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1. Introduction 

 
Bacterial wilt caused by the soil-borne plant 

pathogenic species complex Ralstonia 

solanacearum is a serious disease of potato in 

tropical, subtropical and warm temperate regions 

ABSTRACT 

Bacterial wilt caused by the soil-borne species complex Ralstonia solanacearum is a serious disease affecting 

potato (Solanum tuberosum L.) yield and quality in tropical, subtropical and warm temperate regions. In 

Madagascar, bacterial wilt occurs in all potato production areas causing severe crop losses and posing a serious 

threat to rural households’ food security. The present study carried out under rain-fed, field conditions at two 

sites located, in the Betafo district, in the Vakinankaratra region, the main potato production area aimed to assess 

biological control potential of two legume cover crops (Crotalaria spectabilis; Crotalaria grahamiana) as 

previous crop and intercrop against potato bacterial wilt. The experiment conducted on a moderately susceptible 

potato variety (Meva) on andosol was laid out in randomized complete block design with four treatments and 

four replicates. Treatments were consisted of potato sole cropping (control), potato mulching and intercropping 

with C. grahamiana, potato green manuring and intercropping with C. grahamiana and potato intercropping 

with Crotalaria spectabilis, respectively. Results showed positive effects of intercropping systems on potato 

yield parameters and biocontrol effects against potato bacterial wilt caused by strains of R. solanacearum 

phylotype I, biovar 3. Delayed bacterial wilt onset, decreased bacterial wilt incidence (-38 to -75%) and 

decreased infected tubers rates (-61 to -96%) were recorded in Crotalaria mixed cropping as well as increased 

potato total tubers (+107 to 145%) and marketable tubers (+125 to +170%) yields. 
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(Hayward, 1991). The Ralstonia solanacearum 

species complex has broad plant host range 

comprising more than 200 species belonging to 

over 50 botanical families. They are responsible of 

several types of bacterial wilt disease on economic 

groups and ornamentals worldwide (Elphinstone, 

2005). 

Traditionally, the Ralstonia solanacearum species 

complex strains were classified into five (5) races 

based on their phenotypical properties, their 

differences in host range and into 5 biovars based 

on their differential ability to utilize carbon source 

from three hexose alcohols and three 

disaccharides (Hayward., 1994). Race 1 regroups 

strains that affect tobacco, potato, tomato, 

eggplant, diploid banana and many other 

Solanaceous crops and weeds. Race 2 strains 

affect triploid banana, plantain causing Moko 

disease as well as the ornamental plants, species of 

Heliconia spp. Race 3 strains mainly cause wilt on 

potato and tomato under temperate conditions. 

Race 4 strains and race 5 strains are specific to 

ginger and mulberry, respectively. 

The Ralstonia solanacearum species complexe’s 

genetic diversity has been recently distributed into 

four phylogenetic groups (phylotypes) that 

correspond to their origin based on phylogenetic 

analysis of sequence data generated from 16S-23S 

ribosomal inter-genic spacer region as follows: 

Phylotype I, strains originating from Asia; 

Phylotype II, strains from the Americas; 

Phylotype III, strains from Africa and Phylotype 

IV, strains from Indonesia (Fegan and Prior, 

2005). The phylotypes are subdivided into 

sequevar groups based on sequence variation in 

the hrpB and endoglucanase (egl) partial genes 

(Fegan and Prior, 2005). 

The vascular pathogen penetrates host through 

roots natural openings such as emerging points of 

secondary roots and through nematode or insect-

induced wounds (Vasse et al., 1995). Following 

penetration, the pathogen colonize and multiply 

massively in the xylem vessel, producing 

abundant exopolysaccharides before progressing 

into other parts of the pant. The production of 

exopolysaccharides combined with callose 

deposition from host, as a response to the 

infection, ultimately lead to xylem vessels 

obstruction and characteristic wilting symptoms 

development.  

On potato, Ralstonia solanacearum strains cause 

wilting of aboveground vegetative parts and 

rotting of tubers at harvest and storage. Some 

strains can survive latently in potato tubers 

without triggering symptoms (Ciampi et al., 

1981). The main source of inoculum are infected 

plant, contaminated soil, contaminated irrigation 

and surface water, latent infected potato seed 

tubers (Kelman et al., 1994). 

In Madagascar, potato is an important food crops 

in the central Highlands, especially in the 

Vakinankaratra region, the main production region 

where area under potato production accounts more 

than 50 000 ha. In the Vakinankaratra region, 

potato is playing a key role in household food 

security as rice supplement or substitute during 

the lean period. In addition, potato is high value 

commercial crops generating supplementary 

incomes (CEFFEL, 2012). 

Bacterial wilt is one of the most widespread, 

severe diseases affecting potato yield and quality 

and posing serious threat to rural households’ food 

security. Over the last decade, potato bacterial wilt 

outbreaks have been reported as more severe and 

more frequent. 
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Like other soil-borne disease, bacterial wilt is 

difficult to manage. No conventional method 

effectively controls it. Sub-groups of the species 

complex Ralstonia solanacearum encompasses 

strains that can survive for extended periods in 

soil and in roots and rhizosphere of many hosts 

(reservoirs) including weeds (Prior et al., 1990).  

Recent trends in bacterial wilt control are mainly 

focused on integrative measures including 

sustainable, ecological-friendly cultural practices 

based on sanitizing crops. These methods mostly 

rely upon enhancing host plant’s resistance and 

promoting soil health through decreasing 

infectious potential of soil and modifying soil 

microbial communities for disease suppression. 

 

The present field study aimed at assessing 

biological control potential of two legume 

(Papilionaceae), sanitizing crops Crotalaria 

grahamiana, Crotalaria spectabilis, against potato 

bacterial wilt. Crotalaria grahamiana, a perennial 

species, is generally opportunistic, widespread 

throughout the Highlands and Crotalaria 

spectabilis, an annual species that is 

geographically restricted to the Midwestern part of 

the country. Both Crotalaria species are widely 

used in farming systems as green manure crop, 

cover crop and hedgerow crop. 

2. Materials and Methods 

2.1 Experimental sites 

The present field study was carried out at two sites 

located at the rural Commune of Mandritsara 

(19°49'39'' S; 46°53'19'' E, 1,576 masl) and the 

rural Commune of Alakamisyanativato (19°53'01'' 

S; 46°54'20'' E, 1524 masl), in the Betafo District, 

in the Vakinankaratra region, in the Highlands of 

Madagascar, over one rainy season, from 

November 2020 to May 2021.  

The climate is altitude tropical with a dry and cool 

season extending from May to September with 

minimal daily temperature ranging from 6°C to 

9°C and a rainy and warm season extending from 

October to April with average daily temperature 

ranging from 13.2°C to 26°C. Mean annual 

rainfall averages exceed 1300 mm (Ahmim-

Richard et al., 2018). 

Soil type at the two sites are andosol, acidic or 

moderately acidic, relatively rich in carbon and in 

nitrogen, with a satisfactory C/N ratio, moderately 

rich in phosphorus and in potassium, with a loamy 

sand texture (Table 1). 

2.2 Treatments and experimental design 

The perennial (Crotalaria grahamiana) and the 

annual (Crotalaria spectabilis) herbaceous legume 

cover crops and the Meva potato cultivar, 

moderately susceptible to bacterial wilt caused by 

Ralstonia solanacearum were used for the field 

experiment. This potato cultivar is particularly 

appreciated by potato growers owing to its 

agronomic traits (earliness, 150 days of growth, 

fair storability), its technological characteristics 

(higher dry matter content, suitability to frying) 

Table 1: Soil chemical properties at the experimental sites 

Site pH C% N% C/N P (Bray II) ppm K (meq/100g) 

Mandritsara 4.82 4.20 0.270 13.9 3.50 0.209 

Alakamisyanativato 5.26 6.54 0.423 15.5 6.00 0.216 

Source : Laboratoire de Radio Isotope, Madagascar 
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and its higher economic value on domestic 

markets. 

The experimental design was a randomized 

complete block design with four treatments and 

four replicates. Treatments were consisted of T1: 

potato sole cropping, T2: potato mulching and 

intercropping with C. grahamiana, T3: potato 

green manuring and intercropping with C. 

grahamiana, T4: potato intercropping with C. 

spectabilis. Each of the elementary plots contained 

40 plants of potato planted at 0.7 × 0.3 m rows, 

under standard fertilizer composed of 10 t ha-1 of 

farmyard (cattle) manure and 33 kg N + 66 kg 

P2O5 + 48 kg K2O ha-1 in the form of NPK 

complex 11-22-16 applied at potato planting time 

complemented with additional 46 kg N ha-1 in the 

form of urea applied four weeks after potato 

planting during earthing up time (15-20 cm).  

Under intercropping system, Crotalaria sp. seeds 

were sown in alternate rows (0.7×0.3m), in drill 

sowing pattern, 12 weeks prior to potato planting 

(previous cropping). Six weeks after sowing, C. 

grahamiana aerial biomass was entirely cut down 

and either allowed to die back to form a mulch 

(T2) or incorporated into the soil (T3) four weeks 

before potato planting while the root systems 

remain in the soil. 

2.3 Sampling, measurement and analysis 

Potato yield parameters measurement 

At harvest (twelve weeks after planting), potato 

yield parameters [total number and yield of tubers 

per plant; total number and yield of commercial 

tubers (≥ 28 mm diameter) per plant] were 

measured on 12 potato plants located in the central 

two rows.  

 

Bacterial wilt incidence monitoring  

In each plot, bacterial wilt incidence was 

monitored at 5, 6, 7 and 8 weeks after potato 

planting using the formula:  

Incidence (100%) = Σ wilted plants × 100 / total 

plants  

At harvest, infected potato tubers percentages for 

each plot were calculated. 

Isolation and characterization of presumptive 

Ralstonia solanacearum strains 

Bacterial strains were isolated from stem, tuber 

vascular tissue of diseased potato plants. 

Serial dilutions from stem, tuber vascular tissue 

and soil samples were spread onto semi-selective 

medium (SMSA: modified Sequiera Medium 

South Africa) (Elphinstone et al., 1996) and onto 

the triphenyltetrazolium chloride (TZC) medium. 

Presumptive colonies of R. solanacearum 

developing the typical white with pink centres, 

irregularly-shaped, fluidal morphotype were 

subcultured and purified on TZC medium. Pure 

bacterial isolates were, subjected to biochemical 

characterization (biovar determination) and 

species and Phylotype-levels molecular 

characterization. 

Biochemical characterization or biovar 

determination aimed at testing the ability of 

presumptive R. solanacearum strains to produce 

acids on Ayers basal media amended with three 

hexose alcohols (mannitol, sorbitol, dulcitol) and 

three disaccharides (cellobiose, lactose and 

maltose) as carbon source (French et al., 1993). 

Molecular characterization was carried out at 

species and phylotype level using reference 

strains. 
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DNA extraction from presumptive isolates of R. 

solanacearum 

A loopful (1µl) of presumptive RSSC single 

colonies from a CPG plate was suspended in 

100µl molecular biology grade water and boiled at 

95°C for 15 min on a thermal cycler for DNA 

extraction (Weller et al., 2000). 

PCR detection of RSSC and phylotype 

identification 

DNAs from the boiled presumptive Ralstonia 

isolates are first screened using RSSC-specific 

primer pairs 759/760 of Opina et al. (1997). 

Phylotypes are screened by multiplex PCR 

combining the four phylotype-specific primers: N: 

mult21:1F (phylotype I), N: mult21:2F (phylotype 

II), N:mult23:AF (phylotype III), N:mult22:InF 

(phylotype IV) and the species-specific reverse 

primer Nmult22:RR as described by Fegan and 

Prior (2005).  

The PCR is run with the following cycling 

conditions: initial denaturation of 15 min at 95°C; 

30 cycles of 30 s at 94°C, 1 min at 59°C and 1 min 

at 72°C and final extension of 10 min at 72°C. 

The PCR reaction reagents, volumes and protocol 

were as described by Abdurahman et al. (2019). 

PCR products were visualized through 

electrophoresis, after application of an electric 

current of 90 volts for 40 minutes. 

Statistical analysis 

Para-metric data were subjected to analysis of 

variance followed by means separation according 

to the Tukey’s honestly significant difference test 

(p<0.05). For non-parametric data, Kruskal-Wallis 

test (α = 0.05) and then a pairwise comparison test 

was performed (α = 0.05) using the software 

XLSTAT. Data in percentages were transformed 

into logarithmic (Log 10) data prior to analysis of 

variance. 

3. Results and Discussion 

Biovar determination, species confirmation and 

phylotype identification 

Biochemical tests revealed that all presumptive 

strains of Ralstonia solanacearum isolated from 

stem, tuber vascular tissue of symptomatic potato 

plants were capable of using all disaccharides and 

all hexose alcohols except inositol as carbon 

source.  

Therefore, they can be classified into biovar 3. 

Molecular characterization carried out at species 

and phylotype level revealed 280bp fragment and 

144bp fragment, respectively (Fig. 1 and 2). 

Ralstonia solanacearum strains belong to 

Phylotype I. 

 

Fig.1: Gel electrophoresis of PCR amplification 

products 

Lane M: DNA Marker; lane RS+: reference strain of R. 

solanacearum ; lane RS- :negative control, lane 18 : 

positive sample of R. solanacearum isolated from 

Alakamisyanativato, Betafo; 22: positive sample 

isolated from Mandritsara, Betafo 
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Fig. 2: Gel electrophoresis of Multiplex PCR 
amplification products 

Lane M: DNA Marker; lane RS+: reference strain of R. 

solanacearum ; lane RS- :negative control, lane 18 : 

positive sample of R. solanacearum isolated from 

Alakamisyanativato, Betafo; 22: positive sample 

isolated from Mandritsara, Betafo 

Potato agronomic parameters  

At harvest, twelve (12) weeks after planting, 

potato total tubers and marketable yields per plant 

were significantly different between sites, 

treatments and their interactions. Over the two 

sites, intercropping systems gave +107 to +145% 

total potato tubers yield advantage over potato 

sole cropping. The highest yield advantage was 

recorded for soil treatment under mulching and 

intercropping with Crotalaria grahamiana (Fig. 

3). 

With regards to potato marketable tubers yield per 

plant, they are significantly (p<0.05) different 

between sites, treatments and their interactions. 

Over the two sites, maximum potato marketable 

tubers yield advantage was recorded for soil 

treatment under mulching and intercropping with 

Crotalaria grahamiana. Average potato 

marketable tubers fresh weight was +125 to 

+170% superior under intercropping systems (Fig. 

3) 

Potato bacterial wilt incidence 

Bacterial wilt incidence was recorded from 5 to 8 

weeks (37 to 56 days) after potato planting. 

At both sites, bacterial wilt incidence increased 

over the time. Under intercropping system with  

Fig. 3: Potato total tubers yield (left) and marketable tubers yield (right) 

(T1: potato sole cropping, T2: potato mulching and intercropping with Crotalaria grahamiana, T3: potato green 

manuring and intercropping with Crotalaria grahamiana, T4: potato intercropping with Crotalaria spectabilis, within 
columns means followed by the same letter are not significantly different at p = 0.05 according to the Kruskel-Wallis 

all pairwise comparison test) 
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Crotalaria spectabilis, bacterial wilt symptoms 

onset was delayed about one week at the 

Alakamisyanativato site where the legume cover 

crops grew rapidly. At 8 weeks after potato 

planting, cumulative bacteria wilt incidence varied 

significantly (p<0.05) between sites, treatments 

and their interaction. Over the two sites, bacterial 

wilt incidence was significantly declined by -38 to 

-75%, the lowest incidence was recorded for 

intercropping system with Crotalaria spectabilis 

(Table 2). 

At harvest, bacterial wilt infected potato tubers 

percentage was decreased by -84 to -91% and -61 

to -96% under soil treatment with mulching and 

intercropping of Crotalaria grahamiana and soil 

treatment with intercropping of Crotalaria 

spectabilis as compared to potato sole cropping, at 

the Mandritsara site and the Alakamisyanativato 

site, respectively. Over the two sites, averaged 

potato bacterial wilt incidence was -76 to -93% 

lower (Table 2).  

Intercropping of moderately susceptible cultivar 

Meva of potato either with annual legume cover 

crops Crotalaria spectabilis or perennial legume 

cover crops Crotalaria grahamiana, on andosol 

showed potential to promote potato growth and 

control of bacterial wilt caused by strains 

belonging to phylotype I and biovar 3 of the 

species complexe Ralstonia solanacearum. Potato 

yield parameters in terms of total and marketable 

potato tubers yields were positively affected in 

significant way by intercropping.  

Potato growth stimulation can be associated with 

positive effects of intercropping on soil physico-

chemical properties leading to improved uptake of 

nutrients.  

Positive effects of potato intercropping with 

Table 2: Cumulative potato bacterial wilt (BW) incidence and infected tubers 

Treatment 

BW incidence (log %) Potato tubers infection (Log %) 

Mandritsara 
Alakamisyana

tivato 
Mean Mandritsara 

Alakamisyana

tivato 
Mean 

T1 (control) 
1.03 ± 0.05 a 1.10 ± 0.02 a 1.06 ± 0.05 a 1.12 ± 0,10 a 8.47 ± 5.97 a 0.90 ± 0.48 a 

T2 0.85 ± 0.13 ab 0.67 ± 0.58 ab 0.76 ± 0.39 ab 0.20 ± 0.35 b 0.38 ± 0.38 a 0.18 ± 0.28 b 

T3 0.94 ± 0.06 ab 0.63 ± 0.54 ab 0.78 ± 0.39 ab 0.27 ± 0.46ab 3.28 ± 1.66 a 0.36 ± 0.40ab 

T4 0.65 ± 0.16 b 
0.20 ± 0.17 b 

 
4.17 ± 0.12 b 

 
0.19  ± 0.33 b 

 
1.68 ± 1.68 a 

0.10 ± 0.23 b 
 

p-value (site) 
- - 0.09 - - ns 

p-value 

(treatment) 
0.043 0.049 0.018 0.024 ns 0.005 

p-value 

(site×treatment) 
- - 0.49 - - ns 

Mean 0.87 ± 0.17 b 0.65 ± 0.48 0.76 ± 0.37 0.44 ± 0.50 3.45 ± 5.74 0.39 ± 0.47 

T1: potato sole cropping, T2: potato mulching and intercropping with Crotalaria grahamiana, T3: potato green 

manuring and intercropping with Crotalaria grahamiana, T4: potato intercropping with Crotalaria spectabilis, 

within columns means followed by the same letter are not significantly different at p = 0.05 according to the 
Kruskel-Wallis all pairwise comparison test 
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legume cover crops were reported by other 

researchers (Guitari et al., 2018). Field experiment 

carried out in Kenya on rainfed potato 

intercropped with lima bean and dolichos revealed 

benefits of intercropping such as enhanced 

radiation interception and use efficiency, soil 

temperature, water content and productivity 

optimization. However, results obtained from the 

present experiment revealed that intercropping of 

potato with Crotalaria spp., particularly with 

Crotalaria spectabilis has great potential to 

control potato bacterial wilt through delayed 

disease onset, reduced incidence of bacterial wilt 

on potato aerial plant part (-75%) and tubers (-

96%) (Nyawade et al., 2019). 

Similar results were observed from a field 

experiment carried out in bacterial wilt 

endemically-infested field in Uganda, aiming at 

testing the effect of Crotalaria falcata as fallow 

and potato intercrop. Significant reduction of 

potato bacterial wilt incidence by 85% was 

recorded under soil fallowing with Crotalaria 

falcata and reduction of infected potato tubers by 

more than 94%. Reduced bacterial wilt incidence 

was coupled with suppression of latent R 

solanacearum infection after 6 to 12 months 

potato intercropping with C. falcate (Kakuhenzire 

et al., 2013). 

In addition, results from a field experiment carried 

out in Martinique reported potato bacterial wilt 

onset delay of 25 days and reduction of bacterial 

wilt incidence up to 70% through previous 

cropping of C. spectabilis and C. juncea (Deberdt 

et al., 2015).  

Besides having soil physico-chemical properties 

improving effects, Crotalaria spp. have 

suppressive effects on plant parasitic nematodes 

(Wang et al., 2002). They are generally poor host 

or non-host to many plant parasitic nematodes 

producing secondary metabolites, allelochemicals 

(pyrrolizidine) toxic to nematodes and bacteria 

(Joosten and Van Veen, 2011). Moreover, 

Crotalaria species are able to stimulate nematode-

antagonistic microorganisms, hence preventing 

bacterial wilt infection through nematode-induced 

wounds. Other studies reported that soil organic 

matter increase was correlated with growth of 

facultative bacteria which compete with R. 

solanacearum strains (Cardoso et al., 2006). 

However, Vanitha et al. (2012) revealed that 

Crotalaria grahamiana exhibit phenolic 

compounds (flavonoids) in its different parts with 

significant antimicrobial activity.  

Biological control effects of Crotalaria spectabilis 

and Crotalaria grahamiana against bacterial wilt 

can be associated with various mechanism such as 

potato nutritional quality and disease resistance 

enhancement through improved soil chemical and 

physical properties, or soil disease suppression 

through either diversity and composition of soil 

microbial communities modification or R. 

solanacearum specific antagonistic strains 

stimulation (Cardoso et al., 2006). Bacterial wilt 

symptoms apparition and intensity are dependent 

on several factors including host characteristics 

(species, cultivar and physiological stage), R. 

solanacearum strain type, level of inoculum and 

interactions with the environment (temperature, 

humidity, type of soil) (Van et al., 2004). 
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