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Abstract

The experiment, conducted using BARI Tomato-14, was arranged in a Randomized Complete Block Design with
three replications, resulting in 12 treatment combinations (3x4). The study examined two factors: Factor A,
which included three levels of moisture availability (W1: 100%, W2: 75%, and W3: 50% evapotranspiration
moisture), and Factor B, which tested four concentrations of salicylic acid (SA) as a drought stress mitigating
agent (So: Control, S1: 50 ppm, S2: 75 ppm, and S3: 100 ppm). Results indicated that both drought stress and
salicylic acid application significantly influenced morphological, physiology, yield contributing features and fruit
quality traits of tomato. The highest plant height (110.0 cm), SPAD value 49.73, Vitamin C 5.61 (mg/100g),
protein content 2.52 (mg/100g), fruit weight (69.0g) and fruit yield per plant (2.3 kg) were recorded in the
treatment combination of WS- (100% evapotranspiration moisture and 75 ppm salicylic acid). Conversely, the
lowest value was found in W3S, (50% evapotranspiration moisture and no salicylic acid). These findings suggest
that foliar application of salicylic acid can effectively mitigate the harmful effects of drought stress in tomatoes,

enhancing plant growth, productivity and nutritional quality of fruit.

* Corresponding Author: Md. Rezwan Sarker P4 rezwansf@sau.edu.bd
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Introduction

Tomato (Solanum lycopersicum L.) ranks among the
most widely consumed crops globally. A significant
part of the daily diet, tomatoes are a good source of
vitamins, minerals, and antioxidants (Li et al., 2021).
In global vegetable production, tomatoes hold the
third position, with a yield of 186,821 million tons,
cultivated over more than 5.05 million hectares of
land (Chanthini et. al,, 2022). Bangladesh produces
(WPR,
significantly less than the global average yield.

442 thousand tons 2022), which is
Because of shifting biotic and abiotic environmental
conditions. Global agriculture is seriously threatened
by climate change as increasing temperatures and
diminished water availability lead to reduced crop
productivity. Forthcoming predictions suggest that by
2050, water scarcities will impact half of the
agricultural land worldwide (Hasanuzzaman et al.,
2019). Water shortage is already the primary
environmental factor reducing the growth and
productivity of vegetables (Sirisuntornlak et al,
2019). Tomato crops are mostly susceptible to
drought stress, which negatively affects its growth,
yield, and fruit quality. Therefore, water scarcity
negatively impacts plant growth and development by
hindering cell division and elongation, which in turn
adversely affects the plant's morphology, physiology,
and ecology (Farooq et al.,, 2009). The reduction in
photosynthesis is a primary reason for hampered
growth. To mitigate the adverse effects of water
scarcity on plants, applying plant growth regulators is
a viable option. Additionally, advances in
agronomical practices, traditional breeding, and new
biotechnological tools have been employed to prevent
yield losses due to drought stress (Jones et al., 1991).
Applying bio stimulants and phytohormones to
foliage is recognized as one of the most effective
adaptation methods (El-Mageed et al., 2017). Among
these, salicylic acid (SA), a phytohormone and
phenolic compound, influences plant growth, ion
absorption, and substance transport. SA is regarded
as a crucial plant signaling molecule that enhances
plant defense responses, thereby increasing tolerance

to both biotic and abiotic stresses (Gorni et al., 2017).
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Water deficit decreased stomatal conductance,
transpiration, and CO2 assimilation in rice plants.
However, the application of salicylic acid (SA)
improved gas exchange characteristics in plants
experiencing water deficit (Shemi et al, 2021).
Chavoushi et al, 2020 reported that safflower
(Carthamus tinctorius L.) treated with foliar
application of SA under water deficit improved
photosynthesis rate, enzyme activity and quality. A
recent study showed that exogenous application of SA
in grape tomatoes acts as water deficit alleviation
(Chakma et al., 2021). Natural biostimulants as
environmentally friendly materials include any
substances applied to plants to increase nutritional
efficiency, abiotic stress tolerance, and quality traits
of crop (Trivedi et al, 2018). Given that the
mechanism of action of salicylic acid (SA) can vary
among plant species, stress levels, and environmental
conditions, it is crucial to investigate its effects on

tomato plants under water scarcity.

This examination aims to enhance the sustainability
of tomato production and provide cultivation options
for regions with limited water availability. Based on
existing research, our study hypothesizes that foliar
application of SA can mitigate the adverse effects of
water deficit on tomato growth and fruit yield. To test
this hypothesis, we evaluate the productivity,
morpho-physiological traits, and yield-contributing
characteristics of tomato plants under water stress

with varying doses of SA application.

Materials and methods

Location of the experimental site

A pot experiment was carried out at the Horticulture
Farm of Sher-e-Bangla Agricultural University,
Dhaka-1207, Bangladesh, located in the Madhupur
Tract under AEZ No. 28. The coordinates of the site
are 24.090N latitude and 90.260E longitude, with an

altitude of 8 meters above sea level.

Characteristics of pot soil
The soil texture of the experiment was sandy loam.
The experiment was conducted in pots with medium-

high soil and adequate irrigation facilities.
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Climatic condition of the experimental site

The experimental area is situated in a sub-tropical
climate zone, marked by heavy rainfall from April to
September and minimal rainfall during the remaining

months of the year.

Planting material

Thirty (30) days old seedlings of BARI Tomato-14
were used as planting material. This variety is known
for its tolerance to bacterial wilt, indeterminate
growth habit, high yield, and widespread cultivation
in Bangladesh. The seedlings were grown at the
Horticulture Farm of Sher-e-Bangla Agricultural
University. Seeds were collected from Bangladesh
Agricultural Research Institute, Joydebpur, Gazipur,
Bangladesh.

Treatment of the experiment

The experiment consisted of two factors:

Factor A: Different levels of moisture

i. W1 = 100% evapotranspiration moisture

ii. W>= 75% evapotranspiration moisture

iii. W3= 50% evapotranspiration moisture

Factor B: Different levels of salicylic acid

i. Sp = Control (Foliar spray of water without salicylic acid)
ii. S; = Foliar spray with 50 ppm salicylic acid

iii. S, = Foliar spray with 75 ppm salicylic acid

iv. S3 = Foliar spray with 100 ppm salicylic acid

There were 12 (3x4) treatments combinations such
as: WiSo, WiS1, WiSa, WiS3, WaSo, WaS1, WaS., WaSs,
Wsso, W3S1, W3S. and WSs.

Design and layout of the experiment

The experiment was carried out in randomized
complete block design (RCBD) with three replications
bring about 12 treatment combinations. The
experimental area was divided into three equal
blocks, each containing 48 pots with 12 treatment
combinations assigned randomly. Four plants were
placed in each treatment, totaling 144 pots in the
experiment. Each pot, measuring 35 cm in diameter

and 30 c¢m in height, contained 10 kg of soil.

Preparation of pot and transplanting of seedlings

A mixture of well-rotted cow dung and soil in a 1:3
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ratio was prepared and used to fill the pots 15 days
before transplanting. Healthy and uniform seedlings
were carefully uprooted from the seedbed and
transplanted into experimental pots in the afternoon,

with two seedlings placed in each pot.

Application of manure and fertilizers

During the final pot preparation, each pot received
20g of cow dung, 60omg of TSP, 300mg of gypsum,
somg of zinc, and half of the MoP (150mg). Urea was
applied in three doses of 250mg each at 15, 30, and 45
days after transplanting using the ring method. The
remaining half of the MoP (150mg) was applied in
two split doses at 30 and 45 days after transplanting,
third urea

coinciding with the second and

applications (BARC, 2012).

Application of the treatments

Creation of Moisture levels

Moisture stress was induced using the gravimetric
method to determine the optimal irrigation strategy
for pot plants. In this method, plastic pots filled with
soil were weighed to ensure each pot, including soil,
weighed 10 kg, with the empty pots weighing 0.8 kg.
Water was added to each pot to achieve saturation.
The difference in weight before and after saturation
indicated the evaporation rate. The pots were then
covered with polythene sheets and left for two days.
After this period, the pots were reweighed to
determine water loss, calculated as the difference
between the saturated weight and the weight after two
days. The water lost over the two days was fully
replenished by irrigation for the control pots, while
the other pots received 75% and 50% of the water
added to the control plants.

Preparation for Salicylic acid treatment

Salicylic acid (SA) is a phytohormone crucial for plant
defense mechanisms and various physiological
processes. Lower concentrations of SA enhance
antioxidant capacity and help mitigate drought stress
in plants. Tomato plants were treated with salicylic
acid at low concentrations of 50ppm, 75ppm, and
100ppm. prepared by dissolving 50, 75, and 100 mg

of salicylic acid per liter of water, respectively. These
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solutions were applied as foliar sprays at 15, 30, 45,

and 60 days after transplanting.

Harvesting

Fruits were harvested every three days during the
early ripening stage, when they developed a slight red
color. This indeterminate harvesting began in the last
week of February and continued until the first week of
April.

Data collection
The following experimental data were recorded 30

days after transplanting and continued until harvest-

Morphological and physiological features
Measurements of plant height (cm), along with the
number of leaves and branches per plant were taken

at 30, 40, 50, and 70 days after transplanting.

Leaf area (cm2): Each leaf sample was measured for
its maximum width (W) and length (L) using a ruler.
The width was taken at the broadest part of the
leaflet, while the length was measured along the
rachis from the point of initial leaflet insertion to the

distal end (Carmassi et al., 2007).

SPAD value: The chlorophyll content of the first fully
expanded leaves was measured using a SPAD-502

chlorophyll meter (Minolta, Tokyo, Japan).

Relative Water Content (%): The relative water
content (RWC) was assessed using the method
described by Smart and Bingham (1974). For each
replicate, three leaves were combined, and their fresh

weights (FW) were recorded.

The leaves were then soaked in water at room
temperature for twelve hours to regain turgidity. After
blotting to remove excess water, their turgid weights
(TW) were measured. Finally, the samples were dried
in an oven at 65°C for 24 hours to determine their dry
weights (DW).

The RWC was calculated using the formula below:
RWC % = (FW-DW = TW-DW) x 100
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Dry matter content of leaves (%): dry mater of leaves
was calculated by aggregating the dry matter weight

of leaves.

Yield contributing features

The following parameters were taken into
consideration: number of flower clusters per plant,
number of flowers per cluster, total number of flowers
per plant, number of fruits per cluster, total number
of fruits per plant, fruit length (cm), fruit diameter
(cm), individual fruit weight (g), yield per plant (kg),

and yield per hectare (t/ha).

Fruit quality features
Vitamin-C content (mg/100g): Vitamin C content of
fruits were determined by 2, 6- dichlorophenol

indophenol staining method (Arya et al., 2000).

lycopene content (mg/100g): The lycopene content
was measured following a previously described
procedure (Nagata & Yamashita, 1992). The
absorbance of the extracts was measured at 453, 505,
645, and 663 nm. The lycopene content was then
calculated using this equations and expressed in mg
per 100 g of fresh weight: Lycopene (mg/100 mL) = -
0.0458 x Aoz + 0.204 x Asys- 0.304 X Asos5+ 0.452 X

Ayss.

Total soluble solid content (%): The soluble solid
content was determined using a portable handheld
refractometer, model PAL-1 (Atago, PR-1, Atago Co.
Ltd., Tokyo, Japan) (Cao et al., 2015).

Ash (%): The total ash content was determined using
the AOAC method (1990).

Protein (%): Protein content of tomato fruits was
determined by multiplication of total nitrogen with
6.25, which was analyzed by following the micro-
Kjeldahl method (Kjeldahl, 1883).

Statistical analysis
The data for various characters were statistically
MSTAT-C software. The

significance of differences among the treatment

analyzed using the
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combinations was determined by Duncan’s Multiple
Range Test (DMRT) at a 5% probability level (Gomez
and Gomez, 1984).

Results and discussion

Growth and physiological features

Plant height (cm)

The effect of different levels of moisture and salicylic

acid treatment combinations showed significant
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differences in the plant height of tomato at 30, 40, 50,
60, and 70 days after transplanting (DAT).

The tallest plant 110.0 ¢cm was found from the WS,
treatment combination, which was statistically
similar to WiSo, WiS:, WiS3, W.S:, W»S,, W3S, and
W3S: at 70 DAT while the shortest plant 92.08 cm
was found from W3S, treatment combination (Table

1).

Table 1. Effect of different levels of moisture and salicylic acid on plant height of tomato at different days after

transplanting (DAT).

Treatment Plant height (cm) of tomato at different days after transplanting

30 DAT 40 DAT 50 DAT 60 DAT 70 DAT

WiSo 42.65 abed 70.20 abc 89.39 bed 93.98 bcde 100.40 abcd
WiS: 45.16 abc 73.16 a 94.46 abc 100.40 abc 105.70 ab
WiS2 46.21 a 75.41 a 08.87 a 104.40 a 110.00 a
WiS3 43.96 abed 69.60 abc 87.45 bede 96.89 abced 103.50 abc
W-So 40.55 de 64.57 cd 83.55 def 91.59 cdef 96.96 bed
WaS: 44.26 abed 71.41 ab 91.96 abced 97.62 abced 102.00 abed
W-S. 45.29 ab 73.41 a 95.77 ab 101.60 ab 104.80 abc
WaS3 42.11 bed 65.47 bed 86.06 cde 94.55 bcede 97.68 bed
WsSo 35.27 f 57.05 € 72.97 & 83.15 f 92.08 d
WsS: 41.44 bede 60.98 de 75.18 fg 89.79 def 99.79 abed
WsS. 41.37 cde 65.67 bed 79.46 efg 94.61 bcde 100.40 abed
WsSs 37.61 ef 59.44 de 74.08 g 85.86 ef 94.77 cd
LSD (0.05) 3.91 6.39 8.66 9.43 10.26

CV (%) 5.48 5.61 5.96 5.89 6.02

In a column means with the same letter did not significantly differ from each other at p<o0.05. Here, Wi: 100%

evapotranspiration moisture, Wa.: 75% evapotranspiration moisture, Ws: 50% evapotranspiration moisture; So: Control i.e.

foliar spray of water without salicylic acid, S.: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

Drought stress has been linked to reduced plant
development and production due to reduced
photosynthetic rate and stomatal conductance (Khan
et al., 2015). Soil moisture shortage has a substantial
impact on grape tomato plant development and fruit
production data (Chakma et al., 2021). This result is
alien with Nezhad et al’s., (2014) findings, which
indicated that drought stress and salicylic acid had
significant impacts on plant height. In the current
study, drought stress and the application of salicylic

acid have significant consequences on plant height.

Number of leaves plant™
The number of leaves plant! of tomato showed

significant differences due to the combined effect of

different moisture and salicylic acid levels at 30, 40,
50, 60, and 70 DAT. The maximum number of leaves
plant? 47.46 was found from the WiS. treatment
combination which was statistically similar to W-S. at
70 DAT. The minimum number of leaves plant 34.64
was found from the W3S, treatment combination,
which was statistically identical to W2So, WS3, and
W3S3 at 70 DAT. At 50 DAT, the minimum number of
leaves plant' 16.35 was found from the Wa.So
treatment combination, which was statistically
similar to WiSo, W3So and W3S (Table 2).

This is similar to the findings of Mady (2009) who
found that salicylic acid varied significantly on the

number of leaves plant of tomato.
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Table 2. Effect of different levels of moisture and salicylic acid on the number of leaves plant? of tomato at

different days after transplanting (DAT).

Treatment Number of leaves plant of tomato at different days after transplanting

30 DAT 40 DAT 50 DAT 60 DAT 70 DAT
WiSo 8.41 cdef 12.52 cde 17.50 ef 27.45 efg 39.48 de
WiS: 9.41 b 14.72 b 22,76 bc 33.15 bc 44.32 b
WiS2 10.83 a 16.28 a 25.58 a 35.83 a 47.46 a
WiS3 8.88 bed 13.56 bc 19.10 de 20.26 € 41.39 cd
WaSo 8.77 bed 10.53 fgh 16.35 f 26.77 fgh 36.97 efg
WaS; 8.98 bc 12.97 cd 22,50 ¢ 31.85 cd 43.72 be
W-S. 10.22 a 14.54 b 25.05 ab 34.89 ab 46.54 ab
W-S3 8.12 def 11.59 def 18.99 de 28.91 ef 37.19 efg
WsSo 7.26 g 8.740 i 17.53 ef 24.47 h 34.64 g
WsS: 7.71 efg 10.07 ghi 20.64 cd 27.76 efg 38.65 def
WsS. 8.49 cde 11.14 efg 22.61 bc 20.67 de 40.56 d
WsSs 7.64 fg 9.403 hi 18.81 def 25.67 gh 36.30 fg
LSD (0.05) 0.81 1.38 2.51 2.48 2.86
CV (%) 5.46 6.68 7.18 4.94 4.16

In a column means with the same letter did not significantly differ from each other at p<o0.05. Here, Wi: 100%

evapotranspiration moisture, Wa.: 75% evapotranspiration moisture, Ws: 50% evapotranspiration moisture; So: Control i.e.

foliar spray of water without salicylic acid, S.: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

Table 3. Effect of different levels of moisture and salicylic acid on the number of branches plant of tomato at

different days after transplanting (DAT).

Treatment Number of branches plant of tomato at different days after transplanting

30 DAT 40 DAT 50 DAT 60 DAT 70 DAT
WiSo 3.75 bede 6.02 fg 10.63 def 16.60 de 18.44 cde
WiS, 3.99 abc 7.59 be 13.48 bc 18.85 abc 20.16 bc
WiS» 4.21a 8.43 a 14.90 a 20.79 a 22.54 a
WiS3 3.91 abed 6.11 efg 11.01 de 17.00 cde 18.97 cde
W-2So 3.50 def 5.59 g 10.04 efg 15.24 efg 17.55 ef
WS, 3.68 cde 6.65 de 12.49 ¢ 17.58 bed 19.75 cd
W-S. 4.13 ab 7.81 b 13.60 b 19.35 ab 21.77 ab
W-S3 3.60 cdef 5.87 fg 10.73 def 16.13 def 18.06 def
WsSo 201 g 5.52 g 9.67 fg 13.82 g 15.50 g
WsS: 3.27fg 6.45 ef 10.10 efg 15.59 defg 18.11 def
WsSa 3.46 ef 7.08 cd 11.22 d 16.54 de 19.14 cde
W3S3 3.20 fg 5.08 fg 9.02 g 14.08 fg 16.38 fg
LSD (0.05) 0.41 0.59 1.08 2.11 1.85
CV (%) 6.64 5.28 5.6 7.43 5.8

In a column means with the same letter did not significantly differ from each other at p<o0.05. Here, Wi: 100%

evapotranspiration moisture, W.: 75% evapotranspiration moisture, W3: 50% evapotranspiration moisture; So: Control i.e.

foliar spray of water without salicylic acid, S:: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

Number of branches plant™

Different moisture levels and salicylic acid showed
significant differences due to their combined effect on
the number of branches plant? of tomato at 30, 40,

50, 60, and 70 DAT. At 70 DAT, the maximum

number of branches plant? is 22.54 was recorded
from the W.S. treatment combination which was
statistically similar to WS- at 70 DAT. The minimum
number of branches plant? 15.59 at 70 DAT was

found from the W3S, treatment combination, which
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was statistically identical with W.So, and W3S; at 70
DAT. At 50 DAT, the minimum number of branches
plant? 9.02 was found from the W3S; treatment
combination, which was statistically similar to WS,
W3So and W3S, (Table 3). Nezhad et al. (2014) found
that moisture and salicylic acid showed significant

differences due to their combined effect on the

number of branches plant? of tomato. Salicylic acid
treatment has been observed to enhance cell division
and cell expansion (Hayat et al, 2005). The
exogenous application of salicylic acid as a foliar
spray has been documented to enhance growth
characteristics in chickpeas (Imami et al., 2011) and

sweet basil (Damalas, 2019).

Table 4. Effect of different levels of moisture and salicylic acid on leaf area and SPAD value of tomato at

flowering stage and 30 days after flowering (DAF).

Treatment Leaf area (cm?) and SPAD value of tomato at flowering stage and 30 days after flowering
Leaf area at first Leaf area 30 at DAF SPAD value at first ~ SPAD value at 30 DAF
flowering flowering

WiSo 191.2 abcde 180.6 abcd 45.00 bc 41.95 abc
WiS: 201.0 ab 186.3 ab 47.97 ab 44.07 a
WiS. 205.3 a 193.2 a 49.73 a 45.66 a
WiSs 197.8 abc 182.3 abced 46.93 ab 42.79 ab
WaSo 183.0 bcedef 176.0 bed 39.28 def 35.66 de
WaS, 186.9 bcdef 183.6 abc 41.40 cde 37.13 de
WoS, 194.3 abced 1917 ab 42.73 cd 39.08 bed
WaS; 184.8 bedef 178.9 abced 40.08 def 38.25 cde
WsSo 170.9 f 165.9 d 3713 f 34.34 €
W3S, 179.3 def 180.6 abcd 38.88 ef 35.20 de
W3S, 182.2 cdef 184.3 abc 39.00 def 36.29 de
WsS; 173.5 ef 168.3 cd 37.41 f 35.21 de
LSD (0.05) 18.23 16.87 3.76 4.41

CV (%) 5.74 5.5 5.27 6.71

In a column means with the same letter did not significantly differ from each other at p<o0.05. Here, Wi: 100%

evapotranspiration moisture, W.: 75% evapotranspiration moisture, W3: 50% evapotranspiration moisture; So: Control i.e.

foliar spray of water without salicylic acid, S:: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

Leaf area (cm2) and SPAD value

The leaf area and SPAD value of the tomato showed
significant differences due to the combined effect of
moisture stress and salicylic acid at the flowering
stage and 30 days after flowering. At the flowering
stage and 30 days after flowering, the maximum leaf
area (205.3 cm? and (193.2 cm? and also SPAD value
(49.73) and (45.66), respectively was recorded from
the W,S. treatment combination which was
statistically similar to W1S:, WiS3, W.S. and WS, at
the flowering stage; WiSi, W2Si, W3Sa, WiSs, WiSo,
W.S;, at 30 days after flowering, whereas the

minimum leaf area 170.9 and 165.9 cm2 and SPAD

value 37.13 and 34.4 respectively was observed from
W3S, treatment combination (Table 4). One of the
direct effects of drought stress is a disruption in cell
division and cell elongation processes (Ilyas et al.,
2017; Ullah et al., 2019), which might be responsible
for the reduction in plant leaf area. Plant height, as
well as leaf area progressively reduced with
decreasing soil moisture regime in grape tomato

plants (Chakma et al., 2021).

The foliar application of salicylic acid enhanced the
leaf area of sugarcane (Javaheri et al., 2012). Hayat et

al. (2010) and Chakma et al. (2021) revealed that the
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exogenous application of SA improved the growth
response of tomato plants grown under drought
stress. SA applications also improved SPAD reading

levels (Yildirim et al., 2009). Our results also support

those of Ghai et al. (2002) in rutabaga, Moharekar et
al. (2003) in wheat observed that applying SA to
plant leaves consistently increased their chlorophyll

content.

Table 5. Effect of different levels of moisture and salicylic acid on dry matter content and relative water content

of tomato.
Treatment Dry matter content (%) Relative water content (%)

WiSo 16.91 cde 7.67 f
WiS: 18.20 b 7.58 ef
WiS. 19.57 a 8.66 ef
WiS3 17.61 bed 10.00 e
W-2So 14.65 fg 25.33 cd
WaS: 16.37 de 28.67 bed
W-S. 17.97 bec 26.67 cd
WaS3 15.79 ef 23.33 d
WsSo 10.40 i 36.65
WsS: 12.56 h 34.67 ab
W3S 14.25 g 30.69 bed
W3S3 11.67 hi 31.64 bc
LSD (0.05) 1.29 1.46

CV (%) 4.91 6.45

In a column means with the same letter did not significantly differ from each other at p<o0.05. Here, Wi: 100%

evapotranspiration moisture, Wa.: 75% evapotranspiration moisture, Ws: 50% evapotranspiration moisture; So: Control i.e.

foliar spray of water without salicylic acid, S:: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

Relative Water Content (%) and Dry matter of leaf
(%)

Different levels of moisture and salicylic acid
combined treatments showed significant differences
on relative water content and dry matter of leaf. The
highest relative water content, 36.65% was found
from W3S, than other treatment combinations while
the lowest 7.67% from WS, treatment which was
statistically similar with W1S: and W.S., whereas the
greater dry matter content of leaf recorded from WS-
19.57% and lower value 10.40% was from W3S,
treatment (Table 5). Pervez et al. (2009) similarly
found that the dry weight reduced significantly under
the drought stress. Seed pretreatment with salicylic
acid induced a reduction sodium absorption and
toxicity, which is further reflected in low membranes
injury, high water content and dry matter production.
The first sign of drought stress is decline in the RWC

of plant cells, which inhabits water flow to new cell

enlargement sites in tomato (Maggio et al., 2007) and

peach (Kongsri et al., 2014).

Yield contributing features

Tomatoes are very sensitive to water deficits,
especially at flowering and fruit development stages
and terminal drought causes the abscission of flowers
and fruits (Akbari Nodehi et al., 2013). Drought is a
major abiotic stress causing morphological,
biochemical and physiological damage to the crop
which can be mitigated by foliar application of

salicylic acid (Fahad et al., 2017; Ullah et al., 2019).

The results presented in Table 6 revealed that the
foliar application of salicylic acid and different levels
of moisture had significant differences on number of
flower clusters plant?’, number of flowers cluster,
number of flowers plant? and number of fruits

cluster.
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Table 6. Effect of different levels of moisture and salicylic acid on number of flower cluster plant?, number of

flower cluster, number of flowers plant* and number of fruits cluster.

Treatment No. of flower clusters No. of flowers cluster® No. of flowers  No. of fruits No. of fruits plant”
plant” plant” cluster

WiSo 14.20 cde 4.98 c¢d 70.94 d 3.43 abc 32.10 ¢
WS, 16.24 ab 5.40 be 87.64b 3.50 ab 35.84 ab
WiS. 17.43 a 5.90 a 102.8a 3.65a 36.85 a
W.S; 15.35 bed 5.08 cd 78.00 ¢ 3.49 ab 35.05 ab
WaSo 12.85 fg 4.89 de 62.65 € 3.26 bede 3242 ¢
WaS, 14.09 def 5.18 bed 72.96 cd 3.44 ab 32.03 ¢
WS, 15.47 be 5.56 ab 85.73b 3.53 ab 35.44 ab
W.S, 13.35 efg 5.05 cd 67.41de 3.30 bed 32.44 ¢
WsSo 10.50 i 3.93¢8 41.24h 2.98 ¢ 21.85 f
W;S: 11.50 hi 4.19 fg 48.01g 3.13 cde 24.57 de
W5S. 12.37 gh 4.52 ef 55.86 f 3.24 bede 26.35 d
WsS3 10.62 1 3.00¢g 42.41gh 3.07de 22.95 ef
LSD (0.05) 1.28 0.45 6.04 0.31 2.16
CV (%) 5.51 5.46 5.25 5.44 4.18

In a column means with the same letter did not significantly differ from each other at p<o0.05. Here, Wi: 100%

evapotranspiration moisture, W»: 75% evapotranspiration moisture, W3: 50% evapotranspiration moisture, So: Control i.e.

foliar spray of water without salicylic acid, S.: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

The treatment of 75ppm salicylic acid with 100%
evapotranspiration (W:S2) moisture showed the
highest values for all parameters, whereas all the
phenotypic parameters reduced with decreasing soil
moisture. So, the treatment combination of W.S.
showed the highest number of flower clusters plant
17.43, number of flowers plant? 102.8, number of
fruits cluster? 3.66 and number of fruits cluster3.65.
However, W3S, treatment combination resulted the
lowest values for all the parameters. This study
agreed with the findings of Salehi et al. (2011).
Besides, Hayat et al. (2010) revealed that exogenous
application of SA improved the growth response of
tomato plant grown under drought stress. On the
other hand, Senaratna et al. (2000) observed that
higher dose of SA (concentrations over 1 mM) was
unable to exhibit effective results, whereas lower
concentration of SA showed positive results in bean

and tomato grown under drought stress.

The number of fruits plant? was the highest when SA
was applied at 75ppm concentration along with 100%
evapotranspiration moisture 36.85 followed by W.S-

(Table 6). This is similar to the findings of Javaheri et

al. (2014) who found that salicylic acid significantly
influenced the number of fruits plant? of tomato.
Besides, WiS. treatment resulted in significantly

longer fruits (6.33) than all other treatments.

In this study, fruit length progressively decreased
with decreasing soil moisture attaining 3.48 cm in
W3S, treatment. The similar trend was evident in case
of diameter of the fruits which supported Javaheri et
al. (2014) who found that salicylic acid significantly
influenced diameter of fruit of tomato.The weight of
individual fruit was significantly highest in WiS,,
WiSo, WiS: and W1S3 69.06g treatments (Table 7). The
interactive effect of salicylic acid and different levels
of moisture on individual fruit weight indicated that
the level of decrease was significantly higher in
drought stress when subjected to low moisture levels
15 20% which was supported by (Giannakoula and

Ilias, 2013).

The combined effect of SA and evapotranspiration
moisture (%) had a significant effect on yield plant,
which was maximized at W,S. treatment combination

(2.35 kg) followed by W-S. and lowest 1.15 kg at W3S,
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treatment followed by W3S; (Table 7). Pervez et al.
(2009) observed that water stress throughout the
growing season significantly reduced yield and fruit
size. Kazemi (2014) also found that application of
salicylic acid increased yield plant? of tomato under

drought stress. It is evident from the present study

that growth and fruit yield parameters of tomato were
significantly decreased when plants were grown
under severe drought stress at 50 % FC. These
findings are in close agreement with Kuscu et al.
(2014), who also reported tomato are very sensitive to

water-deficit stress.

Table 7. Effect of different levels of moisture and salicylic acid on yield contributing features of tomato.

Treatment Length of fruit (cm)  Diameter of fruit ~ Weight of individual Yield plant (kg)
(cm) fruit (g)

WiSo 4.94 cd 5.22 be 67.26 a 2.18 be
WiS: 5.80b 5.44 b 68.83a 2.21 bc
WiS2 6.33a 6.60 a 69.06 a 2.35a
WiSs 5.06¢C 5.63b 66.67 a 2.16 be
WaSo 5.05¢ 5.46 b 57.85bc 1.86d
WaS: 5.91b 6.29 a 60.07b 2.15 be
WaS. 6.11 ab 6.32 a 61.06 b 2.25 ab
WaS; 5.19 ¢ 5.54b 60.77b 2.13¢
WsSo 3.48f 3.77€ 52.55d 1158
W3S, 4.58d 4.70d 57.08 b-d 1.40f
W5sS. 4.66 d 4.81cd 57.71bc 1.52¢€
WsS; 4.04 € 4.43d 53.85 cd 1.24 ¢
LSD (0.05) 0.38 0.48 4.66 0.11
CV (%) 4.45 5.26 4.50 3.56

In a column means with the same letter did not significantly differ from each other at p<o.05. Were, Wi: 100%

evapotranspiration moisture, W»: 75% evapotranspiration moisture, W3: 50% evapotranspiration moisture, So: Control i.e.

foliar spray of water without salicylic acid, S.: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

Fruit quality features

Data regarding vitamin C, lycopene content, brix, ash
content and protein content of tomato were
significantly higher under the combined effect of
different levels of moisture and salicylic acid (Table
8). Plants growing in WiS: showed the superior
vitamin C was 5.61 mg, which value statistically
similar with W.S., WiSo and W.S; while the least
vitamin-C, 3.25 mg was seen in W3Ss. These results
are in line with the Baek et al. (2021) who found that
lower concentration of salicylic acid enhanced the
ascorbic acid content in tomatoes. By releasing plant
stressors, SA assisted to raise the vitamin-C content
of tomato fruits, which is in accordance with Naeem
et al. (2020) who noted that SA has defensive and

protective properties. The maximum lycopene

content 4.98 mg was achieved in WiS. treatment
which was statistically similar with WiS;, WiSo and
W:S; whereas the minimum lycopene content (4.01
mg was found in W3S;. SA had positive effect on
lycopene content of tomato fruit. Plants treated with
SA at a comparatively higher dose (1.2 mM)
continuously increased lycopene and carotenoids
while maintaining fruit quality characteristics
(Mandal et al, 2016). During ripening, lycopene
content typically rises primarily as a result of
carotenoids building up and chlorophyll gradually
degrading (Brandt et al., 2006). The findings of this
study are consistent with other of those studies
(Javanmardi & Kubota, 2006; Su et al., 2015). The
brix percentage 4.51 was superior in the treatment

combination of WiS. while the least percentage of
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brix 4.25 was observed in W3S;. TSS is the most
important fruit quality parameter responsible for
maintaining the flavour and volatile content of fruits.
The findings of the current research are similar with
the findings of Naz et al., (2020) who concluded that

foliar application of SA exogenously increased the

2024

TSS content of tomato fruits. The function of SA in
membrane permeability may have contributed to the
increase in TSS (% brix) of fruits by enabling
photosynthetic  assimilation, mineral content
availability, and the translocation of more photo-

assimilates.

Table 8. Effect of different levels of moisture and salicylic acid on fruit quality attributes of tomato.

Treatment Vitamin-C Lycopene Brix (%) Ash content (%) Protein content (%)
(mg/100g) (mg/100g)

WiSo 5.21 ab 4.85 a 4.35 d 0.47 b 2.45 b
WiS, 5.54 a 4.88 a 4.38 c 0.53 b 2.45 b
WiS2 5.61 a 4.98 a 4.51 a 0.56 a 2.52 a
WiS3 5.19 ab 4.76 ab 4.41 b 0.54 b 2.35 b
WsSo 4.85 b 4.51 b 4.30 f 0.48 b 2.20 cd
W.S, 494 b 4.69 ab 4.32 e 0.45 be 2.25 c
W.S, 4.77 b 4.53 b 4.40 b 0.44 be 2.19 cde
W.S3 3.84 be 4.49 4.37 c 0.43 c 2.18 cde
W3So 3.53 c 4.25 c 4.27 g 0.39 d 2.15 de
W3S, 3.59 be 4.37 be 4.28 g 0.37 d 2.18 cde
W5sS. 3.40 cd 4.35 bc 4.31 ef 0.37 d 2.14 de
W3S; 3.25 de 4.01 d 4.25 h 0.36 d 2.10 e
LSD (0.05) 0.25 0.16 0.05 0.02 0.04

CV (%) 3.97 2.94 1.35 4.29 2.20

In a column means with the same letter did not significantly differ from each other at p<o.05. Were, Wi: 100%

evapotranspiration moisture, Wa.: 75% evapotranspiration moisture, Wj: 50% evapotranspiration moisture, So: Control i.e.

foliar spray of water without salicylic acid, S:: Foliar spray with 50 ppm salicylic acid, S.: Foliar spray with 75 ppm salicylic acid

and Ss: Foliar spray with 100 ppm salicylic acid.

The maximal percentage of ash content 0.56 was
found in WiS. while the minimal percentage of ash
content 0.36 was observed in W3S;. These results are
in accordance with the Ride et al. (2024) who found
positive effect of SA on the enhancement of ash
content in tomatoes. The treatment combination
WiS. exposed the highest protein percentage 2.52
where the lowest protein percentage 2.10 was
revealed in W3S3. The application of SA increased the
protein content in tomato. This is because salicylic
acid stimulates the enzymes that produce protein and
aids in the fruit's absorption of essential components.
The application of SA helps plants to generate more
fruit biomass and alters membrane permeability,
which promotes protein synthesis, according to Ride

et al. (2024).

Conclusion

Above findings revealed that the growth, productivity

and nutritional quality attributes of tomato is
gradually decrease by the increasing of drought stress
and this reduction rate is minimize by exogenous
foliar application of salicylic acid. The combination of
WiS2 (100% evapotranspiration moisture and 775 ppm
salicylic acid) is more suitable in consideration of
growth, yield and quality properties. However, 75
ppm salicylic acid highlights its efficiency as efficient
and eco-friendly mitigating agent for sustainable
agriculture supporting a favorable approach to
enhance productivity and fruit quality of tomato

under different moisture stress.
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