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Abstract — Andrographis paniculata (Burm.F.) Wall ex. Nees is an important
medicinal plant in ASEAN countries that drives a high demand in the worldwide
medicinal plant trade due to its andrographolide content. To find out optimum
lighting and culture conditions in vitro, seed cultures were grown on
photoautotrophic (sucrose- free) and photomixotrophic (3% sucrose) media. Blue
and red monochromatic LED lights were used at an irradiance intensity of 40
µmol m-2 s-1 for 20 days as an energy source. Photosynthetic responses were
measured in terms of chlorophyll content and net photosynthetic rate.
Morphological responses were measured in terms of leaf and internode count,
shoot length, number of roots, root length, fresh weight, and dry weight. Results
were analyzed using SPSS 11.5 software. Gas chromatography results show that
net photosynthetic rate was higher under blue light while red light resulted in taller
plants. Root count and root length were higher under red light by 11% and 9.7%
respectively. Sucrose reduced the net photosynthetic rate under both light
spectra. Furthermore, plants under photoautotrophic conditions grew taller shoots
and higher fresh weight. However, photomixotrophic blue light plants showed the
highest dry matter content. Spectrum- wise, red light plants have a higher dry
weight but when sucrose was involved in the growing medium, blue light plants
outweighed it by as much as 7.91%. This suggested hyperhydric tissues in other
cultures. Photosynthesis is constrained often by the low concentration of CO 2 in
photomixotrophic cultures as sucrose has been observed to act as an osmotic
agent in in vitro culture systems.
Keywords — Andrographis paniculata, photosynthesis, red light, blue light,
sucrose
_________________________________________________________________
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MATERIALS AND METHODS

INTRODUCTION
Photosynthetically active radiation
(PAR) drives the photosynthetic
process in a spectrum-specific effect.
Blue and red monochromatic lights
have effects both on photosynthesis
and morphogenesis and are the more
photosynthetically effective spectra
(McCree,1972; Inada, 1976). Among
the effects of red light is stem
elongation (Yanagi,1996) while blue
light favors chlorophyll formation
(Humbeck et al., 1984) and more
efficient photosynthesis. Nearly all of
the carbon and chemical energy
needed for plant growth is provided
during photosynthesis (Björkman,
1981). However, plants can also
utilize soluble sugars as a source of
carbon. Hdider et al (1993) reported
the photosynthetic influence of
sucrose in plants. Sucrose also
influenced
in
vitro
plant
organogenesis (Arigita et al., 2002).

Plant Materials and Treatments
Prior to germination, seeds of A.
paniculata were surface-sterilized with
20% Clorox (The Clorox Co., Oakland,
CA, USA) and mechanically shaken for
20 minutes. Surface- sterilized seeds
were then grown on Murashigue and
Skoog (1962) medium under white
fluorescent light before treatment
application. The culture medium was
pH- adjusted to 5.7 before autoclaving.
Thirty-day- old plants were then
aseptically transferred to Phytagelsolidified MS medium inside 250 mL
glass vessels for photoautotrophic and
photomixotrophic
growth.
Photomixotrophic medium contained
3% sucrose as a source of carbon.
Ambient CO2 was utilized as a carbon
source for photoautotrophic growth.
The lid of photoautotrophic vessels
was perforated and covered with gaspermeable microporous polypropylene
film (0.22 µm pore size) to allow air
exchange. Monochromatic blue and
red LED lights were used to subject the
plants under different PAR. LED lights
were set at 40 µmol m-2 s-1 of
photosynthetic photon flux (PPF) for 20
days.

These
findings
are
the
fundamentals in investigating the
effects of the light spectrum and
sucrose as carbon sources on the
medicinal
plant
Andrographis
paniculata. A. paniculata (Burm. f.)
Wall ex. Nees is an important
medicinal plant in ASEAN countries
(Akbar, et. al., 2011; Kabir, et al.,
2014) that drives a high demand in
the worldwide medicinal plant trade
(Hossain et al., 2014) due to its
andrographolide
content
(Shah
et al., 2007). In vitro culture of this
plant could result in maximizing
andrographolide production.

Morphology Parameters, Fresh and
Dry Weights
A number of leaves were counted
during days 0, 10, and 20 of the
experiment. The final leaf count was
done on day 20. Shoot length was
measured from the crown of the plant
up to the terminal bud. The shoot and
root length of the test plants were
measured after taking them out of the
growing vessel. The length was
measured from the belowground base
of the plant up to the tip of the primary
root. Shoot length was measured on
days 0, 10, and 20 of the experiment.
The number of internodes was counted
through visual recognition on day 20.

However, optimum conditions for
effective in vitro production must be
known thus, the effects of red and
blue light and sucrose as a carbon
source on Andrographis paniculata
were examined.
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Variance
(ANOVA).
Significant
differences among means were
calculated through Duncan’s Multiple
Range Test.

Fresh weight of the whole plant was
measured
using
an
Adventurer
OHAUS ARC 120 2- point balance.
Plants were removed from the growing
bottle and cleaned off of residual MS
medium that attached to the plant
roots. The dry weight of the whole plant
was measured using an Adventurer
OHAUS ARC 120 2- point balance.
The whole plant parts used for
measuring fresh weight were cut into
stem, leaf, and root components before
being put into aluminum foil packets.
Samples were then oven-dried using
Hot Air Oven at 65° C for 72 hours.
Samples were then allowed to cool at
room
temperature
before
being
weighed.
Net
Photosynthetic
Chlorophyll Content

Rate

RESULTS AND DISCUSSION
The net photosynthetic rate was
lower among photomixotrophic vessels
(Figure 1-a). Plants in this culture
suffered as much as a 94% reduction
in their net photosynthetic rate
regardless of the light spectrum. It was
observed
that
leaves
under
photomixotrophic culture showed more
folds and curls. Spectrum-wise, red
light plants assimilated 13-17% lower
while
blue-light
plants
showed
relatively
higher
assimilation.
Moreover, regardless of cultural
conditions, blue light plants show to be
more photosynthetically efficient than
the red- light counterparts. Although
chlorophyll content data (Figure 1-b)
might show red-light plants to probably
have more roots that light-harvesting
complexes (LHCs), variance analysis
shows no significant chlorophyll
content difference. Chlorophyll content,
however, was 16% higher in red-light
photoautotrophic conditions and 5%
higher in red-light photomixotrophic
conditions than on the blue light
cultures.

and

The net photosynthetic rate was
measured by reference to the internal
and external concentrations of CO2
within and outside the growing bottles.
This was quantified through gas
chromatography using Shimadzu GC
Model
GC17A.
The
net
photosynthetic rate was then computed
using the formula of Fujiwara, et. al.,
(1987) given as [Pn ] = K x E x V (Cout
- Cin)/ Leaf Area; where K is a
conversion factor converting CO2
amount from volume to mole (40.5 mol
m-3 at 28° C) E is the number of air
exchanges per hour (2.32 h-1) and V is
the air volume of the growing vessel
(0.0025 m3) (Fujiwara et al., 1987).
Nondestructive
chlorophyll
measurement was done using SPAD
502 Chlorophyll Meter. Measurement
was taken on the first or second leaf of
the sample plants by attaching the
probe onto three different sections of a
leaf. The average of the three readings
is interpreted as the instantaneous
chlorophyll content.

Number of internodes was not
affected (Figure 2-a) but showed to
have possible direct correlation to
shoot length. (Figure 2-b). However,
shoot length was affected being taller
under photoautotrophic conditions.
Although insignificant, an inverse
relationship was observed where under
photoautotrophic conditions, blue light
triggered a 7% increase in shoot length
but in photomixotrophic conditions, red
light plants were 13% taller. Root
length (Figure 2-d) and the number of
roots (Figure 2-c) were affected by red
light. There were 11% more were 9.7%
longer on red light plants. Although
insignificant, a spectrum-restricted
observation was noted on red light

Data Analysis

Data were analyzed using SPSS
Version 11.5. The data were run
through a Two-Factor Analysis of
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content.showed
Spectrum-wise,
red matter
light
plants
the highest dry
plants have
a higher dry
but
content.
Spectrum-wise,
red weight
light plants
when asucrose
was weight
involved
the
have
higher dry
butinwhen
media, blue
light plants
outweighed
it
sucrose
was involved
in the
media, blue
by asplants
muchoutweighed
as 7.91%. it by as much as
light
7.91%.
Plant development and physiology
are strongly influenced by the light
Plant development and physiology
spectrum of the growth environment
are
strongly et
influenced
by the
light
(Hogewoning
al,2010) and
different
spectrum
of
the
growth
environment
wavelengths in the PAR have specific
(Hogewoning
et al,2010)
and in
different
effects on the
plant. For
vitro
wavelengths
in the paniculata,
PAR have specific
cultured
A.
net
effects
on the plant.
For in
vitro cultured
A.
photosynthesis
was
highest
among
paniculata,
net under
photosynthesis
plants grown
blue light was
in
sugar- free
medium.
is
highest
among
plants Blue
grownlight
under
involved
a widefree
range
of plant
blue
light in sugarmedium.
Blue
processes
such in as
phototropism,
light
is involved
a wide
range of
photomorphogenesis,stomatal
opening
plant
processes such as phototropism,
and leaf photosynthetic functioning
photomorphogenesis,stomatal
opening
(Whitelam
and
Halliday,functioning
2007).
and
leaf photosynthetic
Moreover, blue light has been
(Whitelam and Halliday, 2007). Moreover,
associated with the expression of
blue
light has
been associated
‘sun-type’
characteristics
suchwith
as the
a
expression
of
‘sun-type’
characteristics
high photosynthetic capacity at the
such
as a high level,
photosynthetic
capacity
chloroplast
(Lichtenthaler
at
the 1980).
chloroplast level, (Lichtenthaler
et al.,
et al., 1980).
A lower photosynthetic rate under
redAlight
been observed
in many
lowerhas
photosynthetic
rate under
red
plant
species
(Matsuda
et
al.,
light has been observed in many2004;
plant
Goins et(Matsuda
al., 1997et) al.,
than
those
plants
species
2004;
Goins
et
grown
under
presence
blueunder
light.
al.,
1997
) thanthe
those
plants of
grown
Long-term
exposure
monochromatic
the
presence
of blueto light.
Long-term
red
light
can
result
in
photosynthetic
exposure to monochromatic
red light can
dysfunctional leaves characterized by a
result in photosynthetic dysfunctional
suboptimal
and
heterogeneously
leaves
characterized
by a Fv/Fm,
suboptimal
distributed
dark-adapted
a
and
heterogeneously
distributed
darkstomatal conductance unresponsive
to
adapted
Fv/Fm,
a stomatal
conductance
irradiance,
and
a relatively
low
unresponsive
to irradiance,
light-limited quantum
yield forand
CO2a
relatively
low
light-limited
fixation (Hogewoning
et al.,quantum
2010).
yield
for CO2 fixation
(Hogewoning
et
Photosynthesis
is constrained
often by
the2010).
low Photosynthesis
concentration isofconstrained
CO2 in
al.,
photomixotrophic
cultures
(Kubota,
often
by the low concentration
of CO2
2002).
The decrease
in Pn could
also
in
photomixotrophic
cultures
(Kubota,
be attributed
to lower
chlorophyll
2002).
The decrease
in Pn could
also be
content. Mohamed
Alsadoncontent.
(2009)
attributed
to lower and
chlorophyll
showed
that
the
total
chlorophyll
Mohamed and Alsadon (2009) showed
content was higher when plants were
that the total chlorophyll content was
grown in ventilated vessels than in
higher when plants were grown in
non-ventilated vessels.
ventilated vessels than in non-ventilated
vessels.

1-a

1-b

Fig.
1. Photosynthetic
Photosyntheticresponses
responses
Fig. 1.
of
of Andrographis
Andrographis paniculata
paniculata
grown
grown under
under photomixotrophic
photomixotrophic
and
condition
and photoautotrophic
photoautotrophic condition
In
rate
In vitro;
vitro; net
net photosynthetic
photosynthetic rate
(Figure
1-a)
and
chlorophyll
(Figure 1-a) and chlorophyll
content (Figure 1-b).
content (Figure 1-b).
plants where the red light-triggered
plants
increase in
count
under
increase
root
photomixotrophic conditions.
photomixotrophic
conditions.On the
On
otherother
hand,hand,
red light
longer
the
red promoted
light promoted
roots roots
under
longer
under photoautotrophic
photoautotrophic
conditions.
Unlike
blue light
light where
conditions. Unlike blue
where its
its
effects were
were only
only on
on shoot
shoot length,
effects
length, red
red
light encompassed both root count and
light encompassed both root count and
root length.
length.
root
In terms of weight, fresh weight
In terms
weight
(Figure
2-e) of
wasweight,
higher fresh
among
red
(Figure
2-e)
was
higher
among
red
light plants than those grown on blue
light
plants
than
those
grown
on
blue
light. It was lowest on photomixotrophic
light.
wasconditions
lowest on photomixotrophic
blue Itlight
and highest on
blue
light conditions
on
photoautotrophic
red and
light highest
conditions.
photoautotrophic
red light conditions.
However, photomixotrophic
blue light
plants showed
the highest dry
However,
photomixotrophic
bluematter
light
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Fig. 2. Andrographis paniculata cultured on photomixotrophic and photoauto
trophic conditions under blue and red light. (Fig. 2a. Number of inter
nodes; Fig. 2b. Shoot length; Fig. 2c. Number of roots; Fig. 2d. Root
length; Fig. 2e. Fresh weight, and Fig. 2f. Dry weight).

Red light
light has
has been
been frequently
frequently
Red
shown
affect plant
plant morphogenesis
morphogenesis
shown to affect
(Fukuda
al., 2011)
2011)which
whichstimulates
stimulates
(Fukuda et al.,
shade avoidance response
shade
response inin plants
plants
such as enhanced
such
enhanced stem
stem elongation
elongation
(Smith, 1995).
1995).Highest
Highest
shoot
length
(Smith,
shoot
length
was
was
observed
on
plants
grown
under
observed on plants grown under
red
red light
coincides
withfinding
this
light
whichwhich
coincides
with this
finding
butnot itdiffer
does
not differ
but
it does
significantly
with
significantly with those grown under
50
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critical
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theprocess
processofof
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photosynthesis. Changes in its level
have
been
used
to
evaluate
photosynthetic activity and changes in
the proportion of chlorophyll a to
chlorophyll b have been used as a
marker for tolerance to abiotic stresses
in plants (Larcher, 1995). Hassankhah
et al, (2014) showed that plants grown
in ventilated vessels had significantly
higher
chlorophyll
content.
The
exogenous supply of sucrose which is
not
required
for
the
normal
development
of
photosynthetic
apparatus normally produces low
chlorophyll content in in vitro plants
(Grout and Donkin, 1987; Mohamed
and Alsadon, 2009) but this decrease
is not significant as was observed by
Cui et al., (2000). Although blue light
has been reported to likely have more
chlorophyll
content
(Hogewoning
et al., 2010), the red light spectrum has
been shown to induce more chlorophyll
pigments in Andrographis paniculata.

Root formation is influenced by red
light (Gabryszewka and Rudnicki,
1997). However, this result was only
obtained when the red light is applied
in combination with an exogenous
auxin (Rossi et al., 1993). The results
of Rossi et al. (1993) could be
explanatory of the findings in this study
that neither red nor blue light spectrum
resulted in higher root length. However,
Rossi et al. (1993) have observed that
red light could influence root formation
when in combination with auxin. This
could explain why sucrose-treated
plants under red light showed the
highest average number of roots.
Sucrose has been reported to have
caused possible hormone-like effects
in
shoot
cultures
of
potatoes
(Vinterhalter et al., 1996). Taylor and
van Staden (2001)
found that in
vitro cultured Eucomis autumnalis dry
weight was highest in photomixotrophic
cultures with 4% sucrose. The absence
of osmotic stress among plants grown
in a photoautotrophic medium could
have
encouraged
hyperhydricity
resulting in low dry weight. Lower dry
weights of the hyper-hydrated shoots

ISSN: 2782-8816 June 2021
could be attributed to the high water
content of the shoots (Afreen, 2007).
Blue light caused a higher number of
internodes contrasting the findings of
Lund et al, (2007), stating that the
number of internodes was determined
by the red to a far-red ratio of light. But
when
exogenous
sucrose
is
involved, A. paniculata tends to have a
higher number of internodes.
In terms of fresh weight, several
previous findings on in vitro cultures
were confirmed by the observations
in A. paniculata. In the studies of Kozai
et al. (2002) and Rahaman and
Alsadon
(2007),
photoautotrophic
cultures showed higher fresh weight
than
those
in
photomixotrophic
cultures. However, on a dry weight
basis, photomixotrophic blue light
plants were heavier. This could
suggest hyperhydric tissues in other
cultures. Sucrose has been observed
to act as an osmotic agent in in
vitro culture systems (Mukherjee et al.,
1991).
CONCLUSIONS
Growing
seed
cultures
on
photoautotrophic and photomixotrophic
media were done to find out the
optimum lighting and culture conditions
in vitro. The energy source made use
of Blue and red monochromatic LED
lights at an irradiance intensity of 40
µmol m-2
s-1
for 20
days.
Photosynthetic
and morphological
responses
were
measured
and
analyzed using SPSS 11.5 software.
The net photosynthetic rate was higher
under blue light based on the gas
chromatography results. Likewise,
exposure of plants to red light
produced taller plants. More roots
(11%) and longer roots (9.7%) were
produced under red light. Under both
light spectra, sucrose was found to
reduce the net photosynthetic rate.
Plants were found to have taller shoots
and higher fresh weight under
photoautotrophic conditions.
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Photomixotrophic blue light plants
had the highest dry matter content. The
red light plants have a higher dry
weight however it was outweighed at
7.91% by the blue light but when
sucrose was in the growing medium
suggesting the presence of hyperhydric
tissues in other cultures. Low
concentration of CO2 constrained
photosynthesis in photomixotrophic
cultures with sucrose observed to act
as an osmotic agent.
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