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A b s t r a c t 

Chlorophyll in Schleichera oleosa is important to observe because 
S.oleosa is a tree plant that is often found on the road as a green plant. 
This role requires sufficient chlorophyll to maximize plant function for 
photosynthesis. Photosynthesis is supported by environmental factors. 
There are several environmental factors needed to maximize 
photosynthesis, namely altitude, humidity, ambient temperature, and 
light intensity. This study wanted to determine the effect of altitude, air 
humidity, ambient temperature, light intensity with chlorophyll content 
in S. oleose in several places. Altitude is measured using GPS. 
Measurement of air temperature and wind speed were measured using 
the Altimeter sights ler application version 2.0. Light intensity is 
measured using a lux meter. Soil moisture and soil pH were measured 
using a soil tester. Chlorophyll levels were measured using a 
spectrophotometer with a wavelength of 665 and 649, chlorophyll was 
calculated using the Wintermans and De Mots formula (1965). The 
results showed that chlorophyll content increased with increasing 
altitude. At the highest altitude of 833.6 m asl, the chlorophyll content is 
53,770 with an ambient temperature of 270C which decreases at an 
altitude of 833.6 m asl 
 

1. INTRODUCTION 

Trees have an important role in greening 
the environment. Trees that are often planted 
in cities are deliberately chosen to be plants 
that have the ability to absorb higher carbon 
dioxide, so they are effective if they are used 
as reforestation trees  (Chaturvedi et al., 2012). 

One of the tree plants that has good potential 
for reforestation is S. oleosa (Lee, 2016). 

S. oleosa is a member of the Sapindaceae 
family which has a tree shape, grows and 
spreads in Asia (Anuragi & Mishra, 2017). S. 
oleosa is a green plant in urban environments 
that contains secondary metabolites of 
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chlorophyll derivatives such as flavonoids, 
tannins, polyphenols (Bhatia et al., 2013), so 
that the importance of these secondary 
metabolites to support primary metabolic 
processes such as glycolysis can be increased. 

The potential of S. oleose to become a 
green plant is supported by a high rate of 
photosynthesis. The role of S. oleosa as a tree 
plant planted in urban areas has an important 
function, not only as shade and greening but 
also as a producer of oxygen in the air. The 
biggest oxygen producer comes from plants, 
the more vegetation, the greater the oxygen 
produced. Oxygen is produced from the 
photosynthetic process which is mostly carried 
out by plants (Ikkonen et al., 2018). Most of 
the photosynthesis process is carried out to 
produce carbohydrates, while oxygen is a 
byproduct of the process (Flood et al., 2011). 

Chlorophyll becomes an important 
pigment in the process of photosynthesis. 
Chlorophyll is a pigment that is owned by 
plants which is used for photosynthesis. 
Chlorophyll is used to receive light spectrum 
emitted by the sun (Ni et al., 2019) (suharja & 
sutarno, 2009), to produce electrons that can 
be used to perform the photosystem. 
Chlorophyll pigments are synthesized through 
three stages of the pathway, at the beginning 
the formation of chlorophyll which is formed 
from glumathic acid is an amino acid formed 
from nitrogen (Tanaka & Tanaka, 2006). This 
chlorophyll pigment has a unique structure, 
this structure consists of 4 N atoms which can 
be produced from nitrogen synthesis (suharja 
& sutarno, 2009). Nitrogen in the cycle is not 
obtained directly from the soil, but through a 
long process of nitrogen assimilation. 

The synthesis of chlorophyll in greening 
plants is influenced by light intensity (Jilani et 
al., 1996). Light intensity is related to the 
energy transmitted to plants, so that energy 
can move electrons to change the excited H 
molecules in the photosystem I process. 
Increased chlorophyll becomes important to 
support the photosynthesis process. 
Environmental temperature has a role in 

determining the formation of ATP in the 
respiration process (Pérez-Patricio et al., 2018). 

 
2. MATERIALS AND METHODS 

 
S. oleosa samples were obtained from 

Mojokerto Jawak timur with the location 
points as shown in Figure 1. Location of Sample 
S. oleosa. The sampling distance based on the 
presence of S. oleose is not a predetermined 
point. S.oleosa was taken based on a survey in 
the Mojokerto area, then the altitude 
measurements were made at each point. 

 
 

Figure 1. Location of Sample S. oleosa 
 

Altitude measurement 
Measurement of station height using the 

Altimeter Sights Ler version 2.0 application. 
Measurement begins by turning on the GPS on 
the cellphone when it is at the sampling 
location, then opening the application and the 
application will automatically read the location 
and altitude of the area metric (masl) or 
imperial (ft). 

 
Humidity 

Air humidity was measured using the 
Altimeter sights ler application version 2.0. 
Starting by turning on the data on the 
cellphone, then opening the application at the 
location where you want to measure the 
humidity, and the application will automatically 
read the ambient humidity. Air humidity 
measurements were repeated three times at 
three different times. 
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Air temperature 
Air temperature was measured using the 

Altimeter Sights Ler version 2.0 application. 
The measurement starts by turning on the 
cellular data on the cellphone, then opening 
the Altimeter application and it will 
automatically read the data in the form of the 
location's ambient temperature in ° C. The 
temperature is said to be moderate in the 
range of 23.5 ° C to 24.3 ° C. Measurement of air 
temperature was repeated 3 times at 3 
different points. 

 
Light intensity 

Light intensity is measured using a lux 
meter. Starting by opening the cover of the lux 
meter light panel, with the position of the 
panel facing up (not exposed to direct light), 
then the power switch is shifted to on, and it is 
set to the light intensity range of 0 - 1999 lux 
(1x) and 2000 - 19999 lux (10x) , the tool will 
automatically read the amount of ambient 
light that the lux meter can capture. The light 
intensity measurement was repeated 3 times 
(3 days) at 3 different times. 

 
Soil moisture and soil pH 

Soil moisture and soil pH were measured 
using a soil tester. Measurement begins with 
cleaning the tip of the soil tester, then 
inserting the soil tester into the soil, and the 
surrounding soil moisture will automatically 
read. Soil moisture measurement at 3 different 
points. 

Chlorophyll content measurement 
Determination of chlorophyll content of S. 

oleosa (L.) Oken leaves. conducted using the 

International Rice Research Institute method 
which has been modified by Balitbo Bogor 
(Prastyo, 2015). Leaves of each accession to S. 
oleosa (L.) Oken. weighed using an analytical 
balance with a weight of 0.1 g, then washed 
with distilled water to clean the leaves, then 
put it in a mortal and crushed with a pestle, 
added 0.5 ml of boric acid 10 mM, then 
discarded the supernatant centrifuge and 
added 96% ethanol. After that it was vortexed 
and incubated at 4 ° C. Then the supernatant 
was taken into a centrifuge and put in a cuvet 
to measure its absorbance value. The 
supernatant obtained was a chlorophyll 
extract which would then be analyzed using a 
spectrophotometer with a wavelength of 649 
nm and 665 nm. Chlorophyll content was 
calculated using the Wintermans and De Mots 
(1965) formula in (Pratama, 2015): 

 
Chlorophyll a = (13.7 x A665) - (5.76 x A649) 
Chlorophyll b = (25.8 x A649) - (7.60 x A665) 

Total Chlorophyll Content = Chlorophyll a + 
Chlorophyll b 

 
3. RESULTS 

Observations of chlorophyll from S. oleosa 
from several elevation places are as in Table 1. 
That the higher the place where S.oleose 
grows, the environmental temperature 
decreases, the humidity is medium and the 
light intensity is medium, but the higher the  

chlorophyll The relationship of each 
environmental factor with chlorophyll 
indicates that the environment has a greater 
influence. 

 
Tabel 1. Abiotik Factors dan level Chlorophyll of S. oleosa 

Sample  Altitude  Temperature Humidity Soil pH  
Intensity of 
light  

Chlorophyll Total 

S1 (57,8 m dpl) 29.20C 29 4.9 13.560 19.294  

S2 (80,1 m dpl) 29.70C 29 5.9 18.400  19.463  

S3 (199,5 m dpl) 28.70C 29 6 9.900  21.246  

S4 (351,9 m dpl) 29.70C 30 4 9.470  18.833  

S5 (405,2 m dpl) 28.80C 29 5.3 9.750  12.678  

S6 (833,6 m dpl) 27.40C 29 4.9 11.540  53.770  
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Altitude of 57.8 m asl to 833.6 m asl, the total 

chlorophyll content can be seen in Graph 1.which 
shows there is a linear graph and according to the 
altitude that exists in the environment of each 
growing place.At an altitude of 57.8 m asl to 833.6 
m asl, the total chlorophyll content can be seen in 

Graph 1. which shows there is a linear graph and 
according to the altitude that exists in the 
environment of each growing place. 

 

 

 
 

Grafik 1. Level chlorophyll in different altitude 
 

4. DISCUSSION 

 
Chlorophyll levels in S.oleose were 

observed from various altitudes ranging from 
57.8 masl to 833.6 masl. It is known that there 
is an up and down pattern, this pattern is not 
only determined by light and altitude factors 
but also other environmental factors that 
cause different chlorophyll levels. Several 
factors that cause changes in chlorophyll levels 
are related to the determinants of 
photosynthesis and chlorophyll formation. If it 
is related to the formation of chlorophylls, the 
soil pH and intensity of light are related to the 
formation of proteins in the formation of 
chlorophylls. The formation of chlorophyll 
requires amino acids which are assimilated by 
bacteria and accepted by plants as materials 
for carrying out amino acid synthesis. 

The role of light in amino acid biosynthesis 
and chlorophyll formation (Fan et al., 2013). 
The quality of light determines the chlorophyll 
biosynthesis, the more appropriate the light 
intensity with enough electrons to replace the 
Photosystem process in photosynthesis. 

Several studies related to light intensity which 
increase the acceleration of biosynthesis have 
found that light can effectively affect the 
increase in photosynthesis biosynthesis 
(Woitsch, 2003). 

The wavelength of light in the environment 
is not always consistent so that plants can 
receive light with various light waves. Light-
receiving pigments in plants make mRNAs 
increase in number, to increase the number of 
photoreceptors in the form of phytochromes. 
Gene expression related to the formation of 
pigments in plants including chlorophyll can be 
controlled by phytochromes (Woitsch, 2003). 
The combination of phytochromic work and 
nitrogen synthesis will produce maximum 
chlorophyll according to the plant's ability, in 
the case of this study, S. oloesa can produce 
maximum chlorophyll at an altitude of 833.6 
masl because the position of S. oleosa gets full 
light intensity and is accepted by phytocrom 
and pH 4.9 is slightly acidic, meaning that the 
soil has many ions that cause the soil to have 
an acidic pH (Zhou et al., 2011). The presence of 
nitrogen-degrading bacteria makes soil 
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conditions more neutral in acidity. The more 
inorganic nitrogen ions, the presence of 
bacteria, the more it will be neutral (Cho et al., 
2016). This pH value of 4.9 shows that more 
ions cause the soil to become acidic (Rousk et 
al., 2010), but this pH range is still within safe 
limits for soil where plants such as S. oleosa 
can grow. 

The environmental temperature observed 
in S. oleosa showed that a difference of 20C 
showed a different difference in chlorophyll 
content. The ambient temperature is 27.40C, 
the chlorophyll content is 53,770, while the 
temperature is 28.80C, the chlorophyll content 
is 12,678, the environmental temperature 
range is still below 50oC where the 
photosynthetic biosynthetic enzyme is still 
working well. Too low temperature will also 
affect chlorophyll biosyntesys (Zhao et al., 
2020). In chlorophyll biosynthesis involves 
many enzymes, catalysis, polymerization 
processes and involves several Heme genes , 
all of which require environmental conditions 
following the work of these enzymes and 
biosynthesis. 

Chlorophyll biosynthesis is divided into 
three long processes, the first process includes 
protoporphyrin IX (Proto IX) from glutamate 
(Vavilin & Vermaas, 2002) catalyzed by 
glutamyl-tRNA reductase (GluTR), encoded by 
HEMAgene to produce porphobilinogen (PBG), 
each four PBG molecules will polymerize and 
produce urogenous uroporfirin (III) which will 
carboxy and produce another form of 
coproporphyrinogen III (coprogen III). In the 
first synthesis stage, it will produce an 
aromatic compound in the form of 
protoporphyrin IX (ProtoIX) (Yuan et al., 2017). 
The second stage in chlorophyll biosynthesis 
uses ProtoIX to initiate the branching of the 
long chain of biosynthesis to become 
chlorophyll and heme. ProtoIX catalyzed by 
ferrochelatase produces heme while in other 
branches ProtoIX becomes chlorophyll a and 
then becomes chlorophyll b (Yuan et al., 2017). 

From this long process, why chlorophyll 
levels always change and are always influenced 
by many factors, because it involves many 

enzymes, so many things are influenced in the 
formation of chlorophyll. So that in this study 
of S. oleosa, at an altitude of 833.6 masl, it 
shows the highest chlorophyll content because 
at the location where the supporting factors 
are met, including sufficient light for 
phytocromes, and S. oleosa with an altitude of 
405.2 masl does not show the second height 
but in fact, it is the lowest chlorophyll content 
because the supporting factors for the 
formation of chlorophyll do not support the 
formation of chlorophylls maximally such as at 
an altitude of 833.6 masl. 

 
5. CONCLUSION 

 
Abiotic factors in the environment can 

directly affect the chlorophyll levels in 
S.oleose. Altitude, soil pH, ambient 
temperature and light intensity all have their 
respective roles in chlorophyll biosynthesis. S. 
oleosa at an altitude of 833.6 masl has the 
highest chlorophyll content because all factors 
support the formation of chlorophyll 
biosynthesis. 

 
6. REFERENCES 

 
Anuragi, J. L., & Mishra, R. (2017). 

Ethnomedicinal study of Schleichera 
oleosa among the tribals of Satna 
(M.P.). 3(3), 3. 

Bhatia, H., Kaur, J., Nandi, S., Gurnani, V., 
Chowdhury, A., Reddy, P. H., 
Vashishtha, A., & Rathi, B. (2013). A 
review on Schleichera oleosa: 
Pharmacological and environmental 
aspects. Journal of Pharmacy Research, 
6(1), 224–229. 
https://doi.org/10.1016/j.jopr.2012.11.003 

Chaturvedi, N., Dhal, N. K., & Reddy, P. S. R. 
(2012). Comparative phytoremediation 
potential of Calophyllum inophyllum L., 
Bixa orellana L. and Schleichera oleosa 
(lour.) Oken on iron ore tailings. 
International Journal of Mining, 
Reclamation and Environment, 26(2), 
104–118. 



60  Effect of the abiotic factor on Schleichera oleosa chlorophyll level  

 

https://doi.org/10.1080/17480930.2012.
655165 

Cho, S.-J., Kim, M.-H., & Lee, Y.-O. (2016). 
Effect of pH on soil bacterial diversity. 
Journal of Ecology and Environment, 
40(1), 10. https://doi.org/10.1186/s41610-
016-0004-1 

Fan, X., Zang, J., Xu, Z., Guo, S., Jiao, X., Liu, X., 
& Gao, Y. (2013). Effects of different 
light quality on growth, chlorophyll 
concentration and chlorophyll 
biosynthesis precursors of non-heading 
Chinese cabbage (Brassica campestris 
L.). Acta Physiologiae Plantarum, 35(9), 
2721–2726. 
https://doi.org/10.1007/s11738-013-1304-
z 

Flood, P. J., Harbinson, J., & Aarts, M. G. M. 
(2011). Natural genetic variation in 
plant photosynthesis. Trends in Plant 
Science, 16(6), 327–335. 
https://doi.org/10.1016/j.tplants.2011.02.
005 

Ikkonen, E. N., Shibaeva, T. G., & Titov, A. F. 
(2018). Influence of Daily Short-Term 
Temperature Drops on Respiration to 
Photosynthesis Ratio in Chilling-
Sensitive Plants. Russian Journal of 
Plant Physiology, 65(1), 78–83. 
https://doi.org/10.1134/S10214437180100
41 

Jilani, A., Kar, S., Bose, S., & Tripathy, B. C. 
(1996). Regulation of the carotenoid 
content and chloroplast development 
by levulinic acid. Physiologia Plantarum, 
96(1), 139–145. 
https://doi.org/10.1111/j.1399-
3054.1996.tb00194.x 

Lee, Y. (2016). Estimation of Carbon Storage 
of Two Dominant Species in Deciduous 
Dipterocarp Forest in Chatthin Wildlife 
Sanctuary, Myanmar. International 
Journal of Sciences, 2(03), 42–52. 
https://doi.org/10.18483/ijSci.967 

Ni, Z., Lu, Q., Huo, H., & Zhang, H. (2019). 
Estimation of Chlorophyll Fluorescence 
at Different Scales: A Review. Sensors, 

19(13), 3000. 
https://doi.org/10.3390/s19133000 

Pérez-Patricio, M., Camas-Anzueto, J., 
Sanchez-Alegría, A., Aguilar-González, 
A., Gutiérrez-Miceli, F., Escobar-Gómez, 
E., Voisin, Y., Rios-Rojas, C., & Grajales-
Coutiño, R. (2018). Optical Method for 
Estimating the Chlorophyll Contents in 
Plant Leaves. Sensors, 18(2), 650. 
https://doi.org/10.3390/s18020650 

Rousk, J., Bååth, E., Brookes, P. C., Lauber, C. 
L., Lozupone, C., Caporaso, J. G., 
Knight, R., & Fierer, N. (2010). Soil 
bacterial and fungal communities 
across a pH gradient in an arable soil. 
The ISME Journal, 4(10), 1340–1351. 
https://doi.org/10.1038/ismej.2010.58 

suharja & sutarno. (2009). Biomass, 
chlorophyll and nitrogen content of 
leaves of two chili pepper varieties 
(Capsicum annum) in different 
fertilization treatments. Nusantara 
Bioscience, 1(1). 
https://doi.org/10.13057/nusbiosci/n0101
02 

Tanaka, A., & Tanaka, R. (2006). Chlorophyll 
metabolism. Current Opinion in Plant 
Biology, 9(3), 248–255. 
https://doi.org/10.1016/j.pbi.2006.03.011 

Vavilin, D. V., & Vermaas, W. F. J. (2002). 
Regulation of the tetrapyrrole 
biosynthetic pathway leading to heme 
and chlorophyll in plants and 
cyanobacteria. Physiologia Plantarum, 
115(1), 9–24. 
https://doi.org/10.1034/j.1399-
3054.2002.1150102.x 

Woitsch, S. (2003). Expression of Xanthophyll 
Biosynthetic Genes during Light-
Dependent Chloroplast Differentiation. 
132(2003), 10. 

Yuan, M., Zhao, Y., Zhang,  zhong W., & Chen, 
Y. E. (2017). Light Regulates 
Transcription of Chlorophyll 
Biosynthetic Genes During Chloroplast 
Biogenesis. 21. 



Azizatur Rahmah and Diah Lailil Rahmawati 61 

  

Zhao, Y., Han, Q., Ding, C., Huang, Y., Liao, J., 
Chen, T., Feng, S., Zhou, L., Zhang, Z., 
Chen, Y., Yuan, S., & Yuan, M. (2020). 
Effect of Low Temperature on 
Chlorophyll Biosynthesis and 
Chloroplast Biogenesis of Rice 
Seedlings during Greening. Int. J. Mol. 
Sci., 22. 

Zhou, Y., Zhang, Y., Wang, X., Cui, J., Xia, X., 
Shi, K., & Yu, J. (2011). Effects of 
nitrogen form on growth, CO2 
assimilation, chlorophyll fluorescence, 
and photosynthetic electron allocation 
in cucumber and rice plants. Journal of 
Zhejiang University SCIENCE B, 12(2), 
126–134. 
https://doi.org/10.1631/jzus.B1000059 


