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ABSTRACT 
Carbon dioxide (CO2) elevation in the atmosphere is the major cause for global warming and climate change. Corticolous lichen and bark 

pH are among of got affected. This study was conducted to analyze the relationship between corticolous lichen distribution and bark pH 

from two stations (FACE Staion and Control Station). Three major procedures were introduced in this research, lichen morphology 
observation, lichen distribution count and bark pH measurement. For lichen morphology observation, Cryptothecia striata was chosen to be 

observed. For lichen distribution method and bark pH measurement, 15 samples collected from each station. There were differences between 

both stations for this species in term of its morphological features moreover on its thallus colour and prothallus textures. For lichen 
distribution and bark pH, 15 trees were selected from both stations, all the data recorded then been analyzed using MANOVA. According to 

MANOVA, there was a significant relationship between bark pH and lichen distribution from both station where lichen’s distributions 

gradually decrease and bark pH had an increment in term of acidity from Control Station to the FACE Station. Hence, this shows that lower 
plant such as lichen also affected by the increment of CO2. 

 

KEYWORDS: Carbon dioxides, Lichens, Air pollution, FACE Station 

 

INTRODUCTION 

 

Carbon dioxide (CO2) in the air stimulates the growth of almost all plants on Earth. Photosynthesis 

primarily occurs in the leaves. This process requires sunlight, water and carbon dioxide, which are all acquired 

by and transported to the leaves. Plants obtain water through their roots, and they get sunlight through 

chlorophyll, which is a green pigment found in plant cell structures known as chloroplasts. The elevation of 

CO2 in the surroundings does not necessarily good for plants. The elevation of CO2 will increase temperatures 

throughout the Earth. Plus, it also will increase the need of water for the plants to undergo the photosynthesis 

process. High absorption of water from the surrounding will reduce the humidity hence; increase the 

temperature [1]. CO2 is the main contributor to climate change, especially through the burning fossil fuels. 

Increment of CO2 in the atmosphere not only increasing the temperature by trapping the sun’s heat, but it’s also 

effecting the vegetation of trees and lower plants such as lichen [4].    

Lichens are composite organisms comprised of a fungus and one or more algae living together in symbiotic 

association in which the algal partner produces essential nutrients for the fungal partner through photosynthesis, 

while the fungal partner provides mechanical support to the algal partner [9].  Lichen diversity has been found to 
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be highly affected by the air quality of an area as lichens are sensitive to phytotoxic gases especially sulphur 

dioxide which impairs the photosynthetic apparatus by irreversible conversion of chlorophyll a in phaeophytin 

[6]. Corticolous lichen can be found on any types of bark depending on the pH congeniality [8].  

In Malaysia, a limited number of studies have used lichens as indicators of air pollution, especially to 

evaluate lichens response on elevation of CO2 levels. The negative effects of warming on the carbon balance of 

lichens may be at least partly counteracted by increases in atmospheric CO2 levels. In lichens, the inability to 

regulate water loss limits the possible responses to CO2 as compared to those of vascular plants, although the 

trade-offs related to, for instance, nitrogen allocation occur here just as much. This could also be the case for 

those epiphytes that grow closely attached to canopy soil or directly on living branches. For such species, 

increased respiration of the substrate due to higher temperatures may provide more extra CO2 than the increased 

atmospheric levels [1].  

The aim of this research was to identify and analyze the comparison of lichen morphology, frequency and 

trees bark pH inside FACE Station and Control Station. 

 

MATERIALS AND METHODS 

 

Study Area: 

Research was conducted inthe FACE Station (02°55′20.3″N 101°46′59.4″E) and Control Location (100 

meters from FACE Station) located in UKM Fernarium, The National University of Malaysia (as shown in 

figure 1). FACE Station in UKM Fernarium was programmed automatically to release CO2 into the 

surroundings at fluctuated concentration. A computer-control system uses the wind speed and 

CO2 concentration information to adjust the CO2 flow rates to maintain the desired CO2 concentration at the 

centre of the FACE ring. The system uses the wind direction information to turn on only those pipes upwind of 

the plots, so that CO2 enriched air flows across the plots, no matter which way the wind blows. When wind 

speeds are low (< 0.4 m/s) and direction is difficult to detect, the CO2-enriched air is released from every other 

vertical pipe around the ring. The CO2 flow rate is updated every second, and the choice of which vertical pipes 

to release from is updated every 4 seconds. Meanwhile, the concentration of CO2 inside the Control station is at 

ambient level. FACE Station in UKM Fernarium was established since December 2014.  

 

Lichen Morphological Observation Method: 

Lichens were sampled and collected from both Face Station and Control station. Only one species was 

selected (Cryptothecia striata) from each station to be observed morphologically. Any differences that occur 

will be recorded and discussed.  

 
Fig. 1: FACE Station and Control Station location 

 

Lichen Frequency Count Method: 

Lichen frequency was determined using quadrate (20cm x 50cm). For each sampling points, 15 trees were 

selected randomly to evaluate lichen species distribution frequency. Lichen was sampled by each wind 
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directions at approximately 3 meters height. Only trees with circumference around 60 – 120 cm selected to 

conduct the sampling. Sampling was conducted in FACE Station and Control Station [3].  

 

Bark pH: 

Bark pH was measured using standard Bark pH meter. Before being measured with pH meter, all bark 

samples were dried at room temperature. Samples also being handled with forceps and hand contact were 

avoided.  

 

Data Analysis: 

Every data recorded was analyzed using statistical analysis Multivariate Analysis of Variance (MANOVA). 

The utility of this analysis was to test the difference in two or more vectors of means [3]. Where the null 

hypothesis (H0) stated that there is no significant relationships between FACE Station and Control Station in 

term of bark pH and lichen frequency. 

 

RESULTS AND DISCUSSION 

 

Lichen Morphology Comparison: 

Lichens that been selected to be observed were Cryptothecia striata. Cryptothecia striata is the endemic 

lichen that often found in the tropical forest. This species doesn’t need high intensity of sunlight for its growth 

but high humidity in the air is very essentials. From the observation (refer to figure 2), there are two major 

differences between Cryptothecia striata in the FACE Station and Control Station which are the colour of 

thallus/prothallus and the frequency of soredia. For sample from Control Station, the thallus is olive green and 

prothallus is bright white in colour. The soredia are very easy to be identified. Meanwhile, sample from FACE 

Station shows pale green thallus with grey-white prothallus and soredia are very rare. These differences show 

that different CO2 concentration may change the morphological characteristics of the lichen. According to 

Rankovic (2015), in the present of high CO2 which also decrease the air humidity, lichen generally will inhibit 

few of its metabolite pathways to slow down the loss of water from its thallus. Lichen’s morphology will change 

and adapt with its current surroundings condition to keep its survival rate up to optimum [5]. The increase of 

CO2 in the air literally reduces the concentration of oxygen (O2). The reduction of O2 will also reduce the 

humidity in the air hence increase the temperature of the surrounding.  

 

Lichen Frequency: 

Lichen frequency was counted from 15 trees in both FACE and Control Station respectively. Based on 

Figure 3, the min for lichen frequency in FACE Station is 20.66% meanwhile in Control Station is 60%. From 

the graph above, there is huge difference in lichen’s frequency between FACE Station and Control Station. 

Lichen’s frequency is higher in all Control Station sampling tree compare to in FACE Station. This also 

deduced that lichen frequency in Control Station is much higher compare with FACE Station. The elevations of 

CO2 in the FACE Station have inhibited the growth of new lichens and stop the old lichens from reproduce. To 

growth and reproduce, lichen needs an optimize condition depends on its species. Most of lichens that inhabited 

forest ecosystem rely on low light intensity but higher air humidity. According to Abas et al (2016), lichen 

distribution and frequency are very depending upon the conditions of its surroundings. The occurrence of 

pollution in its surrounding will damage and disrupt lichen’s growth temporally and morphologically. 

 

FACE Station 

 
Thallus is pale green with grey-white prothallus 

around it. Soredia are very rare. 

Control Station 

 
Thallus is olive-green with bright white prothallus 

around it. Soredia are very easy to be identified. 

Fig. 2: Cryptothecia striata samples from both stations 
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Fig. 3: Lichen Frequency Count from Both Stations 

 
Fig. 4: Bark pH Value from Both Stations 

 

Bark pH: 

Bark pH was taken from both stations with 15 trees respectively. Based on Figure 4, the min for bark pH in 

FACE Station is 4.173 meanwhile for Control Station is 4.547. There is an obvious difference in bark pH 

between bark samples from both stations where barks from FACE Station is more acidic to the barks from 

Control Station. The difference is due to the high CO2 in FACE Station compare to the CO2 in Control Station. 

Most of the samples from both stations show a slight difference between 0.1 – 0.5 except for tree 5, tree 8 and 

tree 9. For these trees, an increment between 0.8 – 0.9 were recorded. Tree 5, tree 8 and 9 were identified as 

Cinnamomum iners. Cinnamomum iners is an endemic species for secondary tropical forest. To live, this species 

requires high humidity in the air of its surrounding. Low humidity will inhibit few of its metabolite pathways 

that will lead into increment of acidity on its bark. Hence, the elevations of CO2 in FACE Station literally have 

decrease the humidity in the station and increase the acidity of the bark.  

 

MANOVA Analysis: 

To test the relationship between FACE Station and Control Station, bark pH and lichen frequency, 

multivariate analysis of varians was used. According to multivariate analysis of varians (MANOVA) (refer to 

Table 1), the Pillai’s trace = 0.000 < than alpha value = 0.05. Hence, null hypothesis (H0) was rejected. This 

shows that data from both stations (FACE Station and Control Station) has a significant relationship between the 

growth of lichen and the acidity of tree bark. Bark pH and lichen frequency are very much different in both 

station where bark pH are so acidic in FACE Station and less acidic in Control Station and lichen frequency 
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depleted in FACE station meanwhile in Control Station the frequency increased.  According to Nimis et al 

(2002), there is significant relationship between corticolous lichen distribution and the acidity of tree bark. 

Lichen’s rhizine only attach on the substrate that compatible with it. An increase on tree bark acidity definitely 

will disrupt the lichen’s rhizine attachment to the substrate. 

 
Table 1: MANOVA Analysis for Bark pH-Lichen Frequency for Both Stations. 

Effect Value F Hypothesis df Error df Sig. 

Intercept t Pillai’s Trace .996 3617.823(a) 2.000 27.000 .000 

 Wilk’s Lambda .004 3617.823(a) 2.000 27.000 .000 
 Hotelling’s Trace 267.987 3617.823(a) 2.000 27.000 .000 

 Roy’s Largest Root 267.987 3617.823(a) 2.000 27.000 .000 

Type Pillai’s Trace .846 74.274(a) 2.000 27.000 .000 
 Wilk’s Lambda .154 74.274(a) 2.000 27.000 .000 

 Hotelling’s Trace 5.502 74.274(a) 2.000 27.000 .000 

 Roy’s Largest Root 5.502 74.274(a) 2.000 27.000 .000 

 

Conclusion: 

Lichen shows many differences under higher CO2 condition. Lichen reacting morphologically, in quantity 

and the acidity of the bark (lichen’s substrate). These show that lichen can be used as bioindicator for the 

determination of CO2 emission rate generally and global climate change specifically. Also, there was very fine 

evidence according to the MANOVA that shows lichen frequency are very much related with the acidity of the 

tree bark. Vegetation of lichen got disrupted by the elevation of CO2. Hence, perhaps it also disturbs few of the 

metabolic pathways in the lichen. In the future, secondary metabolite products may as well be observed and 

analyzed to determine the effects of elevated CO2 on lichen.   
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