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Abstract: Malaria is still becomes a concern for the government of
Indonesia, since this disease has affected many people. Artemisia annua L.
is an aromatic plant that destroys malarial parasites, lowers fever and of
which the secondary metabolite is artemisinin. Enhanced production of the
artemisinin content in the whole plant is desirable. This experiment was
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Ahmad Yunus conducted in Karanganyar, Indonesia 900m asl. The purpose of this field
Faculty of Agriculture, experiment was to investigate the effects of GA3 and shading on the growth

and content of artemisinin of Artemisia. Experiment using Completely
Randomized Block Design (CRBD) arranged in factorial treatments. The
first factor was the concentration of GA3 consists of 4 levels, namely: GO
(without GA3), G1 (50 ppm GA3), G2 (100 ppm GA3) and G3 (150 ppm
GA3). The second factor was the level of shade, which consists of three
levels, namely: NO (without shade), N1 (55% shade) and N2 (75% shade).
The results showed that: 100 ppm GA3 increased plant dry weight,
chlorophyll content and yield of total extract. A treatment without shade
gives the best results on the height of plant, length of root, fresh weight of
plant, dry weight of plant and yield of total extract. Treatment of 150 ppm
of GA3 and 75% shade gave the highest content of artemisinin (3.96%)
while control provided 0.64%.
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1985; Mukherjee, 1991). To increase the yield and
quality of plant, among various ways using growth-
regulator substances and reduction of light intensity
are the major one.

The isolated active compound have been identified as

Introduction

Malaria is an infectious disease with high prevalence
in Indonesia, as well as in several tropical countries in
the world (Rogers and Randolp, 2000; Milliken, 1997;

Mueller et al., 2000). According to the World Health
Organization’s estimation, millions of acute and
chronic malaria infection, approximately 85% were
caused by the malaria parasite; Plasmodium
falciparum. In the development of Plasmodium
falciparum, it became resistant to chloroquine in the
early of sixties. This phenomenon encourages the
need for development of new anti-malarial drugs. By
the existence of parasite that has been resistant to these
drugs, the experts looked for the other compounds or
other synthetic drugs that derived from natural products,
artemisinin from Artemisia annua.

A. annua is an aromatic plant that can be used for
the treatment of fever and malaria (Klayman et al.,
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sesquiterpene lactone (Liu et al., 2001). It was isolated
from Artemisia annua L. by Chinese scientists when
searching for novel antimalarial drugs in the 1970s
(Li et al., 2006). This substance is claimed as an anti-
malarial compound which is very effective and has no
effects (Dhingra et al., 2000). The artemisinin content from
A. annua is highly variable, ranging anywhere between 0.01
and 1%, depending on variety and can even be as high as
1.4% in some cultivated strains (Brown, 2010).

Research on the extract of Artemisia showed that there
is hepato-protective activity and this plant is traditionally
used to cure liver disorders (Gilani et al., 2005). In
oriental healing, it can be used for analgesia and
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acupuncture therapy (Judzentiene and Buzelyte, 2006).
GA3 can improve the growth of Artemisia plant which
can increase the dry weight of the Artemisia plant
(Jehnsen, 2010).

The need of light is important to be concerned
because the plants will give a response to the amount
of received light. The high intensity of light causes
the high temperature which can lead to a decrease in
humidity and vice versa. To cope with unfavourable
circumstances due to extreme environments, it can be
done by providing shade.

However, when granting the shade, it should
consider the intensity of the shade, because if the
shade is too tight, it will cause inadequacy of light as
source of energy for the metabolic activity of the plant
that will impact to reduction of the results
(Mubhartini and Kurniasih, 2000).

Considering the enormous potential of giving
shade as a source of malaria drugs, it is necessary to
do the cultivation of plants which leads to the content
growth of the active compound. For those reasons, the
researcher will conduct a research on the effects of
GA3 and shade levels to the content of artemisinin in
A. annua plants.

Materials and Methods

The seeds of Artemisia annua were initially sown
in the seedbeds to obtain seedlings. The seedling were
transplanted into the experiment field. Experiment
was carried out in Karanganyar, Central Java,
Indonesia, with the altitude of 900 m above sea level,
using Completely Randomized Block Design with
factorial experimental application, consisting of two
treatment factors. The first factor was GA3
concentration with four levels, which were: without
GA3, GA3: 50 ppm, GA3: 100 ppm and GA3:150 ppm.
The second factor was shade, namely: Without shade, 55
shade and 75% shade. Each treatment was replicated
three times. The land area of 250 m* was divided into
three blocks, each of blocks was divided into 12 plots
treatment. The distance of planting was 30 cm x 40 cm,
the distance among the blocks was 50 cm, the distance
between plots was 30 cm, the number of plant per
plots were 25 plants. Before transplantation a uniform
basal dose of N, P and K applied at the rate of 80, 40
and 40 kg ha™', respectively, to the field plots. The
plants were sprayed with GA3 and in combination
with shade treatment. There were 12 treatment
combinations. The treatments consisted of: (1) GA3 0
ppm + no shade, (2) GA3 0 ppm + shade 55%, (3)
GA3 0 ppm + shade 75%, (4) GA3 50 ppm + no
shade, (5) GA3 50 ppm + shade 55%, (6) GA3 50 ppm
+ shade 75%, (7) GA3 100 ppm + no shade, (8) GA3

100 ppm + shade 55%, (9) GA3 100 ppm + shade
75%, (10) GA3 150 ppm + no shade, (11) GA3 150
ppm + shade 55%, (12) GA3 150 ppm + shade 75%.
The maintenance was primarily conducted on
watering and weeding. The observation was conducted
on the height of plants, the length of roots, the content of
chlorophyll, the plant fresh weight, the plant dry weight,
the total extract of yield, as well as the content of
artemisinin. Plants were sampled at 100 DAP.

Estimation of Total Chlorophyll Content

Total Chlorophyll content in fresh leaves. One
hundred mg of fresh tissue from leaf areas was ground
using a mortar and pestle containing 80% acetone. The
optical density of the solution was recorded using a
spectrophotometer (Shimadzu UV 1700, Japan).

Yield Extract Total

Simplicia was powdered and extracted by
percolation method (Dhingra et al, 2000). Liquid
extract was evaporated on water bath until dried.
Weigh the cup before and after added dried extract.
Weigh dried extract. The yield of extract was
calculated based on the formula.

The yield of extract:

(R)=

=9 100%
C

With:

a = Weight of empty cup

b = Weight of cup + weight of dried extract
¢ = Weight of extracted simplicia powder

Artemisinin Content

Artemisinin content was analysed by hexane
extraction method (Tang et al., 2000). Dried leaves was
powdered, then extracted with hexane in sochlet for 48 h
and evaporated. Residue of hexane was diluted in
hexane for overnight and filtered. Hexane solution
was partitioned with 20% MeCN solution and
evaporated. 20% of MeCN was cleaned with 10% of
its volume with hexane, added of 7 gram NaCl in 100
mL MeCN solution and evaporated. Residue of MeCN
was eluationed by 10-20% of hexane.

Statistical Analysis

Each plot was treated as one replicate and all the
treatments were replicated three times. The means of
the data was analysed statistically using SPSS-17
statistical software (SPSS Inc., Chicago, IL, USA).
Mean values were statistically compared by Duncan’s
Multiple Range Test (DMRT) at pll 0.05 level using
different letters.
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Results and Discussion
Yield of Total Extract

According to analysis of variance, there is
significant interaction was registered for total extract
between GA3 and shade treatment. Areas of light
intensity significantly affect the yield of total extract.
The yield of total extract looked better in the open
place with high light intensity. The highest yield
(21.25%) for yield of total extract was derived from
100 ppm of GA3 treatment and without shade, while
the lowest yield (15.54%) of total extract was derived
from without GA3 and 75% shade treatment (Table 1).
It can be explained that the rate of photosynthesis arose
during the light intensity also arise too.

Levels of artemisinin

The result of variance analysis showed that there is
interaction between GA3 treatment and the level of
shade on artemisinin content. The highest level of
artemisinin was obtained for 150 ppm GA3 and 75%
shade treatment (Table 2). It is probably that the
increased levels of artemisinin due to Artemisia obtain
sufficient substrate for biosynthesis of artemisinin,
precursor of artemisinin biosynthesis is Farnesyl
Diphosphate (FPP) (Liu ef al., 2011), while precursor
of Gibberellin biosynthesis is geranyl geranyl
diphosphate (GGPP) (Hedden and Proebsting, 1999),
those precursors are derived from Dimethylallyl
Diphosphate (DMAPP) (Liu et al., 2011), therefore,
plant tend to synthesis artemisinin. The plants also get
enough light intensity, so that the intensity of light which is
used to biosynthesis artemisinin will be optimal and it will
be accumulated on leaves, flowers and roots.

Height of Plant

The result of analysis of variance showed that GA3
treatment and the level of shade did not show a
significantly different effect on the height of plant.
The highest plant’s height (84.2 cm) was obtained for
150 ppm GA3 treatment and no shade treatment (87.0
cm) while the lowest (69.9 cm) was recorded for
without GA3 Table 3. It can be explained that GA3
increased the growth of 4. annua indicating that GA3
has an important role in the growth of artemisia. Thus,
the increasing of GA3 concentration up to 150 ppm
was in line with the increasing of the plant’s height. In
fact, treatment without shade produced the highest
plants, it was indicate that the need of light for plant’s
growth is really important, because it enables plant to
carry out photosynthesis and produce metabolites that
used for the plant’s growth and development later
(Fitter and Hay, 1998).

Root Length

GA3 and shade treatments showed insignificant
difference for the length of roots. The longest roots
was obtained for 150 ppm GA3 while 55% was for
shade treatment. Allegedly, by giving GA3 at higher
concentrations, it can increase the length of roots.

In agreement with this Jehnsen (2010) states that,
the use of GA3 on Artemisia plant will affect the grain
dry weight and, the length of the roots. Shade
treatment can impact the soil and the microclimate
around the plant. Gardner et al. (1991), states that
light can affect the soil environment and
developmental differences rooting. Shade of 55%
provide greater root length, it is possible that 55%
shade can provide an appropriate micro climate and
environment on the growth of the roots.

Chlorophyll Content

The content of leaf chlorophyll was measured
when the age of plants reached 45 Days After Planting
(DAP), 60 DAP and 75 DAP. The result of variance
analysis showed that, various GA3 and shade levels
gave significant effect on the content of leaf
chlorophyll. There was no interaction between GA3
treatment and shade levels on the chlorophyll content.
The highest chlorophyll content was obtained for 100
ppm GA3 treatment without shade and it was obtained
when the age of plant reached 60 DAP with the
average of chlorophyll content is 26.8; it possibly
cause the decline on the addition of GA3 either on
high or low concentration. It showed that 100 ppm is
an appropriate concentration for GA3 to increase the
leaf chlorophyll content of A. annua (Table 3).

Fresh Weight

The analysis of variance proved that there was no
significant difference among both treatments concerning
plant fresh weight. The highest fresh weight was
produced in the open place compared to other
treatments; Contrary to this, the plant fresh weight tend
to decrease under the higher levels of shade treatments.

Table 1. Effect of GA3 and shade on the yield level of total
extract of 4. annua

(%)
Treatment NO N1 N2
GO 17.44° 19.33° 15.548
Gl 17.46° 18.17¢ 17.48°
G2 21.25° 15.74% 18.67°
G3 16.18° 17.18° 17.51°

Description: The numbers followed by the same letter are not
significantly different in DMRT at 5% level. GO: without GA3,
G1: 50 ppm GA3, G2: 100 ppm GA3, G3: 150 ppm GA3. NO:
without shade, N1: 55% shade, N2: 75% shade
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Table 2. Effect of GA3 and the level of shade against the
artemisinin content

(%)
Treatment NO N1 N2
GO 0.64 0.79%" 0.91%f
Gl 0.72% 0.96%f 2.97°
G2 1.27% 1.37%¢ 3.29°
G3 1.86° 2.37° 3.96°

Description: The numbers followed by the same letter are not
significantly different in DMRT at 5% level. GO: without GA3,
G1: 50 ppm GA3, G2: 100 ppm GA3, G3: 150 ppm GA3. NO:
without shade, N1: 55% shade, N2: 75% shade

Table 3. Effect of GA3 and the level of shade on height of

A. annua
GO 69.9°
Gl 77.8%
G2 84.0°
G3 84.2°
NO 87.0°
N1 73.8%
N2 76.2%

It can be explained that the high shade, the intensity of
solar radiation that reached the surface of the plant is
low, so that the leaves do not function optimally as a
source of material that formed the builder. As a result,
the formed-carbohydrate will be obstructed. Based on
the result of Master’s experiment (1998), the experiment
to the wheat plants showed that the plants in shade will
obstruct the production of carbohydrates. The GA3
concentration of 100 ppm in this study was proved as
best treatment on the plant fresh weight, it is assumed
that at the concentration of 100 ppm was the most
appropriate  concentration for its growth and
development, so that when the concentration is increased
or decreased, plants will suffer from stunted growth
(Aftab et al., 2010). The same results have been reported
for other types of medicinal plants. Utami (2000)
reported that, on the Sambung Nyawa plant (Gynura sp.)
the highest fresh biomass and dry biomass was obtained
at high light intensity. On the katuk plant, it was
reported that the higher light intensity increased the
plant dry biomass (Darwati and Rosita, 1996). On the
Poko plant (Mentha arvensis L.) reported that the
treatment of high intensity light provided the best
results on the number of leaves, fresh weight and dry
weight of plants (Ning and Hartutiningsih, 2002).

Dry Weight

The result of DMRT at 5% level, showed that,
there was no significant influence on the dry weight of
the plant. GA3 treatment can increase the dry weight
of plant at the concentration of 100 ppm it showed the
highest dry weight and tend to decrease at higher
concentrations of 150 ppm. As stated by Kusumo

(1984), for the improvement of the dry biomass,
addition of GA3 will increase the height of plant, the
wide of leaves and the dry weight of plants, which
seems that, increase in dry weight was closely related
to photosynthetic activity.

The increasing of the dry weight can be seen from the
plants that received full sunlight. It is assumed by the
existence of sunlight as an energy source, that the
formation of dry matter relatively faster and directly
accumulated and the dry weight tend to decrease because
of shade treatment, it was caused by the shade which was
too dense that will gave bad impact to insufficiency of
light as an energy source for the metabolism of plants
and finally it caused the reduction of the yield.

Conclusion

On basis of the obtained result it can be concluded
that 100 ppm GA3 increase the dry weight and leaf
chlorophyll content. The treatment without shade
gives the best results on the height of plant, the length
of roots and the total extract of yield. The treatment
150 ppm GA3 and 75% shade gave the highest result
in the artemisinin content.
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