
Abstract
Background and Objective: Cherry tomato is a vegetable that has high 

commercial demand. The objective of this study was to compare the 

growth, physiological changes, and yield of tomatoes grown in different 

heights of the greenhouse and in 2 cultivars of cherry tomatoes.

Methodology: The experimental design was a split plot in a completely 

randomized design. The main plot was two types of greenhouses (3 m 

height and 4 m height greenhouses), and the sub-plot was two cultivars 

of cherry tomato (‘Dang Komen’ and ‘Red Cherry 603’). 

Main Results: The heights of the greenhouse and cultivars did not affect 

stem height and amount of inflorescences/plant. Measurement of  

physiological changes found that the maximum quantum efficiency of 

photosystem II (Fv/Fm) of tomato plants grown in the 3 m height green-

house (0.67 ± 0.03) was significantly lower than those grown in the 4 m 

height greenhouse (0.70 ± 0.02) at P < 0.05. In addition, the Fv/Fm of 

tomato ‘Dang Komen’ (0.67 ± 0.03) was significantly lower than tomato 

‘Red Cherry 603’ (0.70 ± 0.02) at P < 0.05. After harvesting, tomato ‘Red 

Cherry 603’ had a significantly higher percentage of fruit set/plant (15.12 

± 2.26%) and the total yield/plant (322.59 ± 59.90 g) than tomato ‘Dang 

Komen’ (3.20 ± 0.58% and 80.72 ± 19.97 g, respectively) at P < 0.05. 

Furthermore, tomato ‘Red Cherry 603’ grown in a 3 m height greenhouse
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INTRODUCTION
	 Tomato (Solanum lycopersicum L.) is one of 

the most popular vegetables consumed worldwide 

(Gemici et al., 2006). Tomatoes are economically 

important and can be cultivated in all areas. In addition, 

tomatoes are important for human nutrition since 

they contain carbohydrates, organic acids, vitamin C, 

vitamin A, lycopene, carotenoids, and others 

(Gharezi et al., 2012). Among the different groups of 

tomatoes, cherry tomatoes are popular and high 

priced because they are tasty due to their high contents 

of sugar, organic acid, and volatile substances 

(Pérez-Marín et al., 2021). For this reason, cherry 

tomatoes often have a high level of soluble solids 

that have a sweet taste and an aromatic smell  

(Islam et al., 2019). In Thailand, there are several 

cultivars of cherry tomatoes that are popular to grow 

in commercials, such as ‘Tony TA104’ and ‘Tabtimdaeng 

T2021’ from Know-You Seed (Thailand) Co., Ltd., 

‘Sweet Girl’ and ‘Sweet Boy 1’ from Chia Tai Co., 

Ltd., and ‘CH154’ from Tropical Vegetable Research 

Center (TVRC), Kasetsart University.

	 The cultivation of cherry tomatoes usually 

grows in greenhouses since it is easier to control and 

manage environmental factors than field cultivation, 

for example, the control of diseases and insects. In 

addition, greenhouse cultivation protects crops from 

external factors such as rain and wind (Hemming et 

al., 2019). Cherry tomatoes can grow in all types of 

greenhouses, but they require suitable management 

and enough light intensity (Atherton and Rudich, 

1986). Generally, the height of the greenhouse from 

the basement to the beam should be 3.5–4.5 m for 

good ventilation (Kumar, 2011). The disadvantage of 

greenhouse cultivation was the increase in temperatures 

inside the greenhouse up to 40°C, which exceeded 

the optimal temperature for tomato plants (Sato et 

al., 2000). Most tomato cultivars were not tolerant of 

high temperatures. Therefore, heat stress was an 

important limitation for tomato cultivation. If those 

tomato varieties were sensitive to high temperature 

stress, they would reduce yields due to heat stress 

(Sato et al., 2000). In addition, high temperatures 

caused suboptimal growth (Villareal and Lai, 1979; 

Scott et al., 1986) and reduced the chances of  

pollination (Van Ploeg and Heuvelink, 2005). The 

impact of high temperatures on tomatoes not only 

reduced flowering and fruit set but also decreased 

yield and fruit quality (Alsamir et al., 2021).

	 The increase in temperature inside the green-

house could be solved in several ways. For example, 

using a 50% shading net to modify the greenhouse 

at 2.5 m height (Sethi et al., 2009). Hirich and 

Choukr-Allah (2017) reported that the 5 m height 
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exhibited the highest ascorbic acid, lycopene, and β-carotene  

contents (341.25 ± 14.93, 11.44 ± 0.08, and 5.88 ± 0.10 mg/kg FW, 

respectively).

Conclusions: Cherry tomatoes grown in a 4 m height greenhouse 

showed a high level of quantum efficiency. Tomato ‘Red Cherry 603’ 

exhibited the highest yield. Growing tomatoes in a 3 m height greenhouse 

caused the highest content of ascorbic acid, lycopene, and β-carotene.
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greenhouse was recommended for growing plants  

in the desert climate to conserve water and energy. 

Planting tomato cultivars that could tolerate high 

temperatures was a choice. Therefore, this research 

study focused on the growth and yield of cherry  

tomatoes that were grown in greenhouses with heights 

of 3 m and 4 m. In addition, two cultivars of cherry 

tomato, ‘Dang Komen’ and ‘Red Cherry 603’, were 

compared. Cherry tomato ‘Dand Komen’ was developed 

by the National Center for Genetic Engineering and 

Biotechnology (BIOTEC), Thailand, and was previously 

registered as tomato ‘PC3 (A9)’ (Department of  

Agriculture, 2017). After that, seeds of tomato ‘Dang 

Komen’ were commercially produced by the Organic 

Seed Production Learning Center, Maejo University. 

The fruit of the tomato ‘Dang Komen’ has a cylindrical 

shape with a firm texture, and the total soluble solids 

are about 8–9%. This cultivar has indeterminate growth 

and tolerates the tomato yellow leaf curl virus  

(Nokkaew, 2023). Another cultivar, tomato ‘Red Cherry 

603’ was a new F1 hybrid cherry tomato from the 

Tropical Vegetable Research Center (TVRC), Kasetsart  

University. Tomato ‘Red Cherry 603’ has an indeterminate 

growth. Its fruit has an oval shape with a dark red 

color. This cultivar is recommended by TVRC to grow 

in the greenhouse. Therefore, the objective of this 

research was to compare the growth, physiological 

changes, and yield of cherry tomatoes grown in  

different types of greenhouses and to serve as a 

guideline for selecting suitable cherry tomato cultivars 

for production in the greenhouse.

MATERIALS AND METHODS 
Tomato Cultivation 

	 Seeds of tomato ‘Dang Komen’ (Organic 

Seed Production Learning Center, Maejo University, 

Thailand) and ‘Red Cherry 603’ (TVRC, Thailand) 

were sown in trays using peat moss as the planting 

material. Seedlings were transplanted in 10-inch white 

plastic pots with mixed coconut coir: chopped coconut 

husk at 1:1 by volume at 21 days after sowing. Seedlings 

grow in 6 × 12 m greenhouses with 3 m or 4 m in 

height, depending on treatment. Both greenhouses 

were constructed with 32-mesh anti-insect nets. In 

addition, greenhouses have a double roof covered 

with polyethylene to allow air ventilation between the 

inside and outside of the greenhouse. The green-

houses were located in the experimental field I,  

Department of Horticulture, Faculty of Agriculture, 

Kasetsart University, Bangkok, Thailand (13°51’13.5” 

N 100°34’09.2” E). Then, the Resh’s Tropical Dry 

Summer (Resh, 2012) was applied to plants as the 

nutrient solution at an electrical conductivity (EC) of 

0.6 mS/cm and then increased to an EC of 1.2 mS/

cm at 14 and 21 days, respectively. Subsequently, 

the concentration of the nutrient solution was increased 

to the EC of 2.4 mS/cm and 3.0 mS/cm at the vegetative 

growth stage and fruit set stage, respectively. The 

nutrient solution was provided 3 times/day, and each 

time for 2 min. Finally, tomato plants received 1,270 

mL of nutrient solution/day. Lateral branches were 

pruned every week, and only the first and second 

lateral branches were kept. Growing cherry tomatoes 

was done between December 2022 to April 2023. 

The temperature inside the greenhouse at 2 m above 

the basement was recorded every 30 min throughout 

the experiment. In addition, the relative humidity and light 

intensity were recorded. The 3 m and 4 m height green-

houses showed the same relative humidity and light  

intensity at 49.62–63.42% and 714.30–1,403.20 μmol/

m2/s, respectively, throughout the tomato cultivation.

Experimental Design 
	 The experimental design was a split plot in 

a completely randomized design (CRD). The main 

plot was two types of greenhouses (3 m height and 

4 m height greenhouses), whereas the sub-plot was 

two cultivars of cherry tomatoes (tomato ‘Dang Komen’ 

and ‘Red Cherry 603’). The experiment was done 

with 5 replications/treatments and a plant/replication.
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Data Collection
	 Growth of cherry tomato plants, consisting 

of the stem height (cm) and stem diameter (cm), was 

recorded weekly from 4 weeks after transplanting 

(WAT) to 8 WAT. The height of the main stem was 

measured from the area where the cotyledons were 

located to the shoot tip using a measuring tape. The 

stem diameter was measured at the area where the 

cotyledons were located using a vernier caliper. The 

number of flowers/inflorescences was randomly  

selected to count flowers from 3 inflorescences/plant 

at 4 and 6 WAT. The number of inflorescences/plant 

was observed by counting only the newly emerged  

inflorescences at 4 to 8 WAT, and then the total number 

of inflorescences/plant was calculated from the sum 

of the new inflorescences in each week.	

	 Physiological changes consisting of the 

maximum quantum efficiency of photosystem II  

(Fv/Fm), the net photosynthetic rate, and the leaf 

greenness index were measured at the fruit setting 

stage (13 WAT). The tomato leaf at the 5th position 

from the highest leaf of the main stem at that time was 

used for all physiological measurements to represent 

the whole plant. The Fv/Fm was measured using a 

pulse amplitude modulation fluorometer (MINI-PAM-II, 

Walz, Germany) during 08:00–12:00 AM. The minimal 

and maximal fluorescence yields of the dark-adapted 

state (Fm) in the leaves were assessed after 30 min 

of dark adaptation. After that, leaves were illuminated 

with actinic light (800 μmol/m2/s) for 15 s. Then, Fv/Fm 

was calculated according to Maxwell and Johnson 

(2000). The net photosynthetic rate was measured 

using a portable photosynthesis system (LI-6800 Gas 

Exchange System, LI-COR Inc., USA) during 08:00–11:00 

AM by setting the air flow rate at 600 µmol/s, the light 

intensity at 800 µmol/m2/s, the CO2 concentration at 

400 µmol/mol, and the leaf chamber temperature at 

40°C. Lastly, the leaf greenness index was measured 

using a chlorophyll meter (SPAD-502, Minolta, Japan). 

The leaf greenness index was recorded three times 

in three leaflets, and these values were averaged. 

	 Cherry tomatoes began to produce fruit at 

approximately 13 WAT. After tomato fruits were  

ripened, red fruits were harvested every 7 days until 

the end of production. The fruit quantity of cherry 

tomatoes was evaluated from the percentage of fruit 

set, fruit weight/fruit, and the total yield/plant. Tomato 

fruits were randomly selected 5 fruits/plant 3 times. 

Then, each fruit was weighed and averaged to the 

fruit weight/fruit. The total yield/plant was measured 

at each time of harvesting and then summed up to 

obtain the total marketable yield. The percentage of 

fruit set was calculated from the percentage ratio of 

the total number of flowers at the flowering period to 

the total number of fruits after harvesting.

	 In addition, 5 tomato fruits/plant were randomly 

selected 3 times to analyze fruit quality consisting of 

fruit firmness, total soluble solids (TSS), titratable 

acidity (TA), ascorbic acid, lycopene, β-carotene 

contents, and the color of fruit (L*, a*, and b* values). 

The fruit firmness was measured using a penetrometer 

with a press head with a diameter of 0.5 cm. The TSS 

was analyzed using a hand refractometer (PR-101 

alpha, Atago, Thailand). The TA was analyzed based 

on 1 mL of tomato juice homogenized in 50 mL of 

distilled water. Then, the TA was obtained by titrating 

with 0.1 N NaOH. TA was calculated referring to the 

percentage of citric acid (AOAC, 2000). The ascorbic acid 

content was analyzed using an RQ-flex reflectometer 

(Merck, Germany) according to the method of Takebe 

and Yoneyama (1995). The lycopene and β-carotene 

contents in the tomato flesh were extracted using a 

mixed solution of hexane, acetone, and ethanol in a 

2:1:1 ratio. Then, the lycopene and β-carotene contents 

were analyzed according to Anthon and Barrett (2007). 

Lastly, the color of the fruit peel was measured using 

a colorimeter. The results displayed in the CIELAB 

system (Pandurangaiah et al., 2020), which was the L* 

value, represented the lightness of the color, ranging 

from 0 (black) to 100 (white). The a* value represented 
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the color’s position between the red and green colors, 

redness (+) and greenness (-), whereas the b* value 

represented the color’s position between the yellow 

and blue, yellowness (+) and blueness (-).

Statistical Analysis 
	 Statistical data were analyzed using analysis 

of variance (ANOVA) of split-plot design in CRD. Mean 

differences of the main plot and sub-plot were compared 

using Student’s t-test. Significant differences among 

means of the interaction between the main plot and 

sub-plot were separated using Duncan’s Multiple 

Range Test at the 95% confidence level (P < 0.05).

RESULTS AND DISCUSSION
Temperature Inside the Greenhouse
	 The temperature inside greenhouses was 

recorded from January 2023, when tomato plants 

began flowering, to April 2023, which was the end of 

production. Daily temperature showed that from 1:00 

to 3:00 PM, the temperature inside the greenhouse 

was highest (Figure 1). The highest temperatures 

inside 3 m and 4 m height greenhouses in January 

2023 were 34.60 and 32.71°C, respectively (Figure 

1A). In February 2023, the highest temperatures inside 

3 m and 4 m height greenhouses were 39.37 and 

38.93°C, respectively (Figure 1B). In March 2023, the 

highest temperatures inside 3 m and 4 m height 

greenhouses were 42.30 and 40.43°C, respectively 

(Figure 1C). In April 2023, the highest temperatures 

inside 3 m and 4 m height greenhouses were 44.34 

and 41.53°C, respectively (Figure 1D). From the data, 

it was found that the highest temperature inside the 

3 m height greenhouse each month was higher than 

the 4 m height greenhouse by 1–3°C (Figure 1). 

Compared to the 3 m height greenhouse, which was 

the recommended height for vegetable production 

(Sethi et al., 2009; Kumar, 2011), the increase in 

greenhouse height to 4 m reduced the inside temperature. 

This is because hot air has a lower density than 

cooler air, so hot air is easily raised to the upper 

level (NOAA, 2023). Hot air during the day in the 4 m 

height greenhouse might rise to a higher level than 

in the 3 m greenhouse, and then hot air is ventilated 

to the outside of the greenhouse.

Growth of Tomato
	 The result showed that stem height and stem 

diameter in every treatment increased every week 

during measurements (Figure 2). At 4 WAT, the  

average stem height ranged from 87.68 ± 14.84 cm to 

101.14 ± 10.51 cm, while at 8 WAT, the average stem 

height ranged from 188.62 ± 6.92 cm to 224.03 ± 5.31 

cm. Considering different heights of greenhouses  

and different tomato cultivars, it was found that at 4 

WAT, the average stem diameter ranged from 0.85 ± 

0.17 cm to 0.93 ± 0.03 cm, and at 8 WAT, the average 

stem diameter ranged from 1.23 ± 0.05 cm to 1.30 ± 

0.07 cm. Despite this observation finding the increase 

of stem height and stem diameter over time, the height 

of greenhouse and tomato cultivars did not significantly 

change the stem height and stem diameter of tomato 

plants at P < 0.05. However, tomato plants grown in 

the 4 m height greenhouse tended to show longer 

stem height than those grown in the 3 m height  

(Figure 2A). In contrast, tomato plants grown in the 

3 m and 4 m height greenhouse exhibited quite a 

similar stem diameter (Figure 2B). The 4 m height 

greenhouse showed a lower inside temperature than 

the 3 m height greenhouse. The optimal temperature 

contributed to better growth of tomatoes (Lee and 

Kader, 2000).

	 In addition, the number of flowers/inflorescence 

and the total number of inflorescence/plant were 

counted. The result showed that the number of flowers/

inflorescence ranged from 14.20 ± 4.02 to 19.40 ± 

2.60 and 19.60 ± 4.72 to 23.40 ± 9.29 flowers at  4 

and 6 WAT, respectively (Figure 3A). In contrast, the 

total number of inflorescences/plant ranged from 17.2 

± 0.91 to 20.8 ± 1.37 inflorescences (Figure 3B).  
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Figure 2 Changes of stem height (A) and stem diameter (B) of tomato ‘Dang Komen’ and ‘Red Cherry 603’ 
	 grown in 3 m and 4 m height greenhouses. Data were analyzed according to Duncan’s Multiple  
	 Range Test at P < 0.05. Data are means ± standard deviation shown by vertical error bars. WAT 
	 = weeks after transplanting.

Figure 1 Diurnal temperature on January (A), February (B), March (C), and April (D) 2023 during cherry  
	 tomato cultivations in 3 m and 4 m height greenhouses
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Considering the different heights of greenhouses and 

different cherry tomato cultivars, it was found that the 

height of the greenhouse and tomato cultivars did not 

significantly change flowers/inflorescence and  

inflorescences/plant of the tomato plant (P > 0.05). 

The number of flowers/inflorescence and the total 

number of inflorescences/plant can be used as indicators 

of the fruit set of tomatoes (Panthee and Gardner, 

2011). It implied that tomato plants in all treatments 

might exhibit the same percentage of fruit set.

Figure 3 Changes of number of flowers/inflorescence (A) and total number of inflorescences/plant (B) of  
	 tomato ‘Dang Komen’ and ‘Red Cherry 603’ grown in 3 m and 4 m height greenhouses. Data were  
	 analyzed according to Duncan’s Multiple Range Test at P < 0.05. Data are means ± standard  
	 deviation shown by vertical error bars. WAT = weeks after transplanting.

Physiological Changes of Cherry Tomato
	 The physiological changes, consisting of the 

maximum quantum efficiency of photosystem II,  

the net photosynthetic rate, and the leaf greenness 

index, were measured at the fruit setting stage. The 

results showed that tomatoes grown in the 3 m height  

greenhouse had the Fv/Fm at 0.67 ± 0.03, which was 

significantly lower (P < 0.05) than those grown in  

the 4 m height greenhouse, shown at 0.70 ± 0.02 

(Table 1). When comparing the tomato ‘Dang Komen’ 

and ‘Red Cherry 603’ found that Fv/Fm of tomato ‘Dang 

Komen’ (0.67 ± 0.03) was significantly lower than 

‘Red Cherry 603’ (0.70 ± 0.02) at P < 0.05 (Table 1). 

Typically, non-stress plants have an Fv/Fm value of 

about 0.83. When Fv/Fm value was lower than 0.79 

indicated that plants were subjected to some  

environmental stress, leading to an exhibit of chlorophyll 

fluorescence (Björkman and Demmig, 1987). The low 

Fv/Fm indicated that excess energy did not contribute 

to photosynthesis in plants. Therefore, tomato ‘Dang 
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Komen’ plants grown in the 3 m height greenhouse 

showed the highest Fv/Fm value, implying that they 

had the highest chlorophyll fluorescence. However, 

considering the height of the greenhouse, it was found 

that the net photosynthetic rate and the leaf greenness 

index of tomato plants were not significantly different 

at P < 0.05 (Table 1). Comparing cherry tomato 

cultivars showed that tomato ‘Dang Komen’ had a 

higher photosynthetic rate (8.17 ± 1.07 µmol CO2/

m2/s) than tomato ‘Red Cherry 603’ (6.87 ± 1.68 µmol 

CO2/m
2/s) (Table 1). Nevertheless, there was no  

interaction between the height of the greenhouse and 

the cultivar of cherry tomatoes, indicating that cherry 

tomatoes in all treatments had a similar ability to fix 

carbon dioxide for yield production. In addition,  

tomato ‘Dang Komen’ showed a significantly lower 

leaf greenness index (47.44 ± 4.03 SPAD unit) than 

tomato ‘Red Cherry 603’ (51.87 ± 5.68 SPAD unit) at 

P < 0.05 (Table 1). After considering the interaction 

between the main plot and the sub-plot, it was found 

that tomato ‘Red Cherry 603’ grown in the 3 m height 

greenhouse showed a significantly higher leaf greenness 

index than others at P < 0.05 (Table 1). The leaf 

greenness index depends on plant species, plant 

cultivars, environment, and growing conditions  

(Ravier et al., 2017). It could represent growth issues 

or nutritional deficiencies in several plants (Tenga et 

al., 1989).

Table 1 The maximum quantum efficiency of photosystem II (Fv/Fm), the net photosynthetic rate, and leaf  
	 greenness index of tomato ‘Dang Komen’ and ‘Red Cherry 603’ grown in 3 m and 4 m height greenhouses  
	 during fruit set

Note: Means within the same column followed by different superscript letters (a, b) are significantly different 	
	 (P < 0.05). Values are presented as mean ± standard deviation.

Treatment Maximum quantum  
efficiency of  

photosystem II

Net photosynthetic 
rate 

(μmol CO2 /m2/s)

Leaf greenness 
index 

(SPAD unit)
Greenhouse

3 m height greenhouse 0.67 ± 0.03b 7.33 ± 1.25 51.01 ± 6.28 
4 m height greenhouse 0.70 ± 0.02a 7.70 ± 1.68 48.30 ± 3.98 

P-value 0.007 0.545 0.131
Cultivar

‘Dang Komen’ 0.67 ± 0.03b 8.17 ± 1.07a 47.44 ± 4.03b

‘Red Cherry 603’ 0.70 ± 0.02a 6.87 ± 1.68b 51.87 ± 5.68a

P-value 0.003 0.049 0.021
Greenhouse × Cultivar

‘Dang Komen’ grown 

in 3 m height greenhouse

0.65 ± 0.03 7.73 ± 0.97 46.50 ± 4.34b

‘Red Cherry 603’ grown 

in 3 m height greenhouse

0.69 ± 0.01 6.94 ± 1.49 55.52 ± 4.36a

‘Dang Komen’ grown 

in 4 m height greenhouse 

0.69 ± 0.01 8.62 ± 1.08 48.38 ± 3.93b

‘Red Cherry 603’ grown 

in 4 m height greenhouse

0.71 ± 0.03 6.79 ± 1.76 48.22 ± 4.50b

P-value 0.167 0.402 0.018
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Quantity and Quality of Cherry Tomatoes Production
	 After harvesting, ripe tomatoes in all treatments 

were collected to analyze tomato yield in both  

quantitative and qualitative aspects. The result showed 

that different heights of the greenhouse did not affect 

the percentage of fruit set, fruit fresh weight, and 

total marketable yield (Table 2). Considering the 

difference of cherry tomato cultivars, it was found that 

tomato ‘Dang Komen’ showed a significantly lower 

percentage of fruit set and total yield/plant than  

tomato ‘Red Cherry 603’ at P < 0.05 (Table 2). In 

addition, comparing both tomato cultivars grown in 

different height of greenhouses found that tomato 

‘Dang Komen’ grown in both 3 m and 4 m height 

greenhouse tended to show lower percentage of fruit 

set (2.70 ± 0.33% and 3.71 ± 0.18%, respectively) 

than tomato ‘Red Cherry 603’ in both 3 m and 4 m 

height greenhouse (14.58 ± 1.69% and 15.65 ± 2.81%, 

respectively) (Table 2). In the same way, tomato ‘Dang 

Komen’ grown in both 3 m and 4 m height greenhouses 

had a lower marketable yield (72.11 ± 12.44 and 89.32 

± 13.50 g/plant, respectively) than tomato ‘Red Cherry 

603’ (327.79 ± 71.22 and 317.39 ± 54.16 g/plant, 

respectively) (Table 2). Generally, the yield of tomatoes 

depended on cultivars and environmental conditions 

(Nederhoff, 1994). However, this study confirms that 

yield differences between tomato ‘Dang Komen’ and 

‘Red Cherry 603’ were linked to inherent genetic traits 

more than environmental factors like greenhouse 

temperature. 

	 In addition, this research was conducted at 

the beginning of the summer season in Thailand and 

showed the rise of ambient temperature over the time 

of cultivation. These environmental conditions might 

have contributed to the very low fruit yield observed 

in the cherry tomatoes, as tomato plants are sensitive 

to heat stress during flowering and fruit setting stages. 

High temperatures decreased the pollen viability 

(Razzaq et al., 2019). Therefore, selecting tomato 

cultivars that are resistant to heat stress could be a 

suitable option for conducting experiments during the 

summer season. Heat-tolerant cultivars might help 

mitigate the adverse effects of high temperatures and 

improve fruit yield under challenging environmental 

conditions (Ayenan et al., 2019). This study found that 

the cultivar of cherry tomatoes had more significant 

effects on tomato yield than the height of greenhouses. 

However, considering the effect of greenhouses  

together with cherry tomato cultivar, it found that  

tomatoes ‘Dang Komen’ grown in the 4 m height 

greenhouse had a higher yield than those tomatoes 

grown in the 3 m greenhouse, whereas tomatoes ‘Red 

Cherry 603’ grown in both types of greenhouses 

showed the same yield (Table 2). This might be  

because the temperature inside the 3 m height green-

house was higher than the 4 m height greenhouse 

(Figure 1). Therefore, tomato ‘Dang Komen’ might be 

less tolerant to high temperatures than tomato ‘Red 

Cherry 603’, which is consistent with the lower Fv/Fm 

in tomato ‘Dang Komen’, indicating the high level of 

chlorophyll fluorescence shown by the high Fv/F﻿m 

(Table 1). In the same way, the percentage of fruit set 

of tomato ‘Dang Komen’ grown in both types of green-

houses was poor, whereas tomato ‘Red Cherry 603’ 

had the percentage of fruit set approximately 4.7 times 

higher than tomato ‘Dang Komen’ (Table 2). It might 

be one indicator that implied that tomato ‘Dang Komen’ 

plants were sensitive to high temperatures, such as 

in this experiment, cultivating tomatoes in the summer 

season. The percentage of fruit set correlated with 

the total yield of tomatoes (Table 2). Berry and Uddin 

(1988) reported that the fruit set of tomatoes grown 

in high temperatures was very low since their pollen 

and stigma were damaged from heat stress. Although 

greenhouse height did not influence tomato yield in 

this time study, the exploration of temperature inside 

the greenhouse might provide additional insights into 

optimizing growing conditions in the future.
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	 In addition, the fruit firmness, TSS, and TA 

were measured after harvest. Considering the different 

heights of greenhouses, it was found that the height 

of the greenhouse did not affect fruit firmness and 

TSS of tomatoes. However, tomato plants grown in 

the 3 m height greenhouse showed significantly 

lower TA (0.49 ± 0.07%) and higher TSS/TA (17.01 ± 

2.17) than those grown in the 4 m height greenhouse 

(0.58 ± 0.12% and 14.83 ± 2.90, respectively) at  

P < 0.05 (Table 3). It might be because the 3 m height 

greenhouse had higher temperatures than the 4 m 

height greenhouse. The high temperature increased 

the percentage of ripe fruit in tomatoes and TSS in 

fruits (Mesa et al., 2022). There was a reason why 

tomato fruit grown in the 3 m height greenhouse had a 

lower TA than in the 4 m height greenhouse. However, 

temperatures above 36°C increase the TSS of tomatoes 

(Vijayakumar et al., 2021). In this experiment, tomatoes 

grown in the 3 m height greenhouse had significantly 

higher TSS/TA due to tomatoes grown in the 3 m 

height greenhouse reduced TA, which the results were 

consistent with the report of Mesa et al. (2022).  

Considering the different tomato cultivars found that 

tomato ‘Red Cherry 603’ showed significantly higher 

TSS and TA (8.58 ± 0.35% and 0.63 ± 0.07%) than 

tomato ‘Dang Komen’ (7.77 ± 0.47% and 0.45 ± 0.04%) 

at P < 0.05 (Table 3). On the other hand, tomato ‘Red 

Cherry 603’ exhibited significantly lower TSS/TA (13.91 

± 1.64) than tomato ‘Dang Komen’ (17.93 ± 2.02) at 

P < 0.05 (Table 3). The high TSS/TA values in tomatoes 

indicated that the tomatoes contained high sugar 

content. This ratio is considered an important indicator 

of tomato flavor quality (Xu et al., 2018). Therefore, 

the high TSS/TA ratio in the tomato ‘Dang Komen’ 

might refer to the tastier flavor than the tomato ‘Red 

Cherry 603’.	

Table 2 The quantitative yield of tomato ‘Dang Komen’ and ‘Red Cherry 603’ grown in 3 m and 4 m height 		
	 greenhouses during fruit set

Note: Means within the same column followed by different superscript letters (a, b) are significantly different 	
	 (P < 0.05). Values are presented as mean ± standard deviation.

Treatment Fruit weight/fruit (g) Total yield/plant (g) Fruit set/plant (%)
Greenhouse

3 m height greenhouse 6.02 ± 0.97 199.95 ± 143.11 8.64 ± 6.36
4 m height greenhouse 6.38 ± 0.91 203.35 ± 125.83 9.67 ± 6.56

P-value 0.439 0.770 0.183
Cultivar

‘Dang Komen’ 6.47 ± 0.99 80.72 ± 19.97b 3.20 ± 0.58b

‘Red Cherry 603’ 5.93 ± 0.84 322.59 ± 59.90a 15.12 ± 2.26a

P-value 0.244 < 0.001 < 0.001
Greenhouse × Cultivar

‘Dang Komen’ grown 

in 3 m height greenhouse

6.36 ± 1.20 72.11 ± 12.44 2.70 ± 0.33

‘Red Cherry 603’ grown 

in 3 m height greenhouse

5.68 ± 0.62 327.79 ± 71.22 14.58 ± 1.69

‘Dang Komen’ grown 

in 4 m height greenhouse 

6.58 ± 0.84 89.32 ± 13.50 3.71 ± 0.18

‘Red Cherry 603’ grown 

in 4 m height greenhouse

6.17 ± 1.03 317.39 ± 54.16 15.65 ± 2.81

P-value 0.769 0.420 0.970
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	 The analysis of phytochemicals in tomatoes 

consisting of ascorbic acid, lycopene and β-carotene 

found that cherry tomatoes grown in the 3 m height 

greenhouse showed significantly higher ascorbic acid, 

lycopene, and β-carotene contents (333.75 ± 14.33, 

11.03 ± 0.90, and 5.56 ± 0.54 mg/kg FW, respectively) 

than in the 4 m height greenhouse (249.38 ± 32.99, 

10.13 ± 1.32, and 5.14 ± 0.58 mg/kg FW, respectively) 

at P < 0.05 (Table 4). It might be because the 3 m 

height greenhouse had higher temperatures than the 

4 m height greenhouse. The high ascorbic acid, which 

is one of the antioxidants in tomatoes grown in the 3 

m height greenhouse, might cause plants to produce 

ascorbic acid to defend against heat stress (Khan et 

al., 2011). Comparing cherry tomato cultivars found 

that tomato ‘Dang Komen’ had significantly lower 

ascorbic acid content (278.13 ± 52.77 mg/kg FW) but 

higher lycopene content (10.93 ± 1.01 mg/kg FW) 

than tomato ‘Red Cherry 603’ (305.00 ± 46.52 and 

10.22 ± 1.30 mg/kg FW, respectively) at P < 0.05 (Table 

4). In addition, the tomato ‘Red Cherry 603’ grown in 

the 4 m height greenhouse exhibited significantly 

lower lycopene and β-carotene contents than other 

treatments at P < 0.05 (Table 4). Lycopene and β-carotene 

are the main carotenoids in tomatoes, and their contents 

depend on tomato cultivar (Flores et al., 2017). The 

patterns of change in lycopene and β-carotene contents 

in each treatment were similar due to lycopene and 

β-carotene share the same biosynthetic pathway 

(Gonzali et al., 2009).

	 Lastly, the color of cherry tomatoes was 

evaluated. The result showed that cherry tomatoes 

grown in the 3 m height greenhouse had significantly 

higher a* and b* values (25.20 ± 2.61 and 23.86 ± 

2.09) than those grown in the 4 m height greenhouse 

(22.58 ± 1.86 and 22.18 ± 1.83) at P < 0.05 (Table 5). 

Table 3 Fruit quality parameters of tomato ‘Dang Komen’ and ‘Red Cherry 603’ grown in 3 m and 4 m height  
	 greenhouses

Note: Means within the same column followed by different superscript letters (a, b, c) are significantly  
	 different (P < 0.05). Values are presented as mean ± standard deviation.

Treatment Firmness (N/cm2) TSS (%) TA (%) TSS/TA
Greenhouse

3 m height greenhouse 0.76 ± 0.08 8.14 ± 0.56 0.49 ± 0.07b 17.01 ± 2.17a

4 m height greenhouse 0.78 ± 0.57 8.22 ± 0.62 0.58 ± 0.12a 14.83 ± 2.90b

P-value 0.632 0.715 <0.001 0.005
Cultivar

‘Dang Komen’ 0.77 ± 0.08 7.77 ± 0.47b 0.45 ± 0.04b 17.93 ± 2.02a

‘Red Cherry 603’ 0.77 ± 0.06 8.58 ± 0.35a 0.63 ± 0.07a 13.91 ± 1.64b

P-value 0.904 < 0.001 < 0.001 < 0.001
Greenhouse × Cultivar

‘Dang Komen’ grown 

in 3 m height greenhouse

0.77 ± 0.08 7.75 ± 0.54 0.43 ± 0.03c 18.66 ± 1.87

‘Red Cherry 603’ grown 

in 3 m height greenhouse

0.76 ± 0.08 8.53 ± 0.18 0.56 ± 0.01b 15.37 ± 0.62

‘Dang Komen’ grown 

in 4 m height greenhouse 

0.78 ± 0.08 7.80 ± 0.44 0.46 ± 0.47c 17.22 ± 2.12

‘Red Cherry 603’ grown 

in 4 m height greenhouse

0.78 ± 0.01 8.63 ± 0.49 0.69 ± 0.02a 12.46 ± 0.62

P-value 0.952 0.908 0.003 0.283
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The positive values of a* and b* represented red and 

yellow, respectively (Pandurangaiah et al., 2020). 

Cherry tomatoes grown in the 3 m height greenhouse 

had high a* and b* were consistent with the high 

content of lycopene and β-carotene. Considering 

cherry tomato cultivar found that tomato ‘Dang Komen’ 

exhibited a higher L* (32.31 ± 1.69) but lower a* (22.79 

± 2.14) than tomato ‘Red Cherry 603’ (30.06 ± 0.81 

and 24.98 ± 2.62, respectively) at P < 0.05 (Table 5). 

It might be because the peel colors of tomato alter 

from tomato cultivar (Flores et al., 2017).

Table 4 Ascorbic acid, lycopene, and β-carotene contents of tomato ‘Dang Komen’ and ‘Red Cherry 603’  
	 grown in 3 m and 4 m height greenhouses

Note: Means within the same column followed by different superscript letters (a, b, c) are significantly  
	 different (P < 0.05). Values are presented as mean ± standard deviation.

Treatment Ascorbic acid 
(mg/kg FW)

Lycopene 
(mg/kg FW)

β-carotene 
(mg/kg FW)

Greenhouse
3 m height greenhouse 333.75 ± 14.33a 11.03 ± 0.90a 5.56 ± 0.54a

4 m height greenhouse 249.38 ± 32.99b 10.13 ± 1.32b 5.14 ± 0.58b

P-value < 0.001 0.016 0.030
Cultivar

‘Dang Komen’ 278.13 ± 52.77b 10.93 ± 1.01a 5.42 ± 0.54
‘Red Cherry 603’ 305.00 ± 46.52a 10.22 ± 1.30b 5.27 ± 0.65

P-value 0.029 0.049 0.409
Greenhouse × Cultivar

‘Dang Komen’ grown 

in 3 m height greenhouse

326.25 ± 10.31 10.62 ± 1.18a 5.25 ± 0.64b

‘Red Cherry 603’ grown 

in 3 m height greenhouse

341.25 ± 14.93 11.44 ± 0.08a 5.88 ± 0.10a

‘Dang Komen’ grown 

in 4 m height greenhouse 

230.00 ± 14.72 11.24 ± 0.81a 5.60 ± 0.41ab

‘Red Cherry 603’ grown 

in 4 m height greenhouse

268.75 ± 36.37 9.02 ± 0.40b 4.67 ± 0.23c

P-value 0.293 < 0.001 < 0.001
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Table 5 L*, a*, and b* values of tomato ‘Dang Komen’ and ‘Red Cherry 603’ grown in 3 m and 4 m height  
	 greenhouses

Note: Means within the same column followed by different superscript letters (a, b) are significantly different 	
	 (P < 0.05). Values are presented as mean ± standard deviation.

Treatment L* a* b*
Greenhouse

3 m height greenhouse 31.48 ± 1.94 25.20 ± 2.61a 23.86 ± 2.09a

4 m height greenhouse 30.89 ± 1.54 22.58 ± 1.86b 22.18 ± 1.83b 
P-value 0.307 0.004 0.047
Cultivar

‘Dang Komen’ 32.31 ± 1.69a 22.79 ± 2.14b 23.53 ± 1.87
‘Red Cherry 603’ 30.06 ± 0.81b 24.98 ± 2.62a 22.51 ± 2.29

P-value 0.002 0.012 0.207
Greenhouse × Cultivar

‘Dang Komen’ grown 

in 3 m height greenhouse

32.66 ± 2.01 23.65 ± 2.28 23.70 ± 2.06

‘Red Cherry 603’ grown 

in 3 m height greenhouse

30.30 ± 0.98 26.75 ± 2.03 24.02 ± 2.36

‘Dang Komen’ grown 

in 4 m height greenhouse 

31.96 ± 1.44 21.94 ± 1.80 23.34 ± 1.87

‘Red Cherry 603’ grown 

in 4 m height greenhouse

29.82 ± 0.60 23.22 ± 1.87 21.00 ± 0.76

P-value 0.307 0.244 0.105

CONCLUSIONS
	 The 4 m height greenhouse has an inside 

temperature lower than the 3 m height greenhouse 

by about 1–3°C. The different heights of the green-

house did not affect the growth of cherry tomatoes, 

but growing in the 4 m height greenhouse showed a 

high quantum yield efficiency in cherry tomatoes. 

Comparing the height of the greenhouse and tomato 

cultivars, it was found that only tomato cultivars  

affected tomato marketable yield, as shown by the 

higher total yield/plant and the higher percentage of 

fruit set in tomato ‘Red Cherry 603’ than in tomato 

‘Dang Komen’.
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