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ABSTRACT  
Lettuce leaf color is a hereditary trait, and among environmental factors, light/radiation and 

temperature are the two most influential climatic variables. This research is based on the effect of 

the application of photoselective nets of different densities, that is, with different percentages of 

shading, on leaf coloration and relative water content (RWC) at lettuce maturation. Three nets with 

different shading percentages were used, namely green nets with a shade of 50% and 35% and one 

white net with a shade of 50%, and plants without shading were used as controls. To determine the 

full effect of the application of nets on the production of summer lettuce, the experiment was 

conducted in two planting periods: May-June and September-October 2021 with lettuce Zeralda F1 

and Abbice F1 in the greenhouse. Colorimetry was performed on three occasions, every seven days, 

and in the phase when 70% and 80% of the plant mass was reached. Regarding the color of the 

leaves, it was shown that in the second period of cultivation at the end of the vegetation, a 

difference in the intensity of the color was found, that is, the net with stronger shading (G50) 

showed a stronger intensity of lettuce color compared to the other tested variants. RWC was quite 

different depending on the variant in the first growing period, while in the second growing period, 

the highest was in the control plants (89.48%) and those under nets with 50% shade (77.69%).  
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INTRODUCTION  

Lettuce crops are exposed to significant variations in their environmental conditions. Early 

spring, late autumn, and even winter lettuce production can be successfully achieved in high tunnels 

in temperate climates (Gent, 2002), but less potential is recognized for extending seasonal 

production to hot summer months. In addition to temperature, lettuce production depends mostly on 

light (Dufault et al., 2009) and on the quality and intensity of light (Ilić & Fallik, 2017). Wang et al. 

(2021) concluded that the direction of illumination has a strong influence on the morphological 

characteristics of lettuce, with the plants adapting to changes in light conditions. Excessive solar 

radiation leads to abiotic stress and is caused by climate change, especially global temperature 

increases (Mditshwa et al. 2019; Gowdy, 2020). Therefore, innovative practices have been 

developed to mitigate the rise in temperature and light intensity, as well as new cultivars that can be 

produced in summer. One of the most effective control methods is the use of photoselective nets 

(Selahle et al. 2014). Shading nets, owing to their ability to reduce light intensity, modify light, and 

thus reduce temperature, are effective in prolonging the growing season and improving quality 

(Briassoulis et al. 2007; Shahak, 2014). The radiometric properties of nets depend on their porosity 

and color. In addition to affecting the amount of radiation, the photoselective net can also transform 

radiation from direct to scattered light, allowing light to penetrate plants (Stamps, 2009). This 

prevents burns, offers a moderate cooling effect and improves pest control (Shahak, 2008). The 

shading of the photoselective net varies from 20 to 70% depending on the greater or lesser 

permeability to solar radiation (Briassoulis et al. 2007). Holcman & Sentelhac (2013) found that the 

type and color of shading nets affect the microclimate below the grid, mainly the intensity and 
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quality of solar radiation. Obviously, the higher the percentage of shading, the more radiation will 

be blocked. Reduced light intensity affects the temperature (air, plants, and soil) and relative 

humidity (Stamps, 2009). 

Plants under the nets acclimatize, creating larger and thinner leaves with a triple increase in 

the chlorophyll content. On the other hand, owing to the reduction of light, plants trigger several 

compensatory mechanisms, with a significant increase in photosynthetic pigments. Leaves with 

more pigments show higher light absorption per unit leaf mass, which can provide plants with a 

better carbon balance due to light limitations, which also affects leaf color and the relative water 

capacity of leaves (RWC) (Ilić et al. 2021). 

 

MATERIAL AND METHODS  

The experiment was conducted under controlled conditions in the greenhouse of the Faculty 

of Agriculture in Banja Luka. The greenhouse belongs to the category of unheated greenhouses. 

This research is based on the effect of the application of photoselective nets of different densities, 

that is, with different percentages of shading, on the colorimetric changes of the leaves and the 

relative water capacity of lettuce leaves. Three nets with different shading percentages were used, 

namely green nets with a shade percentage of 50% (G50), 35% (G35), and one white net with a 

shade percentage of 50% (GW), and plants without shading were used as controls (C). To determine 

the full effect of the application of nets on the production of summer lettuce, the experiment was 

conducted in two planting periods: May-June and September-October 2021. Two cultivars of the 

were used in the experiment: Zeralda F1 ("Vilmorin seed company,” France) and Abbice F1 

("Vilmorin seed company,” France). Forty plants of both hybrids were placed under shading nets 

and the control group was without shading net. During the cultivation process, agro-technical 

measures were applied, which were in line with the principles of organic production.  

Colorimetric analyses were performed in a greenhouse, and the relative water content in the 

leaf (RWC) was determined in the Laboratory for Soil Analysis of the Faculty of Agriculture, 

University of Banja Luka. Colorimetry was performed using a colorimeter brand WR18/4-8 (FRU) 

on three occasions, every seven days, and in the phase when 70% and 80% of the plant mass was 

reached (from BBCH_41 to BBCH_49) (Meier, 2001). Graphic cards were obtained by entering the 

colorimetric values a*, b*, and L* into the Lab tool option of the Corel Draw x8 program. The 

values of a*, b*, and L* were converted to the closest values of the standard colors. To determine 

the relative water content of the leaves (RWC), lettuce leaves were weighed immediately after 

picking (fresh leaf mass, FW). The weighed leaves were then placed in distilled water until 

completely hydrated (full turgid weight, TW), and then the dried and dried leaves (DW) were 

weighed. All average weights were measured with an analytical balance to the nearest 0.0001 g of 

Kern. The final value was calculated according to the formula: RWC (%)= [(FW-DW)/(TW-

DW)]x100 (Weatherley, 1950). Biometric analyses and graphical data processing were performed 

using the software package SPSS version 22 (IBM, 2013). 

 

RESULTS AND DISCUSSION  

Colorimetric display of leaf color change 

 The amount and distribution of plant pigments (chlorophyll and anthocyanins) significantly 

affect the color of lettuce leaves (Gazula et al. 2007). Unfavorable conditions in which lettuce is 

grown can also affect leaf color. Often, due to high summer temperatures and strong intensity of 

sunlight, central nerve discoloration occurs, which reduces the market value of lettuce (Ilić et al. 

2017). 
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Figure 1. Change of leaf color from BBCH_41 (left) to BBCH_49 (right) in first production period May-June 

2021 

From the presented results, it is evident that during the first period of cultivation (Figure 1). 

There were no significant differences in the color of the lettuce among the tested variants. At the 

end of the vegetation period (BBCH_49), a slightly lighter leaf color was observed compared to the 

color of the vegetation. Minor differences were found between the examined hybrids, that is, 

Zeralda F1 had, on average, a darker leaf compared to Abbice F1. During the second cultivation 

period (Figure 2) at the end of the vegetation (BBCH_49), differences in color intensity were 

determined, that is, nets with stronger shading (G50) showed a stronger intensity of lettuce color 

compared to other tested variants. 

 

Figure 2. Change of leaf color from BBCH_41 (left) to BBCH_49 (right) in the second production 

period September-October 2021 

If we compare the seasons of lettuce production in terms of color intensity, we can conclude 

that at the end of the growing season in the summer season, a greater intensity of green color was 

observed than at the end of the growing season in the autumn planting period. Lara et al. (2020) by 

growing spinach under red, blue and gray photoselective nets with 65% shade showed that the nets 

affected the color intensity of leafy vegetables. 
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Relative water content 

Relative water content (RWC) provides a measurement of the "water deficit" of the leaf and 

can indicate the level of stress due to drought or high temperatures and the plant's response to it. It 

is very important for lettuce to remain well hydrated during long storage periods to maintain its 

sensory properties such as texture and appearance. Butter lettuce is more sensitive to water loss than 

other lettuce varieties such as crystal lettuce (Saltveit, 2004). 

 

Graph 1. Relative water content (RWC) in leaves (%) 

  

 Based on the obtained results, in the first period of cultivation, Abbica F1 had the highest 

percentage of RWC under green nets with 50% shade (96.48%), whereas in the case of Zeralda F1, 

the highest percentage of RWC was noted in the control group (85.2%). For Abbica F1 (70.29%) 

and Zeralda F1 (64.34%), the lowest percentage of relative water content was determined using 

white nets (GW). In the second growing season, Abbica F1 had the highest RWC in the control 

group (89.48%), whereas in the case of Zeralda F1, the highest value of this parameter was 

measured in plants that were under nets with 50% shade (77.69%). It should be noted that, with this 

hybrid, approximate values were also obtained for the control group, but also with white nets. In 

contrast, in Abbica F1, the lowest percentage of RWC was in plants under the net with a shading 

percentage of 35% (73.36%), and in Zeralda F1, in plants growing under a net with a shading 

percentage of 35% (63.33%). Abbice F1 had a higher relative water content in leaves during both 

growing periods than Zeralda F1. During the summer period, the highest relative water content in 

the leaf was registered in G50 nets, when it comes to Abbice F1, while in case of growing Zeralda 

F1, the control group (unshaded plants) had the highest relative water content in the leaf. Different 

results were found in the second period of production, where in Abbica F1, the highest relative 

water content in the leaf was recorded in the control group, whereas in Zeralda F1, the highest 

relative water content in the leaf was determined in plants that were covered with G50 net. It should 

also be noted that the relative water content in the leaves of Zeralda F1 in control plants, as well as 

in the plants covered with a white net (GW), is at the same level as the relative water content in the 

leaves of the plants that were covered with the G50 net. On the other hand, Zeralda F1 nets had a 

certain influence on the relative water content in the leaf, with the best results observed with G50 

nets, as well as with white nets (GW). 

 The results obtained in our research show that the average relative water capacity of lettuce 

hybrids in this research is, in most cases, lower than that reported in the literature (Esparza Rivera et 

al. 2006), except for Abbica F1 under the net with 50% shading in the first period of production, 

where the RWC was over 95%. Đekić et al. (2022) had the average RWC in control lettuce plants 

grown at autumn period of 90.69%, while in plants below shading net of 50% density it was lower 

(82.73%) which in general, was a slightly higher RWC on the same hybrids. 
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CONCLUSIONS  

In the summer growing season, there were no visible differences between the treatments in the 

color of lettuce leaves. In the second season, in the end, it was shown some differences in color 

intensity, where the nets with stronger shading (G50) showed a stronger color intensity compared to 

the control, white and net with a shade index of 35%. 

In addition, there were differences between seasons in the average relative water content in 

the leaves, where higher values of this parameter were observed during the summer production of 

lettuce. RWC was quite different depending on the variant in the first growing period; Abbica F1 

had the highest percentage of RWC under green nets with 50% shade (96.48%), whereas Zeralda F1 

had the highest percentage of RWC in the control group (85.2%). In the second growing period, the 

highest percentage was observed in the control plants (89.48%) and those under nets with 50% 

shade (77.69%).  

From the research data thus far, it can be seen that it is still necessary to examine the influence 

of different colors and densities of shading nets on vegetables. 

 

ACKNOWLEDGMENTS  

This research was supported by the Ministry of Scientific and Technological Development, 

Higher Education and Information Society of the Republic of Srpska through the project 

"Controlling the quality of light and its impact on the growth and development of vegetables using 

photoselective nets". 

 

REFERENCES  
Briassoulis, D., Mistriotis, A. & Eleftherakis, D. (2007). Mechanical behavior and properties of 

agricultural nets. Part II: analysis of the performance of the main categories of agricultural nets. 

Polymer Testing, 26(8), 970-984. 

Đekić N., Todorović V., Moravčević Đ., Bosančić B. & Sladoje J. (2022). Influence of shading net 

on chlorophyll content, relative water content and weight of lettuce Book of Proceedings AgroReS 

2022:81-88. 

Dufault, R.J., Ward, B. & Hassell, R.L. (2009). Dynamic relationships between field temperatures 

and romaine lettuce yield and head quality. Sci. Hortic. 120, 452–459. 

Esparza Rivera, J.,R, Stone, M.B, Stushnoff, C., Pilon-Smits, E. & Kendall, P. A. (2006). Effects of 

Ascorbic Acid Applied by Two Hydrocooling Methods on Physical and Chemical Properties of 

Green Leaf Lettuce Stored at 5°C. JOURNAL OF FOOD SCIENCE—Vol. 71, Nr. 3. 

Gazula, A., Kleinhenz, M., D., Scheerens, J., C. & Ling, P. (2007). Anthocyanin Levels in Nine 

Lettuce (Lactuca sativa) Cultivars: Influence of Planting Date and Relations among Analytic, 

Instrumented, and Visual Assessments of Color, HortScience, Volume 42: Issue 2.  

Gent, M.P.N. (2002). Growth and composition of salad greens as affected by organic compared to 

nitrate fertilizer and by environment in high tunnels. J. Plant Nutr. 25, 981–998. 

Gowdy, J. (2020). Our Hunter-gatherer future: Climate change, agriculture and uncivilization. 

Future, 115(1), 102488. 

Holcman, E. & Sentelhas, P. C. (2013). Bromeliads production in greenhouses associated to 

different shading screens. Hortic. Bras. 31(3),386–391.  

IBM Corp. (2013) IBM SPSS Statistics for Windows, Version 22.0. IBM Corp., Armonk, NY. 

Ilić, S. Z., Milenković, L., Dimitrijević, A., Stanojević, L., Cvetković, D., Kevrešan, Ž., Fallik, E. & 

Mastilović, J. (2017). Light modification by color nets improve quality of lettuce from summer 

production. Scientia horticulturae, 226, pp.389-397.  

Ilić, Z. S. & Fallik, E., (2017). Light quality manipulation improve vegetables quality at har-vest 

and postharvest. A review. Environ. Exp. Bot. 139, 79–90. 



Todorovic et al. 

 29 

Ilić, Z. S., Milenković, L., Šunić, L., Tmušić, N., Mastilović, J., Kevrešan, Ž., Stanojević L., 

Danilović, B. & Stanojević, J. (2021). Efficiency of Basil Essential Oil Antimicrobial Agents under 

Different Shading Treatments and Harvest Times. Agronomy 2021, 11: 1574. 

Lara, O. A., Amor´os, A., Tapia, M. L. & Escalona, V. H. (2020). Effect of a photoselective filter 

on the yield and postharvest quality of ’Viroflay’ baby spinach (Spinacia oleracea L.) leaves 

cultivated in a hydroponic system.Scientia Horticulturae 277, 109-804. 

Mditshwa, A., Magwaza, L. S. & Tesfay, S. Z. (2019). Shade netting on subtropical fruit: Effect on 

environmental conditions, tree physiology and fruit quality. Scientia Horticulturae, 256(1), 

e108556. 

Meier, U. (2001). BBCH-Monograph: growth stages of mono-and dicotyledonous plants (p. 158). 

Technical Report, 2 Edn. Federal Biological Research Centre for Agriculture and Forestry. 

Saltveit, M. E. (2004). Ethylene effects. United States Dept. of Agriculture, Agriculture Handbook 

66. 

Selahle, M. K., Sivakumar, D. & Soudy P. (2014). Effect of photo-selective nettings on postharvest 

quality and bioactive compounds in selected tomato cultivars. Journal of the Science of Food and 

Agriculture, 94(11), 2187-2195. 

Shahak, Y. (2008). Photoselective netting for improved performance of horticultural crops: na 

review of ornamental and vegetable studies carried out in Israel. Acta Hortic. 770, 161–168. 

Shahak, Y. (2014). Photoselective netting: An overview of the concept, r and d and practical 

implementation in agriculture. Acta Hortic. 1015, 155–162. 

Stamps, R. H. (2009). Use of colored shade netting in horticulture. Hort Science 44, 239–241. 

Wang, M., Wei, H. & Jeong, B.R. (2021). Lighting Direction Affects Leaf Morphology, Stomatal 

Characteristics, and Physiology of Head Lettuce (Lactuca sativa L.). Int. J. Mol. Sci. 22, 3157. 

Weatherley, P. (1950). Studies in the water relations of the cotton plant. I. The field measurement of 

water deficits in leaves. New Phytologist, 81-97. 
 

 

 

 

 

 

 

 


