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Abstract

Salinity is one of the important constraints that militate against crop production in salt affected areas worldwide. Tomato being one of the
important vegetable crops, has been studied under salinity stress at seedling stage in search of salt tolerant genotypes. In this study, seedlings
of twelve tomato genotypes were treated with four levels of sodium chloride (NaCl) (0, 50, 100 and 150 mM) and characterised for germination
percentage, seedling length and lengths of shoot and root. The data revealed that as the salt concentrations increased, the percentage of
germination and seedling length along with shoot and root length decreased, while mean germination time increased. Remarkable variation
existed among the genotypes in their response to salt stress. Under high salt stress, Pusa Ruby and Giant Ferry manifested the highest
increase in germination percentage, seedling growth and vigour index. These two genotypes had the highest stress tolerance indices which
revealed higher stress tolerance potential. The results suggested the existence of genetic variation for salinity tolerance among studied
tomato genotypes. Some genotypes like Pusa Ruby and Giant Ferry may be identified and utilised in breeding programmes for developing salt
tolerant tomato cultivars. The study described genotypic variations at seedling stage and their responses to saline conditions, which are
critical for seedling establishment and plant growth under saline environments.
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Introduction productivity and profitability of these crops in coastal regions with
saline soils. The tomato plant displays varying levels of tolerance to
salinity, depending on the cultivar and growth stage of the plant
(8-10). The response of tomato cultivars to varying salinity levels
showed significant differences (11). Several key processes are
affected by stress, including growth, chlorophyll content and
germination (12). The stages of initiation of the crop include
germination, emergence and early seedling growth, all of which are
notably affected by salinity (13, 14). The overbearing absorption of
ions leads to toxicity in the plant, resulting in decreased water
imbibition between the seeds and their external environment, which
in turn hinders the emergence of the primary root (15). The seed
germination stage is paramount for establishing seedlings and
ensuring a successful crop establishment (16). Salinity reduces both
the dry and fresh weights of shoots and roots in tomato seedlings
(17).

Tomato (Solanum lycopersicum L.) is one of the most widely
cultivated and nutritionally important vegetable crops worldwide. It
is grown throughout the India due to its ability to grow in a variety of
soil types (1). Tomato ranks among the most extensively cultivated
vegetable crops worldwide (2). Not only is it a source of income for
smallholder farmers, but it also provides job opportunity for those in
the manufacturing of tomato products (3). Tomatoes can be eatenin
their fresh form or can be incorporated into a variety of processed
tomato products, including tomato soups, sauces, pastes, jellies,
pickles, ketchup, jams and tomato juice. Tomatoes are also well
known for their high levels of antioxidants, eaming the fruit the
nickname of love apple. The tomato is a vegetable that is recognised
for its significance, popularity and nutritional value to humans; it has
become one of the most popular vegetables in the world (4). Tomato
is a rich source of minerals, organic acids, antioxidants, phenolic
compounds, vitamins and trace elements, while being low in fat and The inclusion of salt in the nutriment solution had a negative
cholesterol-free. Regular consumption of tomato and tomato IMpact on tomato root and shoot development, plant height,

products helps reduce the risk of cardiovascular diseases and certain ~ Potassium concentration and the potassium to sodium ratio (18).
cancers (5-7). Salinity tolerance plays a crucial role throughout the lifespan of any

species. Tomato genotypes exhibit a significant array of genetic
variations regarding their tolerance to varying salt levels. Many
commercial tomato varieties show resilience to moderate salinity
levels (up to 2.5 dSm™) without experiencing substantial yield loss.
The interaction between seedbed environment and varieties

Salinity is another a major abiotic stress affecting agricultural
productivity. High levels of salinity significantly reduce the
productivity of numerous crops, especially vegetables. Knowledge of
the salt tolerance of vegetable plants is essential to increasing the
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significantly affects crop establishment during the early seedling
stages, which is crucial for successful crop production in saline
conditions. Addressing saline conditions in both greenhouse and
field settings can incur significant costs and yield only temporary
relief. In contrast, selecting and breeding for salt tolerance presents a
strategic approach to mitigate the impacts of salinity and enhance
production efficiency. Therefore, it is essential to develop cultivars of
tomato that can tolerate saline conditions through breeding efforts.
Identifying the sensitivity and tolerance levels of tomato genotypes is
essential for breeding salt-tolerant cultivars (19). The genotypes that
exhibit the least impact could serve as a valuable resource for
enhancing salinity tolerance in tomato breeding (20, 21). The crops
exhibit tolerance during the seedling stage and demonstrate
enhanced salinity resistance as adults (22). Therefore, the present
study was undertaken to evaluate the response of 12 tomato
genotypes to increasing salinity levels during germination and
seedling stages and to identify salt-tolerant genotypes for future
breeding programs.

Materials and Methods
Experiment design and treatment

Tomato genotype seeds were obtained from the Indian Agricultural
Research Institute (IARI) located in New Delhi, as well as from the
Horticultural Research Station in Periyakulam, Tamil Nadu, India.
Furthermore, germplasm was sourced from various regions of Tamil
Nadu, India, with a focus on selecting only healthy and uniform
seeds. Laboratory-grade sodium chloride (NaCl) was utilised to
establish salinity conditions during seed germination and seedling
growth, with the salt concentration quantified in millimoles (mM).
Salinity stress was induced by the addition of NaCl at four varying
concentrations: 0, 50, 100 and 150 mM. A factorial based completely
randomised design (CRD) with 2 replication was used for the
two-factor experiment, including 25 seeds for each replication. Due
to the limited availability of seed material for certain genotypes and
the large number of treatment combinations, the experiment was
carried out with two replications. A total of 12 tomato genotypes
(Madhana Palli, Kasi, Country Periyakulam, Polur, Pink Shade,
Red Grape, Giant Ferry, Red Berry, Yellow Egg, Black Verissage,
Pusa Ruby, PKM1) were evaluated across four different NaCl
concentration levels (0,50, 100 and 150 mM).

In vitro sterilisation and germination of seeds

The Petri plate technique was utilised to carry out germination
studies. Petri dishes measuring 15 cm diameter were employed to
conduct germination studies. The items were meticulously cleaned,
first with water, then with alcohol, dried in an oven and finally
autoclaved. A consistent, even layer of absorbent cotton was placed
on the underside of the germination paper prior to its arrangement
in the Petri dishes. Seeds of uniform size were selected and surface
sterilised to prevent any potential contamination. The seeds were
washed with tap water, treated with 0.5 % mercuric chloride (HgCl)
and rinsed using sterile distilled water. The 25 seeds were placed in
each Petri dish. Solutions (10 mL) of four different concentrations
were poured onto the surface of the medium. Concentrations of
NaCl were set up in the Petri dishes. Petri dishes were placed in the
laboratory at a room temperature of around 25.0 + 2 °C. A control
was maintained for each set by using distilled water.

Germination (%)

The ratio of germinated seeds to the total seeds designated for
germination was recorded and the number of germinated seeds
was subsequently converted to a percentage to determine the
germination rate (23).

Germination (%) =

Number of seeds germinated

x 100
Total number of seeds placed in Petri dish
Eq.(1)

Root length (cm)

The root length of all germinated seedlings from the respective
treatments was measured using a scale, from the base of the shoot
to the tip of the root and recorded in centimeters (cm).

Shoot length (cm)

The length of the shoot was assessed for all germinated seedlings
across the respective treatments, utilising a measuring scale from
the base of the shoot to the tip and the measurements were
documentedincm.

Total seedling length (cm)

Thetotal length is calculated by adding the length of the shoot to the
length of the root, both measured incm.

Seedling length (cm) = Total length of shoot (cm) + Total length of
root (cm) Eq.(2)

Seedling vigour index

The seedling vigour index (SVI) | has been calculated by using the
method and expressed numerically by following the formula (24):

Seedling vigour index (SVI ) = Germination (%) x Seedling length
(cm) Eq.(3)

The germination percentage was multiplied by the dry
weight of the seedlings to calculate the SVI I, which was then
expressed as a whole number.

Seedling vigour index (SVI I) = Germination (%) x Seedling dry weight
(mg) Eq.(4)
Fresh weight (g)

The fresh weight of all germinated seedlings was recorded using a
precision balance after gently wiping the salt solution or sterile
distilled water with tissue paper and the average seedling weight in
grams was calculated.

Dry weight (mg)

A precision balance was used to measure the total dry weight in
milligrams after the identical set of seedlings that were used to
record the fresh weight were stored in a hot air oven at 80 °C for 48 hr.

Root to shoot ratio

The measurement compares the length of the root and shoot. The
calculation was performed utilising the established formula:

Root to shoot ratio =

Length of root (cm)

Length of shoot (cm) Eq. ()
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Root length stress tolerance index (%)

The measurement compares the root length of plants grown under
stress conditions with that of plants grown under control conditions.
The root length stress tolerance index (RLSTI) was calculated using
the formula described below (25):

Root length stress tolerance index =

Root length of stressed plants (cm) % 100

Root length of control plants (cm) Eq.(6)

Plant height stress tolerance index (%)

The measurement compares the height of plants grown under
stress conditions with that of plants grown under control conditions.
The plant height stress tolerance index (PHSTI) was calculated using
the formula described below (26):

Plant height stress tolerance index =

Plant height of stressed plants (cm) % 100

Plant height of control plants (cm) Eq.(7)

Statistical analysis

Data were analysed using a two-factor factorial CRD. An analysis of
variance was conducted to assess the impacts of genotype,
treatment and their interaction. The significance was assessed
through an F-test at p=< 0.05 and the critical difference (CD) values
were computed for the purpose of mean comparison. Standard
error of difference (SE(d)), standard error of mean (SEm) and
coefficient of variation (CV %) were calculated as well.

Results and Discussion
Germination percentage (%)

Germination of different genotypes was significantly affected by
varying levels of salinity (Table 1 and 2; Fig. 1). An increase in NaCl
concentration resulted in decrease in germination percentage of all
the genotypes tested. Among the studied genotypes, highest
germination (%) was recorded in Pusa Ruby (80 %) and Giant Ferry
(78 %) at salinity concentration of 50 mM. At increased salinity levels
of 100 mM and 150 mM, Pusa Ruby (76 %) and Giant Ferry (74 %)
were found to perform best, followed by Pusa Ruby (70 %) and
Giant Ferry (64 %). Yellow Egg exhibited minimum germination at
13 % followed by Pink Shade at 14 % and Black Vernissage at 18 %.At
low salinity levels, certain genotypes continued to germinate, but at
greater concentrations, germination was significantly reduced. This
pattern indicates that seeds may be able to tolerate low salinity levels,
but not high enough to disturb the physiological processes needed for
germination due to the absence of osmotic or ionic stress. The decline
in germination at increased salt concentrations is due to limited water
absorption, ion toxicity and disruptions in the enzymatic and hormonal
processes essential for reserve mobilisation and seedling establishment
(27). The exceptional performance of specific genotypes suggests the
potential engagement of adaptive mechanisms, including osmotic
adjustment, effective ion management and improved antioxidant
defence, which may aid in sustaining cellular function in saline
environments. The observed genotypic variance indicates
heterogeneity across tomato genotypes in their capacity to withstand
salt-induced stress, despite the processes not being explicitly assessed
in this study. Prior research has indicated a decrease in germination
percentage and a postponement in germination associated with
elevated salt levels in tomatoes (28, 29). This work expands on

Table 1. Effect of salinity on germination % and root length in tomato genotypes

Germination (%)

Root length (cm)

Genotype 0(mM) 50(mM) 100 (mM) 150(mM) Mean O0(mM) 50(mM) 100 (mM) 150 (mM) Mean
Madhana Palli 86 62 46 26 55.00 21.85 21.43 19.85 4.80 16.98
Kasi 98 66 50 42 64.00 19.24 21.23 20.70 11.85 18.25
Country Periyakulam 62 34 26 24 36.50 27.46 13.70 10.10 9.80 15.26
Polur 74 62 56 26 54.50 19.10 14.13 8.70 10.50 13.10
Pink Shade 70 30 20 14 33.50 20.50 14.20 14.00 13.90 15.65
Red Grape 70 34 26 18 37.00 20.35 12.40 16.00 15.30 16.01
Giant Ferry 98 78 74 64 78.50 27.94 24.86 13.73 8.43 18.74
Red Berry 58 34 26 22 35.00 19.26 20.90 20.10 11.70 17.99
Yellow Egg 62 30 18 13 30.75 20.45 15.10 14.60 13.50 15.91
Black Vernissage 54 42 22 18 34.00 20.35 12.46 16.00 15.30 16.02
Pusa Ruby 98 80 76 70 81.00 27.94 22.36 20.36 14.73 21.34
PKM1 90 68 50 34 60.50 21.10 17.00 16.50 8.50 15.77
Mean 76.66 51.66 39.16 32.58 22.12 17.48 15.88 11.52
SEm# CD (5 %) SEms CD (5%)

EC 0.69 1.98 0.16 0.45
Genotypes 1.21 3.44 0.27 0.79
Interaction (E x G) 2.42 6.88 0.55 1.58

EC: electrical conductivity; CD: critical difference at 5 % level of significance; SEm+: standard error of mean; E x G: genotype x electrical

conductivity interaction.

Table 2. Promising tomato genotypes for the quantitative traits’ summary table of salinity tolerance

S Root length Shoot length  Seedling length Seedling vigour Seedling vigour
Genotypes Germination (%) (cm)g (cm) g (c§1) g indgex Ig indgx "g
Madhana Palli 55.00 16.98 5.07 22.05 360.29 2855.70
Kasi 64.00 18.25 6.24 24.49 1616.78 5048.79

Country Periyakulam 36.50 15.26 4.09 19.35 829.97 492.23

Polur 54.50 13.10 3.94 17.05 991.37 2706.49
Pink Shade 33.50 15.65 4.30 19.95 734.30 1555.94
Red Grape 37.00 16.01 4.00 20.01 791.79 2144.89
Giant Ferry 78.50 18.74 5.42 24.16 1995.60 4806.95
Red Berry 35.00 17.99 4.32 22.31 804.78 1622.92
Yellow Egg 30.75 15.91 5.25 21.16 701.98 1901.18
Black Vernissage 34.00 16.02 5.57 21.58 761.72 1917.65
Pusa Ruby 81.00 21.34 5.32 26.67 9710.36 4445.93
PKM1 60.50 15.77 4.67 20.45 1342.38 2094.10
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Fig. 1. Effect of salinity stress on germination in tolerant and susceptible tomato genotypes.

previous findings by showing that tolerance responses are dependent
on genotype and by identifying genotypes that exhibit comparatively
increased germination and seedling vigour index under salty
circumstances. The observation that germination remained mostly
unaffected at lower salt levels but decreased markedly at elevated
concentrations  further  suggests the  presence  of
threshold-dependent salinity responses in the initial phases of
tomato growth.

The highest germination percentage, was observed under
control conditions, followed by a decline in salinity stress. All
genotypes showed varied degrees of salinity tolerance. Pusa Ruby
and Giant Ferry were found most tolerant followed by other

genotypes.
Root, shoot and seedlings length (cm)

The findings regarding the average length of the root, shoot and
seedlings (Table 1,2 and 3; Fig. 2) indicated that all twelve genotypes
demonstrated inhibition as NaCl concentration increased, especially
atelevated salinity levels (100 and 150 mM).

The highest root length (21.34 cm) was recorded in
Pusa Ruby followed by Giant Ferry (18.74 cm) and Kasi (18.25 cm)
under salinity stress. At the other end of spectrum, the three

varieties, namely Country Periyakulam (15.26 cm), Pink Shade
(15.65 cm) and PKM1 (15.77 cm) showed marked reduction in root
length under salt stress. A study observed that salt stress can
instantly inhibit root growth. High salinity may inhibit root and shoot
elongation due to slowing down the water uptake by the plant (30).
Similarly, the length of the shoots decreased with increasing salinity
levels. The three genotypes i.e., Kasi (6.24 cm), Black Vernissage
(5.57 cm) and Giant Ferry (5.42 cm), had higher shoot length under
salinity stress. In contrast, significantly reduced shoot lengths were
recorded in Polur (394 cm), Red Grape (4.00 c¢m) and
Country Periyakulam (4.09 cm) under salinity stress. However, the
decrease in root length was more pronounced than the decrease in
shoot length, suggesting that roots are more sensitive than shoots to
osmotic and ionic stress and that ion regulation and osmotic
adjustment may allow for sustained growth in some genotypes.
Similar findings have been described for tomatoes under salt stress
(31). Salt stress affected growth of tomato roots more severely than
shoot growth (31). Growth of roots and shoots of different plant
species were affected differently by salt stress as previously (32, 33).
Roots were found to be more sensitive than shoot of seedlings.

In general, Pusa Ruby had the highest seedling length
(26.67 cm) followed by Kasi (24.49 cm) and Giant Ferry (24.16 cm).
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Table 3. Effect of salinity on shoot length and total seedling length in tomato genotypes

Shoot length (cm) Total seedling length (cm)
Genotypes 0(mM) 50(mM) 100(mM) 150(mM) Mean O(mM) 50(mM) 100(mM) 150 (mM) Mean
Madhana Palli 6.57 4.46 5.95 3.30 5.07 28.42 25.89 25.80 8.10 22.05
Kasi 7.50 5.46 6.25 5.75 6.24 26.74 26.69 26.95 17.60 24.49
Country Periyakulam 5.76 3.50 2.50 4.60 4.09 33.22 17.20 12.60 14.40 19.35
Polur 5.20 3.83 4.06 2.70 3.94 24.30 17.96 12.76 13.20 17.05
Pink Shade 4.80 4.20 4.30 3.90 4.30 25.30 18.40 18.30 17.80 19.95
Red Grape 4.50 5.50 2.60 3.40 4.00 24.85 17.90 18.60 18.70 20.01
Giant Ferry 6.50 6.60 4.30 4.30 5.42 34.44 31.46 18.03 12.73 24.16
Red Berry 4.90 3.00 5.40 4.00 4.32 24.16 23.90 25.50 15.70 22.31
Yellow Egg 4.80 6.50 5.40 4.30 5.25 25.25 21.60 20.00 17.80 21.16
Black Vernissage 6.50 5.90 5.20 4.70 5.57 26.85 18.30 21.20 20.00 21.58
Pusa Ruby 6.00 5.50 5.10 4.70 5.32 33.94 27.86 25.46 19.43 26.67
PKM1 5.90 4.90 4.50 3.40 4.67 27.00 21.90 21.01 11.90 20.45
Mean 5.74 4.94 4.63 4.08 27.87 22.42 20.51 15.61

SEmz CD (5 %) SEmz CD (5 %)

EC 0.04 0.12 0.20 0.57
Genotypes 0.07 0.22 0.34 0.99
Interaction (E x G) 0.15 0.44 0.69 1.98

EC: electrical conductivity; CD: critical difference at 5 % level of significance; SEmz: standard error of mean; E x G: genotype x electrical
conductivity interaction.

0 mM 50 mM 100 mM 150 mM

Pusa Ruby

Giant Ferry

Kasi

Yellow Egg

Pink Shade

Black Vernissage

Fig. 2. Effect of salinity stress on seedling growth in tolerant and susceptible tomato genotypes.

Plant Science Today, ISSN 2348-1900 (online)



KAVIYAET AL

The three varieties of tomato, namely Polur (17.05 cm),
Country Periyakulam (19.35 cm) and a Pink Shade (19.95 cm), were
found to be shorter in terms of seedling length under salinity stress.
Similar results were reported in other study (30). This reduction in
growth may be due to detrimental effect of salt ions to plant growth,
besides, alteration in nutrient uptake by seedlings. Salt stress could,
therefore, prevent plants from completing their life cycle. Root
development is vital for plant growth from soil for regulating ion
entry to shoot and for survival under saline environment (34).

In comparison to the control, only some of the genotypes
showed non-significant increases in growth at reduced NaCl
concentrations. However, all genotypes showed a reduction in
growth at higher NaCl concentrations, root growth being more
affected than shoot growth.

Seedling vigourindexland Il

The SVI | and Il showed significant differences amongst the
genotypes, electrical conductivity (EC) levels and their interactions
(Table 2 and 4). The SVI declined gradually as salinity increased.
When the salinity levels were compared, the control treatment
(0 mM) had the highest SVI | followed by 50 mM and the lowest SV
was found in 100 mM and 150 mM. This higher seedling vigour index
at low salinity levels may be due to the low osmotic stress imposed
on germinating seeds, which allows efficient water uptake and
normal metabolic activity, whereas increasing salinity reduced
seedling vigour index by limiting water absorption and impairing
seedling growth through ionic and osmotic stress (21, 35).

Table 3 revealed highly significant genotypic differences for
SVI1and I, EC level and their interaction. Seedling vigour index | was
highest in Pusa Ruby (9710.36) followed by Giant Ferry (1995.60) and
Kasi (1616.78) under control as well as saline conditions. By contrast,
Yellow Egg (701.98), Pink Shade (734.30) and Black Vernissage
(761.72) exhibited a marked decrease in SVI | values with an increase
in salinity suggesting a greater sensitivity to salt stress. The highest
SVI I values were recorded for Kasi (5048.79) followed by Giant Ferry
(4806.95) and Pusa Ruby (4445.93) possessing better salinity
tolerance. The lowest SVI Il was observed in Country Periyakulam
(492.23) followed by Pink Shade (1555.94) and Red Berry (1622.92)
showing greater susceptibility to salinity. The results show that a

decline in seedling vigour index may be attributed to reduced
germination, diminished plumule and radicle development, as well
as decreased mobilisation efficiency of seed stores under stressful
conditions. Salinity induces both osmotic and ionic stress, disrupting
metabolic processes and hindering embryonic development, which
ultimately leads to reduced seedling vigour index (36).

Seedling vigour index | and Il showed decline with increase in
NaCl concentration. However, at low salinity levels some of the
genotypes performed non-significantly compared to control. Salinity
reduced seedling vigour of all genotypes; but tolerant genotypes
showed higher SVl 1 values under stress.

Fresh weight (g) and dry weight (mg)

The effects of varying salinity levels on the seedlings’ fresh weight
and dry weight are depicted in Fig. 3 and 4. The highest fresh weight
and dry weight of seedlings was recorded in 0 mM. The second
highest was 50 mM, while the lowest was recorded at 100 and
150mM.

The interaction between variety and salinity significantly
affected the fresh weight and dry weight of the seedlings. The
highest fresh weight was recorded for the Black Vemnissage
accession at 0.63 g, followed by Madhana Palli at 0.59 g and
Red Berry at 0.57 g. Conversely, the lowest fresh weight was noted in
PKM1 at 0.34 g, with Pink Shade at 0.36 g and Polur at 0.41 g trailing
behind. The lower fresh weight in salinity stress may be due to the
osmotic stress that reduces the water uptake and cellular hydration,
which will limit the cell expansion and biomass accumulation.
Similar observations have been reported for tomato under saline
conditions (37, 38). While the highest dry weight of seedlings (mg)
was observed in Kasi (76.61), followed by Giant Ferry (59.07) and
Yellow Egg (58.62). In contrast, the lowest dry weight was noted in
Country Periyakulam (15.62), with PKM1 (30.22) and Polur (43.02)
following closely behind. Under salinity stress, the decreased dry
weight was correlated with reduced shoot and root growth,
indicating the inhibitory effect of salt on biomass accumulation; lower
dry matter production may be attributed to reduced cell division,
limited nutrient uptake and lowered photosynthetic efficiency in
saline conditions. These findings are like those previously reported
(39,40).

Table 4. Effect of salinity on seedling vigour index | and seedling vigour index Il in tomato genotypes

Seedling vigour index |

Seedling vigour index I

Genotypes 0 (mM) 50 (mM) 100 (mM) 150 (mM) Mean 0(mM) 50(Mm) 100(mM) 150(mM) Mean
Madhana Palli 2442.40 1603.10 1185.24 210.44 360.29 5958.70  4211.92 474.00 778.20  2855.70
Kasi 2622.62 1760.48 1345.34 738.70 1616.78 8512.72  4833.40 4427.02 2422.04 5048.79
Country Periyakulam 2062.18 586.18 328.48 343.04 829.97 45.86 1345.54 571.56 5.96 492.23
Polur 1796.74 1112.22 712.88 343.64 991.37 5979.42 2199.18 2230.40 416.96  2706.49
Pink Shade 1769.84 550.70 368.20 248.48 734.30 1891.08 2979.18 1002.00 351.50 1555.94
Red Grape 1737.96 609.82 484.76 334.62 791.79 5484.14 1448.20 974.38 672.84  2144.89
Giant Ferry 3377.68 2456.38 1333.14 815.20 1995.60 7307.82 5862.30 3775.02 2282.68 4806.95
Red Berry 1399.82 813.56 660.96 344.78 804.78 2559.56  2299.22 897.82 735.10 1622.92
Yellow Egg 1567.42 649.72 358.80 231.99 701.98 4151.32 1578.30 1351.50 523.60 1901.18
Black Vernissage 1451.78 769.58 464.80 360.72 761.72 3777.20 2376.6 1002.02 514.80 1917.65
Pusa Ruby 3324.76 2225.24 1932.20 1359.24 9710.36  7013.94  4393.40 3878.04 2498.34  4445.93
PKM1 2429.31 1486.56 1049.60 404.06 1342.38  4531.28 2416.52 758.30 670.32  2094.10
Mean 4665.21 1218.62 852.03 477.90 4767.75  2995.31 1778.50 989.36

SEmz CD (5 %) SEmz CD (5 %)
EC 71.06 202.06 38.08 108.29
Genotypes 123.08 349.97 65.96 187.57
Interaction (E x G) 246.16 699.95 131.93 375.15

EC: electrical conductivity; CD: critical difference at 5 % level of significance; SEmz:

conductivity interaction.

standard error of mean; E x G: genotype x electrical
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Fig. 3. Effect of salinity stress on fresh weight (g) in tomato genotypes.
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Fig. 4. Effect of salinity stress on dry weight (mg) in tomato genotypes.

Root to shoot ratio

The genotypes, salinity levels and their interaction had a significant
impact on the root-to-shoot ratio (Fig. 5). The highest root to shoot
ratio was observed at the control level (0 mM), followed by the
50 and 100 mM treatments, while the lowest ratio was recorded at
the 150 mM level.

The root-to-shoot ratio showed a gradual decline as salinity
levels increased, suggesting that root growth experienced greater
negative impacts compared to shoot growth in stressful conditions.
Among the genotypes, Red Berry (4.38) exhibited the highest root to
shoot ratio, followed closely by Red Grape (4.35) and Pusa Ruby
(3.96). In contrast, Black Vernissage (2.88) showed the lowest value,

Plant Science Today,

trailed by Kasi (2.92) and Yellow Egg (3.10). Data analysis showed a
significant effect of salt stress on root to shoot ratio. Root and shoot
growth were both inhibited by increased salinity due to osmotic
stress and ionic imbalance, limiting water uptake and cell expansion.
However, some genotypes maintained a higher root-to-shoot ratio
under stress, which could be an adaptive mechanism that enhances
water acquisition and improves tolerance to saline conditions (41).

Root stress tolerance index and plant height stress tolerance
index (%)

Salinity influenced root stress tolerance index and PHSTI which
depicted highest value at 0 mM salinity followed by 50 mM and the
lowest at 100 mM and 150 mM.
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Fig. 5. Effect of salinity stress on root to shoot ratio in tomato genotypes.

Significant genotype x salinity interaction was observed for
RLSTI and PHSTI (Fig. 6 and 7). The highest RLSTI was obtained for
Kasi (94.98 %), followed by Red Berry (93.50 %) and Red Grape
(78.77 %). The least RLSTI was recorded in Country Periyakulam
(55.64 %) followed by Polur (68.69 %) and Giant Ferry (67.14%) and
the highest PHSTI values were obtained for Red Berry (92.46 %)
followed by Kasi (91.69 %) and Yellow Egg (83.94 %). The least PHSTI
was obtained for Country Periyakulam (58.32 %) followed by
Giant Ferry (70.23 %) and Polur (70.25 %). Stress tolerance indices
decreased with increasing salinity levels, suggesting that salt stress
negatively affected plant growth and development; the index values
also showed that sensitive genotypes were unable to maintain
growth under saline conditions, whereas tolerant genotypes
exhibited comparatively higher values, suggesting a greater ability to
withstand osmotic and ionic stress. This variation in the responses of

genotypes to salinity points to variation in their ability to adapt to
salinity, particularly in maintaining growth under stress conditions.
Other similar findings have been reported in earlier studies (42, 43).

Conclusion

Salinity stress substantially lowered germination and seedling
development in tomato, with the intensity of the effects escalating
with salt concentration. Significant genotypic diversity was seen,
with Giant Ferry, Pusa Ruby, Kasi and Red Berry consistently
demonstrating enhanced performance in germination, seedling
development, vigour indices and stress tolerance under saline
conditions. The findings suggest that these genotypes exhibit
enhanced saline tolerance during early growth stages and may be
useful genetic resources for the improvement and production of
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Fig. 6. Effect of salinity stress on root length stress tolerance index (RLSTI) (%) in tomato genotypes.
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Fig. 7. Effect of salinity stress on plant height stress tolerance index (PHSTI) (%) in tomato genotypes.

tomatoes in salt-affected settings. In the future, research should be 4. Demirkaya M. Improvement in tolerance to salt stress during
conducted to validate their performance under both pot and field tomato cultivation. Turk J Biol. 2014;38(2):193-9. https://
conditions, investigate the physiological and biochemical doi.org/10.3906/biy-1307-62
mechanisms that underlying their tolerance and identify genetic 5.  Suarez MH, Rodriguez ER, Romero CD. Mineral and trace element
factors associated with salinity tolerance in order to support concentrations in cultivars of tomatoes. Food Chem. 2007;104
. . (2):489-99. https://doi.org/10.1016/j.foodchem.2006.11.072
breeding programs for the development of tomato cultivars that are
salt-tolerant. 6. Ray RC, El Sheikha AF, Panda SH, Montet D. Anti-oxidant properties
and other functional attributes of tomato: An overview. Int J Food
Ferment Technol. 2011;1(2):139-48.
Acknowledgements 7. Molla AH, Manjurul Haque M, Amdadul Haque M, llias GN.
Trichoderma-enriched biofertilizer enhances production and
The authors are thankful to the Department of Vegetable Science, nutritional quality of tomato (Lycopersicon esculentum Mill.) and
SRM College of Agricultural Sciences, SRM Institute of Science and minimizes NPK fertilizer use. Agric Res. 2012;1(3):265-72. https://
Technology (SRMIST), Chengalpattu for providing field during doi.org/10.1007/s40003-012-0025-7
research work. 8. Estafi MT, Martinez-Rodriguez MM, Perez-Alfocea F, Flowers TJ,
Bolarin MC. Grafting raises the salt tolerance of tomato through
limiting the transport of sodium and chloride to the shoot. J Exp
Authors' contributions Bot. 2005;56(412):703-12. https://doi.org/10.1093/jxb/eri027
. . . . 9. Ferndndez-Garcia N, Martinez V, Cerda A, Carvajal M. Fruit quality of
AK carrled.out the research, data arTaly5|s, and manu.scrlpt drafting. grafted tomato plants grown under saline co nJ ditions. J qu mcysd
DK supervised the research and revised the manuscript. MR and RS Biotechnol. 2004;79(6):995-1001. https://
assisted in proposal preparation, manuscript correction and doi.org/10.1080/14620316.2004.11511880
proofreading. All authors read and approved the final manuscript. 10. SantaCruz A, Martinez-Rodriguez MM, Perez-Alfocea F,
Romero-Aranda R, Bolarin MC. The rootstock effect on the tomato
salinity response depends on the shoot genotype. Plant Sci.
Compliance with ethical standards 2002;162(5):825-31. https://doi.org/10.1016/50168-9452(02)00030-4
Conflict of interest: Authors do not have any conflict of interests 11 Kazemi EM, Jonoubi P, Pazhouhandeh M, Majd A, Aliasgharpour M.
to declare. Response of variable tomato (Solanum lycopersicum Mill.)
genotypes to salinity at germination and early seedling growth
Ethicalissues: None stages. Int J Plant Anim Environ Sci. 2014;4(2):605-612.
12. Parida AK, Das AB. Salt tolerance and salinity effects on plants: A
review. Ecotoxicol Environ Saf. 2005;60(3):324-49. https://
References doi.org/10.1016/j.ecoenv.2004.06.010
1. El Naim AM, Mohammed KE, Ibrahim EA, Suleiman NN. Impact of ~ 13. Mariko S, Kachi N, Ishikawa SI, Furukawa A. Germination ecology of
salinity on seed germination and early seedling growth of three coastal plants in relation to salt environment. Ecol Res. 1992;7
sorghum (Sorghum bicolor L. Moench) cultivars. Sci Technol. 2012;2 (3):225-33. https://doi.org/10.1007/BF02347091
(2)- https://doi.org/10.5923/}.5cit.20120202.03 14. Jamil M, Lee CC, Rehman SU, Lee DB, Ashraf M, Rha ES. Salinity
2. Choudhury B. Vegetables. 6" rev ed. New Delhi: National Book (NaCl) tolerance of Brassica species at germination and early
Trust; 1979. p. 46. seedling growth. Electron J Environ Agric Food Chem. 2005;4(4):915
3. Meena OP, BahadurV, Jagtap AB, Saini P. Genetic variability studies -920.
of fruit yield and its traits among indeterminate tomato genotypes ~ 15. Delachiave ME, De Pinho SZ. Scarification, temperature and light in

under open field condition. Afr J Agric Res. 2015;10(32):3170-7.
https://doi.org/10.5897/AJAR2015.9614

germination of Senna occidentalis (Caesalpinaceae) seeds. Seed Sci
Technol. 2003;31(2):225-30. https://doi.org/10.15258/

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.5923/j.scit.20120202.03
https://doi.org/10.5897/AJAR2015.9614
https://doi.org/10.3906/biy-1307-62
https://doi.org/10.3906/biy-1307-62
https://doi.org/10.1016/j.foodchem.2006.11.072
https://doi.org/10.1007/s40003-012-0025-7
https://doi.org/10.1007/s40003-012-0025-7
https://doi.org/10.1093/jxb/eri027
https://doi.org/10.1080/14620316.2004.11511880
https://doi.org/10.1080/14620316.2004.11511880
https://doi.org/10.1016/S0168-9452(02)00030-4
https://doi.org/10.1016/j.ecoenv.2004.06.010
https://doi.org/10.1016/j.ecoenv.2004.06.010
https://doi.org/10.1007/BF02347091
https://doi.org/10.15258/sst.2003.31.2.01

KAVIYAET AL

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

$st.2003.31.2.01

Khajeh-Hosseini M, Powell AA, Bingham IJ. The interaction between
salinity stress and seed vigour during germination of soybean
seeds. Seed Sci Technol. 2003;31(3):715-25.  https://
doi.org/10.15258/sst.2003.31.3.20

Shannon MC, Gronwald JW, Tal M. Effects of salinity on growth and
accumulation of organic and inorganic ions in cultivated and wild
tomato species. J Am Soc Hortic Sci. 1987;112(3):416-23. https://
doi.org/10.21273/JASHS.112.3.416

Al-Karaki GN. Growth, water use efficiency, and sodium and
potassium acquisition by tomato cultivars grown under salt stress.
J Plant Nutr. 2000;23(1):1-8. https://
doi.org/10.1080/01904160009381992

Bhattacharjee S. Triadimefon pretreatment protects newly
assembled membrane system and causes up-regulation of stress
proteins in salinity stressed Amaranthus lividus L. during early
germination. J Environ Biol. 2008;29(5):805-10.

Cuartero J, Fernandez-Mufioz R. Tomato and salinity. Sci Hortic.
1998;78(1-4):83-125. https://doi.org/10.1016/S0304-4238(98)00191-
5

Hajer AS, Malibari AA, Al-Zahrani HS, Almaghrabi OA. Responses of
three tomato cultivars to sea water salinity. I. Effect of salinity on
the seedling growth. Afr J Biotechnol. 2006;5(10):855-861. https://
doi.org/10.4314/ajb.v5i10.42896

Akinci IE, Akinci S, Yilmaz K, Dikici H. Response of eggplant varieties
(Solanum melongena) to salinity in germination and seedling stages.
N Z J Crop Hortic Sci. 2004;32(2):193-200. https://
doi.org/10.1080/01140671.2004.9514296

Bam RK, Kumaga FK, Ofori K, Asiedu EA. Germination, vigour and
dehydrogenase activity of naturally aged rice (Oryza sativa L.) seeds
soaked in potassium and phosphorus salts. Asian J Plant Sci. 2006;5
(6):948-955. https://doi.org/10.3923/ajps.2006.948.955

Abdul-Baki AA, Anderson JD. Vigor determination in soybean seed
by multiple criteria. Crop Sci. 1973;13(6):630-3. https://
doi.org/10.2135/cropscil973.0011183X001300060013x

Zafar SA, Ashraf MY, Niaz M, Kausar A, Hussain J. Evaluation of
wheat genotypes for salinity tolerance using physiological indices
as screening tool. Pak J Bot. 2015;47(2):397-405.

Ashraf MY, Akhtar K, Hussain F, Igbal J. Screening of different
accessions of three potential grass species from Cholistan desert for
salt tolerance. Pak J Bot. 2006;38(5):1589-97.

Adilu GS, Gebre YG. Effect of salinity on seed germination of some
tomato (Lycopersicon esculentum Mill.) varieties. J Aridland Agric.
20217:76-82. https://doi.org/10.25081/jaa.2021.v7.6588

Chakma P, Hossain MM, Rabbani MG. Effects of salinity stress on
seed germination and seedling growth of tomato: Salinity stress on
seed germination and seedling growth. J Bangladesh Agric Univ.
2019;17(4):490-9. https://doi.org/10.3329/jbau.v17i4.44617

Miyamoto S. Salt effects on germination, emergence, and seedling
mortality of onion. Agron J. 1989;81(2):202-7. https://
doi.org/10.2134/agronj1989.00021962008100020013x

Kumar M, Pugalendhi L, Vanitha K, Subramaniyan P. Effect of
salinity on seed germination and seedling parameters of different
tomato genotypes. Pharma Innov J. 2022;11(2 Suppl):1078-1082.

Devi ND, Arumugam T. Screening of tomato genotypes at various
levels of salinity. Journal Pharmacogn Phytochem. 2019;8(3):3199-
201.

Hussain MK, Rehman OU. Breeding sunflower for salt tolerance.
Association of seedling growth and mature plant traits for salt
tolerance in cultivated sunflower (Helianthus annuus L.). Helia.
1995;18:69-76.

Hussain MK, Rehman OU. Evaluation of sunflower
(Helianthus annuus L.) germplasm for salt tolerance at the seedling
stage. Helia. 1997;20(26):69-78.

10

34. Hajibagheri MA, Yeo AR, Flowers TJ, Collins JC. Salinity resistance in
Zea mays: Fluxes of potassium, sodium and chloride, cytoplasmic
concentrations and microsomal membrane lipids. Plant Cell
Environ. 1989;12(7):753-T. https://doi.org/10.1111/j.1365-
3040.1989.tb01635.x

35.  Al-Harbi AR, Wahb-Allah MA, Abu-Muriefah SS. Salinity and nitrogen
level affects germination, emergence, and seedling growth of
tomato. Int J Veg Sci. 2008;14(4):380-92.  https://
doi.org/10.1080/19315260802371369

36. Hakim MA, Juraimi AS, Begum M, Hanafi MM, Ismail MR, Selamat A.
Effect of salt stress on germination and early seedling growth of rice
(Oryza sativa L.). Afr J Biotechnol. 2010;9(13):1911-8. https://
doi.org/10.5897/AJB09.1526

37. Kumar M, Vanitha K. Influence of salinity levels on seedling
parameters of different tomato genotypes. Bangladesh J Bot.
2023;52(2):307-14. https://doi.org/10.3329/bjb.v52i2.67028

38. Azeem A, Wu Y, Xing D, Javed Q, Ullah I. Photosynthetic response of
two okra cultivars under salt stress and re-watering. J Plant
Interact. 2017;12(1):67-77. https://
doi.org/10.1080/17429145.2017.1279356

39. Nasrin S, Mannan MA. Impact of salinity on seed germination and
seedling growth of tomato. J Biosci Agric Res. 2019;21:1737-48.
https://doi.org/10.18801/jbar.210119.212

40. Javed Q,Wu, Xing D, Ullah I, Azeem A, Rasool G. Salt-induced effects
on growth and photosynthetic traits of Orychophragmus violaceus
and its restoration through re-watering. Braz J Bot. 2018;41(1):29-41.
https://doi.org/10.1007/s40415-017-0432-x

41. Munns R, Tester M. Mechanisms of salinity tolerance. Annu Rev
Plant Biol. 2008;59:651-81. https://doi.org/10.1146/
annurev.arplant.59.032607.092911

42. Kausar A, Ashraf MY, Ali |, Niaz M, Abbass Q. Evaluation of sorghum
varieties/lines for salt tolerance using physiological indices as
screening tool. Pak J Bot. 2012;44(1):47-52.

43. Fernandez GCJ. Effective selection criteria for assessing plant stress
tolerance. In: Kuo CG, editor. Adaptation of Food Crops to
Temperature and Water Stress: Proceedings of an International
Symposium. Shanhua, Taiwan: Asian Vegetable Research and
Development Center (AVRDC); 1992. p. 257-270.

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.15258/sst.2003.31.2.01
https://doi.org/10.15258/sst.2003.31.3.20
https://doi.org/10.15258/sst.2003.31.3.20
https://doi.org/10.21273/JASHS.112.3.416
https://doi.org/10.21273/JASHS.112.3.416
https://doi.org/10.1080/01904160009381992
https://doi.org/10.1080/01904160009381992
https://doi.org/10.1016/S0304-4238(98)00191-5
https://doi.org/10.1016/S0304-4238(98)00191-5
https://doi.org/10.4314/ajb.v5i10.42896
https://doi.org/10.4314/ajb.v5i10.42896
https://doi.org/10.1080/01140671.2004.9514296
https://doi.org/10.1080/01140671.2004.9514296
https://doi.org/10.3923/ajps.2006.948.955
https://doi.org/10.2135/cropsci1973.0011183X001300060013x
https://doi.org/10.2135/cropsci1973.0011183X001300060013x
https://doi.org/10.25081/jaa.2021.v7.6588
https://doi.org/10.3329/jbau.v17i4.44617
https://doi.org/10.2134/agronj1989.00021962008100020013x
https://doi.org/10.2134/agronj1989.00021962008100020013x
https://doi.org/10.1111/j.1365-3040.1989.tb01635.x
https://doi.org/10.1111/j.1365-3040.1989.tb01635.x
https://doi.org/10.1080/19315260802371369
https://doi.org/10.1080/19315260802371369
https://doi.org/10.5897/AJB09.1526
https://doi.org/10.5897/AJB09.1526
https://doi.org/10.3329/bjb.v52i2.67028
https://doi.org/10.1080/17429145.2017.1279356
https://doi.org/10.1080/17429145.2017.1279356
https://doi.org/10.18801/jbar.210119.212
https://doi.org/10.1007/s40415-017-0432-x
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://doi.org/10.1146/annurev.arplant.59.032607.092911
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

