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ABSTRACT

The current study was conducted to evaluate the effect of foliar application of salicylic acid
treatments on growth, yield and quality of lettuce plants cv “Big Bell” that grown under water deficit
stress. A field experiment was carried out during 2018-2019 and 2019-2020 seasons at the Experimental
Farm, Faculty of Agriculture, Cairo University, Egypt. Drought was induced by withholding watering for
15 days after salicylic acid (SA) application exactly at 20 and 30 days after trasplanting. Five treatments
were utilized. These were water-stressed +100 ppm of SA, water-stressed +200 ppm of SA, water-stressed
+300 ppm of SA foliar spray, water-stressed only, and the fifth group served as control. Results indicated
that water stress adversely affected growth and productivity parameters of lettuce cultivar “Big Bell”. Water
stressed plants at earlier stage of growth (20 day stage) were more inhibitory as compared with the plants at
the age of 30. Generally, foliar spraying with salicylic acid significantly protected against the stress and
increased root length, root weight, fresh head weight, head diameter, photosynthetic pigments compared to
treatment that under water deficit. However, proline content increased under drought as well as under SA
treatments. Spraying of salicylic acid at 200 ppm at the age of 30 was the most effective treatment that
causing significant increase in yield by18.31% and 26.9% relative to control treatment in the first and second
seasons, respectively. Application with salicylic acid increases drought tolerance and avoids the deleterious

effect of water stress.
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INTRODUCTION

Climate change is considered as the most challenges
of 21% century (Fita, 2015). Environmental stresses, such as
drought, salinity, heat and low temperatures cause negative
effects on plants growth and productivity of crops. Water is
considered as one of the most important environmental
factors that affect and regulate plant growth and development.
Water scarcity will affect food security and economic
activities. Globally, water resources will be enough to
produce the food required in the next few years, but many
regions will suffer from substantial water shortages. Water
scarcity will result in increasing competition which will affect
production and therefore incomes. Water deficit greatly
reduces the growth of shoots (Nielson and Nelson, 1998).
Thus, the aim of this investigation to overcome water stress,
secure the efficient use of water and maximizing their use by
increasing agricultural productivity and that is the key to
improving food security.

In recent years, many studies have indicated that foliar
application of salicylic acid leads to great effect on plant
adaptation to stress factors including heat tolerance (Dat et al.,
1998 &, b), salinity tolerance (Arfan et al. 2007and Stevens et
al. 2006), chilling tolerance and drought tolerance (Singh and
Usha, 2003;Yazdanpanah et al., 2011and Horva'th et al.,
2007). Beside the additional role as it enhances growth,
productivity and quality of many crops (Kawano et al., 2004)
it is safe regarding to human health (Peng and Yueming,
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2006). Salicylic acid is considered as endogenous growth
regulator of phenolic nature (Hayat et al., 2010), that
produced normally in plants in very small quantities
(Raskin, 1992) and also regulates different physiological
processes in plants such as plant growth, photosynthesis and
enzyme activities (Hayat et al., 2010)

Lettuce is a vegetable that cultivated for fresh. Lettuce
is one of the important world-wide dietary products which
contains phenolic compounds and carotenoids such as lutein
and E-carotene as well as of vitamin E (Nicolle et al. 2004). ,
lettuce leaves are considered as an important source of
antioxidants, vitamins A and C (Norman, 1992) «and anti-
carcinogenic (Masarirambi et al., 2012)

The aim of this research work was to asses if the
exogenous application of SA could ameliorate the adverse
effect of drought stress on lettuce plants and also to determine
the interactive impacts of water stress and salicylic acid on
growth, yield and quality expressed by the contents of,
chlorophyll, total sugar, ascorbic acid content (mg/100 g leaf
fresh weight). Chlorophyll a, b and total and Carotenoids,
Carbohydrates (mg/g), proline (um/g FW) and total phenolic
(mg/g) of ‘lettuce plants cv. “Big bell” during water deficit
stress.

MATERIALS AND METHODS

Description of the study site:

This study was carried out at the Experimental Farm
of Faculty of Agriculture, Cairo University, in Giza
Governorate, Egypt, during 2018- 2019and 2019-2020
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seasons. Lettuce transplants of Big bell cultivar lettuce
plants were grown under water stress to evaluate the influence
of salicylic acid at different levels on growth, yield and quality
of lettuce plants comparing with treatment that under same
conditions of water stress and not treated with SA and control
treatment (supplying water at regular intervals).Lettuce
transplants of ‘Big bell cultivar’ obtained from the Ministry
of Agriculture Nurseries, Cairo, Egypt.

Experimental design and tested treatments: The
experiment was conducted using three replications as
randomized complete-block design. Each experimental plot
consisted of two rows. Each row was 3.5 meters long and with
70 cm width. Planting distance were 20 cm apart. Seeds were
sown on both sides of ridge. There were 60 plants in each plot
.Each replicate consisted of nine treatments. Lettuce
transplants were planted on10th and 7th of November in both
growing seasons respectively. Drought treatments began at 20
days after transplants cultivation in the both seasons. Stress
was imposed by withholding water. At the 20-day stage plants
were divided into different sets. In the first set, water stress
was applied for plants at the age of 20 by withholding
water for 15 days. In the second set water stress was applied
for that at the age of 30 by withholding water for 15 days
and in the third set, plants was maintained by supplying water
at regular intervals (control treatment). Plants were grouped
into four groups in first and second previous sets, and the
foliage had 0,100,200and300 ppm salicylic acid (SA)
supplied. Salicylic acid (SA) was dissolved in absolute
ethanol then added drop-wise to water (ethanol/water: 1/1000,
viV). The pH of all solutions was set to 6.5-7. All foliar
sprayings were carried out early in the morning. Agricultural
practices of irrigation, pest control..., etc., were applied as
recommended for lettuce production (Hassan, 1991).

Data recorded:

Vegetative growth and yield characters:

Random samples of ten plants were taken from each
plot to determine the head diameter (cm), head fresh weight
(9), root weight (g), and root length (cm). Samples were dried
in an oven at 70°C until constant weight to record the head
dry weight (g). Plants of each plot were weight and expressed
as total yield/fed.

Chemical constituents of leaves:

Chlorophyll a (Chl a) and b (Chl b) were extracted
with 100 % ethanol several times until the extract became
colorless. Their levels were calculated as previously described
by Lépez-Orenes et al. (2013). Ethanol extracts of fresh
materials were used for the determination of total sugars, and
total soluble phenols. Total sugar was determined by using the
phenol-sulphuric acid method (Dubois et al., 1956). Total
soluble phenols were estimated using the Folin-ciocalteau
colorimetric method (Swain and Hillis, 1959). Carotenoids
contents (mg g-1 fresh leaves) were estimated adopting the
procedure given by Arnon (1949). Ascorbic acid content
(mg/100 g leaf fresh weight) was determined by titration.
Total soluble carbohydrates as determined in leaves (fifth
leaf) of three plants from each plot according to Dubois et al.
(1956)

The proline content (mg/ g dry weight) was
determined according to the methods of Bates et al. (1973)
where 100 mg of lettuce leaf sample is taken and
homogenized in 3% sulfosalicylic acid. After that, the
homogenate is filtered through Whatman no.1 filter paper and

2 ml of the filtrate is taken with 2 ml of ninhydrin solution
plus 2 ml of glacial acetic acid to obtain a final volume of 6
ml. The mixture is incubated at 100°C in heating water bath
for one hour. By adding ice and 4 ml of toluene the
reaction has stopped. Finally the mixture is shaken
vigorously for 20-30 sec and the agueous toluene layer is
separated. The red color is measured at 520 nm wavelength
of light. The concentration of proline in each sample is
calculated by putting the absorbance in each sample
against standard curve. The proline content is expressed as
per the following formula :( proline (ug/ml) xml of
Toluene)/115.5) x (5/gram of sample).

Leave Evaluation of head color:

Among the several existing color scales, CIELAB
color space is a three -dimensional spherical system was
defined by three colorimetric coordinates by using Minolta
Chroma Meter (USA). The coordinate L* is called the
lightness. The coordinate a* defines the deviation from the
achromatic point corresponding to red when it is positive and
to green if negative. Similarly, the coordinate b* defines the
turning to yellow if positive and to blue if negative. Five
lettuce heads from each plot were taken to measure the color
values. Three reading were taken from each head from three
places and then the average was calculated.

Statistical analysis:

The obtained data were statistically analyzed
following the procedure of the analysis of variance (Snedecor
and Cochran, 1980).Data of each season, separately ,were
subjected to analysis of variance then the homogeneity of
error variances was tested. Means of the treatments were
compared using the Least Significant Difference (LSD) test at
0.05 probability level.

RESULTS AND DISCUSSION

Effect of water stress and salicylic acid on lettuce
vegetative characters:

Data (in Table 1) showed that, regarding main
vegetative characteristics of the Big bell cv, the root length was
short for plants of both untreated with SA treatments (plants
exposed to water stress at different two ages or control)
comparing with those which sprayed with SA. Plants that were
subjected to drought stress at age of 30 and treated with SA at
different levels gave significantly greater values for root length
in both seasons. Plants sprayed with SA at level of 200ppm
having heaviest values for root weight but differences were not
significant with treatment of SA at level of 100ppm in the two
different stages of growth. Head diameter displayed a
significant augmentation in the second year for the plants
sprayed with SA at level of 200ppm at age of 30, while with
no differences with those which treated with SA at level of
100ppm at the same age in the first year of study. Results
showed the response of lettuce plant to water stress and the
effect of salicylic acid on growth parameters. A remarkable
difference in growth traits was observed between the
treatments of water stressed and SA water-stressed. Plant
growth characteristics were significantly reduced by water
deficit. The growing lettuce plants affected with foliar spraying
salicylic acid in different concentrations; whereas, the
vegetative characteristics significantly affected with the
differences of salicylic acid concentrations at both stages
during the two seasons of this study. The best results were
given when foliar application with SA at the level of 200ppm
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was done to plants that exposed to water deficit at age of 30 by
withholding water for 15 days, followed with the treatment of
spraying SA at the levels of 100ppm at same age, control
treatment, and then the group which was sprayed with SA at
the level of 200ppm at the age of 20 respectively. The lowest
results were conjoined with the treatment under water stressed
at age of 20 by withholding water for 15 days. The interaction
between the time of applying drought stress treatments and
salicylic acid concentrations appeared to be insignificant for
most the studied vegetative characteristics except when SA
sprayed at 200ppm at the age of 30 during the two seasons of
this study. This result means that the water stressed treatments
acted uniformly with spraying salicylic on the growing lettuce
plants regarding to all the studied vegetative characteristics. It
could be concluded that there were decline for the vegetative
growth traits with increasing the water stress at earlier stage of
growth (at age of 20) than the later stage (at age of 30). These

results are in agreement with the results of Ahmad et al.,
(2014). The author reported that plant growth characteristics
were significantly reduced by water stress which corresponds
to the low water potential induced by the 7 days water deficit.
Khan et al., (2015) reported that salicylic acid played an
important role in the regulation of certain processes in plants
exposed to stress, thus enhancing the growth and development.
Reduction in vegetative parameters of Lettuce under drought
conditions might be related to suppression of cell expansion
and cell growth due to leaf senescence under drought stress.
The reduction in vegetative growth parameters under drought
conditions in various crops has already been reported (Rane et
al. 2001; Bhatt et al. 2005). Under drought stress, limiting of
growth was occurred due to reduction of CO, fixation and
NADP* regeneration of the Calvin cycle thus, leading to an
over reduced in photosynthetic electron transport chain (Kalra,
1995).

Table 1. Influence of drought stress and salicylic acid (SA), treatments on growth characters of lettuce crop in 2018-

2019 and 2019-2020 seasons respectively®

Treatments SA Root length(cm) Root weight(g) Head diameter(cm)
Concentrations(ppm) 2018-2019 2019-2020 2018-2019 2019-2020 2018-2019  2020-2019
0 7000 C 7.767CD 1476 D 195 D 2480 D 2543 DE
Drought stress 100 9.833 AB 8667BC 2314 ABC 2685 BC 2552 CD 2658 CD
atage of 20 200 9.833 AB 9.667AB 2694 AB 2769 AB 2719 BC 2846 BC
300 7333 C 7867 C 1755 CD 2268 CD 2492 D 2621 DE
Drought stress 0 7833 C 6533 D 1744 CD 2071 D 2467 D 2428 E
atage of 30 100 1050 AB 10.00 A 2154ABCD 30.17 AB 28.68 AB 2959 B
200 1017 AB  10.00 A 2745 A 3173 A 29.26 A 31.89 A
300 1083 A 1000 A 2021 BCD 2208 D 2612 CD 26.27CDE
Control® 0 90333 B 8333 C 20.95ABCD 2285 CD 2671BCD 27.11 CD
LSD 0.05 1430 1.328 6.833 4.530 2.055 2.206

(1) means within column followed by the same letter(s) are not significantly different at 0.05 level of probability

(2) Control( supplying water at regular intervals)
Effect of water stress and salicylic acid on lettuce yield
characters:

The statistical analysis showed that drought stress and
application of SA had a significant effects on yield and quality
characteristics of the lettuce plants (Table 2). Results showed
that drought stress imposed negative effects on plant
productivity. The effect of water stress at earlier stage of
growth (at age of 20) was more inhibitory as compared to that
of later stage (at age of 30). Plants that treated with SA
exhibited an increase in tolerance to water stress. Plants that
exposed to drought stress and treated with 200ppm SA had
heavier head fresh weight in both years than plants derived
from control treatment or plants that not treated with SA. Head

dry weight traits, significantly affected with the water deficit
treatments during the first and second seasons. Plants
subjected to water stress at age of 30 and treated with 200ppm
SA produced higher total yield than either control treatment or
plants subjected to water stress and not sprayed with SA.
Therefore, Salicylic acid (SA) is responsible for inducing
defense mechanisms in plants and also plays the main role in
protection under stress conditions. The reduction of fresh
weight under water stress in different crops has already been
reported (Bhatt et al. 2005). Reduction in fresh and dry weight
of Lettuce plants under water stress conditions might be due to
suppression of cell expansion and cell growth and also more
leaf senescence under water stress.

Table 2. Influence of drought stress and Salicylic acid (SA), treatments on yield characters of lettuce crop in 2018- 2019

and 2019-2020 seasons respectively @

Treatments SA Head fresh weight(q) Head dry weight(g)  Total yield (ton/fed.)

Concentrations(ppm) 2018-2019  2019-2020 2018-2019 2019-2020 2018-2019 2020-2019

0 3815 EF 4360 D 2393 E 2734 E 1090 EF 1246 D

Drought stress 100 4528 CDE 5173 BC 3022 D 3453 BC 1294CDE 14.78 BC
at age of 20 200 5051 BCD 5607 B 3338CD 3705 B 1443BCD 1602 B

300 4237 DE 4679 CD 2969 D 3278 CD 1211 DE 1337 CD

0 3104 F 3517 E 1452 F 1645 F 8868 F 1005 E

Drought stress 100 556.9 AB 5697 B 3717 BC 3802B 1591 AB 1628 B
at age of 30 200 633.0 A 667.4 A 4183AB 4411 A 1809 A 1907 A
300 4300 DE 4286 D 3013 D 3003 DE 1229 DE 1224 D

Control® 0 5351 BC 5258 B 4699 A 4617 A 1529 BC 1502 B
LSD 0.05 84.47 55.55 5.728 3.533 2413 1.587

(1) means within column followed by the same letter(s) are not significantly different at 0.05 level of probability

(2) Control( supplying water at regular intervals)

Effect of water stress and salicylic acid on Photosynthetic

pigments (chlorophyll a, b, total and carotenoids) content:
The current results (in Table 3) revealed that

application of water stress to the plants decreased the values

for chlorophyll a, b and total chlorophyll contents compared
to control treatment. The plants subjected to water deficit
exhibited a significant decline in photosynthetic parameters.
Plants treated with salicylic acid resulted in significantly
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increased chlorophyll a, b and total in comparison to either
control treatment or those from under stress and untreated
plants. Plants receiving salicylic acid (SA) at 200 pm
overcome the adverse effects generated by water stress either
at earlier or later stages of growth. Foliar application of
salicylic acid was found to increase the chlorophyll content in
many crops such as Cucumber (Yildirim et al., 2008) and
strawberry (Jamali et al., 2011).Also, the incensement of
carotenoids was found as the result of foliar spray with
salicylic acid. Foliar application of SA at concentration of

200ppm at both stages resulted to a significant increase in
carotenoids content in both seasons of study. This is in
agreement with the findings by (Turkyilmaz et al. 2005) in
bean plants.SA regulates physiological and biological
processes in plants and can be used as a potential growth
regulator to enhance plant growth, but the efficiency of
exogenous SA depends on several causes such as the
developmental stage, and SA concentration (Borsani et al.,
2001).

Table 3. Influence of drought stress and Salicylic acid (SA), treatments on Photosynthetic pigments (chlorophyll a, b,
total and carotenoids) content of lettuce crop in 2018- 2019 and 2019-2020 seasons respectively®

Treatments SA ' chll a (mg/g) chll b (mg/g) chil total (mg/g) Carotenoids
concentrations 2018-2019 2020-2019 2018-2019 2019-2020 2018-2019 2019-2020 2018-2019 2020-2019
0 02270 G 0.2227 G 0.09633 G 0.06300F 0.3233G 0.2857G 0.1663G 0.1740 G
Drought stress 100 02810 E 0.2737 E 0.1720 E 0.1757 D 04530E 0.4493E 0.2470D 0.2510 D
atage of 20 200 07333 A 07243 A 03740 A 03700 A 1107 A 1094 A 05910 A 0.5880A
300 05580 C 05520 C 0.2853 C 0.2957 B 0.8433C 0.8477C 0.3260C 03320 C
0 0.2397FG 0.2393FG 0.1450 F 0.1420 E 0.3847F 0.3813F 0.2027F 0.2030 F
Drought stress 100 04017 D 04020 D 0.2430 D 02380 C 0.6447D 0.6400D 0.2560D 0.2593 D
atage of 30 200 0.7343 A 07247 A 03760 A 03707 A 1110 A 1095 A 05913 A 05980A
300 05983 B 05950 B 0.3140 B 0.3110 B 0.9123B 0.9060B 0.4963B 0.4990 B
Control? 0 02453 F  0.2453F 0.1553 EF 0.1497E 04007 F 0.3950F 0.2250E 0.2220 E
LSD 0.05 0.02998  0.005474  0.03462 0.1974 0.1815 0.1224  0.007741  0.1896

(1) means within column followed by the same letter(s) are not significantly different at 0.05 level of probability

@ Control( supplying water at regular intervals)

Effect of water stress and salicylic acid on Carbohydrates,
total sugar, ascorbic acid content, proline and total
phenolic:

Plants subjected to drought stress gave significantly
lower values for carbohydrates content than that supplying
water at regular intervals (control). However, plants which
sprayed with SA at the level of 300ppm at the age of 30 gave
significantly the highest values for carbohydrates content. The
high concentrations of SA was more efficient than the low
concentrations of SA in this regard (Table 4).

Foliar application with SA at the level of 300 ppm
exhibited significant increases regarding total sugars and

ascorbic acid content. Proline and content total phenolic in
water-stressed plants were significantly higher than non-
water-stressed plants. The contents of proline and total
phenolic in SA-treated plants under drought stress were
significantly higher than both of non- stressed plants (control)
and that of stressed plants without spraying with SA. In this
experiment foliar application of SA increased proline levels
in lettuce plants. Data showed that proline content in leaves
increased as SA concentrations increased. Plants reduce the
negative effect of drought stress by different ways, such as
accumulation inorganic ions, soluble sugars and proline.

Table 4. Influence of drought stress and Salicylic acid (SA), treatments on Carbohydrates, total sugar , ascorbic acid
content, proline and total phenolic of lettuce crop in 2018- 2019 and 2019-2020 seasons respectively®

SA Carbohydrates Total Ascorbic ?C'd proline ;Otall.
_ (mglg) sugar content (mg 100g (umig FW) phenolic
Treatments  Concentrations leaf fresh weight) (mg/g)
(ppm) 2018-2019 2019-  2018-  -2019 2018  2019- 2018-  2019- 2018-  -2019
2020 2019 2020 2019 2020 2019 2020 2019 2020
0 1660 1 17331 3.731F 3109H 5207B 4897B 9500F 7.467 F 0.2820 E 0.2893E
Drought stress at 100 3610 F 3927 F 4125 E 4.173E 4903D 4.703B 1460 D 1523D 0.3123D 0.3037E
age of 20 200 4520 D 4760 D 4779 D 4650C 5103 C 5403 A 2087 B 21.77 B 04793 B0.5667 B
300 4953 C 5090 C 5620B 5.103 B 5.103 C 5.603 A 2423 A 25.07 A 0.7173 A 0.6860 A
0 2793 H 2513 H 3780 F 3480 F 4607E 3957 C 4867G 5200G 02720E 0.2630F
Drought stress at 100 4103 E 4147 E 3398 G 4500D 5223B 5313 A 1147E 1277 E 0.2890E 0.2893E
age of 30 200 5070 B 5350 B 5131C 4.643C 5293B 5403 A 1547 D 1583 D 0.3263D 0.3417D
300 6.073 A 6.152 A 6345 A 6.753 A 5717 A 5567 A 18.00 C 1890 C0.3450 C0.3803 C
Control? 0 3063G 3403 G 3899 F 3213G 4307F 4107C 3667H 4.367G 02513 F 0.2590F
LSD 0.05 001731 0.1224 0.1896 0.05474 0.09481 0.2998  1.047 1.301  0.01731 0.02448

(L)means within column followed by the same letter(s) are not significantly different at 0.05 level of probability

@ Control( supplying water at regular intervals)

Therefore, the accumulation of these molecules
considered as physiological indicators in overcome water
stress tolerance (Farooq et al., 2009).Thus increasing of
proline in plants under drought stress decreases adverse
effects of stress. Accumulation of proline in plants is
considered as an indication of disturbed physiological

conditions triggered by abiotic or abiotic stress conditions.
Free proline content increase when plants expose to stress.
Yazdanpanah et al. 2011 reported that SA application
declined adverse effect of drought by increasing sugar and
proline accumulation in plants. Many studies supported a
great role of SA in modulating the plant response to several
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abiotic stresses including drought (Senaratna et al., 2000;
Yazdanpanah et al., 2011). Osmotic adjustment is an
important metabolic processes in plant adaptation to water
deficit stress as it synthesis and accumulates small compatible
solutes such as proline and sugars (Chaves at al., 2003).
Effect of water stress and salicylic acid on color
measurements *(a, b and L) of Lettuce head color:

Data (in Table 5) indicate that, the highest value of L
(lightness) was obtained from control treatment in first season

and by using SA 200 ppm at the age of 20 in second season.
b* values ranged from 18.89 to 30.20 (medium green color)
and there were significant differences among treatments .
Plants that exposed to drought stress at the age of 20 and
sprayed with SA at 200 ppm gave the highest value regarding
b*followed by that exposed to drought stress at the age of 30
and sprayed with SA at 200 ppm.

Table 5. Influence of drought stress and Salicylic acid (SA), treatments on color measurements *(a, b and L) of Lettuce
head color in 2018- 2019 and 2019-2020 seasons respectively @

Treatments SA . = A b Cl
concentrations 2018-2019 2020-2019 2018-2019 2019-2020 20182019 2019-2020 20182019 2020-2019
0 4453 F 4587 G -1107 B -1193B 1951DE 1914 G 2028 B 2123 B
Drought stress 100 4682 D 4822F -1083B -1284 C 1923 EF 2248 C 2164 A 2117 B
atage of 20 200 4997 B 5252 A -1107 B -1485F 2830 A 2921 A 1510 F  17.75 D
300 4745C 4932 D -9980A -1207B 1918 EF 2019 E 2013 B 2143 B
0 4762 C 4987C -1093 B -1273C 1889 F 1952 FG 1923 C 2023 C
Drought stress 100 A596E 4884 E -9550A -1043A 2038 C 2118D 1780 D 1747 D
at age of 30 200 4661 D 4885E -1072B -1344D 2382 B 27358 1701 E 1752 D
300 4783C 50868 -1084 B -1439E 2022 C 1923FG 1911 C 2297 A
ControP W'”;?“St ;”ess 5179A 4916DE -11.13B -1284C 1972 D 1965 F 1733E  2057C
LSD 005 04345 04547 1406 04677 04447 04612 04379 04644

(1) means within column followed by the same letter(s) are not significantly different at 0.05 level of probability

(2) Control( supplying water at regular intervals

*Means of 15 heads per treatment using Minolta Chroma Meter CR- 400. (L= lightness, a= red to green, b=yellow to blue)

CONCLUSION

Water stress has been recognized as a big threat to
plant survival. Plants therefore induce several physiological,
biochemical processes and molecular mechanism to survive
these threats. In this study,we observed that water stress
decreases lettuce yield. Salicylic acid is a compound capable
of reducing and mitigating the negative effects of the stress.
Overall, 200 ppm exogenous application of salicylic acid
proved to be more effective to overcome the adverse effects
of drought stress on Lactuca sativa L.Fliar application of
salicylic acid not only enhances yield production but also
improving quality characteristics in lettuce.
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