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In this study, the effects of four different color plastic greenhouse treatments on nutrient
concentrations of leaf and fruit, leaf SPAD (Soil and Plant Analyzer Development) values and some
yield parameters of tomato were tried to be determined. For this purpose, plastic greenhouses with
Red (RedG), Blue (BlueG), Colorless (ConG) and white Led (LedG) lighting have been used as
materials in the research. The used plastic greenhouses are 3 m in width, 6 m in length, 2 m in
sidewall height and 2.8 m in roof ridge height. Led lighting is; Three hours of extra lighting is
planned for one hour before sunrise, 2 hours after sunset. The research was carried out in ISUBU
(Isparta), Faculty of Agriculture, field area in the summer season in 2019. The nutrient elements of
K, Ca, Mg, P, Cu, Zn, Mn and Fe were determined in the leaf and of the tomato plant. It has been
determined that four different greenhouse treatments have a positive effect on K, Ca, Cu, Zn, Fe
nutrients in leaf, and K, Ca, P, Mg nutrient in fruit. In terms of SPAD values, all treatments were
determined to be higher than the control treatment. It was determined that the highest SPAD value
was in BlueG treatment. When the efficiency-related values are examined; It was determined that
the highest fruit number, fruit weight and yield were in BlueG treatment. BlueG treatment was
followed by RedG, ConG, and LedG treatment respectively in terms of efficiency. As a result,
considering the effects of four different greenhouse treatments on macro and micronutrient
nutritions SPAD values, and yield values, it was concluded that the most suitable treatments for
tomato cultivation in greenhouses is BlueG treatment and RedG treatment should not be ignored.
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Introduction

Tomato is a member of the Solanecea family and
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handling (Dorais et al., 2001). Tomato production in

cultivated for fresh in the open field and protected
cultivation as an annual crop. Tomato is a very useful
vegetable for human health due to its high content of
antioxidant compounds, vitamins, and minerals. For this
reason, it is one of the basic vegetables in the world. The
world’s annual production of tomato is around 163.4
million tones. Tomato production in Turkey ranks 3 after
China and India with 12.8 million tones (FAO, 2019).
Tomato quality is influenced by genetic and environmental
factors such as climatic conditions; temperature, humidity,
light (Dumas et al., 2003; Caliman et al., 2010), beside
cultural practices such as purring, nutrient concentration,
and frequency of irrigation, harvesting method, maturity
stage at harvest (Kader, 1986; Aktas et al., 2009; Ergun and
Aktas, 2018; Ildir and Aktas, 2018) and postharvest

protected cultivation has expanded to prevent seasonality
in the availability of fruit (Andriolo et al., 1998).
Alterations in light intensity, temperature, and relative
humidity occur in protected cultivation and can affect the
production and the partitioning of photo-assimilates in the
plant and, consequently, the composition of the produced
tomato fruit (lldir and Aktas, 2018).

Light quality and light sources with respect to the plants
have a significant impact on product yield. In addition to
the light source and quality, it acts in light spectrum colors
on plant growth (Massa et al., 2008). It has been put forth
in various studies that the blue and red-light spectrum is the
best for photosynthesis (Tungbilek, 2019).

Chlorophyll reflects the majority of the green
wavelengths and does not use them in photosynthesis.
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Therefore, plants absorb purple-blue and red-light waves
more and use them in photosynthesis (Biiyiik 2018;
Tungbilek, 2019). Plant growth can adaptive to the light
environment; characteristics such as extension growth,
architecture, and leaf morphology change, depending on
the light spectrum. Although blue (B; 400-500 nm) and red
(R; 600-700 nm) light are generally considered the most
efficient wavelengths for eliciting photosynthesis, both are
often required for relatively normal growth (Wollaeger and
Runkle, 2015).

The aim of this work was to study the tomato mineral
nutrition from different colors (red and blue) and Led
lighting under plastic greenhouses during the summer
season growing.

Material and methods

Tomato (Solanum lycopersicum, cv. ‘Torry’) was
tested in simple plastic greenhouses. The study was carried
out in different color plastic greenhouses in the field areas
of Isparta University of Applied Sciences, Faculty of
Agriculture. The study was completed in the summer
production season of 2019. The plastic greenhouses are 3
m in width, 6 m in length, 2 m in sidewall height and 2.8
m in roof ridge height. For this purpose, plastic
greenhouses with Red (RedG), Blue (BlueG), Colorless
(ConG) and White Led (LedG) lighting have been used as
covered materials in the research. Red and blue cover
materials were sprayed with powder paint and all sides of
the greenhouse were painted equally. Led lighting is; Three
hours of extra lighting is planned for one hour before
sunrise, 2 hours after sunset. As a result of these treatments,
the effects of four different greenhouse treatments on
macro and micronutrient uptake, SPAD values and yield
values were tried to be determined. In the study, irrigation,

fertilizer application and maintenance facilities of four
different greenhouse treatments were carried out equally.
During the experiment, the fertilization dosages at the
concentrations below were applied to the plants.

Fertilizer and stock solution concentration; 0-3 / 3-8
cluster stage (mg / L): N: 150/200; K: 200/300; P: 50/60;
Mg: 50/60; Ca: 120/150; Fe: 5.0 / 5.0; Mn: 2.0 / 2.0; Zn:
from 0.25 / 0.25; B: 0.70 / 0.70; Mo: 0.05 / 0.05. The
electrical conductivity (EC, ds/m) is set to 1.5-2.0 and 2.0-
3.0 at 0-3 and 3-8 cluster stages, respectively. The pH was
arranged around 5.5-6.0 by nitric acid. All the nutrient was
given by drip irrigation (lldir and Aktas, 2018). Some
properties of the soils used for the experiments and related
references were given in Table 1.

In order to determine leaf nutrient concentrations
samples were taken from the 5th or 6th leaves from the top
(Geraldson et al., 1973). Sampling was made from all sides
of the plant. In addition, fruit sampling was made to
represent each greenhouse from the fruits that have reached
harvesting maturity. All samples were washed thoroughly
with tap water, dilute acid (0.2 N HCI) and distilled water
to remove surface residues. Leaves and thinly sliced fruits
were put in air flow oven at 65+ 5 °C until stable weight.
Finally, they were grinded to digestion. All plant samples
were wet digested and nutrient concentrations were
measured using atomic absorption spectrophotometer
(Jones et al., 1991).

Leaf greenness (SPAD value) was measured using
Minolta-502 SPAD meter. For this, ten readings were made
from the different leaves of 3rd and 4th blades each reading
is the average of 4 reading values obtained from the same
leaf. Means of 10 readings were accepted as a replication.
Statistical evaluations of the results were made using
MSTAT program. Differences between means were
compared using Duncans’ multiple range tests.

Table 1. Some characteristics of the soil used for the experiment

Properties Value References
Organic matter (%) 1.8 (Walkley and Black, 1934)
CaCOs (%) 18 (Allison and Moodie, 1965)
Texture CL (Bouyoucos, 1951)
pH (1/2 soil/water) 7.5 (Kacar, 2009).
Auvailable P (mg kg?) 30 (Olsen et al, 1954)
Exchangeable Ca (cmol kg™?) 30
Exchangeable K (cmol kg™?) 4.0 (Jackson, 1967)
Exchangeable Mg (cmol kg?) 3
DPTA Extractable Fe (mg kg™?) 10
DPTA Extractable Mn (mg kg?) 30 .
DPTA Extractable Zn (mg kg) 25 (Lindsay and Norvell, 1969)
DPTA Extractable Cu (mg kg?) 5

Results and Discussions

The effects of LED lighting and colored coverage
materials on some macro and micronutrient concentrations
in the leaves and fruits of tomato plants grown in
greenhouse conditions were determined.

Leaf K and Ca concentrations were indicated in Figure 1.
Although, there is not a significant difference (P>0.05)
between the values from each treatment, the highest K
values (2.4 %) in the leaves were obtained from both RedG
and LedG followed by ConG and BlueG.

According to Campbell (2000) and Jones et al 1991,
leaf K levels were below the critical concentration.
Potassium has many functions on plant metabolism. So, it
plays vitally roles on plant growth and yield. Also,
researchers stated that potassium is not only effective on
growth, development and metabolic properties, but also
against diseases, frosts, and pests (Marschner, 2011). Leaf
Ca concentrations measured from the RedG and LedG
treatments were higher than those measured from other
treatments. Leaf Ca concentration measured from the
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RedG treatment was found to be significantly different
from the others (P<0.01). All values were over the critical
levels indicated for tomato (Jones, 1991; Campbell, 2000).
Leaf P and Mg concentrations were given in Figure 2. In
terms of P, there were not significant differences between
the treatments, but it was seen that P concentration under
RedG treatment was lower (0.6%) than others. All values
were between or over the sufficiency ranges (Jones et al.,
1991; Campbell, 2000).

No significant differences were found between the
applications in terms of leaf Mg concentrations (Figure. 2).
But leaf Mg concentrations measured from the BlueG was
below (0.2%) whereas the others are between the sufficiency
ranges (Jones et al., 1991). Magnesium plays many roles in
plant physiology. For example; magnesium is a central
element in chlorophyll molecules (Marschner, 2011). Fruit
K and Ca concentrations were given in Figure 3. Looking at
the results it can be seen that the highest K (3%) in fruit was
found from the BlueG treatment whereas the lowest (2.7 %)
was obtained ConG applications. But differences between
the treatments were not significant for K.

Fruit Ca concentrations varied between 0.46 % (BlueG)
and 0.32% (RedG). But these variations were not
statistically significant. Fruit Ca concentrations indicated
here above the critical level (1.5 %) resulting in blossom
and root (Jones, 1999). Fruits under LedG treatment had
the highest P concentration (0.63 %) followed by RedG,
ConG and BlueG treatments (Figure 4). The results for fruit
P concentration are in agreement with the results of study
conducted by Ceylan et al. (2001). Although fruit Mg
concentrations varied between 0.09 and 0.1 %, these
variations were not significant (Figure 4). LedG
application for fruit P concentration and BlueG application
for fruit Mg concentrations seem to be more efficient.

Leaf Cu concentrations of tomato grown under
different color coverage materials and led lightning were
between 18.6 (RedG) and 16.93 mg kg* (ConG) and these
variations were significant (Figure 5). The values obtained
from each treatment were between the limit value (5-50 mg
kg™?) indicated by Jones et al (1991) and Campbell (2000).
Treatments significantly affected leaf Zn concentrations.
As indicated in Figure 5, the highest Zn was measured from
the leaves obtained from LedG treatment as 18.05 mg kg'*
but the lowest was measured from BlueG treatment as
14.45 mg kg*. According to the sufficiency ranges (18-80
mg kg?) indicated by Campbell (2000), only the value
obtained from LedG was in this range. Zinc deficiency
gives rise to too many effects such as growth delay, stunted
growth, infertility, maturity delay, loss of vyield, etc.
(Bergman, 1999). RedG for leaf Cu and LedG for Zn can
be said more favorable.

Leaf Mn and Fe concentrations have given in Figure 6.
The highest leaf Mn concentrations were found at ConG
treatment (149.9 mg kg*) but the lowest was found at BlueG
treatment (123.97 mg kg?). All Mn the values were in the
sufficiency ranges (Jones et al., 1991; Campbell, 2000).
According to the statistical evaluation values from ConG
and LedG values from RedG and BlueG were significantly
different (p<0.01). Leaf Fe concentrations were between
62.17 mg kg* (ConG) and 92.37 mg kg* (BlueG). All these
values were sufficient for tomato growth (Jones et al., 1991;
Campbell, 2000). Leaf Fe values measured from each
treatment significantly varied from each other.

Fruit Cu and Zn concentrations have been given in
Figure 7. As indicated there, Cu and Zn concentrations in
fruits varied from 3.8 (RedG) to 5.5 mg kg* (ConG) and 11.
6 (RedG) to 14 mg kg* (ConG), respectively. While
differences in Cu between ConG and RedG were significant,
differences in Zn between the treatments were not.
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Figure 1. Leaf K and Ca variations of tomato plant under
different cover material and Led lighting
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Figure 2. Leaf P and Mg variations of tomato plant under
different cover material and Led lighting
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Figure 3. Fruit K and Ca variations of tomato plant under
different cover material and Led lighting
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Figure 4. Fruit P and Mg variations of tomato plant under
colored cover material and Led lighting
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Figure 5. Leaf Cu and Zn variations depending on colored
cover material and Led lighting
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Figure 6. Leaf Mn and Fe variations depending on colored
cover material and Led lighting
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Figure 7. Fruit Cu and Zn variations depending on colored
cover material and Led lighting
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Figure 8. Fruit Mn and Fe variations depending on
colored cover material and Led lighting
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Figure 9. SPAD values in four different applications used
in the research

Fruit Mn concentrations significantly changed between
11.4 and 15.6 mg kg™ (Figure 8). As in Mn, the highest Fe
concentration was determined from ConG treatment as
56.9 mg kg and the lowest was determined from BlueG
treatment as 44.2 mg kg*. Treatments did not affect fruit
Fe significantly (P>0.05). Results indicated that color
treatment and Led lighting did not increase fruit micro
element concentrations.

Leaf greenness (SPAD value) increased slightly with
Led lighting and colored material applications when
compared to control (ConG). And differences between
BlueG and ConG were significant (Figure 9). According to
Oztiirk (2008), it was reported that the light color that
chlorophyll absorbs the most is blue and red. Therefore, it
can be said that chlorophyll development is higher in
BlueG and RedG treatments compared to other treatments.

Looking at the yield and yield parameters it was seen
that the highest yield, fruit number, and fruit weight were
obtained from BlueG treatment. BlueG treatments were
followed by RedG, ConG and LedG treatments in terms of
yield (Table 2). When nutrient concentrations, yield
parameters, and SPAD values are taken into consideration,
it has been determined that BlueG and RedG applications
are prominent in four treatments for tomato plants. In our
study, it was determined that the yield and SPAD values
were high under red and blue color (Figure 9 and Table 2).
This situation can be explained by the increase in leaf
chlorophyll content meanly leaf green coloration (Erdal et
al., 2016), which causes the increase of photosynthesis
activity, and accordingly the high amount of CO, taken into
the plant. Lui et al. (2011), in their color study, it was
determined that B (Blue), RB (Red-Blue) and RBG (Red-
Blue-Green) color treatment increased the length of leaf
mesophyll tissue cells and chloroplast development in
cherry tomato. They also stated that the treatment of Red
and Blue color increased their stoma diameters, and the
treatment of Blue increased the rate of photosynthesis.
Oztiirk (2008) stated that the most reaction for plant
development and photosynthesis occurred in red and blue
light. These studies support our findings.

Most greenhouse cultivation in Turkey is carried out in
the Mediterranean and Aegean regions. In the observations
we obtained in these regions, shading dust (white)
treatment is widely used for shading in both plastic and
glass greenhouses (Figure 10). It is also seen that they use
a green plastic net for shading. However, the treatment in
blue or red color for shading is almost not seen. The
pictures of the blue and red color treatment in our study are
given in Figure 11.

Conclusions

In the research, K, Ca, P and Mg macronutrient
contents and Cu, Zn, Mn and Fe micronutrient content in
the leaf and fruit content of tomato plants of four different
treatments were determined. It has been determined that
the use of different color cover materials and Led lighting
has a positive effect on the nutrients of K, Ca, Cu, Zn and
Fe in leaf contents and K, Ca, P, Mg in fruit contents. In
terms of the nutritional elements of the tomato plant, we
can say that RedG treatment in the leaf and BlueG
treatment in fruit contents is more suitable. At the same
time, SPAD values of tomato plants were determined. The
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highest value in terms of SPAD values was realized in
BlueG treatment. Also, SPAD values of all treatments were
found higher than ConG treatment. In addition, considering
the yield values of the tomato plant, the highest yield
values were in BlueG treatment, followed by RedG, ConG
and LedG treatments, respectively. Sometimes results that
are not statistically significant can be important in practice.

Table 2. Effects of four different treatments on yield

As a result, considering the effects of four different
greenhouse treatments on macro and micronutrient intake,
SPAD values and yield values, it was concluded that the
most suitable application for tomato cultivation in
greenhouses is BlueG application and RedG application
should not be ignored.

Plastic color Fruit number/ per 30 plants Average fruit weight (gr) Total yield (kg/da)
BlueG 746 180 7.58
RedG 544 180 5.39
ConG 594 140 4.66
LedG 540 150 4.48

Figure 11. The pictures of the red and blue color treatment in plastic greenhouses
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