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Abstract

Fusarium wilt of tomato, caused by Fusarium oxysporum f. sp. lycopersici (FOL), is one of the most important and widespread diseases of
cultivated tomato. Pot screening experiment was conducted to evaluate 60 tomato genotypes for resistance against FOL the causal agent of
Fusarium wilt, under controlled conditions. The experiment was carried out during the Rabi seasons of 2018-19 and 2019-20 in the
screenhouse of the Department of Plant Pathology, School of Agriculture, Lovely Professional University, Phagwara. The trials were laid out in
a completely randomized design (CRD) with three replications for each genotype. The pathogen inoculum was prepared and introduced into
sterilized soil prior to sowing. Data were recorded on wilt incidence, plant height, chlorophyll content and nutritional quality parameters,
including vitamin A, lycopene and ascorbic acid content. Results showed significant variation among genotypes for all measured traits. Wilt
incidence ranged from 16.7 % in genotype D1 to 50 % in H3, H7 and P3. Genotypes D1, D2 and S Kanchan exhibited moderate resistance. Jaya
Hybrid recorded the highest plant height (55.36 cm), while Arka Vikas showed superior chlorophyll content. Nutritionally, D5 and D2 had the
highest vitamin A, D4 and D2 were richest in lycopene and D1 recorded maximum ascorbic acid. Based on combined disease resistance and
nutritional quality, genotypes D1, D2, D4 and Arka Vikas were identified as promising for future breeding programs and field evaluations.
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Introduction Fusarium wilt disease control is a laborious, costly and
difficult task in tomato cultivation. The primary strategy for
managing Fusarium wilt involves soil fumigation and fungicide
applications, alongside crop rotation and sanitation practices (4).
However, these methods are often expensive, may pose
environmental risks and provide limited long-term protection.
Furthermore, the soil-borne nature of the pathogen and the
development of new virulent races of FOL make chemical control
and agronomic practices alone insufficient. The most effective,
sustainable and environmentally friendly approach to controlling
Fusarium wilt and minimizing yield losses is the development and

i -k i cultivation of resistant tomato varieties. Consequently, resistance
a soil-borne fungal patthen that can cause 5|.gn|ﬁcant ylelq losses breeding has become one of the most important goals in tomato
under favourable conditions (2, 3). Fusarium wilt symptoms include improvement programs (4, 7). Resistant tomato cultivars such as

yellowing of the lower leaves, wilting, vascular browning and  p 5 120, Pusa Ruby, Arka Abha (BWR-1) and H24 provide strong
eventual plant death, often resulting in severe yield decline or total examples of genetic resilience against F. oxysporum.

crop failure (4). Fusarium oxysporum f. sp. lycopersici produces three
physiological races 1, 2 and 3, which vary in virulence and affect
different tomato cultivars depending on their genetic resistance (5,
6). The pathogen can survive in the soil or infected plant debris for
many years, making chemical control largely ineffective and
environmentally hazardous (7).

Tomato (Solanum lycopersicum L.) is one of the most economically
significant vegetable crops globally. It is an important source of
antioxidants, including carotenoids such as lycopene and [-
carotene, which together make up 7-10 % of total carotenoids.
Lycopene alone is the major carotenoid compound (80-90 %). India
ranks as the second-largest producer of tomato globally, following
China. In the 2022-23 period, India produced approximately 20.4
million tonnes of tomatoes, cultivated over an area of 849000 ha (1).
One of the major constraints to tomato production worldwide is
Fusarium wilt, caused by Fusarium oxysporum f. sp. lycopersici (FOL),

Moreover, while resistance to FOL is a critical selection
criterion, it is equally important to assess other agronomic and
nutritional traits of tomato genotypes, particularly under disease
pressure. Fusarium wilt not only compromises plant survival but also
disrupts key physiological and biochemical processes, ultimately
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affecting crop productivity and fruit quality. Under sick plot or
artificially infested soil conditions, disease stress can significantly
influence traits such as plant height, chlorophyll content, vitamin A,
lycopene and ascorbic acid. These parameters are often diminished
due to vascular blockage and oxidative stress induced by the
pathogen, resulting in impaired growth and metabolic function (8,
9). Genetic resistance remains the most effective and eco-friendly
approach to managing Fusarium wilt. Resistant cultivars and hybrids
have been developed through the introgression of resistance genes
from wild tomato relatives such as Solanum pimpinellifolium, S.
peruvianum and S. chilense (6, 10). However, continuous monitoring
and screening are required due to the emergence of new FOL races
and changing pathogenicity patterns. Screening under controlled
pot conditions offers a reliable method to evaluate resistance levels
among diverse tomato genotypes. It provides insights into genotype
-pathogen interactions and supports the identification of resistant
lines for use in breeding programs.

In this study, sixty tomato genotypes were evaluated under
controlled pot conditions to assess their response to FOL infection.
The identification of resistant genotypes will aid in the development
of durable Fusarium wilt-resistant tomato varieties for sustainable
cultivation.

Materials and Methods
Experimental material and site

Seeds of 60 tomato genotypes (Table 1) were obtained from the
National Bureau of Plant Genetic Resources (NBPGR), New Delhi;
Indian Institute of Horticultural Research (IIHR) Bengaluru; the
Farming System Research Centre for Hill and Plateau Region
(FSRCHPR) Ranchi, Himachal Pradesh; Punjab Agricultural
University, Ludhiana and local cultivars from farmers in Punjab. A

Table 1. List of genotypes used in the present study

screening pot experiment was carried out in the greenhouse of the
Department of Plant Pathology, School of Agriculture, Lovely
Professional University, Phagwara, during the Rabi seasons of 2018-
19 and 2019-20. The experiments were arranged in a completely
randomized design (CRD) for in vitro pot culture to screen tomato
varieties against FOL.

Isolation and maintenance of pathogen

Infected tomato stems showing vascular discoloration were surface-
sterilized using 0.1 % HgCl, for 30 sec, rinsed with sterile distilled water
and placed on potato dextrose agar (PDA) under aseptic conditions.
Plates were incubated at 28 + 1 °C for 7 days (10). The fungus was sub-
cultured and maintained on PDAat 5+ 1 °Cfor storage.

Pathogenicity test

A pathogenicity test was conducted using six pots, with four filled
with pathogen-inoculated soil (fungal culture and soil mixed in 1:3
ratio) and two with non-inoculated soil. Tomato seedlings were
transplanted and symptoms were monitored until complete wilting
occurred.

Re-isolation and identification

The fungus was re-isolated from wilted plants through standard
tissue-plating on PDA and its identity was confirmed by microscopic
observation of colony characteristics and morphological structures
(mycelium, microconidia, macroconidia and chlamydospores) using
stage and filar micrometers. The isolate was further validated at the
Punjab Agricultural University (PAU) and authenticated through the
Microbial Type Culture Collection and Gene Bank (MTCC),
Chandigarh.

Mass multiplication of pathogen

Five substrates (wheat meal, sorghum, bajra grains with 0.5 %
glucose; wheat bran + sawdust (1:1); and peat soil) were evaluated
for fungal multiplication. Substrates were autoclaved, inoculated

S. No. Genotype Source S. No. Genotype Source
1 D1 NBPGR 31. H11 NBPGR
2 D2 NBPGR 32. H12 NBPGR
3 D3 NBPGR 33. H13 NBPGR
4 D4 NBPGR 34. H28 NBPGR
5 D5 NBPGR 35. H29 NBPGR
6 D6 NBPGR 36. H30 NBPGR
7 D7 NBPGR 37. Punjab Local Local
8 D8 NBPGR 38. P1 Local
9 D9 NBPGR 39. P2 Local
10 D10 NBPGR 40. P3 Local
11 D11 NBPGR 41. P4 Local
12 D12 NBPGR 42. P5 Local
13 D13 NBPGR 43. P6 Local
14 D14 NBPGR 44. Pusa Rohini IARI
15 D15 NBPGR 45. Pusa Ruby IARI
16 D16 NBPGR 46. Swarna Lalima FSRCHP Ranchi
17 D17 NBPGR 47. Swarna Vijay FSRCHP Ranchi
18 D18 NBPGR 48. Swarna Suvarna FSRCHP Ranchi
19 D19 NBPGR 49. Swarna Anmol FSRCHP Ranchi
20 D20 NBPGR 50. Swarna Kanchan FSRCHP Ranchi
21 H1 NBPGR 51. Punjab Gaurav PAU
22 H2 NBPGR 52. Punjab Sartaj PAU
23 H3 NBPGR 53. Arka Alok ITHR
24 H4 NBPGR 54. Arka Rakshak ITHR
25 H5 NBPGR 55. Arka Vikas ITHR
26 H6 NBPGR 56. Arka Meghna ITHR
27 H7 NBPGR 57. North West Hybrid Local Hybrid
28 H8 NBPGR 58. Jaya Hybrid Local Hybrid
29 H9 NBPGR 59. Satabdi Local Hybrid
30 H10 NBPGR 60. Channaya Local Hybrid

NBPGR: National Bureau of Plant Genetic Resources; IARI: Indian Agricultural Research Institute, IIHR: Indian Institute of Horticultural

Research; FSRCHP Forage Seed Research Centre, Hotwar, Ranchi; PAU: Punjab Agricultural University.
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and incubated at 28 + 1 °C for 15 days. Spore germination was
assessed at 24 and 48 hr on Petri plate.

Inoculum preparation

Coarse wheat meal or sorghum grain with 0.5 % glucose was used
for inoculum production in 250 mL flasks, incubated at 28 + 1 °C for
15 days and the density of conidial stock was counted using a
hemocytometer, with density i.e, 1 x 10°spores/mL, which was
acquired by diluting the stock solution. For screening experiments,
each pot received 50 mL of the conidial suspension (1 x 10° spores
mL?), which was thoroughly mixed into the topsoil to ensure
uniform inoculation.

Screening of tomato varieties

Sixty tomato (S. lycopersicum L.) varieties were evaluated for
resistance to FOL under controlled sick pot conditions. Wilt

Reaction Wilt incidence (%)

Immune 0

Highly resistant 1-10
Moderately resistant 11-30
Moderately susceptible 31-50
Susceptible 51-70
Highly susceptible 71-100

incidence was recorded 55 days after transplanting. Based on the
observed percentage of wilt incidence, disease reactions were

categorized as per the following scale (11):

In addition to disease incidence, various physiological and
biochemical traits were measured, including plant height using a
measuring tape or scale (cm), chlorophyll content measured as a
chlorophyll index using a SPAD meter (SPAD units), vitamin A (3-
carotene) content (mg/100 g) was measured spectrophotometrically,
lycopene measured by light absorbance using a spectrophotometer
(mg/100 g) and ascorbic acid (mg/100 g). Pulp from each replication
was analyzed (12) to assess the overall performance and quality of
each genotype under Fusarium wilt stress.

Data analysis

The Agrianalyze application package was used to analyse the data
set using the one-way analysis of variance (ANOVA) tools. Mean
separation was done using the LSD method at p<0.05.

Results

The p-value of the F-test indicated that the results for all traits across
both years were non-significant, suggesting homogeneity of error
mean squares. Therefore, the data from both years were pooled and
a combined ANOVA was conducted. A combined ANOVA revealed
significant genotypic differences (p < 0.05) for wilting percentage
(WP), plant height (PH), chlorophyll content (CC), vitamin A (Vit A)
and ascorbic acid (AA) under F. oxysporum inoculation (Table 2). This

Table 2. The performance of 60 tomato genotypes to FOL across years under pot culture

Genotype Plant height Chlorophyll Wilting percentage  Vitamin A Lycopene Vitamin C Response
Arka Alok 34.36 35.93 36.7 1.35 3.54 0.56 MS
Arka Meghna 41.14 40.30 333 0.88 4.00 0.5 MS
Arka Rakshak 43.33 36.65 333 1.24 3.26 0.5 MS
Arka Vikas 25.94 40.74 36.7 1.43 3.20 0.49 MS
Channaya 30.72 34.87 26.7 0.97 2.90 0.42 MR
D1 32.07 43.89 16.7 1.54 4.32 0.62 MR
D10 31.82 35.28 40.0 1.01 3.50 0.42 MS
D11 32.08 33.24 38.3 0.85 3.30 0.47 MS
D12 33.57 37.60 35.0 1.28 3.15 0.45 MS
D13 41.25 38.19 48.3 0.97 3.28 0.45 MS
D14 37.34 40.05 36.7 0.90 3.96 0.47 MS
D15 33.00 36.36 41.7 131 3.45 0.49 MS
D16 31.92 33.56 36.7 0.94 3.71 0.42 MS
D17 34.50 37.95 38.3 0.94 3.89 0.44 MS
D18 32.48 35.60 38.3 1.05 3.89 0.42 MS
D19 33.00 34.82 43.3 1.29 3.28 0.45 MS
D2 47.14 36.19 20.0 1.6 4.16 0.52 MR
D20 37.00 39.89 333 1.86 3.28 0.41 MS
D3 31.74 41.13 25.0 1.14 3.58 0.57 MR
D4 44.11 40.43 26.7 1.07 4.57 0.59 MR
D5 28.65 37.62 36.7 2.28 4.28 0.53 MS
D6 19.84 39.18 36.7 0.73 3.54 0.55 MS
D7 52.28 30.02 317 0.80 3.23 0.49 MS
D8 30.41 38.67 35.0 0.73 4.15 0.41 MS
D9 36.04 36.67 43.3 1.21 4.24 0.45 MS
H1 32.83 38.34 333 0.97 3.11 0.48 MS
H10 36.97 37.19 40.0 0.76 3.90 0.42 MS
H11 27.09 40.94 43.3 0.65 3.77 0.47 MS
H12 31.83 36.94 41.7 0.76 3.40 0.41 MS
H13 34.07 37.13 36.7 1.02 3.71 0.47 MS
H2 26.75 37.04 35.0 0.80 3.65 0.47 MS
H28 34.72 38.85 40.0 0.65 3.81 0.47 MS
H29 44.64 40.08 35.0 0.95 3.29 0.41 MS
H3 31.75 42.12 50.0 0.97 4.05 0.43 MS
H30 33.30 42.93 48.3 0.88 3.79 0.5 MS
H4 28.68 32.91 36.7 0.97 4.01 0.45 MS
H5 37.95 38.17 46.7 1.06 3.35 0.49 MS
H6 40.22 39.30 333 0.76 3.51 0.47 MS
H7 33.54 41.22 50.0 0.76 3.71 0.44 MS
H8 39.82 35.41 333 0.72 3.79 0.48 MS
H9 38.57 34.08 41.7 1.05 3.78 0.45 MS
Jaya Hybrid 50.77 46.71 35.0 1.19 3.86 0.46 MS
North West Hybrid 30.23 35.33 30.0 0.80 3.59 0.46 MR
P1 25.35 37.84 31.7 0.77 3.54 0.46 MS
P2 28.84 35.00 35.0 1.05 3.85 0.47 MS
P3 33.24 30.23 50.0 1.39 3.00 0.44 MS
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P4 55.36 36.09 30.0 1.14 3.88 0.52 MR
P5 28.85 38.75 30.0 1.65 2.80 0.49 MR
P6 34.50 37.73 46.7 0.88 4.13 0.48 MS
Punj Gaurav 52.85 39.27 26.7 1.22 2.74 0.53 MR
Punjab Local 30.87 40.11 41.7 1.12 3.43 0.45 MS
Punj sartaj 22.68 37.80 36.7 1.01 3.38 0.49 MS
Pusa Rohini 24.15 34.01 40.0 0.65 3.42 0.41 MS
Pusa Ruby 19.07 26.59 45.0 0.71 3.03 0.39 MS
S Anmol 43.83 36.63 43.3 1.07 3.61 0.5 MS
S Kanchan 37.91 34.76 23.3 0.92 4.14 0.48 MR
Satabdi 39.23 34.93 30.0 1.33 4.03 0.46 MR
Swarna Lalima 30.14 36.94 36.7 141 3.34 0.48 MS
Swarna Suvarna 37.16 35.88 31.7 1.08 3.75 0.44 MS
Swarna Vijay 34.67 38.42 333 1.16 3.36 0.53 MS
Grand Mean 34.80 37.34 36.50 1.06 3.62 0.47
LSD (5 %) 7.87 5.23 1.47 0.61 0.93 0.075
CV (%) 19.89 12.33 35.3 49.62 22.19 13.86
SEm 2.83 1.87 0.53 0.21 0.36 0.026
SEd 3.99 2.65 0.74 0.30 0.47 0.037

MS: Moderately susceptible; MR: Moderately resistant.

indicates considerable genetic variability among the evaluated
tomato genotypes for these traits.

Wilting percentage (WP)

Genotypic variation was highly significant for wilting percentage,
with values ranging from 16.7 (D1) to 50 % (H3, H7 and P3).
Genotypes such as D1 (16.7 %), D2 (20 %) and S Kanchan (23.3 %)
showed the lowest wilting percentages, indicating a strong
resistance to F. oxysporum. In contrast, susceptible genotypes like
H3, H7 and P3 exhibited complete wilting (50 %).

Plant height (PH)

Plant height ranged from 19.07 cm (Pusa Ruby) to 55.36 cm (P4).
Genotypes P4 (55.36 cm), D7 (52.28 cm) and Jaya Hybrid (50.77 cm)
were among the tallest, which may be advantageous for better light
interception and vigour. Shorter genotypes, like Pusa Ruby and D6,
appeared adversely affected by the pathogen.

Chlorophyll content (CC)

Chlorophyll content, an important indicator of photosynthetic
efficiency, varied from 25.35 (P1) to 46.71 (Jaya Hybrid). Genotypes
such as Jaya Hybrid, Arka Vikas and H3 maintained high chlorophyll
levels despite pathogen pressure, which may contribute to better
growth and tolerance.

Vitamin A content (Vit A)

Vitamin A content ranged from 0.65 mg/100 g (H11, H28 and Pusa
Rohini) to 2.28 mg/100 g (D5). Genotype D5 stood out with the
highest vitamin A concentration, followed by D2 (1.6 mg/100 g) and
D20 (1.86 mg/100 g). These genotypes not only exhibited resistance
but also nutritional superiority.

Lycopene content (LC)

Lycopene content ranged between 2.74 mg/100 g (Punj Gaurav) and
457 mg/100 g (D4). Genotypes D4, D2 and D5 exhibited high
lycopene levels, making them suitable for processing and health-
promoting food products.

Ascorbic acid (AA)

Ascorbic acid content ranged from 0.39 mg/100 g (Pusa Ruby) t0 0.62
mg/100 g (D1). Genotype D1, which also showed the lowest wilting
percentage, recorded the highest ascorbic acid content, making it a

promising candidate for breeding programs targeting both disease
resistance and nutritional value.

Discussion

The present study revealed significant genotypic differences among
tomato genotypes under FOL inoculation. These differences were
evident in wilting percentage, plant height, chlorophyll content,
vitamin A, lycopene and ascorbic acid, indicating ample genetic
variability for resistance and nutritional quality traits.

Genotypic resistance to FOL was evident from the wide
range in wilting percentage, from 16.7 % in genotype D1 to 50 % in
genotypes H3, H7 and P3. This variation agrees with earlier findings
that resistance to FOL in tomato is quantitatively inherited and can
vary substantially among genotypes (13, 14). Genotypes D1, D2 and
S Kanchan exhibited low wilting and may carry resistance genes
such as |, I-1, I-2, or |-3, which have been associated with FOL
resistance (15). Plant height, which ranged from 19.07 cm to 55.36
cm, was adversely affected in susceptible genotypes, indicating the
impact of pathogen stress on vegetative growth. Similar reductions
in plant height due to Fusarium infection have been reported,
attributed to vascular blockage and reduced water uptake caused
by fungal colonization (16).

Chlorophyll content was significantly higher in genotypes
like Jaya Hybrid and Arka Vikas despite FOL stress, indicating
maintained photosynthetic activity under stress. High chlorophyll
levels under stress are associated with delayed senescence and
improved tolerance (17). Vitamin A (0.65 to 2.28 mg/100 g) and
lycopene contents (2.74 to 4.57 mg/100 g), which are crucial
nutritional traits, also varied considerably. Genotypes D5 and D2
recorded higher vitamin A levels, aligning with findings that resistant
genotypes tend to maintain or accumulate higher levels of
antioxidants under pathogen attack (18). Lycopene levels were
highest in D4 and D2, confirming earlier reports that lycopene
accumulation is genotype-dependent and may also serve a
protective function during stress (19). Ascorbic acid content ranged
from 0.39 to 0.62 mg/100 g, with the highest content in D1. Ascorbic
acid functions as a key antioxidant in plant defense responses and its
accumulation under stress has been documented (20). Higher
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ascorbic acid levels help maintain redox homeostasis by scavenging
reactive oxygen species generated during pathogen attack.
Therefore, genotypes with high ascorbic acid may better limit
oxidative damage, strengthen cell wall integrity and suppress
pathogen-induced wilting, thereby contributing to improved
tolerance against FOL.

Grouping of genotypes based on disease response showed
that moderately resistant genotypes not only exhibited lower wilting
percentages but also had superior nutritional profiles. This is
significant as it suggests the possibility of selecting genotypes that
combine resistance and fruit quality, an essential goal in tomato
breeding programs (21).

Conclusion

The present investigation revealed significant genetic variability
among tomato genotypes in response to FOL infection. Genotypes
such as D1, D2 and S Kanchan exhibited strong resistance to FOL,
reflected by low wilting percentages (<20 %) and favourable growth
and quality traits. D1 emerged as a particularly promising genotype
due to its lowest wilting percentage (16 %) and highest ascorbic acid
content  (0.62 mg/100 g). Additionally, genotypes such as D5 and
D2 showed superior vitamin A and lycopene levels, indicating their
potential not only for disease resistance but also for enhanced
nutritional quality. These findings underscore the possibility of
integrating resistance traits with nutritional value in tomato
breeding programs, thereby supporting the development of
cultivars that are both resilient and health-promoting.
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