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ABSTRACT 
 

Aims: This study was conducted to study the growth, leaf gas exchange and secondary 
metabolites of Orthosiphon stamineus as affected by Multiwalled carbon nanotubes application 
(MWCNT).  
Study Design: Orthosiphon stamineus were exposed to four different multi-walled carbon 
nanotubes (MWCNTs) concentration (0, 700, 1400 and 2100 mg L-1). The experiment was 
organized in a randomized complete block (RCBD) design with three replications. Each 
experimental unit consisted of twelve plants, and there were a total of 144 plants used in the 
experiment. 
Place and Duration of Study: Department of Biology, Faculty of Science Universiti Putra Malaysia 
between November 2016 to March 2017.  
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Methodology: Each plant was watered with 50 mL of MWCNTs solution in week 2 and 9. The 
leaves number were counted manually and the total plant biomass was taken by calculating the dry 
weight of root, stem, and leaf per seedling The total chlorophyll content in the leaves was 
measured using a SPAD chlorophyll meter. The leaf gas exchange was determined using LI-
6400XT portable photosynthesis system. Total phenolics and flavonoid were determined using 
Folin-Ciocalteu reagent.  
Results: It was found that application of MWCNTs would reduce the growth characteristics of this 
plant that was shown by decreased leaf numbers, total biomass and total chlorophyll content 
(TCC). As MWCNTs concentration increases from 0 > 2100 mg L

-1
, the leaf gas exchange 

parameter also shows reduced patterns. Generally, as the rate of MWCNTs increased from 700 > 
2100 mg L-1 MWCNTs reduce the net photosynthesis (A), stomatal conductance (gs), transpiration 
rate (E) and increased the plant water use efficiency. The production of the secondary metabolites 
was directly dependable on MWCNTs concentration. As the rate was enhanced from 0 > 700 > 
1400 > 2100 mg L

-1
 the production of total phenolics and flavonoids was enhanced. 

Conclusion: The current study revealed that the high application of MWCNTs concentration 
reduce the growth rate of O. stamineus, leaf gas exchange and simultaneously increase the 
production of secondary metabolites. 

 
 
Keywords:  Multi-walled carbon nanotubes (MWCNTs); Orthosiphon stamineus; growth; leaf gas 

exchange; secondary metabolites. 
 

1. INTRODUCTION  
 
Orthosiphon stamineus Benth. is a perennial 
herb that belongs to Lamiaceae family (Ameer 
[1]. This herb species is widely dispersed in 
temperate countries such as Malaysia, India, 
China and Australia which have a tropical climate 
with high temperature and rainfall all year [2]. In 
Southeast Asia, O. stamineus is a popular 
medicinal herb and it has been planted as an 
ornamental plant as well as for medicinal 
purposes [3]. Orthosiphon stamineus is used to 
treat jaundice, epilepsy, gallstones, influenza, 
and hepatitis and have a great potential in the 
herbal medicinal industry because of its anti-
fungal, diuretic, and bacteriostatic properties of 
leaves [4]. Antioxidant activity in the leaves and 
its lipophilic flavonoids can prohibit the oxidative 
inactivation of 15-lipoxygenase [5]. 
 
Carbon nanotubes (CNT) is a tubular folded 
graphene having carbon hexagonal units. CNTs 
have few special electrical, mechanical and 
thermal properties. Currently, there are two 
groups of CNTs, i.e. single-walled carbon 
nanotubes (SWCNTs) and multiwalled carbon 
nanotubes (MWCNTs) [6]. The difference 
between both structures is that the amount of 
graphene sheet that wrapped around the tube 
core. A single graphene sheet was needed to 
form SWCNTs while several graphene sheets 
was needed to wrapped around the tube core to 
form MWCNTs [7]. Plants have the possibility to 
absorb certain concentration of the essential and 
non-essential elements in specific which may 

cause a toxicity to the plants [8]. Rico et al. [9] 
have concluded that the range of concentration 
of 1000–4000 mg/L is where the nanoparticles 
(carbon nanotubes and fullerenes) possess 
obvious toxicity on the food crops. The common 
high concentration of the nanoparticles which 
ranging between 2000–5000 mg/L is normally 
used to study the toxicity effect on the food crops 
(C3 and C4 species) [10]. The toxic level of 
carbon nanotubes depends on the hydrophobic 
nature of nanotubes, existence of catalyst and 
surfactants [11]. The phytotoxic effects of CNTs 
on plant cells is caused by the aggregation and 
cell death which depends on its concentration [7]. 
Usually, the toxicity effects is shown by plant cell 
electrolyte leakage (increase in plant cell 
membrane permeability) and the swelling of the 
plant cells [11]. There is few research that 
demonstrates the inhibitory effect of MWCNTs on 
plants growth. Parvin and Brunshi [12] showed 
that the height and fresh weight of roots and 
shoots of red spinach as well as leaf number and 
leaf area were reduced with increasing MWCNTs 
doses over control. Tobacco cells that were 
cultured with MWCNTs contain genes that 
induce the growth by maintaining the cell 
division, the formation of the cell wall and the 
water flow through the membrane [13]. According 
to Moore [14], nanomaterials produce harmful 
reactive oxygen species (ROS), which elevates 
the cellular oxidative stress and may damage the 
DNA, proteins and membranes. 
 
The application of carbon nanotubes also can 
enhance the leaf gas exchanges properties of 
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the plant. It was observed in Arabidopsis thaliana 
that treated with single wall carbon nanotubes 
(SWCNT) the plant had higher photosynthetic, 
photoabsorption and higher electron transport 
rates [15] compared to the plant that not treated 
with the materials. This was due to a higher 
efficiency of chloroplast when interacted with the 
nanomaterials. Recently, [16] in their study on 
the plant nanobionics, have proved that CNTs 
penetration in chloroplasts and accumulation on 
the thylakoids and stroma can enhance the 
photochemical process in spinach. This was due 
to higher rates of electron transport and 
increment in photosynthesis efficiency of the 
plant treated with CNT. However different study 
showed a reduction in leaf gas exchange 
performance due to decreased of superoxide 
dismutase (SOD) activity as well as a decay of 
chlorophyll production in the treated plant [17]. 
 
Secondary metabolites, also known as natural 
products presence in low quantities and the 
production are widespread or restricted to certain 
families, genera or even species. They lack of 
biological significance but they have significant 
economic and medicinal value. Secondary 
metabolites protect plants from pathogens and 
insects, forming important UV-radiation 
absorbing compounds, which avoid any serious 
damage of the leaf [18] The condition of the 
surroundings such as light intensity, carbon 
dioxide levels, temperature, fertilization, and 
biotic and abiotic factors could affect the 
concentration of polyphenols [19]. Plant cell 
culture that was exposed to different types of 
elicitors (biotic and abiotic) can stimulate the 
biosynthesis of secondary metabolites. 
Ghorbanpour and Hadian [20] showed the first 
proof that the optimum use of MWCNTs can act 
as an elicitor to enhance the biosynthesis of 
phenolics and flavonoids in callus culture of 
Satureja khuzestanica due to the activation of 
specific key enzymes. Besides, they showed that 
the S. khuzestanica produce minimum phenolics 
content in medium containing the highest 
concentration of MWCNTs (500 μg ml

-1
).  

 
The findings of the special effects of 
nanomaterials on the plant cause a significant 
growing industry with multiple applications of 
nanomaterials in biotechnology, agriculture, 
medicine and public health. Carbon nanotubes 
(CNTs) is the most studied carbon-based 
nanomaterials with high nano-technological 
demands [21]. Many effects of CNTs on plants 
and crops have been described for the 
application in agriculture but many other plants 

interaction mechanisms with the nanoparticles 
have not been fully studied [22]. At present, little 
work has been carried out to observe the effects 
of the application of CNT to medicinal plant 
especially, MWCNT. Indeed, at present, general 
research in the leaf gas exchange and secondary 
metabolites is still in its infancy. Therefore, a 
substantial study on the growth, leaf gas 
exchange and secondary metabolites of O. 
staminues is essential in order to understand the 
mechanism of plant and carbon nanotubes 
interaction. With this, the main objective of the 
research was to investigate the growth, leaf gas 
exchange and secondary metabolites patterns of 
O. stamineus as affected by Multiwall CNTs 
application (MWCNT). Secondly, to identify the 
best concentration for optimum growth and 
secondary metabolites of O. stamineus under 
application of MWCNT and last objective was to 
establish the relationship between growth and 
secondary metabolites of O. stamineus as 
affected by MWCNTs application. 
 

2. MATERIALS AND METHODS  
 

2.1 Properties and Synthesis of CNTs  
 
The CNT used in the study was multiwall carbon 
nanotubes (MWCNT). The range of the diameter 
of MWCNTs is about 23.6 nm to 28.1 nm with the 
purity of 80.01%. The MWCNTs were 
synthesized from oil palm by using thermal vapor 
deposition method [23]. The ferrocene (catalyst) 
was directly dissolved in the oil palm at a 
concentration of 5.33% of weight to obtain a light 
brown solution. Six millimeters precursor mixture 
was introduced in the middle of precursor 
furnace by an alumina boat while silicon 
substrate was placed in the middle of the 
deposition furnace. The mixture was then 
vaporized at 450°C and pyrolyzed at 750°C for 
30 - 90 minutes synthesis time with 10 minutes 
increment in argon ambient.  
 

2.2 Plant Material and Maintenance  
 
The experiment was conducted at the Taman 
Pertanian Universiti, Universiti Putra Malaysia. 
Stem cuttings were used as the source of 
planting materials in the study. Stem cuttings of 
O.stamineus were propagated for two weeks in a 
tray and then transferred to polybags filled with a 
mixture of top soil and sand (ratio 3:1). All the 
cuttings were irrigated four times a day or when 
necessary. After 1 months after propagation with 
stem cuttings, O. stamineus plants were exposed 
to four different multi-walled carbon nanotubes 
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(MWCNTs) concentration (0, 700, 1400 and 
2100 mg L

-1
). The MWCNTs were delivered to 

the plants through watering. The MWCNTs were 
dispersed in distilled water before being applied 
to the plants. Each plant was watered with 100 
mL of MWCNTs solution. The experiment was 
organized in a randomized complete block 
(RCBD) design with three replications. Each 
experimental unit consisted of twelve plants, and 
there were a total of 144 plants used in the 
experiment. 
 

2.3 Leaf Numbers 
 
The whole leaves of the plants were counted 
manually (one by one piece) and then recorded. 
 

2.4 Plant Biomass 
 
Total plant biomass was taken by calculating the 
dry weight of root, stem and leaf per seedling. 
Plant parts were separated and placed in paper 
bags and oven dried at 80°C until constant 
weight was reached before dry weights were 
recorded using an electronic weighing scale. 
 

2.5 Chlorophyll Content 
 
SPAD 502 chlorophyll meter (Spectrum Tech Inc; 
Aurora, IL; USA) was used to measure the total 
chlorophyll content in the leaves. Three readings 
were taken at three spots on a leaf of each plant 
and the average readings were recorded.  
 

2.6 Leaf Gas Exchange Measurement 
 
A LI-6400XT (Li-COR Inc; Nebraska; USA) 
portable photosynthesis system is used to 
measure the leaf gas exchange. The instrument 
was warmed and calibrated with the ZERO IRGA 
mode for 30 minutes. The measurements use 
optimal conditions set at 400 μmol mol

-1
 CO2, 

30°C cuvette temperature, 60% relative humidity 
with air flow rate set at 500 cm

3
 min

-1
 and 

modified cuvette condition of 800 μmolm-2s-1 
photosynthetically photon flux density (PPFD). 
The measurement of gas exchange was carried 
out between 9.00 am to 11.00 am by using fully 
expanded young leaves that simultaneously 
measured net photosynthesis (A), stomata 
conductance (gs) and transpiration rate (E). 
Water use efficiency (WUE) was calculated by 
dividing net photosynthesis with transpiration 
rate. The operation is automatic and the data 
were stored in the LI-6400XT console and 
analyzed with the Photosyn Assistant Software 
(Dundee Scientific, Dundee, UK). Precautions 

have been taken to avoid errors during taking the 
measurements. 
 

2.7  Total Phenolics and Flavonoids 
Quantification 

 
The total phenolics and flavonoid measurement 
followed methods from [24]. Initially grounded 
plant tissue samples (0.1 g) was extracted              
with 80% ethanol (10 mL) on an orbital shaker  
for 120 minutes at 50˚C. The mixture then was 
filtered and the filtrate was used for the 
quantification of total phenolics and total 
flavonoids. Follin-Ciocalteu reagent (Sigma 
Aldrich, Missouri, USA; diluted 10-fold) was  
used to determine the total phenolic content of 
the leaf samples. The absorbance was measured 
at 725 nm. The results were expressed as mg 
g

−1
 gallic acid equivalent (mg GAE g

−1
 dry 

sample). For total flavonoids determination, a 
sample (1 mL) was mixed with NaNO3 (Sigma 
Aldrich, Missouri, USA; 0.3 mL) in a test tube 
covered with aluminum foil, and left for 5 min. 
Then 10% AlCl3 (Wako Pure Chemical  
Industries Ltd; Tokyo, Japan; 0.3 mL) was added 
followed by addition of 1 M NaOH (Kanto 
Chemical Co. Inc.; Hokkaido, Japan; 2 mL). 
Later, the absorbance was measured at 510 nm 
using a spectrophotometer with rutin as a 
standard (results expressed as mg g−1 rutin dry 
sample). 
 

2.8 Statistical Analysis 
 
Statistical Package for Social Sciences (SPSS) 
version 21 was used to analyze the data that 
have been recorded. A two-way ANOVA Test 
was conducted to analyze data for all the 
parameters in the experiment. Data are 
significant if the p-value level ≤ 0.05. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Leaves Number 
 

Fig. 1 showed that the leaves number of 
Orthosiphon stamineus from 3 weeks after 
treatment (WAT) until the 12 WAT. There           
was significant difference between treatments 
observed in 9 WAT and 12 WAT (p ≤ 0.05). In 
week 9, there was a significant difference 
between 1400 mg L-1 and 2100 mg L-1 which 
recorded 195.33 and 201.00, respectively. In 12 
WAT, there was a significant difference            
between 700 mg L-1 and 2100 mg L-1. The 
highest leaves number was found at the 
concentration of 700 mg L-1 that record 480. At 



700 mg L-1 the maximum leaves number 
was obtained in O. stamineus. This was followed 
by 0, 1400 and 2100 mg L

-1
. The current 

result indicates that application of MWCNTs 
above 700 mg L

-1
 reduces the leaf production 

in O. stamineus. However, contradicting results 
were observed by Khodakovskaya et al. [13], 
that showed MWCNTs-treated tomato plants 
produce the same number of leaves compared 
to tomato plants that were grown in untreated 
soil. 
 

3.2 Total Plant Biomass 
 
The trends for the influence of MWCNT on total 
biomass from 0 to 12 WAT are shown in 
was observed that MWCNT has significantly 
influenced the total biomass of O. stamine
from 6 WAT to 12 WAT. Generally, as MWCNT 
was increased from 0 > 2100 mg L
biomass of O. stamineus was drastically 
 

 
Fig. 1. Impact of multi-walled carbon nanotubes application on the leaf number of 

stamineus
Data are mean  standard error of mean (SEM). N = 9. Means with * were significantly different at p 

 

 
Fig. 2. Impact of multi-walled carbon nanotubes application on total biomass of 

stamineus
Data are mean  standard error of mean (SEM). N = 9. Means with * were significantly different at p 
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the maximum leaves number                   
. This was followed 

. The current                  
ation of MWCNTs 

reduces the leaf production                
. However, contradicting results 

were observed by Khodakovskaya et al. [13],  
treated tomato plants 

produce the same number of leaves compared  
tomato plants that were grown in untreated 

The trends for the influence of MWCNT on total 
biomass from 0 to 12 WAT are shown in Fig. 2. It 
was observed that MWCNT has significantly 

O. stamineus 
from 6 WAT to 12 WAT. Generally, as MWCNT 
was increased from 0 > 2100 mg L-1 the total 

was drastically 

reduced. At 12 WAT the highest total biomass 
was obtained in 0 mg L

-1
 (31.18 g) followed by 

700 mg L
-1

 (28.08 g), 1400 mg L
-1

lowest in 2100 mg L-1 that just recorded 24.80 g. 
The reduction in total biomass suggests that 
addition of MWCNT induced toxicity effects to the 
plants. Toxicity effects usually reduced the 
growth of plants and this usually followed by a 
reduction in plant growth and this was 
manifested by a reduction in plant total biomass 
that was observed in the present study. The 
present result was an agreement with the study 
of [25] that observed Zucchini that exposed to 
MWCNT have reduced their total bi
exposure to MWCNT. The results contradicted 
with the findings of Tan and Fugetsu [26] that 
showed the MWCNTs increased 
biomass from 71-90 % under treatment with 
MWCNT. The current result showed that plant 
response to MWCNT was different with different 
plant species.  

 

walled carbon nanotubes application on the leaf number of 
stamineus during 12 weeks of planting  

standard error of mean (SEM). N = 9. Means with * were significantly different at p 

 

walled carbon nanotubes application on total biomass of Orthosiphon 
stamineus during 12 weeks of planting  

standard error of mean (SEM). N = 9. Means with * were significantly different at p 
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reduced. At 12 WAT the highest total biomass 
(31.18 g) followed by 

1
 (27.91 g) and 

that just recorded 24.80 g. 
The reduction in total biomass suggests that 
addition of MWCNT induced toxicity effects to the 
plants. Toxicity effects usually reduced the 
growth of plants and this usually followed by a 

uction in plant growth and this was 
manifested by a reduction in plant total biomass 
that was observed in the present study. The 
present result was an agreement with the study 
of [25] that observed Zucchini that exposed to 
MWCNT have reduced their total biomass upon 
exposure to MWCNT. The results contradicted 
with the findings of Tan and Fugetsu [26] that 
showed the MWCNTs increased Oryza sativa 

90 % under treatment with 
MWCNT. The current result showed that plant 

rent with different 

walled carbon nanotubes application on the leaf number of Orthosiphon 

standard error of mean (SEM). N = 9. Means with * were significantly different at p ≤ 0.05 

Orthosiphon 

standard error of mean (SEM). N = 9. Means with * were significantly different at p ≤ 0.05 



3.3 Total Chlorophyll Content 
 
Fig. 3 shows the total chlorophyll content (TCC) 
of O.stamineus as affected by MWCNT 
application. In all weeks measured MWCNT has 
significantly influenced the TCC of O. stamineus
Generally, in all weeks measured, TCC was 
highest under 0 mg L-1 treatments followed by 
700 mg L

-1
, 1400 mg L

-1
, and 2100 mg L

current result indicates chlorophyll reduction with 
the addition of MWCNT application to 
stamineus. This also indicates that the sink 
strength of this plant might be reduced under 
MWCNT exposure. Total chlorophyll content 
usually indicates the nitrogen statu
and the sink strength of plants [11]. The present 
study was in agreement with the study of Lin et 
al. [13] in Arabidopsis sp that showed decreased 
TCC upon exposure to MWCNT. In their study, 
the decreasing TCC was followed with the 
reduction in superoxide dismutase (SOD) activity 
and plant total dry weight. It can be concluded 
that MWCNT showed decreased growth patterns 
in O. stamineus that been justified with a 
reduction in TCC, that was observed in every 
week of the measurement in the present study. 
 

3.4 Leaf Gas Exchange Properties
 
3.4.1 Net photosynthesis  
 
The net photosynthesis rate of 
stamineus was significantly influenced by the 
treatments of carbon nanotubes (p 
4). The net photosynthesis rate was decreased 
as the MWCNTs concentration increased from 0 
> 2100 mg L-1. The highest A was found to be in 
0 mg L

-1
 concentration followed by 700 mg L

1400 mg L
-1

 and lowest in 2100 mg L
photosynthesis is a term that measured the 
 

 

Fig. 3. Impact of multi-walled carbon nanotubes application on total chlorophyll content of 
Orthosiphon stamineus

Data are mean  standard error of mean (SEM). N = 9. Means with * were significantly different at p 
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3 shows the total chlorophyll content (TCC) 
as affected by MWCNT 

application. In all weeks measured MWCNT has 
O. stamineus. 

Generally, in all weeks measured, TCC was 
treatments followed by 
, and 2100 mg L

-1
. The 

nt result indicates chlorophyll reduction with 
the addition of MWCNT application to O. 

. This also indicates that the sink 
strength of this plant might be reduced under 
MWCNT exposure. Total chlorophyll content 
usually indicates the nitrogen status of the plant 
and the sink strength of plants [11]. The present 
study was in agreement with the study of Lin et 

that showed decreased 
TCC upon exposure to MWCNT. In their study, 
the decreasing TCC was followed with the 
reduction in superoxide dismutase (SOD) activity 
and plant total dry weight. It can be concluded 
that MWCNT showed decreased growth patterns 

that been justified with a 
reduction in TCC, that was observed in every 
week of the measurement in the present study.  

3.4 Leaf Gas Exchange Properties 

The net photosynthesis rate of Orthosiphon 
was significantly influenced by the 

p ≤ 0.05; Fig. 
4). The net photosynthesis rate was decreased 
as the MWCNTs concentration increased from 0 

was found to be in 
y 700 mg L

-1
, 

and lowest in 2100 mg L
-1

. Net 
photosynthesis is a term that measured the 

uptake of CO2 in the light [27]. The current result 
showed that application of MWCNTs has 
reduced the net photosynthesis of 
This indicates that feedback inhibition occurs in 
O. staminues upon exposure to MWCNT. The 
reduction in A under the accumulation of multi
walled carbon nanotubes might be due to 
stomatal obstruction imposed by MWCNT that 
induced heat production on leaves that 
simultaneously reduce the 
contradicting results were showed by [15], where 
the accumulation of CNTs in Arabidopsis sp
increased the rate of photosynthesis three times 
higher than that of controls and intensified 
maximum electron transport rates. Another 
conducted by Giraldo et al. [16] indicated that 
upregulation in A in spinach was due to ability of 
MWCNTs to penetrate the chloroplasts, and 
increased the electrons flow and simultaneously 
enhance the photosynthetic activity of the 
spinach. 
 
3.4.2 Transpiration rate  
 

The transpiration rate was significantly influenced 
by the MWCNTs concentration (p 
The same trend was observed for the 
transpiration rate where 0 mg L

-

highest transpiration rate (2.69 mmol m
followed by 700 (1.67 mmol m-2s
mmol m

-2
s

-1
) and 2100 mg L

-1
 (0.39 mmol m

The transpiration rate decreased significantly as 
the concentration increased. This indicates that 
high concentration of MWCNTs inhibits th
transpiration rate of the plants treated with 
MWCNTs. Transpiration is defined as the loss of 
water from the plant in the form of water vapor 
[28]. Transpiration only speeds up the rate and 
quantity of water moved and there is no evidence 
that the higher rates are beneficial [27]. In the

 

walled carbon nanotubes application on total chlorophyll content of 
Orthosiphon stamineus during 12 weeks  

standard error of mean (SEM). N = 9. Means with * were significantly different at p 
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increased the rate of photosynthesis three times 
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maximum electron transport rates. Another study 
conducted by Giraldo et al. [16] indicated that 

in spinach was due to ability of 
MWCNTs to penetrate the chloroplasts, and 
increased the electrons flow and simultaneously 
enhance the photosynthetic activity of the 

The transpiration rate was significantly influenced 
 ≤ 0.05; Fig. 4). 

The same trend was observed for the 
-1 

recorded the 
(2.69 mmol m

-2
s

-1
), 

-1), 1400 (1.31 
(0.39 mmol m

-2
s

-1
). 

The transpiration rate decreased significantly as 
the concentration increased. This indicates that 
high concentration of MWCNTs inhibits the 
transpiration rate of the plants treated with 
MWCNTs. Transpiration is defined as the loss of 
water from the plant in the form of water vapor 
[28]. Transpiration only speeds up the rate and 
quantity of water moved and there is no evidence 

rates are beneficial [27]. In the

walled carbon nanotubes application on total chlorophyll content of 

standard error of mean (SEM). N = 9. Means with * were significantly different at p ≤ 0.05 



 
Fig. 4. Impact of multi-walled carbon nanotubes application on net photosynthesis of 

Orthosiphon stamineus
Bars represent standard error of differences between means (SEM). Means not sharing a common letter were 

 

 
Fig. 5. The impact of multi-walled carbon nanotubes application on transpiration rate of 

Orthosiphon stamineus
Bars represent standard error of differences between means (SEM). Means not sharing a common letter were

 
current study, the reduction in E of 
might be induced by blockage of MWCNT on the 
surface of stomata of this plant. The reduction of 
E with the application of CNT was also observed 
by Voleti and Wait [29] on Arabidopsis thaliana
seedlings where transpiration rate was 15% 
reduced with application of CNT on the plant. So 
it can be concluded that MWCNT has induced 
the reduction in transpiration rate in 
in the present study. 
 
3.4.3 Stomatal conductance  
 
Stomatal conductance estimates the rate of gas 
exchange and transpiration rate a
by the degree of stomatal aperture [30,31]. It is a 
function of the density, size and, degree of the 
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walled carbon nanotubes application on net photosynthesis of 
Orthosiphon stamineus during 12 weeks of planting. N = 9  

standard error of differences between means (SEM). Means not sharing a common letter were 
significantly different at p≤ 0.05 

 

walled carbon nanotubes application on transpiration rate of 
Orthosiphon stamineus during 12 weeks of planting. N = 9  

Bars represent standard error of differences between means (SEM). Means not sharing a common letter were
significantly different at p ≤ 0.05 

of O. staminues 
might be induced by blockage of MWCNT on the 
surface of stomata of this plant. The reduction of 
E with the application of CNT was also observed 

Arabidopsis thaliana 
seedlings where transpiration rate was 15% 

tion of CNT on the plant. So 
it can be concluded that MWCNT has induced 
the reduction in transpiration rate in O. staminues 

Stomatal conductance estimates the rate of gas 
exchange and transpiration rate as determined 
by the degree of stomatal aperture [30,31]. It is a 
function of the density, size and, degree of the 

stomata opening which allow greater 
conductance. High stomatal conductance 
indicates high transpiration and photosynthesis 
rate. This statement was proved by the results 
obtained in this study, where the declined of 
stomatal conductance decreased the net 
photosynthesis and transpiration rate of plants 
that were treated with high concentration of 
MWCNTs. Application of MWCNTs also 
influenced the stomatal conductance of 
Orthosiphon stamineus. There was significant 
difference shown between the four treatments (
≤ 0.05; Fig. 6). The highest stomatal 
conductance was found to be in 0 mg L
lowest in 2100 mg L

-1
. The decrease in stomata 

conductance with the application of MWCNT 
might be due to increase in electrolyte leakage of 
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Bars represent standard error of differences between means (SEM). Means not sharing a common letter were 

stomata opening which allow greater 
conductance. High stomatal conductance 
indicates high transpiration and photosynthesis 

t was proved by the results 
obtained in this study, where the declined of 
stomatal conductance decreased the net 
photosynthesis and transpiration rate of plants 
that were treated with high concentration of 
MWCNTs. Application of MWCNTs also 

stomatal conductance of 
. There was significant 

difference shown between the four treatments (p 
6). The highest stomatal 

conductance was found to be in 0 mg L
-1

 while 
. The decrease in stomata 

conductance with the application of MWCNT 
might be due to increase in electrolyte leakage of 



the plant under MWCNT application that 
affects potassium pump mechanism of stomata 
opening. The increase in MWCNT might 
disrupt the accumulation of potassium that 
makes the stomata closed or partially closed 
under this condition [11,16]. It can be 
concluded that the reduction in stomata 
correspond to the decrease in photosynthesis (
and decrease in transpiration rate (
present study [30].  
 
3.4.4 Water use efficiency  
 
Application of MWCNTs have influenced the 
water use efficiency (WUE) of O. stamineus 
0.05; Fig. 7). The highest WUE of 9.74 umol/CO
/mmol/H2O was obtained in 2100 mg L
 

 
Fig. 6. Impact of multi-walled carbon nanotubes application on stomatal conductance of 

Orthosiphon stamineus
Bars represent standard error of differences between means (SEM). Means not sharing a common letter were 

 

 
Fig. 7. The impact of multi-walled carbon nanotubes application on water use efficiency of 

Orthosiphon stamineus
Bars represent standard error of differences between means (SEM). Means 
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the plant under MWCNT application that            
affects potassium pump mechanism of stomata 
opening. The increase in MWCNT might              
disrupt the accumulation of potassium that 
makes the stomata closed or partially closed 
under this condition [11,16]. It can be           
concluded that the reduction in stomata 
correspond to the decrease in photosynthesis (A) 

iration rate (E) in the 

Application of MWCNTs have influenced the 
O. stamineus (p ≤ 

7). The highest WUE of 9.74 umol/CO2 
in 2100 mg L

-1
 MWCNT 

treatments and the lowest WUE was recorded in 
0 mg L

-1
 treatment that just recorded 2.66 

umol/CO2 /mmol/H2O. There was no significant 
difference between 0 mg L-1 and 700 mg L
MWCNT treatment in which WUE was recorded 
as 2.70 and 2.81, respectively. Water use 
efficiency is also referred as “transpiration 
efficiency”. It is defined as the ratio of moles CO
assimilated per moles of water transpired [26]. 
The increased of WUE is attributed to the 
increase of the transpiration rate and s
plant under water stress condition. This showed 
the exposure of the plant to MWCNT might 
induce water stress condition in the plant. The 
current result showed that the leaf gas exchange 
properties was decreased with application of 
MWCNTs.

 

walled carbon nanotubes application on stomatal conductance of 
Orthosiphon stamineus during 12 weeks of planting. N = 9  

Bars represent standard error of differences between means (SEM). Means not sharing a common letter were 
significantly different at p ≤ 0.05 
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assimilated per moles of water transpired [26]. 
The increased of WUE is attributed to the 
increase of the transpiration rate and signifies the 
plant under water stress condition. This showed 
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induce water stress condition in the plant. The 
current result showed that the leaf gas exchange 
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3.5  Effects of MWCNTs on 
Metabolites 

 
3.5.1 Total phenolics 
 
In the current study, different MWCNTs 
concentration had a significant (p ≤ 0.05) impact 
on the production of total phenolics (Fig
the concentration of MWCNTs increased from 0 
mg L-1 to 2100 mg L-1, the O. stamineus
produce more total phenolics. The plants being 
exposed to 0 mg L

-1
 registering the lowest value 

of total phenolics production (0.20 mg GAE/g dry 
weight) compared to 2100 mg L

-1
 concentration, 

which recorded 1.67 mg GAE/g dry weight. The 
increased in plant secondary metabolites under 
high concentration of MWCNTs might be 
response to the stress [31,32]. The plants being 
exposed to high concentration of MWCNTs 
produce high total phenolics to defend the plant 
system from any further damaged of the plant 
cells in order to survive. The high content of 
phenolic compounds contributes to the 
antioxidant activity [33]. Phenolic compounds are 
important for plants growth and reproduction 
which were produced as a response to 
environmental factors and to defend injured 
plants [21]. Lattanzio et al. [32] claimed that 
phenolic compounds have antibiotic, anti
nutritional or unpalatable properties that enable it 
to defend plants. Phenolics usually accumulated 
in the central vacuoles of guard cells and 
epidermal cells of leaves and shoots. The 
authors also proposed that plant phenolics may 
be divided into two classes which are preformed 
phenolics and induced phenolics. Preformed 
phenolics were synthesized during the normal 
 

 
Fig. 8. Impact of multi-walled carbon nanotub

stamineus
Bars represent standard error of differences between means (SEM). Means not sharing a common letter were
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Effects of MWCNTs on Secondary 

In the current study, different MWCNTs 
≤ 0.05) impact 

on the production of total phenolics (Fig. 8). As 
the concentration of MWCNTs increased from 0 

O. stamineus plants 
produce more total phenolics. The plants being 

registering the lowest value 
of total phenolics production (0.20 mg GAE/g dry 

concentration, 
which recorded 1.67 mg GAE/g dry weight. The 
increased in plant secondary metabolites under 
high concentration of MWCNTs might be a 
response to the stress [31,32]. The plants being 
exposed to high concentration of MWCNTs 
produce high total phenolics to defend the plant 
system from any further damaged of the plant 
cells in order to survive. The high content of 

ibutes to the 
antioxidant activity [33]. Phenolic compounds are 
important for plants growth and reproduction 
which were produced as a response to 
environmental factors and to defend injured 
plants [21]. Lattanzio et al. [32] claimed that 

have antibiotic, anti-
nutritional or unpalatable properties that enable it 
to defend plants. Phenolics usually accumulated 
in the central vacuoles of guard cells and 
epidermal cells of leaves and shoots. The 
authors also proposed that plant phenolics may 
be divided into two classes which are preformed 
phenolics and induced phenolics. Preformed 
phenolics were synthesized during the normal 

development of plant tissues while induced 
phenolics were synthesized when the plants 
having any physical injury, infection and stressed 
by elicitors such as heavy metal
irradiation, and temperature [33]. 
 
3.5.2 Total flavonoids 
 
The total flavonoids were significantly influenced 
by the MWCNTs concentration (p 
The total flavonoids showed increasing trend as 
the MWCNTs increased. The plants that were 
exposed to 2100 mg L

-1
 record the highest value 

of total flavonoids production (1.27 mg rutin/g dry 
weight) while the lowest value of total flavonoids 
(0.17 mg rutin/dry weight) was recorded by the 
plants exposed to 0 mg L

-1
. The current result 

indicates the production of total flavonoid was 
enhanced with elevated levels of MWCNT 
application. According to Moore [14], 
nanomaterials produce harmful reactive oxygen 
species (ROS), which elevates the cellular 
oxidative stress and may damage the DNA, 
proteins and membranes. ROS react non
specifically with lipids, proteins and nucleic acids 
[25]. Thus, their increased generation can 
damage the cell structures, cell membranes and 
the photosynthetic apparatus [34]. The 
production of flavonoids may scavenge ROS 
within or near the sites of their generation [35
37]. The majority of their functions result from 
their strong antioxidative properties [38
increase in flavonoid production 
was observed by [20] in Satureja khuzestanica
where the application of MWCNT until 500 µg/ml 
have enhanced the production of total flavonoid, 
flavonoid, rosmarinic acid and caffeic acid in the  

 

walled carbon nanotubes application on total phenolics of 
stamineus during 12 weeks of planting. N = 9  

Bars represent standard error of differences between means (SEM). Means not sharing a common letter were
significantly different at p ≤ 0.05 
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The total flavonoids were significantly influenced 
p ≤ 0.05; Fig. 9). 
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weight) while the lowest value of total flavonoids 
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application. According to Moore [14], 
nanomaterials produce harmful reactive oxygen 
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proteins and membranes. ROS react non-
specifically with lipids, proteins and nucleic acids 
[25]. Thus, their increased generation can 
damage the cell structures, cell membranes and 

otosynthetic apparatus [34]. The 
production of flavonoids may scavenge ROS 
within or near the sites of their generation [35-
37]. The majority of their functions result from 
their strong antioxidative properties [38-41]. The 
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Bars represent standard error of differences between means (SEM). Means not sharing a common letter were 



 
Fig. 9. Impact of multi-walled carbon nanotubes application on total flavonoids of 

stamineus
Bars represent standard error of differences between means (SEM). Means not sharing a common letter were

 

 
Fig. 10. The relationship between total biomass, total phenolics and total flavonoids of 

O. stamineus
 
plant. So, it can be concluded that application 
of MWCNTs can affect the production of 
flavonoid content in O. stamineus. From 
was found that total biomass has a negative 
relationship with total phenolics (R
and flavonoids (R2 = 0.594). This indicates 
that the production of plant secondary 
metabolites was inversely related to carbon 
assimilation of this plant [42,43]. Usually, plant 
would enhance the production of secondary 
metabolites and reduced production of biomass 
to acclimatized to abiotic and biotic s
[44-45]. So, it can be concluded in the present 
study application of MWCNT has induced 
plant stress and thus increase the production of 
total phenolics and flavonoids in the present 
study.   
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Bars represent standard error of differences between means (SEM). Means not sharing a common letter were
significantly different at p ≤ 0.05 
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From Fig. 10 it 
was found that total biomass has a negative 
relationship with total phenolics (R

2
 =0.592)              
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the production of plant secondary 
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plant stress and thus increase the production of 
total phenolics and flavonoids in the present 

4. CONCLUSION 
 
This work was devoted to assessing the impact 
of the application of MWCNT on the growth, leaf 
gas exchange and secondary metabolites 
production in O. stamineus. The current result 
indicates that MWCNT that used in the study 
(23.6 - 28.1 nm in diameter) have influenced the 
growth, leaf gas exchange and secondary 
metabolites patterns of O. stamineus.
found that addition of MWCNT to have reduced 
the growth and leaf gas exchange properties in 
this plant. From this investigation, it was shown 
that as growth and leaf gas exchange reduction 
as manifested with a reduction in total biomass, 
leaf numbers, net photosynthesis, stomatal 
conductance and transpiration rate as the rate 
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increased from 0>700>1400>2100 mg L-1. The 
highest production of total phenolics and 
flavonoids was observed at 2100 mg L-1. This 
signifies that MWCNT induced plant stress 
response that enhanced the production of plant 
secondary metabolites in the present study.  The 
reduction in plant biomass and increased in the 
production of secondary metabolites showed that 
O. stamineus acclimatized to abiotic factor that 
induced during the study. It is believed that the 
research objectives stated in the introduction 
have been met with the completion of this study.  
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