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Introduction 

Tomato (Solanum lycopersicum L.), a member of the family 

Solanaceae, is one of the most widely cultivated and consumed 

vegetable crops worldwide, valued for its nutritional, economic and 

industrial importance. It is a rich source of lycopene, β-carotene, 

vitamins A and C and essential minerals, contributing significantly to 

human health and nutrition. In 2021-22, India produced 

approximately 20300 tons of tomatoes from 840 thousand hectares, 

contributing 9.63 % to the nation’s total vegetable production. 

Globally, India ranks second in both area and production after China. 

However, continuous tomato cultivation with intensive cultivation 

practices has led to the depletion of soil microbial diversity and the 

proliferation of soil-borne pathogens, which severely limit 

productivity (1). Among these, bacterial wilt caused by Ralstonia 

solanacearum is regarded as one of the most destructive diseases of 

solanaceous crops, ranking as the second most devastating 

bacterial plant disease globally (2). The pathogen survives in soil, 

irrigation water, crop residues and alternate weed hosts, making its 

management particularly challenging (3). Despite the use of resistant 

cultivars, crop rotation, organic amendments and chemical control, 

management of R. solanacearum remains inconsistent due to its 

wide host range, high genetic variability and persistence in diverse 

environments (4, 5). Hence, sustainable and integrated 

management strategies that enhance host resistance and soil health 

are essential for long-term disease suppression. 

 Nutrient management plays a vital role in regulating plant 

growth, physiology and defence responses (6, 7). Among essential 

nutrients, calcium (Ca) is fundamental to structural integrity and 

biochemical defence. It stabilizes cell walls and membranes, 

activates defence-related enzymes and functions as a secondary 

messenger in signalling pathways (8, 9). Calcium also regulates 

reactive oxygen species (ROS) during stress responses and 

strengthens pectin cross-linking in the middle lamella, restricting 

pathogen invasion (10). Enhanced Ca uptake has been associated 

with reduced R. solanacearum colonization and improved vascular 

resistance in tomato (11). In addition, it contributes to fruit firmness, 

nutrient uptake and postharvest quality (12, 13). 

 In addition to calcium (Ca), magnesium (Mg), sulphur (S) and 

potassium (K) play complementary roles in plant growth, physiology 

and defence. Magnesium, being the central atom of the chlorophyll 
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Abstract  

Bacterial wilt, caused by Ralstonia solanacearum, is a major constraint in tomato (Solanum lycopersicum L.) production, especially in tropical 

and subtropical regions where favourable soil and climatic conditions support pathogen survival and spread. Conventional management 
practices have shown limited effectiveness, emphasizing the need for sustainable alternatives. Calcium is an essential nutrient that 

strengthens cell walls, stabilizes membranes and enhances plant defenses against soil-borne pathogens. This study evaluated calcium-based 

nutrient formulations for their effectiveness in suppressing bacterial wilt and improving tomato growth and fruit quality as part of a 

sustainable disease management strategy. In vitro assays using a virulent R. solanacearum isolate from the Eastern Dry Zone of Karnataka 
showed strong antagonistic activity, producing inhibition zones of 26.00–29.30 mm after 48 hr. The most effective formulation was further 

tested in a pot experiment arranged in a completely randomized design with six treatments and four replications, using two tomato varieties: 

Baaho (wilt-susceptible) and Abhinava (wilt-resistant). The calcium-enriched formulation containing calcium, magnesium, sulfur and 

potassium significantly improved plant growth, yield and fruit quality in wilt-susceptible Baaho while delaying wilt onset up to 60 days after 
transplanting. At harvest, calcium-based nutrition to plants recorded a height of 84.61 cm, chlorophyll content of 34.52 (SPAD), 42 fruits      

plant-1, fruit weight of 71.49 g, diameter of 4.14 cm, firmness of 1.44 kg cm-2 and a shelf life of 10.75 days. Abhinava remained resistant and 

performed better across all treatments. These results demonstrate that calcium-enriched nutrient formulations can effectively suppress 

bacterial wilt while enhancing yield and fruit quality in tomato.  
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molecule, is indispensable for photosynthesis, enzyme activation 

and carbohydrate metabolism; adequate Mg improves chlorophyll 

content and photosynthetic efficiency which increases plant 

resilience to stress (14, 15). Sulphur is crucial for the synthesis of 

amino acids, vitamins and defence-related compounds such as 

glucosinolates and phytoalexins, thereby enhancing resistance to 

soil-borne pathogens (16). Potassium regulates osmotic balance, 

enzyme activity and photosynthate translocation, leading to 

improved cell turgor, fruit quality and disease resistance (17, 18).  

 Therefore, a balanced supply of Ca, Mg, S and K creates a 

synergistic nutrient environment that strengthens plant physiology, 

promotes growth and suppresses pathogen development. Despite 

these established functions, the integrated influence of calcium-

based multi-nutrient formulations on R. solanacearum suppression, 

soil properties and tomato performance remains poorly understood 

under tropical red soil conditions. Therefore, the present study was 

undertaken to evaluate the antagonistic activity of calcium nutrition 

against R. solanacearum under in vitro conditions and to determine 

the appropriate calcium dosage and its interaction with Mg, S and K 

on soil fertility, plant growth, yield and disease suppression under 

pot culture conditions.  

 

Materials and Methods 

Collection of samples 

Soil samples and wilted tomato plants exhibiting typical bacterial 

wilt symptoms were collected from five naturally infected farmers’ 

fields located in Madanahalli village of Kolar district, situated in the 

Eastern Dry Zone of Karnataka, India (13°17′30″ N, 78°04′25.35″ E). 

Ten composite soil samples and 10 symptomatic plant samples 

were collected and coded as P1-P10, representing different sampling 

sites within the fields. Samples were transported to the laboratory in 

sterile polythene bags under aseptic conditions for further isolation 

and identification of R. solanacearum. 

Isolation of Ralstonia solanacearum 

Isolation from infected plant tissue was carried out following the 

ooze test. Infected vascular tissues were macerated and streaked 

onto nutrient agar plates. After incubation at 28 ± 1 °C for 48 hr, 

typical colonies of R. solanacearum appeared as irregular, fluidal and 

milky white (Fig. 1). Wilted tomato stems were then cut 

longitudinally and bacterial streaming was observed as milky-white 

ooze from the vascular tissues when suspended in sterile water (Fig. 

2A). The procedure followed was as described by (19).  

Gram staining 

Gram staining was performed according to the standard protocol. A 

loopful of bacterial suspension was heat-fixed on a clean glass slide, 

stained with 0.5 % crystal violet for 30 sec, treated with Gram’s iodine 

for 1 min, decolorized with 95 % ethanol, counterstained with 0.5 % 

safranin for 30 sec, rinsed with sterile distilled water and air-dried. 

The slides were observed under a compound microscope at 1000 × 

magnification. R. solanacearum was confirmed as a Gram-negative 

bacterium showing red-coloured cells (20) (Fig. 2B). 

Confirmation using TZC medium 

Pathogen identity was further confirmed on triphenyl tetrazolium 

chloride (TZC) medium. The medium contained peptone (10 g), 

dextrose (5 g), casein hydrolysate (1 g), agar (20 g) and distilled water 

(1 L), with 1 mL of 1 % TZC solution added per 200 mL of medium 

before pouring into Petri plates. After inoculation with 50 µL of a 24 hr 

old culture, the plates were incubated at 28 ± 1 °C for 48 hr. Typical 

colonies with irregular fluidal margins and pink centres confirmed     

R. solanacearum (19) (Fig. 2C). 

In vitro antibacterial assay of calcium 

The antibacterial activity of calcium was evaluated using the disc 

diffusion method. Sterile Waksman filter paper discs (6 mm) were 

placed on TZC agar plates pre-inoculated with 50 µL of 24 hr old 

bacterial suspension. Each disc was treated with 20 µL of calcium 

solution at concentrations of 0, 500, 1000, 2500, 5000 and 7500 ppm. 

The plates were incubated at 28 ± 1 °C for 48 hr. The inhibition zones 

around each disc were measured in millimetres, indicating 

antibacterial activity (21). 

Preparation of bacterial inoculum 

A virulent strain of R. solanacearum was cultured in nutrient broth. 

After autoclaving, a single colony was inoculated into sterile broth 

and incubated at 28 ± 1 °C on a rotary shaker (120 rpm) for 24-48 hr. 

The actively growing suspension (10⁷ cfu mL-1) was used for pot 

inoculations (22). 

Pot culture experiment 

A pot culture experiment was conducted under greenhouse 

conditions at the College of Sericulture, Chintamani, Karnataka, 

following a completely randomized design (CRD) with six treatments 

and four replications in two tomato varieties: Baaho (wilt-

susceptible) and Abhinava (wilt-resistant). Plastic pots (26 cm 

diameter) were filled with 10 kg of red sandy loam soil, which was 

analysed for physico-chemical properties following the standard 

procedures (23). The initial soil data are presented in Table 1.  

 Healthy seedlings were transplanted into the pots and 
calcium formulations (Ca1, Ca2, Ca3 and Ca4) were applied in split 

doses according to the treatment schedule outlined in Table 2. The 

first split dose of the respective calcium formulations was applied 

one week after transplanting and the second split dose was applied 

at 35 days after transplanting (DAT). At 30 DAT, plants were 

inoculated with R. solanacearum by wounding the roots and 

drenching each pot with 15 mL of bacterial suspension (10⁷ cfu mL-1) 

to simulate natural infection. Pots were maintained at field capacity 

moisture throughout the experimental period. 

Fig. 1. Isolation of Ralstonia solanacearum. 

https://plantsciencetoday.online


3 

Plant Science Today, ISSN 2348-1900 (online) 

   

Fig. 2. Confirmation of Ralstonia solanacearum through diagnostic tests: (A) Ooze test showing bacterial streaming from cut stem segments, 
(B) Gram staining revealing Gram-negative rod-shaped cells under microscope and (C) characteristic fluidal, irregular colonies with pink 

centre’s on TZC medium. 

A B C 

Table 1. Physico-chemical properties of the initial soil sample 

Soil parameter Value Interference 

Sand (%) 70.2 - 

Silt (%) 11.6 - 

Clay (%) 18.2 - 

Texture (class) Sandy loam - 

BD (g/cm³) 1.48 - 

Soil Ph 6.23 Slightly acidic 

EC (dS m-1) 0.76 Medium 

Organic carbon (%) 0.47 Low 

Available N (kg ha-1) 238.61 Low 

Available P (kg ha-1) 37.33 Medium 

Available K (kg ha-1) 175.39 Medium 

Exchangeable Ca (cmol (P+) kg-1) 2.32 Sufficient 

Exchangeable Mg (cmol (P+) kg-1) 1.27 Sufficient 

Available S (mg kg-1) 6.04 Low 

Table 2. Treatment details of the greenhouse experiment to evaluate against bacterial wilt 

Treatments Treatment details 

T1 Absolute control 

T2 100 per cent RDF 

T3 T2 + Ca1 (only calcium nutrition formulation) 

T4 T2 + Ca2 (calcium and magnesium nutrition formulation) 

T5 T2 + Ca3 (calcium, magnesium and sulphur nutrition formulation) 

T6 T2 + Ca4 (calcium, magnesium, sulphur and potassium nutrition formulation) 

Ca1, Ca2, Ca3 and Ca4 application:  Split doses applied at 15 days after transplanting (DAT) and 35 (DAT) 

Note: 

250: 250: 250 N, P2O5, K2O/ha and FYM 38 t/ha are added.  

• Ca1 (lime) 

• Ca2 (lime and magnesium sulphate) 

• Ca3 (gypsum and magnesium sulphate) 

• Ca4 (Gypsum, Magnesium Sulphate and Muriate of Potash) 
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  Disease assessment 

Wilt incidence and severity were recorded at 60 DAT using the 0-5 

wilt rating scale , where 0 = healthy, 1 = chlorosis, 2 = 1/3 wilted, 3 = 

2/3 wilted, 4 = whole plant wilted and 5 = plant dead (24). 

Statistical analysis 

Data were analyzed by ANOVA under a completely randomized 

design (CRD) using OPSTAT (25). Treatment means were separated 

using Tukey’s HSD test at p ≤ 0.05. 

 

Results and Discussion  

Effect of calcium on Ralstonia solanacearum under in vitro 

Calcium significantly suppressed the growth of R. solanacearum 

under in vitro (Table 3). All tested calcium concentrations (500, 1000, 

2500, 5000 and 7500 ppm) produced significantly larger inhibition 

zones (26.0-29.3 mm) compared with the control (no inhibition), with 

the inhibitory effect increasing slightly with concentration (Fig. 3). 

These results demonstrate a clear dose-dependent suppression of 

the pathogen. The suppressive effect of calcium (Ca2+) on                            

R. solanacearum can be attributed to its direct action on bacterial 

physiology, as CaCl₂ markedly inhibited growth, biofilm formation 

and motility even at 5 mM, whereas Cl- alone exerted only marginal 

effects. This indicates that the antibacterial activity is specifically 

associated with Ca2+, most likely through disruption of cell envelope 

stability, interference with quorum sensing and impairment of 

motility, thereby highlighting the potential of calcium-based 

amendments as an eco-friendly strategy for bacterial wilt 

management (26, 27). 

Effect of calcium formulations on bacterial wilt incidence  

Significant variation in bacterial wilt incidence was observed among 

calcium formulation treatments at 60 DAT (Fig. 4, 5). In wilt-

susceptible variety Baaho, the highest wilt severity (score 4) was 

recorded in T1 (control), while complete suppression of the disease 

was achieved in T6 (T2 + Ca4: RDF + FYM + calcium, magnesium, 

sulphur and potassium nutrition formulation). Intermediate levels of 

wilt reduction were observed in T3 (T2 + Ca1: only calcium nutrition 

formulation), T4 (T2 + Ca2: calcium and magnesium nutrition 

formulation) and T5 (T2 + Ca3: calcium, Magnesium and sulphur 

nutrition formulation).  

 In contrast, Abhinava (wilt-resistant) exhibited complete 

resistance to bacterial wilt across all treatments. The reduction in 

bacterial wilt severity under calcium nutrition can be attributed to 

enhanced uptake of Ca2+, which strengthens cell walls, stabilizes 

vascular tissues and activates defence-related enzymes. At the 

molecular level, calcium acts as a secondary messenger in signal 

transduction pathways that trigger defence gene expression 

through the activation of calcium-dependent protein kinases. These 

cascades promote lignin and callose deposition in xylem vessels, 

physically restricting R. solanacearum colonization (28, 29).  

 Calcium signalling also modulates reactive oxygen species 

production, maintaining redox homeostasis and inducing oxidative 

bursts that inhibit pathogen growth (30). Furthermore, calcium 

Characters 
Calcium concentration (ppm) 

0 500 1000 2500 5000 7500 Sem 0.13 

Inhibition zone 0 26 27 27.7 28 29.3 CD 1 % 0.55 

Table 3. Effect of calcium on the diameter of the inhibition zone of Ralstonia solanacearum 

A B C 

D E F 

Fig. 3. Effect of calcium on Ralstonia solanacearum under in vitro conditions. (A) Control (no calcium), (B) 500 ppm, (C) 1000 ppm, (D) 2500 
ppm, (E) 5000 ppm and (F) 7500 ppm concentrations. Increasing concentrations of calcium inhibited bacterial growth, as indicated by the 

larger clear zones around the discs.  
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enhances the expression of pathogenesis-related proteins, such as β

-1,3-glucanases and chitinases, which degrade bacterial cell walls 

and strengthen host defences (31, 32). Potassium complements 

calcium by enhancing enzymatic activity, photosynthetic efficiency 

and stress tolerance, thereby reducing pathogen colonization. 

Together, calcium and potassium strengthen physiological and 

molecular defence mechanisms in tomato, resulting in improved 

resistance to R. solanacearum (33, 34). 

Effect of calcium formulation on soil chemical properties 

after the harvest of tomato 

Application of calcium formulations produced non-significant but 
notable changes in soil pH, EC and organic carbon (OC) (Table 4). The 

higher pH was recorded in T3 (6.38 in Baaho, 6.36 in Abhinava), while 

the lowest occurred in T6 (6.23 and 6.20). Soil EC was lowest in T1 (0.83 

and 0.76 dS m-1) and highest in T6 (1.13 and 1.10 dS m-1). Similarly, OC 

ranged from 0.49 % (Baaho, T1) to 0.57 % (Baaho, T6), with 

corresponding increases in Abhinava. Lime application increased Ca2+ 

in the soil solution and exchange complex, raising soil pH through CO₃2- 

hydrolysis and reducing exchangeable Al3+precipitation as Al (OH)₃ (35). 

The rise in EC under gypsum, magnesium sulphate and MOP was due 

to the release of Ca2+, Mg2+ through and K+ along with SO₄²- and Cl-, 

which elevated ionic strength by solubilizing salts (36-38). Increases in 

SOC were associated with greater root biomass, gypsum-induced 

mineralization, sulphur-mediated stabilization of organic matter, 

microbial diversification under magnesium and higher carbon return 

from potassium inputs, consistent with (39-43). 

 

 A 

B 

Fig. 4. Effect of calcium formulations on bacterial wilt incidence in Baaho (wilt-susceptible) and Abhinava (wilt-resistant) tomato varieties at 
60 days after transplanting (DAT). (A) Baaho showing severe wilting symptoms and (B) Abhinava exhibiting healthy growth and resistance to 

Ralstonia solanacearum infection. 

Fig. 5. Effect of calcium formulations on bacterial wilt incidence (60 DAT). 
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Effect of calcium formulation on soil available major nutrients 

after the harvest of tomato 

Significant variation in post-harvest soil available N, P and K was 

observed (Table 5). The lowest values were consistently recorded in 

T1 (205.65 and 194.23 kg ha-1 N; 31.31 and 30.75 kg ha-1 P; 161.36 and 

147.12 kg ha-1 K in Baaho and Abhinava, respectively). All other 

treatments recorded significantly higher values. T2 showed the 

highest N (268.12 and 263.18 kg ha-1), whereas T6 recorded the 

highest K (235.93 and 224.48 kg ha-1). Phosphorus availability was 

also higher in fertilized treatments, with T2 recording the maximum 

(49.44 and 45.37 kg ha-1). Enhanced soil nitrogen availability may be 

attributed to calcium-induced improvements in organic carbon and 

cation exchange capacity, magnesium-mediated nutrient uptake 

and microbial activity balanced K application with other 

macronutrients, sulphur and nitrogen interactions that promote 

mineralization and efficiency and the contribution of FYM in 

enriching organic matter and expanding the soil N pool (44-47). 

Phosphorus availability was improved through sulphur-induced 

acidification and FYM-mediated release of organic acids, which 

solubilize fixed P and complex Al and Fe ions, thereby increasing P 

solubility (48, 49). Potassium availability and crop response were 

significantly enhanced with MOP application confirming the 

previous  reports (50). 

Effect of calcium formulation on soil available secondary 
nutrients after the harvest of tomato 

Calcium formulations significantly enhanced post-harvest soil Ca, 

Mg and S availability (Table 6). The lowest values were consistently 

recorded in treatment T1, with Ca at 2.21 and 2.09 cmol (P+) kg-1, Mg 

at 1.23 and 1.20 cmol (P+) kg-1 and S at 5.30 and 4.43 mg kg-1 in Baaho 

and Abhinava, respectively. In contrast, maximum Ca was observed 

in treatment T3 with 5.12 and 5.03 cmol (P+) kg-1, maximum Mg in 

treatment T4 with 2.75 and 2.57 cmol (P+) kg-1 and maximum S in T5 

with 58.47 and 52.20 mg kg-1. Treatment T6 also maintained 

significantly higher Ca, Mg and S than the control. Lime application, 

though less soluble than gypsum improved post-harvest soil 

calcium under slightly acidic conditions by raising pH, reducing 

Table 4. Effect of calcium formulation on soil pH, EC and OC content after the harvest of tomato 

Treatments 
pH EC (dS m-1) OC (%) 

Susceptible 
(Baaho) 

Resistant 
(Abhinava) 

Susceptible               
(Baaho) 

Resistant 
(Abhinava) 

Susceptible  
(Baaho) 

Resistant 
(Abhinava) 

T1 6.26 6.23 0.83 0.76 0.49 0.53 
T2 6.25 6.23 0.95 0.90 0.54 0.62 
T3 6.38 6.36 0.96 0.91 0.54 0.63 
T4 6.37 6.34 0.97 0.92 0.55 0.65 
T5 6.25 6.22 1.07 1.03 0.55 0.66 
T6 6.23 6.20 1.13 1.10 0.57 0.69 
SEm (±) NS NS NS NS NS NS 
CD (5 %) - - - - - - 

Note: T₁ = absolute control; T₂ = 100 % RDF; T₃ = T₂ + Ca₁ (calcium nutrition formulation); T₄ = T₂ + Ca₂ (calcium and magnesium nutrition 
formulation); T₅ = T₂ + Ca₃ (calcium, magnesium and sulphur nutrition formulation); T₆ = T₂ + Ca₄ (calcium, magnesium, sulphur and potassium 

nutrition formulation). 

Treatment 
Available N kg ha-1 Available P2O5 kg ha-1 Available K2O kg ha-1 

Susceptible 
(Baaho) 

Resistant 
(Abhinava) 

Susceptible 
(Baaho) 

Resistant 
(Abhinava) 

Susceptible                
(Baaho) 

Resistant 
(Abhinava) 

T1 205.65b 194.23b 31.31b 30.75b 161.36c 147.12c 
T2 268.12a 263.18a 49.44a 45.37a 214.49b 201.87b 
T3 263.02a 259.59a 47.91a 44.84a 208.26b 204.19b 
T4 261.05a 257.81a 46.77a 43.47a 210.85b 206.39b 
T5 261.76a 253.01a 44.30a 42.79a 204.67b 197.02b 

T6 254.49a 249.02a 42.31a 41.12a 235.93a 224.48a 

SEm (±) 10.02 9.24 2.40 1.70 4.14 3.91 
CD (5 %) 29.78 27.45 7.15 5.08 12.31 11.64 
LSD 45.05 41.52 10.81 7.68 18.62 17.60 

Note: T₁ = absolute control; T₂ = 100 % RDF; T₃ = T₂ + Ca₁ (calcium nutrition formulation); T₄ = T₂ + Ca₂ (calcium and magnesium nutrition 
formulation); T₅ = T₂ + Ca₃ (calcium, magnesium and sulphur nutrition formulation); T₆ = T₂ + Ca₄ (calcium, magnesium, sulphur and potassium 

nutrition formulation). 

Table 5. Effect of calcium formulation on available N, P2O5 and K2O at harvest in tomato 

Tr. No. 

Ca (cmol (P+) kg-1) Mg (cmol (P+) kg-1) Available S (mgkg-1) 

Susceptible 
(Baaho) 

Resistant 
(Abhinava) 

Susceptible 
(Baaho) 

Resistant 
(Abhinava) 

Susceptible 
(Baaho) 

Resistant 
(Abhinava) 

T1 2.21d 2.09d 1.23c 1.20c 5.30d 4.43d 
T2 2.60c 2.43c 1.67b 1.47b 11.71c 9.28c 
T3 5.11a 5.01a 1.54b 1.49b 9.47c 8.88c 
T4 5.12a 5.03a 2.75a 2.57a 23.40b 18.77b 
T5 4.77b 4.48b 2.64a 2.46a 58.47a 52.20a 
T6 4.74b 4.53b 2.51a 2.47a 55.01a 50.50a 
SEm (±) 0.07 0.07 0.06 0.06 0.82 0.81 
CD (5 %) 0.22 0.21 0.18 0.17 2.44 2.41 
LSD 0.33 0.32 0.27 0.26 3.69 3.64 

Note: T₁ = absolute control; T₂ = 100 % RDF; T₃ = T₂ + Ca₁ (calcium nutrition formulation); T₄ = T₂ + Ca₂ (calcium and magnesium nutrition 
formulation); T₅ = T₂ + Ca₃ (calcium, magnesium and sulphur nutrition formulation); T₆ = T₂ + Ca₄ (calcium, magnesium, sulphur and potassium 

nutrition formulation). 

Table 6. Effect of calcium formulation on available Ca, Mg and S at harvest in tomato  
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aluminium saturation and enhancing cation exchange and base 

saturation, thus ensuring a gradual release of Ca for subsequent 

crops. Magnesium availability is usually limited by fixation on clay 

and organic matter, increases with magnesium sulphate, which 

provides a soluble and readily available source. Gypsum supplied 

sulphate ions steadily improving S status in deficient soils, while 

magnesium sulphate further enriched both Mg and S pools, thereby 

enhancing nutrient uptake, crop yield and quality (51-54).  

Effect of calcium formulation on tomato growth 

Tomato plant height and chlorophyll content were significantly 

influenced by calcium formulations (Fig. 6, 7). At 30 DAT, plant height 

in Baaho ranged from 37.54 cm in T1 to 49.44 cm in T6, while 

Abhinava ranged from 39.41 cm in T1 to 53.87 cm in T6. At 60 DAT, T6 

again recorded the tallest plants (70.03 cm in Baaho; 101.57 cm in 

Abhinava). At harvest, Plants of Baaho in T1 exhibited complete wilt 

symptoms by harvest, whereas other treatments attained 59.69 cm 

(T2) to 84.61 cm (T6). In Abhinava, plant height ranged from 86.84 cm 

in T2 to 117.80 cm in T6, with T2, T3, T4 and T5 statistically comparable 

to T6. Chlorophyll content followed a similar trend, with significantly 

higher values in all fertilized treatments compared with T1. 

Application of calcium, magnesium, sulphur and potassium 

significantly improved tomato plant height and chlorophyll content, 

with calcium enhancing nutrient absorption and chlorophyll 

stability. Magnesium  serving as the central chlorophyll component, 

sulphur supporting protein and enzyme synthesis and potassium 

improving nutrient transport and stress tolerance, thereby 

enhancing growth and photosynthesis (55-60).  

Fig. 6. Effect of calcium formulation on plant height (cm). 

Fig. 7. Effect of calcium formulation on chlorophyll content. 
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Effect of calcium formulation on yield attributes 

Tomato yield attributes showed significant differences (Fig. 8-10). In 

T1, Baaho plants succumbed to wilt and produced no yield, while 

Abhinava produced only 35 fruits per plant (32.36 g fruit weight; 9.75 

days keeping quality). T6 recorded the higher yield performance, 

producing 42 fruits plant-1 in Baaho and 66.50 in Abhinava, with fruit 

weights of 71.49 g and 91.03 g and keeping quality extended to 10.75 

and 17.25 days, respectively. T2-T5 were statistically on par with T6 in 

Abhinava. Application of calcium, magnesium, sulphur and 

potassium significantly enhanced tomato fruit yield and quality, with 

calcium improving fruit number, weight and shelf life, magnesium 

increasing yield and firmness through chlorophyll synthesis, sulphur 

enhancing nutrient balance and biochemical quality and potassium 

promoting fruit weight and firmness (61-65). 

Effect of calcium formulation on fruit quality 

Fruit firmness and diameter were significantly improved by calcium 

formulations (Fig. 11, 12). In T1, Baaho plants failed to produce fruits 

and Abhinava fruits were small (2.37 cm diameter) and soft (1.48 kg 

cm-2 firmness). In contrast, T6 recorded the best performance (4.14 

cm and 1.44 kg cm-2 in Baaho; 5.93 cm and 1.94 kg cm-2 in Abhinava). 

Treatments T2-T5 were statistically comparable to T6 in Abhinava. 

These results confirm that calcium strengthens fruit cell walls and 

stabilizes pectin, magnesium contributes to fruit expansion and 

storage firmness and potassium regulates sugar metabolism and 

osmotic balance, thereby improving fruit size and firmness (66-68).  

 

 

Fig. 8. Effect of calcium formulation on number of fruits per plant.  

Fig. 9. Effect of calcium formulation on fruit weight (g). 
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Fig. 10. Effect of calcium formulation on keeping quality (days). 

Fig. 11. Effect of calcium formulation on fruit diameter (cm). 

Fig. 12. Effect of calcium formulation on fruit firmness (kg cm-2). 
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Conclusion  

The present study demonstrates that calcium-based nutrient 

formulations, particularly those integrating calcium with 

magnesium, sulphur and potassium, can effectively delay wilt 

incidence, reduce disease severity and enhance tomato growth, 

yield and fruit quality. Calcium played a crucial role in suppressing R. 

solanacearum, improving nutrient uptake and promoting overall 

plant performance. The resistant variety Abhinava consistently 

performed better than Baaho, emphasizing the importance of 

combining varietal resistance with balanced nutrient management. 

These findings highlight calcium-enriched formulations as a 

sustainable and eco-friendly approach for managing bacterial wilt 

and improving tomato productivity under field conditions. However, 

as the study was conducted under controlled pot conditions, field 

variability and molecular mechanisms underlying calcium-induced 

defence signalling warrant further investigation. Future field trials 

and mechanistic studies on calcium signalling pathways are 

recommended to validate and strengthen these nutrient-based 

disease management strategies. 
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