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S cloLC)

Salt stress prevents plant growth and development by disrupting osmotic and ionic
balance. Inthisstudy; As a result of silicon (Si) application, which can activate tolerance
mechanism sagainst salt stress in lettuce seedlings; Changes in antioxidant (SOD, CAT, APX,
POD) and physiological parameters (proline, leaf chlorophyliratio, leaf membrane
permeability and relative water content) effective on seedling growth were investigated.
Control plants grew beter than plants treated with only salt. As a result of Si+100 mM NacCl
and Si+50 mM NaCl applications; Increases between 176% and 339% in SOD, CAT, APX,
POD levels, increases between 26.9% and 28.1% in leaf chlorophyll and moisture content
and decreases between 15.2% and 76.4% in leaf membrane damage were determined. The
relationship between proline accumulation and antioxidant enzyme activities was effective
with Si application and showed that plants improved their defense against salt stress. Plant
development decreased according to the severity of salt as a result of only salt
applications. Itwasdeterminedthat 150x100kg.ha-1Si interaction was moreeffective on
plantgrowth in allplots.

OZET

Tuz stresi bitkilerin bliyimesini ve gelismesini osmotik ve iyon dengesini bozarak
engellemektedir. Bu c¢alismada; Marul fidelerinde tuz stresine karsi tolerans
mekanizmalarini harekete gecirebilen silikon (Si) uygulamasi sonucunda; Fide biiyimesinde
etkili olan antioksidan (SOD, CAT, APX, POD) ve fizyolojik parametrelerdeki (prolin, yaprak
klorofil orani, yaprak membran gecirgenligi ve bagil su icerigi) degisimler arastirilmistir.
Kontrol bitkileri, yalnizca tuzla muamele edilen bitkilerden daha iyi biyidi. Si+100 mM
NaCl ve Si+50 mM NaCl uygulamalari sonucunda; SOD, CAT, APX, POD seviyelerinde %176
ile %339 arasinda artislar, yaprak klorofili ve nem igeriginde %26,9 ile %28,1 arasinda
artiglar ve yaprak zari hasarinda %15,2 ile %76,4 arasinda azalmalar belirlendi. Prolin
birikimi ile antioksidan enzim aktiviteleri arasindaki iliski Si uygulamasiyla etkili olmus ve
bitkilerin tuz stresine karsl savunmayi gelistirdiklerini gostermistir. Sadece tuz uygulamalar
sonucunda tuzun siddetine gore bitki gelisimi azalmistir. 150x100kg.ha-1Si etkilesiminin
tim parsellerde bitki bliyimesinde daha etkili oldugu belirlendi.
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INTRODUCTION

The growing world population and the consequent increasing demand for agricultural products continuously
contribute to soil degradation (Adejumobi et al., 2016; Temme et al., 2019) and is one of the most critical factors
affecting soil salinization. There is a salinity problem in approximately 1.5 million hectares of Turkey's land
(Kalefetoglu; Ekmekgi, 2005). The conditions that affect the growth and development of plants are called stress.
Stress factors are divided into abiotic (temperature, drought, salinity, radiation, wind, etc.) and biotic (virus,
bacteria and insects, etc.) (Larcher, 1995; Yilmaz et al., 2011). Salinity problem causes many negative effects on
agricultural lands. It reduces growth, yield and quality by disrupting the metabolic activities that provide vital
events in plants (Alp; Kabay, 2019; Kabay, 2019; Yilmaz et al., 2011).

Lettuce, which is resistant to cold and needs humid weather conditions, is highly sensitive to salt and this
sensitivity causes stress in the plant. However, excess salt in the soil affects osmotic stress, ion toxicity, nutrient
ion balance, and also affects plant growth and physiological functions (Zhang et al., 2018).

Salinity stress is an abiotic stress factor for plants and has a chemical stress effect. High salt content in the
growing medium adversely affects plant life. These negative effects have been determined as disruptions in
enzyme regulation, nutrient imbalance, membrane dysfunction, impaired metabolic regulation, osmotic
imbalance and problems in water intake, oxidative stress and developmental problems (Orcutt and Nilsen, 1996).
The responses of plants exposed to drought and salinity stress are similar (Muns, 2002; Kusvuran& Kabak, 2012;
Osakabe et al., 2014). The water uptake effect of plants grown in salty soils decreases rapidly. Plant development
is impaired due to hormonal signals transmitted from the roots in plants (Munns, 2002). Plants first close their
stomata to reduce water loss (Kusvuran& Kabak, 2012, Osakabe et al., 2014). The electrons released as a result of
the closure of the stomata and the prevention of the entry of CO2 gas are absorbed by the chlorophylls and take
part in the formation of free oxygen radicals (ROS) together with light energy. ROS damage proteins, membrane
lipids, nucleic acids and chlorophyll (Caylak, 2011; Kusvuran&Kabak , 2012).

Although silicon is not a basic nutrient element for plants, some studies have shown that it is beneficial for plants.
According to these results, silicon reduces water loss in plants; increases leaf chlorophyll content; It has been
determined that it increases the endurance of cells and plants respire more. These physiological changes include
water deficiency, metal toxicity, salinity, etc. It allows reducing the effects of abiotic stresses such as (Rodrigues et
al., 2011; Lima et al., 2011: Rizwan et al., 2015). Exogenous silicon application ameliorated the detrimental effects
of salinity stress on stomatal movement of sweet pepper (Capsicum annuum) plants (Manivannanet al., 2016). It
has been determined that silicon application contributes to the protection of photosynthetic pigments and the
regulation of the photosynthesis mechanism in plants exposed to salt stress. (Muneer et al., 2014). In general, it
has been determined that silicon plays an effective role in the activation of nutrition, growth and antioxidant
mechanisms in plants (Boling et al., 2019).Salt tolerance levels of plants are generally at their lowest during the
young seedling stage. Considering the problem that salt stress shows its effect more in the seedling period in
lettuce, this study aims to further address the modulation of salt stress responses in lettuce seedlings and their
relationship with Si, supported by the responses of antioxidant systems of seedlings to stressful salt conditions.

MATERIALS and METHODS

Plant material

The plant material used in the study was Hazer Lital Lettuce Seed, which belongs to a commercial company. It is a
type of lettuce with a belly. It is resistant to heatand it is late to stem. The average head weight is 800 - 1100 gr.
Harvest period is 55 - 70 days. The leaf color is light green, resembling light yellow. The leaves are upright,
crispyand wide. The leafedges are wavy and slightly toothed.

73


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2025, 30(1): 72-82 Arastirma Makalesi / ResearchArticle

Properties of PowderPotassiumSilicate

Table 1. Content of potassium silicate
Cizelge 1. Potasyum silikatin icerigi

items TR-PS001
Density g/ml(20°C) 0.5-0.8
K20 (%) 28.0-32.0
SiO; (%) 52.0-58.0
Ratio (M) 2.7-2.9
Degree of fineness (100 Mesh) 5
Dissolution rate< 120

Trial layout and applications were created as follows
1-Control

2-50 mM NacCl

3-100 mM NaCl

4-200 mM NacCl

5-50 mMNaCl+Si

6-100 mM NaCl+ Si

7-200 mM NaCl+ Si

Electrophoretic separation of superoxide dismutase (SOD; EC 1.15.1.1) isoenzymes

Leaf extracts containing equal amounts of protein (100 mg/well) were separated by Native-Page according to
Laemmli (1970). SOD activity was determined by riboflavin and nitrobluetetrazolium (NBT) staining according to
Beauchamp and Fridovich (1971). After the gels were kept in the dye solution for 30 minutes, the densiometic
analysis of the SOD isozyme bands was performed with the imaging device in the Bio-1D software program. One
unit of SOD activity was determined as the amount of enzyme causing 50% inhibition of the photochemical
reduction of NBT, which is the electron acceptor measured in spectrophotometer at 560 nm, and the specific
enzyme activity was determined as U/mg protein. Unit indicates the amount of enzyme (SOD) that converts 1
umol of substrate to product in 1 minute at 25°C.

Determination of the activity of catalase (CAT; EC 1.11.1.6) isoenzymes

CAT isozymes Woodbury et al. (1971) according to the method described. After the samples containing 30 g
protein were run in 7.5% non-denatured gel, the gels were incubated for 10 minutes in 0.003% H,0,. Then the
gels were stained in a solution containing 1% FeCl; and 1% KsFe(CNg) for 10 minutes. As soon as the green color
started to appear, the gels were also washed with ionized water.

Determination of the activity of peroxidase (POX; EC 1.11.1.7) isoenzyme(s)

Electrophoretic separation of POX isozymes Seevers et al. (1971). Samples containing 80 g protein were run on a
10% non-denatured acrylamide gel (PAGE) under constant current (120 mA). Gels were incubated in 200 mM Na-
acetate buffer (pH 5.0) containing benzidine and hydrogen peroxide for 30 minutes in the dark to see the bands
formed after electrophoresis. The gels were then stored in 7% acetic acid solution.

The determination of APX activity was determined according to Nakano and Asada (1981). As ascorbate oxidizes,
the decrease in absorbance at 290 nm from the spectrophotometer was recorded and calculations were made
using the extinction coefficient of ascorbate. The oxidation of ascorbate was initiated by the addition of the
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enzyme extract and the decrease in absorbance was monitored for 180 sec. One unit of APX activity is expressed
as 1 mmol/ml ascorbate oxidized per minute.

Membrane permeability (% EC)

After harvest, 1 cm diameter samples were taken from the leaves of each of the sample plants brought to the
laboratory. These samples were washed with distilled water and placed in brown glass bottles, 10 ml of distilled
water was added to them and the analysis was repeated in triplicate. The prepared bottles were left in the shaker
for 24 hours and at the end of the time, the solutions in the bottles were poured into the tubes and the EC; value
was measured in the EC meter. Then, the solutions were poured back into the bottles and kept in the autoclave at
120 °C for 20 minutes, then the EC, value was measured at room temperature and the EC value was calculated
from the formula EC; / EC, x 100 (Lutts et al., 1996).

Relative watercontent (RWC%)

At the end of the study, the wet weights (YA) (g) of the leaf samples taken from 4 plants selected from each
replication for measurements were determined and placed in capped petri dishes, then kept in pure water for 4
hours to make the leaves turgorized, and turgor weights (TA) (g) were measured after 4 hours. Then, they were
kept in an oven at 80 °C for 48 hours and their dry weights (KA) (g) were measured. Leaf relative water content
was calculated as % according to the following formula (Barr and Weatherley 1962).

YA=Wet Weight, KA=Dry Weight, TA=Turgorous Weight

Relative water content (%): [(YA — KA) / (TA — KA)] x 100

Chlorophyl lamount (SPAD)

For each application, the middle of the upper leaves of 4 plants selected by chance at each replication. with the
SPAD instrument (SPAD-502 Chlorophyll) meters; Konica Minolta, Tokyo, Japan) relative chlorophyll content was
measured

Proline analysis

The 0.5 g fresh leaf sample obtained was dissolved with 3% sulfosalicylic acid and filtered. 2 ml of the filtrate was
taken and 2 ml of acetic acid and 2 ml of ninhydrin reagent were placed on it. Ninhydrin reagent; It was prepared
using ninhydrin, acetic acid and orthophosphoric acid. Then, the samples placed in the tubes were kept in a water
bath at 100 °C for 1 hour, and the reaction was terminated on ice. 4 ml of toluene was added to the cooled
samples, vortexed and read in a spectrophotometer at 520 nm. Then the calculation was made by comparing it
with the proline standards (Bates et al., 1973).

Dry Weight After the harvest, the leaves taken from the sample plants were kept in the oven at 65 °C for 48
hours, and when the last two weighings were equal, they were removed from the oven and the dry weights were
calculated (Kacar, 1972).

Experimental site design and plant growth conditions

This study was carried out as a pot trial in the application and research greenhouses of Mersin University, to be
implemented in the fall semester of 2023. The experiment was set up according to the random plot design with 4
replications and there were 16 plants in each plot. In the research, rootless height(cm), seedling diameter(cm),
number of leaves (plant/piece), seedling fresh and dry weight(g), root fresh and dry weight(g), chlorophyll
amount(%), leaf membrane damage(%), relative water content of the leaf(%) and some antioxidant levels in its
tissues were measured. In the greenhouse where the experiment was conducted, the ambient temperature was
20-28 0C and the humidity rate was measured as 65%. Pots (1 liter capacity) containing peat: perlite in the ratio
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of 2:1 were used as seed planting medium. Before sowing the seeds, the perlites were washed thoroughly with
tap water. Lettuce seedlings 177.2 ppm N; 52.70 ppm P; 240.44 ppm K; 53.46Mg; 120.30 ppm Ca; 3.36 ppm Fe;
0.85 ppm Mn; 0.45 ppm B; 0.50 ppm Zn; It was irrigated with 0.10 ppm Cu and 0.05 ppm Mo nutrient solution
(Suyum et al.,, 2012). 25 days after seed sowing (seedlings were 2-3 true leaves in size), the prepared
concentration (silicon and NaCl) was applied. Silium was prepared in the form of Potassium silicate (K,SiO3), 2 mM
was prepared and applied as a solution, salt concentrations; It was prepared as 0 (control), 50 mM, 100 mM and
200 mM, and the prepared concentrations were applied with an interval of 2 days. The experiment was
terminated after the final concentration was reached (day 16).

Statistical analysis

The data obtained from the experiment were evaluated according to ANOVA analysis of variance using "IBM SPSS
statiscids 23" statistical programs. Duncan's Multiple Comparison Test was used to compare differences between
means.

RESULTS and DISCUSSIONS

The effect of salt, silicon and salt x silicon interaction on plant biomass (plant height and diameter, plant fresh and
dry weight, root length, leaf width and number, root fresh and dry weight) was found to be significant. The
increase in salt concentration in the solution adversely affected the growth parameters of the seedlings. The
biomass values measured in the study, in which silicon and varying concentrations of salt treatments were
applied, are presented (Table 2-3). As a result of 200 mM salt application, the effect of stress was determined at
the highest level in all biomass measurements. Considering the plant rootless dye effect of the applications;
According to the data, the highest growth 50 mM+Si (10.9 cm) treatment gave an increase of 303.7% compared to
the 200 mM NacCl (2.7 cm) application, which showed the lowest plant growth. In terms of plant diameter, 50
mMH+Si (6.9cm) treatment showed the best improvement, and 200 mM NaCl (2.1cm) treatment showed a 228.7%
increase. The best result in the effect of the applications on the number of leaves was obtained from the 50 Mm
NaCl+Si (10.5 plant/piece) treatment, and it increased by 219% compared to the 200 mM NaCl (4.8 plant/piece)
application, which had the lowest value. When the effect of the applications on the root length of the plant was
examined, the highest value was increased by 50 mM+Si (7.9 cm) application, and the lowest value increased by
183.7% compared to the application of 200 Mm NacCl (4.3cm). According to the fresh weight measurements of the
plant, the highest value was obtained from the application of Si+50 Mm NacCl (4.6 g), and it increased by 78.9%
compared to the application of 200mMNaCl (2.6g), which had the lowest value. According to the leaf dry weight
results, 100 mM+Si(0.4g) treatment, which had the highest value, increased 400% compared to 200 mM
NaCl(0.1g) application. When the effect of the applications on the plant root wet weight was examined, the
highest value was obtained from 50mM+Si (1.2 g) application, and the lowest value was obtained from
200MmNacCl (0.5 g) application, and the difference between applications was found to be 240%. According to the
results, root dry weight was obtained from 50 mM+Si (0.3g) Si+ 100 mM NacCl (0.4g) and 200mM-+Si applications,
which had the highest effect, and the lowest value was obtained from 200 mM NacCl (0.1g) applications, the
difference between applications % It was found to be 400. The seedling period is the period when plants are most
affected by salt stress. During this period, due to the increasing amount of salt in the soil, the soil osmotic
pressure increases and the seedlings are exposed to salt stress. Seedling deaths could be observed under severe
conditions of salt stress. It has been reported by some researchers that there are significant decreases in both
fresh weight and dry matter in leaves and roots of plants exposed to stress (Irshad et al., 2002; Ghoulam et al.,
2002). The results of the reference study are similar to our study. Secco et al. (2010) found a decrease in seedling,
root and shoot length as a result of salt stress applied to different melon cultivars. In other studies with similar
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results; They concluded that shoot and root dry weights of wheat increased by 15% with Si application in stressful
conditions compared to other applications. Ghorbanpour et al. (2020) barley shoots also increased by 27.3%. lon
imbalance caused by the increase in NaCl concentration under salt stress of these decreases; Cell volume and
expansion by lowering the water and osmotic potential of the cell, which occurs due to osmotic stress. It is
thought to be due to the drying of the shoots and leaves of the plant as a result of osmotic dehydration and
increased transpiration, which causes a decrease in the rate of growth. The addition of silicon to the nutrient
solution increased plant growth and yield under control or saline condit ions (Anderson et al., 1991). According to
the results of a study carried out in lettuce, it was seen that increasing NaCl concentrations decreased root and
shoot development, but treatment with Si application gave positive results (de Souza Lemos Neto et al. 2018).
This behavior was also found in cabbage seedlings by Bernardes et al. (2015), where increasing salt stress reduced
seedling development in both high and low vigor groups and reduced the length of shoots and roots at the
highest stress levels. Similarly, working with different varieties of ‘melon’ (Cucumis melo L.), Secco et al. (2010)
found a decrease in total seedling length and dry matter under salt stress.

Table 2. The effect of silicon (Si) application on seedling growth parameters on lettuce seedlings exposed to salt
stress
Cizelge 2. Tuz stresine maruz kalan marul fidelerinde silikon (Si) uygulamasinin fide biiyiime parametrelerine etkisi

Treatments Seedling Plantdiameter (cm) Number of leaves Rootlength (cm)
Rootless (plant/piece)
Length(cm)
Control 5.9 +0.2cd 5.7 £0.1b 7 £0.6b 7.1 +0.3bc
50mMNacl 5.5 +0.3d 4.1+0.2c 6.6 +0.3c 6.6 £0.3c
100mMNacl 3.110.3e 2.9 +0.2d 6.3 +0.6¢c 5.1+0.3d
200mMNacl 2.7 £0.6ef 2.1 +0cd 4.8 +0.3c 4.3 +0.4e
Si+50mMNacCl 10.9 +0.4a 6.9 +0.4a 10.5 +0.7a 8.3 +0.5a
Si+100mMNacCl 7 +0.6c 6.1 £0.3ab 9.8 +0.5a 7.9 £0.6ab
Si+200mMNacCl 6.1 +0.4cd 5.4 +0.3b 9.3 +0.6a 7.4 £0.4abc
Average 5.89 4.74 7.76 6.67

Table 3. The effect of silicon (Si) application on seedling growth parameters on lettuce seedlings exposed to salt
stress
Cizelge 3. Tuz stresine maruz kalan marul fidelerinde silikon (Si) uygulamasinin fide biiyiime parametrelerine etkisi

Treatments Plantfresh Plantdryweight (g)  Rootfreshweight (g) Rootdryweight (g)
weight (g)

Control 3.2 +0.2cd 0.7 £t0b 1.1+0.1a 0.2 +0c

50mMNacl 3+0.2d 0.6 0b 0.9 +0.1b 0.2 +0c

100mMNacl 3.8 £0.3bc 0.4 +0c 0.6 £0.1c 0.3 +0b

200mMNacl 2.6 £0.2d 0.3 +0c 0.5 +0c 0.1 +0a

Si+50mMNacCl 4.6 £0.2a 1+0.1a 1.2 +0a 0.3 +0ab

Si+100mMNacCl 4.4 +0.1ab 1+0.1a 1.1 +0.1a 0.4 +0a

Si+200mMNacCl 4.4 +0.3ab 1+0.1a 1+0.1b 0.2 +0c

Average 3.71 0.71 0.91 0.24

In the study carried out, the main effect of silicon was observed in salty conditions, and it was observed that
silicon reduced the negative effect of salt stress (Oztekin et al.2017,2018; Zhu et al.2004; Aranda et al., 2005).

Stress-resistant plants have good levels of antioxidants. In order to cope with the oxidative damage caused by
excessive ROS production due to excessive concentrations of salt, Si has been reported to reduce the harmful

77


http://dergipark.gov.tr/mkutbd

MKU. Tar. Bil. Derg. / MKU. J. Agric. Sci. 2025, 30(1): 72-82 Arastirma Makalesi / ResearchArticle

effects of ROS and maintain membrane stability (Ghorbanpour et al., 2020). Defense products SOD, POX, CAT and
APX data measured in lettuce seedlings exposed to stress are presented (Table 4). In this study; The use of Si
against the negative effects of salt stress increased the activity of SOD, POX, CAT and APX enzymes. In a study
showing results consistent with our study; seedling growth slowed down as a result of oxidative damage in
tomato seedlings exposed to salt stress, but silicon addition to the salt solution partially compensated the
negative effects of NaCl stress by increasing the tolerance of tomato plants to NaCl salinity by increasing the
activities of SOD, APX, POX, CAT, soluble protein content, chlorophyll content and photochemical efficiency of
PSII. Thus, silicon can alleviate salt toxicity and improve the growth of tomato plants (Al-aghabary et al. 2005).
According to the measurements made on salt-treated lettuce seedlings, the proline level, which was 341.5 ug g-1
in Si+50 mM NaCl application, decreased to 101.2 pg g-1 in 200 mM NaCl application. While the proline level was
measured as 334.9 ug g-1 in Si+100 mM NaCl application, it was measured as 114.2 pug g-1 in 100 mM NaCl
application. When these results were examined, the amount of proline decreased due to the increase in the NaCl
concentration applied to the lettuce seedlings, and the Si fertilizers added in addition to the salt content
increased the proline level and reduced the effect of salt stress. It has been reported that the decrease in the
amount of proline and the decrease in membrane permeability are directly proportional to the increases in the
relative water content of the leaves. This can be expressed as the plant's development of tolerance to stress
(Bokhari and Trent, 1985). Proline, which has an important place under stress in recent years, has become one of
the most effective observations in plants' weight and management defense systems during salt and water stress
periods. (Shannon, 1997). Proline accumulation under silicon treatment was 11.5 and 14.4 pg g-1 Fw in salt-
stressed plants at 1500 and 3000 ppm. (Abdelaal et al., 2020)

Data on chlorophyll amounts of lettuce seedlings exposed to different concentrations of salt stress are given in
Table (5). According to the measurements made on the samples obtained, Si+200 mM treatment increased the
leaf chlorophyll rate by 28.1% compared to the 200 mM application. It was determined that the chlorophyll ratio
measured in Si+100 Mm salt application increased by 26.9% compared to 100 Mm salt application. In the effect of
applications on leaf chlorophyll contents, while high salt concentration decreased chlorophyll ratio, the highest
chlorophyll contents were determined in Si+50Mm treatment. Chlorophyll content in leaves increased as a result
of silicon added salt applications. The chlorophyll index value increased with the addition of silicon to the nutrient
solution and varied between 200mMNaCl (36.7SPAD) and 50mMNaCl (52.6SPAD). According to the
measurements made in lettuce seedlings treated with salt, the leaf membrane damage rate in Si +50 Mm NaCl
treatment decreased by 15.2% compared to 200 Mm NaCl application. While the leaf membrane damage rate
was 72.4% in 100 Mm NaCl application, it was 62.9% in Si+100 Mm NaCl application. According to these findings,
membrane damage increased as the salt concentration increased. As a result of Si applications, the effects of salt
on membrane damage were reduced. Recently, measuring the amount of water in the leaves gives the most
reliable information about the general water status of the plants. According to the measurements made on
lettuce seedlings treated with salt, the relative humidity of the leaf measured in Si+50 mM NaCl application
increased by 68.5% compared to 50 mM NaCl application. While the relative humidity of the leaves was 70.7% in
Si+100 mM NaCl application, it was 60.9% in 100 mM NacCl application. According to these findings, the relative
moisture content of the leaves decreased as the salt concentration increased. Romero-Aranda et al. (2000) stated
that the water consumption of plants decreases under salt stress and this decrease is due to the decrease in
stomatal density, stomatal conductivity and root hydraulic transmission of plants under salt stress, and thus the
decrease in transpiration rate. Fernandez-Garcia et al. (2003) also stated that root hydraulic transmission
decreases with salinity, and this decrease is closely related to the decrease in the activity and concentration of
channel proteins (auaporins), which provide the transport of water and natural compounds in root plasma
membranes through spaces. It was determined that plant water consumption increased with the application of
silicon to the nutrient solution, albeit at low rates (Oztekin et al., 2014), Gong et al. (2005) stated that silicon has a
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positive effect against the decrease in water uptake by plants. It is known that silicon promotes the functioning of
the antioxidant defense mechanism in plants exposed to abiotic stress factors such as salinity, strengthens the
plant body, has positive effects on photosynthesis and water use efficiency, and increases resistance to stress
factors by reducing lipid peroxidation and membrane permeability in plants under stress (Gong et al. et al., 2005).

Table 4. The effect of silicon (Si) application on some antioxidant activities in lettuce seedlings exposed to salt
stress
Cizelge 4. Tuz stresine maruz kalan marul fidelerinde silikon (Si) uygulamasinin bazi antioksidan aktivitelere etkisi

Treatments SOD CAT POX APX PROLIN

Control 130.2 £10.3c 317.8 +10.3c 57.5 0.7c 7.9 +0.6d 169.7 +6.3C
50mMNacl 109.5 +6.8cd 311.1 +12.3c 55.1+1.3c 7 £0.2de 155.2 +8.7c
100mMNacCl 100.2 +7.3d 268.6 +26.6de 54 +1.2¢ 5.9+-0.2d 114.2 +6.7d
200mMNaCl 97.8+2.3d 226.9 +16.6e 51.8 +1.8c 4.6 +0.2f 101.2 +2.2d
Si+50mMNaCl 249.1 +6.2a 560.1 +6.3a 110 5.6a 15.6 +0.5a 341.5 +6.1a
Si+100mMNacl 237.8 +6.4a 514.7 +14ab 98.7 +4.8b 13.4 +0.4b 334.9 +7.6a
Si+200mMNacl 194.2 +9b 491.3 +9b 91.7 +4.3b 10.2 +0.5¢ 275.5 45.8b
Average 160 384.36 74.11 9.23 213.17

Table 5. The effect of silicon (Si) application on some physiological parameters on lettuce seedlings exposed to
salt stress
Cizelge 5. Tuz stresine maruz kalan marul fidelerinde silisyum (Si) uygulamasinin bazi fizyolojik parametrelere

etkisi
Treatments Membran edamage(%) Chlorophyliratio(%) RelativeHumidity(%)
Control 59.5 +2.4b 51.3+0.3a 72.7 £+0.9ab
50mMNacl 48.8 £2.4b 43.2 +0.4c 70.4 £1.3ab
100mMNacCl 33.7+1.2c 38.9 +0.9de 65.8 £0.4c
200mMNacl 31.9+-1c 36.7 +1f 53.7 £1.4d
Si+50mMNacl 62.5 +3.5a 52.6 +2a 75.3£0.3a
Si+100mMNacl 57.4+2.1b 45.6 +0.4b 70.7 £1.9b
Si+200mMNacl 54.5+2.1b 40.6 +0.6cd 60.8 +2¢
Average 49.75 44,12 67.05

In conclusion, lettuce seedlings exposed to salt stress are adversely affected, but the effects of this stress can be
reduced by 100 mM and 200 mM silicon applications. Silicon supplementation was beneficial and plays an
important role in reducing the adverse effects of salinity on the growth, physiological and biochemical
characteristics of lettuce seedlings. Silicon application caused an increase in relative water content, chlorophyll
concentrations, antioxidant enzyme activity, root-free height, seedling diameter, leaf number, seedling fresh and
dry weight, root fresh and dry weight. The results of this study may help to clarify the regulatory effects of
exogenous Si on important functions of lettuce seedlings grown under salinity stress.
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