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Abstract

This thesis was carried out in four greenhouses with arc roofs with 
a base area of 6 m2 and a side height of 2 m in the experimental area of Ispar-
ta University of Applied Sciences, Agricultural Research and Application 
Center. For this purpose, greenhouse with LED lighting (LED), Red-color-
ed (RG) greenhouse, Blue-colored greenhouse (BG) and greenhouses with 
transparent covering material (TrG) were used as materials. The study was 
conducted between February and May 2019. In this study, the effects of 
different color cover material on the development parameters of radish 
were determined by measuring the temperature, humidity and solar energy 
values of the greenhouse. In order to do these measurements, sensors are 
placed in the greenhouses. Solar energy measurements were taken between 
10:00-16:00 hours considering sunshine time. Temperature and humidity 
measurements were recorded for 24 hours. When the values obtained from 
TrG, BG, RG and LED greenhouses were examined, it was determined that 
the highest temperature value of the radish plant in the LED greenhouse 
during the growing period. Average greenhouse indoor temperature values 
were found to be between 13oC and 16oC in LED greenhouse, between 
6.5oC and 15oC in COG, between 6oC and 14oC in BG and between 6.5oC 
and 12.2oC in RG. Solar energy values are between 26 and 1053 Wm-2 in 
LED greenhouse, 21.1 and 856.6 Wm-2 in TrG, 17.9-680.3 Wm-2 in BG 
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and 14.3-633.1 Wm-2 in RG has been determined. In order to examine the 
growth parameters of radish plant, root weight, height, stem length, length 
of green parts and root diameter were examined. Root weight was higher 
in LED greenhouse, plant root length and length of green parts were higher 
in RG, plant root diameter and weight of green parts were higher in TrG. 
As a result, it was concluded that the development of radish plant is the 
worst in the BG in terms of both temperature and radiation energy values. 
In particular, it was determined that the radish plant in BG appears to be 
different from the other greenhouse plants. When the development of rad-
ish is taken into consideration in four greenhouses, it is concluded that TrG 
can be recommended for plant root weight, root diameter and green com-
ponent weight and RG can be recommended for height and stem length. 
When the developments in the BG were considered, it was concluded that 
the application of blue color is not suitable for the cultivation of radish. 
 
Key Words: Greenhouse, radish, LED lighting colored cover material, 
Solar energy 

INTRODUCTION

Designing greenhouses in a modern way is based on being economic, 
maximization of solar radiation permeability and minimization of heat loss, and 
a modern greenhouse is comprised of its construction, cover material, heating 
system, cooling and ventilation systems, plant growing environment, shading 
system, irrigation and fertilization systems and control system (Swinkels et al. 
2001). Selection must be made based on various characteristics in order to benefit 
from cover material or greenhouse structure economically. These characteristics 
are light transmittance, resistance to wind, snow and hail loads, insulation value, 
thermal transmittance, UV transmittance, resistance to wear and tear, sensitivity 
to staining, modification of material specifications by chemical effects, conden-
sation specification and material sizes (Waaijenberg 1989). Since photosynthet-
ic active radiation (PAR) is critical for plants, modifications of solar radiation 
that enters to the internal space of a greenhouse provide many advantages. Such 
modifications made be made by using specific coating materials. Greenhouse 
cover materials that are in various colours, such as red and blue etc., may make 
a positive effect on the diffraction and diffusion of light (Öztürk 2008). Quality 
of the light used affects the productivity of plants. High ultraviolet rays increase 
flowering in plants, while white light is effective in increasing phototropism, and 
red LED light is effective in increasing photosynthesis (Kasım and Kasım 2016, 
Tunçbilek 2019). 

Studies have been conducted on usage of LED light for growing plants 
for more than twenty years (Bula et al. 1991, Batra et al. 1992). First studies 
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included only red LEDs since it was determined that they ensure absorption of 
chlorophyll (600 nm) at maximum level and furthermore, it was determined 
that an amount of blue light is required to improve spinach, radish and sorghum 
growth and development (Britz and Sager 1990, Yorio et al. 2001). When these 
studies were performed, the blue LEDs were 3% to 4% efficient, while the red 
LEDs were 15% to 18% efficient (Massa et al. 2006). Therefore, the aim of these 
studies was to determine the minimum amount of blue light required for normal 
growth and development in plants (Kim et al. 2005). 

This study was conducted to reveal the growth effects of cover materials 
in blue, red and transparent colours on radish plant in the greenhouse, as well as 
LED lights. In the study, LED lighting and greenhouse cover material coloured 
by transparent (control), blue and red powder paint were used as materials. In 
this study, we aimed to detect the effects of greenhouse cover material in various 
colours and effects of LED lights on the growth of radish plant in the greenhouse. 

MATERIAL AND METHOD

Research was conducted in the research greenhouses available in the land 
of Research and Practice Farm, Faculty of Agricultural Sciences and Technol-
ogies, Isparta University of Applied Sciences (greenhouses with LED lighting, 
and blue (BG), red (RG) and transparent (TrG) coloured plastic greenhouses) 
between February 10, 2019 and May 2, 2019. Temperature, humidity and solar 
energy measurement values were obtained daily between aforementioned dates. 
Study was conducted in four plastic arc roof greenhouses in the width of 3 m, 
length of 6 m, side wall height of 2 m and roof ridge height of 2.8 m. Struc-
ture determination of the test area soil was performed by Bouyoucos hydrometer 
method (Bouyoucos 1962). Clayey-loamy soil was used as growth medium in 
research greenhouses. radish was used as plant material in the test. 

On February 10, 2019, radish seeds were planted in the greenhouse with 
an intra-row spacing of 10 cm and row spacing of 40 cm after implementation 
of tillage works in order to control weeds in the greenhouse. In the research, 
36 months old (UV+IR+EVA+LD) reinforced PE was used as the greenhouse 
material. In the study, cover materials in 3 different colours and with the same 
specifications were used in LED, TrG, RG and BG greenhouses. All sides of red 
and blue cover materials were painted equally by spraying powder paint. Radish 
plants that were planed into the greenhouse were irrigated by providing equal 
amount of water to the entire area of the whole growing environment in the 
greenhouse in consideration of the field capacity of soil. Water and fertilizer re-
quired by plants were applied on the root area by fertigation via drip irrigation (4 
Lh-1) system installed in the greenhouse. In each irrigation, water was continued 
to be supplied until the soil reached sufficient field capacity. During our study, 
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we observed that certain nutrients (macro and micro elements) were required by 
plants, and we applied required amount of element mixtures by manure tank in 
order to remove such defects. Solar energy in the greenhouse was measured by 4 
units of PCE-SPM 1 solar energy sensor. Solar energy, temperature and humidity 
sensors are installed at a height of 1.5 m from the ground in the middle of the 
greenhouse. In the study, temperatures and humidity values of internal and ex-
ternal environments were measured by HOBO devices installed both inside and 
outside the greenhouses. 

RESULTS

Internal average temperature values of greenhouses with cover materials 
in different colours and values measured in the LED lighting greenhouse were 
compared between February and May, 2019. Solar energy, temperature and hu-
midity values of the radish plant in the growth period of first 11 days are given 
in Figure 1 respectively. The temperature value that the radish plant requires at 
that date is determined as 12oC to 15oC (Anonymous 2019a, Eğilmez 2019). We 
determined that suitable temperature values of greenhouses, on which four dif-
ferent practices were conducted within the scope of the research, were provided 
by factors other than BG and TrG during daytime. When the average tempera-
ture values are analysed, it is seen that TrG is higher than other greenhouses and 
the temperature values of other greenhouses are closer to each other. Daytime 
temperature values were 14oC, 20oC, 12oC and 11oC (LED, TrG, RG and BG 
respectively). We observed that the temperature suggested for the germination 
period of radish plant was achieved in LED, RG and BG greenhouses. We deter-
mined that the daytime average temperature in the TrG exceeded several degrees 
the recommended value required during radish germination period. Researchers 
determined that the radish plant requires low temperature in order to switch from 
vegetative development to generative development, that it would not flowering 
with average night temperature value reached to approximately 4-10 oC in ini-
tial 4-8 weeks in particular, and that it would not produce any fruits and seeds 
(Anonymous 2009). In the greenhouses where the research was conducted, aver-
age night temperature values were determined as 7.4oC, 14.1oC, 6.7oC and 6.1oC 
in the greenhouses of LED, TrG, RG and BG respectively. When we analysed 
solar energy values measured in the specified date, we determined that these 
values were listed as LED>TrG>RG>BG from higher to lower respectively. Re-
searchers determine that the minimum intensity required for plants to perform 
direct solar photosynthesis received by leaves has a value that ranges between 80 
and 110 Wm-2. However, it was reported that this value must not be below 500 
Wm-2 in order to allow the plant to perform photosynthesis on all of its leaves 
completely (Anonymous 2017, Tunçbilek 2019). We determined that, in relative 
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date, the highest solar energy values were obtained between 12:00 and 15:00 pm, 
and that it exceeded the value of 500 Wm-2 in TrG and LED greenhouse. 

Figure 1. Solar energy, temperature, humidity values in greenhouses (21.02.2019) 
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Figure 2. Solar energy, temperature, humidity values in greenhouses (03.03.2019)
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Figure 3. Solar energy, temperature, humidity values in greenhouses (27.03.2019)
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Figure 4. Solar energy, temperature, humidity values in greenhouses (11.04.2019)
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We determined that average solar radiation values of LED, TrG, RG and 
BG were measured as 430.4, 300.5, 264.9 and 206.5 Wm-2 respectively between 
10:00 am-16:00 pm. According to the reports provided by researchers, there is 
a linear correlation between intensity of solar energy and dry matter production, 
but in case effective solar energy is analysed photosynthetically, it was deter-
mined that all of the plants have a saturation point in order to perform photosyn-
thesis, that photosynthesis ratio varies for each plant based on PAR quantity, and 
that plants may be subjected to heat stress, if required level of PAR is exceeded 
(Kürklü 1995). On 21.02.2019, the highest average daytime temperature was 
measured in TrG greenhouse, and the highest solar energy value was measured 
in LED greenhouse.

In the growth period of radish plant, which took 21 days (03.03.2019), we 
determined that average daytime temperature value measured in greenhouses 
was 16oC and that night temperature was ranging from 4oC to 15oC approxi-
mately. We determined that this value is between the normal temperature values 
required for the radish plant. Researchers reported that the daily average temper-
ature of the radish plant must range from 4oC to 18oC in the post-germination 
growth period. In case the temperature exceeds 20oC in areas where radish plant 
is planted, it was determined that root development of the plant would decelerate 
and that spots would be observed on leaves, and in case the temperature is below 
10oC, then it was determined that early jointing and vernalisation would occur. 
Radish plant is listed in the group of plants sensitive to vernalisation (Anon-
ymous 2009). In the specified date, it was determined that temperature values 
measured at night were as 4.41oC, 4.43oC, 5.0oC and 4.49oC in LED, TrG, RG 
and BG respectively. Average daytime temperatures were as 13oC, 11oC, 11oC 
and 11oC respectively. We determined that obtained results are within the tem-
perature values recommended by researchers. As we examined solar energy that 
occurred in the aforementioned date, we observed that LED, TrG, BG and RG 
were listed from higher to lower respectively. Average solar energy values of 
LED, TrG, BG and RG were measured as 263.8, 244.8, 170.5 and 184.8 Wm-2 
between 10:00 am and 16:00 pm respectively. No time interval, in which solar 
radiation value exceeding 500 Wm-2, was observed in the relative date. LED 
greenhouse reached to the highest solar radiation value. Thus, we observed that 
solar energy and temperature are directly proportional and that solar energy val-
ue was high as well in the greenhouse, in which daytime temperature value was 
the highest on 03.03.2019. 

Measurement values of radish plant are provided for the growth period 
of 45 days (27.03.2019). It was determined that the temperature value required 
by or suggested for the radish plant in the post-germination growth period was 
ranging from 18oC to 26oC in daytime, and from 4oC to 15oC in the night. We ob-
served that the greenhouses, in which the radish plant was produced for 45 days 
and which had four different cover materials within the scope of the research, 
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had temperature values similar to recommended temperature values in daytime. 
However, it was determined that temperature values measured at night were 
close to minimum temperature values. Researchers reported that the temperature 
must be above 15oC for the radish plant at night (Anonymous 2019b). Average 
night temperature values were 3.2oC, 3.2oC, 4.3oC and 4.2oC in LED, TrG, RG 
and BG respectively and average daytime temperature values were 21oC, 19oC, 
18oC and 20oC in LED, TrG, RG and BG respectively. As we examined the solar 
energy values of radish plant in the growth period of 45 days, TrG obtained the 
highest value and this value was followed by LED, BG and RG respectively. In 
the aforementioned period, it was determined that the approximate time period 
when solar energy values were the highest was between the range of 13:00 and 
14:00 pm. With the value of 574.78 Wm-2, TrG had the highest value among rel-
ative time periods, and it was followed by LED with the value of 540.03 Wm-2, 
by BG with the value of 478.23 Wm-2 and by RG with the value of 419.82 Wm-2. 

We observed that the radish plant was in the flowering period in the 60th 
day. On April 11, 2019, we determined that average daytime temperature values 
of LED, TrG, RG and BG were as 15 oC, 14 oC, 13 oC and 14 oC respectively. 
Researchers report that these values may be listed among temperature values that 
are suitable for the radish plant (Anonymous 2009). 

Average daytime temperature averages measured in the harvesting period 
were as 22oC, 20oC, 19oC and 21oC in LED, TrG, RG and BG respectively. We 
determined that such values constitute the optimal temperature value for radish 
plant in the harvesting period. In general, we observed m-2 temperatures high-
er than the temperature values suggested in the vegetative development period 
of the radish plant. We considered that such situation causes leaves of the rad-
ish plant to develop rapidly, as well as deceleration of root development. In the 
aforementioned date, it was determined by measurements that time periods, in 
which solar radiation value was above 500 Wm-2 in greenhouses, were between 
10:00 am and 15:00 pm. Therefore, LED greenhouse reached to the highest solar 
energy values with the longest period. In consideration of the growth process of 
81 days, we examined the differences between radish plants by weight after har-
vesting in four experimental greenhouses, which had cover materials in different 
colours, and values related with the growth period in the greenhouse conditions 
are shown in Figure 5. Total plant root weight of TrG, RG, BG and LED was 
found as 86.4 g, 66 g, 54 g and 45.2 g respectively from higher to lower. 

Root diameters of the radish plant was measured by compasses, and rela-
tive values are given in Figure 6. As we analysed the root diameter of the radish 
plant in average by greenhouse types, highest head diameter was observed in the 
TrG. As we listed the average plant head diameters from higher to lower in four 
greenhouses, we found the values of 29 cm, 27.9 cm, 27.1 cm and 24.9 cm in 
TrG, RG, BG and LED greenhouses respectively. 
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Figure 5. Average values of root weight

Figure 6. Average values of root diameters

Figure 7. Average length of root
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Length of root development values of the radish plant are shown in Figure 7.  
In the measurements we performed, we determined that the highest value in 
terms of plant length was obtained by RG, and that the lowest value was obtained 
by BG greenhouse. 

As we examined the values related with the weight of green parts, we de-
termined that the highest value was obtained by TrG, and that the lowest value 
was obtained by LED greenhouse. Averages of these values are as below 192.8, 
150.8, 146.4, 78.3 gr (TrG, BG, RG and LED) respectively (Figure 8). 

Figure 8. Average weight of green part

Measurement procedures performed on the length of green parts are shown 
in Figure 9. The length of green parts was measured from highest to the lowest 
in RG, LED, TrG and BG respectively, and their averages were obtained as 74.7  
cm plant-1, 72.1 cm plant-1, 67.8 cm plant-1 and 64.7 cm plant-1 respectively. 

Figure 9. Average length of green part



Effects of greenhouse covering materials...

231

As a result of measurements and analyses performed in the laboratory after 
harvesting procedures, we observed that radish plants grown in BG developed 
more improperly (double head and unevenness in the root area of the plant etc.) 
in terms of shape in comparison to plants that were grown in other greenhouses 
(TRG, RG and LED). 

Differences between the averages of 5 variables (root diameter, root length, 
root weight, length of green parts and weight of green parts) measured after the 
harvesting of radish plant grown by LED light with cover materials in various 
colours (TrG, RG and BG) within the scope of greenhouse growing were ana-
lysed by using Tukey Test-one way analysis of variance. Descriptive statistics of 
greenhouses used in the study are given in Table 1. According to the result of the 
analysis of variance performed by the result of Tukey test in terms of the char-
acteristics of root diameter, root length, root weight and weight of green parts, 
the difference between the averages of LED, TrG, RG and BG greenhouses was 
significant statistically.

Table 1. Descriptive statistics of root diameter, root length and root weight 
characteristics and Tukey test results

Diameter of 
root (cm)

Root lenght 
(cm)

Root weight 
(gr)

Green com-
ponent length 

(cm)

Green component 
weight (gr)

LED 25.0B 22.2B 45.4C 71.6 78.4C

KOS 28.7A 23.2AB 83.0A 67.3 187.6A

KS 27.8A 24.4A 65.9B 74.8 146.9B

MS 27.3AB 21.5B 55.2BC 66.3 154.5B

** ** ** **
*P<0.05, ** P<0.01 Capital letters indicate the results of the Tukey test. Different letters indicate that the 
means are different.

CONCLUSIONS

We determined that the values that were obtained when solar energy val-
ues reached to minimum-maximum levels in the dates when measurements 
performed were ranging from 26 Wm-2 and 1053 Wm-2 in LED, from 21.1 and  
856.6 Wm-2 in TrG, from 17.9 Wm-2 and 680.3 Wm-2 in BG and from 14.3 Wm-2 
and 633.1 Wm-2 in RG respectively. While the lowest solar energy value was 
found almost the same, the highest solar radiation value was obtained in the 
greenhouse with LED light and in the greenhouse with transparent coloured 
cover material. Therefore, the highest average daytime temperature values were 
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measured in the LED greenhouse in several growth stages. Thus, we considered 
that the LED greenhouse increased ambient temperature and that lighting effect 
made a positive impact on solar energy as well. We considered that transparent 
coloured other greenhouse provided higher values in comparison to BG and RG 
because of the fact that solar energy values were higher in the TrG since light 
refractions and reflections were higher in red and blue coloured greenhouses. 
As we examined average temperature values, we determined that temperatures 
ranged from 13oC to 16oC in LED greenhouse, from 6.5oC to 15oC in TrG, from 
6oC to 14oC in BG, and from 6.5oC to 12.2oC in RG. The highest average inter-
nal greenhouse temperature value was observed in LED greenhouse, and it was 
followed by TrG, BG and RG. In greenhouses, cover material of which were 
painted in red and blue, particularly in RG, we considered that it had a lower 
internal temperature in comparison to other greenhouses since the cover material 
absorbs heat. Therefore, by considering that it may be beneficial for the sustain-
ability of production, we may emphasize that usage of coloured cover material 
may be recommended to areas, in which temperature values are very high, in 
greenhouse growing particularly in the summer time. We are of the opinion that 
LED greenhouse may be beneficial in long daytime plants that like light, such 
as radish plant in particular, in areas where one may not be engaged in growing 
due to cold since average temperature values are measured as high. However, 
since the heat diffused by the LED device in the LED greenhouse may have 
increased transpiration in the plant, it may be considered as the reason why the 
dry weight of the plant is lower than the plants in other greenhouses. Also, we 
consider that LED causes extension of the stem length and deceleration of the 
root development of radish plant with the effect of high temperature following 
flowering period. Therefore, it may be recommended to use LED until flowering 
period (first 4-8 weeks). We determined that the appearance of plants grown in 
the greenhouse, cover material of which was painted in blue, was different than 
the appearance of plants grown in the other greenhouse (deformity in the root 
area, double – headed etc.). Therefore, considering the negative difference in 
the appearance of radish plants grown in BG, it is not recommended to grow 
radishes in BG. 
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