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Introduction 

Tomato (Solanum lycopersicum L.) is one of the most economically 

important horticultural crops worldwide. Originally native to South 

America, tomatoes are now grown globally and essential to many 

culinary dishes. The fruit varies in size, shape and colour, with colours 

ranging from deep red, yellow, orange, green and even purple. 

Tomatoes are rich in vitamins A, C and K, as well as minerals like 

potassium and manganese. They are also a good source of 

antioxidants, including lycopene, which has been linked to a 

reduced risk of prostate cancer (1). Although tomato is valued for its 

agricultural, industrial and economic significance, its cultivation in 

tropical and subtropical regions faces serious constraints from 

bacterial wilt, a devastating vascular disease caused by the R. 

solanacearum species complex (2). 

In India, tomato bacterial wilt is a major constraint to tomato 

production, particularly in the states of Karnataka, Andhra Pradesh, 

Tamil Nadu, Odisha and Maharashtra (3). The disease is notorious for 

its widespread prevalence, high virulence and ability to cause up to 

90 % yield losses under favourable environmental conditions 

making bacterial wilt one of the most intractable production 

constraints in Asia, including India (4–7). Bacterial wilt symptoms 

manifest at all stages of plant growth. However, symptoms are 

particularly severe during the flowering and fruiting phases. The 

pathogen invades the host through the roots, rapidly colonises the 

xylem vessels, disrupts water transport and ultimately leads to plant 

wilting and death (8).  

The complexity of managing bacterial wilt stems from the 
pathogen’s extensive genetic and pathogenic diversisty.  

R. solanacearum has been classified into 4 major phylotypes: 

Phylotype I (Asia), II (Americas), III (Africa) and IV (Indonesia) with 
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Abstract  

Bacterial wilt caused by Ralstonia solanacearum is a destructive disease severely restricting tomato (Solanum lycopersicum L.) productivity in 
tropical and subtropical regions. The purpose of this study was to identify novel sources of resistance and explicate the inheritance pattern of 

bacterial wilt resistance in tomato.  A total of 59 genotypes, including open-pollinated lines, hybrids and breeding accessions, were subjected 
to screening experiments during two consecutive seasons (2022–2023 and 2023–2024) under controlled net house conditions at Centurion 

University of Technology and Management and natural epiphytotic field conditions at Indian Institute of Horticultural Research - Central 

Horticultural Experiment Station , Bhubaneswar, India. Disease severity was evaluated using percent disease index (PDI) and area under 

disease progress curve (AUDPC). The open-pollinated cultivar ‘Utkal Kumari (BT-10)’ exhibited consistent high resistance, with significantly 
lower AUDPC values (<150 vs >1800 in susceptible checks) and high survival rates (90 %) across environments. Among others, tomato cultivars 

Arka Samrat, Arka Abhed and JK Desi, demonstrated significant resistance while genotypes such as Pusa Ruby and EW815 were consistently 

highly susceptible. A segregating F₂ population derived from a cross between resistant ‘BT-10’ and susceptible ‘Pusa Ruby’ exhibited 

continuous variation in disease response. Chi-square analysis revealed significant deviation from a 3:1 Mendelian segregation ratio (χ² = 72.30, 

P < 0.01), indicating a quantitative mode of inheritance. These findings highlight the potential of Utkal Kumari and allied resistant lines as 
donors for resistance breeding and emphasize the need to integrate robust phenotypic screening with molecular approaches for durable and 

strategic bacterial wilt management in tomato. 

Keywords: area under disease progress curve; disease screening; germplasm evaluation; quantitative resistance; segregating population; 
sustainable disease management  
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further sub-groupings such as IIA and IIB (9). While phylotype IIB 

strains are particularly aggressive on potatoes (10), strains from all 

four phylotypes can infect solanaceous crops, including tomato (11, 

12). This diversity complicates control strategies, as different strains 

may vary significantly in their pathogenicity and host range.  

 Resistance breeding has long been recognised as the most 

sustainable and eco-friendly strategy to manage bacterial wilt in 

tomato. Previous studies have reported various modes of genetic 

control for bacterial wilt resistance. In some genotypes, notably 

Hawaii 7996 and Hawaii 7998, resistance is governed by a single 

dominant gene (13, 14), while in other cases, resistance appears to 

be polygenic or governed by multiple quantitative trait loci (15). 

Some researchers have also reported resistance being conditioned 

by single or multiple recessive genes (16–23). In India, research has 

largely concentrated on southern and northern states, with 

comparatively limited systematic efforts in the eastern region 

despite its vulnerability due to warm, humid conditions favourable 

for bacterial wilt epidemics. The expression and durability of 

resistance are also affected by environmental conditions, variation of 

pathogen strains and genotype × environment interactions.  

 Despite various advancements, resistance to bacterial wilt in 

tomato is reported to be complex, ranging from single-gene control 

in some accessions to polygenic, quantitative inheritance in others. 

However, information on regionally adapted germplasm, 

particularly under natural epiphytotic conditions, remains limited. 

Moreover, the stability of resistance across environments and the 

genetic basis of tolerance in local cultivars have not been adequately 

explored. Therefore, the present study was undertaken to 

systematically screen a diverse panel of tomato germplasm under 

both controlled and field conditions in eastern India, identify novel 

and stable sources of resistance and assess the inheritance pattern 

of resistance using segregating populations derived from contrasting 

parents. We hypothesised that regionally adapted tomato 

germplasm from eastern India harbours novel and stable sources of 

resistance capable of withstanding natural epiphytotic pressure and 

that resistance derived from the cultivar ‘Utkal Kumari’ is governed 

by a quantitative, polygenic inheritance pattern rather than single-

gene control. By integrating dual-environment phenotyping with 

inheritance analysis, this work provides insights into the durability of 

bacterial wilt resistance in regionally adapted tomato germplasm 

and highlights potential donors for future breeding strategies for 

sustainable management of bacterial wilt pathogens in Tomato.  

 

Materials and Methods 

Plant materials  

A total of 59 tomato germplasm was collected, comprising 37 

accession lines, 14 F1 hybrids, 7 open-pollinated (OP) cultivars and 1 

local landrace. These were sourced from ICAR-National Bureau of 

Plant Genome Research, New Delhi, ICAR-Indian Institute of 

Vegetable Research, Varanasi, Orissa University of Agriculture and 

Technology, Bhubaneswar and local collections. Two sets of 

experimentations were conducted simultaneously, one at the net 

houses of Centurion University of Technology and Management, 

Bhubaneswar, Odisha and the other at the sick plot of Indian 

Institute of Horticultural Research - Central Horticultural Experiment 

Station, Bhubaneswar, Odisha. The seeds were sown in 2 sets using 

50-cavity germination trays (measuring 54 cm × 26 cm × 4.5 cm; L × W 

× H), filled with a sterilised potting mixture consisting of cocopeat 

and vermicompost in an 80:20 ratio. Pusa Ruby and Arka Samrat 

tomato varieties were used as susceptible and resistant checks, 

respectively. To prevent non-target microbial interference, the trays 

were sterilised prior to sowing to eliminate fungal and bacterial 

contaminants and subsequently covered with mulching sheets to 

facilitate germination. 

 After germination, the trays were transferred to a 
greenhouse maintained under a 16/8 hr day/night cycle. The 

temperature ranged between 26 °C and 29 °C, with relative humidity 

levels between 81.5 % and 84.1 %. Seedlings were watered regularly 

whenever the topsoil appeared dry. A nutrient solution of NPK 

(19:19:19) at 2 g/L was applied weekly. Once the seedlings reached 

approximately 20 cm in height with 8–12 leaves (around 4 to 5 weeks 

old), they were transplanted into plastic pots and allowed to 

acclimate for a week before being evaluated for resistance to R. 

solanacearum under both field and controlled conditions. For the 

controlled experiments, one set of plants was water-deprived for 24 

hr prior to inoculation. For field screening, the other set was 

transplanted into the sick plot. All plants were carefully monitored 

for disease development and progression. 

Preparation of bacterial inoculum 

The bacterial wilt pathogen R. solanacearum was procured from the 

Indian Type Culture Collection (ITCC), New Delhi, under the 

accession number BI0016. The culture was revived on CPG-TZC agar 

medium and maintained under standard conditions. The streaked 

plates were incubated at 27 °C for 48 hr. A single virulent bacterial 

colony, characterised by a fluidal texture and a pink center, was 

selected and transferred into freshly prepared nutrient broth using 

an inoculation loop. The bacterial culture was incubated in a shaker 

incubator for 42 hr at 160 rpm to promote growth. Following 

incubation, the culture was centrifuged to separate the bacterial 

cells from the nutrient medium. The supernatant was discarded and 

the bacterial pellet was resuspended in sterile distilled water to 

prepare the inoculum for screening experiments. The bacterial 

concentration was adjusted to approximately 10⁸ cfu/mL, 

corresponding to an optical density (OD) of 1.35 at 600 nm. 

Molecular detection of Ralstonia solanacearum  

Genomic DNA was extracted from bacterial isolates using the Allprep 

Bacterial/Fungal DNA/RNA/Protein Kit (Qiagen, Germany), following 

the manufacturer's protocol. For preliminary molecular 

confirmation of the pathogen, the 16S rDNA region was subjected to 

polymerase chain reaction (PCR) amplification using the universal 

diagnostic primer pair OLI1, Y1 and Y2, as described by Seal et al. 

(1993) (24) (Supplementary Table 1). The thermal cycling conditions 

included an initial denaturation at 96 °C for 5 min, followed by 35 

cycles of denaturation at 94 °C for 20 sec, annealing at 68 °C for 20 sec 

and extension at 72 °C for 30 sec. A final extension was performed at 

72 °C for 10 min. The resulting PCR products were separated on a 1.5 

% (w/v) agarose gel prepared in 1× TAE buffer, stained with ethidium 

bromide and visualised using a gel documentation system. 

Phenotypic screening of germplasm and disease assessment 

Thirty plants per cultivar were selected for both controlled and field 

screening experiments. For screening under controlled conditions, 

root incisions were made approximately 2 cm away from the stem 

using sterile scissors to facilitate bacterial entry through the roots. 

Inoculation was carried out by drenching the soil around the root 

zone with 10 mL of bacterial suspension (OD₆₀₀ = 1.35; ~10⁸ cfu/mL) 

using a measuring tube. For field-based screening, the sick plot was 
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  maintained at a bacterial concentration of approximately 10⁸ cfu/mL 

by directly sprinkling a diluted inoculum into the soil. Disease 

progression was monitored in both conditions. Two well-established 

cultivars, Arka Samrat and Pusa Ruby, were included as resistant and 

susceptible checks, respectively (Supplementary Fig. 1). Following 

inoculation, the plants were watered on alternate days and the 

development of bacterial wilt symptoms was carefully observed. 

Disease progression was assessed on the 6th, 9th, 12th and 15th days 

post-inoculation by calculating the percentage of wilted leaves per 

plant. Each plant was evaluated using a rating scale as described by 

various literatures (25–27) (Supplementary Table 2). The disease 

scale was determined based on visual observation of the degree of 

wilting. The average value of disease severity for ten plants was 

calculated. The percentage of disease incidence (PDI) was recorded 

by the following  Eqn. 

 

 

 

 The PDI score was assigned on a scale of 0 to 5 based on the 

PDI % observed for all the plants screened (Supplementary Table 3). 

The presence of R. solanacearum was further confirmed by 

performing ooze test. 

Generation and screening of the mapping population 

Following the identification of resistant and susceptible parental 

lines, cross-hybridisation was performed between the contrasting 

genotypes to generate segregating populations, specifically F₁ and F₂ 

generations. These populations were developed to facilitate the 

genetic dissection of bacterial wilt resistance. The resulting 

progenies were subjected to phenotypic screening under both 

controlled (glasshouse) and field conditions, utilising a standardised 

artificial inoculation method previously described. This dual-

environment evaluation allowed for a robust assessment of disease 

responses across environments and enhanced the reliability of 

resistance classification. The inheritance pattern of bacterial wilt 

resistance was subsequently analysed based on the phenotypic 

performance of the segregating generations. 

Statistical analysis 

A comprehensive suite of statistical analyses was conducted to 

evaluate the disease severity and inheritance patterns. The area 

under disease progress curve (AUDPC) was calculated to quantify 

disease progression across time points for each genotype under 

both screening conditions following Eqn (28). 

 

 

 

where y = disease severity at time t and n = number of observations.  

 To assess the relationship between controlled and field 

conditions, correlation analysis was performed, revealing the 

consistency of genotype performance across environments. A two-

way analysis of variance (ANOVA) was conducted to determine the 

statistical significance of differences in PDI values across genotypes 

and conditions (29). Finally, for the F₂ population, a Chi-square (χ²) 

test was applied to assess the goodness-of-fit to a 3:1 Mendelian 

segregation ratio (susceptible: resistant), aiming to infer the 

underlying genetic architecture (30, 31).  

Results and Discussion 

Phylotype determination and molecular identification of 

Ralstonia solanacearum 

Bacterial wilt infestation was confirmed through verification of rapid 

and irreversible wilting of leaves (Fig. 1a). While the leaf stayed green, 

they curled inwards and drooped during the hotter part of the day. 

The ooze test analysis showed milky white strands or clouds of 

bacterial ooze exuding from the cut end of the plant that confirmed 

Ralstonia infection (Fig. 1 b). Steak plates of ooze water on CPG - TZC 

agar medium showed virulent bacterial colony, characterized by a 

fluidal texture and a pink centre (Fig. 1 c). The PCR amplification of 

the 16S rDNA region using the OLI1/Y2 primer pair yielded a ~350 bp 

diagnostic band in all tested samples, confirming the strain identity 

as R. solanacearum (Fig.1 d). Similar morphological and molecular 

diagnostic methods have been widely used for pathogen validation 

in bacterial wilt studies (24). These confirmations established 

pathogen purity and validated the reliability of downstream 

resistance screening against the specific virulence profile prevalent in 

the region. 

Evaluation of germplasm for disease reaction against bacterial 

wilt disease 

Two-way analysis of variance exhibited significant differences 
among the 59 genotypes (F = 23.52,  p  < 0.0001), indicating significant 

genetic variance for bacterial wilt resistance. However, no 

substantial effect was observed amongst the controlled and the field 

environments (F = 2.52, p = 0.118), inferring that genotype 

performance was largely consistent across testing conditions (Table 

1). Despite this statistical stability, notable differences were observed 

in disease progression dynamics. In the field, PDI was higher                

(19.54 %) at 6 days after inoculation (DAI) compared to the controlled 

screening (7.9 %), indicating earlier disease onset under natural 

Fig. 1. Identification and characterization of bacterial wilt pathogen 
Ralstonia solanacearum. a: Wilted plant sample at Sick plot, IIHR–

CHES, Bhubaneswar, Odisha; b: Bacterial ooze streaming from cut 
stem confirming infection (ooze test); c: Ralstonia solanacearum 

colonies on TZC medium showing characteristic fluidal, irregular 
white colonies with red centers; d: Gel electrophoresis showing 16S 

rDNA PCR amplification of Ralstonia solanacearum isolates using 
OLI1/Y2 primer. M: 50 bp ladder; Lanes 1–5: amplified ~300 bp bands 

confirming pathogen identity. 

PDI % = 

Number of dead plants due to bacterial wilt disease 

Total number of plants transplanted 
x 100 

(Eqn. 1) 

(Eqn. 2) 
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conditions. Visual wilting was corroborated by typical ooze tests 

confirming the presence of R. solanacearum in symptomatic plants 

(Fig. 2 a–f). The peak incidence occurred at 9 DAI in both 

environments (Fig. 2 g). Further, a comparative analysis of PDI and 

AUPDC revealed a significant difference between the susceptible 

check (Pusa Ruby) and resistant check (Utkal Kumari) cultivars (Fig. 2 

h, i). These results highlight a more hostile and sustained disease 

pressure in the field, likely due to complex soil microbiome 

interactions. This widespread pathogen aggressiveness supports 

previous reports from Chhattisgarh (32), Tamil Nadu (33, 34), 

Himachal Pradesh (35, 36) and Tripura (37), which underscore the 

need for location-specific field screening to capture diverse 

environmental interactions that controlled experiments might 

overlook.  

Identification of resistance sources and comparison with 

previous studies 

Significant variability was observed among the genotypes, with 

disease incidence ranging from 0 % to 100 % (Table 2). In the 

controlled environment, genotypes like Arka Samrat, Arka Rakshak 

and Utkal lines (e.g., Utkal Kumari/ BT – 10) exhibited strong 

resistance (PDI 0–30 %).  Notably, the open pollinated cultivar ‘Utkal 

Kumari’ demonstrated consistent high resistance across both 

environments (Fig 3). In contrast, the check cultivar ‘Pusa Ruby’ and 

hybrid ‘EW815’ consistently recorded >90 % PDI, categorising them 

as highly susceptible. These findings align with previous researchers 

(27), who reported high resistance in the ‘Arka’ series. However, our 

study extends this by identifying ‘Utkal Kumari’ as a stable donor for 

Eastern India, addressing a crucial gap in a region where yield losses 

often exceed 70 % (1, 38, 39). While other researchers classified 

resistance using a qualitative scale, our study utilised standardised 

inoculum (OD₆₀₀ = 1.35, ~10⁸ CFU/mL) and quantitative AUDPC 

assessment, providing a more precise resolution of resistance levels 

that corroborated stable resistance in ~25 % of the screened 

genotypes (6).  

 

Table 1. Analysis of variance for the distribution over percentage of 
infection by Ralstonia solanacearum in tomato genotypes under 

field and controlled conditions 

Source of variation df Sum of 
squares 

Mean 
squares 

F 

Between Rows 58 94286.11 1625.62 23.52 
Within Columns 1 174.29 174.29 2.52 
Residual 58 4008.71 69.12   
Total 117 98469.11   

Fig. 2. Comparative evaluation of tomato genotypes for bacterial wilt resistance under controlled and field conditions. a:  Disease prognosis 
under controlled conditions; b: Plants showing contrasting disease reaction (susceptible / resistant) under controlled conditions; c: Ooze test 

confirming infection in controlled conditions; d: Disease prognosis under field experimentations; e: Plants showing contrasting disease 
reaction (susceptible / resistant) under field experimentations; f:  Ooze test confirming infection in field conditions; g: Average PDI comparison 

between ‘Utkal Kumari’ and ‘Pusa Ruby’; h: PDI comparison between ‘Utkal Kumari’ and ‘Pusa Ruby’; i: AUDPC comparison between ‘Utkal 
Kumari’ and ‘Pusa Ruby’. 
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Accession number / 
Variety name 

Name of the institution / 
manufacturer 

In controlled conditions In Field Condition 
PDI (%) Scoring Disease Reaction PDI (%) Scoring Disease Reaction 

EC- 615039 ICAR- NBPGR, Hyderabad 76.66 4 Susceptible 73.33 4 Susceptible 
EC- 617055 ICAR- NBPGR, Hyderabad 70 4 Susceptible 66.66 4 Susceptible 
EC- 617057 ICAR- NBPGR, Hyderabad 23.33 2 Moderately resistant 26.66 2 Moderately resistant 
EC- 631325 ICAR- NBPGR, Hyderabad 46.66 3 Moderately susceptible 53.33 3 Moderately susceptible 
EC- 631349 ICAR- NBPGR, Hyderabad 70 4 Susceptible 80 4 Susceptible 
EC- 631351 ICAR- NBPGR, Hyderabad 90 5 Highly susceptible 100 5 Highly susceptible 
EC- 631357 ICAR- NBPGR, Hyderabad 63.33 4 Susceptible 60 3 Moderately susceptible 
EC- 631359 ICAR- NBPGR, Hyderabad 43.33 3 Moderately susceptible 33.33 2 Moderately resistant 
EC- 631378 ICAR- NBPGR, Hyderabad 36.66 2 Moderately resistant 20 1 Highly resistant 
EC- 631384 ICAR- NBPGR, Hyderabad 63.33 4 Susceptible 73.33 4 Susceptible 
EC- 631386 ICAR- NBPGR, Hyderabad 63.33 4 Susceptible 80 4 Susceptible 
EC- 631394 ICAR- NBPGR, Hyderabad 63.33 4 Susceptible 60 3 Moderately susceptible 
EC- 631399 ICAR- NBPGR, Hyderabad 43.33 3 Moderately susceptible 40 2 Moderately resistant 
EC- 631406 ICAR- NBPGR, Hyderabad 46.66 3 Moderately susceptible 46.66 3 Moderately susceptible 
EC- 631411 ICAR- NBPGR, Hyderabad 76.66 4 Susceptible 86.66 5 Highly susceptible 
EC- 631415 ICAR- NBPGR, Hyderabad 36.66 2 Moderately resistant 33.33 2 Moderately resistant 
EC- 631431 ICAR- NBPGR, Hyderabad 63.33 4 Susceptible 80 4 Susceptible 
EC- 631447 ICAR- NBPGR, Hyderabad 26.66 2 Moderately resistant 26.66 2 Moderately resistant 
EC- 631957 ICAR- NBPGR, Hyderabad 76.66 4 Susceptible 86.66 5 Highly susceptible 
EC- 632936 ICAR- NBPGR, Hyderabad 86.66 5 Highly susceptible 100 5 Highly susceptible 
EC- 632944 ICAR- NBPGR, Hyderabad 96.66 5 Highly susceptible 100 5 Highly susceptible 
EC- 635520 ICAR- NBPGR, Hyderabad 76.66 4 Susceptible 93.33 5 Highly susceptible 
EC- 635525 ICAR- NBPGR, Hyderabad 70 4 Susceptible 73.33 4 Susceptible 
EC- 635526 ICAR- NBPGR, Hyderabad 86.66 5 Highly susceptible 100 5 Highly susceptible 
EC- 635530 ICAR- NBPGR, Hyderabad 46.66 3 Moderately susceptible 40 2 Moderately resistant 
EC- 636877 ICAR- NBPGR, Hyderabad 30 2 Moderately resistant 20 1 Highly resistant 
EC- 638522 ICAR- NBPGR, Hyderabad 93.33 5 Highly susceptible 100 5 Highly susceptible 
EC- 687416 ICAR- NBPGR, Hyderabad 90 5 Highly susceptible 100 5 Highly susceptible 
EC- 687422 ICAR- NBPGR, Hyderabad 70 4 Susceptible 93.33 5 Highly susceptible 
EC- 687423 ICAR- NBPGR, Hyderabad 90 5 Highly susceptible 100 5 Highly susceptible 
EC- 688516 ICAR- NBPGR, Hyderabad 70 4 Susceptible 100 5 Highly susceptible 
EC- 690989 ICAR- NBPGR, Hyderabad 93.33 5 Highly susceptible 100 5 Highly susceptible 
EC- 690990 ICAR- NBPGR, Hyderabad 86.66 5 Highly susceptible 100 5 Highly susceptible 
EC- 692338 ICAR- NBPGR, Hyderabad 93.33 5 Highly susceptible 100 5 Highly susceptible 
EC- 692341 ICAR- NBPGR, Hyderabad 93.33 5 Highly susceptible 100 5 Highly susceptible 
EC- 615075 ICAR- NBPGR, Hyderabad 53.33 3 Moderately susceptible 66.66 4 Susceptible 
EC- 615074 ICAR- NBPGR, Hyderabad 63.33 4 Susceptible 60 3 Moderately susceptible 
Arka Apeksha F1 ICAR-IIHR, Bangalore 30 2 Moderately resistant 26.66 2 Moderately resistant 
Arka Samrat F1 ICAR-IIHR, Bangalore 6.66 1 Highly resistant 0 0 Immune 
Arka Rakshak F1 ICAR-IIHR, Bangalore 33.33 2 Moderately resistant 13.33 1 Highly resistant 
Arka Abhed F1 ICAR-IIHR, Bangalore 16.66 1 Highly resistant 6.66 1 Highly resistant 
BBS001 Locally Sourced 43.33 3 Moderately susceptible 20 1 Highly resistant 

Pusa Ruby 
PAHUJA SEEDS 

(Locally Sourced) 
100 5 Highly susceptible 100 5 Highly susceptible 

Pusa Early Dwarf 
PAHUJA SEEDS 

(Locally Sourced) 
56.66 3 Moderately susceptible 40 2 Moderately resistant 

S-22 
VIGEN SEEDS 

(Locally Sourced) 
63.33 4 Susceptible 60 3 Moderately susceptible 

Neil (To-7022) Hybrid 
SYNGENTA 

(Locally Sourced) 
23.33 2 Moderately resistant 26.66 2 Moderately resistant 

Jk Desi F1 Hybrid 
JK SEEDS 

(Locally Sourced) 
33.33 2 Moderately resistant 20 1 Highly resistant 

EZ-9003 (F1 Hybrid) 
ENZA ZADEN 

(Locally Sourced) 
33.33 2 Moderately resistant 20 1 Highly resistant 

Priya-6636 (F1 
Hybrid) 

CLAUSE VEGETABLE 
SEEDS (Locally Sourced) 

63.33 4 Susceptible 73.33 4 Susceptible 

Sonia (Nth-2591) (F1 
Hybrid) 

NUZIVEEDA SEEDS (Locally 
Sourced) 

56.66 3 Moderately susceptible 53.33 3 Moderately susceptible 

Bhagya (Nth-301) (F1 
Hybrid) 

NUZIVEEDA SEEDS (Locally 
Sourced) 

60 3 Moderately susceptible 73.33 4 Susceptible 

EW815 (F1Hybrid) EAST WEST SEEDS (Locally 
Sourced) 

83.33 5 Highly susceptible 100 5 Highly susceptible 

NTH-671 (F1 Hybrid) NATH SEEDS (Locally 
Sourced) 

63.33 4 Susceptible 86.66 5 Highly susceptible 

Bahubali (KSP-1306) 
(F1 Hybrid) 

KALASH SEEDS (Locally 
Sourced) 

70 4 Susceptible 93.33 5 Highly susceptible 

Utkal Pallavi (BT- 1) OUAT, BBSR 23.33 2 Moderately resistant 20 1 Highly resistant 

Utkal Deepti (BT- 2) OUAT, BBSR 30 2 Moderately resistant 26.66 2 Moderately resistant 

Utkal Kumari (BT- 10) OUAT, BBSR 10 1 Highly resistant 6.66 1 Highly resistant 

Utkal Raja (BT- 20-2-
1) 

OUAT, BBSR 36.66 2 Moderately resistant 20 1 Highly resistant 

Utkal Pragyan (BT- 
116-3-2) 

OUAT, BBSR 30 2 Moderately resistant 20 1 Highly resistant 

Table 2. Phenotypic assessment of tomato germplasms and percent disease index under controlled and field conditions 
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Molecular marker validation 

Despite demonstrating robust phenotypic resistance, the genotype 

‘Utkal Kumari’ could not be validated using several known 

molecular markers allied with R. solanacearum resistance. The PCR 

amplification using SSR20, SCU176-534 (SCAR), RsR6-5 (CAPS) and 

RsR12-1 (dCAPS) markers failed to produce the expected bands in 

‘Utkal Kumari’ (40–42). The absence of amplification suggests that 

these markers, which are linked to major resistance genes like BWr – 

12 or Bwr – 6, may not be universally applicable across all resistant 

germplasm. This implies that ‘Utkal Kumari’ likely possesses novel 

resistance loci distinctive from those in widely characterised donors. 

Consequently, future molecular dissection through QTL mapping or 

GWAS will be essential to uncover these unique regions. 

Inheritance of resistance in the F2 population  

To explicate the genetic control of this potential novel resistance, F1 

and F2 populations derived from ‘Utkal Kumari’ x ‘Pusa Ruby’ were 

evaluated. The F1 hybrids displayed intermediate resistance trait. 

The F2 population (n = 270) exhibited a continuous frequency 

distribution for disease severity rather than distinct classes. Survival 

declined steadily from 100 % to 53 % by 12 DAI, contrasting with the 

rapid mortality of the single gene hypothesis (Table 3). Instead, the 

continuous variation in AUDPC values and the increasing standard 

deviation in survival rates indicate that resistance in ‘Utkal Kumari’ is 

governed by a quantitative, polygenic inheritance pattern. This finding 

diverges from simple dominant models but aligns with recent studies 

that reckon polygenic control involving multiple quantitative trait loci 

(QTLs) (23, 27). The quantitative nature of resistance insinuates it may 

involve multiple genes with minor effects, contributing to the ‘durable’ 

nature of the resistance observed in our field trials.  

 

Conclusion  

The study identified Utkal Kumari (BT-10) as a highly resilient, stable 

donor for bacterial wilt resistance in Eastern India. Phenotypic 

screenings and molecular validation confirmed that its resistance 

mechanism is distinct from widely characterized genetic stocks, as 

traditional markers linked to major resistance loci (Bwr-6 and Bwr-

12) failed to amplify. Genetic dissection of the segregating F2 

population demonstrated a continuous variation in disease 

response and a significant deviation from Mendelian ratios, 

confirming a quantitative, polygenic mode of inheritance rather than 

single-gene control. These findings offer a strategic pathway to 

manage the destructive Ralstonia solanacearum pathogen in 

 

Fig. 3. Comparative analysis of disease severity in tomato germplasm using PDI and AUDPC under controlled and field conditions. a: 
Comparison of percentage disease index under controlled and field conditions; b: AUDPC values under field and controlled condition for each 

germplasm. 

Generation 
Observed phenotype 

Expected ratio (R:S) X2 value df p value 
Resistant Susceptible 

Pusa Ruby (S) - 43 All S - - - 
Utkal Kumari (R) 47 - All R - - - 
F1 (R × S) 3 46 1:2:1 - - - 
F2 [(R × S) selfing] 142 128 3:1 72.3 1 0.01 

Table 3. Segregation of resistance to Ralstonia solanacearum in parental, F1 and F2 generations for cross of susceptible cultivar ‘Pusa Ruby’ 
with the resistant line ‘Utkal Kumari’ 

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

tropical and subtropical regions. By establishing the multi-genic 

nature of  ‘Utkal Kumari’, this work provides a valuable foundation 

for future genomic mapping, marker discovery, and breeding 

programs aimed at deploying durable field resistance to secure 

stable tomato productivity. 
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