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Abstract 

Bacterial wilt caused by Ralstonia solanacearum (Smith) is a big problem in potato 

industry in Malawi since it reduces productivity, quality and storability of harvested 

tubers. In order to quantify the incidence levels, farmers’ knowledge on identification, 

spread and control of this disease, survey was conducted with 81 respondent farmers and, 

489 tubers randomly collected in eight major markets were subjected to visual 

observation followed by test for latent infection in a laboratory using DAS-ELISA 

method. A structured questionnaire with a few open questions was administered to the 81 

randomly selected farmers from two major potato producing areas. Forty-one farmers 

were from two Extension Planning Areas (EPA) of Ntcheu: Tsangano and Njolomole 

with 28 and 13 farmers respectively. Similarly forty farmers from Dedza came from 

Bembeke EPA and Lobi EPA with 13 and 27 farmers respectively. The questionnaire 

covered issues such as land holding size, cropping systems practiced, sources of seed and 

seed selection system, major potato diseases, knowledge and their sources in bacterial 

wilt identification, spreading, control, varieties grown, cultural practices and their impact 

to bacterial incidences in their fields. Data were analyzed with Excel, Minitab and SPSS 

to have descriptive statistics. Chi-square test, one way ANOVA and General linear model 

analysis were done using Sigma package appropriate for nonparametric data. 

 

Results showed that 100% of the farmers were aware of the occurrences of bacterial wilt 

in their field and how it spreads. However the knowledge to control the disease varied 

between districts with Dedza at an upper hand due to involvement of NGOs and 

extension services following training by CIP. Source of knowledge in Ntcheu district was 

basically from friends rather than technical sector. The incidence levels in tested tubers 

were generally high ranging from 25.3% to 64.0%. There was no significant difference 

between bacterial wilt incidence levels obtained in the two districts. The highest 

incidence of 64.0% recorded in tubers from Mlangeni market of Ntcheu district was 

significantly higher (p< 0.016) those obtained at Kalinyeke (27.1%) and Padipi (25.3%) 

of Dedza. A significantly lower bacterial wilt incidence was recorded with Violet variety 

compared to Roslyn. The incidence level of bacterial wilt was higher than 25% in all 

varieties tested. Violet had the lowest incidences (26.2%). These results confirmed that 
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bacterial wilt is a great problem and threat to the Malawi potato industry. A clean seed 

producing industry needs to be put in place to clean up long released degenerated 

cultivars as well as provide quality seed of new varieties to be released from on-going 

selection process in the country. The country wide farmer education program initiated in 

positive and negative selection has to continue as it showed some positive impact in 

improving productivity in Kenya. 
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CHAPTER ONE - INTRODUCTION 

I.I Background 

Malawi population relies on maize as a staple food crop and tobacco as the cash crop. For the 

past decade, however, the maize production has been going down as a result of several factors. 

Some of which are frequent droughts or drop in rainfall amounts, high cost of fertilizer, 

increasing rate  of nutrient depletion, fluctuating and low selling prices which make farmers 

unable to meet higher cost of production. According to (FEWSNET/MALAWI May-June 2001), 

the production of maize went down by more than 30% in 2001 as compared to 2000, a trend 

which has been there for the last decade. 

The present scenario of maize production1 has dramatically improved. Even though there is no 

published paper at present, however, local newspapers have been reporting that Malawi has been 

producing maize enough for the population up to the point of exporting the surplus to the 

neighboring countries. There are dangers, however, of the situation reverting to food deficit since 

the reasons behind increase in production are not sustainable in the long-run. The celebrated good 

weather might change any time with global climate changes where unexpected change could be 

encountered. The fertilizer subsidy is not there to stay, one time it will stop based on the 

availability of resources or political will. To get prepared then, diversification in both cash and 

food crops has to continue. The government among its policies emphasized on crop 

diversification so as to achieve food security at all levels since farmers will spread the risk. The 

potential food security crops highly talked about among others were tubers like cassava, sweet 

potatoes and potatoes (initially called European potatoes).  

The fast rate of urbanization in Malawi comes with a different type of dish of which potatoes are 

common in the form of French fries. Sometimes potato products are preferred as fast food and 

good snacks. So, the government policies, rate of urbanization and availability of local markets 

have led to high demand for the crop. The potatoes therefore have a potential of reducing the 

food security problems and again improving farmers financial status as it has high local market 

demand. Jayasinghe (2000) reported that the main contributing factor for potatoes to be the best 

                                                 
1 At least for the past three years from 2005. Last year some tons were exported to Zimbambwe 
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alternative to the food insecurities in the developing countries is its ability to adapt in the 

‘marginalized environments’ and its ‘flexibility’ to the mixed farming systems. 

1.1.1 Cultivated areas 

The crop is dominantly grown in 17 districts from all the three regions of the country. However 

Ntcheu, Dedza, Nchinji, Ntchisi in the central region and Neno district from southern region are 

the principle producing areas which constitute about 88% of the total production (Demo et al. 

2007b). It should therefore be known that over 60% of the country’s production comes from 

Ntcheu and Dedza alone. The other potato growing districts are Lilongwe, Dowa, Kasungu from 

the central region, Mwaza, Thyolo, Phalombe, Blantyre, Mangochi, Zomba from the southern 

region and Mzimba, Rumphi, Nkhata Bay from the northern region. 

Despite that potato plays a significant role in food security, the yields are generally low which are 

attributed to poor planting materials; and pest and disease attacks like bacterial wilt, late blight 

and viral diseases just to mention a few.  

1.3 Justification 

The local seed selection system does not ensure clean planting materials. Practically farmers 

select seed which look healthy with naked eyes without any insurance of being free from 

bacterial wilt infection.  Tsror et al. (1999) said that the use of disease free potato seed tubers 

prevents the loss of both yield and quality (of about 30-100%) from moderate to serious infection, 

with along term advantage of preventing soil contamination (Smith et al. 2003). 

This is why establishment of degree and the spreading of the disease are vital so as to come up 

with cleaner lots which can be used for reliable seed production hence controlling the extensive 

soil infestation. This might also lead to the basis for recommending other control mechanisms. 

1.4 Objectives 

The research mainly focused on the following objectives: 
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• To establish the baseline information on Malawian farmers’ knowledge about 

detection, spreading and control of bacterial wilt, and dangers of using diseased 

planting materials.  

•  To identity more disease-resistant variety/ies of potato for the production of improved 

seed.  

• To establish the bacterial wilt incidences in Malawi potatoes 

1.5 Thesis Structure 

This thesis is divided into five chapters of which the first chapter is the introduction where the 

background of potato production in Malawi and its challenges are outlined. The chapter also talks 

about the justification of the study and the study’s objective. The second chapter covers the 

review of literature. The third chapter explains how the research was conducted, the sampling 

procedure, tools of data collection and the analysis. The fourth chapter presents the results and 

discussion of the results. It explains how the found situation tally with other peoples findings and 

explains the reasons behind the farmers’ actions in potato production. Finally the fifth chapter is 

about the conclusion of the research and the recommendations to the interested parties. 
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CHAPTER TWO - LITERATURE REVIEW 

2.1 Productions in Malawi 
Potatoes in Malawi are mainly grown in high altitude areas between 1000 and 2000masl and with 

rainfall of not less than 750 mm per annum (CIP/CGIAR 2006; Malawi Government 2007). It 

became an important crop in the 1950s even though it got introduced as early as 19th century by 

missionaries and travelers from Europe (CIP/CGIAR 2006). Production and area under potatoes 

have been increasing over the past 15 years (figure 2.1), however, annual national average yields 

have increased negligibly. Yields have never shot 15 tons/ha over the last 15 years but 

cumulatively yield have almost doubled during this period. It has increased from 7.7 tons/ha in 

1992/93 season to 14.8 tons/ha in 2006/07 season. There is potential of doubling again as the 

country’s potential is 30 tons per hectare. The production increase, however, has been due to the 

increase in area under potato. Despite this potato production increase, the ‘supply of table 

potatoes’ (Demo et al. 2007a) have always been below the market demand which is an incentive 

to potato producing farmers. 

 

Source: (Malawi Government 2007): National Agricultural Estimate Figures (Round 3)   
 
Figure 2.1: Potato Production in Malawi since 1992/93 
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The yield are still very low compared to Malawi’s potential of 30 tones per hectare (Demo et al. 

2007b) which could be attributed to among others persistence of the systemic diseases like 

bacterial wilt and viral, poor seed sources and selection system. The majority of farmers in 

Malawi grow potato twice even though the major producing areas – Ntcheu and Dedza grow 

three times a year. 

2.1.1 Cultivated varieties 
There are a number of varieties grown in Malawi for different reasons. The popular variety 

according to Demo et al (2007) is Rosita which account for 80% of the production in Malawi. It 

has been characterized as good for French fries (mostly liked by Malawians), has better resistance 

to bacterial wilt and late blight. The varieties however is reported not to be liked by farmers when 

it comes to cooking (Demo et al. 2007b). It is believed to have come from the Netherlands in the 

1980s. The other variety is CIP clone White precisely White #4 which is good for boiling. White 

# 4 was introduced to Mozambique in the 1990s from CIP and found its way to Malawi through 

farmer to farmer trading in boarder area like Tsangano, Lizulu, etc (Demo et al. 2007b). Other 

varieties multiplied by Bvumbwe research station and recommended for cooking and their 

resistance to bacterial wilt and late blight are Roslyn Bvumbwe, Roslyn Tsangano, Roslyn Eburu, 

Roslyn Casste, and  Violet (CIP/CGIAR 2006).  

2.2 Bacterial wilt 
Bacterial wilt is caused by the pathogen called Ralstonia solanacearum, which was previously 

called Pseudomonas solanacearum (Smith), is reported to have been the second most damaging 

potato disease from late blight in tropical and sub-tropical areas (CGIAR 2005). The pathogen 

attacks about 30 plant species  both monocots and dicots (Smith et al. 2003) of which the most 

susceptible plants are potatoes, tomatoes, pepper, eggplant, and groundnut. Research has shown 

that there are 5 races and 5 biovars of Ralstonia (EPPO 2004; Messiha 2006), however, the most 

common strain of bacteria is race 3, biovar 2, which dominantly attack the Solanaceae family 

(Ajanga 1993) and particularly potato. Unfortunately, the strain is able to survive even in colder 

environments  for about 3 years (Messiha 2006) and it is severe in temperature ranges of 24°C -

35 °C with optimum of 27°C (Johnson 2003; Lemay et al. 2003). Race 1 can survive in soil or 

crop debris for more than 3 years (CIP 1996). Bacterial wilt is mainly categorized as both seed-

borne and soil-borne disease as the dominant way of spread is through the use of  infected tubers 
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as planting materials which are hard to recognize at the latent infection, or planting on an infected 

soil (Moslemkhany K. et al. 2005). Lemay et al. (2003) further said that the pathogen can move 

from plant to plant in the soil, hence not localized. Other than infected seed and soil the pathogen 

can be spread through contaminated water and other hosts (weeds) in the Solanaceae family. 

2.2.1 Diagnosis 

2.2.1.1 Simple techniques 

The disease  is quickly diagnosed through observation of rapid wilting of plant leaves and stem 

during the ‘warmest’ (EPPO 2004; Ooshiro et al. 2004) daytime  which at the initial stage 

recovers at night or when it is cold (Lemay et al. 2003). At an advanced stage leaves show 

necrotic areas and the vascular bundles look brownish (Lemay et al. 2003; Osborn 1995) which 

extends into the entire system of the plant and then never recovers. Wilting alone can be mistaken 

with other pest attacks like termites; the only ways to be sure is by cutting the fresh living 

infected part transversally like stem and leaf stalk and dip it in a clear or transparent container 

with clean water. The milky substances ooze out from the specimen (Gildemacher et al. 2007) if 

the infection is bacterial wilt. This method is popularly called vascular flow test, is fast and 

convenient in the field or anywhere when fast results are the priority. Its drawback however is 

that it only manages to detect an infection of a certain degree. Some tubers which could be 

apparently taken as clean turn to be infected after planted. Such degree of infection can be 

detected through the use of high sensitive methods likes ELISA, PCR, IFAS, Immunocapture 

techniques just to mention a few. (Skoglund L.G. 1993).  

2.2.1.2 Serological techniques 
Latent infections of Ralstonia solanacearum have assisted the trans-global transmission of 

bacterial wilt. In the efforts to combat this problem very sensitive methods of R. solanacearum 

detection have been developed. Some of these methods are serological techniques like ELISA, 

PCR, IFAS, etc. The choice of these methods however depend on the competency of researchers 

to use the  method, the cost to be incurred, the demand of the type of facilities for the successful 

operation of the test, the amount of samples to be tested and the degree of sensitivity needed 

(French et al. 1995).  

 



 8 

2.2.1.2.1 Enzyme-linked immunosorbent assay (ELISA) 
The method is becoming common in most pathogen detection experiments due to its sensitivity, 

easiness, quickness and reliability to produce quantifiable results from a variety of samples 

(French et al. 1995). The method is able to detect very low concentration of Ralstonia as far as 

108 bacteria/ml if enriched (Priou, S. et al. 2006). There are two common types of ELISA test 

namely nitro-cellulose membrane (NCM-ELISA) and double antibody sandwich (DAS-ELISA). 

The two methods have these four main steps respectively: coating the micro titration plates with 

soluble antigens from bacterial cells at a pH of 9.6, addition of the sample extract to the plates; if 

the pathogen is in the extract it will stick to the antigen, the addition of the second conjugated 

antibody to enzyme which reacts to the bound antigen-antibody complex. The unbound and 

excess are removed through washing with well prepared buffer after each step. The fourth step 

then involves the addition of  enzyme substrate of which produces yellow color as an indication 

of the presence of reaction in third step (French et al. 1995; Priou, S. et al. 2006). The intensity of 

the color tells the concentration of Ralstonia found in the extract which is normally read with 

spectrophotometer. In my research, DAS-ELISA was used due to its availability (kindly provided 

by CIP-Peru) and it’s easy to follow methodologies which were met after training. Due to lack of 

spectrophotometer, levels of concentrations were not established but only incidences of Ralstonia 

in tuber samples which were done by ordinary visual counting of wells which changed color in 

relation to the positive controls of four Ralstonia concentrations (refer plate 2.1). It was difficult 

to distinguish color intensity between the adjacent positive controls. 

2.2.1.2.2 Polymerase chain reaction 
This is a highly sensitive method and less labour demanding to come up with pathogen-specific 

DNA (French et al. 1995). It was developed for the diagnosis of Ralstonia solanacearum race 3 

biovar 2 (Lemay et al. 2003). The results from this method can be obtained within 2-5 hours 

(French et al. 1995; Lemay et al. 2003) . The method uses designed primers which through 

heating cycles are able to detect even one copy of Ralstonia DNA in the sample (ElSayed n.d.; 

French et al. 1995; Lemay et al. 2003; Pastrik & Maiss 2000). In research the method is used to 

develop interactions between the pathogen and its hosts. It is more sensitive than ELISA but its 

drawbacks rely on technical complexity and expensiveness. Not many laboratories in Sub-Sahara 

countries if any can manage to handle it. 
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2.2.2 Control 
Total control or eradication of Ralstonia solanacearum still remains the dream of most 

researchers. There is no almost 100% method massively practiced by farmers in the world due to 

imbalances in knowledge, economic stamina and technology. Some countries are almost close to 

eradication of R. solanacearum like European countries while others are far from even 

quantifying the incidences country-wide. Eradication of the pathogen are difficult because of the 

experimental errors, sampling errors, level of efficiency of the eradication method or tool, natural 

reintroduction of the pathogen (Janse & Wenneker 2002) and technological imbalance which 

leads to the exporting of some tubers with latent infection.  

2.2.2.1 Cultural and sanitary practices 
Most of the extension messages are dominated by the use of disease resistant varieties. However, 

it has somehow assisted in transmission of the pathogen as most resistant varieties have latent 

infections (Lemay et al. 2003). In Malawi, this has been the song for most agricultural sector and 

probably it’s what has led to more bacterial wilt problems. 

 

Crop rotation is a popular and simple method to control bacterial wilt. It has been reported to be 

more effective in controlling race 3 than race 1 (CIP 1996) may be due to the survival period in 

soil or plant debris of 1-3 years. Race 1 can survive longer than this period. It is therefore the 

reason why Lemay et al (2003) recommended the crop rotation of 5-7 years or up to 10 years in 

Florida (Weingartner & Kucharek 2003). This however might be possible for large scale farmers 

with bigger land holding sizes like European farmers but not farmers from Sub-Sahara countries 

like Malawi whose land holding size is 1 hectare or less and would want to grow a number of 

crops in a single piece of land. Farmers in Malawi practically do a 1-2 years crop rotation which 

according to Lemay recommendation compromises the efficiency of bacterial wilt control. 

 

Messiha 2006 found out that the use of both organic i.e. farm yard manure (except compost) and 

inorganic fertilizer (NPK) reduced the survival period of the Ralstonia for 50% in Egyptian and 

Dutch soils.  She further found out that K and Ca rich soils had less incidences of bacterial wilt 

which were attributed to the ability of the nutrients to increase plant resistance. In Kenya, Linus 

and Irungu (2004) also found out that combination of inorganic fertilizer and farm yard manure in 

considerable amounts though in a single season helped in reducing the bacterial wilt incidences in 
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farmers’ fields. Farm yard manure decompose into organic matter thereby improving physical, 

biological and chemical properties of soil which in turn suppress soil borne plant pathogens 

(Cardoso et al. 2006). 

 

Other measures as listed by Priou & Aley (n.d)  and Kinyua et al (2005.) are: removal and 

destruction of crop remains after harvesting, roguing and destroying the observed infected plants 

as soon as seen, use of uncontaminated water if irrigation is used since water is also a medium for 

bacterial wilt transmission (Wenneker et al. 1999), farming tool sterilization, control of 

nematodes and soil insects as they act as vectors. 

2.2.2.2 Biological control 
Biological control measures are becoming common in integrated pest management (IPM) and 

integrated disease management (IDM). Research have been developed in trying to come up with 

plants that can be grown with potato to reduce bacterial wilt incidences, coming up with positive 

beneficial microbes to counter soil pathogens, and incorporation of some parts of the plant to 

inhibit survival of pathogens. In tomatoes, the bacterial wilt, though in the greenhouse, can be 

controlled almost 100% by incorporation  of about 20% of fresh aerial parts of Cajanus cajan 

(Cardoso et al. 2006). This is a positive finding especially for Malawian farmers if it effectively 

controls bacterial wilt in the field since bacterial wilt is a big problem in both tomatoes and 

potatoes. Further more Cajanus cajan is easily available since it is grown as cash and soil fertility 

crop. Ooshiro et al (2004) again found out that the incorporation of dried young aerial leaves of 

Geranium carolinianum in the soil together with solarisation in Japan effectively counter act the 

microbial activities of Ralstonia solanacearum in the soil.  It should also be learnt that some of 

these biological agents or measures are effective in one area and less effective in the other. 

Messiha 2006 found out that Stenotrophomonas maltophilia had more inhibiting effects on 

Ralstonia solanacearum in Egyptian clay soils than in Dutch soils. 

2.2.2.3 Chemical control 
This control measure becomes the last measure when all other avenues of disease control are 

exploited. Even though there are a few synthetic chemicals which effectively control bacterial 

wilt. Janse 2002 reported that the use of sodium or calcium chloro-oxide (Na or CaClO), chlorine 

dioxide (ClO2), anti-biotic, organic acids like lactic acids and acetic acids had shown some 
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effectiveness in controlling bacterial pathogens. Fumigating the soil with chloropicrin was also 

reported to be effective in Okinawa prefecture (Ooshiro et al. 2004), however, it is rarely used 

due to its panging odor and its harmful effects to people and environment. In Malawi there is no 

known chemical used to control bacterial wilt in potatoes. Chemicals are rather used to control 

blight (e.g. Dithane M45, Daconil etc) and some pests like aphids. 
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CHAPTER THREE - MATERIALS AND METHODS 

3.1 Study Area 

The survey was conducted in two major potato growing area in Malawi namely Ntcheu and 

Dedza districts (Figure 3.1) in two phases. The first phase was about administering the 

questionnaire (appendix 1) to eighty-one (81) respondents while the second phase was laboratory 

work which used potato tubers collected from eight (8) main local markets (three in Ntcheu and 

five in Dedza) where most farmers around these markets sell potatoes. The samples were 

according to the available varieties on the market. The samples were taken to the laboratory of 

Bvumbwe research station for the analysis of PBW incidences on bench and using   DAS-ELISA 

kit to determine latent infection and verify the infection seen at bench. 
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Source: http://www.ifpri.org/pubs/cp/malawiatlas/malawiatlas_01.pdf 

Figure 3.1: Map of Malawi with areas under study 

Areas where research was 
done 
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3.2 Methodology 

The study was done with the International Potato Centre (CIP) - Malawi office and all laboratory 

work was done at the Bvumbwe Research Station. Data on the prevalence of bacterial wilt was 

collected by conducting surveys during the months of October – December 2007.  

3.2.1 Field Survey 

A semi structured questionnaire was administered to eighty-one (81) farmers, 41 farmers from 

Ntcheu and 40 from Dedza who were working or to be working with CIP. A farmer in this case 

was defined as the head of a farming family or household (an individual or a group of individuals 

eating from the same pot and have some sort of degree of resource possession and decision 

making on utilization of the resources  (Kopa 2007; Malawi Government 2005b)). It should be 

noted that where the head was not around the second active member was interviewed. Two 

Extension planning areas (EPA) from each district were visited. In Ntcheu district, 13 and 28 

farmers from Njolomole and Tsangano EPAs respectively were interviewed. Similarly 27 and 13 

farmers from Lobi and Bembeke EPAs were visited from Dedza district. 

The interviewers were taken from the Ministry of Agriculture - Zomba Agriculture office who 

were then posted as Enumerators for the Ministry of Agriculture and Food Security under the 

Planning Department. The Enumerators were trained early October 2007 and were told to clearly 

explain the purpose of the survey at the beginning so as to enhance the validity and reliability of 

the data. To address ethical issues the respondents (farmers) were highly assured of 

confidentiality of the information to be given out and if they were not comfortable to be 

interviewed they were at liberty to refuse. The questionnaire was addressed to farmers at their 

own free time i.e. when they came back from their morning work. 

Number of parameters looked into during the interview were: The knowledge of the disease in 

general with respect to the detection, spreading or transmission, and control; the source of the 

knowledge the farmers use in these aspects, the cropping systems with respect to the prevalence 

of the pathogen, seed selection and storage system practiced by the farmers and how does it affect 

the incidences of the disease; and the impact of the potato production on the livelihood of the 

farming families. The data was analyzed using the SPSS statistical package. 



 16 

3.2.2 Laboratory work 

The potato tubers used in the research came from the markets which are generally the collection 

point of farmers in the surrounding areas. Eight (8) markets in general were visited, five from 

Dedza and three from Ntcheu. From each market 25 tubers of the available variety according to 

farmer’s/seller’s knowledge were sampled randomly. The total tuber samples analyzed was 485 

which was above the minimum sample recommended by CIP (350) for latent infection detection 

at a minimum cost and less labour and material demand (Priou, Sylvie et al. 2001). It should 

therefore be noted that varieties with minor distinctive features which were hard to farmers were 

just treated as one. This was common with the white varieties. There were 6 distinct varieties 

farmers acknowledged to grow namely Violet, Rosita, Roslyn Bvumbwe, Holland, White and 

Azungummaso (white but with pink eyes). Not all these varieties were available in each market 

except to some extent Violet and White varieties. Rosita was only grown in Ntcheu and Roslyn 

Bvumbwe only in Dedza. These 25 tubers of each available variety from each market was 

collected and analyzed for the presence of Ralstonia solanacearum.  

3.2.2.1 Visual observation 

First the samples were put on the bench for three weeks to count the noticed infected tubers. The 

tubers were cut transversally about 3cm from the top tip of the tuber where it attached to the plant. 

The puss like substances oozing out from brown or black like transversally cut tubers was the 

main symptom used during this method. The number of both infected and healthy tubers was well 

recorded. 

3.2.2.2 DAS-ELISA test 

The seen healthy tubers from visual observation method were then subjected to DAS-ELISA test 

to detect the latent infection of BW. To verify visual symptoms tubers were subjected to the 

DAS-ELISA test. The procedure used was the one developed by Dr Sylvie (Priou, Sylvie 2006) 

of International Potato Center (CIP) in Peru. The incidences were well recorded in the score 

sheets (appendix 2).  

The results from both methods were then analyzed using SigmaStat and Minitab statistical 

packages where means, standard errors, standard deviation and variance of the incidences of the 
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Ralstonia solanacearum were calculated. Also incidences (number of positive tubers) were tested 

at 5% level of significant to find out if there were or not some significant differences among the 

treatments. A General Linier Model Analysis and One way ANOVA was done to the data that 

passed normality test. Kruskal-Wallis One Way Analysis of Variance on Ranks was alternatively 

performed to data that failed the normality test using SigmaStat.  To test for significance among 

varieties from the same market and region, a Chi-Square test was done. 
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CHAPTER FOUR - RESULTS AND DISCUSSION 

4.1 Field Survey 

4.1.1 Potato production 
Potato is grown in both rain season (summer crop) and dry season (winter crop). The 

frequency of production however is diverse. Most of farmers (61.0%) in Ntcheu grow three 

times while those from Dedza (82.5%) grow twice (Table 4.1). Combining the two districts, 

over half of the sampled farmers (54.3%) grew twice followed by 37.0% who could have 

crops three times in a year. Very few farmers had four times (6.2%) or only once (2.5%) in a 

year.  The first crop is the rain fed which is planted between October and December based on 

when the planting rains come. It is harvested March- May. The second crop then uses the 

tailing rains and some residual moisture and is planted between April and June based on 

when they planted the first crop. For the farmers who have more than two cropping frequency, 

the third crop is mainly on irrigation and is planted August- September and is harvested 

during the rain season. Crops overlap for farmers growing more than two crops per season. 

The findings concur with what Demo et al (2006) found. Apart from increasing production, 

farmers grow potato twice or more in a year for seed storage (in situ storage). 

 

There are several varieties farmers reported to grow. The main varieties which are mainly 

grown in Dedza are Roslyn Bvumbwe, Violet, and Azungum’maso and the following 

varieties are grown in Ntcheu: Rosita, White, Holland, Violet, Pimpernel, Biso, Usiwawatha, 

Semoc and Diamante. Most of these varieties are reported in Tsangano in Ntcheu bordering 

Mozambique. It was also found that Rosita was only found in Ntcheu and Roslyn Bvumbwe 

was only found in Dedza a scenario different from Demo et al (2006) who reported that the 

Rosita is almost grown countrywide. 
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Table 4.1: Farmers’ response on number of crops per season (N = 81)  
 

Proportion of farmers per cropping frequency in each 

district 

Dedza Ntcheu Total 

Cropping 

frequency 

Number Percent Number Percent Number Percent 

Once 0 0 2 4.9 2 2.5 

Twice 33 82.5 11 26.8 44 54.3 

Three times 5 12.5 25 61 30 37 

Four times 2 5 3 7.3 5 6.2 

Total 40 100 41 100 81 100 

 

4.1.1.1 Planting spacing 
Potato is mainly grown at the spacing of 30 cm or 1 ft as other farmers were putting it. Sixty-

eight percent (68.0%) of farmers interviewed planted their crops at 30 cm apart on ridges of 

90 cm apart (Figure 4.1) regardless of cropping season. Eighty-four percent (84.0%) of the 

farmers grow their crops between 25 cm and 30 cm. In comparison, however, more farmers 

(92.5%) from Dedza grew their crops in this range compared to 75.6% of farmers from 

Ntcheu. The 2.5% farmers just planted their crops unsystematically. 

 

Figure 4.1: Planting spacing practiced by farmers in Ntcheu and Dedza 
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4.1.1.2 Planting materials 
Potato production has serious problems regarding to planting materials in respect to sources, 

storage, selection and choices. There is no available source of seed in Malawi which can 

provide seed with guarantee of no infection of bacterial wilt. Farmers get seed from their own 

production and sometimes buy from friends or market (Figure 4.2).  The problem with these 

sources is that farmers are unaware of the latent infections and if bacterial wilt appears in 

their field they will have nowhere to query.  The NGO which is taken as reliable source by 

farmers does not however guarantee latent infections free seed. 

 

 

Figure 4.2: Sources of potato planting materials used by farmers 
 

Farmers normally select the medium sized tubers (1.5 inches) followed by large tubers. The 

seed is then stored in different ways. Most of farmers store their seed in sacks and keep them 

in a well ventilated house (Figure 4.3). They first spray the area with sevin2 to kill some pests 

like tuber moths. Even though sacks are kept in the ventilated place, the air doesn’t circulate 

well in sacks which lead to among other factors heavy loss of seed to rotting. To deal away 

with this problem, CIP is presently educating farmers in construction of a low cost seed 

storage facility.  

                                                 
2 Trade name for insecticide commonly called Carbaryl (1-naphthyl methylcarbamate) belonging to the carbamates 
family of pesticides. It is in different formulation but in Malawi is commonly in dust formulation 
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Figure 4.3: Ways how farmers store their potato seed 

4.1.1.3 Fertilizer application 
It was found out that farmers mainly grow potatoes with inorganic fertilizer which is acquired 

through purchases. The majority of farmers interviewed (81.5%) was mixing the straight 

inorganic fertilizers with NPK as a basic aggregate and apply to their fields. Some could mix 

NPK with Urea or CAN3 or SA4 based on their accessibility (Figure 4.4).  

                                                 
3 Calcium Ammonium Nitrate - a straight nitrogenous inorganic fertilizer with 26-27%N 
4 Sulphate of Ammonium – a straight nitrogenous inorganic fertilizer with 21%N 
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Figure 4.4: Proportions of fertilizers used by farmers in Ntcheu and Dedza district 
 
 

The number of times of fertilizer application depended on the farmer’s financial muscle since 

chemical fertilizers are expensive. However, at least one application was done.  The first was 

applied at least within a week of planting then top-dressed at around three weeks from 

emergency or in some cases from the first application. It should be known that even though 

the organic fertilizer has many positive impacts to potato production, no any farmer from the 

sample reported to have applied manure to his/her field. When asked if they see any 

relationship of types and time of fertilizer application with the occurrence of bacterial wilt in 

their field, most farmers could not find the difference between when applied and without 

fertilizer application. Only 19.8% admitted low or mild incidences with the use of fertilizer 

(Table 4.2)  

 

 

 

 

 

Types of fertilizer used 

Other 
Combinations NPK & SA NPK & CAN NPK&Urea Urea NPK 

F
requency 

40 

30 

20 

10 

0 



 24 

   Table 4.2: Farmers’ responses on effect of fertilizers on incidences of bacterial wilt 
 

Fertilizers 
application Frequency Percent Valid Percent 

Cumulative 
Percent 

 No 
difference 

52 64.2 64.2 64.2 

 Mild 16 19.8 19.8 84.0 
 Moderate 5 6.2 6.2 90.1 
 Serious 7 8.6 8.6 98.8 
 No idea 1 1.2 1.2 100.0 
 Total 81 100.0 100.0   

 

4.1.1.3 Major Diseases and Pests Reported by Farmers 
The sampled farmers clearly showed that the bacterial wilt is the most problematic disease in 

their farming (Table 4.2). Eighty (80) out of 81 farmers (98.7%) said that PBW is the most 

serious disease followed by late blight (34.6%) and viral diseases (22.2%). The disease is 

serious because it does not have any treatment once diagnosed. If the plant is attacked at an 

early stage then nothing will be harvested. In fact one farmer claimed to have a 100% crop 

loss to PBW in the 2005/2006 agriculture season. The disease also affects farmer’s seed 

selection or seed bank since if most plants are attacked then they start looking for where they 

can buy the better seed. 

  

Bacterial wilt has different local names from area to area; however, the common names were 

getsi common in Ntcheu and thuku popular in Dedza. The disease is also nicknamed with 

various names basing on the community’s experience. For example, farmers from Bembeke 

could call it AIDS as it paralyses the whole plant starting from wilt to death as AIDS patients 

who become weak and lose weight up to death. The late blight (Phytophthora infestans) is 

serious, but it can be controlled by the periodic application of some chemicals (fungicides) 

like Dithane M45 furthermore the disease is mainly seasonal. Late blight is less common in 

winter (irrigated) cultivation. 

 

The farmers, however, also mentioned the problems they have with some pests like potato 

tuber moth (3.7% of respondents), leaf miners (2.4% of respondents), red spider mite (1.2% 

of respondents) and other pests like aphids, brown ants and cut worms (Agrotis sp) which 
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constitute 1% of respondents each. Some of the pests are dangerous as they act as vectors of 

mainly viral diseases. 

 

Table 4.3: Proportion (%) of farmers that reported major diseases and pests in both 
districts (N = 81) 
 

Proportion of farmers per disease/pest and sex 

Districts 

Dedza Ntcheu 
Sample total 

Disease/Pest Female Male Total Female Male Total Female Male Total 

Bacterial 

wilt 

12.3 35.8 48.1 13.6 37 50.6 25.9 72.8 98.7 

Late blight 7.4 2.5 9.9 2.5 22.2 24.7 9.9 24.7 34.6 

Viral 2.5 11.1 13.6 4.9 3.7 8.6 7.4 14.8 22.2 

Tuber moth 1.2 0 1.2 0 2.5 2.5 1.2 2.5 3.7 

Leaf miners 1.2 0 1.2 1.2 0 1.2 2.4 0 2.4 

Red spider 

mite 

0 1.2 1.2 0 0 0 0 1.2 1.2 

Aphids 0 1.2 1.2 0 0 0 0 1.2 1.2 

Brown ants 0 1.2 1.2 0 0 0 0 1.2 1.2 

Worms 0 1.2 1.2 0 0 0 0 1.2 1.2 

 

4.1.2 Detection of bacterial wilt 

4.1.2.1 Knowledge on Detection of PBW by district and sex 
It was found out that almost every body interviewed in the districts was aware of how to 

detect the bacterial wilt infection. All the 81 respondents (100%) said they had knowledge on 

how to detect that their plants were/are infected by the bacterial wilt (Table 4.4). There were 

no differences in the knowledge between genders. This however, to some extent portrays how 

serous the disease is in the areas. 
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Table 4.4: Proportion (%) of farmers with knowledge on potato bacterial wilt detection 
(N=81). 
 

Female Male Total Response on PBW 

detection No. Percent No. Percent No. Percent 

Ntcheu       

Yes 10 24.4 31 75.6 41 100 

No 0 0 0 0 0 0 

Dedza       

Yes 11 27.5 29 72.5 40 100 

No 0 0 0 0 0 0 

 

4.1.2.2 Sources of Information on PBW Detection 
Table 4.5 below shows the different sources of information and the number of farmers who 

mentioned a particular criterion. The majority of farmers interviewed (about 70.3% of farmers) 

mentioned fellow farmers as a source of information for PBW disease detection seconded by 

extension officers (54.3% of farmers). It was also found that most farmers in Ntcheu relied on 

getting information from fellow farmers and parents rather than from the extension officers. This 

however can tell the level of the technical information they have/get. On the contrary, farmers in 

Dedza relied most on getting information from extension officers and fellow farmers. A few 

farmers (12.3% of farmers), however, mentioned radio as the source of getting the information 

for the PBW detection information. There was also less trainings conducted in Ntcheu district 

compared to the Dedza district where 6.2% of farmers mentioned about it against 1.2% of farmer 

from Ntcheu. It was also learnt that an NGO called Concern Universal (CU) has been working in 

the district (Dedza) to boost up potato production. It was distributing planting materials and 

conducted some training. The trainings mentioned therefore should have been conducted by the 

CU and the government extension staff who participated in potato training workshops organized 

by the International Potato Center (CIP). It should also be noted that the following media were 

not used: television, posters, brochures, newspapers, etc in both the districts visited. This 

however can foretell the economical and educational level of our farmers in Malawi. Very few 

farmers have the television sets. 
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Table 4.5: Sources of information (communication media) on potato bacterial wilt detection 
(N = 81) 
 

Proportion of farmers who 

mentioned the medium 

Proportion of farmers who 

didn’t mention the medium 

Communication media Dedza Ntcheu Total Dedza Ntcheu Total 

Radio 7.4 4.9 12.3 42 45.7 87.7 

Fellow farmers 33.3 37 70.3 16 13.7 29.7 

Training 6.2 1.2 7.4 43.2 49.4 92.6 

Extension officer 40.7 13.6 54.3 8.6 37 45.7 

Posters 2.5 0 2.5 46.9 50.6 97.5 

Brochures 1.2 0 1.2 48.1 50.6 98.8 

Newspaper 1.2 0 1.2 48.1 50.6 98.8 

Local leaders 4.9 2.5 7.4 44.4 48.1 92.6 

Television 0 0 0 49.4 50.6 100 

Parents 7.4 17.3 24.7 42 33.3 75.3 

NGOs (like Concern Universal) 1.2 0 1.2 48.1 50.6 98.8 

Own experience 0 1.2 1.2 49.4 49.4 98.8 

 

4.1.2.3 PBW Disease Detection Criteria 
Table 4.6 below shows the number of farmers who mentioned a particular criterion for detecting 

PBW. Most farmers mentioned more than one criterion (had multiple responses). 
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Table 4.6: Potato bacterial wilt disease detection criteria mentioned by farmers (N = 81) 
 

Proportion of farmers 

who mentioned the 

criterion 

Proportion of farmers who 

didn’t mention the criterion 

PBW detection criterion given 

by farmers Dedza Ntcheu Total Dedza Ntcheu Total 

Wilting of plants 48.1 49.4 97.5 1.2 1.2 2.5 

Rotting of tubers or some have 

maggots inside 

24.7 16 40.7 24.7 33.3 58 

Puss like substance oozing out 

of eyes of the tubers 

7.4 9.9 17.3 42 39.5 81.5 

Brownish black rings or spots 

after cutting the tubers 

3.7 1.2 4.9 45.7 49.4 95.1 

Low production 0 0 0 49.4 50.6 100 

Tubers go bad and look cooked 0 1.2 1.2 49.4 49.4 98.8 

Softness of tubers 0 0 0 49.4 50.6 100 

Tuber which was planted has a 

lot of water inside 

0 0 0 49.4 50.6 100 

 

It can be seen that 97.5% of the farmers interviewed mentioned wilting of potato plants in the 

field after at least three weeks as symptom to diagnose that their plants are affected by the 

bacterial wilt. About forty-one percent (40.7%) and 17.3% of these farmers mentioned more 

other identification means than wilting of plants. They could observe that the rotten tubers could 

even produce maggots and also tubers produce puss like substance which come out of the tuber 

eyes respectively. The affected tubers had some soil stuck to their eyes. Only 4.5% of these 

farmers mentioned that the infected tubers look brownish with some black spots or rings if cut 

transversally which is an early stage of rotting. Farmers however further said that depending on 

the stage of the plant, if for example at an early plant development, they harvest nothing (100% 

loss to bacterial wilt) but if it is at the late stage of plant development, they harvest less which 

end up for consumption only. There is danger of farmers using infected tubers as seed if the plant 

was attacked very late in the plant development (latent infection). 
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This implies that farmers are well conversant with the external symptoms other than internal 

signs which were only mentioned by 4.5% of farmers generally from Dedza district. 

4.1.3 Spreading  

4.1.3.1 Knowledge on Spreading of PBW 
The table below shows the numbers of farmers interviewed by gender which showed knowledge 

on the spreading of bacterial wilt. More women interviewed from Ntcheu (80.0%) knew how 

bacterial wilt spreads compare to women from Dedza where only 45.0% of the interviewed 

women expressed knowledge on how it is spread. The level of knowledge on the spread of PBW 

in Ntcheu was almost the same between genders. About 81.0% male farmers from Ntcheu also 

said yes to the knowledge to the spread of PBW. However 86.0% of the male farmers 

interviewed in Dedza expressed that they knew how PBW spreads against 45.0% of female 

farmers. The imbalance of knowledge between genders in Dedza may be due to the fact that most 

women are involved in tomato production rather than potato and hence pay less attention to 

potato production. 

 
Table 4.7: Proportion (%) of farmers with knowledge on spread of potato bacterial wilt. 
 

Female Male Total Response on PBW 

detection  No. Percent No. Percent No. Percent 

Ntcheu       

Yes 8 80 25 81 33 80 

No 2 10 6 19 8 20 

Sub-total 10 100 31 100 41 100 

Dedza       

Yes 5 45 25 86 30 75 

No 6 55 4 14 10 25 

Sub-total 11 100 29 100 40 100 

Grand total       

Yes 13 62 50 83 63 78 

No 8 38 10 17 18 22 

Total 21 100 60 100 81 100 
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4.1.3.2 Sources of Information on spreading of PBW (N = 81) 
The effective source of information on spread of PBW is as in detection section. About 51% of 

farmers interviewed mentioned fellow farmers as the reliable source of information seconded by 

extension officers (Table 4.7). As stated above, farmers from Dedza showed that they relied on 

extension officers for potato production information than in Ntcheu. In Ntcheu, farmers mainly 

shared information between them or learnt from parents. This could somehow portray that the 

extension services in Ntcheu district was not effective as far as potato production is concerned 

which compromised the quality of technical knowledge to farmers. 

 
Table 4.8: Sources of Information on spread of PBW 
 

Proportion of farmers 

who mentioned the 

method 

Proportion of farmers who 

did not mention the 

method 

Method used Dedza Ntcheu Total Dedza Ntcheu Total 

Radio 0 1.2 1.2 49.4 49.4 98.8 

Fellow farmers 23.5 27.2 50.6 25.9 23.5 49.4 

Training 4.9 1.2 6.2 44.4 49.4 93.8 

Extension officer 29.6 8.6 38.3 19.8 42 61.8 

Posters 1.2 0 1.2 48.1 50.6 98.7 

Brochures 1.2 0 1.2 48.1 50.6 98.7 

Newspaper 1.2 0 1.2 48.1 50.6 98.7 

Local leaders 1.2 0 1.2 48.1 50.6 98.7 

Television 0 0 0 49.4 50.6 100 

Parents 3.7 11.1 14.8 45.7 39.5 85.2 

Own experience 0 7.4 7.4 49.4 43.2 92.6 

NGOs (like concern universal) 0 0 0 49.4 50.6 100 

School 0 1.2 1.2 49.4 49.4 98.8 
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4.1.4 Control  
There is currently no curative measure for bacterial wilt. Less research have been made and 

become successful to control bacterial wilt. The responses and some measures given by farmers 

just slightly reduced the yield loss that could arise if nothing was done. 

4.1.4.1 Farmers’ Knowledge in Effectively Controlling BW 
From the surveyed districts, the level of knowledge of bacterial wilt control seemed different. 

More women of the interviewed (90.0%) in Ntcheu responded yes to knowledge on the control 

compare to men (80.6%). The results however are different in Dedza district where 81.8% of the 

interviewed women responded yes to the knowledge of control and 96.6% men has some 

knowledge. All in all, Dedza seemed to be more knowledgeable (92.5%) than Ntcheu (82.9%). In 

general, farmers from the two districts showed that they have some degree of knowledge of how 

this bacterial wilt is dealt with. About 87.7% of the farmers knew or were doing something in 

their field to control PBW (Table 4.8). 

 

Table 4.9: Farmers’ knowledge of PBW control (N=81) 
 

Female Male Response Total Response on PBW 

detection No. Percent No. Percent No. Percent 

Ntcheu       

Yes 9 90 25 80.6 34 82.9 

No 1 10 6 19.3 7 17.1 

Total 10 100 31 100 41 100 

Dedza       

Yes 9 81.8 28 96.6 37 92.5 

No 2 2.518.2 1 3.4 3 7.5 

Total 11 100 29 100 40 100 

Gender Total       

Yes 18 85.7 53 88.3 71 87.7 

No 3 14.3 7 11.7 10 12.3 

Total 21 100 60 100 81 100 

 



 32 

The dominant method to control bacterial wilt in both districts as mentioned by farmers was 

uprooting the infected plants and burry or burn (Table 4.9). The method is practiced by almost 

three quarters of the sampled farmers in Dedza and 58.5% from Ntcheu. The second method 

though not mentioned by many farmers is the selection of healthy seeds from health plants. In 

fact farmers mentioned that during regular scouting, they put marks on the diseased plants. 

During harvesting they harvest first the seen healthy plants from where seed is selected and then 

finish with the diseased ones for consumption. Only 6.2% of farmers mentioned crop rotation as 

measure for controlling bacterial wilt despite that it is practiced by the majority of the farmers. It 

could be thought that farmers mostly practice crop rotation for soil fertility improvement rather 

than disease control due to land pressure in Malawi. Farmers practice rotation of 1-2 years of 

which maize /wheat/beans follow the crop.  The efficiency of rotation on bacterial wilt control is 

affected since the survival rate of bacteria race 3 biovar 2 which is responsible for bacterial wilt 

in potatoes is highly reduced when rotation period is 5-7 years and/or when potato is followed by 

beans and maize (Lemaga et al. 2001). Some farmers (7.6%) from Dedza mentioned they control 

bacterial wilt by just disposing off the infected soil far from the field. The practicality is however 

questionable for mainly two grounds. First it is tedious to carry away soil from the field and 

secondly, the soil removed is beneficial for agricultural production. The tendency could end up 

leaving unfertile shallow soils. Gunowan et al (n.d.) on the other hand seemed to have reported 

similar to what farmers said. They found out that the incidences of bacterial wilt decreased with 

mechanism of removing the first layer of soil which reduce inoculums in the soil. 

 

The source of the information for bacterial wilt control is as found in the previous sections - 

detection and spread. 
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Table 4.10: Methods used by farmers to control bacterial wilt  
 

Farmers mentioned the method 

Dedza Ntcheu Total 

Method mentioned No. Percent No. Percent No. Percent 

Select seed from health plants 5 12.5 2 4.9 7 8.6 

Uproot & bury diseased plants 30 75 24 58.5 54 66.7 

Crop rotation 2 5 3 7.3 5 6.2 

Planting resistant varieties 1 2.5 1 2.4 2 2.5 

Dispose off the infected soil 3 7.6 0 0 3 3.7 

Making ridges to drain water 0 0 4 9.8 4 4.9 

Does nothing 0 0 1 2.4 1 1.2 

 

4.1.5 Incidences of Bacterial wilt by season 

It was found out that most farmers (82.7%) experienced more incidences of bacterial wilt attack 

during the rain season (summer season) than dry season. Only 11.1% of the farmers reported to 

have been experiencing similar bacterial wilt incidences from both seasons (Table 4.10).  

 

Table 4.11: Proportion of farmers’ experience on incidences of bacterial wilt per season 
 

Farmers experience of bacterial wilt per season 

Dedza Ntcheu Total 

Season No. Percent No. Percent No. Percent 

Rain 33 82.5 34 82.9 67 82.7 

Dry 1 2.5 4 9.8 5 6.2 

Both 6 15 3 7.3 9 11.1 

 

There are, however, number of reasons for those farmers’ experiences. Predominantly, farmers 

felt that too much water during the rain season led to fast spread and multiplication of the 

pathogen causing the disease, and that during the rain season it is more humid and warm which is 

the favorable conditions for pathogen multiplication (mentioned by 60.5 % of farmers). These 

claims however concurred with what Johnson 2003 and Lemay et al. 2003 who reported that 
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Ralstonia solanacearum is very severe in the 24 °C – 35 °C. Temperatures in these areas (Dedza 

and Ntcheu) reach as far as 25 °C with humidity range of 52 %- 88 % (Malawi Government 

2005a). These conditions are ideal for the multiplication of pathogens and even other pests. 

Concurring with these claims, Linus et al. (2004) reported that there is a positive relationship 

between moisture and bacterial wilt incidence. Farmers who mentioned to have experienced more 

during the dry season attributed to high temperatures and lack of enough water for irrigation 

thereby rendering the plant susceptible to attack (Table 4.11). It should also be mentioned that the 

table shows some degree of knowledge gap as the principle mode of transmission of Ralstonia 

solanacearum (seed and soil) were insignificantly mentioned. 

 

Table 4.12: Reasons given by farmers behind seasonality of bacterial wilt incidences in their 
fields. 
 

Number of farmers to have said the 

reason. 

Reason given by farmers Dedza Ntcheu Total Percent 

Plenty of water for spread and 

multiplication of bacteria 

21 28 49 60.5 

Favorable condition for the 

multiplication of bacteria 

12 0 12 14.8 

High temperature 0 4 4 4.9 

Lack of water for irrigating crops 2 3 5 6.2 

Blowing of winds 1 0 1 1.2 

Variety or seed used that time 0 1 1 1.2 

Soils are too cold during this time 0 1 1 1.2 

No idea  1 3 4 4.9 

 

4.2 Laboratory work 

4.2.1 Incidences of bacterial wilt between the districts in general 
The analysis was done using nonparametric tool called Kruskal-Wallis One Way Analysis of 

Variance on Ranks because the data was found not normally distributed. There was no 
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statistically significant differences (P = 0.092 > 0.05) in incidences of bacterial wilt between the 

two districts. The differences in the median values between the two districts, therefore, were not 

great enough to exclude the possibility that the difference was due to random sampling variability.  

A further analysis was done among the markets and varieties under study within the district or 

market and the results are discussed below.  

4.2.2 Incidences of bacterial wilt among the markets 
Doing the General Linear Model Analysis (GLMA) it was found out that the differences in 

bacterial wilt incidences were statistically significant at 95% level of confidence (p = 0.016 < 

0.05). The differences in the mean values of positive tubers among markets were greater than 

what would be expected by chance after allowing the effects of differences in varieties. To find 

out which markets differ from the other, a Tukey pair-wise comparison analysis at 95% 

simultaneous confidence interval was done. The number of tubers positive of Ralstonia 

solanacearum was statically different from Mlangeni market vs. Kalinyeke market and Mlangeni 

market vs. Padipi market. In the rest of the markets, mean incidences were not great enough to 

exclude the possibility that the differences were due to random sampling variability. Mlangeni 

market is from Ntcheu district and the other (Kalinyeke and Padidi) are from Dedza district and 

are also adjacent. One way Analysis of Variance showed more pairs whose mean differences in 

number of positive tubers was statistically significant. In addition to already stated pairs, the 

following were also significant at 5% level of significance: Mlangeni vs. Bembeke, Mlangeni vs. 

Lizulu, Tsangano vs. Kalinyeke and Tsangano vs. Padipi. Even though there was no significant 

differences between the districts, two third of markets from Ntcheu had mean incidences 

significantly different from almost half of Dedza markets. Lizulu market, from Ntcheu, was not 

significantly different from Dedza markets possibly because it is at the boundary of the two 

districts. 

It should be known that the least mean incidence percent were higher than 20% which is far much 

higher than the level of acceptance for Ralstonia solanacearum which is nil (Figure 4.4). 

 

The further separate analysis comparing markets within the district showed that the differences in 

the median values among markets within Dedza were not great enough to exclude the possibility 

that the differences were due to random sampling variability hence not statistically significant 
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difference at 5% (P = 0.25 > 0.05). Similarly Markets within Ntcheu were not statistically 

different (P = 0.057) 
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Figure 4.5: Mean incidence (%) of bacterial wilt in tubers in the two regions (where Bem = 
Bembeke, Chi = Chimbiya, Kab = Kaboola, Kal = Kalinyeke, Pad = Padipi, Liz = Lizulu, 
Mla = Mlangeni and Tsa = Tsangano) 
 

4.2.3 Incidences of bacterial wilt among varieties 
GLMA showed that the mean values of bacterial wilt incidences among varieties were not great 

enough to exclude the possibility that the differences in mean number of positive tubers were as a 

result of random sampling variability after allowing the effects of differences in markets. There 

were, therefore, no significant statistical differences in tubers positive at 5% (p = 0.056). A 

separate analysis however showed that the differences in the mean values of positive tubers for 

the varieties from Dedza were greater enough to be expected by chance; there was then a 

statistically significant difference at 5% (p = 0.015). A pair-wise multiple comparison procedure 

showed that two varieties (Roslyn and Violet) were significantly different (p = 0.025). The results 

on separate analysis were different for varieties from Ntcheu district. Ntcheu varieties were not 
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statistically different (p = 0.33) as the mean value differences were not large enough to exclude 

the possibility that the differences were due to random sampling variability.   

 

The Chi-Square test (χ2) was run to check if there were any statistical differences among varieties 

within a market and it was found out that varieties from each market separately were statistically 

different at 5% level of significance. It has to be noted that percent incidences were used instead 

of counts of tubers found positive because most of the data were below 5. 

 

As observed above with markets, the mean incidence percentages for varieties were far higher 

with a minimum of not less than 20% (Figure 4.5). This to some extent explains how serious 

Ralstonia solanacearum infection is to the Malawi potato industry. A serious control measure 

and proper seed production system has to be put in place if increase in potato production is of an 

interest. 
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 Figure 4.6: Mean incidence (%) of bacterial wilt in tubers for five varieties (1 = Roslyn, 2 = 
Violet, 3 = White, 4 = Holland and 5 = Rosita) 
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4.2.3 Comparison of two methods from different: 

4.2.3.1 Variety 
The results in table 4.12 below show that higher incidences were recorded with DAS-ELISA 

method (39.5%) compared to Visual observation (12.9%). The trend was the same in all five 

varieties studied. This reflects the sensitivity and reliability of DAS-ELISA since it is able to 

detect even latent infections which were assumed free from Ralstonia solanacearum. It 

should also be noted that it was not easy to do separate comparison between varieties from 

Dedza and Ntcheu since some varieties grown in Dedza are not grown in Ntcheu. For 

example Roslyn Bvumbwe was found in Dedza while Rosita was found in Ntcheu only. 

 

It should also be noted that Violet was found to have relatively less infected from both 

methods which to some extent can be explained as being resistant than Roslyn. Just using 

Visual observation method, Rosita is more resistant than any other variety. However, it may 

keep on spreading the disease since it has more latent infections.  

 

Table 4.13: Incidence of bacterial wilt in tubers per variety using Visual and DAS-ELISA 
methods 
 

Visual observation DAS-ELISA TEST Difference 

Variety 

Total 

tubers 

Infected 

tubers 

Percent 

infected 

tubers 

Total 

tubers 

Infected 

tubers 

Percent 

infected 

tubers 

Percent 

infected 

tubers 

Violet 141 26 18.4 141 37 26.2 7.8 

Roslyn 123 29 23.6 123 60 48.8 25.2 

White 125 27 21.6 125 55 44 22.4 

Holland 25 5 20 25 8 32 12 

Rosita 75 3 4 75 33 44 40 

Total 489 63 12.9 489 193 39.5 26.6 

 

4.2.3.2 Market 
More varieties more latent infections are reveled with DAS-ELISA test i.e. 18.4% incidences 

were recorded by Visual observation method against 39.3% with DAS-ELISA technique. 
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Markets from Ntcheu showed more incidences (an average of over 50%) compared to those 

from Dedza (refer table 4.13 below). This could be explained by the sources of information 

on detection, spread, and control of bacterial wilt farmers from the two districts get. Farmers 

in Dedza rely more on extension officers for information than in Ntcheu who rely on friends 

and parents. The extension services that are entry points of technical information are inactive 

in Ntcheu. Farmers in Dedza received training on positive selection by CIP in conjunction 

with Bvumbwe research station which also refreshed their knowledge on bacterial wilt 

control. 

 

Table 4.14: Incidence of bacterial wilt in tubers per market using different methods 
 

Visual observation DAS-ELISA TEST 

Name of 

market 

Total 

tubers 

Infected 

tubers 

Percent 

infected 

tubers 

Total 

tubers 

Infected 

tubers 

Percent 

infected 

tubers 

Chimbiya 41 18 43.9 41 16 39 

Bembeke 75 11 14.7 75 27 36 

Padipi 75 23 30.7 75 19 25.3 

Kaboola 50 8 16 50 24 48 

Kalinyeke 48 9 18.8 48 13 27.1 

Lizulu 100 14 14 100 34 34 

Tsangano T-

off 

50 5 10 50 27 54 

Mlangeni 50 2 4 50 32 64 

TOTAL 489 90 18.4 489 192 39.3 
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CHAPTER FIVE – CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 
The bacterial wilt is a great threat to potato production in Malawi. Farmers even reported to have 

lost their crop to bacterial wilt. It becomes completely devastating when the attack is at an early 

stage of crop development. Thirty-nine percent (39%) of the studied tubers had Ralstonia 

solanacearum, a pathogen causing bacterial wilt. The cultivar (Violet) which showed the lowest 

incidences had over 25% infected tubers. Roslyn Bvumbwe and Rosita had bacterial wilt 

infection rates over 40%. These cultivars were released as resistant; this however showed that the 

varieties are acting as carriers of the pathogen since visually farmers could see them as disease 

(pathogen) free. There was also more pathogen incidences in potatoes collected from Mlangeni in 

Ntcheu than Kalinyeke and Padipi even though they had incidences of above 25%. 

 

Farmers in these areas are practicing crop rotation as one of the measures to control the disease, 

the period of rotation (1-2 years interval), however, can have less effect since a minimum of 3 

years rotational interval are generally recommended. At the same point, farmers rotate potato 

with maize, wheat which Lemaga et al. (2001) found having less effect on reducing bacterial wilt. 

 

Farmers, on the other hand, are aware of the disease and know how to detect and how it spreads. 

Variation, however, comes with how to control the disease where most farmers in Dedza had 

more technical sound measures than those in Ntcheu. This was linked to the sources of 

knowledge the farmers claimed as farmers from Ntcheu relied on fellow farmers and parents 

while fellow farmers from Dedza who relied mostly the extension services.   

5.2 Recommendations 
Looking at the seriousness of the disease the following recommendations were made: 

• A clean seed producing industry has to be put in place to clean up the long released 

varieties and produce quality seed of varieties to be released in Malawi.  

• The country wide farmer education program in positive and negative selection has to 

continue as it showed some positive impact in controlling bacterial wilt in Kenya. 

• The triangular farmer, extension and research link has to be strengthened and evenly 

applied to entire potato producing areas 
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• The spectrophotometer has to be used to read ELISA results to enable reading the faint 

color changes due to low concentration of the pathogen 

• The pathology laboratories in the ministry of agriculture have to be fully equipped to 

enable them to handle more sensitive procedures. 
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Appendices 
 
Appendix I: Acronyms 
 
SPSS …………..Statistical Package for Social Scientists 

DAS-ELISA……double antibody sandwich enzyme-linked immunosorbent assay 

UMB…………... Norwegian University of Life Sciences 

Noragric……..… Centre for International Environment and Development Studies 

NVH…………….Norwegian College of Veterinary Medicine  

NARI …………...Norwegian Agricultural Research International  

NORAD…………Norwegian Agency for Development 

PBW……………..Potato Bacterial wilt 

ELISA………..…Enzyme-linked immuno-sorbent assay 

PCR…………..…Polymerase chain reaction 

IFAS……….……Immuno-fluorescence antibody staining 

EPA………….....Extension Planning Areas 

CU……..……….Concern Universal 

NPK……………Compound fertilizer with Nitrogen, Phosphorus and Potassium nutrients 

CAN………..…..Calcium Ammonia Nitrate 

SA…………..…..Sulphate of Ammonia 
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Appendix II:  Potato diseases- farmer questionnaire 
 
Date:……../……../2007         Questionnaire No………………………………. 
 
Interview interval:                  Starting time:……………. Ending time:……………… 
 
District:……………….            Village:………………….. 
 
Name of the interviewer:…………………Date checked………... Signed…………….. 
 
Household code/ID (from the list)…………….. 
 
(A)GENERAL INFORMATION 
 
1. Household particulars 

Farmer’s name HH 
size 

Age Sex M/ 
status 

Education Farming 
experience 

Occupation 
apart from 
farming 

        
Codes: Respondent marital status: 0 –single, 1 – married, 2 – divorced, 3 – widowed and    

                            if married, for how long________ 

         Education: 0 - not in school, 1 - in primary, 2 – secondary, 3- college, 4- university 

 
2. What type of cropping systems do you practice? 
        1. mono-cropping (pure stand), 2. mixed cropping, 3. crop rotation, 4. relay cropping  
 
3. If 2, 3 and 4 
           
Crops mixed with Following which crops and after how 

long 
Under which crops 

 Crops After how long  
    
    
    
 
4. Land ownership 
           Size of land owned (hectares/acres) _______________ 
           Size of owned land under potato production (hectares/acres) _________ 
           Size of land rented (hectares/acres) ______________ 
           Size of rented land under potato production (hectares/acres) _____________ 
           Amount of rent paid on rented potato land (MK/acre/period) ____________ 
5. Potato production since 2005 
Have you been growing potato over the last 3 years? Yes _____no________ 
 
 
If yes, what has been the potato production in:- 
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Pure stand Mixed cropping Year 
Production area production Area 

2005     
2006     
2007     
 
6. How do you source planting materials? 
Own seed  
Inter-household (friends)  
Local markets  
Certified seed multipliers  
 
Codes: 1= own seed; 2= inter-household (friends); 3 =Markets; 4 = Certified seed multipliers; 

5=NGOs; 6= 1 and 2; 7= 1 and 3; 8= 1, 2, and 3; 9= 1,2 and 4  

7. Have you faced any problems with these sources (sources stated above)? Yes_____ No______ 
8. If yes, what are those problems? 
      

 Own seed 
 
 Inter-household (friends) 
 
 Local markets 
 
 Certified seed multipliers 
 
 Others specify 
 

 

9. What major diseases have you been facing in potato production? 
Degree of seriousness Name of disease 
Pure stand (same 
field each year) 

Pure stand (but 
rotated) 

Mixed cropping 

    
    
    
    
    
    
    
Codes: 1- mild, 2 - moderate, 3- serious, 4- very serious 

(B) POTATO BACTERIAL WILT (Ralstonia solanacearum ) 
 
Awareness  
10. Farmer’s awareness of bacterial wilt disease (detection, spread and control) 
- if bacterial wilt is one of the diseases, in which year did you first hear about it_______ 
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- when did it first appear on your farm? __________ 
 
Detection 
11. Do you know how to detect bacterial wilt? Yes________ no ________ 
If yes, how do you detect it?  _______________________________________________ 
                                               
  
How did you learn how to detect bacterial wilt? (Rank the sources) 
Source Rank (1 to 10) 
Brochures  
Radio  
news papers  
extension officer  
Television  
local leader  
training (demonstration, seminar, 
workshop) – (probe for category) 

 

Posters  
fellow farmers  
Parents  
 
When did you first learn of the detection methods for bacterial wilt? ___________ 
 
Spreading 
12. Do you know how bacterial wilt spreads? Yes _____ No _____ 
      If yes, how does it spread ________________________________________________ 
 
 
      How did you learn how it spreads? (Rank the sources – 1st to last) 
Source Rank (1 to 10) 
Brochures  
Radio  
news papers  
extension officer  
Television  
local leader  
training (demonstration, seminar, 
workshop) – (probe for category) 

 

Posters  
fellow farmers  
Parents  
 
When did you first learn how bacterial wilt spreads? _______________  
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Control 
13. Do you know how to control bacterial wilt on the farm? Yes ______No _______  
      If yes, how do you control it? ____________________________________________  
 
                                                        
      How did you learn how it is controlled? (Rank the sources – 1st to last) 
Source Rank (1 to 10) 
Brochures  
Radio  
news papers  
extension officer  
Television  
local leader  
training (demonstration, seminar, 
workshop) – (probe for category) 

 

Posters  
fellow farmers  
Parents  
 
14. When did you first learn how bacterial wilt is controlled? ____________________  
15. When did you have more incidences of bacterial wilt? (season)_____________________ 
What do  you think is the 
reason_________________________________________________________________________
______________________________________________________________________________
_________________ 
Seed selection 
16. What types of potato varieties do you grow? _______________________________  
17. How do you get them? 
     1. Own production______  
     2. Buy from the local market ______ 
     3. Buy from fellow farmer_____ 
     4. Bought certified seed_____ if yes where do you buy? _________ 
     5. Others specify____________________ 
    If 1 and 2, how do you select /choose the planting materials _____________________ 
18. How do you store seed tubers from harvest time to next planting? 
                                                                                                                                            
 
19. Size of seed tubers selected: 
20. Quantity of seed planted per ha _________________________ 
21. Seed price: _________________________________________ 
22. Have you ever experience the disease incidences in potato seed before planted? 
       Yes ________ No ______ 
      If yes, how severe was the infestation? (1- Mild, 2 - moderate, 3- serious, 4- very 
      serious). 
23. What do you think caused the problem? ____________________________ 
24. How do you prevent the reoccurrence of the problem? ______________________ 
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Input accessibility, usage and disease incidences 
 
25. Accessibility of inputs  
 

Amount (bags/kg) Input 
Buy Credit or 

loan ( state 
the source) 

Free (state 
the source) 

Incidences of 
BW in the field 

Fertilizer     
-Urea     
-CAN     
-23:21:0 + 4S     
-SA     

    Others specify 
    

Manure 
(buckets/oxcarts/pits) 

    

-animal     
-compost     
 
 
26. Time of application 
 
Input Time of application Incidences of BW in the 

field 

Fertilizer   
-Urea   
-CAN   
-23:21:0 + 4S   
-SA   

  Others specify 
  

Manure (buckets/oxcarts/pits)   
-animal   
-compost   
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 (C) MARKET SURVEY 
 
Cropping 
frequency 

When do 
you plant 

At what 
planting 
spacing 

When do 
you harvest 

What is the farm gate 
price at these time: 

    Time/season  Farm gate 
price 

    At 
harvesting of 
rain fed crop 

 

    At planting 
of rain fed 
crop 

 

    At 
harvesting of 
dry season 
(ya dimba) 

 

    At planting 
of dry 
season crop 
(ya dimba) 

 

 
 
 
32. Is potato production profitable? Yes ____ No ____ 
 
33. If yes, what benefits/assets have you achieved as a result of potato 
production_____________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________ 
 
 
. 
THANK YOU ONCE AGAIN FOR YOUR TIME AND ANSWERS 
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Appendix III: Score Sheet for Incidences of Bacterial Wilt from Market Survey 
 

District: ___________ Name of market: ________________ Date: ______________  

Market No.: _____________________No. of tubers: __________ 

Name of examiner: ______________  

 

DATA 

Method of examination 

Visual observation DAS-ELISA 

Batch No. 

Infected Health Total Infected Health Total 

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

       

Market 

mean 
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Appendix IV: Plates 
 
Plate 1: DAS-ELISA plate with results of different color intensities 

 

 

 

 

 

 

 

 

 

 

 

 

Postive 
control 

Negatve 
control 

Positive with high 
pathogen 
concentration  

Negative 

Positive with low 
pathogen 
concentration   
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Plate 2: signs of bacterial wilt-

above the plant

Adopted from: ’’Select the best: Positive selection to improve farm saved potatoes’’.
Gildemacher P. Et al 2007
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Plate 3: Signs of Bacterial wilt
(b) tubers

Adopted from: Positive selection to improve farm saved seed potatoes by Gildemacher 

P. et al 2007

Soil on eyes

milky substances  oozing 

out

Plate 4: How potato seed and 
potatoes are sold in local markets

Sprouted tuber used as seed

Selling unit of seed Potatoes on the local market

White

Violet

Rosyln

Basket

Pail

(a) Showing selling units

(b) Showing different varieties
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Plate 5: Laboatory work- DAS-ELISA testing

Washed numbered tubers

Enriched tuber extract

Filling substrate

Color development
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Appendix V: Analysis of Results 
 
GENERAL LINEAR MODEL ANALYSIS 
 

(A) TOTAL SAMPLE 
 
General Linear Model: tuber positive versus Market, Variety  
 
Factor  Type   Levels  Values 
Market  fixed       8  Bembeke, Chimbiya, Kaboola, Kalinyeke, Lizulu, Mlangeni, 
                       Padipi, Tsangano 
Variety  fixed       5  Holland, Rosita, Roslyn, Violet, White 
 
 
Analysis of Variance for tuber positive, using Adjusted SS for Tests 
 
Source  DF   Seq SS   Adj SS  Adj MS     F      P 
Market   7   65.164   71.321  10.189  2.82  0.016 
Variety   4   35.984   35.984   8.996  2.49  0.056 
Error     47  170.039  170.039   3.618 
Total    58  271.186 
 
 
S = 1.90206   R-Sq = 37.30%   R-Sq(adj) = 22.62% 
 
 
Unusual Observations for tuber positive 
 
        tuber 
Obs  positive      Fit   SE Fit  Residual  St Resid 
 23   7.00000  2.94031  0.85053   4.05969      2.39 R 
 45   7.00000  3.27089  0.76899   3.72911      2.14 R 
 
R denotes an observation with a large standardized residual. 
 
 
Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Market 
Market = Bembeke  subtracted from: 
 
Market      Lower  Center  Upper  ------+---------+---------+---------+ 
Chimbiya   -3.729  -0.242  3.244           (------*-----) 
Kaboola    -2.547   0.746  4.038             (-----*------) 
Kalinyeke  -4.547  -1.254  2.038         (-----*------) 
Lizulu     -2.326   0.780  3.885             (------*-----) 
Mlangeni   -0.257   3.493  7.243                 (-------*------) 
Padipi     -3.736  -0.889  1.958           (----*-----) 
Tsangano   -0.924   2.826  6.577                (-------*------) 
                                  ------+---------+---------+---------+ 
                                     -5.0       0.0       5.0      10.0 
 
 
Market = Chimbiya  subtracted from: 
 
Market      Lower  Center  Upper  ------+---------+---------+---------+ 
Kaboola    -2.675   0.988  4.651             (------*------) 
Kalinyeke  -4.675  -1.012  2.651         (------*------) 
Lizulu     -2.873   1.022  4.917            (-------*-------) 
Mlangeni   -0.814   3.736  8.285                (--------*---------) 
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Padipi     -4.133  -0.646  2.840          (------*------) 
Tsangano   -1.480   3.069  7.618               (--------*--------) 
                                  ------+---------+---------+---------+ 
                                     -5.0       0.0       5.0      10.0 
 
 
Market = Kaboola  subtracted from: 
 
Market      Lower  Center  Upper  ------+---------+---------+---------+ 
Kalinyeke  -5.487  -2.000  1.487       (------*------) 
Lizulu     -3.657   0.034  3.725           (------*------) 
Mlangeni   -1.640   2.747  7.135               (-------*--------) 
Padipi     -4.927  -1.635  1.658        (------*-----) 
Tsangano   -2.306   2.081  6.468             (--------*--------) 
                                  ------+---------+---------+---------+ 
                                     -5.0       0.0       5.0      10.0 
 
 
Market = Kalinyeke  subtracted from: 
 
Market     Lower  Center  Upper  ------+---------+---------+---------+ 
Lizulu    -1.657  2.0340  5.725               (------*------) 
Mlangeni   0.360  4.7475  9.135                   (-------*--------) 
Padipi    -2.927  0.3655  3.658            (------*-----) 
Tsangano  -0.306  4.0808  8.468                 (--------*--------) 
                                 ------+---------+---------+---------+ 
                                    -5.0       0.0       5.0      10.0 
 
 
Market = Lizulu  subtracted from: 
 
Market     Lower  Center  Upper  ------+---------+---------+---------+ 
Mlangeni  -0.596   2.713  6.023                 (-----*------) 
Padipi    -4.774  -1.669  1.437        (------*-----) 
Tsangano  -1.262   2.047  5.356               (------*------) 
                                 ------+---------+---------+---------+ 
                                    -5.0       0.0       5.0      10.0 
 
 
Market = Mlangeni  subtracted from: 
 
Market     Lower  Center    Upper  ------+---------+---------+---------+ 
Padipi    -8.132  -4.382  -0.6317  (------*-------) 
Tsangano  -4.153  -0.667   2.8199          (------*------) 
                                   ------+---------+---------+---------+ 
                                      -5.0       0.0       5.0      10.0 
 
 
Market = Padipi  subtracted from: 
 
Market       Lower  Center  Upper  ------+---------+---------+---------+ 
Tsangano  -0.03497   3.715  7.466                  (------*-------) 
                                   ------+---------+---------+---------+ 
                                      -5.0       0.0       5.0      10.0 
 
 
Tukey Simultaneous Tests 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Market 
Market = Bembeke  subtracted from: 
 
           Difference       SE of           Adjusted 
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Market       of Means  Difference  T-Value   P-Value 
Chimbiya       -0.242      1.0982   -0.221    1.0000 
Kaboola         0.746      1.0371    0.719    0.9960 
Kalinyeke      -1.254      1.0371   -1.210    0.9251 
Lizulu          0.780      0.9782    0.797    0.9925 
Mlangeni        3.493      1.1812    2.957    0.0838 
Padipi         -0.889      0.8966   -0.991    0.9735 
Tsangano        2.826      1.1812    2.393    0.2687 
 
 
Market = Chimbiya  subtracted from: 
 
           Difference       SE of           Adjusted 
Market       of Means  Difference  T-Value   P-Value 
Kaboola         0.988       1.154   0.8563    0.9885 
Kalinyeke      -1.012       1.154  -0.8770    0.9868 
Lizulu          1.022       1.227   0.8331    0.9902 
Mlangeni        3.736       1.433   2.6070    0.1792 
Padipi         -0.646       1.098  -0.5887    0.9989 
Tsangano        3.069       1.433   2.1418    0.4045 
 
 
Market = Kaboola  subtracted from: 
 
           Difference       SE of           Adjusted 
Market       of Means  Difference  T-Value   P-Value 
Kalinyeke      -2.000       1.098   -1.821    0.6094 
Lizulu          0.034       1.162    0.029    1.0000 
Mlangeni        2.747       1.382    1.988    0.5003 
Padipi         -1.635       1.037   -1.576    0.7617 
Tsangano        2.081       1.382    1.506    0.8005 
 
 
Market = Kalinyeke  subtracted from: 
 
          Difference       SE of           Adjusted 
Market      of Means  Difference  T-Value   P-Value 
Lizulu        2.0340       1.162   1.7497    0.6556 
Mlangeni      4.7475       1.382   3.4357    0.0252 
Padipi        0.3655       1.037   0.3524    1.0000 
Tsangano      4.0808       1.382   2.9532    0.0846 
 
 
Market = Lizulu  subtracted from: 
 
          Difference       SE of           Adjusted 
Market      of Means  Difference  T-Value   P-Value 
Mlangeni       2.713      1.0423    2.603    0.1805 
Padipi        -1.669      0.9782   -1.706    0.6836 
Tsangano       2.047      1.0423    1.964    0.5162 
 
 
Market = Mlangeni  subtracted from: 
 
          Difference       SE of           Adjusted 
Market      of Means  Difference  T-Value   P-Value 
Padipi        -4.382       1.181   -3.710    0.0118 
Tsangano      -0.667       1.098   -0.607    0.9986 
 
 
Market = Padipi  subtracted from: 
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          Difference       SE of           Adjusted 
Market      of Means  Difference  T-Value   P-Value 
Tsangano       3.715       1.181    3.145    0.0534 
 
 
Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Variety 
Variety = Holland  subtracted from: 
 
Variety   Lower  Center  Upper  ----+---------+---------+---------+-- 
Rosita  -4.998  -1.031  2.935  (----------*----------) 
Roslyn  -2.247   1.974  6.195          (-----------*-----------) 
Violet  -3.849   0.094  4.036     (----------*-----------) 
White   -3.530   0.271  4.072      (----------*----------) 
                               ----+---------+---------+---------+-- 
                                -3.5       0.0       3.5       7.0 
 
 
Variety = Rosita  subtracted from: 
 
Variety   Lower  Center  Upper  ----+---------+---------+---------+-- 
Roslyn  -0.320   3.006  6.331               (---------*--------) 
Violet  -1.928   1.125  4.178          (--------*--------) 
White   -1.155   1.302  3.759             (------*------) 
                               ----+---------+---------+---------+-- 
                                -3.5       0.0       3.5       7.0 
 
 
Variety = Roslyn  subtracted from: 
 
Variety   Lower  Center    Upper  ----+---------+---------+---------+-- 
Violet  -3.849  -1.881  0.08737     (-----*----) 
White   -4.288  -1.703  0.88071    (------*-------) 
                                 ----+---------+---------+---------+-- 
                                  -3.5       0.0       3.5       7.0 
 
 
Variety = Violet  subtracted from: 
 
Variety   Lower  Center  Upper  ----+---------+---------+---------+-- 
White   -2.163  0.1772  2.517          (------*-----) 
                               ----+---------+---------+---------+-- 
                                -3.5       0.0       3.5       7.0 
 
 
Tukey Simultaneous Tests 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Variety 
Variety = Holland  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
Rosita      -1.031       1.399  -0.7372    0.9466 
Roslyn       1.974       1.489   1.3263    0.6765 
Violet       0.094       1.391   0.0674    1.0000 
White        0.271       1.341   0.2021    0.9996 
 
 
Variety = Rosita  subtracted from: 
 
        Difference       SE of           Adjusted 
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Variety    of Means  Difference  T-Value   P-Value 
Roslyn       3.006      1.1728    2.563    0.0942 
Violet       1.125      1.0768    1.045    0.8332 
White        1.302      0.8665    1.503    0.5659 
 
 
Variety = Roslyn  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
Violet      -1.881      0.6941   -2.710    0.0675 
White       -1.703      0.9113   -1.869    0.3478 
 
 
Variety = Violet  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
White       0.1772      0.8253   0.2148    0.9995 
 
 

 
(B) MARKETS WITHIN DEDZA 

 
General Linear Model: tuber positive versus Market, Variety  
 
Factor  Type   Levels  Values 
Market  fixed       5  Bembeke, Chimbiya, Kaboola, Kalinyeke, Padipi 
Variety  fixed       3  Roslyn, Violet, White 
 
 
Analysis of Variance for tuber positive, using Adjusted SS for Tests 
 
Source  DF   Seq SS  Adj SS  Adj MS     F      P 
Market    4   17.911  15.613   3.903  1.30  0.293 
Variety   2   27.807  27.807  13.903  4.64  0.018 
Error    28   83.882  83.882   2.996 
Total    34  129.600 
 
 
S = 1.73083   R-Sq = 35.28%   R-Sq(adj) = 21.41% 
 
 
Unusual Observations for tuber positive 
 
        tuber 
Obs  positive      Fit   SE Fit  Residual  St Resid 
 23   7.00000  2.89583  0.77674   4.10417      2.65 R 
 
R denotes an observation with a large standardized residual. 
 
 
Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Market 
Market = Bembeke  subtracted from: 
 
Market      Lower  Center  Upper     +---------+---------+---------+------ 
Chimbiya   -3.282  -0.340  2.601            (-----------*----------) 
Kaboola    -2.148   0.639  3.426                (-----------*----------) 
Kalinyeke  -4.148  -1.361  1.426        (-----------*----------) 
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Padipi     -3.266  -0.889  1.488            (--------*---------) 
                                     +---------+---------+---------+------ 
                                  -5.0      -2.5       0.0       2.5 
 
 
Market = Chimbiya  subtracted from: 
 
Market      Lower  Center  Upper     +---------+---------+---------+------ 
Kaboola    -2.080   0.979  4.038                 (-----------*-----------) 
Kalinyeke  -4.080  -1.021  2.038         (-----------*-----------) 
Padipi     -3.490  -0.549  2.393           (-----------*-----------) 
                                     +---------+---------+---------+------ 
                                  -5.0      -2.5       0.0       2.5 
 
 
Market = Kaboola  subtracted from: 
 
Market      Lower  Center   Upper     +---------+---------+---------+------ 
Kalinyeke  -4.911  -2.000  0.9112     (-----------*-----------) 
Padipi     -4.315  -1.528  1.2595        (----------*----------) 
                                      +---------+---------+---------+------ 
                                   -5.0      -2.5       0.0       2.5 
 
 
Market = Kalinyeke  subtracted from: 
 
Market   Lower  Center  Upper     +---------+---------+---------+------ 
Padipi  -2.315  0.4722  3.260                (----------*----------) 
                                  +---------+---------+---------+------ 
                               -5.0      -2.5       0.0       2.5 
 
 
Tukey Simultaneous Tests 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Market 
Market = Bembeke  subtracted from: 
 
           Difference       SE of           Adjusted 
Market       of Means  Difference  T-Value   P-Value 
Chimbiya       -0.340      1.0097   -0.337    0.9971 
Kaboola         0.639      0.9568    0.668    0.9617 
Kalinyeke      -1.361      0.9568   -1.423    0.6188 
Padipi         -0.889      0.8159   -1.089    0.8104 
 
 
Market = Chimbiya  subtracted from: 
 
           Difference       SE of           Adjusted 
Market       of Means  Difference  T-Value   P-Value 
Kaboola         0.979       1.050   0.9325    0.8818 
Kalinyeke      -1.021       1.050  -0.9722    0.8653 
Padipi         -0.549       1.010  -0.5434    0.9819 
 
 
Market = Kaboola  subtracted from: 
 
           Difference       SE of           Adjusted 
Market       of Means  Difference  T-Value   P-Value 
Kalinyeke      -2.000      0.9993   -2.001    0.2914 
Padipi         -1.528      0.9568   -1.597    0.5116 
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Market = Kalinyeke  subtracted from: 
 
        Difference       SE of           Adjusted 
Market    of Means  Difference  T-Value   P-Value 
Padipi      0.4722      0.9568   0.4936    0.9873 
 
Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Variety 
Variety = Roslyn  subtracted from: 
 
Variety   Lower  Center    Upper    -+---------+---------+---------+----- 
Violet  -3.388  -1.792  -0.1953        (-------*-------) 
White   -4.265  -1.979   0.3065    (----------*-----------) 
                                   -+---------+---------+---------+----- 
                                 -4.0      -2.0       0.0       2.0 
 
 
Variety = Violet  subtracted from: 
 
Variety   Lower   Center  Upper    -+---------+---------+---------+----- 
White   -2.473  -0.1875  2.098             (----------*----------) 
                                  -+---------+---------+---------+----- 
                                -4.0      -2.0       0.0       2.0 
Tukey Simultaneous Tests 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Variety 
Variety = Roslyn  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
Violet      -1.792      0.6450   -2.778    0.0254 
White       -1.979      0.9236   -2.143    0.0993 
 
 
Variety = Violet  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
White      -0.1875      0.9236  -0.2030    0.9776 

 
 
(C) MARKETS WITHIN NTCHEU 

 
General Linear Model: tuber positive versus Market, Variety  
 
Factor  Type   Levels  Values 
Market  fixed       3  Lizulu, Mlangeni, Tsangano 
Variety  fixed       4  Holland, Rosita, Violet, White 
 
 
Analysis of Variance for tuber positive, using Adjusted SS for Tests 
 
Source  DF   Seq SS  Adj SS  Adj MS     F      P 
Market    2   29.500  20.111  10.056  2.13  0.147 
Variety   3    9.556   9.556   3.185  0.68  0.578 
Error    18   84.778  84.778   4.710 
Total    23  123.833 
  
 
S = 2.17022   R-Sq = 31.54%   R-Sq(adj) = 12.52% 
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Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Market 
Market = Lizulu  subtracted from: 
 
Market     Lower  Center  Upper  ---+---------+---------+---------+--- 
Mlangeni  -0.698   2.500  5.698             (---------*----------) 
Tsangano  -1.365   1.833  5.032          (----------*----------) 
                                 ---+---------+---------+---------+--- 
                                 -3.0       0.0       3.0       6.0 
 
 
Market = Mlangeni  subtracted from: 
 
Market     Lower   Center  Upper  ---+---------+---------+---------+--- 
Tsangano  -3.865  -0.6667  2.532  (----------*---------) 
                                  ---+---------+---------+---------+--- 
                                  -3.0       0.0       3.0       6.0 
 
 
Tukey Simultaneous Tests 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Market 
Market = Lizulu  subtracted from: 
 
          Difference       SE of           Adjusted 
Market      of Means  Difference  T-Value   P-Value 
Mlangeni       2.500       1.253    1.995    0.1421 
Tsangano       1.833       1.253    1.463    0.3314 
 
 
Market = Mlangeni  subtracted from: 
 
          Difference       SE of           Adjusted 
Market      of Means  Difference  T-Value   P-Value 
Tsangano     -0.6667       1.253  -0.5321    0.8567 
 
 
Tukey 95.0% Simultaneous Confidence Intervals 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Variety 
Variety = Holland  subtracted from: 
 
Variety   Lower   Center  Upper  --------+---------+---------+-------- 
Rosita  -5.464  -0.8889  3.686  (--------------*--------------) 
Violet  -5.345  -0.3333  4.679  (----------------*----------------) 
White   -4.020   0.5556  5.131       (--------------*--------------) 
                                --------+---------+---------+-------- 
                                     -3.0       0.0       3.0 
 
Variety = Rosita  subtracted from: 
 
Variety   Lower  Center  Upper  --------+---------+---------+-------- 
Violet  -4.020  0.5556  5.131       (--------------*--------------) 
White   -1.449  1.4444  4.338               (---------*--------) 
                               --------+---------+---------+-------- 
                                    -3.0       0.0       3.0 
 
Variety = Violet  subtracted from: 
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Variety   Lower  Center  Upper  --------+---------+---------+-------- 
White   -3.686  0.8889  5.464        (--------------*--------------) 
                               --------+---------+---------+-------- 
                                    -3.0       0.0       3.0 
 
Tukey Simultaneous Tests 
Response Variable tuber positive 
All Pairwise Comparisons among Levels of Variety 
Variety = Holland  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
Rosita     -0.8889       1.618  -0.5495    0.9455 
Violet     -0.3333       1.772  -0.1881    0.9975 
White       0.5556       1.618   0.3434    0.9856 
 
 
Variety = Rosita  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
Violet      0.5556       1.618   0.3434    0.9856 
White       1.4444       1.023   1.4119    0.5084 
 
 
 
Variety = Violet  subtracted from: 
 
        Difference       SE of           Adjusted 
Variety    of Means  Difference  T-Value   P-Value 
White       0.8889       1.618   0.5495    0.9455 

 
CHI-SQUARE TEST 
 
1. Bembeke market 

 
Chi-Square Test: Roslyn, Violet, White  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Roslyn  Violet  White  Total 
    1      25      63     38    126 
        37.26   56.09  32.65 
        4.035   0.852  0.876 
 
    2      50      50     25    125 
        36.97   55.64  32.39 
        4.595   0.572  1.687 
 
    3      22      33     22     77 
        22.77   34.27  19.95 
        0.026   0.047  0.210 
 
Total      97     146     85    328 
 
Chi-Sq = 12.901, DF = 4, P-Value = 0.012 
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2. Chimbiya market 
 
Chi-Square Test: Rosyln, Violet  
(NB: one was added to each observation since violet had only two replicates) 
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Rosyln  Violet  Total 
    1      51      14     65 
        55.62    9.38 
        0.384   2.278 
 
    2      64      14     78 
        66.75   11.25 
        0.113   0.670 
 
    3      57       1     58 
        49.63    8.37 
        1.094   6.488 
 
Total     172      29    201 
 
Chi-Sq = 11.027, DF = 2, P-Value = 0.004 
 

3. Kaboola market 
 
Chi-Square Test: Rosyln, Violet  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Rosyln  Violet  Total 
    1      25      13     38 
        24.38   13.62 
        0.016   0.028 
 
    2      88      25    113 
        72.51   40.49 
        3.311   5.929 
 
    3      75      67    142 
        91.11   50.89 
        2.849   5.102 
 
Total     188     105    293 
 
Chi-Sq = 17.235, DF = 2, P-Value = 0.000 
 

4. Kalinyeke market 
 
Chi-Square Test: Roslyn, Violet  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Roslyn  Violet  Total 
    1      13      25     38 
        32.44    5.56 
       11.653  68.056 
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    2      33       0     33 
        28.18    4.82 
        0.826   4.825 
 
    3     100       0    100 
        85.38   14.62 
        2.503  14.620 
 
Total     146      25    171 
 
Chi-Sq = 102.483, DF = 2, P-Value = 0.000 
1 cells with expected counts less than 5. 

 
5. Padipi market 
  
Chi-Square Test: Roslyn, Violet, White  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Roslyn  Violet  White  Total 
    1      25      25     13     63 
        36.20   13.54  13.26 
        3.464   9.701  0.005 
 
    2      50      13     13     76 
        43.67   16.33  16.00 
        0.919   0.680  0.563 
 
    3      56      11     22     89 
        51.14   19.13  18.74 
        0.463   3.453  0.568 
 
Total     131      49     48    228 
 
Chi-Sq = 19.815, DF = 4, P-Value = 0.001 

 
6. Lizulu market 
  
Chi-Square Test: Rosita, Violet, White, Holland  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Rosita  Violet   White  Holland  Total 
    1      25      13      88       50    176 
        35.03   42.29   52.97    45.71 
        2.871  20.287  23.164    0.403 
 
    2      13      75      25       13    126 
        25.08   30.28   37.92    32.72 
        5.817  66.063   4.403   11.888 
 
    3      44      11      11       44    110 
        21.89   26.43   33.11    28.57 
       22.322   9.010  14.762    8.336 
 
Total      82      99     124      107    412 
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Chi-Sq = 189.327, DF = 6, P-Value = 0.000 
 

7. Tsangano Turn-off market 
 

Chi-Square Test: Rosita, White  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Rosita  White  Total 
    1      14     50     64 
        25.33  38.67 
        5.070  3.322 
 
    2      63     75    138 
        54.63  83.38 
        1.284  0.841 
 
    3      56     78    134 
        53.04  80.96 
        0.165  0.108 
 
Total     133    203    336 
 
Chi-Sq = 10.790, DF = 2, P-Value = 0.005 

 
8. Mlangeni market 

 
  
Chi-Square Test: Rosita, White  
 
Expected counts are printed below observed counts 
Chi-Square contributions are printed below expected counts 
 
       Rosita  White  Total 
    1      71    100    171 
        75.71  95.29 
        0.293  0.233 
 
    2      25     75    100 
        44.27  55.73 
        8.391  6.667 
 
    3      78     44    122 
        54.02  67.98 
       10.650  8.462 
 
Total     174    219    393 
 
Chi-Sq = 34.696, DF = 2, P-Value = 0.000 
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