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PREVALENCE OF Ralstonia solanacearum AS LATENT INFECTION IN 

POTATO TUBERS AT SELECTED COLD STORAGES OF 

NARAYANGANJ DISTRICT 

 

ABSTRACT 

An experiment was conducted in the Molecular Phytobacteriology Laboratory of 

Department of Plant Pathology at Sher-e-Bangla Agricultural University, Dhaka during 

the period of May, 2018- October, 2018 to observe the prevalence of Ralstonia 

solanacearum in stored potato tuber collected from Narayanganj District of Bangladesh 

viz- Hazi Rahmatullah cold storage, Sahin cold storage and Ma cold storage. Ralstonia 

solanacearum was isolated from collected potato tubers and it’s morphological, 

biochemical and cultural features were studied. On NA medium, circular, mucoid, 

convex, lucid coloured colonies of bacterium were formed. It produced highly fluidal, 

slightly raised and creamy white colonies with light pink or pinkish red centre and 

irregular margin after 48 hrs of incubation at 30
o
C on TTC medium. The bacterium was 

gram negative, rod shaped and showed positive result in KOH solubility test, levan 

production test, catalase test, oxidase test and pectolytic test. Incidence of Ralstonia 

solanacearum is significantly influenced by temperature, relative humidity, ammonia 

supply and O2 supply & CO2 removal. Incidence varied significantly from one cold 

storage to another cold storage with increase of temperature. Maxmium incidence was 

found in the month of October (26.21%) at temperature 4.44
o
C, relative humidity 90%, 

ammonia supply 9 hours and O2 supply & CO2 removal 1hour at Ma cold storage. Lowest 

incidence was found 12.42% in May at temperature 1.67oC, relative humidity 86%, 

ammonia supply 13 hours and O2 supply & CO2 removal 1hour at Sahin cold storage. By 

correlation regression analysis confirmed that Maximum incidence was occurred at 

highest temperature (4.44oC). 
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CHAPTER I 

INTRODUCTION 

Potato (Solanum tuberosum L.) is the main root and tuber crop and the third most 

important food crop in the world after rice and wheat. It is grown in over 125 countries 

and is consumed by over a billion people (CIP, 2008). Nutritionally, the tuber is rich in 

carbohydrates or starch and is a good source of protein, vitamin C and B, potassium, 

phosphorus, and iron (Ensminger et al., 1983). The world total production of potato was 

388,191,000 tons where China ranks first while Bangladesh ranks position (FAO, 2019). 

The area of potato production is still in increasing from 4.44000 to 4.6200 hectares in 

Bangladesh (FAO, 2019). However, the yield of potato per unit area is quite low in the 

country as compared to the major potato growing countries like- Ireland and India 

(FAO, 2019). 

Potato production and export is being hampered due to many diseases. In Bangladesh 

twelve diseases attack in potato of which brown rot is caused by Ralstonia 

solanacearum is very destractive (DAE, 2015). The pathogen is an aerobic, non-sporing, 

gram-negative plant pathogenic bacterium. It is soil-borne and motile with a polar 

flagellar tuft. It colonizes the xylem, causing bacterial wilt in a very wide range of 

potential host plants (Terblanche and Villiers, 2013; Agrios, 2008; Paret et al., 2008 and 

Andersona and Gardner, 1999). It is a vascular disease which is fatal in infected plant 

and has been ranked as one of the most important bacterial plant pathogens identified to 

date, commonly known as bacterial wilt (in case of infected plant) and brown rot (in 

case of infected tubers (Prior et al., 1998). Although there are reports of the pathogen 

being able to survive at relatively low temperatures for long periods of time (Milling et 

al., 2009 and Van et al., 2000), most of the R. solanacearum strains identified to date are 
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non pathogenic at below 20°C (Ciampi and Sequeira, 1980). Seed borne wilt or latent 

infection in potato has often been resulted in severe outbreaks of bacterial wilt (French, 

1994). 

Yield losses of potato due to bacterial wilt disease are estimated to be as high as 75 (%) 

in seed potato and 50 (%) in ware house potato (Ajanga, 1993). Potato export from 

Bangladesh to Russia was halted due to the presence of this bacteria in stored potato, 

which caused a loss about $9million in 2014 (EPB, 2015). 

Yield losses due to the disease varied from 33 to 90% in the potato in different potato 

growing areas of the world (Elphinstone, 2005). The total value of Egyptian potato 

exports fell from a peak of USD 102.12 million in 1995 to USD 7.7 million in 2000 

mainly due to brown rot quarantine, imposed by the European Union (EU) (Kabeil et al., 

2008). 

Reports from Bangladesh quote some regions as having more than 30% of potato crops 

affected by R. solanacearum with over 14% reduction in yield (Elphinstone, 2005). 

However potato export from Bangladesh to Russia was halted due to the presence of this 

bacteria in stored potato, which caused a loss about $9million in 2014 (EPB,2015).The 

trend to increase production of potato in Bangladesh is retarded mainly by post-harvest 

problems among which storage is an important one. A report indicated that 0.187 

million tons of potatoes were lost in Bangladesh due to post harvest diseases 

(Anonymous, 2006). Potatoes which are ultimately used for the seeding purposes are 

stored at lower temperature at about 4°C and those potatoes which are used for the 

processing purpose are stored at 8°C (Van Elsas et al.  2000). A few studies on 

economic aspect of cold storage have been conducted so far in Bangladesh. In a 

preliminary survey of the diseases of potatoes in cold storage in Bangladesh it was found 
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that 2-9 percent of cold stored potatoes were lost in every year due to disease (Fakir, 

2009). An amount of Taka eight crores approximately was lost annually due to storage 

disease. (Khalil et al., 2013).Temperature, humidity, carbon dioxide and air movement 

are the most important factors during storage (Maldegem, 1999).The optimum range of 

temperature and relative humidity of the air inside cold stores are 2-4oCand 85-90% 

respectively for long term storage (Van't Oostar, 1999). 

Chakraborty and Roy (2016) found in their study R. solanacearum incidence was 9.07% 

in Jamalpur, 19.98% in Nilphamari and 22.65% in Munshigonj in Bangladesh. So, the 

potato growers and businessmen of Bangladesh had experienced much problems on the 

disease especially in case of export potato to other countries like- Malaysia, Indonesia, 

Sri Lanka, Thailand, Hong Kong,Vietnam, Maldives etc. Losses have been reported to 

be serious due to ability of the seed tuber to harbor latent infection. This type of 

infection is considered the main source of disease outbreaks, ensuring carryover of the 

disease into subsequent growing seasons and new regions (Ajanga, 1993).Considering 

the above facts, the present research programme was undertaken with following 

objectives:   

1. To find out the prevalence of Ralstonia solanacearum as latent infection of potato 

collected from selected cold storages in Narayanganj district of Bangladesh . 

2. To isolate, identify and characterize Ralstonia solanacearum from potato tuber. 

3. To ascertain the effect of storage internal condition that induce the diseases and 

to determine the disease incidence and severity in storage.  
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CHAPTER II 

REVIEW OF LITERATUR 

 
2.1. Prevalence of Ralstonia solanacearum of cold storages potato tubers 

EPB (2015) reported that potato export from Bangladesh to Russia was halted due 

the presence of Ralstonia solanacearum bacteria in stored potato which caused a loss 

about  9 million doller in 2014. 

Dale (2014) observed that in the United Kingdom, approximately half of the total 

harvested tubers are stored for up to 11 months. 

Kohli (2009) stated that storage facilities need to be carefully designed to keep the 

potatoes alive and slow the natural process of decomposition, which involves the 

breakdown of starch. It is crucial that the storage area is dark, well ventilated and for 

long-term storage maintained at temperatures near 4°C (39°F). For short-term storage 

before cooking, temperatures of about 7 to 10°C (45 to 50°F) are preferred. 

Elphinstone (2007) reported the higher incidence of bacterial wilt disease in all seed 

storage methods unlike certified seed could be attributed to latent infections in tubers 

before storage which led to pathogen accumulation during storage and faster spread in 

the field. 

Sagar and Bakade (2007) observed that the pathogen can cause damage at two stages, 

the first being killing the standing plants by  causing wilt and by causing rot of infected 

tubers in storage, and  another indirect loss is  spread of the disease through planting of 

healthy looking tubers harvested from infested fields.  
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Elphinstone (2005) reported that brown rot was mainly tuber-borne as it could latently 

infect tubers and survived in seed tubers during storage, causing disease when planted in 

the next season. The bacterium was spread on machinery and in irrigation water. The 

disease was persisting in fields where infected ground keepers were present. 

Kleinkopf and Olsen (2003) found that, potatoes are usually cured after harvest to 

improve skin-set. Curing allows the skin to fully set and any wounds to heal. Wound-

healing prevents infection and water-loss from the tubers during storage. Curing is 

normally done at relatively warm temperatures 50 to 60°C (122 to 140°F) with high 

humidity and good gas-exchange if at all possible. 

Ajanga (1993) experimented that yield losses due to bacterial wilt disease are estimated 

to be as high as 75 % in seed potato and 50 % in ware house potato. Such losses have 

been reported to be serious due to ability of the seed tuber to harbour latent infection. 

Janse (1988) reported that the most effective means of spread of brown rot worldwide 

was through distribution and planting of infected seed potatoes. In some case the 

bacteria could latently infect tubers without causing noticeable symptoms and could 

survive in seed tubers during storage and caused disease when planted in the next 

season.  Symptom expression was occurred at different rates in different varieties and 

was favored by warm temperatures (above 15oC with optimum around 25oC) and other 

environmental conditions (especially high soil moisture). 

Martin and French (1985) stated that infected seed potato tubers are the most common 

source of inoculums especially latent infection by Ralstonia solanacearum. 
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2.2. Isolation and identification of the Ralstonia solanacearum and it’s 

Pathogenicity study 

Rahman et al. (2010) reported that virulent isolates produce pink or light red colour 

colonies or colonies with characteristic red centre and whitish margin and avirulent 

isolates produce smaller, off-white and non-fluidal or dry on TZC medium after 24 

hours of incubation. 

 

Champoiseau (2008) observed that Ralstonia solanacearum developed two types of 

colonies on tetrazolium chloride (TZC) medium on which virulent colonies appear as 

white with pink centers and non-virulent colonies appear as small off-white colonies. On 

this medium, typical bacterial colonies appear fluidal, irregular in shape, and white with 

pink centers after 2 to 5 days incubation at 28ºC.  

 

Hossain et al. (2008) described several biochemical tests viz. Gram staining reaction, 

Potassium hydroxide solubility test, Kovac's oxidase test, Levan test and Sugar 

fermentation test were performed for confirmation of R. solanacearum isolates. 

 

Janse (2006) found that small, red colored cells (Gram stain) of Ralstonia solanacearum 

in a spiral vessel (smallest element in vascular tissue) of brown rot affected potato tuber.  

 

Priou et al. (2006) found that ELISA test is able to detect very low concentration of 

Ralstonia as far as 108 bacteria/ml if enriched. 

 

Mulder and Trukensteen (2005) observed that symptoms in the tuber were very specific: 

brownish-grey areas were seen on the outside, especially near the point of attachment of 
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the stolon. Cut tubers showed pockets of white to brown pus or browning of the vascular 

tissue which exuded dirty white globules of bacteria. As the disease progresses bubbly 

globules of bacteria were exuded through the eyes; soil were adhered to the exuded 

bacteria, hence the name 'sore eyes' or 'jammy eyes'. 

 

Denny and Hayward (2001) reported that Ralstonia was positive in H2S production, 

starch hydrolysis, KOH solubility, gelatin liquefaction, sucrose utilization, indole 

production, Levan Test and Kovac’s Oxidase Test and was able to utilize Dextrose, 

Maltose, Lactose, Sorbitol, Manitol, Dulsitol.  

 

Hayward (2001) discovered Ralstonia solanacearum is a Gram-negative, rod-shaped, 

strictly aerobic bacterium that is 0.5-0.7 × 1.5-2.0 µm in size. For most strains, the 

optimal growth temperature is between 28 and 32°C. 

 

Schaad et al. (2001) observed single colonies were sub-cultured onto nutrient 

agar for storage and confirmation of the identity of Ralstonia solanacearum. 

 

Schaad et al. (2001) observed that isolation is the best made for early infection 

stages, small pieces of tissue being excised from the margins preferably of the 

youngest lesions. These are comminuted in small quantities of sterile water and 

streaked on TTC medium. 

 

Janse et al. (1998) observed that symptoms were most obvious in the tuber; initially a 

brown staining of the vascular ring (hence brown rot) started at the stolon end, with 
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further disease progression the vascular tissue were rot away completely and a pale 

colored sticky ooze was appeared at the eyes lenticels and/or stolon end of the tuber.  

 

Kucharek (1998) observed that under hot humid condition disease complete wilting 

occurs and the plant dies. The brown discoloration was shown in the lower stem of 

vascular tissues. 

Rajeshwari et al. (1998) developed an ELISA test using polyclanalsera against the 

virulence exopolysaccharide component for detection of Ralstonia solanacearum in 

seed. 

Kelman (1997) identified the virulent (colonies with pink or light red colour or 

characteristic red center and whitish margin) and avirulent (smaller, off-white 

and non-fluidal colonies) strains of Ralstonia solanacearum were in TTC medium 

containing 0.005% TTC. 

 

Opina et al. (1997) confirmed that identity of bacteria was based on colony morphology 

on TZC medium, Ralstonia solanacearum specific Immuno Strips, and a polymerase 

chain reaction (PCR) assay using R. solanacearum species complex-specific primers 

759/760. 

Smith et al. (1995) observed that Ralstonia solanacearum is a highly heterogeneous 

bacterial pathogen that causes severe wilting of many important plants. 

 

Yabuuchi et al. (1995) discovered that it is a gram negative, aerobic, motile and rod 

shaped bacterium belonging to genus Rasltonia. 
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Engelbrecht (1994) developed an effective selective medium SMSA that can be 

successfully used for isolation of Ralstonia solanacearum from seed and incubated at 

25-27oC for 2 days. 

 

Seal et al. (1993); Seal and Elphinstone, (1994); Anon, (1997) advised that biochemical 

tests, fatty acid analysis, RFLP and protein analysis can be used for the identification of 

Ralstonia solanacearum. 

 

Gota (1992) characterized that Ralstonia solanacearum as sudden wilting of foliage 

where the young plant was affected more. The symptoms occurred as discoloration of 

vascular system from pale yellow to dark. 

 

Hayward (1991) found that Ralstonia solanacearum as aerobic and its colonies on solid 

media were small, irregularly round, white in reflected light and tan in transmitted light. 

 

Hildebrand et al. (1988) found that a single colony of R. solanacearum showing 

virulent, fluidal, irregular and creamy white with pink at the center was selected and 

multiplied ina TTC (without adding TZC) medium.  

 

Sneath  et al.  (1986) said  that  Ralstonia  solanacearum  is a gram  negative, non spore 

forming rod, about 0.5-0.7 µm X 1.5-2.0µmwith a single polar flagellum. 

 

Schaad (1980) and Suslow et al. (1982) described that isolates were studied according to 

specific biochemical tests for R. solanacearun i.e., gram staining, potassium hydroxide 

test, catalase test and kovacs oxidase test. 
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Cuppels et al. (1978) stated that Ralstonia solanacearum produces two distinguishable 

types of colonies in tetrazolium medium (TZC). One is small, flat, red and butyrous 

while the other colony is large, elevated, mostly white with light pink centers and full of 

fluid using  Casamino Acid Peptone Glucose(CPG). 

 

Kelman and Sequeira (1965) conducted an experiment that a loop full culture was taken 

from the bottom of the beakers and streaked on to paradises which contained sterilized 

tetrazolium chloride (TZC) agar medium. 

 

Kelman (1954) and Singh (1994) conducted an experiment where twenty-five potato 

seeds were ground and suspended in 1 ml sterile distilled water. 0.1 ml of the suspension 

was plated on a semi-selective medium or placed directly on this medium. The 

development of the distinctive mucoid magenta- pigmented colonies indicated the 

presence of the pathoen  Ralstonia solanacearum. 

 

Kelman (1954) found to grow the bacterium in the medium incubation should be done at 

28oc for at least 24 hours. After isolation, Ralstonia solanacearum isolates were purified 

by streaking a single colony of each isolate on Triphenyl Tetrazolium Chloride (TTC) 

plate. 

 

Kelman and Person (1954) described that the tetrazolium medium (TZC) is the 

best for culturing  Ralstonia solanacearum. 
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Kelman (1953) observed that  after 48-72 h of incubation at 28oC Ralstonia gave 

circular, smooth, convex and viscous bacterial colonies with pink center and whitish 

margin on 2,3,5 Triphinyl Tetrazolium Chloride (TTC) medium. On NA medium the 

bacteria produce watery whitish or off white or cream color irregular colonies.  

 

2.3. Effect of storage condition on prevalence of R. solanacearum 

 

Chakraborty and Roy (2016) carried out a survey in some selected potato growing 

districts in Bangladesh to know the status of bacterial wilt disease caused by Ralstonia 

solanacearum in terms of its incidence and severity. The results showed that the highest 

wilt incidence was recorded in Munshigonj (22.65%); followed by Nilphamari (19.98%) 

and the lowest incidence was recorded in Jamalpur (9.07%). The highest bacterial wilt 

severity was recorded in Munshigonj (3.80), while the lowest wilt severity was recorded 

in Jamalpur (2.90). 

 

Zgorska and Grudzinska (2012), Grudzinska et al.(2016) estimated that losses of potato 

tubers due to improper storage conditions can reach even up to 40% of tuber weight, 

while losses caused by periderm injuries (resulting in excessive transpiration and 

respiration) can account for further 10% loss. 

 

Hirpa (2010) described that storage methods had a significant effect on incidence of 

Ralstonia solanacearum in potato tubers. Seed tubers stored under diffused light and in 

jute bags resulted in the highest infection levels with Ralstonia solanacearum in potato 

tubers while the certified seed tubers resulted in the least bacterial wilt incidence caused 

by Ralstonia solanacearum.  
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Nourian et al. (2003) stated that appropriate storage environment should maintain potato 

tubers in their edible and marketable conditions by preventing large moisture losses, 

spoilage by pathogens, quality deterioration and sprout growth. 

 

Western Potato Council (2003) observed that, potato should be stored at (3-5oC) with 

95% RH. The condition of the potato piles should be checked periodically to ensure 

temperature and relative humidity are maintained. This is important to minimize disease 

development. Access to the storage should be restricted to reduce potential for 

introducing diseases. 

 

Chourasia and Goswami (2001) pointed out that low-temperature storage can cause 

freezing injuries which cause potato tubers to become soft and unusable. However, high 

storage temperature produces greater quality loss and increases respiration activity and 

thus lowered shelf life. 

 

Van't Oostar (1999) stated the optimum range of temperature and relative humidity of 

the air inside cold stores are 2-4 0C and 85-90% respectively for long term storage. 

 

French (1994) described that disease development occurred at different rates in different 

varieties of potato tubers, but was favored by warm temperatures (above 150C with 

optimum of 270C) and high soil moisture levels. Brown rot was primarily spread by the 

planting of infected seed potatoes, but can also spread in soil and in irrigation water. 

 

Shekhawat et al. (1992) stated temperature has an influence on the symptom expression 

of the brown rot disease. In general it may be accepted that symptoms are more intensely 
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expressed with an increased temperature. At lower temperatures a larger extent of latent 

infection occurs, whilst plants and tubers show no visual symptoms. 

 

Janse (1988) published that methods used to detect R. solanacearum in latently infected 

potato tubers were based on the recommended quarantine procedure. 

 

Harbenburg et al. (1986) and Maldegem (1999) stated that temperature, humidity, 

carbon dioxide and air movement are the most important factors during storage of potato 

tubers. 

 

Ciampi et al. (1980) and Ciampi-Panno et al. (1981) reported that storage at 4°C did not 

eliminate the pathogen from inoculated tubers of potato even after 40 days.  

 

Ciampi et al. (1980) found that the bacterial population declined drastically after one 

day in potato tubers stored at 4°C, (compared to those stored at higher temperatures) and 

reached a level of only a few or no viable cells after three weeks. 

 

Nielsen (1963) found that R. solanacearum survives in potato tubers and in culture at 

low temperature 
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CHAPTER III 

MATERIALS AND METHODS 

This chapter described the methodologies that followed in conducting research work 

under the following experiment: 

 

 I: Isolation and identification of Ralstonia solanacearum and 

II: Survey on prevalence of latent infection of potato tubers by Ralstonia solanacearum. 

 

3.1. Experiment I: Isolation and identification of Ralstonia solanacearum  

3.1.1. Sample collection  

Potato tuber samples were collected from three different cold storage of Narayanganj 

districts viz- Hazi Rahamatullah cold storage, Sahin cold storage and Ma cold storage. 

In total ninety potato tubers were randomly collected from three cold storages. Twenty 

medium sized stored potatoes were selected randomly for working sample from each 

cold storage. 

3.1.2. Duration of Experiment  

The experiment was conducted from May, 2018 to October, 2018.  

3.1.3. Experimental Site  

The experiment was carried out in the Molecular Phytobacteriology Laboratory of 

Department of  Plant Pathology, Sher-e-Bangla Agricultural University, Dhaka. 

 

 



15 
 

3.1.4. Observation of the symptoms 

Visual observation of the samples were carried out as per standard procedure following 

Champoiseau et al. (2009). Samples were visually observed for the symptoms of brown 

rot by cutting the tuber at its stem end by sharp sterile knife. Finally, Identification of the 

pathogen was confirmed through isolation and different biochemical tests. 

3.1.5. Preparation of Nutrient Agar (NA) 

 
Ingredient 

 
Amount 

Nutrient Agar 28g 

Agar 15g 

Water 1000ml 

 

Nutrient agar media was prepared according to the method given by Schaad (2001). At 

first Nutrient Agar (28g) and Agar (15g) was taken in an Erlenmeyer flask which 

contained 1000ml distilled water and shaken to mix them well for few minutes. Then the 

mouth of the flask was covered with aluminum foil paper and tight with a thinrope. It 

was then autoclaved at 1210C at 15 Ibs pressure for 15 mins. Then the media was taken 

to laminar air flow to cool down. When the media become near about 40-500C, then it 

was poured on sterilized glass petridish for making NA plates. The plates were kept for 

futher use in refrigeator. 
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3.1.6. Isolation of causal organism on NA media  

Isolation was done by dilution plate method. The diseased potatoes were washed under 

running tap water. And then was cut into small pieces. Surface sterilize were done by 

dipping them in 5% sodium hypochlorite solution for 2-3 minutes. Then it was washed 

three times with sterile water. After surface sterilization the cut pieces were kept in a test 

tube containing 3-4 ml of sterile water and kept for 30 minutes for bacterial streaming 

and getting stock. With the help of sterile pipette 1ml of this stock solution was 

transferred into the second test tube containing 9 ml sterile water and shaken thoroughly 

resulting 10-1 dilution. Similarly, final dilution was made up to 10-4.  Then 0.1 ml of 

each dilution was spread over NA plate at three replications as described by 

Goszczynska and Serfontein (1998). Glass-rod was used for spreading of bacterial 

solution. The inoculated NA plates were kept in incubation chamber at 30oC. The plates 

were observed after 24 hrs and 48 hrs. Then single colony grown over NA plate was 

restreaked on another plate with the help of a loop to get pure colony. 

3.1.7. Preparation of Triphenyl Tetrazolium Chloride (TTC) 

At first 1% aqueous solution of 2, 3, 5- triphenyl tetrazolium chloride (TTC) was 

prepared in an Erlenmeyer flask by dissolving 1g of the chemical in 100mlof distilled 

water. Then it was shaken thoroughly for few minutes. Then 1% stock solution of TTC 

medium was separately sterilized by passage through 0.45μm pore size filters 

(Millipore). It was then autoclaved at121oC under 15 PSI pressure for 15 minutes. The 

TTC was kept in a colored bottle and was wrapped with aluminum foil to avoid light and 

preserved in a refrigerator at 4℃ for future use (Schaad, 1988). 
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3.1.8. Preparation of Triphenyl Tetrazolium Chloride (TTC) media 

The following ingredients and the proportion were used to prepare the TTC media:- 

 
Ingredient 

 
Amount 

Peptone 10g 

Casamino acid 1g 

Glucose 5g 

Agar 17g 

Water 1000ml 

 

The mixture is taken in an erlenmeyer flask and was then autoclaved for 20 minutes at 

121℃ under 15 PSI pressure to make CPG media. Then media was then taken to 

laminar air flow. The sterilized TTC solution was poured into the sterilized CPG 

medium before solidification which was prepared previously by dissolving 1g 2,3,5 

triphenyl tetrazolium chloride powder in 100ml distilled water and it was mixed 

thoroughly. For solidification, the CPG media with TTC was poured in to several 

petridish. TTC media was prepared by method of Schaad (1988). 

3.1.9. Preservation of bacteria of potato  

After purification of bacteria on NA plate, it was kept in refrigerator at 4oC in C in small 

screw-cap test tubes on NA slant for future use. 

3.1.10. Identification of the bacteria in the laboratory  

Identification of the bacteria of potato tuber was done by cultural features, 

morphological features and biochemical tests of the pathogen as per standard 

microbiological procedures by Hayward (1991). 
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3.1.10.1. Cultural characters   

Growth characteristics of the pathogen were studied by using selective media as per the 

standard procedure by Kelman and Person (1954).  

3.1.10.1.a. Growth on nutrient agar (NA) media  

Nutrient agar (NA) medium was poured into a sterile petridish and after cooling, pure 

colony of bacterium was streak inoculated on the plate with the help of a sterile transfer 

loop. Then it was incubated at 30oC for at least 24 hours in incubation chamber and 

observed the colony characters (Kelman and Person, 1954). 

3.1.10.1.b. Growth on 2,3,5 Triphenyl Tetrazolium Chloride (TTC) media  

The bacteria from NA media were transferred to TTC (2,3,5 triphenyl tetrazolium 

chloride) media with the help of sterile loop through streaking method. Then it was kept 

in incubation chamber for 24 hours at 30oC. Then it was observed for the presence of the 

colony (Kelman and Person, 1954).  

3.1.10.2. Morphological characters  

Morphological characteristics of the pathogen such as cell shape, gram’s reaction and 

pigmentation were studied as per standard procedures described by Gerhardt (1981) and 

Bradbury (1970). 

3.1.10.2.a. Gram’s staining  

A small drop of sterile water was taken and placed on a clean microscope slide. Part of a 

young colony (18-24 hours old) was removed with a cold, sterile loop from the nutrient 

agar (NA) medium and the bacteria were smeared on to the slide that was very thin. The 

thinly spreaded bacterial film was air dried. Undesirable of the glass slide was heated by 
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passing it four times through the flame of a spirit lamp for fixing bacteria on it. Then the 

slide was flooded with crystal violet solution for 1 minute. Then It was rinsed under 

running tap water for a few seconds and excess water was removed by air. Again it was 

flooded with lugol’s iodine solution for 1 minute. After that it was decolorized with 95% 

ethanol (Appendix I) for 30 seconds and again rinsed with running tap water and air 

dried. Then it was counterstained with 0.5% safranine for 10 seconds. Again it was 

rinsed under running tap water for a few seconds and excess water was removed by air. 

Then the glass slide was examined at40x and 100x magnification using oil immersion. 

The Gram-negative bacteria appeared red in color and Gram-positive bacteria appeared 

violet in color (Pastor et al., 2010). 

3.1.10.3. Biochemical test 

Different biochemical tests such as, pectolytic test, catalase test and oxidase test were 

studied as per the standard procedures described by Kelman (1954). 

3.1.10.3.a. KOH solubility test  

A drop of 3% KOH (aqueous) was placed on a glass slide. Part of a single colony (18-24 

hours old) was removed from the NA plate using a cooled, sterile loop. Then it was 

mixed with KOH solution until an even suspension was obtained. The loop was raised a 

few centimeters from the glass slide and repeated strokes to have strands of viscid 

materials as described by Suslow et al. (1982).  

3.1.10.3.b. Levan test  

One loop-full bacterial culture was streak inoculated into NA plate containing 5% (w/v) 

sucrose with the help of a sterile transfer loop. Then it was incubated at 300C for 24 

hours to observe whether levan is produced or not.  
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3.1.10.3.c. Catalase test  

A few drops of freshly prepared 3% H2O2(Hydrogen peroxide) was added with 48 hours 

old pure culture of bacterium grown on NA plate and observed whether it produced 

bubbles within a few seconds or not. 

3.1.10.3.d. Oxidase test  

At first oxidase disk containing 1 ml 1% aqueous w/v solution of tetramethyl-p-

phenylene-diamine-dihydrochloride solution was soaked in sterile water and placed on a 

petri dish. Then a part of a colony was removed with a sterile toothpick and smeared 

onto the moistened oxidase disk and observed up to 60 seconds whether it changed 

colour to dark purple or not (Kovacs, 1956). 

3.1.10.3.e. Pectolytic test  

Potato tubers were washed and peeled. Before testing one centimeter slices were made 

and the slices were dipped in alcohol. A slice was placed in a petri dish with sterile 

water to a depth of 3-4 mm. A nick in the center of potato was made with a sterile tool 

and inoculated with a loopful of fresh culture (24 hr). Then it was incubated at 27oC for 

24-48 hours. After 24 hours a loop was run across the potato slice. Examination was 

done for 5 days after inoculation. 

3.2. Experiment II: Survey on the cold storages and prevalence of latent infection 

by Ralstonia solanacearum in potato 

3.2.1. Survey on cold storages in Narayanganj Districts 

Three selected cold storages of Narayanganj district viz- Hazi Rahamatullah cold 

storage, Sahin cold storage and Ma cold storage were surveyed in every month from 
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May, 2018 to October, 2018. Data on physical condition of cold storages viz- year of 

eastablishment, cold storage facility and storage capacity were recorded. 

3.2.2. Observation Internal conditions of cold storages 

The cold storages were equipped with machinery and mechanism to control temperature, 

relative humidity, ammonia supply and O2 supply & CO2 removal. Data on the stated 

parameters were collected from the record of cold storage. Data on the following 

parameters were recorded from the cold storage authority in every month such as- 

 Temperature (oC), 

 Relative humidity (%), 

 Ammonia supply (Hr), 

 Oxygen supply and Carbon di-oxide removal (Hr) 

 

3.2.3. Determination of Incidence of latent Ralstonia solanacearum with visible and 

invisible symptoms 

One month old potato samples were selected for the study. The collected samples were 

then kept in a polythene bag which was further placed inside the gunny sack. Within a 

day, the samples were brought to plant pathology laboratory of Sher-e-Bangla 

Agricultural University. Collected potato samples were observed visually for tuber 

infection symptoms. Twenty medium sized one month stored potatoes from each sample 

were cut to observe the symptoms. Collected potatoes showed visible and invisible 

symptoms of brown rot disease of potato. The potatoes were cut at three locations viz. 

stem end portion, middle portion and seed end portion to observe the symptoms. On the 

basis of symptom development incidence were calculated.   
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Every potato with visible and invisible symptoms was counted in the laboratory for 

calculating the incidence of the pathogen and then it was expressed in percentage. 

Disease incidence of latent pathogen of potato was determined by the following formula 

(Rai and Mamatha, 2005). 

                                                             Number of infected potato tuber 

Percent potato tuber Infection = ----------------------------------------------------- X 100 

                                                         Number of total potato tuber observed 

 

The following information were considered to calculate and estimate the loss of potato 

tubers in cold storage - 

      a) Number of room in each cold storages 

      b) Weight of potato tuber of potato in each bag  

      c) Types of symptoms 

 

3.2.4. Statistical analysis  

The data were statistically analyzed using computer package program of statistrix 10 

sowftware. Treatment means were compared by LSD at 0.05 level of significance. The 

data obtained in the present investigation for various parameters were subjected to 

ANOVA for a completely randomized design for in vitro studies. 
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CHAPTER IV 

RESULTS 

Potatoes were collected from three different cold storage to identify Ralstonia 

solanacearum as latent infection of potato. Results were compiled based on disease 

incidence at different storage period. 

4.1. Isolation and Identification of Ralstonia solanacearum in the Laboratory 

4.1.1. Isolationof Ralstonia solanacearum 

The causal organism was isolated from the infected tubers showing visible and invisible 

symptoms of bacterial wilt. Isolation was done by employing the dilution plate technique 

using nutrient agar medium. Repeated isolation from the infected tubers some yielded 

well separated, deep red coloured, largely unmixed mucoid magenta colonies of 

bacterium on TTC medium after 48hours of incubation at 30oC(Plate. 1B). Well 

separated, typical, lucid, convex, mucoid colonies of bacterium on NA medium was 

yielded after 48hours of incubation at 30oC (Plate.1A). Colonies were purified by 

restreaking the isolated colony on nutrient agar plate. 

4.1.2. Identification of the pathogen 

Cultural, morphological and biochemical characteristics of bacteria were observed 

through isolation of bacteria are discribed below: 

4.1.2.1. Identification of Ralstonia solanacearum by cultural characters 

Isolated bacteria culture were observed morphologically. Bacteria were grown on NA and 

TTC media. On NA medium the bacteria showed creamy white color after 24-48 hrs 

incubation at 300C in incubation chamber. Circular, mucoid, convex, lucid coloured 
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colonies were found on NA medium (Table 2 & Plate. 1A).To obtain pure culture, 

streaking was done again on NA media. 

Table 1. Cultural characterization of Ralstonia solanecearum on NA plates  

 

 

 

 

 

 

On TTC medium colonies of Ralstonia solanacearum appeared as largely unmixed, 

mucoid, magenta red coloured colonies (Plate.1C) after 24-48hrs incubation at 300C. 

 

4.1.2.2. Identification of Ralstonia solanacearum by Morphological characters 

Under the compound microscope, the bacterium was rod shaped with rounded ends, cells 

appeared singly and also in pairs, gram negative (red colour) and capsulated. The cells 

were readily stained with common stains such as crystal violet (Plate.2A). 

4.1.2.3. Identification of Ralstonia solanacearum by Biochemical characters 

In KOH solubility test, a mucoid thread was lifted with the loop. Therefore the test was 

positive (Plate.2B). The bacterium was gram negative that supports the result of gram’s 

staining test. 

 

In catalase test, the colony of the bacterium formed bubbles within a few seconds after 

adding 3% H2O2, which revealed that the test was positive (Plate. 2C).  

 

Cultural characteristics Observation 

Colony size Moderate 

Form Circular 

Pigmentation Creamy white 

Elevation Convex 
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In oxidase test, tetra methyl- p- phenylene- diamine dihydrochloride produce purple color 

smeared develops within 10 seconds, which indicated positive reaction of oxidase test. 

 

In levan test after incubated at 30oc the bacteria produced levan thus the bacterium 

showed positive result. 

 

In pecteolytic test, the bacteria showed positive result. After incubation for 48 hours the 

bacterium was able to rot the potato. 

 

Table 2. Biochemical characteristics of isolated R. solanecearum by different tests  

Name of tests Reaction 

Gram staining Negative 

KOH solubility test Positive 

Catalase test Positive 

Oxidase test Positive 

Levan test Positive 

Pectolytic test Positive 

Based on the colony morphology, biochemical and morphological test, the pathogen was 

identified as Ralstonia solanecearum. 
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Plate 1: Cultural Characteristics of Ralstonia solanacearum 

             A.  Streaking on NA media 

B. Colony on TTC media 

C. Streaking on TTC media 

 

  A 

B C 
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A. Gram staining Test 

 

B. KOH Solubility test 

 

C. Catalase test 

Plate 2: Biochemical characteristics R. solanecearum 
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4.2. Survey on three cold storages internal condition 

Physical condition of three cold storages viz- Hazi Rahamattullah cold storage, Sahin 

cold storage and Ma cold storage at Narayanganj district were surveyed from May, 2018 

to October, 2018 and result described below: 

At first, survey was done at Hazi Rahamattullah cold storage. Hazi Rahamattullah cold 

storage was established in 1968. The storage capacity of potato was 50000 ton where 

hundred percent place is occupied by potato from March to November (Plate 3). 

Secondly, survey was done at Sahin cold storage. It was established in 1985. Storage 

capacity of  potato was 30000 ton which is fully occupied in season by potato (Plate 4A).  

Final survey was done at Ma cold storage. Ma cold storage was established in 1992. 

Storage capacity was 40000 ton where hundred percent placed was occupied by potato 

(Plate 4B). Every cold storage has some characteristics of industries such as fixed 

establishment, machinery, workers, administration, input (potato).  

Cold storages internal conditions such as- temperature, relative humidity, ammonia 

supply and oxygen supply& carbon di-oxide removal were recorded in every month that 

shown in table (1 to 4). There is no significant variation in internal temperature, relative 

humidity, ammonia supply and oxygen & carbon di-oxide supply in three cold storages.  

4.2.1. Temperature recorded at different cold storages of Narayanganj district from 

May, 2018 - October, 2018 

Internal temperature of three cold storages of Narayanganj was recorded in every month 

from May to October. Temperatures were fluctuated in each month at three cold storages 

viz- Hazi Rahamattullah Cold Storage, Sahin cold storage and Ma cold storage. Internal 

temperature of three cold storages was ranged from 1.67
o
C - 4.44

o
C. Highest temperature 

(4.44
o
C) was found in the month of October at Hazi Rahamattullah cold storage, Sahin 

cold storage and Ma cold storage respectively. Lowest temperature (1.67
o
C) was 
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recorded in the month of May at Hazi Rahamattullah cold storage and Ma cold storage 

(Table 3). 

Table 3. Temperature (oC) recorded at different cold Storage from May-October, 

2018 

 

 

 

Name of Month 

 

Temperature (oC) 

Hazi 

Rahamattullah 

cold storage 

Sahin 

cold storage 

 

Ma 

cold storage 

May, 2018 1.67 2.22 1.67 

June, 2018 2.22 2.22 2.78 

July, 2018 2.78 2.78 2.78 

August, 2018 3.33 2.78 3.33 

September, 2018 4.44 3.33 3.33 

October, 2018 4.44 4.44 4.44 
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4.2.2. Relative Humidity recorded at different cold storages of Narayanganj district 

from May, 2018 - October, 2018 

Relative humidity of three cold storages of Narayanganj district was different from one 

another. Relative humidity was ranged from 85-90%.Highest relative humidity was 

recorded at 90% in the month of June, July, September and October at Hazi 

Rahamattullah cold storage, Sahin cold storage and Ma cold storage respectively. Lowest 

relative humidity was found 85% in the month of May at Hazi Rahamattullah cold 

storage and Ma cold storage respectively (Table 4). 

Table 4. Relative Humidity recorded (%) at different cold storages from May- 

October, 2018 

 

 

Name of Month 

 

Relative Humidity (%) 

 

Hazi 

Rahamattullah 

cold storage 

 

Sahin 

cold storage 

 

Ma 

cold storage 

May, 2018 85 86 85 

June, 2018 90 90 88 

July, 2018 88 88 90 

August, 2018 88 90 88 

September,2018 90 88 90 

October, 2018 90 90 90 
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4.2.3. Ammonia Supply recorded at different cold storages of Narayanganj district 

from May, 2018 - October, 2018 

Supply of ammonia at three cold storages was not significantly different from one cold 

storage to another. Supply of Amonia was ranged from 9 to 13 hour. Highest supply of 

Ammonia was found 13 hour in May, June, July at three cold storages respectively. 

Therefore lowest supply of ammonia was recorded in October at Sahin cold storage and 

Ma cold storage (Table 5). 

Table 5. Ammonia Supply (hr) recorded at different cold storages from May-

October, 2018 

 

 

Name of Month 

 

Ammonia Supply (hr) 

Hazi 

Rohamattullah 

cold storage 

Sahin 

cold storage 

Ma 

cold storage 

May, 2018 13 13 13 

June, 2018 13 12 13 

July, 2018 12 12 13 

August, 2018 12 10 12 

September, 2018 10 10 10 

October, 2018 10 9 9 
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4.2.4. O2 Supply and CO2 Removal recorded at different cold storages of 

Narayanganj district from May, 2018 - October, 2018 

Supply of O2 and CO2 removal of three cold storages was ranged from 0.8 to 1hour. 

Highest supply (1hour) was recorded indifferent month of May to October at Hazi 

Rahamattullah cold storage, Sahin cold storage and Ma cold storage respectively. Lowest 

supply of O2 supply & CO2 removal (0.8 hour) was found in July and October month at 

Ma cold storage and Hazi Rahamattullah cold storage respectively (Table 6). 

Table 6. O2 Supply and CO2 Removal (hr) recorded at different cold storages from 

May- October, 2018 

 

 

Name of Month 

 

O2 Supply and CO2 Removal (hr) 

Hazi 

Rahamattullah 

cold storage 

Sahin 

cold storage 

Ma 

cold storage 

May, 2018 1 1 1 

June, 2018 1 1 1 

July, 2018 1 1 0.8 

August, 2018 0.9 1 0.9 

September, 2018 1 0.9 1 

October, 2018 0.8 1 1 
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                             Front Side                                               Office Room 

 

    

Sorting and Drying Area                              Storage Room 

 

Plate 3: Pictorial view Hazi Rahmattullah cold storage 
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Storage Room 

    
                               Sorting Area                                Drying Area 

A. Sahin cold storage 

    

                       Sorting Area                                                Storage Room 

B.  Ma cold storage 

Plate 4: Pictorial view of Sahin and Ma cold Storage 
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4.2.5. Incidence of Ralstonia solanacearum at three cold storages of Narayanganj 

District from May to October, 2018 

The survey results that latent infection of Ralstonia solanacearum pathogen was found in 

potato tuber collected from three cold storages of Narayanganj districts in different 

months of storage period (Plate 5). 

Result showed that incidence of Ralstonia solanacearum varied from cold storages to 

cold storages and ranged from 12.42% to 26.21 % at different storage period. In the 

month of May, incidence was found 14.42%, 12.42% and 13.66 % at Hazi Rahmatullah 

cold storage, Sahin cold storage and Ma cold storage respectively. In June, incidence was 

recorded 17.43%, 16.41%amd  16.44 % at Hazi Rahmatullah cold  storage, Sahin cold 

storage and Ma cold storage respectively. For the month of July, incidence was found 

19.57%, 18.17% and 18.47% at Hazi Rahmatullah cold storage, Sahin cold storage and 

Ma cold storage respectively. Incidence was found 21.00%, 20.92% and 21.02% at Hazi 

Rahmatullah cold storage, Sahin cold storage and Ma cold storage respectively in the 

month of August. In next month September, incidence was found 22.66%, 23.08% and 

23.75% at Hazi Rahmatullah cold storage, Sahin cold storage and Ma cold storage. 

Finally, in the month of October, incidence was found 24.63%, 25.64% and 26.21 % at 

Hazi Rahmatullah Cold Storage, Sahin cold storage and Ma cold storage respectively. 

Among all six months, maximum incidence was found (26.21%) in the potato sample 

collected from Sahin cold storage in the month of October and minimum incidence was 

found (12.42%) at Sahin cold storage. Maximum incidence was found in October and 

minimum disease incidence found in May.  
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Table 7:  Incidence Ralstonia solanacearum at three cold storages in Narayongonj 

Districts from May to October, 2018 

 
 
 

Name of 

Month 

 
Latent infcetion (%) 

 
 

Hazi Rahmatullah      
cold  storage 

 
Sahin cold storage 

 
Ma cold storage 

 
May, 2018 

 
14.42 e 

 
12.42 f 

 
13.66 f 

 
June, 2018 

 

 
17.43 d 

 
16.41 e 

 
16.44 e 

 
July, 2018 

 
19.57 c 

 
18.17 d 

 

 
18.47 d 

 
August, 2018 

 

 
21.00 bc 

 
20.92 c 

 

 
21.02 c 

 
September, 2018 

 
22.66 ab 

 
23.08 b 

 

 
23.75 b 

 
October, 2018 

 

 
24.63 a 

 
25.64 a 

 
26.21 a 

 
CV (%) 

 

 
5.75 

 
4.01 

 
4.50 

 
LSD 0.05 

 
0.94 

 

 
0.63 

 
0.73 

 

Each data represents the mean value. Values followed by the different letter within a column are 

significantly different (p≤0.05) according to Least Significant Difference test. 
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A.Visible Symptom                  

   

 
B. Apparently healthy but latent infection found 

 
 

                                        
                                            C. Latent infection found 

 

Plate 5: Collected potato samples from three cold storages 
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4.2.6. Effect of cold storage internal condition on Incidence of Ralstonia 

solanacearum pathogen at Hazi Rahmatullah cold storage in Narayanganj, 

2018 

Effect of different internal condition viz- temperature, relative humidity, ammonia supply 

and O2 supply & CO2 removal on incidence of Ralstonia solanacearum pathogen at Hazi 

Rahmatullah cold storage in Narayanganj were observed. Variation of the incidence of 

Ralstonia solanacearum due to variation of temperature, relative humidity, ammonia 

supply and O2 supply & CO2 removal were observed in every six month from May to 

October, 2018 (Fig. 1). Incidences were recorded 14.42 %, 17.43%, 19.57%, 21.00%, 

22.66% and 24.63% during the month of May, June, July, August, September and 

October respectively. Highest incidence was recorded in the month of October (24.63%) 

at temperature 4.44
o
C, relative humidity 90%, ammonia supply 10 hours and O2 supply & 

CO2 removal 0.8 hour. On the other hand, lowest disease incidence (14.42%) was 

recorded in May at temperature 1.67oC, relative humidity 85%, ammonia supply 13 hours 

and O2 supply & CO2 removal 1hour. 

 

 

Figure 1: Disease Incidence of Ralstonia solanacearum at Hazi Rahmatullah cold storage 

N.B. Tm =Temperature (oC), RH= Relative Humidity (%), NH3= Amonia Supply (hr), O2 supply & CO2 

removal (hr), c1= Incidence of R. solanacearum (%) 
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4.2.7. Effect of cold storage internal condition on Incidence of Ralstonia 

solanacearum pathogen at Sahin Cold Storage in Narayanganj, 2018 

 

Effect of different internal condition viz- temperature, relative humidity, ammonia supply 

and O2 supply& CO2 removal on incidence of Ralstonia solanacearum pathogen at Sahin 

cold storage in Narayanganj were observed. Variation of the incidence of Ralstonia 

solanacearum due to variation of temperature, relative humidity, ammonia supply and O2 

supply & CO2 removal were observed in every six month from May to October, 2018 

(Fig. 2). Incidences were recorded 12.42%, 16.41%, 18.17%, 20.92%, 23.08% and 

25.64% during the month of May, June, July, August, September and October 

respectively. Highest incidence was recorded during the month of October 2018 

(25.64%) at temperature 3.33
o
C, relative humidity 90%, ammonia supply 10 hours and 

O2 supply & CO2 removal 0.8 hour. On the other hand, lowest disease incidence (12.42%) 

was recorded in May at temperature 2.22
o
C, relative humidity 85%, ammonia supply 13 

hours and O2 supply & CO2 removal 1hour. 

 

 

Figure 2: Disease Incidence of Ralstonia solanacearum at Sahin cold storage 

N.B. Tm =Temperature (oC), RH= Relative Humidity (%), NH3= Amonia Supply (hr), O2 supply & CO2 

removal(hr), c2 = Incidence of  R. solanacearum  (%) 
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4.2.8. Effect of cold storage internal condition on Incidence of Ralstonia 

solanacearum pathogen at Ma Cold Storage in Narayanganj, 2018 

Effect of different internal condition viz- temperature, relative humidity, ammonia supply 

and O2 supply& CO2 removal on incidence of Ralstonia solanacearum pathogen at Ma 

cold storage in Narayanganj were observed. Variation of the incidence of Ralstonia 

solanacearum due to variation of temperature, relative humidity, ammonia supply and O2 

supply & CO2 removal were observed in every six month from May to October, 2018 

(Fig. 3).Then incidences were recorded 13.66%, 16.44%, 18.47%, 21.02%, 23.75% and 

26.21% during the month of May, June, July, August, September and October 

respectively. Highest incidence was recorded during the month of October 2018 

(26.21%) at temperature 4.44
o
C, relative humidity 90%, ammonia supply 10 hours and 

O2 supply & CO2 removal 0.8 hour. On the other hand, lowest incidence (13.66%) was 

recorded in May at temperature 1.67
o
C, relative humidity 85%, ammonia supply 13 hours 

and O2 supply & CO2 removal 1hour. 

 

Figure 3: Disease Incidence of Ralstonia solanacearum at Ma cold storage 

N.B. Tm =Temperature (oC), RH= Relative Humidity (%), NH3= Amonia Supply (hr),O2 supply & CO2 

removal (hr), c3= Incidence of  R. solanacearum 
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4.2.9. Relationship between internal conditions of cold storages and incidences of 

Ralstonia solanacearum 

Correlation and linear regression analysis were performed to determine the relationship 

between internal conditions (temperature, relative humidity, ammonia supply and oxygen 

supply & carbon di-oxide removal) and incidence of Ralstonia solanacearum (Fig. 4). 

From the correlation studies it was revealed that internal conditions (temperature, relative 

humidity, ammonia supply and oxygen supply & carbon di-oxide removal) were 

positively and negatively correlated to incidence of Ralstonia solanacearum at three cold 

storages. Among all these temperature (R2 =0.829) was very positively correlated to the 

incidence of Ralstonia solanacearum (Fig. 4). On the other hand, relative humidity was 

poorly (R2= 0.478) was very poorly but positively correlated to incidence of Ralstonia 

solanacearum (Fig. 5).In case of ammonia supply (R2 =0.807) of cold storages was 

negatively correlated to incidence of Ralstonia solanacearum (Fig.6). Similarly oxygen 

supply & carbon di-oxide removal also negatively and very poorly (R2= 0.069) correlated 

to incidence of Ralstonia solanacearum (Fig.7).  
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Figure 4: Relationship between Temperature (oC) and incidence (%) of Ralstonia 

solanacearum 

 

 

Figure 5: Relationship between Relative Humidity (%) and incidence (%) of Ralstonia 

solanacearum 
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Figure 5: Relationship between ammonia supply (hr) and incidence (%) of Ralstonia 

solanacearum 
 

 

 

Figure 7: Relationship between O2 Supply & CO2 Removal (hr) and incidence (%) of 

Ralstonia solanacearum 
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CHAPTER V 

DISCUSSION 

The study was conducted in selected cold storage of Narayanganj district to observe the 

prevalence of Ralstonia solanacearum as latent infection in stored potato. Potato samples 

were collected from three different cold storages viz. Hazi Rahamatullah cold storage, 

Sahin cold storage and Ma cold storage during the period of May 2018 to October 2018. 

In total 360 samples were analysed during six months of the study period. The internal 

conditions of cold storages were also studied and data were recorded on temperature (oC), 

relative humidity (RH%), ammonia supply (hr), O2 Supply & CO2 removal (hr) and their 

effect on incidence of  Ralstonia solanacearum. 

In the present study isolation of Ralstonia solanacearum were done using the protocol 

described by Hayward (1991). Repeated isolation from the infected tubers yielded well 

separated, typical, lucid, convex, mucoid colonies of bacterium on nutrient agar medium 

(NA) after 48 hours of incubation at 30oC. A satisfactory number of colonies were 

formed on TTC after 48-72 hours of incubation of Ralstonia solanacearum. Cultural 

characteristics also observed as diagnostic features of this pathogen. Ralstonia 

solanacearum formed a large amount of colonies on NA medium after 48-72 hours of 

incubation. Circular, mucoid, convex, lucid coloured colonies of the bacterium were 

developed on NA medium. In TTC medium, largely unmixed mucoid magenta deep red 

coloured colonies of R. solanacearum were developed with whitish margins colonies of 

bacterium. It was confirmed according to the description of Kelman and Person, (1954). 

By using TTC and NA media Schaad et al. (2001), Champoiseau (2008) and Rahman et 

al. (2010) also identified R. solanacearum. 
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The bacterium was rod shaped with rounded ends gram negative (red color) and 

capsulated, after gram’s staining under the compound microscope at 100x magnification 

(Murray et al., 2007). A mucoid thread was produced in KOH solubility test that supports 

the result of gram’s staining test i.e., the bacteria was gram negative. It was confirmed on 

the basis of colony morphology (Kelman, 1954). In levan test after incubated at 300c the 

bacteria produced levan thus the bacterium showed positive result. Smear culture with a 

drop of hydrogen peroxide (H2O2) produced bubbles indicating positive for catalase tests. 

In oxidase test, tetra methyl phenylene diaminedi hydrochloride produce purple color 

smeared develops within 10 seconds (Kovacs, 1956). It showed positive result in levan 

test and pectolytic test, they are unable to utilize starch what was reported by Bradbury 

(1986). By using following biochemical test Denny and Hayward (2001) and Hossain et 

al. (2008) confirmed R. solanacearum. 

In the survey study of three cold storages internal condition showed no significant 

difference among them where temperature 1.67oC-4.44oC, relative humidity 85-90%, 

ammonia 9 to 13 hours and oxygen supply & carbon di-oxide removal0.8 to 1 hours. 

Harbenburg et al. (1986) and Maldegem (1999) stated that temperature, humidity, carbon 

dioxide and air movement are the most important factors during storage. Hirpa (2010) 

described that storage methods had a significant effect on incidence of Ralstonia 

solanacearum. Incidence of Ralstonia solanacearum is significantly influenced by 

average temperature, relative humidity, ammonia supply and O2 & CO2 supply. Variation 

of the incidence of Ralstonia solanacearum were observed due to variation of 

temperature, relative humidity, ammonia supply and O2 supply and CO2 removal in cold 

storages. Van't Oostar (1999) stated the optimum range of temperature and relative 

humidity of the air inside cold stores are 2-4 oC and 85-90% respectively for long term 
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storage. Western Potato Council (2003) observed that potato should be stored at (3-5
o
C) 

with 95% RH. 

The study showed that incidence was also varied with the increase of storage period. The 

highest incidence was found after six month of storage. Long term storage increased this 

incidence significantly. The pathogen infection was recorded in the present study based 

on visible and invisible symptoms following the description of Brunings and Gabriel 

(2003). Elphinstone (2005) reported that brown rot was caused by R. solanacearum 

mainly tuber-borne as it could latently infect tubers and survived in seed tubers during 

storage, causing disease when planted inthe next season. French (1994) stated that seed 

borne wilt or latent infection of R. solanacearum in potato has often been resulted in 

severe outbreaks of bacterial wilt. In this study maximum incidence was recorded 26.21% 

at Ma cold storage in October at highest temperature (4.44oC) and lowest incidence was 

found 12.42% at Sahin cold storage in May at lowest temperature (2.22oC). By following 

this method Chakraborty and Roy (2016) was recorded incidence of R. solanacearum. 

Nielsen (1963) found that the pathogen survives in potato tubers and in culture at low 

temperature. Ciampi et al. (1980) and Ciampi-Panno et al. (1981) reported that storage at 

4°C did not eliminate the pathogen from inoculated tubers even after 40 days. Prevalence 

of Ralstonia solanacearum in cold storage potatoes were varied in respect of infection. 

So we can say incidence was increased slowly from May to October month in three cold 

storages of Narayanganj district. 

From the correlation studies it was revealed that temperature of cold storages mainly 

responsible for increased of incidence of Ralstonia solanacearum and relative humidity 

was poorly responsible for this. On the other hand ammonia supply function as a 

refrigerant to absorb large quantities of heat without changing its temperatures and 
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decreased incidence. Similarly O2 supply & CO2 removal has no significant effect on 

incidence of Ralstonia solanacearum. 

The present study was based on only the prevalence of Ralstonia solanacearum in stored 

potato and effect of storage internal condition on incidence of Ralstonia solanacearum 

From the result, it could be concluded that highest incidence of Ralstonia solanacearum 

was found at highest temperature (4.44
o
C).  
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CHAPTER V 

SUMMARY AND CONCLUSION 

 

Tuber of potato is vulnerable to attack by various diseases in Bangladesh especially by 

the pathogen Ralstonia solanacearum. Even the fresh looked potato tuber can contain the 

pathogen in itself. Therefore, the present study was designed to study the prevalence of 

Ralstonia solanacearum as latent infection in potato tuber samples collected from three 

cold storages of Narayanganj districts viz- Hazi Rahmatullah cold storage, Sahin cold 

storage, Ma cold storage during the month of May 2018 to October 2018. 

In the present study, potatoes samples were collected in every month from three cold 

storages in the month of May to October. Then isolation and identification was done in 

the Phytobacteriology Laboratory at Sher-e-Bangla Agricultural University, Dhaka. 

Ralstonia solanacearum was isolated from the infected tuber by following dilution 

plating technique using nutrient agar medium. The bacterium appeared as circular, 

mucoid, convex, lucid colour colonies on NA medium. The bacteria produced small 

whitish with pink centered colony on selective TTC medium. The pathogen was 

identified by its morphological, biochemical and cultural features as per standard 

microbiological processes. It showed positive result in KOH solubility test, Levan test, 

Catalase test, Oxidase test, Pectolytic test and negative result in Gram staining test. 

The study revealed that incidence of Ralstonia solanacearum varied from cold storage to 

cold storage. Variation of the incidence of Ralstonia solanacearum due to variation of 

temperature, relative humidity, ammonia supply and CO2 and O2 supply in cold storages. 

Highest incidence was found in the month of October (26.21%) at temperature 4.45oC, 

relative humidity 90%, ammonia supply 9 hours and O2 supply & CO2 removal 1hour at 
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Ma cold storage. Lowest incidence was found 12.42% in May at temperature1.67
o
C, 

relative humidity 86%, ammonia supply 13 hours and O2 supply & CO2 removal 1hour at 

Sahin cold storage. From the correlation studies it was revealed that temperature (oC) 

temperature of cold storages mainly responsible for increased of incidence of Ralstonia 

solanacearum and relative humidity was poorly responsible. 

The present study result revealed that the latent pathogen Ralstonia solanacearum can 

stay longer time in potato tuber and completely destroy vascular bundle in severe stage. 

Incidence was increased gradually for long term storage and increase with temperature. 

Therefore, Incidence of Ralstonia solanacearum is significantly influenced by average 

temperature and relative humidity. Maxmium disease incidence was found 26.21% at Ma 

cold storage in October at highest temperature (4.44oC). Minimum incidence was found 

12.42% at Sahin cold storage in May at lowest temperature (1.67oC). Maximum 

incidence was observed at highest temperature (4.44oC). 
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APPENDICES 

 

           Appendix I. Biochemical reagents 

 

             Gram’s Crystal violet (Hucker’s modification) 

             Solution A : Crystal violet (90% dye content)                      2.0 g 

                                 Ethyl alcohol                                                     20.0 ml 

             Solution B : Ammonium oxalate                                           0.8 g 

                                Distilled water                                                    80.0 ml 

 

           Solution A and B in equal volume to prepare crystal violate solution. 

           Gram’s Iodine (Gram’s modification of Lugol’s solution) 

           Iodine                                                                                     1.0 g 

           Potassium iodide (KI)                                                            2.0 g 

           Distilled water                                                                       300.0 ml 

 

           Add iodine after KI is dissolved in water to prepare Gram’s Iodine solution. 

           Gram’s alcohol (decolorizing agent) 

           Ethyl alcohol (95%)                                                              98 ml 

           Acetone                                                                                 2 ml 

           Safranin (counter stain) 

           Safranin (2.5% solution in 95% ethanol)                            10 ml 

           Distilled water                                                                     100 ml 
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KOH solubility reagent 

3% aqueous solution of KOH was prepared from the KOH granules. 

Catalase reagent 

3% aqueous solution of H2O2 was prepared from the H2O2 absolute solution. 

Oxidase reagent 

1% aqueous solution of  tetramethyl-p-phenylene-diaminedihydrochloride was prepared 

from the absolute solution. 
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