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Abstract 

 Greening in an urban area is a very important role in regulating temperature around. 

However, not all plants provide the same level of cooling. Cooling environmental 

temperature can be influenced by transpiration. This study aimed to measure the transpiration 

rate of dicotyledon plants. The method was a factorial Completely Randomized Design 

(CRD) with the main factors six dicotyledon species and three plant parts namely the top, 

middle, and bottom parts of the lowest plant branches with five replications. The data were 

analyzed using SAS. If the treatments were significant it was followed by the LSD test. The 

plant species and plant part significantly influenced the transpiration rate; however, the 

combination of the two did not significantly affect. The highest transpiration rate occurred 

significantly in Syzygium oleana R.Br (0.013080 gr.cm2.hour) whereas the lowest 

transpiration rate occurred in Codiaeum variegatum Bl. (0.004147 gr.cm2.hour). The bottom 

part of the plants (0.009933 gr.cm2.hour) had the highest transpiration rate significantly 

compared to the middle (0.009633 gr.cm2.hour) and the top (0.007577 gr.cm2.hour). The 

highest transpiration rate in Syzygium oleana R.Br, as well as the bottom part of the plants, 

had the potential to reduce its surrounding temperature. 

1 Introduction 

Transpiration is the process of releasing water vapor from stomata present in the leaves (Kimball, 

1983). Transpiration also aims to cool the plant's body through the cooling process by removing water 

vapor from the plant (Wang, 2015). The leaf mesophyll network has a very wide cell surface so that it 

can absorb CO2 efficiently. Environmental factors affect the opening and closing of the stomata on the 

leaf surface through which more than 90% of the water is transmitted. When the sun rises, the stomata 

open due to an increase of light and increases the temperature of the leaves so that the water evaporates 
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faster. Rising temperatures make air capable of carrying more moisture, so transpiration increases and 

affects openings in the stomata (Ivan, 1980; SaIisbury and Cleon, 1995). Stomata can be found in leaves, 

flowers, and stems but the transpiration is more found in the leaves. The function of stomata is very 

important for transpiration. Rashed (2016) stated that the process of opening and closing of the stomata 

affecting transpiration. 

The amount of water that is transmitted by plants is a typical event, although differences occur 

between one species and another species. The importance of transpiration for plants due to their role in 

helping to increase the rate of water transport and mineral salts, regulating plant body temperature by 

releasing heat excess from the body, and regulating optimum turgor in cells (Sasmitamihardja and 

Arbasyah, 1996). 

Transpiration is only found in plants that have vessels. One of the vascular plants is angiosperms 

which are divided into two, namely monocotyledon and dicotyledon plants. There are several types of 

dicotyledon plants that are planted as ornamental plants in Pontianak. Green infrastructure (i.e. street 

trees, parks and gardens, green roofs, and walls) plays a very important role in regulating the 

surrounding temperature, especially during hot weather.  

The other function of ornamental plants is to cool the environment, as revealed by Skelton et al. 

(2012) that one of the city greening solutions is shading plants. However, not all plants provide the 

same level of cooling effect. Transpiration can regulate the body temperature of the plant by releasing 

heat excess from the body. Transpiration occurs in different parts of the plant and varies between 

species. Transpiration is controlled by the opening and closing behavior of the stomata, where stomata 

behavior varies according to the type of the plant (Prijono, 2016). 

This study aimed to measure the transpiration rate in some ornamental plants of dicotyledon and 

part of the plants. The six types of plants do not have cuticles because the cuticles can inhibit the process 

of transpiration (Bueno et al, 2019). 

2 Materials and Method 

 The study was conducted at Biology Education Laboratory, Faculty of Teachers Training and 

Education, Tanjungpura University. This study used Factorial Completely Randomized Design (CRD) 

with the main factors namely two six plant species and three plant parts with five replications. The six 

plant species were Sambang dara (Excoecaria cochinchinensis Lour.), Bunga kertas (Bougainvillea 

spectabillis Willd.), Erpah (Aerva sanguinolenta Bl.), Pucuk merah (Syzygium oleana R.Br.), Puring 

(Codiaeum variegatum Bl.), dan Rombusa putih (Tabernaemontana corymbosa Roxb.). The three plant 

parts were the leaves from the top, middle, and bottom parts of the lowest branch of the plant. The 

combination was the plant species interacting with plant parts. The tools were scissors, 50 ml 

Erlenmeyer, graduate cylinder, stopwatch, ruler, analytical balance, thermometer, lux meter, 

hygrometer, and wind speed meter. The materials used in this study were vaseline, water, clean cotton, 

labels, and six types of dicotyledonous plants.  

The measurement was conducted between 09.00 and 11.00 am to facilitate the optimal opening of 

stomata (Fatonah, 2013). The transpiration rate was measured using the weight method (Leperen & 

Medery, 1994). The initial weight included Erlenmeyer, water, leaves, cotton, and vaseline. The 

vaseline functioned as a cover of cotton to make airtight. Erlenmeyer which has been equipped with 

samples was exposed to sunlight for 30 minutes and then weighed again. The plants were exposed to 

the light for two times. The differences in weight between the final and initial weight indicating the 

water loss due to the transpiration. The transpiration rate was calculated using the formula as follows:  

 

𝑇𝑟𝑎𝑛𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
𝐹𝑖𝑛𝑎𝑙 𝑊𝑒𝑖𝑔ℎ𝑡 − 𝑖𝑛𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑚𝑔)

𝑡𝑖𝑚𝑒𝑠 (ℎ𝑜𝑢𝑟)

𝑙𝑒𝑎𝑓 𝑎𝑟𝑒𝑎 (𝑐𝑚2)
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The leaf area was measured using the weight method. The leaf was patterned to the specific paper. 

The pattern was cut and weighed using an analytical balance. The leaf area was calculated using the 

following formula: 

 

Leaf area = 
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑝𝑎𝑡𝑡𝑒𝑟𝑛 𝑙𝑒𝑎𝑓 (𝑔𝑟)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑙𝑒𝑎𝑓(𝑔𝑟)
 𝑥  𝑎𝑟𝑒𝑎 𝑜𝑓 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑐𝑚2) 

 

Data were analyzed by factorial CRD model using SAS. If the results showed a significantly 

different, then proceed with the Least Square Differences test (LSD) at α = 0.05. 

3 Results and Discussion 

 The results showed the six plant species as well as plant parts affecting a significant transpiration 

rate (Table 1). The measurements of transpiration rate in used six dicotyledons species, namely 

Sambang dara (Excoecaria cochinchinensis Lour.), Bunga kertas (Bougainvillea spectabillis Willd.), 

Erpah (Aerva sanguinolenta Bl.), Pucuk merah (Syzygium oleana R.Br.), Puring (Codiaeum variegatum 

Bl.), and Rombusa putih (Tabernaemontana corymbosa Roxb.). The six types of plants are used as 

ornamental plants in the Pontianak city. 

The main factors, namely plant species, and plant parts significantly influence the transpiration 

rate, but the combination of plant species and plant parts did not affect the transpiration rate (Table 1) 

The LSD test was conducted the significant result of variance analysis. Syzygium oleana R.Br. (Pucuk 

merah) was the highest transpiration rate (0.013080 gr.cm2.hour-1) followed by Bougainvillea 

spectabillis Willd. (Bunga kertas) (Table 1). They were not significantly different from each other but 

Syzygium was different significantly to Aerva sanguinolenta Bl., Codiaeum variegatum Bl. (Puring), 

Excoecaria cochinchinensis Lour. (Sambang dara). However The transpiration rate of Bougainvillea 

spectabillis Willd. and Tabernaemontana corymbosa Roxb. Was similar to the transpiration rate of 

Aerva sanguinolenta Bl. (0.010440 gr.cm2.hour-1). Only the transpiration rate of Aerva 

sanguinolenta Bl. was similar to that of Excoecaria cochinchinensis Lour. The lowest transpiration rate 

belonged to Codiaeum variegatum Bl. which only similar to that of Excoecaria cochinchinensis Lour. 

but differ significantly with others. Different plant species influenced the transpiration rate. 

Transpiration rate is influenced by external and internal factors. External factors such as light, 

temperature, wind, relative humidity, and precipitation. The stomata opening depends upon light. As 

the light increase during the day, the stomata opening is more optimal. The optimal opening stomata 

occur between 09.00-11.00 am. The current research measurement was conducted within this time and 

the light measurement showed the same amount. Therefore, factors influencing the transpiration rate is 

not the light but the plant species. Other external factors such as wind speed, temperature, and relative 

humidity were also the same (data were not shown). The different transpiration rates due to internal 

factors such as the number of stomata per cm2, leaf thickness, water potential, and leaf morphology 

(Silva et al, 2014). The more stomata number in the leaf the quicker transpiration rate happened in the 

leaf. Other internal factors in the current research such as the number of stomata per cm2, the leaf 

thickness, water potential, and leaf morphology were not measured. However other studies conducted 

within the group research measured the stomata number and size. Leaf species according to the current 

research influenced the transpiration rate (Table 1). Prijono and Moh (2016) stated that transpiration 

was controlled by the behavior of the opening and closing of the stomata, where stomata behavior varied 

according to the plant species. De Wit et. al. (1961) stated that different transpiration amongst plant 

species due to different transpiration rates per unit leaf area. Different plant species have different leaf 

morphology. Syzygium oleana R.Br., Bougainvillea spectabillis Willd., Tabernaemontana corymbosa 

Roxb. have thin leaves that could contribute to transpiration rate. Further study needs to prove whether 

leaf thickness influences the transpiration rate.  
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The other main factor was plant parts namely the top part, the middle part, and the bottom part of 

the lowest branch of the plants. The transpiration rate from the leaf in the bottom part (0.009933 

gr.cm2.hour-1) of the plant was the highest significantly compared to that of the top (0.007577 

gr.cm2.hour-1) but similar to that of the middle part of the plant (0.009633 gr.cm2.hour-1) (Table 1). The 

leaf in the bottom part of the plant is more mature than the other two positions. As the leaf develops the 

leaf size is wider (Yudha et al, 2013) and the stomata opening is getting bigger.  

The combination of plant species and plant parts did not influence the transpiration rate (Table 1). 

Siahpoosh and Dehghanian (2014) stated that transpiration is influenced by the environment. These 

environmental factors were temperature, humidity, light intensity, and wind speed (Mahajan, 2008). 

And in this research, those external factors were the same (data were not shown). This research showed 

Syzygium oleana R.Bx (Pucuk merah) had the highest transpiration rate indicating the plant is not only 

ornamental but also capable to reduce temperature due to the high transpiration rate.  

Factors 
Mean 

(mg/cm2/hr) 
Significancy 

Main Factor  *** ¥ 

Plants Species   

Syzygium oleana R.Bx  0.013080a  

Bougainvillea spectabillis Willd. 0.011613ab  
Tabernaemontana corymbosa Roxb. 0.009907ab  

Aerva sanguinolenta Bl. 0.009093bc  

Excoecaria cochinchinensis Lour. 0.006447cd  

Codiaeum variegatum Bl. 0.004147d  
Plants parts  * 

The bottom part 0.009933a  

The middle part 0.009633ab  

The top part 0.007577b  
Combination factors between plant species and plant parts 

Combination of leaf parts and plant species 

    ns 

Top - Aerva sanguinolenta Bl. 0.007820  

Top - Bougainvillea spectabillis Willd.  0.012160   
Top - Codiaeum variegatum Bl.  0.001860   

Top - Excoecaria cochinchinensis Lour. 0.001040  

Top - Syzygium oleana R.Br. 0.013040  

Top - Tabernaemontana corymbosa Roxb. 0.009540   
Middle - Aerva sanguinolenta Bl. 0.010440   

Middle - Bougainvillea spectabillis Willd. 0.008440  

Middle - Codiaeum variegatum Bl.  0.005820  

Middle - Excoecaria cochinchinensis Lour. 0.010740  
Middle - Syzygium oleana RBr 0.015480  

Middle - Tabernaemontana corymbosa Roxb. 0.006880   

Bottom - Aerva sanguinolenta Bl. 0.009020  

Bottom - Bougainvillea spectabillis Willd. 0.014240  
Bottom - Codiaeum variegatum Bl.  0.004760  

Bottom - Excoecaria cochinchinensis Lour. 0.007560  

Bottom - Syzygium oleana R.Br. 0.010720  

Bottom - Tabernaemontana corymbosa Roxb. 0.013300   

Table 1: Results of variance analysis of transpiration rates from dicotyledon plants affecting by plant 

species and plant parts using factorial CRD. 

Legends: 
¥: ns = non-significant, * = significant, *** = very significant when tested using ANOVA. The 

different letters behind the mean in the same column for each factor indicated the significance of 

the LSD test at α = 0.05. 
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