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Abstract. Artemisinin-based Combination Therapy (ACT) has been recommended by WHO as
an alternative to treat malaria overcoming drug resistance. The secondary metabolic products
in plants, including artemisinin, can be increased by utilizing biotic elicitor from fungi. The re-
search was conducted in Gunung Putri Research Installation, Cipanas, West Java from 2010 to
2011. Phytophthora sp. from eggplant and Colletotrichum sp. from Artemisia annua were ap-
plied as biotic elicitor. The types of biotic elicitor applied to the plants were 1) the medium of
potato dextrose broth were inoculated with fungi and harvested after 10 days (filtrate), 2) pow-
dery mycelium of both fungi. There were 16 treatments: control negative, control positive (un-
inoculated medium) 1%, 2%, 3% (v/v)], Phytophthora sp. filtrate [1, 2% and 3% (v/v)], Colle-
totrichum sp. filtrate [1, 2% and 3% (v/v)], Phytophthora sp. mycelium [1%, 2% and 3%
(w/v)], Colletotrichum sp mycelium [1%, 2% and 3% (w/v)]. The elicitor application increased
plant production by 26.21% and artemisinin yield by 72% compared to control. Furthermore,
the artemisinin production of the plants treated with medium inoculated with 2% filtrate of
Phytophthora sp (FP2) (25.19 kg/ha) and 1% powdery mycelium of Colletotrichum sp (MC1)
(26.42 kg/ha) were higher than control (K) (11.17 kg/ha).
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1. Introduction

Artemisinin is active compound of Artemisia annua L. which is sub-tropical plant. It is introduced
from China and spread in Vietnam and Malaysia. Drugs contain artemisinin have been proved particu-
larly effective to treat severe malaria, even for multi drug-resistant malaria [1]. Currently, WHO rec-
ommended malaria drug artemisinin combination based therapy (ACT) to treat malaria [2].

Malaria is one of the most important tropical diseases [3], causes great human suffering and loss of
life in affected countries. Indonesia is one of the countries with high number of malaria infection,
hence requires high demand of artemisinin drug for malaria. However, in Indonesia, artemisia has not
been cultivated widely and is planted in limited area only as trial.

Artemisinin, a sesquiterpene lactone containing an endoperoxide bridge isolated from artemisia
plants was effective against both drug—resistant and cerebral malaria caused by Plasmodium falcipa-
rum [4] [5]. Artemisinin had efficacy as antiviral, antiparasitic, antiinflammmation and anticancer [6].
In addition to being used as a drug, artemisinin also has phytotoxic activity as natural herbicide. The
artemisinin application was reported could decrease the radicle length and seedling vigor index of 4r-
abidopsis thaliana [7].
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Artemisinin is obtained by extracting the leaves and stems of artemisia plants. These compounds
belong to sesquiterpen lactone groups with endoperoxide bridges that are rarely encountered in nature.
Artemisinin is a compound difficult to synthesize. Thus, the easiest and cheapest way to obtain arte-
misinin were to extract directly from the plant [8]. In Indonesia, the planted accessions had very low
artemisinin content, ranged from 0.25-0.41% [9]. Thus, it considered inefficient to develop the plants
in industrial scale.

In recent years, several elicitors have been used for stimulating artemisinin biosynthesis to increase
artemisinin content. The elicitors can be divided into two groups, biotic and abiotic elicitors. Abiotic
elicitors consisted of metal ions and inorganic components. The biotic elicitors included fungi, bacte-
ria, viruses, herbivores, the components of plant cell walls, chemical compounds released by plants
parts attacked by pathogens or herbivores, miconazole, chlorocholine chloride, homobrassinolide and
crude extracts of fungal mycelia of Verticillium dahliae, Rhizopus stolonife and Colletotrichum dema-
tium [10]. Elicitors may lead to cellular processes and regulatory principles for the activation of sec-
ondary metabolite biosynthesis. This led to the presence of extracellular or intracellular signals cap-
tured by receptors on the surface of plasma membrane or endomembrane. The elicitor signal was per-
ceived as the initiation of the transduction signal to form de-novo activation or biosynthesis, or was a
transcription factor expressing the biosynthetic gene regulation involved in plant secondary metabo-
lism. Further, it yielded an enzyme for secondary metabolite biosynthesis [11]. The use of elicitors
was proved more effective to increase secondary metabolite content because it was more natural,
hence easier to enter the plant metabolism system. The types of elicitors commonly used were myceli-
al extract, filtrate or toxin from the fungi. The use of mycelial extract from fungus Colletotrichum sp.
increased artemisinin content from 0.8 mg to 1 mg per dry weight [12]. The objective of this research
was to obtain the type of elicitor and its concentration to increase artemisinin content.

2. Materials and methods

Phytophthora sp was isolated from eggplant and endophytic fungi (Colletotrichum sp) from artemisia.
Both fungi were propagated for the examination of their capability as elicitor on artemisia plant in the
field. The endophytic fungi was propagated by culturing the fungi in 50 ml dextrose potato broth in
the erlenmeyer flask and was incubated at room temperature for 30 days. The mycelium was then sep-
arated from the filtrate, washed several times with sterile distillation water, grinded using mortar and
centrifuged for 5 minutes. The supernatant was suspended with sterile distillation water following the
concentration treatments, then autoclaved for 20 minutes at 120°C. The mycelium and filtrate (the
media used to culture Phytophthora sp and Colletotrichum sp) were used as elicitor.

Artemisia seeds were germinated in the nursery for one month and transplanted into polybag, then
planted in the field after 2 months. The basic fertilizer was applied one month after planting (MAP),
consisted of 0.5 kg manure, 3.5 g Urea, 1.5 g SP-36 and 1.5 g KCl/plant. Plant maintenance such as
weeding was performed once a month and pest control was done if it was necessary.

The elicitor was applied by spraying 2 months-old plants (2 MAP). Water was used as control neg-
ative whereas un-inoculated dextrose potato broth as control positive. The elicitor application was per-
formed every week until two weeks before harvesting. The plants were harvested at 6 MAP or when
10% of the population started flowering.

The trial was arranged in randomized block design consisted of 16 treatments: control negative
(water); control positive (1%, 2%, 3% (v/v) of un-inoculated medium); Phytophthora sp. filtrate (1,
2%, 3% (v/v); Colletotrichum sp. filtrate (1, 2%, 3% (v/v)); Phytophthora sp. mycelium (1, 2%, 3%
(w/v)); Colletotrichum sp mycelium (1, 2%, 3% (w/v)). Every plot consisted of 20 plants, repeated
three times.

Parameters observed were plant height, leaf dry weight, stem dry weight, total biomass dry weight
and artemisinin content. The data were analyzed with ANOVA and contrast orthogonal for further
analysis if the treatments were significantly affected the parameters.
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3. Result and discussion

3.1. Plant growth
Naturally, plants were able to express their natural defence and triggered the defence signal through
intermediary receptor by recognizing microbe structure known as pathogen-associated molecular pat-
terns (PAMPs) or elicitor [13]. Elicitor was considered as signal molecule activated transduction sig-
nal wave (Cascade) and caused the activation and expression of gene related to secondary metabolite
biosynthesis [14].

The data was analysed using orthogonal contrast and indicated significant differences among the
treatments at 5% level of significance (Table 1). The parameters affected by elicitor application
showed significant differences compared to both control negative and control positive, except for plant
height. However, there was no significant effect between the elicitor from the filtrate of Phytophthora
sp. and Colletotrichum sp on parameters observed (Table 1). The biochemical compound from fungi
secretion on growth medium might have low concentration or the fungi secreted no chemical com-
pound into growth medium. The pathogen lived in host plant rich in carbohydrate would arrange the
production of polysaccharide-degrading enzyme. A small alteration in composition, structure or acces-
sibility of host-plant carbohydrate was able to change the composition of polysaccharide-degrading
enzyme secreted by pathogen, both qualitatively and quantitatively [15]. The phytohormones involved
in plant defence, such as gibberellin [16] and salicylic acid [17], also possessed important role in ar-
temisinin accumulation. However in this experiment, chemical compound secreted by fungi on filtrate
was unable to give signal to induce secondary metabolite increase in artemisia. Filtrate treatment
might be unable to increase gibberellin which functioned to trigger plant growth. Thus, plant growth
parameters represented by plant height and total biomass dry weight, were not significantly different
(Table 1).

Elicitor from both fungi mycelium gave significant effect on stem and biomass dry weight. The
Phytophthora mycelium 2% gave higher stem and biomass dry weight than other mycelium treatments
(Table 1). Mycelium was not dissolved in water. However, proper handling such autoclave treatment
or alkali application could dissolve active elicitor from mycelium cell. The dissolve mycelium-cell
comprised of 1,3-glucan or glycoprotein contained mannan. The chemical composition of mycelium
linked to plant cell-wall was detected by plant cell during phatogenesis process. The un-dissolved elic-
itor was released from fungi mycelium wall soon after contacted with plant tissue. This process indi-
cated that the released-elicitor was responsible for initiating the accumulation of phytoalexin and py-
thohormone in fungi-infected plants [18]. The increase of phytohormone would enhance biomass
weight of the plant.
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Table 1. The effect of type and concentration of biotic elicitor on artemisia plant growth.

Treatments comparison Plant Leaf dry Stems dry Biomass
Height weight/ha  weight /ha  dry weight
(cm) (ton) (ton) /ha
(ton)
Control vs Elicitor
Control 176.33 a 0.72 a 0.73 a 145a
Elicitor 178.17 a 087 b 0.96 b 1.83b
Control negative vs Control positive
Control negative 176.33 a 0.72 a 0.73a 145a
Control positive 182.16 a 0.66 a 0.70a 1.35a
Control negative vs Filtrate
Control negative 176.33 a 0,72a 0.73 a 1.45 a
Filtrate 182.28 a 0.84b 095 b 178 b
Control negative vs Mycelium
Control negative 176.33 a 0.72 a 0.73 a 145 a
Mycelium 17296 a 1.00 b 111 b 211 b
Control positive vs Filtrate
Control positive 182.16 a 0.66 a 0.70 a 135 a
Filtrate 182.28 a 084 b 095 b 178 b
Control positive vs Mycelium
Control positive 182.28 a 0.84 a 0.95 a 178 a
Mycelium 172.96 a 1.00 b 111 b 211 b
Filtrate Colletotricum vs Filtrate Phytophthora
Filtrate Colletotricum 17989 a 0.88a 0.98 a 1.87a
Filtrate Phytophthora 184.67 a 0.87a 0.95a 182a
Colletotricum mycelium vs Phytophthora my-
celium
Colletotricum mycelium 170.45a 10la 1.02 a 199a
Phytophthora mycelium 177.00 a 1.03a 120 b 2.23Db
1% Colletotricum filtrate (v/v) 191.33 a 0.86 a 112a 1.99a
2% Colletotricum filtrate (v/v) 172.67 a 0,86 a 0.97a 1.83a
3% Colletotricum filtrate (v/v) 175.67 a 0.89a 0.86 a 1.75a
1% Phytophthora filtrate (v/v) 189.67 a 0,85a 0.93a 1.78 a
2% Phytophthora filtrate (v/v) 181.33 a 0,86 a 1.02a 1.88a
3% Phytophthora filtrate (v/v) 183.00 a 0,89 a 0.89a 1.79a
1% Colletotricum mycelium (w/v) 165.67 a 1.09a 1.13a 2.22 a
2% Colletotricum mycelium (w/v) 181.00 a 1.03a 1.08 a 211a
3% Colletotricum mycelium (w/v) 164.67 a 0.90a 0.84Db 1.74b
1% Phytophthora mycelium (w/v) 186.33 a 0.99a 1.13a 212 a
2% Phytophthora mycelium (w/v) 174.67 a 1.04a 128a 2.32a
3% Phytophthora mycelium (w/v) 170.00 a 1.07 a 1.19a 2.26 a
Note : Number followed by the same letters in the same column were not significantly different at 5% level of
significance

3.2. Artemisinin production of artemisia

Gibberelin (GA) was diterpenoid compound and involved in plant defense response and plant growth.
GA was synthesized following terpenoid pathway, the same pathway as artemisinin biosynthesis. Ar-
temisinin was synthesized through farnesyl diphosphate (FPP), which was the first intermediary com-
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pound. On the other hand, GA was produced from geranyl diphosphate (GGPP), which was condensed
product from isopentenyl diphosphate (IPP) and geranyl diphosphate (GPP) [16]. Therefore, GA in-
crease would enhance plant growth, represented by increase in biomass weight. The same pathway in
biosynthesis of GA and artemisinin caused the competition in GA and artemisinin production within
the plant. The increase in GA biosynthesis, indicated by high biomass production, would be followed
by artemisinin content decline. As shown in Figure 1, filtrate treatments generated lower biomass
weight (1.44 -1.99 ton/ha) than mycelium treatments (1.64-2.32 ton/ha). On the contrary, the low bio-
mass weight (on filtrate treatments) was followed by higher artemisinin content (1.03%-1.34%) than
mycelium treatments (0.95%-1.39%). The exogenous GA3 application on artemisia increased artemis-
inin contents [16]. This was linked to the enhancement of key enzyme expression in biosynthesis
pathway of artemisinin. Furthermore, exogenous GA continuously increased artemisinin content from
vegetative phase until flower initiation and produced higher leaf weight than control plants. Conse-
quently, artemisinin content of plants applied with exogenous GA was much higher than control
plants.

Artemisinin yield related to biomass dry weight because it was the multiplication of biomass dry
weight and artemisinin content. Generally, artemisinin content tended to be low on plants with high
biomass dry weight. However, plants with high biomass dry weight was also able to produce high
artemisinin content as indicated by Colletotrichum sp mycelium 1% treatment (MC1), resulted in high
artemisinin yield (26.42 kg/ha) (Figure 1).
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Note :

K Control negative (water)

FO1 : Filtrate (un-inoculated medium) 1%
F02 : Filtrate (un-inoculated medium) 2%
F03 : Filtrate (un-inoculated medium) 3%
FP1 : Phytophthora sp filtrate 1%

FP2 : Phytophthora sp filtrate 2%

FP3 : Phytophthora sp filtrate 3%

FC1 : Colletotrichum sp filtrate 1%

FC2 : Colletotrichum sp filtrate 2%

FC3 : Colletotrichum sp filtrate 3%

MP1 Phytophthora sp mycelium 1%
MP2 : Phytophthora sp mycelium 2%
MP3 Phytophthora sp mycelium 3%
MC1 Colletotrichum sp mycelium 1%
MC2 Colletotrichum sp mycelium 2%
MC3 Colletotrichum sp mycelium 3%

Figure 1. The application of Colletotrichum sp. and Phytophthora sp elicitor on biomass dry
weight, artemisinin content and artemisinin yield of artemisia.

4. Conclusion

Artemisinin content of artemisia could be enhanced by biotic elicitor application derived from fungi.
The type of elicitor was important because not all of elicitor type were well-responsed by plants. Elic-
itor derived from mycelium of Phytophthora sp at 2% concentration increased biomass dry weight by
60% compared to control negative. The highest artemisinin yield was produced by Colletotrichum sp
powdery mycelium 1% treatments (MC1) (26.42 kg/ha), was 136.5% higher than control (K) (11.17
kg/ha).
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