lee, C.I., 2000. Antimicrobial properties of cold-tolerant Eucalyptus species against phytopathogenic fungi and food-borne bacterial pathogens. The Plant Pathology Journal, 16(5): 286-289.

			Hussien, A., Ahmed, Y. Al-Essawy, A. H. and Youssef, K., 2018. Evaluation of different salt-amended electrolysed water to control postharvest moulds of citrus. Tropical Plant Pathology, 43(1): 10-20. https://doi.org/10.1007/s40858-017-0179-8

			Hyde, K.D., Cai, L., McKenzie, E.H.C., Yang, Y.L., Zhang, J.Z. and Prihastuti, H., 2009. Colletotrichum: A catalogue of confusion. Fungal Diversity, 39(1): 1-17. https://www.researchgate.net/publication/274385803

			Imtiaj, A., Rahman, S.A., Alam, S., Parvin, R., Farhana, K.M., Kim, S.B. and Lee, T.S., 2005. Effect of fungicides and plant extracts on the conidial germination of Colletotrichum gloeosporioides causing mango anthracnose. Mycobiology, 33(4): 200-205. https://doi.org/10.4489/MYCO.2005.33.4.200

			Ishii, H., Watanabe, H., Yamaoka, Y. and Schnabel, G., 2022. Sensitivity to fungicides in isolates of Colletotrichum gloeosporioides and C. acutatum species complexes and efficacy against anthracnose diseases. Pesticide Biochemistry and Physiology, 102(2022): 105049. https://doi.org/10.1016/j.pestbp.2022.105049

			Jabbar A., A.U. Malik, U.D. Islam, R. Anwar, M. Ayub, I.A. Rejwana, M. Amin, A.S. Khan and M. Saeed, 2011. Effect of combined application of fungicides and hot water quarantine treatment on postharvest diseases and quality of mango fruit. Pakistan Journal of Botany, 43: 65-73.

			Jagana, D., Hegde, Y.R. and Lella, R., 2017. Green nanoparticles: A novel approach for the management of banana anthracnose caused by Colletotrichum musae. International Journal of Current Microbiology and Applied Sciences, 6(10): 1749-1756. https://doi.org/10.20546/ijcmas.2017.610.211

			Janisiewicz, W.J. and Korsten, L., 2002. Biological control of postharvest diseases of fruits. Annual Review of Phytopathology, 40(1): 411-441. https://doi.org/10.1146/annurev.phyto.40.120401.130158

			Kim, Y., Brecht, J.K. and Talcott, S.T., 2007.Antioxidant phytochemical and fruit quality changes in mango (Mangifera indica L.) following hot water immersion and controlled atmosphere storage. Food Chemistry, 105(4): 1327-1334. https://doi.org/10.1016/j.foodchem.2007.03.050

			Kolase, S.V., Kamble, T.M. and Musmade, N.A., 2014. Efficacy of different fungicides and botanicals against blossom blight of mango caused by Colletotrichum gloeosporioides. International Journal of Plant Protection, 7(2): 444-447. https://doi.org/10.15740/HAS/IJPP/7.2/444-447

			Kumari, S., Deori, M., Elancheran, R., Kotoky, J. and Devi, R., 2016. In vitro and in vivo antioxidant, anti-hyperlipidemic properties and chemical characterization of Centella asiatica (L.) extract. Frontiers in Pharmacology, 7: 400. https://doi.org/10.3389/fphar.2016.00400 

			la Rosa-García, D., Susana, C., Martínez-Torres, P., Gómez-Cornelio, S., Corral-Aguado, M.A., Quintan, P., and Gómez-Ortíz, N.M., 2018. Antifungal activity of ZnO and MgO nanomaterials and their mixtures against Colletotrichum gloeosporioides strains from tropical fruit. Journal of Nanomaterials, 2018: 1-9. https://doi.org/10.1155/2018/3498527

			Lamsal, K., Kim, S.W., Jung, J.H., Kim, Y.S., Kim, K.S. and Lee, Y.S., 2011. Application of silver nanoparticles for the control of Colletotrichum species in vitro and pepper anthracnose disease in field. Mycobiology, 39(3): 194-199. https://doi.org/10.5941/MYCO.2011.39.3.194

			Meepagala, K.M., Sturtz, G. and Wedge, D.E., 2002. Antifungal constituents of the essential oil fraction of Artemisia dracunculus L. var. dracunculus. Journal of Agricultural and Food Chemistry., 50(24): 6989-6992. https://doi.org/10.1021/jf020466w

			MNSFR, 2020. Fruit, vegetables and condiments statistics of Pakistan (2018–19). The Ministry of National Food Security and Research. http://www.amis.pk/files/Fruit%20and%20Vegetable%20Condiments%20of%20Pakistan%202018-19.pdf.

			Moriwaki, J., Tsukiboshi, T., and Toyozo, S.A.T.O., 2002. Grouping of Colletotrichum species in Japan based on rDNA sequences. Journal of General Plant Pathology, 68(4): 307-320. https://doi.org/10.1007/PL00013096

			Mosquera-Sánchez, L.P., Arciniegas-Grijalba, P.A., Patiño-Portela, M.C., Guerra–Sierra, B.E., Muñoz-Florez, J.E. and Rodríguez-Páez, J.E., 2020. Antifungal effect of zinc oxide nanoparticles (ZnO-NPs) on Colletotrichum sp. causal agent of anthracnose in coffee crops. Biocatalysis and Agricultural Biotechnology, 25: 101579. https://doi.org/10.1016/j.bcab.2020.101579

			Mukherjee, A., Khandker, S., Islam, M.R. and Shahid, S., 2011. Efficacy of some plant extracts on the mycelial growth of Colletotrichum gloeosporioides. Journal of Bangladesh Agricultural University., 9: 43-47. https://doi.org/10.3329/jbau.v9i1.8742

			Mukherjee, S.K. and Litz, R.E., 2009. Introduction: botany and importance. The Mango Botany, Production and Uses, 2: 1-18. https://doi.org/10.1079/9781845934897.0001

			Muñoz, F.R., 2002. Effect of different fungicides in the control of Colletotrichum acutatum causal agent of anthracnose crown rot in strawberry plants. Crop Protection, 21(1): 11-15. https://doi.org/10.1016/S0261-2194(01)00054-0

			Nagaraju, R. S., Sriram, R. H. and Achur, R., 2020. Antifungal activity of Carbendazim-conjugated silver nanoparticles against anthracnose disease caused by Colletotrichum gloeosporioides in mango. Journal of Plant Pathology, 102(1): 39-46. https://doi.org/10.1007/s42161-019-00370-y

			Nelson BL, Lima, W.G., Tovar-Pedraza, J.M., Michereff Marcos, S.J. and Câmara. P.S., 2015. Comparative epidemiology of Colletotrichum species from mango in northeastern Brazil. European Journal of Plant Pathology, 141: 679–688. https://doi.org/10.1007/s10658-014-0570-y

			Nelson, S.C., 2008. Mango anthracnose (Colletotrichum gloeosporiodes). College of Tropical Agriculture and Human Resources, Plant Disease. pp. 1-8.

			Nguyen, V.T., Dang-Thi, M.S. and Trinh, K.S., 2020. Antifungal activity of gelatin-tapioca starch film and coating containing copper nanoparticles against Colletotrichum gloeosporioides causing anthracnose. Journal of Chemistry, 2020: 1-11. https://doi.org/10.1155/2020/6667450

			Nithyameenakshi, S., Jeyaramraja, P.R., and Manian, S., 2010. Evaluation of Azoxystrobin and Difenoconazole against certain crop diseases. International Journal of Agricultural Research, 5(10): 865-876. https://doi.org/10.3923/ijar.2010.865.876

			Ntasiou, P., Kaldeli Kerou, A., Karamanidou, T., Vlachou, A., Tziros, G.T., Tsouknidas, A. and Karaoglanidis, G.S., 2021. Synthesis and characterization of novel copper nanoparticles for the control of leaf spot and anthracnose diseases of olive. Nanomaterials, 11(7): 1667. https://doi.org/10.3390/nano11071667

			Nuñez, Y.O., Salabarria, I.S., Collado, I.G., and Hernández-Galán, R., 2006. The antifungal activity of widdrol and its biotransformation by Colletotrichum gloeosporioides Penz and Botrytis cinerea Pers. Journal of Agricultural and Food Chemistry, 54(20): 7517-7521. https://doi.org/10.1021/jf061436m

			Onyeka, T.J., Petro, D., Ano, G., Etienne, S. and Rubens, S., 2006. Resistance in water yam (Dioscoreaalata) cultivars in the French West Indies to anthracnose disease based on tissue culture-derived whole-plant assay. Plant Pathology. 55(5): 671-678. https://doi.org/10.1111/j.1365-3059.2006.01436.x

			Páez, R., 2000. New strategy for the field management of anthracnose (Colletotrichum gloeosporioides (Penz.) Penz. and Sacc.) of mango (Mangifera indica L). Fitopatología Colombiana, 24(1): 21-28.

			Palhano, F.L., Vilches, T.T., Santos, R.B., Orlando, M.T., Ventura, J.A., and Fernandes, P.M., 2004. Inactivation of Colletotrichum gloeosporioides spores by high hydrostatic pressure combined with citral or lemongrass essential oil. International Journal of Food Microbiology, 95(1): 61-66. https://doi.org/10.1016/j.ijfoodmicro.2004.02.002

			Pandey, A., Kamle, M., Chauhan, U.K. and Pandey, B.K., 2009. Evaluation of plant extracts against Colletotrichum gloeosporioides an incited of mango anthracnose disease. Plant Archives, 9(2): 947-949.

			Patil, C.U., Zape, A.S. and Wathore, S.D., 2009.Efficacy of fungicides and bioagents against Colletotrichum gloeosporioides causing blight in Piper longum. International Journal of Current Microbiology and Applied Sciences, 2(1): 63-66.

			Pavitra, Kumari, R. and Singh, R., 2017.Anthracnose of mango incited by Colletotrichum gloeosporioides: A comprehensive review. International Journal of Pure and Applied Bioscience, 5(1): 48-56. https://doi.org/10.18782/2320-7051.2478

			Perfect, S.E., Hughes, H.B., O’Connell, R.J., and Green, J.R., 1999. Colletotrichum: A model genus for studies on pathology and fungal–plant interactions. Fungal Genetics and Biology, 27(2): 186-198. https://doi.org/10.1006/fgbi.1999.1143

			Pessini, G.L., Dias Filho, B.P., Nakamura, C.V. and Cortez, D.A.G., 2005. Antifungal activity of the extracts and neolignans from Piper regnellii (Miq.) C. DC. var. pallescens (C. DC.) Yunck. Journal of the Brazilian Chemical Society, 16(6A): 1130-1133. https://doi.org/10.1590/S0103-50532005000700007

			Phoulivong, S., Cai, L., Chen, H.E., McKenzie, H., Abdelsalam, K., Chukeatirote, E. and Hyde, K.D., 2010. Colletotrichum gloeosporioides is not a common pathogen on tropical fruits. Fungal Diversity, 44(1): 33-43. https://doi.org/10.1007/s13225-010-0046-0

			Pinto, J.M.A., Souza, E.A. and Oliveira, D.F., 2010. Use of plant extracts in the control of common bean anthracnose. Crop Protection, 29(8): 838-842. https://doi.org/10.1016/j.cropro.2010.03.006

			Prabakar, K., Raguchander, T., Saravanakumar, D., Muthulakshmi, P., Parthiban. V.K. and Prakasam, V., 2008. Management of postharvest disease of mango anthracnose incited by Colletotrichum gleosporioides. Archives of Phytopathology and Plant Protection, 41(5): 333-339. https://doi.org/10.1080/03235400600793502

			Prashanth, A., and Sataraddi, A.R., 2011. Variability in different isolates of anthracnose of pomegranate caused by Colletotrichum gloeosporioides. International Society for Horticultural Science, 890: 533. https://doi.org/10.17660/ActaHortic.2011.890.75

			Prashanth, A., 2007. Investigation on anthracnose (Colletotrichum gloeosporioides (Penz.) Penz. And Sacc.) of pomegranate (Punicagranatum L.). M.Sc. (Agri.) Thesis, University of Agricultural Sciences, Dharwad (India). 100-160.

			Prashanth, A., Sataraddi, A.R., Naik, Patil, M.K.M.B., and Patil, R.S., 2008. Evaluation of fungicides, bioagents and botanicals against pomegranate anthracnose. International Journal of Plant Protection, 36(2): 283-287.

			Purkayastha, R.P. and Gupta, M.S., 1973. Studies on conidial germination and appressoria formation in Colletotrichum gloeosporioides Penz. causing anthracnose of jute (Corchorus olitorius L.)/Untersuchungen über Konidienkeimung und Appressorienbildung be Colletotrichum gloeosporioides Penz., dem Erreger einer Anthraknose an Jute (Corchorus olitorius L.) Zeitschrift für Pflanzenkrankheiten und Pflanzenschutz. The Journal of Plant Diseases and Protection, 80: 718-724.

			Raghavendra, S.N., Raghu, H.S., Chaithra, C. and Rajeshwara, A.N., 2020. Potency of mancozeb conjugated silver nanoparticles synthesized from goat, cow and buffalo urine against Colletotrichum gloeosporioides causing anthracnose disease. Nature Environment and Pollution Technology an International Quarterly Scientific Journal, 19(3): 969-979. https://doi.org/10.46488/NEPT.2020.v19i03.007

			Rahman, M., Ahmad, S.H., Mohamed M.T.M. and Rahman, M.Z.A., 2011. Extraction of Jatrophacurcas fruits for antifungal activity against anthracnose (Colletotrichum gloeosporioides) of papaya. African Journal of Biotechnology, 10(48): 9796-9799. https://doi.org/10.5897/AJB11.930

			Ruangtong, J., Jaithon, T., Srifah Huehne, P. and Piasai, O., 2021. Large scale synthesis of green synthesized zinc oxide nanoparticles from banana peel extracts and their inhibitory effects against Colletotrichum sp., Isolate KUFC, causal agent of anthracnose on dendrobium orchid. Journal of Nanomaterials, 2021: 1-10. https://doi.org/10.1155/2021/5625199

			Ruffo Roberto, S., Youssef, K., Hashim, A.F. and Ippolito, A., 2019. Nanomaterials as alternative control means against postharvest diseases in fruit crops. Nanomaterials, 9(12): 1752. https://doi.org/10.3390/nano9121752

			Sharma, A. and Verma, K.S., 2007. In vitro cross pathogenicity and management of Colletotrichum gloeosporioides causing anthracnose of mango. Annals of Plant Protection Sciences, 15(1): 186-188.

			Sharma, R.R., Singh, D. and Singh, R., 2009. Biological control of postharvest diseases of fruits and vegetables by microbial antagonists: A review. Biological Control, 50(3): 205-221. https://doi.org/10.1016/j.biocontrol.2009.05.001

			Shivamogga Nagaraju, R., Holalkere Sriram, R. and Achur, R., 2020. Antifungal activity of Carbendazim-conjugated silver nanoparticles against anthracnose disease caused by Colletotrichum gloeosporioides in mango. Journal of Plant Pathology, 102(1): 39-46. https://doi.org/10.1007/s42161-019-00370-y

			Shukla, P.K. and Adak, T., 2017. Anthracnose disease dynamics of mango orchards in relation to humid thermal ratio under subtropical climatic condition. Journal of Agrometeorology, 19(1): 56. https://doi.org/10.54386/jam.v19i1.756

			Singh, R.D., and Prasad, N., 1967. Epidemiological studies on anthracnose of Dioscorea alata. Indian Phytopathology, 20: 226-236.

			Singh, A.K., Pandey, M.B., Singh, S., Singh, A.K. and Singh, U.P., 2008. Antifungal activity of securinine against some plant pathogenic fungi. Mycobiology, 36(2): 99-101. https://doi.org/10.4489/MYCO.2008.36.2.099

			Song, Q.Y., Wei-Yan, Qi, Li, Z.M., Zhao, J., Chen, J.J. and Gao, K., 2011. Antifungal activities of triterpenoids from the roots of Astilbemyriantha diels. Food Chemistry, 128(2): 495-499. https://doi.org/10.1016/j.foodchem.2011.03.059

			Sudhakar, 2000. Biology and management of Stylosanthes anthracnose caused by Colletotrichum gloeosporioides (Penz.) Penz. And Sacc. M.Sc (Agric.) thesis, University Agricultural Sciences, 

			Sundravadana, S., Alice, D., Kuttalam, S., and Samiyappan, R., 2006. Control of mango anthracnose by azoxystrobin. Tunisian Journal of Plant Protection, 1(2): 109-114.

			Suryadi, Y., Samudra, I. and Soebrata, B.M., 2020. the use of curcumin-loaded chitosan nanoparticles to control anthracnose disease on papaya. Suranaree Journal of Science and Technology, 27(1): 1-12.

			Tarnowski, T.L. and Ploetz, R., 2008. Assessing the role of Colletotrichum gloeosporioides and C. acutatum in mango anthracnose in south Florida. Phytopathology, 98: 155.

			Than, P.P., Jeewon, R., Hyde, K.D. Pongsupasamit, S., Mongkolporn, O. and Taylor, P.W.J., 2008. Characterization and pathogenicity of Colletotrichum species associated with anthracnose on chilli (Capsicum spp.) in Thailand. Plant Pathology, 57(3): 562-572. https://doi.org/10.1111/j.1365-3059.2007.01782.x

			Thangavelu, R., Sundararaju, P. and Sathiamoorthy, S., 2004. Management of anthracnose disease of banana caused by Colletotrichum musae using plant extracts. The Journal of Horticultural Science and Biotechnology, 79(4): 664-668. https://doi.org/10.1080/14620316.2004.11511823

			Thomas, G.J., Sweetingham, M.W. and Adcock, K.G., 2008. Application of fungicides to reduce yield loss in anthracnose-infected lupins. Crop Protection, 27(7): 1071-1077. https://doi.org/10.1016/j.cropro.2007.12.012

			Tongsri, V., and Sangchote, S., 2009. Yeast metabolites inhibit banana anthracnose fungus Colletotrichum musae. Asian Journal of Food Agro-Industry, 2: 807-816.

			Tripathi, P., and Dubey, N.K., 2004. Exploitation of natural products as an alternative strategy to control postharvest fungal rotting of fruit and vegetables. Postharvest Biology and Technology, 32(3): 235-245. https://doi.org/10.1016/j.postharvbio.2003.11.005

			Vidyalakshmi, A. and Divya, C.V., 2013. New report of Colletotrichum gloeosporioides causing anthracnose of Pisoniaalbain India. Archives of Phytopathology and Plant Protection, 46(2): 201-204. https://doi.org/10.1080/03235408.2012.736281

			Xue, Y., Zhou, S., Fan, C., Du, Q. and Jin, P., 2019. Enhanced antifungal activities of eugenol-entrapped casein nanoparticles against anthracnose in postharvest fruits. Nanomaterials, 9(12): 1777. https://doi.org/10.3390/nano9121777

			Yenjit, P., Intanoo, W., Chamswarng, C., Siripanich, J. and Intana, W., 2004. Use of promising bacterial strains for controlling anthracnose on leaf and fruit of mango caused by Colletotrichum gloeosporioides. Walailak JST., 1(2): 56-69.

			Youssef, K., de Oliveira, A.G. Tischer, C.A., Hussain, I. and Roberto, S.R., 2019. Synergistic effect of a novel chitosan/silica nanocomposites-based formulation against gray mold of table grapes and its possible mode of action. International Journal of Biological and Macromolecules, 141: 247-258. https://doi.org/10.1016/j.ijbiomac.2019.08.249

		

	OEBPS/image/1648749322_Fig_1.jpg





OEBPS/image/1648749428_Disease_cycle_of_mango_anthrcnose_caused_by_Colletotrichum_gleosporioides.jpg
Infection
Infection In Developing
Mango Fruit
Quiescence

[ l

[ Disease Development

Disease Development

Landing Of Spore
On Surface Of Fruit

Cuticle
Epidermis G

Spore Germination

"

Infection And Penetration

T

Invasion

=






OEBPS/image/1.png
OPEN 8ACCESS

Journal of Innovative Sciences

Review Article

®

Check for
updates

Mango Anthracnose: Global Status and the Way Forward for Disease

Management
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Abstract | Mango anthracnose is the most ravaging biotic stress to the successful production of mango fruit
across the globe. Co/letotrichum gloeosporioides is an etiological agent of this disease that adversely affects the
quality as well as quantity of produce. The occurrence of disease at pre- and postharvest conditions is a common
phenomenon which is responsible for potential economic losses. It has been studied that the hot and humid
climatic conditions are conducive for the outbreak of disease. Therefore, integrated management of mango
anthracnose is essential. It has been estimated that approximately 25 to 30% loses in mango production are
due to anthracnose and stem end rot. Previous investigations revealed that the disease incidence may reach up
to 100% on fruits under humid conditions. Many management strategies such as chemical control, biocontrol,
use of Phyto-extracts and nanotechnological approaches have been introduced to combat this disease. The
synthetic fungicides are used to curb the disease incidence. Pathogen have developed resistance against various
chemicals that are generally utilized to overcome this disease. Because of its antifungal potential against
mango anthracnose, among these strategies, nanotechnology is a rapidly evolving discipline that is gaining

the attention of researchers.

Received | March 31, 2022; Accepted | September 1,2022; Published | November 01, 2022
*Correspondence | Muhammad Atiq, Department of Plant Pathology, University of Agriculture, Faisalabad, Pakistan; Email: dratiqpp@gmail.

com, Muhammad.atiq@uaf.edu.pk

Citation | Igbal, S.,M.A. Khan, M. Atiq, N.A. Rajput, M. Usman, A. Nawaz, G.A. Kachelo, A. Akram and H. Ahmad. 2022. Mango anthracnose:
Global status and the way forward for disease management. Journal of Innovative Sciences, 8(2): 222-235.

DOI | https://dx.doi.org/10.17582/journal.jis/2022/8.2.222.235

Keywords | Phyto-extracts, Fungal pathogen, Bio-active compounds, C. gloeosporioides, Trichoderma viride

Copyright: 2022 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://

creativecommons.org/licenses/by/4.0/).

1. Introduction

Mango (Mangifera indica L.) is an agro-
industrial fruit crop that belongs to the family
Anacardiaceae and it is believed to be the king of all
fruits ranking 8™ position in terms of productivity
globally. The mango is considered as most delicious
fruit grown around the tropical and sub-tropical
regions of the world. It is a main component of

the diet in most of the countries of the world
(Mukherjee and Litz, 2009), and is considered an
important fruit crop because of its high nutritional
and medicinal value, it is a good source of vitamins
such as carotene, thiamine, riboflavin and niacin
(Archibald ez a/., 2003). It has been estimated that
mango ranked 2™ after citrus in terms of area under
cultivation and production in Pakistan. According to
a statistical report, Pakistan produces approximately
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