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ABSTRACT 

The field study was carried out to determine the effects of plastic mulch color on the total soluble solids, total 

sugars and chlorophyll content of lettuce. The experiment was laid out according to a split plot design following 

the randomized complete block design. Two lettuce varieties were evaluated which served as the main 

treatments and the color of the plastic served as the sub treatments. The colors of the plastic mulch used in the 

experiment were silver (control), red, orange, yellow and green. Results revealed that Romaine variety had 

better response in terms of the total soluble solids, total sugars and chlorophyll content. Lettuce grown with red 

plastic mulch had a higher total soluble solids compared with the other color of plastic mulch. However, lettuce 

grown with yellow plastic mulch had better total sugars and chlorophyll content compared with the other colors 

of plastic mulch. It was concluded that the plastic mulch color significantly affected the performance of the 

lettuce total soluble solids, total sugars and chlorophyll content. 
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INTRODUCTION 

Lettuce (Lactuca sativa L.) comes the family Asteraceae. It is one of the most important crops in the 

world. This crop is synonymous to salad for most people in the world. Lettuce is produced 

commercially in many countries worldwide and widely grown as vegetable in home gardens 

(Rubatzky, Yamaguchi,  1997). It is especially important as a commercial crop in the whole world 

(Lebeda et al., 2007; Mou, 2008). The color of the mulch is a big determinant in the microclimate 

around the plant. Black, silver and white are the color of plastic mulches predominantly used in 

vegetable production. Other colors of plastic mulch may affect the growth and development of certain 

crops. Red, brown, blue and other colored mulch could be a potential material to increased yield of 

certain vegetables. Growth of lettuce could possibly be affected by the microclimate modification 

through differences in the spectral balance of each color of the plastic mulch. The difference of the 

light spectrum that was reflected from the color of the plastic mulch suggests that plants are affected 

by the little changes in the microenvironment which was induced by the surface mulch color (Yazied 

and Mady, 2011). The light color that is perceived by the plant can possibly influence the 

development of the plants including its physiological characteristics. Fatemi et.al., (2013) reported 

that the chlorophyll content of Cucurbita pepo was increased when grown with colored polyethylene 

mulch. The color of the mulch had significant effect on the chlorophyll a, b and carotenoid content. 

According to Wang et. al, (1998) the chlorophyll content of strawberry was highest when grown in 

fred plastic mulch compared with other colors of plastic mulch. The color of the mulch has been 

found recently to have a significant effect on the fruit quality. It was found out increased the total 

soluble solids, total phenolics, flavonols and anthocyanins (Coventry et al., 2003). Altering the color 

of the mulch could also change the chemical compound present in plants such as anthocyanins, total 

phenolics and total soluble solids (Kasperbauer and Loughrin (2004).Thus, this study was conducted 

to determine the effects of the colored plastic mulch on the total soluble solids, total sugars and 

chlorophyll content of lettuce. 

METHODOLOGY 

Description of the Study Location 

The study was conducted at the vegetable experimental station of the University of the Philippines 

Los Bańos. 
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Seedling Preparation, Experimental Designs and Treatments 

Lettuce seeds were sown in seedling trays with soil media composed of 1 part garden soil, 1 part 

carbonized rice hull and 1 part compost.One week old lettuce seedlings were pricked to ensure 

individual seedlings in the trays. This was done for proper growth of the seedlings. The trial was set 

up using the Split plot design following the Randomized Complete Block Design replicated three 

times. The following treatments were used in the study; variety (Looseleaf and Romaine), color 

(silver, red, orange, yellow and green).  

Field Preparations 

The field was plowed and harrowed and plots were made at five square meters per treatment. Plastic 

mulch were placed in all the plots and secured within the soil. Holes were made where the seedlings 

were planted. A pressurized sprayer was used to paint the plastic mulch with different colors with the 

corresponding treatments. 

Transplanting and Maintenance of the Trial 

Prior to planting, basal application of complete fertilizer (14-14-14) was done. Four week old lettuce 

seedlings were transplanted with 45 x 20 cm spacing and this was performed late in the afternoon to 

avoid transplantation shock. Two weeks after transplanting, the lettuce was applied with 5 grams of 

urea (46-0-0) per plant. Watering was done regularly to ensure proper soil moisture and growth of the 

plants. 

Data Gathered 

The total soluble solids, this was determined from the extracted juice of representative leaf samples 

using a handheld refractometer (Atago N). The leaf chlorophyll content of the species was obtained 

by collecting one leaf sample of the same sizes with six replications. The samples were put into vial 

with 10 mL 80% acetone and were kept cool in the dark at 4°C. The absorbance of the extracts were 

read at wavelengths of 663 nm and 645 nm using UV2100, UVVIS Recording Spectrophotometer 

(Shimadzu, Japan). Arnon’s equation (Arnon 1949). For total sugars, analysis was done using the 

Phenol sulfuric acid method as described by (Buysse and Merckx, 1993).   

Statistical Analysis 

Data analysis was performed using the Analysis of Variance (ANOVA) and Least Significant 

Differences (LSD) of the Statistical Analysis System (SAS 9.1) software. 

RESULTS AND DISCUSSIONS 

Total Soluble Solids 

Total soluble solids or brix is the refractometer reading indicating the percentage dissolved solids 

contained in the juice being measured and an indication of sugar content.   

The two lettuce varieties had a highly significant variation in their total soluble solids which shows 

that Romaine had higher total soluble solids (5.41%) compared with Looseleaf lettuce (4.59%). 

According to Crop Services International (2014) the higher the brix reading the better the health and 

expression of the plant’s genetic potential. The significant variation in the total soluble solids of the 

two lettuce varieties may be a result of their differences in their genetic make-up. 

Highly significant variation was observed  in total soluble solids content of lettuce within the different 

colored plastic mulch. The highest value was found in lettuce grown with red plastic mulch (6.04%). 

This were followed by those grown with yellow, silver and green plastic mulch which were not 

significantly different from each other having a total soluble solids of 4.91%, 4.84% and 4.84% 

respectively. The least value was observed within the plants grown with orange plastic mulch  with 

4.38% (Table 1). 

Means in the same column or row followed by a common letter(s) are not significantly different at 5% 

level by LSD 

This means that the color of the mulch had influence the total soluble solids content of the lettuce. 

Posada et.al.,(2011) reported that the total soluble solids measured in strawberry fruits showed a 

significant variations among the different colored plastic mulch. Those grown with red mulch had 
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higher total soluble solids  compared with the other colored mulch (silver, blue and yellow). The 

dominant result of red plastic mulch could be attributed to the quality of light that was reflected from 

the color of the mulch since a certain wavelength of light reflects onto the plants that influenced  

physiochemical characteristics such as the content in total soluble solids. The different colored plastic 

mulch reflected different ratios of far red to red (Bradburne et.al.,1989; Kasperbauer and Wilkinson, 

1995; Kasperbauer, 2000; Antonious and Kasperbauer, 2001; Decoteau, 2007). The red and green 

plastic mulch was found to have higher ratios of FR/R compared with the other colored plastic mulch. 

Kasperbaeur et.al.,(2001) concluded that FR and the FR and R ratio in light reflected from the red 

plastic mulch acted through the natural phytochrome system within the growing plants that modifies 

the gene expression which results to improved phytonutrients, flavor and sweetness. Red and Far red 

light is captured by phytochrome (Kasperbauer et.al.,2001) which triggers a series of chemical 

modifications including sweetness of fruits. This may be the reason for the higher values of total 

soluble solids in lettuce grown within the red plastic mulch.  

Table1.  Total soluble solids (% Brix) of leaf lettuce grown with different colored plastic mulch  

MULCH COLOR VARIETY MEAN 

Looseleaf Lettuce Romaine Lettuce 

Silver 4.30b 5.39b 4.84b 

Red 5.48a 6.60a 6.04a 

Orange 4.25b 4.51c 4.38c 

Yellow 4.36b 5.46b 4.91b 

Green 4.58b 5.10b 4.84b 

Mean 4.59b 5.41a  

In strawberry, the proportion of red and far red light radiation reflected by the red mulch contributes 

to the improved fruit quality and sweetness due to the activity of saccharose phosphate synthase  

(Kasperbauer et.al.,2001). However, they pointed out that the activity of this enzyme is not 

determined by phytochrome in all plants. In corn but not in soybeans or sugar beans, Vassey (1988) 

found  the involvement of phytochrome in the activity of saccharose phosphate synthase. In tobacco, 

another enzyme (fructose 1-6 bisphosphatase) was reported to be mediated and regulated by 

phytochrome (Lee and Hann, 2002; cited by Posada et.al., 2011). These phytochrome regulated 

enzymes could also be related to the  improved sweetness of the plants which could explain the 

improved sweetness and higher total soluble solids or bix found in lettuce grown with red plastic 

mulch. Posada et.al., (2011) pointed out that the positive effects of red mulch could be due to the 

increased absorption of red and far red light by the phytochrome. Another factor which could affect 

the brix levels or total soluble solids in vegetables is the environmental conditions such as light and 

temperature. Exposure of various environmental conditions such as light, temperature and moisture 

and their combinations could influence the amount of soluble solids (mostly sugars) in marketable 

leaves, fruits, tubers and roots of vegetables. These environmental factors interacts to set a rate of 

sugar production affecting the sweetness of the vegetables and fruits (Kleinhenz and Bumgarner, 

2012). This may explain also the reason for the significant differences on the amount of total soluble 

solids of lettuce grown within the different colored plastic mulch since the color of the mulch could 

modify the plant microenvironment affecting its growth and development ( Tarara, 2000; Kasperbauer 

et.al.,1987). 

Differences in the interaction effect between the varieties and colored plastic mulch were observed to 

be highly significant. Romaine grown with red plastic mulch had the highest value of 6.60%. In 

Looseleaf, a higher value was also noted when grown with red plastic mulch (5.48%). The least value 

was observed in Looseleaf grown with orange plastic mulch (4.25%). 

Total Sugars (% of Glucose) 

The two lettuce varieties had highly significant differences in terms of total sugars (% of glucose). 

Romaine had higher total sugars (0.60) while Looseleaf had (0.40). 

Highly significant differences were evident in the total sugars from lettuce grown with different 

colored plastic mulch. Those grown with yellow plastic mulch gave the highest with 0.72. This was 

followed by those grown with red and silver plastic mulch with 0.55 and 0.44 respectively. A lower 

value was found within green and orange plastic mulch with 0.40 and 0.38 (Table 2).  
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Table2. Total sugars (% glucose) of leaf lettuce grown with different colored plastic mulch 

MULCH COLOR VARIETY MEAN 

Looseleaf Lettuce Romaine Lettuce 

Silver 0.33b 0.55b 0.44c 

Red 0.53a 0.58b 0.55b 

Orange 0.33b 0.44d 0.38d 

Yellow 0.52a 0.93a 0.72a 

Green 0.30b 0.50c 0.40d 

Mean 0.405b 0.602a  

Means in the same column or row followed by a common letter(s) are not significantly different at 5% 

level by LSD 

The differences in the total sugars in lettuce grown with different colored plastic mulch could be due 

to the differences in the spectral quality of  light reflected on the leaves of the plants which affects the 

photosynthate partitioning and sugar accumulation in lettuce leaves. It should be noted that different 

colors reflect different patterns of  light such in the case of color mulch which could modify the 

amount of total sugars present in the leaves. Concentrations of sugars in plant leaves were altered by 

the ratio of FR/R recieved by the leaves (Antonoius et.al., 1996). This alteration could also contribute 

to the differences in total sugars present in lettuce leaves as affected by the colored plastic mulch 

because different color of the mulch had different ratios of FR/R.   The result of present study was in 

contradictory to the reports conducted by Wang et. al.,(1998) quoted by Yazied and Mady  (2012) 

which indicated that strawberries grown in red plastic mulch had highest total sugars compared with 

the other colored plastic mulch.  

The combined effect of the varieties and the color of the mulch exhibited highly significant variations 

in terms of the total sugars. Results showed that Romaine grown with yellow mulch had the highest 

total sugars (0.93). However, in Looseleaf, highest total sugars was observed in lettuce when grown 

with red plastic mulch (0.53). The lowest value was recorded in Looseleaf grown with green plastic 

mulch (0.30). 

Chlorophyll – a 

The concentration of chlorophyll a was significantly higher in Romaine (8.00 μg/mL )  compared with 

Looseleaf (6.10 μg/mL). 

The highest amount of chlorophyll a was obtained within the yellow plastic mulch with (7.92 μg/mL). 

However, this was not significantly different with red plastic mulch (7.77 μg/mL). Lettuce grown with 

the green plastic mulch followed (7.13 μg/mL). Silver (6.42 μg/mL) and orange (6.02 μg/mL) plastic 

mulch did not differ significantly and the lettuce grown within those color of mulch had  the least 

values of chlorophyll a concentration (Table 3). 

Table3. Chlorophyll a concentration (μg/mL) of leaf lettuce grown with different colored plastic mulch in 

Vegetable Crop Division experimental station UPLB 



MULCH COLOR
VARIETY 

MEANLooseleaf Lettuce Romaine Lettuce 

Silver 5.30b 7.55c 6.42c 

Red 7.03a 8.51b 7.77a 

Orange 5.95ab 6.09d 6.02c 

Yellow 6.45a 9.39a 7.92a 

Green 5.79ab 8.47b 7.13b 

Mean 6.10b 8.00a  

Means in the same column or row followed by a common letter(s) are not significantly different at 5% 

level by LSD 

The result indicates that the color of the mulch had influenced the concentration of chlorophyll a in 

lettuce (Panchal et.al., 2001; Yazied and Mady, 2012). The differences in the concentration of 
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chlorophyll a could be due to the spectral distribution of light reflected from the color of the mulch. 

Red plastic mulch produced higher concentrations of chlorophyll a compared with the other colored 

mulch (George et.al., 2011). Similarly in strawberry plants, the chlorophyll content was higher in red 

plastic mulch as compared to the other colored plastic mulch (Wang et.al.,1998). However this has 

not been the case in the present study since those grown with the yellow plastic mulch had higher 

chlorophyll a concentration as compared with the other colored plastic mulch. The reason might be 

due to the differences in the quality and quantity of light transmitted absorbed and reflected from the 

color of the mulch which in turn might affect the plant growth and development including its quality 

(Wang et.al.,1998). 

Chlorophyll – b  

Differences on the concentration of chlorophyll b between the varieties were highly significant. 

Romaine had higher chlorophyll b concentration with 10.74 μg/mL  compared to Looseleaf with 6.44 

μg/mL . The differences in the chlorophyll concentrations between the two varieties could be 

attributed to their differeneces in their genetic make up. 

The different colored plastic mulch significantly affected the chlorophyll b concentration of lettuce. 

Among the different colored plastic mulch, lettuce grown with yellow plastic mulch ( 11.53 μg/mL ) 

was the highest but was not significantly different with those grown with red plastic mulch (9.60 

μg/mL). This was followed by green, orange and silver with 8.96, 7.34 and 5.53 μg/mL  which are not 

significantly different. Light quality and spectral change of solar radiation could affect or change the 

concentration of chlorophyll b (Van et.al.,nd; Zhong Xi et.al., 1999) thus, this could be  the reason for 

the differences in the chlorophyll b concentations of the lettuce plants. Red light induces a higher 

chlorophyll b concentrations in cucumber (Zhong Xi et.al., 1999) and this could be the possible 

reason for the higher concentrations of chlorophyll b in red plastic mulch although lettuce grown with 

yellow plastic mulch had higher concentration of chlorophyll b but it did not differ significantly with 

those grown with the red plastic mulch. 

Table4. Chlorophyll b concentration(μg/mL) of leaf lettuce grown with different colored plastic mulch 

MULCH COLOR VARIETY MEAN 

Looseleaf lettuce Romaine lettuce 

Silver 4.33ab 6.73b 5.53d 

Red 6.62ab 12.59a 9.60ab 

Orange 7.64ab 7.04b 7.34cd 

Yellow 9.33a 13.73a 11.53a 

Green 4.30b 13.63a 8.96bc 

Mean 6.44b 10.74a  

Means in the same column or row followed by a common letter(s) are not significantly different at 5% 

level by LSD 

CONCLUSION  

The color of the plastic mulch has a significant effect on the total soluble solids, total sugars and 

chlorophyll content of lettuce which could be due to the different patterns of light which was reflected 

from the mulch color. 
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