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ABSTRACT 

Salinity is one of the abiotic stresses and one of the major constraints to plant growth, development, 

productivity, postharvest quality, and nutrition. Plant responses to high salinity affects its morphological and 

developmental aspects of growth as well as its physiological and biochemical processes. Lettuce is an 

important crop for human diet; however, it is moderately sensitive to salinity stress.  Hence, this study was 

conducted to examine the response of lettuce to different salinity levels. The study was laid out 

inRandomized Complete Block Design (RCBD) replicated three times with five sodium chloride (NaCl) 

concentrations as treatments.This includes the control (water); 500 parts/million (ppm); 1,000 ppm; 5,000 

ppm; and10,000 ppm.Results show that salinity stress did not significantly influence on yield, leaf moisture 

content, color deterioration, percent weight loss,wilting, texture, and Visual Quality Rating (VQR) of 

harvested lettuce. Furthermore, it also did not significantly influence on some biochemical properties 

specifically on initial pH and initial titratable acidity (TA), final total soluble solids (TSS) and TA, leaf 

chlorophyll, sugar, and starch content.Lettuce planted onpotting media with various levels of salinityduring 

it growth and development until harvesting significantly obtained a significantly lower initial TSS during 

postharvest analysis than those lettuce planted inpotting media without any added salt content. Therefore, 

lettuce can still survive when planted in soil containing up to 10,000 ppm NaCl without impairing its 

growth, yield, physical characteristics, and some biochemical properties of harvested lettuce specifically on 

TA, chlorophyll, sugar, and starch content.  
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INTRODUCTION 

Abiotic stressors such as drought, waterlogging, intense and/or low temperatures, cold, and saline conditions 

are the main factors limiting crop productivity and causing crop losses, particularly in terms of lower 

average yields (Tuteja et al., 2012).The most significant environmental stressor that has an important impact 

on the growth and development, nutrition, and production of many plant species is excessive salinity 

(Sayed, 2003). Soil salinity denotes high concentration of soluble salts in the root zone's soil moisture and 

because of their high osmotic pressures, these concentrations limit the amount of water that roots can 

absorb, which has an impact on plant growth (Tester and Devenport, 2003).Thus, limiting the growth and 

spread of plants in their normal environments (Shanon, 1986).Plants have diverse and complex response to 

excessive salinity that results to the modifications to plants’ morphological and developmental activities as 

well as its physiological and biochemical changes (Khan et al., 2010). In a morphological standpoint, the 

most commonindication of salt injury to plants is stunted growth (Jaleel et al., 2008), which is a result of 

some physiological processes including changes of ion balance, water content, plant mineral nutrition, 
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photosynthetic efficacy, carbon allocation and consumption, membrane instability, and failure in the 

maintenance of turgidity (Yildirim et al., 2006).Lettuce is one of the crops that is moderately sensitive to 

salinity (Maas and Hoffman, 1977; Tesi et al., 2003). 

Andriolo et al. (2005) examined the effectsof increasing salinity levels of irrigation water (0.80, 1.93, 2.81, 

3.73, and 4.72 dS m–1) of lettuce in a hydroponics system. They found-out a positive effect of electrical 

conductivity on shoot fresh weight. Increasing the EC from 0.80 to 1.93 dS m–1 result in a 28.5% increase in 

shoot fresh weight, whereas increasing the EC from 1.93 to 4.72 dS m–1reduced the fresh mass by 16.5%. 

De Pascale and Barbieri (1995) stated that lettuce should be in the moderately salt-sensitive crop category 

with a threshold value of 2.7 dS m–1 and relative yield decrease slope value of 5.8%.They added that the 

partial effect of salinity at cellular level is due to the osmotic effects.The influence of salt concentration 

depends environmental variables such as water vapor pressure deficit, temperature and solar radiation, and 

its interactions (Yeo, 1999).Studies revealed that the shoot fresh weights, shoot dry weights,photosynthetic 

pigment contents, and its protein content of the harvested produce are positively and negatively affected due 

to the changes in water level and balancein plants that are subject to salinity (Amira and Qados, 2011). This 

study aimed to examine the response of potted lettuce to different salinity levels. The specific objectives 

were to determine the changes of yield at increasing salinity and to examine the effects of salinity to 

physical and chemical properties, and postharvest quality of lettuce. It is was hypothesized that there is no 

significant difference among treatments on the yield and postharvest quality of lettuce. 

METHODOLOGY 

Preparation of Experimental Area and Planting Materials 

An open field pave surface area with a dimension of 5.5 by 3.5 meter (19.25 m2) was used in the 

experiment. The area was cleaned to free it from crops, herbs and weed debris.A soil mixture of garden soil, 

vermicompost and carbonized rice hull at a ratio of 1:2:1 was prepared. Sixty (60) clean perforated 

polyethylene plastic potswere prepared which served as growing container of the experimental plants. The 

brim diameter, base diameter and height were 12, 9 and 15 cm, respectively. Two (2) kilograms of soil 

mediumin dry weight basis wereplaced in each polyethylene pots. 

Leaf lettuce (grand rapid)seeds used in the study werebought from the local market distributor of certified 

seeds. For the production of seedlings, lettuce seeds were sown in a tray. The growing medium used for the 

seedling production were a mixture of garden soil, carbonized rice hull and vermicast at 1:2:1 ratio. 

Pasteurization of garden soil was done before mixing with carbonized rice hull and vermicastin order to 

eliminate harmful microorganisms that can cause diseases to the seedlings. After seven (7) days from seed 

sowing, the seedlings were pricked using pricking tray filled with sterilized mixture of garden soil, 

vermicast and carbonized rice hull at a ratio of 1:2:1. A starter solution wasprepared by dissolving one (1) 

tablespoon of urea (46-0-0) in a gallon ofwater. Application was done by submerging the roots in a basin of 

fertilizer solution after the first true leaf was fully developed. 

Transplanting, Preparation and Application of Treatments 

After seven(7) days from pricking, the hardened seedlings were transplanted at one (1) seedling in every 

pot. Transplanting was done late in the afternoon to reduce the stress of the experimental plants. Planting 

distance was 0.25 by 0.25 meter and 0.50 meter between blocks. The amount of table salt per pot to be 

applied was computed by soil dry weight basis in a pot based on soil dry weight per hectare (2.0 x 106 

kg/ha). Table salt was diluted in separate containers by treatment concentrations required using water 

(Figure 1).The amount of salt solution applied per pot was 100 ml containing the amount of salt in ppm per 

plant bases. Application of treatments was done two weeks after transplanting.The study was laid out in 

RCBD with five (5) treatments replicated three (3)times with six (4) samples per replication. The treatments  
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are as follows: 

T0 – Control (neutral, 0 g/pot)  

T1 – 500 ppm NaCl (low, 0.264 g/pot) 

T2 – 1,000 ppm NaCl (medium, 0.528 g/pot) 

T3 – 5,000 ppm NaCl (high, 2.64 g/pot) 

T4 – 10,000 ppm NaCl (very high, 5.28 g/pot) 

 

Figure 1. Table salt (NaCl) diluted using water in separate containers by treatment concentrations 

Care, Maintenance and Termination of the Study 

Fertilizer application program is presented in Table 1. Watering was done regularly to maintain the moisture 

content of the growing medium. Trickle irrigation was used to facilitate application of water. The plants 

were monitored closely for any pest infestation and disease infection and appropriate integrated pest 

management measures wereundertaken. The area was kept clean to minimize insect vectors and weeding 

was done as need arises. Termination of the study was done four (4) weeks fromtransplanting. 

Data Gathered 

Weight of marketable lettuce per plant was determined by weighting the marketable parts of the plant. It 

was converted to tonnes per hectare (t/ha) to obtain the yield in a hectare basis. The leaves were weighed for 

fresh weight then it was oven dried to obtain the dry weight. Moisture content was obtained by dividing the 

difference between fresh weight and dry weight divided by fresh weight multiplied by 100. Color 

deterioration was obtained by counting the number of days the produce reach to >25% surface yellowing 

after harvesting. Percent weight loss was obtained by weighing the samples in a daily basis and the 

difference between initial weight and daily weight was divided by the initial weight multiplied by 100. 

Degree of wilting was obtained by counting the number of days the sample reach to severe wilting 
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symptom. Quality loss was obtained by counting the number of days the sample reach to tough texture. 

Visual quality rating was obtained by counting the number of days the samples reach to the limit of 

edibility.Extract of lettuce leaves in different treatments was used to determine itsTSS, pH, and TA (Figure 

2a). The TSS of the filtrate was measured using a digital refractometer (Figure 2b). The actual TSS was 

calculated by multiplying the readings with the dilution factor using the Equation 1. The pH of the filtrate 

was measured using the digital pH meter (Figure 2c) 

Table 1. Fertilization schedule of lettuce. 

Time of Application Fertilizer/Material Method of Application Amount 

Basal Manure Broadcast 1.0 kg/linear meter 

Basal 14-14-14 Drill 15.0 grams/hill 

1 DAT Calcium Nitrate Drench 7.5 grams/liter 

3 DAT Calcium Nitrate Drench 7.5 grams/liter 

5 DAT Calcium Nitrate Drench 7.5 grams/liter 

7 DAT 14-14-14 Side-dress 1.0 grams/hill 

15 DAT 46-0-0 Side-dress 15.0 grams/hill 

Source: East West Seed Group, 2011          DAT = Days After Transplanting  

 

a 

 

b                                                                                           c 

Figure 2. (a) extract of lettuce leaves in each treatment for TSS, pH, and TA analysis; (b) refract meter used 

for TSS analysis; and (c) pH meter used to measure the pH of lettuce extract 
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Ten (10) ml of filtrate was pipetted to and Erlenmeyer flask or beaker and 2 drop of 1% phenolphthalein 

indicator. It was titrated with 0.1N sodium hydroxide (NaOH) to faint pink color and the volume of NaOH 

was recorded. The TA was calculated using the Equation 2 and Equation 3 where V (volume of NaOH 

added, ml), N (concentration of NaOH, normality), M (milliequivalent weight of predominant acid, g/meq), 

and W (weight equivalent of aliquot, g). 

 

 

Fresh sample leaves in every treatment of lettuce were prepared and submitted for chlorophyll a and b 

analyses. Leaf samples per treatment were oven dried and powdered for sugar and starch analysis. All 

samples were submitted to Central Analytical Services Laboratory, PhilRootcrops Complex, Visayas State 

University, Baybay City Leyte. The data were analyzed statistically and the presence of significant 

differences among treatments was determined using Analysis of Variance arranged in RCBD. Comparison 

between treatment means was determined using Duncan’s Multiple Range Test (DMRT) at 5% level of 

significance. 

RESULTS AND DISCUSSION 

Yield and Moisture Content   

Data on yield and moisture content is presented in Table 2. Results show that there are no significant effects 

of the treatments on the yield and moisture content of lettuce.Based on the p-value, there is enough evidence 

to fail to reject the null hypothesis in terms of yield and moisture content (Table 2).As reported also by 

Jamil et al. (2007), NaCl did not significantly influenced on leaf water contents. The influence of salinity 

stress on crop production is normallyrevealed by the crops’ tolerance levelthat shows no effect on 

productivity until salinity reaches the threshold level, beyond which there is a linear decrease in yield as soil 

salinity increases (Maas and Grattan, 1999). However, by descriptive observation in this experiment, plants 

exposed to salinity stress reduced yield compared to control. Some salts are also plant nutrients, thus 

elevated salt levels in the soil can enhance or upset the balance of nutrients in the crops or interfere nutrient 

uptake of some essential nutrients (Blaylock, 1994).Saline conditions in the soil also influence 

photosynthetic activity particularly through the decrease in leaf length and width, chlorophyll concentration 

and conductance of stomates, and a reduced in efficiency of photo system II (Netondo et al., 2004).The 

saline growing media results to various adverse effects on plant growth and development, due to osmotic 

stress of the soil, salt stress, unbalance nutrition, or a combination of these factors (Ashraf, 2004). All these 

factors cause antagonistic effects on plant growth and development at physiological and biochemical levels 

(Munns and James, 2003), and at the molecular level (Tester and Davenport, 2003). 

Physical Characteristics 

Data on postharvest physical characteristics of lettuce is presented in Table 3. Results show that there are no 

significant effectsof the treatments on color deterioration, percent weight loss, wilting, texture, and 

VQR(Figure 3, Table 3).Based on the p-value, there is enough evidence to fail to reject the null hypothesis 

in terms of physical characteristics of harvested lettuce (Table 3).As the salt level in the soil gets closerto 

the roots, water is less likely to enter the root system and pulled back to the soil, thus, plants are not able to 
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absorb enough water to for its growth and development and the plants wilts and die even more water is 

being applied to them (Provin and Pitt, 2012). Saline soil leads to cellular dehydration of the plant system, 

which resulted to osmotic stress and loss of water from the cell cytoplasm resulting in a reduction of the 

cytosolic and vacuolar volumes. Salt stress often creates both ionic as well as osmotic stress in crops, 

resulting in accumulation and reduction of specific secondary metabolites in crops (Mahajan and Tuteja, 

2005). Parida and Das (2004) also reported that anthocyanins will increase in response to salinity stress. In 

contrast, salt stress reduced anthocyanin level in some salt-sensitive plants (Daneshmand et al., 

2010).Correspondingly, this study agrees with the results of Barthaet al. (2015)that’s odium accumulation 

contributes to salinity stress tolerance in some lettuce varieties. 

Table 2. Yield and moisture content of lettuce as influenced by different salinity levels of growing medium. 

Treatments Above ground fresh weight 

(g)/plant 

Yield (t/ha) Leaf MC (%) 

T0-control 78.07 12.07 94.80 

T1-     500 ppm 70.93 11.66 95.14 

T2- 1,000 ppm 49.67 7.81 95.01 

T3- 5,000 ppm 65.78 11.69 94.23 

T4-10,000 ppm 55.15 9.90 95.58 

P-value 0.2105 0.3374 0.7441 

CV (%) 22.92 25.17 1.29 

Means within the same column followed by a common/without letter are not significantly different from 

each other at 5% level using DMRT. 

 

T0                          T1                               T2                          T3                                T4 

Figure 3. Appearance of lettuce as influenced by different salinity levels of growing medium 
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Table 3. Postharvest physical characteristics of lettuce as influenced by different salinity levels of growing 

medium. 

Treatment

s 

Color 

deterioratio

n (days) 

Percent weight loss (%) Wiltin

g 

(days) 

Texture 

(days) 

VQR 

(days) 
Day 1 Day 2 Day 3 Day 4 Day 5 

T0-control 5.00 33.01 41.17 48.31 53.97 59.09 4.67 4.67 4.67 

T1-500 

ppm 

6.00 32.25 39.99 47.62 54.62 60.58 4.33 4.33 4.33 

T2-1,000 

ppm 

6.00 30.24 38.73 46.52 54.41 60.35 4.67 4.33 4.33 

T3-5,000 

ppm 

6.00 30.58 34.53 44.33 49.87 54.93 5.33 5.00 4.33 

T4-10,000 

ppm 

6.00 23.58 36.38 38.85 45.97 52.42 5.00 4.67 4.33 

P-value 0.4609 0.1573 0.8033 0.1890 0.2234 0.2755 0.1397 0.7787 0.8651 

CV (%) 13.36 14.52 19.32 10.39 9.44 8.76 8.92 15.88 10.58 

Means within the same column followed by a common/without letter are not significantly different from 

each other at 5% level using DMRT. 

Biochemical Properties  

Data on biochemical properties of harvested lettuce is presented in Table 4. Result shows that there is a 

significant difference among treatments considered on initial TSS and final pHof lettuce.Based on the p-

value, there is enough evidence to reject the null hypothesis in terms of initial TSS and final pH of harvested 

lettuce (Table 4). However, no significant differences were observed on initial pH, final TSS, initial and 

final TA, chlorophyll content, percent sugar and percent starch of lettuce leaves. Based on the p-value, there 

is enough evidence to fail to reject the null hypothesis in terms of biochemical properties of harvested 

lettuce except on initial TSS and final pH (Table 4).Lettuce not exposed to salinity stress obtained 

significantly higher initial TSS and final pH. However, those exposed in 10,000 ppm salinity level 

significantly decreases initial TSS and final pH in lettuce leaves. The saline growth medium results to many 

adverse effects on crop growth and development, due to a low osmotic potential of soil solution, specific ion 

effects, and nutrient imbalances (Ashraf, 2004). Soil salinity significantly decreases the amount of 

phosphorus (P) in plants and the uptake of this nutrient because phosphate ions precipitate with Ca ions 

(Bano and Fatima, 2009). Extreme accumulation of sodium (Na) in cell walls can quickly results to osmotic 

stress and death of plant cells (Munns, 2002). 

Table 4. Biochemical properties of harvested lettuce as influenced by different salinity levels of growing 

medium. 

 Initial Final Chl A 

(mg/g) 

Chl B 

(mg/g) 

Sugar 

(%) 

Starch 

(%) 
Treatment TSS  

(Brix) 

pH TA TSS 

(Brix) 

pH TA 

T0-control 2.10a 6.16 0.22 1.60 6.27ab 0.30 3.72 0.83 12.80 11.38 

T1-     500 1.77b 6.23 0.20 1.13 6.31 a 0.26 2.71 0.59 9.55 8.15 
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ppm 

T2- 1,000 

ppm 

1.60bc 6.17 0.24 1.30 6.26 

ab 

0.34 3.55 0.78 11.58 9.38 

T3- 5,000 

ppm 

1.87ab 6.24 0.17 1.73 6.11c 0.32 2.74 0.63 10.15 10.88 

T4-10,000 

ppm 

1.47c 6.22 0.19 1.37 6.16bc 0.28 3.06 0.79 8.18 13.09 

P-value 0.0044 0.3182 0.2819 0.4182 0.0098 0.8483 0.3237 0.3787 0.1550 0.6168 

CV (%) 7.93 0.84 17.09 27.71 0.86 30.38 21.68 23.46 19.89 37.24 

Means within the same column followed by a common/without letter are not significantly different from each 

other at 5% level using DMRT. 

CONCLUSIONS AND RECOMMENDATIONS 

Salinity stress did not significantly influence on yield, leaf moisture content, color deterioration, percent 

weight loss, wilting, texture and VQR of harvested lettuce. Furthermore, it also did not significantly 

influence on some biochemical properties specifically on initial pH and TA, final TSS and TA, leaf 

chlorophyll,and sugar and starch content of leaves.Lettuce planted in non-saline soil condition obtained 

significantly higher initial TSS in its leaves after harvesting. It is recommended to farmers producing lettuce 

in backyard or commercial scales that lettuce can be planted on soils with zero (0) to 10,000 ppm NaCl 

without impairing its growth, yield, physical characteristics, and some biochemical properties of harvested 

lettuce specifically on the leaf TA, chlorophyll, sugar, and starch content. Further studies should be 

conducted with higher concentrations of NaCl on different varietal trials in hydroponics system, potting 

mixes, and directly in the farm plots. 
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