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Abstract Banana bunchy top disease, caused by Banana bunchy top 

virus (BBTV), is a serious disease that affects the productivity of bananas 

globally. It is responsible for the current reduction of banana production 

in Malawi, and there are ongoing efforts to resuscitate the local banana 

industry. Foliar disease scoring and aphid population counts were 

recorded in 130 randomly sampled farmer’s fields across the country 

between 2020 and 2021 during a national survey. A total of 660 banana 

leaf samples were collected, and their total genomic DNA was extracted 

and amplified by polymerase chain reaction (PCR) using two gene-

specific primers. The foliar disease incidences and severities varied across 

districts and variety types (p<0001). Disease foliar incidence was highest 

in Nkhata Bay district (93.33%) and lowest in Kasungu (0%). Molecular 

detection confirmed the distribution of the disease in all the sampled 

districts, including Chitipa, which has long been regarded as free from the 

disease and the sole source of clean planting materials for the country. 

Aphid populations were generally low with Karonga district having 

highest infestation score of 3 per field. The presence of the disease in 

Chitipa and subsequent increase in disease epidemiology pose serious 

threat to banana seed system and consequently food security in Malawi. 

Keywords: Banana bunchy top virus; disease surveillance; 

epidemiology; incidence; severity. 
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1. Introduction 

Banana (Musa spp.) is a major food and cash crop 

all over the world (Martínez-Solórzano & Rey-

Brina, 2021). Banana cultivation is a significant 

socio-economic activity practiced on small farms in 

at least 80 countries (FAO, 2018). In Malawi, 

banana is predominantly grown by small-scale 

farmers both as a source of income and as a food 

security crop. Production of banana fruits for sale in 

local markets is among the few agricultural 

activities that provide households, especially in 

rural areas, with regular income throughout the year 

(Mshani et al., 2010). Unfortunately, Malawi has 

lately lost 30,000 hectares of banana crop stand 

representing a 90% percent loss due to poor 

agricultural practices, diseases and a lack of access 

to clean planting materials (Mikwamba et al., 2020). 

One of the most significant banana diseases is 

banana bunchy top disease (BBTD) (Blomme et al., 

2013; Qazi, 2016; Sumi et al., 2022). The disease is 

caused by the banana bunchy top virus (BBTV), 

genus Babuvirus, family Nanoviridae, a multipartite 

circular single-stranded DNA virus (Qazi, 2016; 

Sumi et al., 2022). 

BBTD symptoms include the development of morse 

code streaking of variable length in the leaf veins, 

midribs, and petioles, as well as progressive 

dwarfing of leaves and the development of marginal 

leaf chlorosis, upright and crowded leaves at the 

plant's apex, hence the name bunchy top disease. 

Plants infected early in their growth are unable to 

produce bunches, whereas those infected later in 

their growth produce bunches that are frequently of 

poor quality (Elayabalan et al., 2015; Kumar et al., 

2011). The disease spreads into new fields primarily 

through infected suckers and within fields by the 

banana aphid, Pentalonia nigronervosa (Allen, 

1978; Magee, 1927). 

The disease was first discovered in the Fiji Islands 

in 1889 and has quickly spread throughout Asia, 

Africa, Australia, and the South Pacific covering 

more than 33 countries (Blomme et al., 2013; 

Kumar et al., 2011). In Africa, BBTD was first 

reported in 1901 in Egypt and has now been 

reported in 16 countries, including Angola, Bénin, 

Burundi, Cameroon, Gabon, the Central African 

Republic, the Democratic Republic of Congo, 

Equatorial Guinea, Nigeria, Rwanda, Zambia and 

just recently in Uganda, Tanzania, and Malawi 

(Jooste et al., 2016; Kumar et al., 2011; Oben et al., 

2009; Ocimati et al., 2021; Qazi, 2016; Shimwela et 

al., 2022; Tongo Mukwa et al., 2014). In Malawi, 

the disease was first observed in 1994 around the 

Thiwi area in Nkhotakota district, but confirmed 

officially in 1997 (Kenyon et al., 1997). It has since 

spread all over the country in major banana 

producing areas except Chitipa district in the 

northern part of Malawi (Soko, personal 

communication). 
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Figure 1: Banana plants with symptoms of BBTD. The picture was captured in Lufita and Mwamkumbwa 

Extension Planning Areas (EPAs) in Chitipa district in 2021. 

The spread of BBTD has negatively impacted the 

livelihoods of farm-dependent households in sub-

Saharan Africa (SSA) (Blomme et al., 2013; 

Niyongere et al., 2012, 2013). For instance, banana 

production in Benin had dropped by 13% between 

2013 and 2016 since BBTD was detected in 2012 

(Géoffroy Dato et al., 2021). This alone poses a 

substantial threat to sustainable banana production 

in Africa, with a significant risk of destabilising 

food security and household income (Blomme et 

al., 2013). In Malawi, BBTD has not only caused a 

significant reduction in crop production levels but 

has also resulted in the loss of locally preferred 

germplasm. This is manifested by the significant 

variation in prevalence and distribution of banana 

varieties in most growing districts and areas of the 

country. To address the BBTD problem and 

subsequently restore banana production in the 

country, several initiatives have been carried out, 

including the distribution of clean planting 

materials. However, no formal study has ever been 

conducted to assess the impact of the clean planting 

materials distribution initiatives as a solution to 

curbing BBTV in Malawi. This study was therefore 

conducted to (i) assess the phytosanitary status and 

field performance of the distributed clean banana 

planting materials in Malawi and (ii) establish a 

molecular epidemiology of BBTV in all the major 

banana growing areas. 

2. Materials and Methods 

2.1 Survey area, sampling protocol and data 

collection 

Surveys were conducted in 2020 in eleven 

administrative districts that represent the most 

important banana-growing areas of the country, 

viz; Salima, Nkhotakota, Nkhata Bay, Thyolo, 

Mulanje, Chiradzulu, Karonga, Chitipa, Mzimba 

North, Mzimba South, and Kasungu (in this 

manuscript, Mzimba was recorded as two 

administrative districts [North and South] as per 

Malawi’s Ministry of Agriculture’s Administrative 

Plan). In each district, 15 fields were targeted with 

four leaf samples collected from each field for 

laboratory virus assays.  The samples were 

collected by cutting the top fresh leaf rolls from two 

symptomatic and two non-symptomatic plants in 

each field. In fields with no visually symptomatic 

plants, all four samples were collected from four 
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non-symptomatic plants.  All the samples were 

wrapped in soft paper and stored in plastic bags 

containing silica gel. A total of 130 banana fields 

were surveyed and 660 symptomatic and 

asymptomatic leaf samples were collected for virus 

analysis in the laboratory. 

BBTD foliar incidence was recorded as the 

percentage of symptomatic plants among 30 

assessed plants per field. A mat that contained at-

least one plant with clear and visible BBTD 

symptoms was regarded as infected. Severity was 

assessed using a scale of 1 to 5, where 1 = no BBTD 

symptoms; 2 = dark green streaks on the leaf veins, 

leaf midribs and petioles; 3 = marginal leaf 

chlorosis; 4 = dwarfing of leaves; and 5 = “bunchy 

top” an aspect of the plant showing upright, 

crowded, and brittle leaves.  Aphid populations 

were also assessed using a scale of 1 to 5, where 1 

= no aphid; 2 = a simple colony (no winged 

individuals); 3 = a large colony with one or more 

winged individuals; 4 = several colonies with 

winged individuals; 5 = generalised colonies at the 

level of the leaves and the pseudo stem of a banana 

plant with numerous winged individuals. The study 

adopted BBTD field data collection protocols 

developed by (Kumar et al., 2011).   

2.2 In-district 2021 survey for Chitipa district 

Chitipa district was the only district in Malawi with 

no reported cases of the disease until 2020 

(Mikwamba et al., 2020). Molecular detection of 

the presence of BBTD in the district raised an alarm 

about the expanding presence of the disease in 

Malawi. The district had long been considered a 

BBTD-free district, from which, presumably, clean 

planting materials were being sourced 

countrywide. This prompted a second survey 

focusing solely on the district to understand the 

disease distribution and establish the actual disease 

hotspots. As such, a supplementary and detailed 

survey was conducted in the district in 2021 

following the same procedures as described in this 

study. A total of 180 leaf samples were collected 

from six agricultural Extension Planning Areas 

(EPAs) (Lufita, Kavukuku, Chisenga, Misuku, 

Kameme, and Mwamkumbwa) representing all 

agricultural, geographical, and administrative areas 

of the district. 

2.3 Data coding and analysis 

Among the sampled banana varieties, var. Zambia, 

which was used as a reference for comparing other 

varieties, was the most sampled with up to 157 

samples, followed by other common banana 

varieties that were found in almost all the sampled 

districts. During analysis, it was observed that 

some banana varieties were not common, sampled 

once or twice andarea-specific (cultivated in only 

one of the sampled districts). Those varieties that 

were not common and area specific were 

categorized as “minor local”, including: Chiteze, 

Ghana, Kalashya, Kamunowa, Kampeni, Ndyali, 

Ndoki, Wowolyo, Makumbuka, and Kamtumbiseni. 

A generalized linear model fitting the quasi-

binomial family was done on the transformed 

banana bunchy top disease scores and foliar 

incidence percentage using R Statistical Package 

(V4.02).  BBTD scores were transformed using 

min-max scaling (normalization) (Patro and Sahu 

2015), as detailed in the equation [1]; 

 

Transformed BBTD - Score = 
(𝐵𝐵𝑇𝐷 𝑠𝑐𝑜𝑟𝑒 − 1)

4
     

      …[1] 

 

BBTD incidence percentage transformation 

involved dividing each BBTD incidence 

percentage by 100, as detailed in the equation [2]. 

 

Transformed BBTD incidence = 
(𝐵𝐵𝑇𝐷 − 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒)

100
       

      

….[2] 

The model residuals were standardised in order to 

test for possible outliers and influential cases and 

were assessed using Cook’s distance and hat values 

(leverage) which showed that there was no major 

influence on the biasness of the model. A 

significant estimate (coefficient) of logistic 
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regression, its associated probability, and R2 

measure of the model are presented. 

2.4 Molecular detection of viruses 

2.4.1 Total DNA extraction from leaf samples 

The total DNA was isolated using the CTAB 

protocol (Hyder et al. 2007). Prior to extraction, 

200 mg of the collected samples were weighed 

using a sensitive balance (Weinmann Technology, 

GMBH, Bulgaria). The weighed samples were 

manually pulverized in 750 µl of CTAB extraction 

buffer [2% (w/v) CTAB, 1.4 M NaCl, 20nM 

EDTA, 100 mM Tris-HCl pH = 8.0, and 0.2% (v/v) 

2-mercaptoethanol] using mortar and pestles and 

incubated in 60ºC water bath for 30 minutes. Then, 

750 µl of phenol: chloroform: isoamyl alcohol 

(25:24:1) was added and mixed gently. The 

contents were centrifuged for 10 mins at 13,000 

rpm and 500 µl of the supernatant was transferred 

into new 1.5 ml Eppendorf tube. A sample of 300 

µl of ice-cold isopropanol was added and the 

contents were incubated at -20ºC for 2 hours. 

Samples were then centrifuged at 13,000 rpm for 

10 minutes at 4ºC to pellet the nucleic acids. The 

supernatant was discarded and the pellet was 

washed with 500 µl of 70% ethanol by vortexing 

and centrifuging for 5 minutes at 13,000 rpm. 

Thereafter, the ethanol was discarded and the 

pellets were dissolved in 50 µl of molecular grade 

water and stored at -20ºC. The quality of the 

extracted DNA was checked using a Nanodrop 

spectrophotometer (Weinmann Technology, 

GMBH, Bulgaria).   

2.4.2 Amplification of viruses using polymerase 

chain reaction 

All DNA samples were tested for BBTV using 

specific primers that amplify the nuclear shuttle 

protein (NSP) genes of the virus. The primers, NSP 

F1 (5`CCTCGCAAGGTACTTCTTAG 3`) and 

NSP R1 (5`CCATGTCTCTGCTCCAATCT 3`), 

amplifies a product of 237 bp (Kumar et al., 2011; 

Mansoor et al., 2005; Oben et al., 2009). Reactions 

were performed in a final volume of 32 µl [2 µl of 

DNA template, 2.0 µl of 10X PCR buffer (10 mM 

Tris-HCl, 50 mM KCl, 1.5 mM MgCl2), 10 µl of 

10 µM dNTPs, 0.5 µl of respective forward and 

reverse primers, 0.5 µl of Taq DNA polymerase 

(One Taq® DNA Polymerase, New England 

Biolabs) and 16.5 µl of sterilized double distilled 

water]. Amplification was performed using 

conventional PCR system (Prime Thermal Cycler, 

Bilbby Scientific Ltd, UK). The temperature 

profile used in the PCR for NSP gene was as 

follows: an initial denaturation for 3 min at 94 ºC, 

then 35 cycles of: 45 seconds at 94ºC, 45 seconds 

at 50.4ºC, 45 seconds at 72ºC, and then a final 

extension for 10 min at 72ºC.  

2.4.3 Electrophoresis 

Electrophoresis was carried out on agarose (1.5 % 

of w/v) gel at 100 Volt for 45 minutes. The DNA 

samples in the wells were stained using Ethidium 

Bromide and visualized using a Gel 

Documentation system (BioDoc-It™ 210 Imaging 

system, Cambridge, UK) and photographed.   

3. Results  

3.1 Foliar incidence and severity of Banana 

bunchy top virus disease 

3.1.1 Banana bunchy top disease incidence 

percentage across sampled districts 

Nation-wide, the mean BBTD incidence was 

32.73% with Nkhata Bay district showing highest 

disease incidence of 93.33% followed by Mulanje 

(73.33%), Nkhotakota (40.00%) and Karonga 

(33.33%). Mzimba South and Chitipa districts 

recorded zero BBTD incidence (Table 1). Disease 

incidence varied significantly across the sampled 

districts (x2=154, p < 0.001). Nevertheless, disease 

incidence was not significantly different among 

other districts including Chiradzulu, Kasungu, 

Mzimba North, Mzimba South, Salima and Thyolo. 
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Table 1. Severity and incidence of Banana bunchy top disease in Malawi 

 District Mean BBTD 

severity 

BBTD Incidence percentage 

Chiradzulu 2.50 26.67 

Chitipa 1.00 0.00 

Karonga 2.30 33.33 

Kasungu 1.00 0.00 

Mulanje 2.27 73.33 

Mzimba North 2.50 20.00 

Mzimba South 1.00 0.00 

NkhataBay 2.53 93.33 

Nkhotakota 2.43 40.00 

Salima 2.13 26.67 

Thyolo 2.40 46.67 

Mean 2.38 32.73 

 

Although the BBTD scores were moderate (Table 

1), a highest score of 5 was observed in one field in 

Mpata EPA, Bwiba section in Karonga district. 

 

 

 

 

 

 

3.1.2 Banana bunchy top disease severity scores 

among sampled districts 

There were significant variations (x2 =134.66, p < 

0.001), in banana bunchy top severity score among 

the districts (Table 1). Results show that Nkhata 

Bay, Nkhotakota and Mulanje districts recorded the 

highest BBTD-score followed by Karonga and 

Thyolo (Table 1, Figures 2 and 3). There was no 

significant difference in BBTD-score among the 

other districts (p<0.001).  
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Figure 2: National distribution of BBTD in Malawi based on field disease scores. 

 

 

Figure 3. Spatial distribution of Banana bunchy top disease in specific Agricultural Development Divisions 

in Malawi. 
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3.1.3 Status of banana bunchy top disease 

among the sampled banana varieties 

BBTD-severity scores among the sampled varieties 

were significantly different (x2 = 146.36, p <0.001. 

It was observed that variety Sabowa had the highest 

symptomatic mean score of 3.0 with disease foliar 

incidence of 100%. Varieties Ndayima, Nzeru, 

Zanzibar, Mulanje and Zanda had symptomatic 

mean scores of 3.0, 2.40, 2.76, 2.50, 2.74 with 

foliar incidence of 50%, 45.45%, 36.36%, 26.47%, 

26.39%, respectively. BBTD scores in the other 

remaining varieties were not significantly different 

(p > 0.05) from the reference (Zambia). Within 

each sampled district and for all the districts, there 

was no significant variation in BBTD severity 

scores. 

 

3.1.4 Correlation between altitudes and disease 

scores 

A nonparametric Kendall’s tau statistic correlation 

analysis showed that there was a significant 

negative correlation (τ = - 0.20, p < 0.001) between 

district-wide altitudes and BBTD score. This 

means that as the altitude increased the BBTD 

score decreased. The data showed that it is highly 

likely to find more BBTV free (clean) bananas on 

high altitude areas than in lower altitude areas. 

3.2 Aphid colonisation 

The banana aphid, Pentalonia nigronervosa 

(Hemiptera: Aphididae) populations were rarely 

observed in most fields. However, in the few fields 

where aphids were found, they were present in 

large numbers with an average score rating of 3, 

which is a large colony with one or two winged 

individuals (Figure 4). 

 

Figure 4. Aphid colonisation in Banana plants observed in a field in Nkhotakota district. 
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3.3 Molecular detection of Banana bunchy top 

viruses  

BBTV was detected using molecular analyses in all 

the sampled districts (Table 3). Nkhata Bay had the 

highest detection rate of 85% while Salima and 

Nkhotakota had the lowest (46.67% each). From 

the molecular analysis, it was observed that BBTV 

was also detected in non-symptomatic samples 

from nine out of eleven sampled districts. 

 

Figure 5: PCR Amplification of Banana bunchy top viruses in Malawi. Lane M is 100 Kbp DNA size 

molecular marker (Promega, Madison, USA) while Lane P is positive control. 

3.4 In-district 2021 BBTD Survey of Chitipa 

district  

3.4.1 Detection of BBTV in Chitipa district 

From a total of 180 leaf samples that were collected 

in Chitipa, 52 samples tested positive to BBTV 

representing 28.89%. BBTV was detected in most 

samples (73.33%) that were collected from 

Chisenga EPA, while Misuku and Kameme were 

the least detected (6.67% for each). 

3.4.2 Virus detection among different banana 

cultivars in Chitipa 

The study revealed that vars. Zambia, Harare, and 

William were among the most sampled and most 

cultivated banana cultivars in Chitipa. BBTV was 

detected in all of these varieties (Table 5). Despite 

being among the predominant banana varieties 

Kambani, a local variety was among the least 

infected varieties with only 1 sample testing 

positive out of 22 tested samples, representing 4.55 

%. 

 

 

4. Discussion 

The survey has reported an expanding epidemic of 

BBTD in Malawi. From earlier disease surveys, 

BBTD was reported in Malawi throughout all the 

banana growing districts except for Thyolo, 

Mulanje, Karonga and Chitipa districts (Kumar et 

al., 2011). Later it was reported that the disease had 

expanded to Mulanje, Thyolo and Karonga but not 

to Chitipa (Mikwamba et al., 2020). However, this 

study has documented molecular evidence for 

expansion of disease epidemic to the highlands of 

Chitipa for the first time. The study has also shown 

an increase in BBTD incidences and severities with 

Nkhata Bay recording the highest disease 

incidences of up to 93%. This means that BBTD 

has been expanding throughout the country over 

the last few years. This is a very serious occurrence 

as there have been several efforts to control the 

spread of the disease in the country. These results 

were also reported by Mikwamba et al., 2020 who 

documented that while there is so much talk about 

a shift in extension approaches to manage BBTD in 

the country, not much has changed over the years 

to co-innovation amongst actors (farmers, policy 

makers, government extension officers). Thus, 
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such top-down approaches have had limited 

success in the delivery of sustainable BBTD 

management in the country (Mikwamba et al., 

2020).  

The study has shown that there was a significant 

negative correlation between altitude and BBTD 

score. This means that as the altitude increased the 

BBTD score decreased. This is in line with findings 

by Niyongere et al., 2012 who indicated that it is 

very unlikely to find BBTD at altitudes more than 

1300 metres above sea level (masl). This could 

explain why until 2020, there was no reported 

BBTD in Chitipa which lies at more than 1,200 

meters above the sea level. Similarly, this explains 

the observation that within the district, the virus 

was rarely detected in EPAs lying at higher altitude 

such as Misuku which was not the case at lower 

altitudes like Chisenga and Kameme. Although 

populations of aphids were generally low, field 

transmission studies in Burundi have shown that 

aphids are able to acquire and transmit BBTV at 

altitudes as high as 2,090 masl. This means that, 

although not established in this study, the role of 

aphid transmission in Chitipa should not be 

underestimated.  

Detection of viruses in asymptomatic samples is 

not a strange thing in plant virology. Although 

visual assessments are appropriate for many 

routine surveillance applications, PCR-based 

diagnostics are always more accurate where 

detection of early-stage infections or species-level 

determinations is required (Lacroix et al., 2016; 

Rubio et al., 2020; Wang et al., 2022). 

Furthermore, even though the reasons for the 

apparent undiagnosed infections were not 

investigated in this study, it is proposed that the 

most probable reasons are that either the plants 

were under some abiotic stress leading to 

expression of BBTD-like symptoms or that 

sequence variability of infecting BBTV led to 

primers failing to amplify target sequences.  

Going forward, this study recommends sequencing 

of viral isolates for better understanding of the 

biology and molecular epidemiology of BBTVs in 

Malawi. It will be important to study the 

evolutionary relationship of the virus strains [and 

species] associated with disease etiology and the 

host susceptibility of the different varieties found 

within the country. Meanwhile, disease 

surveillance must continue and movement of 

banana suckers between districts should be closely 

monitored and better controlled. 

5. Conclusions 

This comprehensive field and molecular-based 

epidemiological survey has provided up-to-date 

data on the status and distribution of banana 

bunchy top virus disease in Malawi. Importantly, 

we have provided the first molecular evidence of 

the presence of BBTV in Chitipa district, which for 

the past many years has been declared a ‘disease-

free district’. This provides critical insight into 

Malawi’s banana seed industry, as the district has 

for a long time been used as a source of planting 

material. Malawi continues to lose bananas due to 

the deadly BBTD and quick efforts are therefore 

needed urgently to arrest the problem which 

hampers directly on the country’s food and 

livelihood security. 

 

Author Contributions: Conceptualization, W.M, 

A.M and PP; methodology, W.M, A.M, P.P, L.M; 

validation, All; formal analysis, W.M, A.M.; 

investigation, All; resources, PP..; data curation, 

W.M, A.N,; writing—original draft preparation, 

W.M, A.M; writing—review and editing, W.M, 

A.M, G.B; supervision, P.P, L.M, G.B; project 

administration, A.M, P.P; funding acquisition, P.P. 

All authors have read and agreed to the published 

version of the manuscript. 

 

Funding: The work was supported by Malawi 

government through a European Union funded 

program called Kutukula Ulimi m'Malawi 

(KULIMA). 



   Mbewe et al 2023 

 

Page | 11   Advances in Sciences and Arts 

 

 

Data Availability Statement: Data will be made 

available on request by the corresponding author. 

 

Acknowledgments: We immensely thank all 

banana farmers in Malawi for giving us access to 

their fields. The support from Agricultural 

Extension Officers from all visited district is also 

greatly appreciated. 

 

Conflicts of Interest: The authors declare no 

conflict of interest. The funders had no role in the 

design of the study; in the collection, analyses, or 

interpretation of data; in the writing of the 

manuscript, or in the decision to publish the results. 

 

References 

Allen, R. N. (1978). Spread of bunchy top disease 

in established banana plantations. Australian 

Journal of Agricultural Research, 29(6), 

1223–1233. 

https://doi.org/10.1071/AR9781223 

Blomme, G., Ploetz, R., Jones, D., De Langhe, E., 

Price, N., Gold, C., Geering, A., Viljoen, A., 

Karamura, D., Pillay, M., Tinzaara, W., 

Teycheney, P. Y., Lepoint, P., Karamura, E., 

& Buddenhagen, I. (2013). A historical 

overview of the appearance and spread of 

Musa pests and pathogens on the African 

continent: Highlighting the importance of 

clean Musa planting materials and quarantine 

measures. In Annals of Applied Biology (Vol. 

162, Issue 1). 4-26. 

https://doi.org/10.1111/aab.12002 

Elayabalan, S., Subramaniam, S., & Selvarajan, R. 

(2015). Banana bunchy top disease (BBTD) 

symptom expression in banana and strategies 

for transgenic resistance: A review. 55 - 45, 

In Emirates Journal of Food and Agriculture 

(Vol. 27, Issue 1). 

https://doi.org/10.9755/ejfa.v27i1.19197 

Géoffroy Dato, K. M., Dégbègni, M. R., Atchadé, 

M. N., Tachin, M. Z., Hounkonnou, M. N., & 

Omondi, B. A. (2021). Spatial parameters 

associated with the risk of banana bunchy top 

disease in smallholder systems. PLoS ONE, 

16(12 December). 

https://doi.org/10.1371/journal.pone.0260976 

Jooste, A. E. C., Wessels, N., & van der Merwe, 

M. (2016).  First Report of Banana bunchy 

top virus in Banana ( Musa spp.) from South 

Africa . Plant Disease, 100(6). 

https://doi.org/10.1094/pdis-12-15-1422-pdn 

Kenyon, L., Brown, M., & Khonje, P. (1997). 

First report of banana bunchy top virus in 

Malawi. In Plant Disease (Vol. 81, Issue 9). 

https://doi.org/10.1094/PDIS.1997.81.9.1096

A 

Kumar, P. L., Hanna, R., Alabi, O. J., Soko, M. 

M., Oben, T. T., Vangu, G. H. P., & Naidu, 

R. A. (2011). Banana bunchy top virus in 

sub-Saharan Africa: Investigations on virus 

distribution and diversity. Virus Research, 

159(2). 

https://doi.org/10.1016/j.virusres.2011.04.02

1 

Lacroix, C., Renner, K., Cole, E., Seabloom, E. 

W., Borer, E. T., & Malmstrom, C. M. 

(2016). Methodological guidelines for 

accurate detection of viruses in wild plant 

species. Applied and Environmental 

Microbiology, 82(6). 

https://doi.org/10.1128/AEM.03538-15 

Magee, C. J. (1927). Investigation on the bunchy 

top disease of the banana. Bulletin of the 

Council for Scientific and Industrial 

Research (AUS). 

Mansoor, S., Qazi, J., Amin, I., Khatri, A., Khan, 

I. A., Raza, S., Zafar, Y., & Briddon, R. W. 

(2005). A PCR-based method, with internal 

control, for the detection of Banana bunchy 

top virus in Banana. Molecular 

Biotechnology, 30(2). 



   Mbewe et al 2023 

 

Page | 12   Advances in Sciences and Arts 

 

https://doi.org/10.1385/MB:30:2:167 

Martínez-Solórzano, G. E., & Rey-Brina, J. C. 

(2021). Bananas (Musa AAA): Importance, 

production and trade in Covid-19 times. 

Agronomy Mesoamerican, 32(3). 

https://doi.org/10.15517/AM.V32I3.43610 

Mikwamba, K., Dessein, J., & Kambewa, D. 

(2020). Fighting banana bunchy top disease 

in Southern Malawi. The interface of 

knowledge systems and dynamics in a 

development arena. 163-182.  Journal of 

Agricultural Education and Extension, 26(2). 

https://doi.org/10.1080/1389224X.2019.1665

077. 

Mshani, V. E., Ndolo, V., & Banda, D. L. N. 

(2010). Analysis of musa processing 

businesses and their support environment in 

Malawi. Acta Horticulturae, 879. 

https://doi.org/10.17660/ActaHortic.2010.87

9.26 

Niyongere, C., Losenge, T., Ateka, E. M., 

Ntukamazina, N., Ndayiragije, P., Simbare, 

A., Cimpaye, P., Nintije, P., Lepoint, P., & 

Blomme, G. (2013). Understanding banana 

bunchy top disease epidemiology in Burundi 

for an enhanced and integrated management 

approach. Plant Pathology, 62 (3). 562-570. 

https://doi.org/10.1111/j.1365-

3059.2012.02676.x 

Niyongere, C., Losenge, T., Nkezabahizi, D., 

Blomme, G., & Lepoint, P. (2012). 

Occurrence and distribution of banana 

bunchy top disease in the Great Lakes 

Region of Africa. Tree For. Sci. Biotechnol, 

6 (1). 102-107. 

Oben, T. T., Hanna, R., Ngeve, J., Alabi, O. J., 

Naidu, R. A., & Kumar, P. L. (2009).  

Occurrence of Banana Bunchy Top Disease 

Caused by the Banana bunchy top virus on 

Banana and Plantain ( Musa sp.) in 

Cameroon. 1076-1076. Plant Disease, 

93(10). https://doi.org/10.1094/pdis-93-10-

1076c 

Ocimati, W., Tazuba, A. F., Tushemereirwe, W. 

K., Tugume, J., Omondi, B. A., Acema, D., 

Were, E., Onyilo, F., Ssekamate, A. M., 

Namanya, P., Kubiriba, J., Erima, R., Okurut, 

A. W., Kutunga, D., & Blomme, G. (2021). 

First report of banana bunchy top disease 

caused by Banana bunchy top virus in 

Uganda. In New Disease Reports (Vol. 44, 

Issue 2). 1 - 2. 

https://doi.org/10.1002/ndr2.12052 

Patro, S. G. K., & Sahu, K. K. (2015). 

Normalization: A Preprocessing Stage. 

IARJSET. 20-22. 

https://doi.org/10.17148/iarjset.2015.2305 

Poster FAO. (2018). Banana facts. In FAO (Trade 

& Markets). 

Qazi, J. (2016). Banana bunchy top virus and the 

bunchy top disease. In Journal of General 

Plant Pathology (Vol. 82, Issue 1). 2-11. 

https://doi.org/10.1007/s10327-015-0642-7 

Rubio, L., Galipienso, L., & Ferriol, I. (2020). 

Detection of Plant Viruses and Disease 

Management: Relevance of Genetic 

Diversity and Evolution. In Frontiers in 

Plant Science (Vol. 11). 1 - 23. 

https://doi.org/10.3389/fpls.2020.01092 

Shimwela, M. M., Mahuku, G., Mbanzibwa, D. 

R., Mkamilo, G., Mark, D., Mosha, H. I., 

Pallangyyo, B., Fihavango, M., Oresanya, A., 

Ogunsanya, P., & Kumar, P. L. (2022).  First 

Report of Banana Bunchy Top Virus in 

Banana and Plantain ( Musa spp.) in 

Tanzania. Plant Disease, 106 (4). 1322. 

https://doi.org/10.1094/pdis-07-21-1387-pdn 

Sumi, K., Banik, S., & Chakruno, P. (2022). 

Current Status of Banana (Musa Paradisiaca 

L.) Diseases and Their Management. In 

Diseases of Horticultural Crops. 

https://doi.org/10.1201/9781003160397-6 

Tongo Mukwa, L. F., Muengula, M., Zinga, I., 



   Mbewe et al 2023 

 

Page | 13   Advances in Sciences and Arts 

 

Kalonji, A., Iskra-Caruana, M. L., & 

Bragard, C. (2014). Occurrence and 

Distribution of Banana bunchy top virus; 

Related Agro-Ecosystem in South Western, 

Democratic Republic of Congo. American 

Journal of Plant Sciences, 05(05). 647-658. 

doi: 10.4236/ajps.2014.55079.  

Wang, Y. M., Ostendorf, B., Gautam, D., Habili, 

N., & Pagay, V. (2022). Plant Viral Disease 

Detection: From Molecular Diagnosis to 

Optical Sensing Technology—A 

Multidisciplinary Review. In Remote Sensing 

(Vol. 14, Issue 7). 1-24. 

https://doi.org/10.3390/rs14071542 

 

 


