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ABSTRACT

	
The genus Mycosphaerella is one of the largest genera of ascomycetes, containing approx. 3000 species. Mycosphaerella species cause important diseases like Sigatoka leaf spot of banana,black streak of banana. Diffrent hosts for Mycosphaerella includes banana, groundnut, pine, linseed, eucalyptus. These species are distributed worldwide. Conidia and ascospores play a role in the spread of this disease. Conidia form under conditions of high humidity, especially when there is a film of free water on the leaves. Identification of Mycosphaerella will be carried out based on the morphological characterization of fungi, such as sporodochia,conidia, and conidiophores. Owing to hemibiotropic nature, Mycosphaerella  depending on the host, symptoms vary from round to elliptical necrotic spots which coalesce together forming bigger spots, reducing photosynthetic area this reducing yields.  Cultural control can be practiced with planting in soils with good drainage,exposed to the sun and orientated to the wind that leads to drying quickly; 2.5 m spacing; weeding; pruning leaves Chemical control can be recommended with spraying of propiconazole or tebuconazole or hexaconazole or azoxystrobin. Biocontrol agents Bacillus subtilis strain QST713 and Bacillus pumilus QST2808 were found to be effective in controlling banana leaf streak disease.Calcutta 4 was found to possess resistance for black streak disease of banana.
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1. INTRODUCTION

[bookmark: bbib14]“The genus Mycosphaerella  is one of the largest genera of ascomycetes, containing approx. 3000 species” (Aptroot ,2006)  “excluding its anamorphs, which represent thousands of additional species” (Crous & Braun 2003). “Sigatoka, now usually referred to as yellow sigatoka, was the most important foliar disease of bananas until the discovery and spread of black sigatoka. Yellow Sigatoka is caused by Mycosphaerella musicola J.L. Mulder in J.L. Mulder & Stover, anamorph Pseudocercospora musae(Zimmerm.) Deighton and takes its name from the Sigatoka Valley in Fiji, where the disease reached epidemic proportions from 1912 to 1923. The disease was first described in Java in 1902 by Zimmerman. During the next 40 years, M. musicola became widespread, making it a classic global disease epidemic; black leaf streak, caused by Mycosphaerella fijiensis Morelet, was first described in Fiji in 1963. However, it was widespread in the Pacific region long before its discovery in Fiji” (Marin et al.,2003)

2.TAXONOMY

Mycosphaerellais placed in a systematic position(Barro et al,2023) which is asfollows.
Domain: Eukarya
Kingdom: Fungi,
Subkingdom:Dikarya,
 Phylum: Ascomycota 
Subphylum: Pezizomycotina, 
Class:Dothideomycetes,
Order: Mycosphaerellales,
Family: Mycosphaerellaceae,
Mycosphaerellaspecies cause important diseases such as Sigatoka leaf spot of banana, and three phylogenetically closely related species of Pseudocercospora(class Dothideomycetes, order Capnodiales, family Mycosphaerellaceae) have been recognized as the primary constituents of the Sigatoka disease complex in banana, namely Pseudocercospora fijiensis (Pf) (M. Morelet) Deighton [sexual morph: Mycosphaerellafijiensis M. Morelet], the causal agent of black Sigatoka or black leaf streak disease, Pseudocercosporamusae (Pm) (Zimm.) Deighton [sexual morph: Mycosphaerellamusicola R. Leach ex J.L. Mulder], causal agent of yellow Sigatoka disease, and Pseudocercosporaeumusae (Pe) Crous & X. Mourichon (sexual morph: Mycosphaerella eumusae Crous & X. Mourichon) causal agent of eumusae leaf spot disease. 
.

3. GEOGRAPHICAL DISTRIBUTION


“Black Sigatoka Leaf Spot Disease of banana caused by Mycopshaerellafijiensis(conidial stage:Pseudocercosporafijiensis) is distributed worldwide throughout humid tropical regions and reported in the Southwest Indian Ocean area in 1993:Mayotte and Comorous islands in the same year.In 2000 this disease was reported  in Madagascar and in 2017 it was reported in Reunion Island”(Rieuixet al.,2019).
“Late leaf spots of groundnuts caused by M.berkeleyi were also widely distributed, mainly in low-altitude areas, but the disease was economically important only in the southern, northern, and lakeshore areas of Malawi, in coastal southern Tanzania, southern Mozambique, Swaziland, and Zambia”(Muimba-Kankolongo,2018).
“Black leaf streaks were first recognized in February 1963 in the Sigatoka district of the island of Viti Levu in Fiji, replacing Sigatoka leaf spots wherever they became established and widespread in the Pacific and parts of the Pacific Rim. The disease was present in the Federated States of Micronesia, New Caledonia, Papua New Guinea, Philippines, Western Samoa, Singapore,Solomon Islands, Tahiti, Taiwan, Tonga, Vanuatu and West Malaysia,Africa,Australasia,China”(Jones,2019). Meredith and Lawrence (1969) identified “black leaf streaks on the Hawaiian Islands. Latin American and Caribbean countries”.
Economically important crops namely Vicia faba was attacked by Cercospora canescene, Spinacea oleracea by Cercospora chenopodii, Ricinus communis by Cercospora ricinelia and Beta vulgaris by Cercospora beticola causing substantial losses when found discovered in suitable environmental and other conditions and causes heavy losses in the high hilly regions of Garhwal Himalaya Uttarakhand, Indiai

4. TRANSMISSION

Conidia and ascospores play a role in the spread of this disease. Conidia form under conditions of high humidity, especially when there is a film of free water on the leaves. They are formed during the first stage of the disease. The principal means of dispersal are rainwashing and splashing, and conidia are not detached by wind. Conidia were mostly associated with the local. Severe defoliation of bananas and plantains caused by black signatoka. spread of the disease and is important during periods of high humidity, frequent heavy dews, and intermittent showers. Because M. fijiensis produces relatively few conidia, ascospores are considered more important in the spread of black Sigatoka. Jacome et al. stated that conidia can cause significant disease, and the disease symptoms are identical to those caused by ascospore infection. They indicated that conidia become more important during dry periods when disease development is delayed because of the presence of less conducive climatic conditions. Ascospores are the primary means of dispersal over longer distances within plantations and into new areas and are the usual means of spreading during extended periods of wet weather. 
Ascospores are produced in pseudothecia in mature lesions, which are common in older leaves of the plant or in dead leaves lying on the ground. Meredith and Lawrence (1969) reported that “pseudothecia were produced on both sides of the leaf surface, but higher numbers were present on the adaxial surface. Successful infection is promoted by extended periods of high humidity and the presence of free water on leaves”(Marin et al. 2003).
“In the case of late leaf spot of groundnut incited by M.berkeleyi(conidia stage is Phaeoisariopsispersonata), the principal source of initial inoculum is conidia produced on groundnut crop residues in the soil. Inoculum blown or splashed onto leaves results in primary infections. Conidia disseminated by wind, rain splash, and insects can lead to secondary infections. This pathogen may also survive on volunteer groundnut plants and groundkeepers. Long-distance spread may be caused by the movement of infected crop debris, pods, or seeds externally contaminated with conidia”(Muimba-Kankolongo,2018).

5. HOST RANGE AND SYMPTOMATOLOGY

Different species of Mycosphaerellawill cause diversified symptoms in several hosts (table 1).



Table 1.Host range and symptomatology

	Species
	Host and disease
	Symptoms
	Reference(s)

	Mycosphaerellamusicola
	Yellow sigatoka leaf spot of banana
	The initial symptom of yellow Sigatoka is slight discoloring in the form of spots between leaf venation; these spots become long necrotic lesions with yellowing edges. In severe attacks, these lesions may coalesce and affect as much as greater than 50 % of the leaf area, causing the premature death of the leaf and the appearance of stripes of greenish to brown color as seen by the naked eye on the second leaf(figure 2)
	Aroujaet al.,2014

	M.linicola
	Flax and linseed
	affects all the aboveground parts of the flax plant, causing leaf spots, a loss of flowers and capsules, and weakened pedicels. The disease also causes elongated brown lesions, which coalesce to produce mottled bands that encircle the stem . This girdling effect and the premature death of the plant has an impact on yield and fibre quality, and may be mistaken for premature ripening
	Paumier  et al.(2020)

	M.sojae
	Soybean brown leaf spot
	Brown leaf spot is irregularly shaped with 2–5 mm in diameter, it is light brown or grayish brown with dark brown edge, which has obvious boundary compared to the healthy part. Disease spots are dry, light color and grayish white, and there are obvious small black spots on disease spots
	Yu et al.(2022)

	M.dearnessi
	Pine
	M. dearnessii, symptoms first appear on needles as orange/ yellow, sometimes resin-soaked spots, which later become dark brown in the centre with a yellow border. Sometimes, these spots show a darker edge, although a yellowish halo is always visible around it
	EPPO bulletin (2008)

	M.pini
	Pine 
	Disease symptoms first appear on needles as yellow spots which later on widen to a sharply delimited necrotic band. As in M. dearnessii, the lesions enlarge to bands that encircle the needle and cause death of distal parts. Diseased needles often show dead tips, central zones with lesions or necroses, and green bases
	EPPO bulletin(2008)



	M.berkeleyiW.A. Jenkins
	Groundnut late leaf spot
	Late leaf spot that causes lesions on petioles, branches, and pegs and eventually the leaflets are shed late leaf spot occurs around 90days after planting. dark, usually small, nearly circular lesions. On lower leaf surfaces, where most sporulation occurs, the lesions are black with a slightly rough appearance. When attack is severe, affected leaflets first become chlorotic, then necrotic, lesions often coalesce, and leaflets are shed. In addition to leaf spots, the pathogen also produces lesions on petioles, stems, and pegs         (figure 3)
	Muimba-Kankolongo, A. (2018)

	M.fijiensis
	Black streak of banana
and black sigatoka leaf spot


	Black streak of banana will have the following six stages
Stage 1a Depigmentation mark (whitish or yellow). Only on lower surface. Speck Initial speck stage 
Stage 1b Red-brown speck on lower surface. Dash/lesion First streak stage 
Stage 2 Red-brown streaks on both sides of the leaf. Streak Second streak stage 
Stage 3 Wider streaks. Color starts changing from red to dark brown. Spot First spot stage
 Stage 4 Dark brown (lower) to black (upper) spots. Burn Second spot stage
 Stage 5 Black spot with chlorotic halo. Lesion is slightly depressed. Necrosis Third or mature spot stage
 Stage 6 Center of spot dries out and becomes whitish to gray. Spot is surrounded by a dark brown to black border and further depressed (Figure 2)
	Meridith and Lawrence(!969);Jones(2019)

	M.brassiciola
	Cauliflower and Brussel’s spout
	Ringspots on buttons and leaves
	Wakeham and Kennedy (2010)

	M.graminicola(teleomorph ofZymoseptoria tritici
	Wheat leaf blotch
	Small chlorotic patches on the foliage are the first signs of leaf blotch disease. The lesions turn light tan as they grow and produce fruiting bodies that are deeper in colour. Especially on seedlings or leaves that were young when infected, lesions on mature leaves are frequently long, narrow, and defined by leaf veins, but they can also be shaped irregularly or be oval
	Girma Ababa(2023)




6. PATHOGENICITY/PATHOGENIC CYCLE/PATHOGEN BIOLOGY

“After penetrating the leaf, the hyphae of M. fijiensis colonized adjacent cells for approximately seven days without any evidence of cell disruption. Vegetative hyphae can emerge from the stomata, grow on the surface of the leaf, penetrate adjacent stomata, or produce conidiophores and conidia. This epiphytic growth allows the fungus to colonize adjacent leaf tissues, resulting in rapid symptom development. M. fijiensis has a greater ability to penetrate several stomata than M. musicola, resulting in greater spotting than the former pathogen. Latent period. Although conidia can be produced in lesions exhibiting early symptoms of M. fijiensis and contribute to the epidemic, the latent period is defined by the time the fungus starts to produce lesions with mature pseudothecia and ascospores, which are the main sources of the inoculum. Similar to the incubation period, the latent period also varies according to weather conditions, susceptibility of the host, and the intensity of infections” (Marinet al., 2003).
“Yellow Sigatoka, which is caused by Mycosphaerellamusicola(Pseudocercosporamusae), is the primary biotic problem for the Brazilian banana crop, with the causal agent presenting high pathogenic variability among the pathogen isolates” (Araujo et al., 2014). Blomme et al. (2011) stated that “the impact of diseases and pests, especially Sigatoka leaf spots, has been recognized as a serious constraint on Musa production in different parts of the world. The annual average development of yellow sigatoka lesions caused by Mycosphaerella musicola was calculated at 14 days intervals for 57 banana sites in the North Queensland production region situated in the wet tropics between Cardwell and Innisfail”, as reported by Gerald et al. (2003). “Two types of spores are involved in the propagation of yellow sigatoka, namely ascospores and conidia” (Cordeiro, 1997). “Conidia (asexual spores) are typically produced continuously in environments with a high relative humidity. They are disseminated by washing the leaf surface with rain or dew, which explains the severe infections sometimes observed in tillers under more mature plants. However, ascospores (sexual spores), although produced at the same lesions from which conidia were released previously, appear later and are forcibly ejected from pseudothecia, owing to high relative humidity, and even in dry climates, due to greater leaf wetness periods” (Simmonds, 1966). Thus, the density of conidia in the air is related to the intensity of yellow Sigatoka, decrease in the incubation period, and symptom generation.

7. ISOLATION AND IDENTIFICATION OF Mycosphaerellamusicola

This species of Mycosphaerellacauses Yellow Sigatoka leaf spots in banana, and microtome sections were prepared as described by Purvis et al. (1964).  “The infected lesions were observed under a microscope and stained with lactophenol cotton blue. Banana leaves were surface-sterilized with 95% ethanol,and lesions were cut from the leaves and lesions were crushed in mortar and pestle with sterile saline water then suspension is to be streaked on potato dextrose agar plates and kept for incubation for 3-5 days.Afterincubation,the profuse productions of sporodochia were observed in most lesions,and the sporodochia and conidia identified asM. musicola by microscopic examination with lactophenol cotton blue stain”(Ambawadeand Pathade,2015).
Confirmation(Koch Postulates studies)ofthe etiological agent of Yellow Siagtoka(Mycosphaerellamusicola)will be done as per AmbawadeandPathade (2015). “Conidial suspensions are to be prepared by growing isolates for 1-2 weeks until sporulation occurred in potato dextrose broth and the  conidia were then scraped off into a 1.5 ml sterile plastic tube containing sterile distilled water.Conidial  suspensions are to be standardized to 5×106conidia per ml by diluting culture filtrates with sterile distilled water.Conidial suspensions are to be sprayed/injected onto healthy  detached banana leaves.One subset of leaves are to be wounded by puncturingwith a sterile needle before inoculation.Disks containing mycelia  from the actively growing edge are cut using a sterile corkborer and placed on a subset of healthy wounded and unwounded detached banana leaves.After few days disease spot  of Mycosphaerellamusicolawill develop on banana leaf.Necrotic lesions are sectioned to re-isolate pathogens at the end of the trials,tissue  pieces are cut aseptically from symptomatic leaves,surface sterilized in1%NaOCl for1minute and placed onto Potato dextrose agar.Plates were incubated for 3-5 days, and yellowish colonies that devlop are to be subcultured and identified with morphologically by staining method”(Ambawadeand Pathade,2015).
	“Identification of Mycosphaerellawill be carried out based on the morphological characterization of the fungus. A tuft of sporodochia (mass of tightly aligned conidiophores on a dark stoma) develops in the substomatal air chamber, with conidiophores emerging through the stoma pore in a tuft manner. Sporodochia becomes erumpent as the majority emerges on the upper surface, guard cells become disrupted, and the adjacent epidermis is pushed back. Conidiophores will be brown colored, paler towards the apex, slightly curved, rarely branched, aseptate, geniculated, narrow towards the apex, without conidial scars, bottle-shaped, and with rounded apices. Conidia arise terminally and singly on the conidiophore, pale brown to very pale olivaceous blue, smooth, straight or variously curved, cylindrical to obclavate-cylindricalin shape with 2–7 septa predominating 3–6, straight or curved, indistinct basal hilum, and 30–70 × 3–5 µm” (Gomes et al,2013;Shanthiyaaet al., 2013)

8. EPIDEMIOLOGY

“Maximum germination occurs when moisture is available; conidia germinate over a wider range of relative humidity (92%–100%), whereas ascospores germinate at 98%–100%. The temperature favorable for germination was 26.5°C. The maximum growth of ascospore germ tubes occurs at26 °C to 28°C after 24 h of incubation, and the time between infection and the appearance of symptoms varies according to weather conditions and plant susceptibility. In bananas, the time of leaf infection is estimated to coincide with the emergence of a new leaf from the pseudostem apex. Under very favorable conditions(rainy season) with a susceptible host, the incubation period can be as short as 13 to 14 days, whereas during periods of unfavorable weather, such as dry weather, the duration of the incubation period can extend from 24 to 35 days. Similar reports on plantains exist in Nigeria on plantains”(Marin et al,2003).
	“Black Sigatoka is a polycyclic disease, that is, the disease initiates with primary inoculum (ascospores), and secondary inoculum (conidia) drives the epidemic, with several cycles of infection per rainy season. The density of the inoculum is crucial in the epidemiology of polycyclic disease, and disease intensity is exponentially related to the amount of the inoculum”(Euan et al.,2019).Jones(2019) reported “thatascospores are killed after 6 h exposure to ultraviolet radiation, and the distance of dissemination of viable spores is determined not only by the speed of the wind, but also by cloud cover and the time of day that spore release occurs”.

9. ECONOMIC IMPORTANCE

Mycosphaerellamusicola is a fungal plant pathogen that causes YellowSigatoka leaf spot disease in banana plants. The ascomycete fungus Mycosphaerellamusicola (anamorph Pseudocercosporamusae), the causal agent of Sigatoka (yellow Sigatoka) disease, was first described as a pathogen of bananas in Java in 1902. The first major disease epidemic of yellow sigatoka was reported in Fiji in 1913. It is spread over short distances by conidia and ascospores, and over long distances, it is the movement of infected germplasm, such as diseased leaves and suckers, that are likely to be responsible. 

Chang etal.(2016) reported that ““Sigatoka disease complex” is one of the most destructive diseases in banana worldwide, reducing yields by more than 50% and reported thathe socio-economic impact of the disease is much higher in small farming communities in sub-Saharan Africa, Southeast Asia, and Latin America that depend almost exclusively on the banana crop for their survival.Muimba-Kankolongo, A. In the Eastern Province of Zambia, the disease was reported to have caused a 32–68% loss in kernel yield”.

10. Control measures

10.1 Cultural methods 
[bookmark: _Hlk147710595]Cultural control: planting in soils with good drainage,exposed to the sun and orientated to the wind that leads to drying quickly; 2.5 m spacing; weeding; pruning leaves when >50%infected; pruning suckers, leaving 3-4 plants/matt;mulch;collecting and removing infected leaves at harvest; “cultural control reduces inoculum sources of the pathogen and favorable environmental conditions for its development, as well as increases the vigor of the plants. To manage the disease, it is necessary to know its behavior over time, its relationship with the weather, and crop management. The most important cultural practice for reducing the inoculum source is the removal of all affected leaves or only the diseased portions of the leaves. The removed tissue was placed over the ground and the use of urea accelerated its decomposition. An alternative practice is the “mini-composting” that consists in forming small heaps with the dead leaves and harvested plants for its quick degradation, which allows to reduce the pathogen inoculum and to incorporate nutrients and organic matters into the soil. The early pruning of the tips of the young leaves before they show symptoms of the disease and the quick elimination of harvested plants reduces the inoculum. In addition, agronomic management of the crop helps to reduce favorable conditions and increase the vigor of the plants, considering plantation density, drainage systems, irrigation methods, weed control, chemical-biological fertilization, and nematode control”(Mario et al.,2008).
10.2 Chemical methods
[bookmark: _Hlk147710482]“Mycosphaerella leaf disease (MLD) is a dangerous disease for eucalyptus plantations.After two applications of azoxystrobin + cyproconazole (0.3 L/ha-1 and 0.45 L/ha-1), with a spraying volume of 200 L/ha-1, and trifloxystrobin + tebuconazole (0.5 L/ha-1 and 0.75 L/ha-1), with a spraying volume of 100 L/ha-1, mean disease severity reduction for apical branches of C18 was 74%. For middle branches, application of trifloxystrobin + tebuconazole at 0.5 L/ha-1 reduced severity by 27%” (Garrett et al,2018).Jones (2019) reported that “fungicides such as propiconazole,tebuconazole,hexaconazole, azoxystrobin@100 g a.i ha-1, and benzo-thiadiazole(systemic acquired resistance activator) at 40 g a.i ha-1 can effectively control banana leaf spots caused by Mycosphaerella”.
10.3 Biological methods
Ewane et al.(2020)studied “the efficacy of a biopesticide based on Tithonia diversifolia at 25% concentration, which could be a promising ecoresponsible solution for the plantains and banana as the disease severity, the number of functional leaves, the youngest spotted leaf (YSL), and the youngest necrotic leaf (YNL)caused M.fijiensis to be drastically reduced”.
[bookmark: _Hlk147710652]Jones(2019) reported that Bacillus subtilis QST713 and Bacillus pumilus QST2808 effectively controlled banana leaf streak disease.
10.4 Resistant/Tolerant varieties (if any)
“The early immune response to black leaf streak disease in Musa acuminata subsp. burmannicoides var. Calcutta 4, a resistant wild diploid, provides a pathway for effective disease management based on genetic improvement through introgression of candidate genes in superior cultivars of banana”(Pinheiro et al.,2022).



[image: ]
[bookmark: _Hlk147709784]Figure 1: Symptoms of black leaf streak/leaf spot on banana 
[image: ]
Figure 2: Symptoms of yellow sigatoka leaf spot  on banana 

[image: ]
Figure 3: Symptoms of late leaf spot of groundnut

Conclusion

[bookmark: _GoBack]Ascospores are the primary means of dispersal over longer distances within plantations and into new areas and are the usual means of spreading during extended periods of wet weather. Biocontrol agents Bacillus subtilis strain QST713 and Bacillus pumilus QST2808 were found to be effective in controlling banana leaf streak disease.Calcutta 4 was found to possess resistance for black streak disease of banana.  
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