ICSAE IOP Publishing
IOP Conf. Series: Earth and Environmental Science 142 (2018) 012043 doi:10.1088/1755-1315/142/1/012043

Response of Artemisia annua L. to shade and manure fertilizer
application in lowland altitude

H H Permana’, Y Widyastuti?, Samanhudi®*and A Yunus®

!Student of Study Program of Agrotechnology, Faculty of Agriculture, Universitas
Sebelas Maret Surakarta, Indonesia

“Research Center for Medicinal Plant and Traditional Drug , Tawangmangu,
Indonesia

3Lecturer of Study Program of Agrotechnology, Faculty of Agriculture, Universitas
Sebelas Maret Surakarta, Indonesia

Email : yunus.uns7@yahoo.com

Abstract. Artemisia is a plant producing artemisinin substance which is the main compound
in the treatment of malaria. Artemisia comes from China, usually grows wild in native habitats
in the plains with an altitude of 1,000-1,500 meters above the sea level. Artemisia development
efforts in Indonesia hampered by limited land with the required altitude due to their
competition with vegetable crops. Based on this reason, this research is conducted to observe
the growth of artemisia planted in lowland with the help of shade and manure. This study aims
to determine the level of shade and best manure on the growth of Artemisia. Research
conducted at the Laboratory of the Faculty of Agriculture UNS Jumantono using nested design
with two factors, shade as main factor and manure fertilizer as sub factor. The data analysis
used F test with confidence level of 5%, if significant, then continued with DMRT (Duncan
Multiple Range Test). The results showed the treatment of shade gave no difference in growth
within 50% shade, 75% shade as well as without shade treatment. Goat manure fertilizer gave
the highest result and able to increase plant height, number of branches, flower weight and root
volume.

1. Introduction

A. annua L. is a medicinal plant that has been used since a long time ago in China as an antimalarial
medicine. Artemisia containing terpenoids complex compounds, called artemisinin which known to be
able to eradicate Plasmodium falciparum as a major cause of malaria and treat breast cancer[1].
Artemisinin is a compound that is effective for the types of malaria that resistant to quinine and
chloroguine and cerebral malaria caused by Plasmodium falciparum. In Artemisia, artemisinin is
synthesized in the roots and accumulated in the leaves. The artemisinin content in flower is quite high
and can be compared with artemisinin contained in the leaves [2]. Artemisinin production is influenced
by climate, soil conditions, plant age and genetic variations [3].

Treatment for malaria usually use quinine that has been used for a long time by traditional society.
Along with the development of malaria, resistency of malaria occuring to various existing drugs.
Resistency happens to drugs such as chloroquine and sulfadoxine-pyrimethamine (SP) so that medical
efforts are made with treatment of Artemisinin based Combination Therapy [4]. Artemisia
development as the only producer of artemisinin have a major problem, that is the existing genotype
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provided relatively low artemisinin content between 0.01% -0.5% with the time of planting about 6
months plus the time of extraction to produce finished materials between 2-5 months [5]. Other
problems are in the tropic area, this plant grows in the highlands at an altitude of over 1,000 meters,
while in Indonesia the area with that altitude usually used for the cultivation of vegetables and fruit, so
that there is competition of land with vegetable crops in the cultivation of these crops.

2. Methods

2.1. Location and Time Research
The study was conducted in the village of Sukosari, District Jumantono, Karanganyar, Surakarta from
July to November 2015

2.2. Tools and Materials

The tools used are 30cm x 20cm size planting pot (36 units), paranet 50%, 75% paranet, bamboo
poles, hoes, tape measure, ruler, measuring cups and analytical scale. The material used in the research
are the seeds of A. annua L., Jumantono Alfisol soil (growing media), goat manure fertilizer, chicken
manure fertilizer and cow manure fertilizer.

2.3. Research Design and Data Analysis

This research used a nested design with manure fertilizer nested in shade. The main factor was the
level of shade and sub factors that nested on the main factors was manure fertilizer. The shade consisted
of 3 levels: without shade (NO), 50% shade (N1) and a shade 75% (N2). The manure fertilizer
consisted of 4 levels which were without fertilizers (P0), goat manure (P1), chicken manure (P2) and
cow manure (P3) with a dose of 200 gr on each pot. In total 12 combinations of treatments were
obtained. Every combination treatment was repeated three times, then the total number of samples
obtained was 36 units. The variables observed in this study were plant height, branch number, date of
flowering, flower weight, root volume and root length. The data were tested using the F test with
significance level of 5%. If significant then continued by Duncan Multiple Range Test (DMRT).

3. Results and Discussion

3.1. Plant height

Treatment of shade does not provide a remarkable difference on plant height, while the treatment of
manure that nested in the shade effect provided significant difference on plant height. Based on the
data table (Table 1), it can be seen that the combination of goat manure and without shade gave the
highest plant height with an average of 178.67 cm and increase in plant height by 22% when compared
to treatment without fertilizer. Goat manure fertilizer also gave an average of the highest plants with
significant results at the level of shade 50% and 75%. At the level of 50% shade highest yield was
177.33 cm with an increase in plant height by 35% of the treatment without fertilizer and at the level
of 75% shade, the plant height was 181.33 cm and a high increase of 34% compared to without
fertilizer treatment. Manure fertilizer on the cultivation of A. annua L. aims to fulfill essential nutrient
needed. With sufficient soil nutrients then productivity of biomass will increase. Goat manure
containing 1.19% N, 0.92% P and 1.58% K,O. From the various elements, nutrient elements nitrogen
(N) is the most influential element on plant growth, especially vegetative growth [6]. Manure has a
nitrogen content that serves to form amino acids that are the result of protein degradation and function
to form growth hormone [7]. Cell division that affects the growth of plant height depends on the
supply of carbohydrates resulting from photosynthesis process involving chlorophyll and nitrogen
elements play a role in chlorophyll formation [8].
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3.2. Number of Branch

The shade treatment does not give significant difference to the number of branches, whereas the
treatment of manure fertilizer nested in the shade gave a very significant difference to the number of
branches, presented in table 1. Based on the table it can be seen that in the treatment without shade, the
largest number of branches produced in the treatment of chicken manure fertilizer with branch number
of 53.67 and able to increase the number of branches as much as 26.7% compared to without fertilizer.
Goat manure fertilizer produces the highest number of branches in the shade treatment of 50% with
the number of branches as much as 55.67 and increasing the number of branches by 37.5%. Goat
manure fertilizer also give the largest number of branch in the shade 75% with the number of branches
52 and 33% increase in the number of branches than the treatment without fertilizer. Increased
vegetative growth includes plant height, number of leaves and number of branches is strongly
influenced by the presence of nitrogen (N), Phospor (P) and Potassium (K) [9]. Increased macro
nutrients, especially nitrogen, will provide an increase in vegetative growth. Nitrogen serves as a
builder of chlorophyll, proteins, fats and enzymes in cells that stimulate the growth of stems, leaves
and branches. Chicken manure produces the largest number of branches on each shade level. Chicken
manure has the most nitrogen content than other types of manure [10]. At 50% shade level and 75%
goat manure also gives a significant effect with the highest value both on the variable height of the
plant and also the variable number of branches. This is because goat fertilizer has more nutrient
variant and optimal amount compared to chicken or cow manure [11], so it will give the best effect on
the number of branches.

3.3 Days of Flowering

Treatment of shade does not give a significant difference to the days of flowering, as well as treatment
of manure fertilizer that is nested in the shade does not provide a real difference to the life of
flowering. From the results obtained, the analysis variance calculation showed that none of the
treatments give significant result on days of flowering. However, when seen in Table 1, the average
age of flowering in the shade of 75% was slightly higher than the other shade level even though no
significant difference in the analysis of variance calculation. At the days of flowering table shows the
average days of flowering ranges on day 70 until day 95. These results are consistent with the results
of Firdaus [12] which showed that A. annua L. grown in the lowlands will flowering at the age of 2-3
months. A. annua L. is a plant that in its natural habitat, these plants will flowering at day 190 to day
200 [5]. Artemisia itself is a short-day plant that will became flowering when the sun shines shorter
than the critical exposure period. With their natural habitat located in a sub-tropical climate that has
long photoperiodism > 13 hours/day, this duration of radiation can cause the time the emergence of
flower in A. annua L. will be longer, so that harvesting will also be longer. Therefore, when the
planting is done in areas with radiation are short (<13 hours/day) this plant will quickly form a flower
[13].
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Table 1. Table of average plant height, number of branches and day of blooming of A. annua L. on
treatment of shade and manure fertilizer

Treatment Plant Height (cm) Number of Day of flowering

Shade (N) Manure Fertilizer (P) Branch (days)
Without Fertilizer (P0) 145.00+1.70° 42.33+6.40° 79.3345.80°
Without Shade Goat (P1) 178.67+7.80%¢ 50.67+4.00%¢ 85.33+16.60°
(NO) Chicken (P2) 169.67+15.50%° 53.67+8.50% 73.67+2.00°
Cow (P3) 160.00%5.20® 43.006.60™ 86.00+14.00°
Without Fertilizer (PO) 131.67+24.08% 40.00+12.50° 90.00+12.10°
Shade 50% Goat (P1) 177.33+6.60° 55.67+3.20™ 82.00+14.00°
(N1) Chicken (P2) 157.006.50™ 45.67+6.70™ 86.67+16.10°
Cow (P3) 128.33+27.20° 42.0045.20® 73.001.70°
Without Fertilizer (P0) 13557+25.10" 39.00+£2.60™ 90.00+15.60°
Shade 75% Goat (P1) 181.33%9.60° 52.0045.50™ 85.33+12.90°
(N2) Chicken (P2) 164.67+19.60" 49.00+4.90* 94.00+19.70°
Cow (P3) 112.00£10.40° 35.00+£2.00° 95.33+18.60°

Description:The numbers followed by different letters in each shade levels and variable show different significant values
(P<0.05) on duncan multiple range test

3.4. Flower Weight

Flowers on A. annua L. have components such as antioxidants, anti-microbial, anti-fungal and
artemisinin content. These chemical components are affected by harvest age, fertilizer and soil pH,
geographical location, plant clones and extraction methods [14]. According to [15] the concentration of
artemisinin reaches its peak when flowering plants bloom entirely. The shade treatment does not give
any significant difference to the weight of the flower, while the treatment of manure fertilizer nested in
shade gave a very significant difference to flowering age, presented in table 2. Based on the table it can
be seen that at the highest shade level the highest observation of flower weight is the treatment of goat
manure with the weight of 14.18 gram and increase the average weight of flower by 35% compared to
the treatment without fertilizer. At 50% shade, the highest yield weight on goat manure treatment with
the weight of 9.06 gram and 50% increase compared to the treatment without fertilizer. Goat manure also
has the highest yield at 75% shade level with weight 10.40 grams and raising the flower weight by 62%
compared to the treatment without fertilizer. Treatment of manure fertilizer gives a very significant
effect for the flower weight. This shows that plants need nutrients to form generative organs (flowers). It
is also supported by Ahmad et al. [16] which states that the application of nitrogen (N) and phosphor (P)
elements contained in the fertilizer gives positive results on flower weight and flower blooming.
Nitrogen element is the most needed element in plant growth. In general, nitrogen absorbed by plants is
used to form chlorophyll that makes the plants green and amino acids that play a role in cell division and
plant development. Phospor is very important when the plant enters the generative phase. The presence
of a phosphorus element is used in the transfer of energy for all plant metabolism, so in addition to
stimulate the plant growth, phosphorus is useful to spur the formation of flowers and fruit maturation, so
the percentage of flower formation and fruit ripening will increase [17].

3.5. Root Volume

Root is a part of Artemisia for synthesized artemisinin. [18] revealed in artemisia’s root hair are
contained artemisinin could reach up to 0.4%. Shade treatment does not give a real difference to the
volume of roots, while the treatment of manure fertilizer that is nested within the shades provides very
real difference to the volume of roots, presented in (Table 2). Based on the table it can be seen that the
manure fertilizer can increase root volume significantly, especially goat manure. Goat manure fertilizer
got the highest volume results at every level of shade. At without shade level, goat manure fertilizer
application is able to produce root volume amounted to 34.67 ml and improve root volume by an average
of 67% than treatment without fertilizer. In the shade level of 50%, the goat manure fertilizer treatment
had the highest root volume results amounted to 30.67 ml and an average increase root volume by 43%
compared to the treatment without fertilizer. In the shade level of 75%, the goat manure fertilizer
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treatment had the highest root volume amounted to 37.33 ml and an average increase root volume by
85% compared to treatment without fertilizer. Manure contains nutrients and organic matter which is
good for the soil. The organic material is this which is the source of nitrogen, phosphorus and sulfur for
plant growth [19]. The addition of nitrogen does not only affect the plant biomass but also on root growth
[20]. Nutrients are not the only factor that determines the root volume. Volume roots other than
influenced by the level of root distribution and the availability of nutrients, are also affected by the water
content in the soil. Organic materials other than as a primary source of nutrients establishment also
serves as a binder of water in the soil. Manure fertilizer input into the soil, will improving soil organic
matter content so that the water stored in the soil also increased. The availability of sufficient water in the
soil will affect the optimal nutrient absorption by the roots. The roots will respond when the plants are in
condition of water shortage by reducing transpiration rate conserve water [21]. The longer transpiration
occurs without water supply from the soil will lead to reduce sized of plant roots. Position of roots spread
out and supported by sufficient soil nutrient availability will increase the volume of roots.

3.6. Root Length

Treatment of shade does not give a real difference to the length of the roots, as well as treatment of
manure that is nested within the shades provides very real difference to the length of the roots. Based on
table 2, the treatment of manure fertilizer can be seen that the highest yield observations of root length is
on chicken manure fertilizer. Chicken manure fertilizer give root length results highest at all levels of
shade treatment although based on the statistical calculation influence of manure that is nested in the
shade does not provide a real different on the length of the root as well as the treatment level of shade, so
that the variable length of the root is not followed by DMRT, Excellence manure is able to improve soil
structure and restore the soil ecosystem that increases the activity of microorganisms in the soil.
According to [22], the increased of microorganisms activity in the soil will lead to increased availability
of nutrient elements from the activity of bacterial binding nitrogen [23] and also from the organic
material was decomposed to available nutrient elements to plants by the activity soil microorganisms,
this affects root development which then allows increased absorption of nutrient elements. In line with
the [24] which States, land that had a lot of activity of the organism has a porous soil that much that can
facilitate the growth of the roots penetrate the ground through soil pores that can absorb water and
nutrient elements are dissolved.

Table 2. Table of average flower weight, root volume and root length of A. annua L. on treatment
of shade and manure fertilizer.

Treatment Flower weight

Shade (N) Manure Fertilizer (P) (gram) Root volume (ml) Root length (cm)
Without Fertilizer (P0) 10.4545.1% 20.00+9.1% 22,80+0,8°
Without Goat (P1) 14.18+1.8™ 34.67+4.1° 25,4345,1°
Shade (NO) Chicken (P2) 11.09+2.6%¢ 29.3345.1%¢ 26,40+1,0°
Cow (P3) 8.18+0.8° 21.67+6.6% 24,03+0,9%
Without Fertilizer (P0) 6.03+1.2% 21.00+6.2%® 21,20+3,4%
Shade 50% Goat (P1) 9.06+0.6 30.67+4.0™° 21,03+3,3°
(N1) Chicken (P2) 8.43+0.3%°¢ 29.67+4.7%° 26,00+3,1°
Cow (P3) 5.72+1.6° 20.33+1.5% 23,40+4,7°
Without Fertilizer (PO) 6.42+1.8° 20.33+3.2° 21,60+4,6%
Shade 75% Goat (P1) 10.40+0.6®° 37.3345.5° 25,50+1,6%
(N2) Chicken (P2) 10.03+1.2%¢ 31.67+4.6%° 26,63+2,1°
Cow (P3) 7.32+0.5%® 22.67+2.5% 20,10+4,9°

Description:The numbers followed by different letters in each shade levels and variable show different significant values on
duncan multiple range test
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4. Conclusions

The conclusion of the study are the various shade as main factor showed that there were no difference in
growth within 50% shade, 75% shade as well as without shade treatment. Treatment of goat manure
fertilizer as a sub factor nested in 3 levels of shades overall gave the highest results in the variable plant
height, number of branches, flower weight and root volume.
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