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ABSTRACT  

 

Greenhouse activities are increasing in the Mediterranean region 

and constitute a large portion of agriculture. Climatic conditions can 

be controlled in greenhouse activities. Wind, one of the most important 

parameters, is less effective inside the greenhouse than outside through 

natural means. The study was conducted in experimental greenhouses 

on the Alanya Alaaddin Keykubat University campus. Three 

experimental greenhouses were 3x12 m in size. The first greenhouse 

featured a transparent cover material (CG), the second utilized a blue 

cover material (BG), and the third was equipped with a blue cover 

material and inhabited by bumblebees (BBG). Following these 

treatments, parameters such as plant width, length, weight, stem 

diameter, total yield, marketable yield, average fruit weight, and leaf 

chlorophyll content were determined. It was determined that the BBG 

greenhouse achieved the highest yield, plant height, and fruit equivalent 

diameter values. Furthermore, the BBG variant achieved the lowest 

fruit firmness values. This is thought to be due to its faster development 

and faster maturity compared to other greenhouses. Therefore, it has 

been determined that both the blue color and bumblebees positively 

affect tomato plant development parameters in the BBG greenhouse. 

Therefore, we believe that implementing good agricultural practices to 

achieve higher yields is a better step for both the environment and 

health. 
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INTRODUCTION 

 

Greenhouse farming activities are highly developed in our country, 

especially in the Mediterranean region. It is possible to control climate 

conditions and environmental factors through greenhouse cultivation. Factors 

such as light, humidity, carbon dioxide, temperature, and ventilation can be 

controlled (Atılgan et al., 2019). Wind speeds inside greenhouses are 

relatively lower than in open areas due to structural barriers and limited 

ventilation openings (Boulard and Draoui, 1995; Khaoua et al., 2006; Li et al., 
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2024). The majority of plant species used for food production require 

pollination (Klein et al., 2007; FAO, 2018). Pollination occurs in various 

ways. Plants self-pollinate, pollinate by other insects present in the 

environment, or pollination by the wind. The use of insects is a necessary 

natural method for plants that cannot self-pollinate due to low wind speeds in 

greenhouses. Bumblebees are the most commonly used insects. These bees 

pollinate by vibrating their wings and moving pollen (Kwon and Saeed, 2003). 

Bumblebees have the advantage of having longer tongues compared to other 

pollinator bees. Furthermore, because they are heavier and hairier than other 

species, they are less affected by cold winter temperatures and their 

performance declines less than other species (Velthuis and Van Doorn, 2006). 

There are many species of bumblebees. The most preferred species in 

cultivation is Bombus terrestris. The main factor in this species' popularity is 

its commercial abundance. These bees are traded worldwide in countries using 

advanced greenhouse techniques, such as the Netherlands, Israel, Belgium, 

and New Zealand. Similarly, with the increasing use of greenhouse farming 

in recent years, a demand for the use of bumblebees has begun to emerge in 

Turkey (Karaman and Yılmaz, 2007). 

The number of colonies considered for pollination in the growing region 

varies depending on the plant species and climate. On average, 1-4 colonies 

are used for every 0.4 hectares (Topal et al., 2018). The lifespan of these bees 

placed in greenhouses is approximately two months for a 0.15-0.2 hectare 

greenhouse area. This lifespan and pollination performance vary depending 

on many factors, including the plant species, the location of the hive within 

the greenhouse, the presence and abundance of different insect and parasite 

species, the use of pesticides, and the environmental conditions within the 

greenhouse. Furthermore, the amount of sunlight affects the growth, 

development, and mobility of colonies (Gürel et al., 2011). Bumblebees are 

used as pollinators for many plants, especially eggplant, tomatoes, and 

peppers. Each plant's colony needs also vary. For example, the cherry tomato 

crop requires at least twice as many colonies per hectare as the beef tomato 

crop because it has a large number of flowers (Velthuis and Van Doorn, 2006). 

UV light is a necessary component for bumblebees' vision quality and 

movement. Therefore, the transmission rate of UV light also affects their 

behavior. The amount of UV light transmitted varies depending on the 

greenhouse cover material. While 80% of UV light passes through glass cover, 

less UV light passes through plastic covers such as polyvinylchloride (PVC) 

and polycarbonate (PC). Therefore, bumblebees cannot perform as well under 

plastic cover as they do under glass greenhouses. It has also been observed 

that bees are reluctant to leave their hives when using PVC and PC cover 

materials (Peitsch et al., 1992; Gürel et al., 2011). It is anticipated that this 

negative situation can be eliminated by coloring the commonly used and more 

economical plastic cover material. While bees cannot see red, they can see 

yellow, green, blue, and UV light. This is because each ommatidium contains 

four cells that respond to yellow-green light, two cells that respond most to 

blue light, and two permanent vision cells that respond best to ultraviolet light 

(Gülperçin, 2015). Observations of the frequency of visits to colorful flowers 

under natural conditions indicate that bumblebees have a particular preference 

for blue (Gumbert, 2000). 

Light is one of the most important factors affecting plant growth stages, 

such as seed germination, bud opening, and the development of vegetative 

parts of plants. Light is one of the environmental factors that plays a crucial 

role in plant growth and development, affecting plants at various levels from 
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seed germination to plant death. In situations where solar energy is insufficient 

for plant production and in growing cabinets lacking sunlight, the use of 

artificial light sources is becoming more common (Bayhan and Avcı, 2019). 

The light spectrum in the growth medium greatly affects plant 

development and plant physiology  (Hogewoning et al., 2010). For example, 

blue light plays a role in a wide variety of plant processes, including 

phototropism, photomorphogenesis, stomatal opening, and leaf 

photosynthetic function (Whitelam and Halliday, 2007; Hogewoning et al., 

2010). In an experiment conducted on tomato plants by Xu et al. (2012) using 

blue, white, and red LED lamps, the plants showed greater disease resistance 

under blue light illumination. Additionally, increased fruit yield and higher 

quality crops were obtained. The aim of this study was to determine the effects 

of bumblebees and colored cover material on tomato plant development 

parameters. For this purpose, two greenhouses were painted blue, and 

bumblebees were placed in one of the painted greenhouses. By comparing 

these two painted greenhouses with the control greenhouse, the effects of both 

the blue color and bumblebees on tomato plants were determined. 

 

 

MATERIALS AND METHODS 

 

General Characteristics of the Study Area 

The research was conducted in 2023-2024 in the Biosystems Engineering 

trial greenhouses at Alanya Alaaddin Keykubat University. There were three 

trial greenhouses, each measuring 3 x 12 m. Two of these greenhouses were 

covered with transparent polyethylene sheeting and painted blue. 

A bumblebee was placed inside one of the blue greenhouses, and the study 

was completed using transparent polyethylene (control) sheeting in the other 

greenhouse. 

 

Climate Characteristics 

Located in the Mediterranean region of southern Turkey, Antalya-Alanya 

experiences a typical Mediterranean climate, with hot, dry summers and mild, 

rainy winters. Winters are generally summer-like. The district's average 

annual temperature is around 23 °C. The warmest month of the year is July, 

with an average temperature of approximately 33 °C. January, the coldest 

month, averages 12 °C. According to precipitation data, the region receives 

the most precipitation in December, with an average of 118 mm (118 mm). 

The lowest annual precipitation is measured in August, with 11 mm (11 mm). 

These climate characteristics have been found suitable for tomato cultivation 

during the winter months. Bumblebees can cultivate fields at altitudes up to 

1,500 meters. They are also capable of surviving in areas with annual rainfall 

of less than 339 mm and more than 10,000 mm. The Mediterranean Alanya 

region is not subject to the low temperatures that affect bumblebees' 

performance. Therefore, the Alanya region is suitable for tomato cultivation 

between November and June. 

 

Greenhouse Growing Media and Biological Materials 

Tomato seedlings were planted in three rows in each greenhouse. The 

greenhouses used in the trials were constructed of iron pipe profiles. The 

greenhouse cover material used in the trials was soft plastic sheeting (PE) with 

a 3-year warranty (UV+LD+IR+EVA).  
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The blue greenhouses were constructed by powder-coating the 

transparent cover material on the inside. The greenhouse windows were 

covered with netting to prevent bumblebees from escaping. 

Greenhouse 1: Transparent cover material (CG) 

Greenhouse 2: Blue cover material (BG) 

Greenhouse 3: Blue cover material + Bumblebee (BBG) 

 
Soil preparation and seedling planting 

After tilling the soil to control weeds in the research greenhouses, tomato 

seedlings were planted in three rows, with a distance of 50 cm between rows 

and 70 cm between rows. A total of 90 tomatoes were planted, 30 per 

greenhouse. 

 

Irrigation and Fertilization 

Drip irrigation (4 dm3·h-1) was used as the irrigation method. Fertigation 

was applied to the root zone using drip irrigation pipes installed in the 

greenhouses, providing the plants with the necessary water and fertilizer. The 

dripper spacing was 40 cm. Irrigation was carried out once or twice a week, 

depending on irrigation water needs, to avoid disturbing the bees. 

 

Determining Plant Evapotranspiration in Greenhouses 

The FAO-24 evaporation cup method (Doorenbos and Pruitt, 1977) has 

been reported to provide good results in calculating ET0 in greenhouses under 

Mediterranean climate conditions with a Kpan (cup coefficient) of 0.79 

(Fernandez et al., 2010). Tomato evapotranspiration was calculated using the 

following equation: 

 

ET0 = Kp x Eo                             (1) 

where: 

ET0 – Reference evapotranspiration (mm·day-1) 

Kpan – Pan coefficient (0.79 for greenhouses) 

Eo – Pan evaporation (mm·day-1) 

ETc – ETo x Kc 

ETc – Evapotranspiration for tomatoes 

Kc – Crop coefficient 

 

Equivalent diameter measurement (mm) was calculated usung the 

following equation: 

 

𝐷𝑝 = [𝐿 ∙
(𝑊+𝑇)2

4
]
1

3           (2) 

 

where: 

Dp = Equivalent mean diameter (mm) 

L = Length (mm) 

W = Width (mm) 

T = Thickness (mm) 

 

Determining the number and location 

 of bumblebees in the greenhouse 

The hive was placed in the center of the greenhouse to avoid hindering 

soil cultivation, prevent movement within the greenhouse, and allow the bees 

to enter and exit easily. The bees were placed in the greenhouse during the 
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flowering period of the tomato plants. The behavior of the bumblebees was 

studied through observation in the greenhouses where they were located. 

Photographic monitoring was carried out at regular intervals. 

 

 

RESULTS AND DISCUSSION 

 

The results obtained during the study were expressed in three different 

groups. The first group was the greenhouse with blue cover material and 

bumblebees (BBG), the second group was the greenhouse with blue cover 

material (BG), and the final group was the control greenhouse with transparent 

cover material (CG). For this purpose, five plant samples were selected for 

each greenhouse to represent the average for spad values. Ten spad 

measurements were taken from each selected plant, as shown in Fig. 1, and 

the averages were calculated. Based on the data obtained, chlorophyll levels 

in plant leaves were compared in the greenhouse studies. The average of spad 

measurements taken from five plants in the blue greenhouse was 42.10, for 

the BBG 40.23, and finally, the average spad measurement in the CG was 

42.66. Considering the data, it was observed that the highest spad value was 

in the control greenhouse, followed by the blue greenhouse, and finally the 

blue bee greenhouse. Based on other measured parameter values and 

observations, it was determined that tomatoes developed and harvested earlier 

in the BBG, followed by the BG, and finally the control greenhouse. Since the 

BG development was higher than the control greenhouse during the period 

when the samples were taken, the decrease in the spad value is thought to be 

due to the larger leaves and faster development of tomato seedlings. 

 

 
Figure 1. Chlorophyll levels in tomato plant leaves in greenhouses. 

 

The average plant heights taken from 10 plants randomly from each 

greenhouse are given in Fig. 2. When the data were averaged for each 

greenhouse, the height values were determined as 151 cm for the blue 

greenhouse, 155.1 cm for the blue bee greenhouse, and 116.4 cm for the 

control greenhouse. No significant difference was observed between the 

average plant height measured in the blue bee greenhouse and the blue 

greenhouse, and higher results were obtained compared to the control 

greenhouse. In an experiment conducted by Demirsoy (2016) with different 
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color light sources on tomatoes, peppers, and eggplants, it was determined that 

seedling root length, root dry weight, leaf dry weight, total plant dry weight, 

leaf thickness, plant height, growth rate, and yield amount reached the highest 

values in plants grown with blue light application in all examined species, and 

they were found to be recommendable. In their color study on tomato plants, 

Çetin and Atılgan (2020) found that higher height measurements were 

obtained in the greenhouse using blue greenhouse cover material than in the 

control greenhouse. Since similar results were obtained in our study and the 

parallelism of the data was taken into account, it is thought that development 

will be achieved earlier by using this blue color cover material. 

 
 

 
Figure 2. Plant height values obtained during the growth 

and development of tomato plants. 

 

Data were collected for plant stem diameter from each greenhouse.. The 

average values for the plant stem diameters were determined as 10.5 mm in 

the blue greenhouse, 10.8 mm in the blue bumblebee greenhouse, and 9.3 mm 

in the control greenhouse (Fig. 3). As with the height measurements, the 

lowest average plant diameters were measured in the control greenhouse. This 

is believed to be due to the blue cover material increasing photosynthesis rates.  
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Figure 3. Stem diameter values of tomato plants in greenhouses. 

 

The values obtained from plant samples taken from each experimental 

greenhouse were calculated according to Equation 2, and the equivalent 

diameter values are shown in Fig. 4. When the average of the equivalent 

average diameters was also calculated, the largest equivalent average diameter 

was measured as 63.03 mm from the blue-bee greenhouse. The equivalent 

average diameter values were then measured and calculated as 62.75 mm from 

the blue greenhouse and 62.7 mm from the control greenhouse, respectively. 

Based on these data, it is thought that the greenhouse with the largest fruit size 

was the blue bumblebee greenhouse. This is due to the blue cover material, 

which increases plant photosynthesis rates, and the bumblebees' contribution 

to pollination, leading to earlier fruit production and earlier plant 

development. 

 

 
Figure 4. Equivalent average diameter values of tomato plants in greenhouses. 

 

The hardness measurements of tomato plants are shown in Fig. 5. The 

average hardness value obtained from measurements in the greenhouse using 

blue-colored cover material was 5.99 kg·cm-². The average hardness value of 

tomato plants in the blue-colored greenhouse with bumblebees was measured 

as 5.85 kg·cm-². In the control greenhouse, where the greenhouse cover 

material was polyethylene, the hardness value of tomato plants was 5.96        

kg·cm-². As can be seen from the measurements, the highest hardness value 

for tomato plants was measured in the greenhouse with blue cover material, 

5.99 kg·cm-². It is estimated that the blue-colored greenhouse with 

bumblebees has an impact on growth and development in tomato plants, 

causing earlier ripening (determined by color, shape, and hardness), 

preventing water loss, and ensuring uniform growth, resulting in lower 

hardness values. 
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Figure 5. Fruit hardness values of tomato plants in greenhouses 

 

Harvest values for the resulting tomato plants are shown in Fig. 6. 

According to the results, the highest yield, 44.66 tons·ha-1, was obtained from 

the greenhouse with blue and bumblebees (Fig. 6). These values were then 

measured as 39.86 tons·ha-1 from the blue greenhouse and 35.56 tons·ha-1 from 

the control greenhouse, respectively. Based on the literature review, it is 

thought that the higher yield in greenhouses BG and BBG compared to the 

control greenhouse is due to higher photosynthetic rates, which in turn 

promotes earlier plant development and more flowering while still young. 

Comparing the data obtained from the blue and bumblebee greenhouses with 

other greenhouses, a noticeable increase in yield was observed due to both 

light and bee pollination support. Observations within the greenhouse 

throughout the flowering period revealed consistent bee activity. The 

increased yield is believed to be due to the blue cover material supporting both 

bee activity and plant growth. 

 
 

 
Figure 6. Harvest values of tomato plants in greenhouses. 

 

 



 

           Use of Bumblebees and Colored Cover Materials...            

 
 

127 

 

CONCLUSION 

 

The results of the study were compared with the values in the control 

greenhouse for tomato development parameters in both the blue and blue 

bumblebee greenhouses. In this context, the values obtained were found to be 

higher than those in the control greenhouses for tomato plant stem diameter, 

equivalent fruit diameter, plant height, and yield in greenhouses BBG and BG. 

Considering fruit firmness values, only the blue greenhouse was found to be 

higher than the control greenhouse. Similarly, for spad values, only the control 

greenhouse values were found to be higher than the other greenhouses. 

Consequently, it is believed that using the blue cover material and bumblebees 

will yield better results in both plant height and yield and will positively 

impact growth.  
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