
International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1276  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

 

The Effects, Distribution and Management Options for Major Banana 

Diseases in Tanzania 
 

Kennedy Elisha Jomanga1, Shija Shilunga Lucas2 
1International Institute of Tropical Agriculture (IITA) 

2Africa Inland Church Tanzania, Diocese of Mara and Ukerewe 

 

ABSTRACT: Emergences of Fusarium wilt, Bacterial wilt and Black Sigatoka diseases have caused banana yield loss of up 

100% in Tanzania. Though there have been accumulated empirical data on yield decline due to diseases, lack of disease 

knowledge and selection of appropriate control methods has been a limiting factor in improving banana production. Therefore, 

this review focused on identifying different management options for major banana diseases, for purpose of providing reference 

and decision making tools to farmers, extension officers, researchers and decision makers. Using online resources, we identified 

several methods which are affordable, applicable and reliable for disease management in the country. These includes sanitation, 

intercropping, crop rotation, prevention, irrigation, drainage improvement, quarantine, use of silicon/calcium and awareness 

campaigns. Other method was biological control, which need further research on its applicability and impact on the environment. 

Moreover the use of resistant cultivars though being important, there is little achievement which have been made on breeding for 

resistance, because banana are polyploidy, parthenocarpic, have long generation time, loss of resistance and poor acceptability of 

new cultivars. We also found that, no single method is perfect for management of diseases; this is due to the fact that, in 

agricultural system, disease challenges rarely occur singly. So the approach to disease management should be pragmatic and 

geared towards integration of several appropriate methods. We hereby conclude that, researches should focus on identifying the 

best and feasible combination of control methods that can be used by Smallholder farmers. 
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1. INTRODUCTION  

1.1 General Background 

Bananas including plantains are the fourth most important dietary staple food after rice, wheat and maize (Nelson et al. 2006; 

Perrier et al. 2011; Li et al. 2013). It is estimated that, about 30% of Tanzania’s population derive their carbohydrates from 

bananas, with annual production of approximately 4 MMT (FAOSTAT, 2017; FEWS-NET, 2018). The crop provides households 

with both food and income, while leaves are used for thatching houses and as animal feeds as pseudostem is (MAFC, 2009). 

Banana ranks first as a major food staple and second or third as a cash crop in the banana and/or coffee based farming systems of 

Kagera, Arusha, Kilimanjaro, and Mbeya regions (Nkuba et al. 2003). According to reports maize, rice, banana, grain legumes 

and cassava are the most popular staple for many Tanzanians, followed by sorghum, millet, sweet potato and wheat (MAFC, 

2009). 

Despite its importance, there are fluctuations marked by declining trend of banana production in the country from 18 t/ha in 1960s 

to 5-7 t/ha/year (Kilimo trust, 2012; FAOSTAT, 2017). Many authors reported that, pests and diseases played a major role as 

production constraints to smallholder farmers and export banana production (Jones 2000a; Ploetz, 2003; Van Asten et al. 2005; 

Swennen et al. 2013). In East Africa, emergence of diseases like Fusarium wilt, Bacterial wilt and Sigatoka disease has reduced 

banana production (Swennen and Vuylsteke, 2001; Karamura et al. 2008; Viljoen et al. 2016). A loss of up to 100% occurs 

caused by epidemics of diseases in perishable horticultural crops have been reported (de Lapeyre de Bellaire et al. 2006; 

Muchuruza and Melchior, 2013; Ochola et al. 2014; Brito et al. 2015).  

Though there have been empirical data on yield decline and accumulated information on the impact of diseases on crop 

performance, lack of disease knowledge, proper management options and selection of appropriate disease control methods are 

limiting factors in improving banana yield in Tanzania. Therefore, this review focused on identifying different management 
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options for major banana diseases, for the purpose of providing readily available reference and decision making tools to farmers, 

extension officers and researchers for banana production resilience.  

Major banana diseases 

There are three major banana diseases that are considered of agricultural economic importance in Tanzania namely Fusarium wilt, 

Banana Xanthomonas wilt and Black sigatoka diseases.  

1.0 Fusarium wilt disease 

Fusarium wilt of banana, popularly known as Panama disease, is highly destructive and lethal caused by the soil-borne 

fungus Fusarium oxysporum f. sp. cubense  (Foc) (Siddhesh et al. 2015; Ploetz, 2015; Dita et al. 2018).The disease originated in 

Southeast Asia (Panama) (Ploetz, 2006) and it’s pathogen exists in different races, race 1, race 2, race 3 and race 4 (Tropical race 

4- TR4) (Sutherland et al. 2013; Siddhesh et al. 2015; Ploetz, 2015; Ordonez et al. 2015; Siamak and Zheng, 2018). Mbwana and 

Rukazambuga, (1998), reported that, the disease was first recorded as race 1 in Kaagya Ward, Kagera Region, Tanzania in the mid 

of 1970s.  

1.1. Effects of the disease 

Fusarium wilt disease in Tanzania, as in other banana producing countries was and has remained among the major threats in 

banana industry despite the endeavour to manage the disease (Viljoen et al. 2016). This is due to the fact that, the disease is only 

controlled by using resistant cultivars and prevention (Nel et al. 2007). In Tanzania, increase in land population pressure has 

resulted into continous growing banana on the same infected fields, thus led to increased inoculum pressure (Baijukya, 2005; Shen 

et al. 2017).Therefore, the disease has remained the most serious and devastating banana fungal worldwide (Rong et al. 2013) and 

can result in yield losses up to 100% (Pushpavathi, 2014). Posing great challenge to banana production with serious repercussions 

on the livelihoods and food security of millions small holder producers and workers, and the banana value chain (Jackson, 2014; 

FAO, 2017). Moreover, there are potential environmental degradation as uncontaminated land would be cleared for cultivation, 

and important susceptible varieties are abandoned (Jackson, 2014). 

1.1.0 Symptoms  

The fungus infects susceptible cultivars by penetrating the roots and rapidly colonizing the xylem vessels (O’Donnell et al. 1998; 

Ploetz 2006; Dita et al. 2018), then progresses into vascularized portions of the rhizome (Viljoen, 2002; Ploetz, 2015). Ultimately, 

the vascular bundle is plugged, thereby impeding water and nutrient transport (Viljoen, 2002; Ploetz, 2015).The infection may or 

may not pass into young budding suckers or mature 'daughter' suckers. The disease expressses both internal and external 

symptoms in susceptible cultivars (Plates 1, 2 and 3). 

1.1.1 Internal symptoms 

The vascular bundles show pale yellow discoloration in the early stages to dark red or almost black in later stages, most 

pronounced in the rhizome (Viljoen, 2002; Daly and Walduck, 2006). In the pseudostem, brown discolored vascular stands and 

sometimes the bunch stalk occurs (Viljoen, 2002; Moore et al. 1995).The advances in the internal symptoms influences the 

appearance of external symptoms (Ploetz et al. 1994). 

1.1.2 External symptoms 

Externally, the disease symptoms appears first on the older leaves by becoming yellow, beginning with patches at the leaf margin 

from the older to the younger leaves, the petiole may collapse and skirting, and sometimes longitudinal cracking of pseudostem 

(Moore et al. 1995; Jackson, 2014; Ploetz, 2015; Viljoen et al. 2016). The disease typically shows symptoms of wilting followed 

by death (Jeger et al. 1995; O’Donnell et al. 1998). Plates 1, 2 and 3 

1.2 Distribution and host cultivars 

The disease is widely distributed throughout all banana growing areas of Tanzania (FAO, 2009). Karangwa et al. (2016) reported 

that, among the East and Central African countries Tanzania is the country with highest disease incidence (63.6%) in many farms. 

Fusarium oxysporum f. sp. cubense exclusively attacks sweet banana cultivars, including Gros Michel – AAA, kayinja (Pisang 

awak – ABB), kanana (Kisukari Ndizi) and kishubi (Ney Poovan – AB) (Moore et al. 1995; Tushemereirwe et al. 2004). Kisukari 

Ndizi the favourite cultivar of banana to many farmers in Tanzania is almost devastated by the disease (IITA, 2016). It was also 
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observed and confirmed to attack important banana varieties like the Mchare varieties in Arusha, Kilimanjaro and Mbeya (IITA, 

2016).  

1.3 Dispersal mechanisms 

The fungus is commonly spread through movement of infected planting material, infested soil, furrow irrigation andsurface run-

off water (Davis, 2005; Daly and Walduck, 2006; Jackson, 2014). The spread can also occur through infested soil attached to 

vehicles, tools and shoes (Daly and Walduck, 2006). Untreated soil used as a potting medium can transmit the fungus and animals 

can also move around fungal spores present in soils.The fungus can persist in soil as chlamydospores in the absence of the host for 

more than 30 years and germinate in the presence of host roots (Ploetz 2006; Paul et al. 2011; Dita et al. 2018). 

1.4.0 Management options 

Managing fusarium oxysporum f. sp. cubense with its soil-borne nature, long latency period and persistence once established, 

makes it difficult to control without drastic strategy changes (Wibowo et al. 2013; Ordonez et al. 2015). Several feasible control 

measures have been employed to manage this disease, which include, prevention, sanitation, use of disease free planting materials, 

resistant or tolerant cultivars, use of biological agents, burning of infected materials, use of silicon and calcium (Nel et al. 2006; 

Ploetz, 2006; Ploetz, 2015). Depending on the circumstance, the use of integrated approaches in controlling the disease is 

advocated in this review in order to curb the weaknesses of different methods. 

1.4.1 Prevention 

Applying disease preventive measures such as planting in fields not infected with Fusarium oxysporum f. sp. cubense using 

disease free propagation materials, is considered effective in managing this disease (Nel et al. 2006). Another means is restriction 

on the free movement of suckers, tools and boots from one farm to another if of doubtful quality or disinfect all equipment before 

and after use (Ssebunya, 2011). It has been reported earlier that, Fusarium race 1 is distributed everywhere in banana growing 

areas in Tanzania, so the method is limited unless in a newly opened farms. Fusarium wilt disease is difficult to eradicate once 

established in the field due to the fact that, exclusion of the pathogen from the soil is impossible (Davis, 2005; Ploetz, 2015). 

Therefore, there is a need for campaigns to create awareness to all stakeholders on the disease symptoms, potential effects and 

impose quarantine on movement of banana plant related materials from place to place. 

1.4.2 The use of resistant or tolerant cultivars 

The use of host resistance and tolerance cultivars makes a major contribution towards world food production and is the most 

effective and sustainable management option for fusarium wilt disease (Ploetz and Pegg, 2000; Moore et al. 2001;Companioni et 

al. 2006; Paul et al. 2011 Bohra et al. 2014). Both innate and induced resistance have been reported to significantly reduce the 

effects due to fusarium wilt disease (Wibowo et al. 2013; Siamak and Zheng, 2018). However, achievement in breeding for 

resistance to fusarium wilt disease has been slow,due to the fact that, breeding is time consuming, expensive, and constrained by 

sterility of most cultivated bananas, polyploidy nature of the plant, negative correlation between yield and resistance, and resistant 

breaking isolates (Novak, 1992; Fortunato et al. 2012; Chen et al. 2013; Hu et al. 2013; Nabi and Chodhary, 2015). 

Currently in Tanzania, the commonly grown and preferred cultivars (Mchare and Kisukari Ndizi) by community consumers are 

susceptible to fusarium race 1 (Kangire et al. 2001a). Introduction of new resistant cultivars to curb some production challenges 

like diseases, the acceptability of cultivars has been with difficult (Kilimo trust, 2012). Karamura et al. (2016) and Nabuuma et al. 

(2018) reported that sensory reasons, cost, accessibility, loss of resistance to pests and diseases, and reliability of variety types 

from trusted sources are some of the major reasons for less acceptability. 

The banana breeding program should therefore focus on breeding hybrid cultivars of Mchare, Kisukari and other preferred local 

cultivars, which will cut across many consumers’ preferences and needs. 

1.4.3 Sanitation 

The importance of effective sanitation method for the control of Fusarium wilt disease of banana has been highlighted many times 

by many authors (Moore et al. 1999b; Viljoen, 2002; Daly and Walduck, 2006). Sanitation includes procedures like cleaning of 

footwear, treatment of vehicles and machinery, disinfection of tools and use of footbath with surface disinfectants such as sodium 

hypochlorite and formaldehyde (Ssebunya, 2011; Ghag et al. 2015). It is highly recommended to destroy and remove all infected 
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banana plants and their corms, chop, dry and compost them (Ssebunya, 2011). The procedures aredirected to inoculum reduction, 

eliminating infected plants and delimitation of infected areas (Viljoen, 2002; Daly and Walduck, 2006; FAO, 2014). 

Therefore, there is a need for agricultural extension officers to conduct training campaigns related to sanitation issues to limit 

spread of the disease to new areas and reduce inoculum in infected areas. 

In some researches the use of chemicals has been reported to be effective but their disadvantages outweighs their advantages, this 

calls for further research to identify chemicals which are effective and environmental friendly. 

1.4.4 Biological agents  

The use of biological control agents such as predators, parasites and pathogens have been proved to be an environmental friendly 

disease management strategy (Xue et al. 2015; Ghag et al. 2015; Deltour et al. 2017; Fu et al. 2017).The appropriateness of 

biocontrol approach depends on the pathosystem (Kidane, 2008). The biocontrol approach is targeting to manage the pathogen’s 

inoculum, protect the plant surfaces from infection, and to cross protect or induced resistance (Cook and Baker, 1983). The 

control mechanism is achieved in the rhizosphere by competing with Fusarium oxysporum f. sp. cubense for essential nutrients, 

adhesion sites on the plant surface, production of secondary metabolites and enzymes (Ghag et al. 2015). Again, these biocontrol 

agents act as regulators of plant growth providing an added advantage in durable resistance against pathogens (Kidane, 2008; 

Ghag et al. 2015). Researches have shown that,intrinsic microbial communities or specific sub-populations have the potential to 

suppress 50%-80% pathogen infectivity to host plants (Thangavelu 2002; Thangavelu et al. 2004). Many researches have reported 

fungi and bacteria being important biocontrolfor fusarium oxysporum f. sp. cubensein banana, Trichoderma spp. (Kidane, 2008; 

Alabouvette, 2009; Behera, 2016), Bacillus spp. (Farhana et al. 2011; Govindasamy et al. 2011; Tan et al. 2013; Gang et al. 2013; 

Behera, 2016), Pseudomonas fluorescens (Belgrove, 2007; Mohammed et al. 2011), Streptomyces (Lian et al. 2009; Thangavelu 

and Mustaffa, 2012), Non-pathogenic Fusarium oxysporum (Belgrove, 2007). Contrary to the reported importance of biological 

agents in controlling Fusarium oxysporum f. sp. cubense, Zhang et al. (2013), reported that biological control have been with little 

success.The reasonmight be due to little field research on evaluation of biocontrol efficacy for Fusarium wilt disease of banana 

(Ploetz, 2004). 

In order to effectively utilize the biocontrol agents, there are need to understand the biology, epidemiology and interaction within 

the pathosystem. We therefore, recommend researches on biocontrol agents to focus on the results of specific interaction within 

the pathosystem. 

1.4.5 Intercropping  

Intercropping is reported to play a big role in disease management, by altering vector dispersal, changes in moisture, host 

morphology and physiology, and pathogen inhibition (Boudreau, 2013). Studies in China have shown that, intercropping and 

rotating banana with Chinese chive (Allium spp.) resulted in a significant reduction of banana fusarium wilt disease (Zhang et al. 

2013; Wibowo et al. 2015). Huang et al. (2012), working with banana and chinese leek (Allium tuberosum), observed highest 

reduction of fusarium wilt incidence and disease severity index by 97 % and 96 %, respectively. The reduced incidence of 

fusarium wilt in the presence of Chinese chives could be due to inhibitory effects on Fusarium oxysporum f. sp. cubense mycelial 

growth and spore germination (Nadarajah et al. 2016). 

There are few researches reported on the effects of intercropping of banana and other crops as a disease management tool. We 

therefore recommend that, intercropping research should focus on rhizospheric interaction effects so as to come up with an 

intercrop that can inhibit growth and spore germination of the pathogen. 

1.4.6 The use of silicon and calcium 

Improvement of plant nutrition is suggested as an important integrated control method to fight banana diseases (Datnoff et al. 

2007; Atim et al. 2013). Elements like Silicon and calcium are known to decrease the severity of diseases of many economically 

important crop species through induced resistance (Datnoff et al. 2007; Zhang et al. 2014; Rodrigues et al. 2015). Silicon 

application induces broad spectrum stress tolerance in many plant species without the occurrence of resistance trade-offs on 

growth and yield penalties (Guo, 2006; Bockhaven, 2011). Adequate application of Calcium inhibits the formation of pectolytic 

enzymes produced by fungi and bacteria (Gupta et al. 2017) and interferes with spore production and their behavior (Sugimoto et 

al. 2008). 
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Currently in Tanzania there are no significant researches which have been undertaken to assess the silicon and calcium induced 

resistance effect in the banana. we therefore recommend researches on the use of Silicon and Calcium as a component of disease 

management tool. 

 

2.0 BANANA XANTHOMONAS WILT/BACTERIAL WILT 

Banana Xanthomonas Wilt (BXW) is one of the major threat to the banana production and livelihoods of millions of people 

(Kagezi et al. 2006; Biruma et al. 2007; Karamura et al. 2008;Ochola et al. 2015). The disease is caused by Xanthomonas 

campestris pv. musacearuma member of Xanthomonadaceae (Biruma et al. 2007; Shimelash et al. 2008; Tripathi et al. 2009;  

Ochola et al. 2015). The bacteria is a motile, gram-negative, rod-shaped bacterium possessing a single polar flagellum (Tripathi et 

al. 2009). In Tanzania BXW disease was first recorded in september 2005 at Kabale village, Muleba District in Kagera Region 

(Mgenzi et al. 2006; Carter et al. 2010; Shimwela et al. 2016). 

2.1 Effects of the disease 

BXW is a complex problem that is rooted in a multitude of challenges and has shown to be persistent and recurrent (McCampbell 

et al. 2018). The disease is among the most destructive bacterial pathogens, causing up to 100% yield loss (Muchuruza and 

Melchior, 2013; Ochola et al. 2014; Ochola et al. 2015). Yield losses are associated with early ripening and rotting of fruits 

(Rugalema and Mathieson, 2009).The affected fruits have no economic value because they cannot be consumed by humans or 

livestock (Ochola et al. 2014). 

The effect due to this has led to severe falls in banana production in areas where the disease was well established, area under 

banana production and consumption reduced, farmers diversified into other crops or livestock in order to cope with the situation 

imposed by the disease (Karamura, 2006; Nkuba et al. 2015). The disease reduced food security and income at the household 

level, on families that depended on banana while bunch prices unpredictably doubled (Kubiriba et al. 2012; Muchuruza and 

Melchior, 2013; Nkuba et al. 2015; McCampbel et al. 2018). 

2.2 Symptoms  

Banana and plantain plants infected with BXW shows symptoms of folding and yellowing of leaves, the fruits; show premature 

and scattered ripening, with either blackening or staining of the fruit pulp, whereas the male bud; shrinks and at times falling off 

(Tripathi et al. 2009; Ochola et al. 2014; Nakato et al. 2016; Tinzaara et al. 2016). Upon cutting open any part, pockets of pale 

yellow ooze or bacterial exudate appears within 5-15 minutes (Nakato et al. 2016; Shimwela et al. 2016; Tinzaara et al. 2016) 

(Plate 4, 5 and 6). 

2.3 Distribution and host cultivars 

Banana Xanthomonas wilt disease has surged over from Muleba District, to Bukoba rural, Karagwe, Misenyi, Ngara, Biharamulo 

districts in Kagera region, Tarime district in Mara region and Ukerewe district in Mwanza (Mgenzi et al. 2006). The disease 

indiscriminately attacks all cultivated banana genotypes (Muchuruza and Melchior, 2013), Kalyebara et al. (2006), Smith et al. 

(2008) and Vigheri et al. (2009) reported that, upon the arrival of the Xanthomonas wilt of banana entire farms were wiped out by 

the disease. 

2.4 Dispersal mechanisms 

Generically, Xanthomonas campestris pv. musacearum is spread bypollinating insectsvectors, (Tushemereiwe et al. 2006; Tripathi 

et al. 2009; Shimwela et al. 2016), infected suckers used for setting up new plantings,birds and bats (Biruma et al. 2007; 

Nakakawa et al. 2017).Use of contaminated garden toolsduring different operations in the farm have been reported facilitate 

spread of the pathogen(Tushemereiwe et al. 2006).Plant infection can occur through soil-borne bacterial inoculum in the roots 

(Biruma et al. 2007; Tripathi et al. 2009). The major sources of Xanthomonas campestris pv. Musacearuminoculum includes; 

plant residues, contaminated soils and water, infected mats and traded products including fruits, leaves and planting materials 

(Eden-Green, 2004). Spread of the disease depends on the survival of the bacterium, its mode of transmission and whether the 

pathogen is carried internally or externally by one or a few specific vectors (Agrios, 2005).  

In order to prevent resurgence and or introduction of Xanthomonas campestris pv. musacearum in new areas, researches should 

focus on designing simple, cheap and rapid diagnostic test that can be used by farmers and people in border areas to restrict the 

movement of infected banana related materials and or help in identifying areas for imposition of quarantines. 
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2.5.0 Management options 

For proper and effective BXW disease management, a well-defined and integrated approach is needed. This is because; managing 

diseases in perennial crops such as banana is difficult due to uninterrupted relationship of host and inoculum over a long period of 

time (Tripathi et al. 2009). Integrated approach can reduce bacterial wilt disease by 20–100% in the field or under laboratory 

conditions, and typically combines two or three methods among cultural practices and chemical and biological methods (Yuliar et 

al. 2015). BXW disease is managed by employing several methods which includes the following; sanitation, prevention and 

quarantine, crop rotation, chemicals, use of resistant cultivars and awareness campaigns (Tushemereirwe et al. 2006; Okurut et al. 

2006; Tinzaara et al. 2009; McCampbel et al. 2018). 

2.5.1 Prevention and quarantine 

In areas where BXW is absent, careful selection of healthy planting material, using suckers from trusted sources are important 

means of avoiding introducing this pathogen to new areas (Jogo et al. 2011; Yuliar et al. 2015; Yemataw et al. 2017). Avoiding 

overflow of water from infected to uninfected fields by creating trenches or drains, removing alternate hosts around plants, and 

controlling leafhoppers, aphids and mole rats that may transmit (Muchuruza and Melchior, 2013; Yemataw et al. 2017).Another 

way of preventing the spread was through customized laws which were enacted by the local councils or community leaders and 

reinforced to farmers (Nkuba et al. 2015). Quarantines are imposed to restrict movement of banana related materials and products 

at farm, national and international levels, from infected areas to area where the disease is absent (Etebu and Young-Harry, 2011). 

Routine surveillance, reporting and continuous information update of the disease are necessary control strategies (Biruma et al. 

2007; Kubiriba et al. 2012). 

2.5.2 Sanitation 

The method involves several strict sanitary procedures that are used on the farm to avoid transmission of Xanthomonas campestris 

pv. musacearum inocula, from plant to plant and farm to farm. Methods like; sterilization, burning, burying, male bud and corm 

removal aim at reducing the amount of inoculum and preventing their spread. 

2.5.2.1 Sterilization  

BXW disease spread through cutting tools can be managed by sterilizing tools with fire or JIK (Sodium hypochloride) or 

suspending the use of cutting tools for at least 3 months (Tushemereirwe et al. 2006; Blomme et al. 2014).The objective of 

sterilizing is to keep the tools used for cutting banana fruit bunches and leaves clean and free from bacteria. Installation of 

footbaths is important, since is an easy and effective way of removing pathogens adhered on shoes (Tesoriero et al. 2010). 

2.5.2.2 Corm removal, Burning and burying 

Reduction of inocula is done through uprooting all the plants by chopping, drying and burningusing manual or herbicides to kill 

infected symptomatic plants (Okurut et al. 2006).Other management practices recommended for BXW include whole affected mat 

removal, burying or burning of infected materials (Kubiriba et al. 2012; Blomme et al. 2014; Nakato et al. 2017; Blomme et al. 

2017). Blomme  et  al., (2008) and Kubiriba et al. (2014) showed  that Roundup  and  2-4-D are effectivein destroying  infected  

plants comparable  to manual removal andhas  the advantage of  reducing labour costs.  

2.5.2.3 Male bud removal 

Removal of male bud using forked stick immediately after formation of the last hand eliminates inflorescences that attract insects 

(Tinzaara et al. 2006; Biruma et al. 2007).The male bud removal has proven effective in preventing the disease incidence (Biruma 

et al. 2007). It has been reported that, the use of forked stick in male bud removal reduces the risk of moving bacteria on cutting 

tools (Biruma et al. 2007). Timing of male buds removal is important and need to be done quickly after the fruit has been set 

(Blomme et al. 2014). The drawbacks are that the method is time-consuming and some farmers consider the male bud is an 

essential source of juice production (Blomme et al. 2014). 

Researches should focus on alternative use of male bud, since they are an excellent source of both macro and micro nutrients, are 

a good source of fiber and protein, phytochemicals known as saponins and flavonoids (Swe, 2012). This will motivate farmers to 

timely remove the male bud as source of food and cash. 
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2.5.3 Use of resistant cultivars 

The growth of cultivars that are resistant to bacterial wilt is considered to be the most economical, environmentally friendly, and 

effective method of disease control (Yuliar et al. 2015. Breeding for resistance to BXW is of economic importance and sources of 

resistance have been reported in diploid parents of the edible bananas(Musa balbisiana) and in other crop plants such as pepper 

(Tripathi et al. 2009). IITA in partnership with NARO-Uganda and African Agriculture technology foundation (AATF), managed 

to identify 65 transgenic plants that exhibited strong resistance against BXW under laboratory and screen-house tests that are in 

confined field trials (Lopez, 2011). Similarly, Namukwaya et al. (2012) reported that, transgenic bananas with ferredoxin-like 

protein gene under the regulation of the constitutive CaMV35S promoter were completely resistant to BXW under laboratory 

conditions and in the screen-house. Mudonyi et al. (2018) working with banana screening in the field identified heritable traits 

that confer resistance to BXW in Musa balbisiana, Mbwazirume, M9 and Musa zebrina, and recommended Mbwazirume and M9 

should be promoted for farmers growing to complement cultural controls against BXW. 

Despite the fact that, resistant cultivars have been identified conventional banana breeding to transfer resistance to farmers 

preferred cultivars is still difficult and length process. The reasons behind this are, banana are polyploidy with high sterility, long 

generation time and is costly. We therefore recommend Governments and non-Governmental organizations and other stakeholders 

should come together; mobilize resources for research on resistant cultivars preferred by the community consumers. 

2.5.7 Awareness campaigns 

Shimwela et al. (2016), reported that, BXW has continued to spread in Tanzania despite an intensive symptomatic plant 

removal campaign. Jogo et al. (2018), demonstrates that a significant number of farmers were still not aware of the potential 

danger posed by cutting tools in transmitting the disease both in-field and across fields. McCampbel et al. (2018) this is due to 

lack of awareness and knowledge about disease transmission, diagnosis, and disease management. It is further noted that untimely 

actions, ineffective surveillance methods, and lack of resistance genotypes have been named to hamper the endeavor to prevent 

the spread and minimize the effect due to the disease (Jogo et al. 2018).  

Tripathi et al. (2009), suggested that, for proper control of diseases of quarantine importance like BXW, awareness campaigns, 

advocacy, support from policy makers and the donor communities are critical. We therefore propose that, future awareness 

campaigns need to emphasize on enhancing farmer knowledge on different control practices and early warning on the disease 

incidence. 

2.5.8 Crop rotation 

Crop rotation no doubt has been used with benefit of either reducing or completely impeding the growth of pathogens and 

development of diseases. Sequeira, (1962), reported that, banana rotation with sugarcane plus fallow reduced incidence of 

bacterial wilt by 48%. There are also several reports on different crops that indicated reduced bacterial wilt diseases by 60% to 

more than 90% (Katafiire et al. 2005; Zhang et al. 2013; Wibowo et al. 2015). The reason is that, mono-cropping using 

susceptible host lead to pathogenic population establishment, whereas crop rotation avoids this detrimental effect resulting in 

reduction of plant diseases (Kurle et al. 2001; Janvier et al. 2007; Yemataw et al. 2017). 

There is a need for more researches to identify suitable crops that can be used in banana crop rotation with maximum reduction of 

pathogen populations, within a shortest period possible. The focus should be on non-host crops that produces chemical inhibitors 

like Allium spp. 

 

3.0 BLACK SIGATOKA DISEASE 

Black sigatoka is a leaf spot disease of banana plants, caused by ascomycete airborne fungus Mycosphaerella fijiensis (Morlet) 

(Anamorph Pseudocercospora fijiensis) (Henderson et al. 2006; Jimenez et al. 2007; Churchill, 2011; Viljoen et al. 2016; 

Alakonya et al. 2018). The fungus is a sexual, heterothallic, haploid and hemibiotrophic ascomycete within the class 

Dothideomycetes, order Capnodiales and family Mycosphaerellaceae (Churchill, 2011). The pathogen was identified for the first 

time in Fiji in the year 1963 (Henderson et al. 2006; Churchill, 2011). Over sixty distinct strains with different pathogenetic 

potentials have been isolated (Bhamare and Kulkarni, 2015).In Tanzania, the disease was first reported in 1987 along the coastal 

regions; Tanga, Morogoro, Coast and Pemba-Zanzibar (Mourichon et al. 1997; Frison et al. 1998). 
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3.1 Effects of the disease 

Black Sigatoka is more aggressive, destructive and it has displaced yellow Sigatoka as the predominant leaf spot on banana in 

most of its range (Ploetz et al. 1992; Tushemereiwe and Waller, 1993; Ploezt, 2000). The pathogen infects the plantby both 

conidia and ascospores,  which attacks the leavescausing necrosis either partially or entirely leading to disruption of 

photosynthesis process that feed the bunch (Ploezt, 2000; Etebu and Young-Harry, 2011; Alvindia, 2012). As the result of 

infection, diseased plants produce fewer and smaller fruits, have delayed harvest and lower quality fruit due to few number of 

functional leaves (Alvindia, 2012). Banana plants with leaves damaged by this disease may have up to 50% lower yield of fruit 

(Etebu and Young-Harry, 2011; Viljoen et al. 2016). Estimates of losses due to Black Sigatoka for dessert bananas and plantains 

ranges from 20 to 80% in the absence of fungicides (Maciel and Pires de Matos, 2003), and production losses of up to 100% in 

susceptible varieties such as M. acuminata Cavendish Grande Naine (Musa cv. AAA) and Prata (Musa cv. AAB) (de Lapeyre de 

Bellaire, et al. 2006; Jimenez et al. 2007; Ganry et al. 2012; Brito et al. 2015). 

3.2 Symptoms of the disease 

The first sign of the disease is the appearance of small, dark brown streaks on the lower surface of leaves (Meena, 2017). These 

streaks enlarge and coalesce forming necrotic lesions with light grey centres and yellow perimeters, the leaves of banana then 

drops and collapse (Etebu and Young-Harry, 2011; Meena, 2017).  Large areas of leaf can be damaged causing a lowering of 

photosynthetic ability, premature ripening of the fruit and reduction in yield (Meena, 2017). 

Stover and Simmonds, (1987) described black sigatoka symptoms into stages as follows; Stage 1: Faint, minute, reddish-brown 

specks on the lower surface of the leaf. Stage 2: Specks elongate, becoming slightly wider to form narrow reddish-brown streaks. 

Stage 3: Streaks change colour from reddish brown to dark brown or black, sometimes with a purplish tinge, clearly visible at the 

upper surface of the leaf. Stage 4: The streaks broaden and become more or less fusiform or elliptical in outline, and a water-

soaked border appears around each lesion. Stage 5: The dark brown or black centre of each lesion becomes slightly depressed and 

the water-soaked border becomes more pronounced. Stage 6: The centres of the lesions dry out becoming light grey, with a bright 

yellow zone forming between them and the normal green colour of the leaf. The lesions remain clearly visible after the leaf has 

become necrotic because of their light-coloured centre and dark border. 

Jones et al. (2000), reported that, black sigatoka symptoms varies, depending on leaf age, physiology, developmental stage of the 

plant, leaves at the time of infection, level of plant stress, disease pressure, environmental conditions and cultivar.The symptoms 

of Black Sigatoka are sometimes not distinguishable from those of Yellow Sigatoka, especially in the advanced stages of necrosis, 

which are very similar (Churchill, 2011; Alvindia, 2012). 

3.3 Distribution and host cultivars 

By 1990 black sigatoka disease have been reported in all the Cavendish cultivars in regions particularly Coast region, Tanga and 

Morogoro (Frison et al. 1998). Kimunye et al. (2018) confirmed the presence of black sigatoka in Mbeya and Kagera regions. A 

hotspot of black sigatoka disease has also been reported in Arusha at Tengeru Horticultural Research Institute (IITA Plant 

pathology report, 2018). The disease is considered among the most damaging and costly disease of banana (Alvindia, 2012), 

which is also reported to be most economic threat in the banana industry in the world (Henderson et al. 2006). The definite 

symptoms of black sigatoka have been recorded on cultivated banana (Musa), plantain (Musa paraduisaca), wild banana (Musa 

acuminate and their inter-specific hybrids) and subspecies bantesii and zebrina (Maciel and Pires de Matos, 2003; Etebu and 

Young-Harry, 2011; Alvindia, 2012; Brito et al. 2015).  

3.4 Dispersal mechanisms 

The pathogen reproduces both sexually (ascospores) and asexually (conidia) and are both important for its dispersal (Henderson et 

al. 2006; Bhamare and Kulkarni, 2015). Due to their greater abundance and small size, ascospores are most important in spreading 

the disease within plants and plantations (Ploetz, 2000). The conidia are mainly spread byrain and irrigation water to short 

distances, while ascospores are carried by wind to more remote places (Jones and Alcorn, 1982; Mourichon et al. 1997; Ploetz, 

2000; Bhamare and Kulkarni, 2015). Long distance spread is through the movement of germplasm (infected suckers, diseased 

leaves) (Jones and Alcorn, 1982; Mourichon et al. 1997; Ganry et al. 2012). 
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3.5.0 Management options 

Eradication of black sigatoka is based on the principle of early detection; the earlier the detection the more likely are the chances 

of eradication, otherwise the next best option remains management of the disease (IICA, 2006).The fungus is known to develop 

rapidly and the time from infection of the leaf tissue to the appearance of spotting is between 8-10 days than other banana leaf 

spot diseases (Young and Conie 2001).  The pathogen produces fast and abundant ascospores, leading to greater infection 

potential; therefore controls must be geared to cope with the short interval infection (IICA, 2006). 

The following are feasible control methods that can be used by smallholder farmers either singly or in combination depending on 

the goal and environment. 

3.5.1 Sanitation 

Pruning based on eliminating necrotic leaf tissue, prevents the disease from spreading, this helps to reduce the amount of 

inoculum available to infect neighbouring plants(Stover, 1972;Jones and Alcorn, 1982; Pérez-Vicente, 1996; Jimenez et al. 2007; 

Etebu and Young-Harry, 2011 Ganry et al. 2012). After pruning, the leaves should be placed on the soil underside down, piled 

one on top the other to reduce ascospores release by windblown and aid decomposition (Gauhl, 1994; Pérez-Vicente, 1998). 

Proper plant spacing, control of weeds and removal of diseases suckers facilitates air circulation that will reduce spore lending 

time on the plant (Henderson et al. 2006). 

Personnel working and visiting infected farms and premises are required to wear disposable paper coveralls and plastic shoe 

covers (IICA, 2006).Processing waste and infected plants or parts by compositing help in reduce the pressure of inoculum in the 

next growth cycle (IICA, 2006). 

3.5.2 Nutrient management 

Application of balanced nutrition of Potassium, Silicon, Magnesium, Calcium, Nitrogen, have been reported to increase tolerance 

and possible escape from the effects of black sigatoka disease (Bernstein et al. 2011; Pérez-Vicente, 2012; Kablan et al. 2012). 

Nutrients plays an important role in essential biochemical and physical processes in inhibiting pathogen growth, multiplication 

and ultimate infections (Cakmak, 2005; Jimenez et al. 2007; Kablan et al. 2012). The nutrients have also been reported to induce 

resistance in banana (Kablan et al. 2012; Rodrigues et al. 2015). 

Nutrients have been confirmed by many researches to be among important disease management tool but there are fewer researches 

in the country probably due to negligence or lack of funds. Banana stakeholders need to come together and discuss on enhancing 

banana nutrient research. 

3.5.3 Irrigation  

The duration of leaf wetness has a direct influence on the epidemiology of black sigatoka and other banana diseases (Wielemaker, 

1990).Moisture film is essential for spore germination, germ tube growth and penetration, sporulation and dispersal (Agrios, 

2005). The use of surface irrigation is the best method that avoids wetting of the leaves and creating high humidity (Wielemaker, 

1990). 

3.5.4 Drainage improvement  

Wielemaker, (1990) and Jimenez et al. (2007), reported that, two weeks after rain or storms, there is a severe outbreak of black 

sigatoka disease, so improving drainage is essential to reduce high humidity on the air and duration of leaf wetness. This agrees 

with Marín et al. (1992) and Carlier et al. (2000), who also reported that installation of efficient drainage system, facilitate drying 

and help reduce the relative humidity. 

3.5.5 Use of resistant cultivars 

The use of resistant cultivar is the only feasible and practical method for black sigatoka disease control for small-scale and 

subsistence growers (Marín et al. 2003). It has been reported that, resistance in this fungus is mainly the result of the interaction 

between the recessive allele at a major locus and those of at least two independent minor genes with additive effects (Ortiz and 

Vuylsteke, 1994). These genes have a strong dosage effect at the tetraploid level, which results in higher level of resistance in 

tetraploid than in diploid hybrids (Etebu and Young-Harry, 2011). Currently in Tanzania, breeding and release of sigatoka 

resistant genotypes is slow due to the nature of the crop and lack of banana breeding programs in many research centres. Again, 

some introduced resistant cultivars like FHIA hybrids have faced acceptability and loss of resistance (Kilimo Trust, 2012). 
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3.5.6 Prevention and quarantine 

Prevention and quarantine involves imposition laws and bylaws in the community that will regulate movement of banana related 

materials within and without. Jones and Alcorn, (1982) and Jones, (1991) reported that prevention reduced the spread of black 

sigatoka disease into new areas through imposing barriers.The laws and bylaws recommended the following procedures to be 

followed; 1.restriction of movements of plant material from infected zones, 2.the establishment of quarantine stations, 

3.forbidding the use of leaves to protect fruits in vehicles during transport, 4.disinfection of vehicles, 5.inspection of banana 

plantations and 6.grubbing up the most severely affected fields (Orozco-Santos et al. 2002; IICA, 2006). 

 

CONCLUSION 

We hereby conclude that, researches should focus on identifying the best and feasible combination of management methods that 

can be used by farmers. The approach should be pragmatic and geared towards integration of several appropriate methods. 

Provisions of knowledge on diseases, rapid and accurate diagnostic procedures on plant diseases in the field are essential for 

effective disease management. 

 

REFERENCES 

1. Agrios, G. N. (2005). Plant pathology 5th Edition. Elsevier Academic Press. p. 922. 

2. Alabouvette, C. (1986). Fusarium-wilt suppressive soils from the Châteaurenard region: review of a 10-yearstudy. 

Agronomie 6:273–284 

3. Alabouvette, C., Olivain, C., Migheli, Q., & Steinberg, C. (2009). Microbiological control of soil-borne phytopathogenic 

fungi with special emphasis on wilt-inducingFusarium oxysporum. New Phytologist, 184(3), 529–544. 

doi:10.1111/j.1469-8137.2009.03014.x. 

4. Alakonya, A. E., Kimunye, J., Mahuku, G., Amah, D., Uwimana, B., Brown, A. and Swennen, R. (2018). Progress in 

understanding Pseudocercospora banana pathogens and the development of resistant Musa germplasm. Plant Pathology 

(2018) 67, 759–770 Doi: 10.1111/ppa.12824.  

5. Alvindia, D. G. (2012). Inhibitory influence of biocontrol agents, plant oils and an inorganic salt on Mycosphaerella 

fijiensis and Cordana musae, the causal pathogen of black sigatoka and leaf spot of banana. African Journal of 

Microbiology Research Vol. 6(19), pp. 4179-4184. DOI: 10.5897/AJMR12.175. 

6. Atim, M., Beed, F., Tusiime, G., Tripathi, L., and van Asten, P. (2013). High potassium, calcium, and nitrogen 

application reduce susceptibility to banana Xanthomonas wilt caused by Xanthomonas campestris pv. musacearum. Plant 

Dis. 97:123-130. 

7. Baijukya, F. P., de Ridder, N., Masuki, K. F. and Giller K. E. (2005). Dynamic of banana-based farming systems in 

Bukoba district, Tanzania: Changes in land use, cropping and cattle keeping. Agriculture, Ecosystems and Environment, 

106:395-406. 

8. Behera B. C. (2016). Studies on pathogenic variability, epidemiology and management of Fusarium wilt of sesamum. A 

Thesis submitted to the Orissa University of Agriculture and Technology in Partial fulfilment of the Requirements for the 

Degree of Master of Science in Agriculture   (Plant Pathology). 

9. Belgrove, A. (2007). Biological control of Fusarium oxysporum f.sp. cubense using non-pathogenic F. oxysporum 

endophytes. Dissertation submitted in partial fulfilment of the requirements for the degree of Magister Scientiae in the 

Faculty of Natural and Agricultural Science University of Pretoria Pretoria. 

10. Bernstein, N., M. Ioffe, G. Luria, M. Bruner, Y. Nishri, S. Philosoph- Hadas, S. Salim, I. Dori, and E. Matan. (2011). 

Effects of K and N nutrition on function and production of Ranunculus asiaticus. Pedosphere 21, 288-301. 

Doi: 10.1016/S1002-0160(11)60129-X. 

11. Bhamare, S. P. and Kulkarni, S. C. (2015). Detection of Black Sigatoka on Banana Tree using Image Processing 

Techniques. IOSR Journal of Electronics and Communication Engineering (IOSR-JECE) ISSN: 2278-2834, ISBN: 2278-

8735, PP: 60-65 www.iosrjournals.org. 

https://doi.org/10.47191/ijcsrr/V4-i10-11
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1286  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

12. Biruma, M., Pillay, M., Tripathi, L., Blomme, G., Abele, S., Mwangi, M., Bandyopadhyay, R., Muchunguzi, P., Kassim, 

S., Nyine, M., Turyagyenda, L., and Eden-Green, S. (2007). Banana Xanthomonas wilt: A review of the disease, 

management strategies and future research directions. Afr. J. Biotechnol. 6:953962. 

13. Blomme G, Jacobsen K, Ocimati W. (2014). Fine-tuning banana Xanthomonas wilt control options over the past decade 

in East and Central Africa. European Journal of Plant Pathology 139, 271–87. 

14. Blomme, G., Ocimati, W., Sivirihauma, C., Vutseme, L., Mariamu, B., Kamira, M., van Schagen, B., Ekboir, J. and 

Ntamwira, J. (2017). A control package revolving around the removal of single diseased banana stems is effective for the 

restoration of Xanthomonas wilt infected fields. Eur. J. Plant. Pathol. pp.1-16. 

15. Bockhaven Van, J. (2014) Silicon-induced resistance in rice (Oryza sativa L.) against the brown spot pathogen 

Cochliobolus miyabeanus. Thesis submitted in fulfillment of the requirements for the degree of Doctor (PhD) in Applied 

Biological Sciences: Agricultural Sciences, Ghent University. (210 pp ). 

16. Bohra, P., Waman, A. A., Konana, U., Narayanappa, S. B., Channegowda, C. S., and Lakshmipathi, D. B. (2014). In 

search of commercially acceptable Panama wilt-resistant natural variants in Ney Poovan banana (Musa AB). 

International Journal of Pest Management, 60(4), 307–313. doi:10.1080/09670874.2014.980368 

17. Boudreau, M.A. (2013). Diseases in intercropping systems. Annu. Rev. Phytopathology. 51, 499-519.  

http://dx.doi.org/10.1146/annurev-phyto-082712-102246. 

18. Brito, F. A., Faraaije, B. Miller, R. (2016). Sigatoka disease complex of banana in Brazil:Management practices and 

future directions. Article in Outlooks on Pest Management · April 2015. DOI: 10.1564/v26_apr00 ©2015 Research 

Information Ltd. All rights reserved. www.pestoutlook.com. 

19. Cakmak, I. (2005). The role of potassium in alleviating detrimental effects of abiotic stresses in plants. Journal of Plant 

Nutrition and Soil Science, 168(4), 521–530. doi:10.1002/jpln.200420485. 

20. Carlier, J., Foure, E., Gauhl, F., Jones, D. R., Lepoivre, P., Mourichon, X., Pasberg-Gauhl, C., and Romero, R. A. (2000). 

Black Leaf Streak. Pages 37-79 in: Diseases of Banana, Abaca and Enset. D. R. Jones, ed. CAB International, 

Wallingford, UK 

21. Carter, B.A., Reeder, R., Mgenzi, S.R. (2010). Identification of Xanthomonas vasicola (formerly X. campestris pv. 

musacearum), causative organism of banana xanthomonas wilt, in Tanzania, Kenya and Burundi. Plant Pathology 59, 

403. 

22. Chen, Y. F., Chen, W., Huang, X., Hu, X., Zhao, J. T., Gong, Q., Li, X. J. and Huang, X. L. (2013). Fusarium wilt-

resistant lines of Brazil banana (Musa spp., AAA) obtained by EMS-induced mutation in a micro-crosssection cultural 

system. Plant Pathology (2013) 62, 112–119 Doi: 10.1111/j.1365-3059.2012.02620.x 

23. Churchill, A.C. (2011). Mycosphaerella fijiensis, the black leaf streak pathogen of banana: progress towards 

understanding pathogen biology and detection, disease development, and the challenges of control. Molecular plant 

pathology 12 (4), 307-328. DOI: 10.1111/J.1364-3703.2010.00672.X 

24. Companioni, B., Nestor, M., Leyanes, D., Aurora, P., Mayda, A., Espinosa, P., Martha, H., Jose De La, C. V., Marıa, C. 

P., Ramon, S. and Jose, C. L. (2006). Differentiating resistance to Fusarium oxysporum f. sp. cubense strain 1 culture 

filtrates in banana leaves. Biotechnology Application. Vol. 23:153157. 

25. Cook, R.J., and K.F. Baker. (1983). The Nature and Practice of Biological Control of Plant Pathogens. The American 

Phytopathological Society, St. Paul, Minnesota. 

26. Daly A. and Walduck, G. (2006). Fusarium Wilt of Bananas (Panama Disease) (Fusarium oxysporum f. sp. cubense). 

Agnote No 151. 

27. Datnoff , L.E., Rodrigues, F.A., Seebold, K.W. (2007) Silicon and Plant Disease. In: Datnoff LE, Elmer WH, Huber DM. 

(eds) Mineral Nutrition and Plant Disease. St. Paul, MN, USA, APS Press, pp 233–246 

28. Davis, R. (2005). Fusarium wilt (Panama disease) of banana. Secretariat of the Pacific Community, Suva, Fiji Islands. 

ISSN 1017-6276 ISBN 982-203-986-7 

29. De Lapeyre de Bellaire, L., Ngando, J. E., Abadie, C., Carlier, J., Lescot, T. and Fouré, E. (2006). Management of Black 

Sigatoka in Cameroon. Joiniville-santa catarina-Brasil.  

https://doi.org/10.47191/ijcsrr/V4-i10-11
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1287  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

30. Deltour, P., França, S.C., Pereira, O.L., Cardoso, I., Höfte, M., (2017). Disease suppressiveness to Fusarium wilt of 

banana in an agroforestry system: Influence of soil characteristics and plant community. Agriculture, Ecosystems & 

Environment, 239: 173-181 

31. Dita, M., Barquero, M., Heck, D., Mizubuti, E. S. G. and Staver, C. P. (2018). Fusarium Wilt of Banana: Current 

Knowledge on Epidemiology and Research Needs toward Sustainable Disease Management. Front. Plant Sci. 9:1468. 

doi: 10.3389/fpls.2018.01468.   

32. Eden-Green, S. (2004). How can the advance of Banana Xanthomonas Wilt be halted? Info Musa 13(2): 38-41. 

33. Etebu, E. and Young-Harry, W. (2011). Control of black Sigatoka disease: Challenges and prospects. African Journal of 

Agricultural Research Vol. 6(3), pp. 508-514. 

34. FAO, (2014). Technical Manual Prevention and diagnostic of Fusarium Wilt (Panama disease) of banana caused by 

Fusarium oxysporum f. sp. cubense Tropical Race 4 (TR4). Prepared for the Regional Workshop on the Diagnosis of 

Fusarium Wilt (Panama disease) caused by Fusarium oxysporum f. sp. cubense Tropical Race 4: Mitigating the Threat 

and Preventing its Spread in the Caribbean. 

35. FAO, (2017). The Global Programme on Banana Fusarium Wilt Disease; Protecting Banana Production from the Disease 

with focus on Tropical Race 4 (Tr4). www.fao.org/food-chain-crisis/how-we-work/plant-protection/banana-fusarium-

wilt. 

36. FAO. (2017). Banana Market Review and Banana Statistics 2015-16. Rome.  

http://www.fao.org/economic/est/estcommodities/bananas/en/ ; http://www.fao.org/3/ai7410e.pdf ; http://www.fao.org/3/

a-i7409e.pdf 

37. FAOSTAT. (2017). Production trends in Tanzania. 

38. Farhana, M. S. N., Bivi, M. R. and Khairulmazmi, A. (2011). Effect of carbon sources on bacterial production of 

metabolites against Fusarium oxysporum and Colletotrichum gloeosporioides. Int. J. Agric. Biol. 13: 1-8. 

39. Fernández-Falcón, M. and Borges, A. A. (2003). Induced resistance to Fusarium wilt of banana by exogenous 

applications of indoleacetic acid Article in Phytoprotection -Quebec- December 2003 DOI: 10.7202/008492ar. 

40. FEWS-NET. (2018). TANZANIA Market Fundamentals Summary.  

https://reliefweb.int/sites/reliefweb.int/files/resources/Tanzania_MFR_Summary_Report_August_2018.pdf. 

41. Fortunato, A. A., Rodrigues, F. A., Baroni, J. C. P., Soares, G. C. B., Rodriguez, M. A. D. and Pereira, O. L. (2012). 

Silicon Suppresses Fusarium Wilt Development in Banana Plants. Journal of Phytopathology. doi: 10.1111/jph.12005 

42. Frison, E.A., Gold, C.S. Karamura, E.B. and Sikora, R.A. (1998). Mobilizing IPM for sustainable banana production in 

Africa. Proceedings of a workshop on banana IPM, November, 1998, Nelspruit, South Africa. INIBAP. p 341. 

43. Fu, L., Penton, C.Y., Ruan, Y.Z., Shen, Z.Z., Shen, Q.R., (2017). Inducing the rhizosphere microbiome by biofertilizer 

application to suppress banana Fusarium wilt disease. Soil Biology and Biochemistry, 104: 39-48 

44. Gang, G., Bizun, W., Weihong, M., Xiaofen, L., Xiaolin, Y., Chaohua, Z., Jianhong, M. and Huica, Z. (2013). Biocontrol 

of Fusarium wilt of banana: Key influence factors and strategies. African Journal of Microbiology Research. Vol. 7(41), 

pp. 4835-4843, 11 October, 2013 DOI: 10.5897/AJMR2012.2392. 

45. Ganry, J., Fouré, E., De Lapeyre de Bellaire, L. and Lescot, T. (2012). An Integrated Approach to Control the Black Leaf 

Streak Disease (BLSD) of Bananas, while Reducing Fungicide Use and Environmental Impact. ISBN: 978-953- 307-

804-5, InTech, Available from: http://www.intechopen.com/books/fungicides-for-plant-and-animaldiseases/an-

integrated-approach-to-control-the-black-leaf-streak-disease-blsd-of-bananas-while-reducingfungi. 

46. Gauhl, F., (1994). Epidemiology and ecology of Black Sigatoka on plantain and banana (Musa spp.) in Costa Rica, 

Centro América. Ph D. Thesis of the Systematisch - Geobotanische- Institut der Georg - August- Universität Göttingen 

and Institut für Pflanzenpathologie und Pflanzenchutz der Georg - August- Universität Göttingen. INIBAP. 

47. Ghag S. B., Shekhawat, U. K. S. and Ganapathi, T. R. (2014). Characterization of Fusarium wilt resistant somaclonal 

variants of banana cv. Rasthali by cDNA-RAPD. Mol Biol Rep (2014) 41:7929–7935 D 

48. Ghag S. B., Shekhawat, U. K. S. and Ganapathi, T. R. (2015). Fusarium wilt of banana: biology, epidemiology and 

management. International Journal of Pest Management, 2015 http://dx.doi.org/10.1080/09670874.2015.1043972 

https://doi.org/10.47191/ijcsrr/V4-i10-11
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1288  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

49. Govindasamy, V., Senthilkumar, M., Magheshwaran, V., Kumar, U., Bose, P., Sharma, V. and Annapurna, K. (2011). 

Bacillus and Paenibacillus spp.: Potential PGPR for Sustainable Agriculture. Microbiol. Monographs. 18: 333-364. 

50. Guo, Z. G., LiuA, H. X.. TianA, F. P ZhangA Z. H and WangA S. M. (2006). Effect of silicon on the morphology of 

shoots and roots of alfalfa(Medicago sativa). Australian Journal of Experimental Agriculture, 2006, 46, 1161–1166. 

51. Gupta, N., Debnath, S., Sharma, S., Sharma, P. and Purohit, J. (2017). Role of Nutrients in Controlling the Plant diseases 

in Sustainable Agriculture. Chapter 8 of September 2017 in Meena, V.S. et al. (eds.), Agriculturally Important Microbes 

for Sustainable Agriculture,. DOI: 10.1007/978-981-10-5343-6_8 

52. Henderson, J., Pattemore, J.A., Porchun, S.C., Hayden, H.L., Van Brunschot, S., Grice, K.R.E., Peterson, R.A., Thomas-

Hall, S.R. and Aitken, E.A.B. (2006). Black Sigatoka disease: new technologies to strengthen eradication strategies in 

Australia. Australas. Plant Pathol. 35, 181–193. 

53. Hu, C., Wei, Y., Huang, Y. and Yi, G. (2013). An efficient protocol for the production of chit42 transgenic Furenzhi 

banana (Musa spp. AA group) resistant to Fusarium oxysporum. In Vitro Cell.Dev.Biol.—Plant (2013) 49:584–592 DOI 

10.1007/s11627-013-9525-9 

54. Huang, Y. H., Wang, R. C., Li, C. H., Zuo, C. W., Wei, Y. R., Zhang, L., & Yi, G. J. (2012). Control of Fusarium wilt in 

banana with Chinese leek. European Journal of Plant Pathology, 134(1), 87–95. doi:10.1007/s10658-012-0024-3. 

55. IICA, (2006). Action Plan for Black Sigatoka Mycosphaerella fijiensis (Morelet).The Inter-American Institute for 

Cooperation on Agriculture (IICA).ISSN-0534-5391 CaRC/LC-06-004. 

56. IITA. (2018). Plant pathology office-Arusha. Report. 

57. IITA. (2016). Plant pathology office-Arusha. May 2016 Report. 

58. Jackson, G. (2014). Fusarium wilt of banana Fusarium oxysporum f.sp. cubense. Africa soil health consortium. 

Plantwise. www.cabi.org 

59. Janvier, C., F. Villeneuve, C. Alabouvette, V. Edel-Hermann, T. Mateille, and C. Steinberg. (2007). Soil health through 

soil disease suppression: Which strategy from descriptors to indicators? Soil Biol. Biochem. 39:1–23. 

60. Jaroszuk-Scisel, J., E. Kurek, K. Winiarczyk, A. Baturo, and A. Lukanowski. (2008). Colonization of root tissues and 

protection against Fusarium wilt of rye (Secale 33 cereale) by nonpathogenic rhizosphere strains of Fusarium culmorum. 

Biological Control 45:297-307. 

61. Jeger, M. J., Eden-Green, S., Thresh, J. M., Johanson, A., Waller, J. M. and Browne, A. E. (1995). Banana diseases. In 

'Bananas and Plantains'. (Ed. S Gowen) pp. 337-343. (Chapman and Hall: London). 

62. Jimenez, M., Van der Veken, L., Neirynck, H., Rodríguez, H., Ruiz, O., & Swennen, R. (2007). Organic banana 

production in Ecuador: Its implications on black Sigatoka development and plant–soil nutritional status. Renewable 

Agriculture and Food Systems, 22(04), 297–306. doi:10.1017/s1742170507001895. 

63. Jogo, W., Karamura, E., Kubiriba, J., Tinzaara, W., Rietveld, A., Onyango, M. and Odongo, M. (2011). Farmers’ 

awareness and application of banana Xanthomonas wilt control options: The case of Uganda and Kenya. Journal of 

Development and Agricultural Economics Vol. 3(11), pp. 561-571. 

64. Jones, D. and Alcorn, J. (1982). Freckle and Black Sigatoka Diseases of Banana in Far North Queensland. Australasian 

Plant Pathology, 11(1), 7. doi:10.1071/app9820007. 

65. Jones, D. R. (1991). Banana Quarantine in Australia. In: banana disease in Asia and the Pacific Proc. Of a Reg. Tech. 

Meeting on diseases affecting Banana and Plantain in Asia and the Pacific, Brisbane, Australia, 15 – 18 April 1991 (Ed) 

Valmayor, R.V. pp. 133–143 

66. Jones, D.R. (ed.) (2000a). Diseases of Banana, Abacá and Enset. CABI Publishing. Wallingford, Oxon, UK. 544pp. 

67. Jones, D.R., Pasberg-Gauhl, C., Gauhl, F. and Fouré, E. (2000). Black leaf streak: symptoms. In: Diseases of Banana, 

Abacá and Enset (Jones, D.R., ed.), pp. 44–48. New York: CABI Publishing. 

68. Kablan, L., Lagauche, A., Delvaux, B. and Legrève, A. (2012). Silicon reduces black sigatoka development in banana. 

Plant Dis 96(2):273–278. 

69. Kagezi, G. H., Kangire, A., Tushemereirwe, W., Bagamba, F., Kikulwe, E., Muhanji, J., Gold, C. S., and Ragama, P. 

(2006). Banana Bacterial wilt incidence in Uganda. Afr. Crop Sci. J. 14:83-91. 

https://doi.org/10.47191/ijcsrr/V4-i10-11
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1289  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

70. Kalyebara, M. R., Ragama, P., Kagezi, G. H., Kubiriba, J., Bagamba, F., Nankinga, C. and Tushemereirwe, W. K. 

(2006). Economic importance of the banana Xanthomonaswilt in Uganda. African Crop Science Journal, 14: 93-104 

71. Kangire, A., Rutherford, M. A. and Gold, C. S. (2001a). Distribution of Fusarium wilt and the populations of Fusarium 

oxysporum f.sp. cubense on bananas in Uganda. In: Molina AB, Masdek NH, Liew KW (eds) Banana Fusarium wilt 

management: towards sustainable cultivation. INIBAP-ASPNET Press, Los Banos, pp 152–161. 

72. Karamura, E., Tinzaara, W., Kikulwe, E., Ochola, D., Ocimati, W. and Karamura, D. (2016). Introduced Banana Hybrids 

in Africa: Seed Systems, Farmers’ Experiences and Consumers’ Perspectives. Acta horticulturae·  

DOI: 10.17660/ActaHortic.2016.1114.33 

73. Karamura, E., Turyagyenda, F., Tinzaara, W. (2008). “Xanthomonas Wilt of Bananas in East and Central Africa: 

Diagnostic and Management Guide,” Tech. Rep., Bioversity International, Rome, Italy. 

74. Karangwa, P., Blomme, G., Beed, F., Niyongere, C., & Viljoen, A. (2016). The distribution and incidence of banana 

Fusarium wilt in subsistence farming systems in east and central Africa. Crop Protection, 84, 132–140. 

doi:10.1016/j.cropro.2016.03.003. 

75. Katafiire, M., E. Adipala, B. Lemaga, M. Olanya, and R. El-bedewy. (2005). Management of bacterial wilt of potato 

using one-season rotation crops in southwestern Uganda, p. 197–204. In C. Allen, P. Prior and A.C. Hayward (ed.), 

Bacterial Wilt Disease and the Ralstonia solanacearum Species Complex. American Phytopathological Society Press, St. 

Paul, MN. 

76. Kidane, E. G. (2008). Management of Fusarium Wilt Diseases Using Non-Pathogenic Fusarium oxysporum and Silicon. 

Thesis submitted in fulfillment of the requirements for the degree of Doctor of Philosophy in the Discipline of Plant 

Pathology School of Agricultural Sciences and Agribusiness University of KwaZulu-Natal Pietermaritzburg, South 

Africa.   

77. Kilimo Trust. (2012). Analysis of the Banana Value Chains in Tanzania and Uganda. Consumption, Productivity and 

Challenges. VCA report in improving the banana value chain in the EAC Region.   

78. Kimunye, J. N., Were, E., Mussa, F., Jomanga, K., Viljoen, A., Swennen, R., Muthoni, F. and Mahuku, G. (2018). 

Distribution and severity of Pseudocercospora species causing Sigatoka leaf spots of banana in Uganda and Tanzania. 

(Unpublished) 

79. Kubiriba, J., Bagamba, F., Rockfeller, E. and Tushemereirwe, W.K. (2012). The changing spread dynamics of banana 

Xanthomonas wilt (BXW) in Uganda. Uganda Journal of Agricultural Sciences, 2012, 13 (1): 53-60. 

80. Kubiriba, J., Karamura, E.B., Jogo, W., Tushemereirwe, W.K. and Tinzaara, W. (2012). Community mobilization: a key 

to effective control of banana Xanthomonas wilt. J. Dev. Agric. Econ. 4, 125–131. 

81. Kurle, J.E., C.R. Grau, E.S. Oplinger, and A. Mengistu. (2001). Tillage, crop sequence and cultivar effects on Sclerotinia 

stem rot incidence and yield in soybean. Agron. J. 93:973–982. 

82. Li, L. F., Wang, H. Y., Zhang, C., Wang, X. F., Shi, F. X., Chen, W. N., & Ge, X. J. (2013). Origins and domestication 

of cultivated banana inferred from chloroplast and nuclear genes. PLoS ONE, 8(11). 

https://doi.org/10.1371/journal.pone.0080502 

83. Lian, J., Wang, Z. F., Cao, L. X., Tan, H. M., Inderbitzin, P., Jiang, Z. D., And Zhou, S. N. (2009). Artificial inoculation 

of banana tissue culture plantlets with indigenous endophytes originally derived from native banana plants. Biol. Control. 

51:427–434. 

84. Lopez, K. (2011). Transgenic banana for Africa. r4dreview.iita.org/index.php/tag/bxw. 

85. Maciel Cordeiro, Z.J. and Pires de Matos, A. (2003). Impact of Mycosphaerella spp. in Brazil. In: Mycosphaerella Leaf 

Spot Diseases of Bananas: Present Status and Outlook. Proceedings of the Workshop on Mycosphaerella Leaf Spot 

Diseases, San José, Costa Rica, 20–23 May 2002 (Jacome, L., Lepoivre, P., Marin, D., Ortiz, R., Romero, R. and 

Escalant, J.V., eds), pp. 91–97. Montpellier: The International Network for the Improvement of Banana and Plantain. 

86. MAFC. (2009). National Rice Development Strategy. Dar es Salaam. Ministry of Agriculture, Food Secutiry and 

Cooperative. 

87. Marín, D. H., and Romero, R. A. (1992). El combate de la Sigatoka negra. Boletín No. 4, Departamento de 

Investigaciones, Corporación Bananera Nacional, Costa Rica. (English abstract) 

https://doi.org/10.47191/ijcsrr/V4-i10-11
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1290  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

88. Marín, D. H., Romero, R. A., Guzmán, M. and Sutton, T. B. (2003). Black sigatoka. An increasing threat to banana 

cultivation. The American Phytopathological Society. Plant Disease / Vol. 87 No. 3. 

89. Mbwana, A.S.S. & Rukazambuga, N.D.T.M. (1998). Banana IPM in Tanzania. In E.A. Frison, C.S. Gold, E.B. Karamura 

& A.R. Sikora, eds. Mobilising IPM for sustainable banana production in Africa, pp.237-245. Proceedings of the 

workshop on banana IPM, held in Nelspruit, South Africa, 23-28 November 1998. Montpellier, France, INIBAP. 

90. McCampbella, M., Schuta, M., Van den Bergh, I., Van Schagend, B., Vanlauwee, B., Blomme, G., Gaidashova, S., 

Njukwe, E., Leeuwis, C. (2018). Xanthomonas Wilt of Banana (BXW) in Central Africa: Opportunities, challenges, and 

pathways for citizen science and ICT-based control and prevention strategies. Wageningen Journal of Life Sciences 

(2018), https://doi.org/10.1016/j.njas.2018.03.002 

91. Meena, S. K. (2017). Optimization of Fungicidal Spray Schedule for the Management of Sigatoka Leaf Spot Disease of 

Banana caused by Mycosphaerella musicola L., Cv. Grand Naine. A Dissertation Submitted to the Vasantrao Naik 

Marathwada Krishi Vidyapeeth, Parbhani in partial fulfilment of the requirements for the award of the degree of Master 

of Science (Agriculture) in Plant Pathology.    

92. Mgenzi, B., Mkulila, S. & Mohamed, R. (2007). Report on Banana BXW Surveillance in Kagera region. Bukoba, 

Tanzania, ARI Maruku. 

93. Mgenzi, S. R. B., Eden-Green, S. J and Peacock, J. (2006). Overview of banana Xanthomonas wilt in Tanzania. In: G. 

Saddler, J. Elphinstone, and J. Smith, (eds) Abstract Book of the 4th International Bacterial Wilt Symposium, 17- 20 July 

2006. Central Science Laboratory, York, UK, pp 107. 

94. Mohammed, A. M., AL-Ani, L. K. T., Bekbayeva, L. and Salleh, B. (2011). Biological Control of Fusarium oxysporum 

f. sp. cubense by Pseudomonas fluorescens and BABA in vitro. World Applied Sciences Journal 15 (2): 189-191, 2011 

ISSN 1818-4952.   

95. Moore, N. Y.  Bentley, S. Pegg, K. G. and Jones D. R. (1995). FUSARIUM WILT OF BANANA Musa Disease Fact 

Sheet No 5 International Network for the Improvement of Banana and Plantain, Parc Scientifique Agropolis, 34397 

Montpellier, Cedex 5, FRANCE  

96. Moore, N., Pegg, K. G., Buddenhagen, I. W., and Bentley, S. (2001). Fusarium wilt of banana: A diverse clonal pathogen 

of a domesticated clonal host. Pages 212-224 in: Fusarium: Paul E. Nelson Memorial Symposium. B. A. Summerell, J. F. 

Leslie, D. Backhouse, W. L. Bryden, and L. Burgess, eds. The American Phytopathological Society, St. Paul, MN. 

97. Moore, N.Y., Pegg, K.G., Smith, L.J., Langdon, P.W., Bentley, S. and Smith M.K. (2001). Fusarium wilt of banana in 

Australia. pp.64-75. In: A.B. Molina, N.H. Nik Masdek and K.W. Liew (eds.), Banana Fusarium Wilt Management: 

Towards Sustainable Cultivation. Proceedings of the International Workshop on the Banana Fusarium Wilt Disease held 

in Genting Highlands Resort, Malaysia, 18-20 October 1999. INIBAP, Los Baños, Laguna, Philippines. 

98. Moore, N.Y., Pegg, K.G., Smith, LJ., Langdon, P.W., Bentley, S., and Smith, M.K. (1999b). Fusarium wilt of banana in 

Australia. In: Molina, A.B., Masdek, N.H.N., and Liew, K.W. (Eds), Banana Fusarium wilt management: Towards 

sustainable cultivation. Proceedings of the International Workshop on banana Fusarium wilt disease, Genting Highlands 

Resort, Malaysia, pp. 64-75. 

99. Mourichon, X., Carlier, J. and Fouré, E. (1997). SIGATOKA LEAF SPOT DISEASES. Black leaf streak disease (black 

Sigatoka) Sigatoka disease (yellow Sigatoka). in collaboration with the PROMUSA Sigatoka Working Group 1 (October 

1997). 

100. Muchuruza, Y. P. and Melchior, H. R. (2013). The Effects of Banana Xanthomonas Wilt (Bxw) on Food Security and the 

People's Livelihood:  The Case of Nshamba and Rubale Divisions in Kagera Region, Tanzania. KADETFU, CDI, 

September, 2013 

101. Mudonyi, B., Tusiime, G., Ssekiwoko, F., Tushemereiwe, W. K. and Changa, C. M. (2018). Banana field resistance to 

insect-vector transmission of bacterial wilt caused by Xanthomonas campestris pv. musacearum. African journal of 

agricultural research. DOI: 10.5897/AJAR. 

102. Nabi, S. and Chodhary, D. K. (2015). Breeding for disease resistance. Agrobios Newsletter, Nov 2015. Vol. XIV (06) 83-

84. 

https://doi.org/10.47191/ijcsrr/V4-i10-11
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/
http://www.ijcsrr.org/


International Journal of Current Science Research and Review 

ISSN: 2581-8341   

Volume 04 Issue 10 October 2021  

DOI: 10.47191/ijcsrr/V4-i10-11, Impact Factor: 5.825  

IJCSRR @ 2021  

 

www.ijcsrr.org 

 

1291  *Corresponding Author: Shija Shilunga Lucas                                   Volume 04 Issue 10 October 2021 

Available at: ijcsrr.org                                                                                 

Page No.-1276-1295 

103. Nabuuma, D., Ekesa, B. and Kennedy, G. (2018). Dietary Diversity among Smallholder Households in Bukoba District, 

Tanzania and Kiboga District, Uganda. Afr. J. Food Agric. Nutr. Dev. 2018; 18(1): 13110-13128 DOI: 

10.18697/ajfand.81.17110. 

104. Nadarajah, H., Sreeramanan, S., & Zakaria, L. (2016). Effects of genotype and intercropping with Chinese chives 

(Allium tuberosum) on Fusarium wilt tropical race 4 in banana. Acta Horticulturae, (1114), 153–160. 

doi:10.17660/actahortic.2016.1114.22. 

105. Nakakawa, J., Mugisha, J. Y. T., Shaw, M. W., Tinzaara, W. and Karamura, E. (2017).Banana Xanthomonas Wilt infecti

on: the role of debudding and roguing as control options within a mixed cultivar plantation. International Journal of Math

ematics and Mathematical Science, 2017. 4865015. ISSN 1687­0425  

doi: https://doi.org/10.1155/2017/4865015 Available at  http://centaur.reading.ac.uk/74412/  

106. Nakato, V., Mahuku, G. and Coutinho, T. (2016). Xanthomonas campestris pv. musacearum: a major constraint  to 

banana, plantain and enset production in Central and East Africa over the past decade.  doi: 10.1111/mpp.1257. 

107. Nel, B. (2004). Management of Fusarium wilt of banana by means of biological and chemical control and induced 

resistance. Thesis Submitted in partial fulfillment of the requirements for the degree of Magister Scientiae ln the Faculty 

of Natural and Agricultural Science University of Pretoria. 

108. Nelson, S. C., Ploetz, R. C. & Kepler, A. K. (2006). Musa Species (banana and plantain). Species for Pacific Island 

Agroforestry. August (ver.2.2). Available at www.traditionaltree.org (accessed 17th October 2018. 

109. Nkuba, J. M., Mgenzi, S. R. B.  Ishika, M. and Mushongi, C. (2003). Evaluating the marketing opportunities for banana 

and its products in the principle banana growing countries of ASARECA. Case study of Tanzania. Bukoba, Tanzania: 

Maruku Agricultural Research and Development Institute. 

110. Nkuba, J.; Tinzaara, W.; Night, G.; Niko, N.; Jogo, W.; Ndyetabula, I.; Mukandala, L.; Ndayihazamaso, P.; Niyongere, 

C.; Gaidashova, S.; Rwomushana, I.; Opio, F.; Karamura, E. (2015). Adverse impact of Banana Xanthomonas Wilt on 

farmers’ livelihoods in Eastern and Central Africa. African Journal of Plant Science 9(7) p. 279-286 ISSN: 1996-0824. 

111. Novak, F.J., (1992). Musa (bananas and plantains). In: Hammerschlag, F.A., Litz, R.E. (Eds.), Biotechnology of 

Perennial Fruit Crop. CAB International, pp. 449–487. 

112. O’Donnell, K., Kistler, H. C., Cigelnik, E., & Ploetz, R. C. (1998). Multiple evolutionary origins of the fungus causing 

Panama disease of banana: Concordant evidence from nuclear and mitochondrial gene genealogies. Proceedings of the 

National Academy of Sciences, 95(5), 2044–2049. doi:10.1073/pnas.95.5.2044. 

113. Ochola, D., Jogo, W., Odongo, M., Tinzaara, W., Onyango, M., Karamura, E. (2014). Household dynamics influencing 

effective eradication of Xanthomonas wilt in smallholder banana systems in Ugunja Division – Kenya. Afr. J. Agric. Res. 

9(26):2031-2040. 

114. Ochola, D., Jogo, W., Tinzaara, W., Odongo, M., Onyango, M., and Karamura, E. (2015). Farmer field school and 

banana xanthomonas wilt management: A study of banana farmers in four villages in Siaya County, Kenya. Journal of 

Agricultural Extension and Rural Development, 7(12), 311-321. 

115. Okurut, W., W. K., Tushemereirwe, V. Aritua and Ragama. (2006). Use of herbicides for control of banana bacterial wilt 

in Uganda. African Crop Science Journal, 14:143-150. 
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APPENDIX 

                
Plates 1, 2 and 3: External symptoms of Fusarium wilt on Mchare (left-Arusha), Kisukari Ndizii (between-Mbeya) and to the 

right internal symptom of Fusarium wilt in pseudostem. Source: IITA-Plant pathology Arusha office, May 2016 report. 

                           
Plate 4, 5 and 6: Symptoms of Banana Xanthomonas wilt disease 

(Source: https://www.google.com/search?q=banana+xanthomonas+wilt%2Bimage) 

  
Plate 7 and 8: Symptoms of Black sigatoka disease on Mchare and Williams respectively (Jomanga and Lucas, field visit Hort 

Tengeru (Plate 7) and Mbeya (Plate 8) 
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