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Abstract: An experiment was conducted to determine the effects of harvesting age and plant population density
on agronomic and chemical characters of Artemisia (Artemisia annua L.) during 2009. Four levels of harvesting
age and five levels of population density were arranged in split plot design with three replications. Harvesting
age was assigned to main plots and plant population density to sub plots. The effects of harvesting age and
plant population density were assessed by analyzing data on growth, yield and yield components of A. annua.
Interaction effects of harvesting age and plant population density was highly significant (p < 0.01) on plant
height, leaf area index, dry leaf yield ha  and significant (p < 0.05) on artemisinin yield. Dry leaf yield plant1 1

and artemisinin content were affected significantly (p < 0.05) by harvesting age and plant population density.
Branch numbers/plant, essential oil (EO) content and EO yield were affected significantly (p < 0.05) by plant
population density. In this study, the maximum dry leaf yield (3.15 t/ha), EO yield (19.2 kg/ha) and artemisinin
yield (10.9 kg/ha) were attained at plant population density of 27, 777 plants ha  and harvested at 5 months1

after transplanting (MAT), 4 t0 7 MAT and 7 MAT for dry leaf yield, EO yield and artemisinin yield,
respectively.

Key words:Artemisia annua  Artemisinin  Essential oil  Harvesting age  Leaf yield  Plant population
density

INTRODUCTION Organization has thus recommended that all countries

Artemisia (Artemisia annua L.) is an annual preferably antimalaria medicines in combination with
medicinal and aromatic herb that belongs to the family artemisinin derivatives for Plasmodium falciparum [8].
Asteraceae [1]. It has originated in China and currently Not only malaria but also some other medical
distributed in North America, Europe, Africa, Asia, South problems such as haemorrhoids, bronchitis, bilharzias and
America and Australia [2, 3]. It is grown for its aromatic certain forms of cancer can be treated with A.annua tea
and medicinal leaves, which yields artemisinin and and showed good results [6]. Moreover, it is widely used
essential oil.  Artemisinin has been proven to be potent as antibacterial agents and natural pesticides. Apart from
and effective medicine for the treatment of malaria artemisinin, essential oils are another active research
including cerebral malaria and multi drug-resistance interests from A. annua as it could be potentially used in
Plasmodium falciparum [4, 5]. In addition, medicinal perfumery, cosmetics and aromatherapy [9]. The oil has
herbal tea can be prepared from dried leaf of A.annua for been also reported to possess antimycotic and
the treatment of malaria without negative side effect [6]. antimicrobial activities [9].
Malaria is one of the most important tropical diseases, Artemisinin and essential oil levels in the leaves  of
causing great human suffering and loss of life in the A. annua ranges from 0.01 to 1.4 % [10, 11] and  0.04  to
affected countries. The conventional anti-malaria drugs 1.9 % [12], respectively. The contents are affected by
such as Chloroquine and Fansidar have become almost numerous factors such as geographical conditions,
ineffective because of the development of resistance by harvesting time, temperature, fertilizer application,
plasmodium species to these drugs [7]. The World Health population density and age of harvesting [10]. 

experiencing resistance to use combination therapies
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Plant population density can have a strong impact on the rate of 67 and 15 kg ha , respectively, were applied
growth, development, yield, productivity, chemical
composition and the practicability of both weed control
and harvesting of the plant. There is also a large variation
in biomass, artemisinin and essential oil content of the
plant harvested at different age [10]. 

Despite harvesting age and plant population density
have an impact on agronomic and chemical characterstics
of A.annua, there is no research effort to determine the
effect of plant population density and harvesting age on
leaf, essential oils and artemisinin yield of A. annua under
Ethiopian condition. Hence, this experiment was designed
with the objective of determining the appropriate plant
population density and harvesting age to optimize yield
of the plant. 

MATERIALS AND METHODS

Description of the Experimental Area: The experiment
was conducted during the main season of 2009 at Wondo
Genet Agricultural Research Center. Wondo Genet
Agricultural Research Center is geographically located at
07° 03' 19.1'' to 07° 04' 00.2'' North latitude and from 38° 30'
08.4'' to 38° 31' 01.8'' East longitude. The site receives
mean annual rain fall of 1128 mm with minimum and
maximum temperature of 11 and 26°c, respectively. The
soil textural class of the experimental area is sandy loam
with pH of 6.4 [13].

Treatments and Design: The experiment consisted of four
harvesting ages (four, five, six and seven months after
transplanting) and five levels of plant population
densities (6,944, 10,000, 15,625, 27,777 and 49,383 plants
ha ) in a factorial combination. The experiment was laid1

out as a split-plot design with three replications.
Harvesting age was assigned to the main plots while plant
population density was assigned to sub plots. Each plot
had an area of 51.84 m  (7.2 m length and 7.2 m width). A2

respective spacing of 2, 1.5 and 1m were maintained
between replications, main plots and sub plots. 

Cultural Practices: Cuttings were taken from top parts of
diseases free A. annua plants and planted in polyethylene
tube on 29 March, 2009 in the nursery site of Wondo
Genet Agricultural Research Center. All the necessary
cultural practices were carried out during nursery raising
of the seedlings. Uniformly grown seedlings were
selected, hardened and transplanted to the experimental
fields on 29 May, 2009 after 60 days of planting on
polyethylene tube. Nitrogen and phosphorus fertilizers  at

1

uniformly for all plots. Proper hoeing, weeding and
irrigation of the experimental field were carried out
uniformly whenever required. 

Data Collection: Data collection for field experiment was
carried out by taking ten random samples from central
rows of each plot. Data on plant height, branch number,
leaf area, dry leaf yield/plant, dry leaf yield/ha, essential
oil content, essential oil yield, artemisisnin content and
artemisinin yield were collected and analyzed.

Essential oil content was determined by taking 500 g
fresh leaves of composite samples using hydro-distilled
in a Clevenger apparatus according to Gunther [14]. The
oils were collected, dehydrated, measured and expressed
in w/w dry basis. For Artemisinin content determination,
composite leaf samples were taken; dried, grounded and
crude extract was extracted by using hexane solvent.
Artemisinin content was identified and quantified by A
Varian CP-3800 GC equipped with DB-5 column and FID
detector from crude extract according to the procedure
given by Liu et al. [15] and expressed in w/w dry basis. 

Data Analysis: Mean values of all data for all characters
measured were subjected to analysis of variance by using
SAS (version 9) computer software programs [16]. Least
Significant Difference (LSD) was used to compare
significant means at 5% probability level.

RESULT AND DISCUSSION 

Plant Height: The effect of harvesting age, plant
population density and their interaction on plant height of
A.annua was  significant  at  0.001  probability  level
(Table 1). Under the first (4 MAT), third (6 MAT) and
fourth harvesting ages (7 MAT), all the studied plant
densities except plant population density of 6,944 plants
ha   demonstrated  statistically  similar  plant  height1

(Table 2). At the second harvesting age (5 MAT), the
highest plant height was recorded at plant population
densities of 49,383 and 27,777 plants ha . Relatively1

lower plant height (141.27 cm) was recorded at first
harvest for plant density of 6,944 plants ha  and the1

highest value (203.73 cm) was obtained for the highest
density during the last harvesting age (Table 2). The
result of this study is in line with the finding of Belay [17]
who reported the increment of plant height with
increasing age in A. annua. The increment of plant height
with   increasing   plant  density   was   also  reported  by
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Table 1: Analysis of variance for different traits of A.annua under varying harvesting age and plant population density

MS

-------------------------------------------------------------------------------------------------------------------------------------------------------------

SOV d.f PH BN LAI DLP DLH EOC EOY AC AY

Replication(RP) 2 753.67 40.55 2.43 426.90 0.04 0.08 36.10 0.004 6.72

Harvesting age (HG) 3 6933.72*** 584.90 120*** 5134.29* 1.99** 0.40 42.31 1.21*** 178.18***ns ns ns

Population density (PD) 4 1065.85*** 3144.63*** 38.41*** 40515.86*** 3.52*** 0.07** 144.59*** 0.02*** 9.00***

HGxRP (Error a) 6 150.96 243.98 1.85 607.06 0.12 0.10 50.51 0.009 2.93

HGxPD 12 256.322** 44.93 7.82** 318.04 0.21** 0.02 13.88 0.003 3.59*ns ns ns ns ns

Error b 32 46.15 114.01 0.90 190.72 0.07 0.02 15.44 0.004 1.44

***= statstically significant at 0.001 level of probability; **= statstically significant at 0.01 level of probability ; *= statstically significant at 0.05 level of

probability and = statstically non significant at 0.05 level of probability. ns

Table 2: Mean comparison for plant height and leaf area index of A. annua under varying harvesting age and population density

Plant Height Leaf area index

--------------------------------------------------------------------------------- ------------------------------------------------------------------------

Population  density 4 MAT 5 MAT 6 MAT 7 MAT 4 MAT 5 MAT 6 MAT 7 MAT

6,944 141.27 150.60 181.27 191.13 4.07b 4.72 2.43 1.82b b b b c c a a

10,000 145.07a 156.80 195.80 192.87 3.58 4.49 1.90 1.50b b a ab c c a a

15,625 156.20 159.33 191.60 200.60 5.59 7.01 2.25 2.45a b ab ab b b a a

27,777 156.87 194.00 195.53 201.00 8.61 11.57 3.42 2.27a a a ab a a a a

49,383 154.47 196.73 198.00 203.73 9.08 12.17 2.93 2.72a a a a a a a a

LSD 0.05=11.3 LSD 0.05=1.58

CV % =3.81 CV %=20.1

Means followed by the same letters under the same column are statistically non significant at 0.05 level of probability.

Table 3: Mean comparison for dry leaf yield and artemisinin yield of A.annua under varying harvesting age and population density 

Dry leaf yield(t/ha) ArtemisininYield(kg/ha)

--------------------------------------------------------------------------------- ------------------------------------------------------------------------

Population density 4 MAT 5 MAT 6 MAT 7 MAT 4 MAT 5 MAT 6 MAT 7 MAT

6,944 1.33 1.59 1.51 1.21a 2.67 3.14 6.62b 9.78b bc b b a a c ab

10,000 1.27 1.45 1.12 1.00 2.41 2.86 4.72 8.06b c b b a a c b

15,625 1.44 1.97 1.26 1.37 2.8 3.14 5.36 9.75b b b ab a a c ab

27,777 2.45 3.15 2.12 1.52 2.18 4.78 8.36 10.9a a a a a a ab a

49,383 2.40 3.00 2.49 1.63 1.74 3.39 9.73 11.14a a a a a a a a

LSD 0.05= 0.44 LSD 0.05= 2

CV %= 14.83 CV %= 21.15

Means followed by the same letters under the same column are statistically non significant at 0.05 level of probability.

Simon et al. [18] on A. annua, Khorshidi et al. [19] on Branch Numbers per Plant: Branch numbers plant  was
Foeniculum vulgare, Gopisichand et al. [20] in Curcuma not affected significantly (p>0.05) by harvesting age
aromatica and Hussein et al. [21] in Dracocephalum (Table 1). Even though there was no statistical difference
moldavica. At higher density, there is greater inter plant in number of branches plant  at different harvesting age,
competition for available light. As a result, plants mean value was slightly higher for plants harvested at 5
responded by diverting their resource to vertical growth months after transplanting (Table 4). On the other hand,
to capture the available light. This is evident from the number of branches plant  was affected very highly
significant and negative association of plant height with significantly (p<0.001) by plant population densities
branch number plant  (r= -0.41**, Table 5). This can be (Table 1). The highest number of branches plant  (95.12)1

the possible reason for the increased plant height at the was  recorded   at   lowest   plant  population  density.
highest density. While  the lowest number of branches plant  (54.00) was

1

1

1

1

1
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Table 4: Effects of harvesting age and planting density on different parameters of A. annua

Treatments Branches Number Dry leaf yield (g plant ) EOC (% w/w) EOY (kg ha ) AC (% w/w)1 1

MAT
4 77.74 109.56 0.82 14.3 0.15b c

5 82.6 134.76 0.66 14.65 0.16a c

6 72.03 107.66 1.02 17.11 0.42b b

7 68.44 89.77 0.97 13.11 0.75b a

LSD Ns 22.01 Ns ns 0.0830.05

Densities
6,944 95.12 203.11 0.94 13.20 0.41a a a bc a

10,000 85.31 120.94 0.88 10.41 0.41b b a c a

15,625 76.32 96.79 0.92 13.86 0.37c c a b ab

27,777 65.27 83.15 0.86 19.20 0.34d d a a bc

49,383 54.00 48.19 0.75 17.27 0.31e e b a c

LSD 8.88 11.48 0.1 3.27 0.050.05

CV 14.19 12.51 14.09 26.57 16.52

Table 5: Association among yield and yield related characters of A. annua tested under varying harvesting age and population density 

PH BN LAI DLP DLH EOC EOY AC AY

PH 1
BN -0.41** 1
LAI -0.24ns -0.11ns 1
DLP -0.45*** 0.79*** -0.13ns 1
DLH 0.07ns -0.32* 0.82*** -0.26* 1
EOC 0.26* 0.09ns -0.5*** 0.12ns -0.38** 1
EOY 0.2ns -0.25ns 0.39** -0.15ns 0.69*** 0.37** 1
AC 0.62*** -0.14ns -0.69*** -0.13ns -0.52*** 0.49*** -0.16ns 1
AY 0.69*** -0.35** -0.49*** -0.23ns -0.1ns 0.44*** 0.25ns 0.83*** 1

***= Significant at p < 0.001; **= p < 0.01; *= p < 0.05 probability level; and ns= non significant at 0.05 probability level.

recorded at highest plant population density (Table 4). branch number plant-1 at the lower densities is due to less
Generally, with decreasing plant population density from inter-plant competition for assimilates. 
49,383 to 6,944 plants ha , number of branches plant1 1

was increased by 76%. This finding is consistent with the Leaf Area Index: Harvesting age, plant population
result of Simon et al. [18] who reported higher branches density and their interaction affected leaf area index very
number plant  at lower density, while the lowest highly significantly (p<0.001, Table 1). At 4 and 5 MAT,1

branches number plant  at the highest planting density the minimum leaf area index was recorded at planting1

in A. annua. Similar result was reported by Khorshidi et densities of 6,944 and 10,000 plants ha , increased with
al. [19] on Foeniculum vulgare, Hussein et al. [21] on increasing density and reaching maximum values at
Dracocephalum moldavica and Abebe [22] on Vernonia planting densities  of  27,777  and  49,383  plants  ha
galamensis. (Table 2). At 6 and 7 MAT, leaf area index decreased and

Sangoil [23] explained that the reduction in branches comparable values were recorded for all planting densities
number plant-1 with increasing density may be due to (Table 2). The maximum leaf area index of this study was
greater inter-plant competition for incident light, soil obtained at 5 MAT for the highest densities (27,777 and
nutrition, soil water and mutual shading of each other at 49,383 plants ha ). The increase in leaf area index with
high plant density than at low plant density. There is also increasing population density was also reported by
failure of auxiliary buds to initiate branches or death of Mulugeta [24] on Colocasia esculenta L and Desta [25]
branches at higher density due to competition for on Allium cepa L. The highest leaf area index at higher
assimilates between vertical and lateral growth. This is population densities can be due to the occurrence of more
also supported by the significant and negative correlation number of leaves contributed from the greater number of
between number of branches plant-1 and plant height (r = plants per unit area. The decrease in leaf area index after
-0.41**, Table 5). On the other hand, the higher value of 5 MAT is due to increment of leaf senescence with age. 

1

1

1
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Dry Leaf Yield: Different harvesting age had a significant Higher dry leaf yield ha  at five months after
effect (p<0.05) on dry leaf yield plant  (Table 1). The transplanting on A. annua was reported by Kumar et al.1

highest dry leaf yield plant  (134.76g) was obtained at 5 [28], Laughlin (1993)[26], Singh et al. [29], Woerdenbag et1

MAT, which decreased with increasing age, reaching the al. [30] and Magalhaes et al. [31]. Higher dry leaf yield
minimum (89.19g) at 7 MAT (Table 4). This result is in line ha  at higher planting density compared to the lower
with the finding of Laughlin [26] who reported maximum density on A. annua was also reported by Diemer and
dry leaf yield at 5 MAT on A. annua. Our measurement Griffee [32] and Charles et al. [33]. Similar findings were
also showed a very highly significant (p < 0.001) effect of reported by Yasin et al. [34] and Saeed et al. [35] on Mott
plant  population  density  on  dry  leaf  yield plant Elephantgrass. An increase in biological yield with1

(Table 1). The highest dry leaf yield plant (203.11g) was increasing plant population density was also reported by1

obtained at planting density of 6,944 plants ha , while Nekonam and Razmjoo [36] and Najafi and Moghadam1

the lowest (48.19g) was obtained at density of 49,383 [37] on Plantago ovata. In addition, Badi et al [27] and
plants ha-  (Table 4). The finding was consistent with the Al-Ramamneh [38] reported that the maximum dry leaf1

data reported by Simon et al. [18] who found higher leaf yield ha  at higher density than lower density on Thymus
yield plant  at lowest density and lower yield at higher vulgaris.1

density on A. annua. The finding is also in accordance Dry leaf yield ha  obtained in this study ranged from
with the work of Hussein et al. [21] on Dracocephalum 1 to 3.15 t ha  (Table 3). A comparable dry leaf yield
moldavica. range of 1.4 to 2.9 t ha  was reported by Belay [17] in

With increasing plant population density from 6,944 Ethiopia. The result also lies within the East African leaf
to 49,383 plants ha , dry leaf yield plant  decreased by yield range of 0.75 to 4.2 t ha  [39].1 1

40.5, 52.3, 59.1 and 76.3 %, respectively. The decrease in
dry leaf yield plant  with increasing population density Essential Oil: Result indicated non significant (p > 0.05)1

may be due to the reduction in branches number plant effect of different harvesting age on essential oil content.1

as planting density increased (Tables 4). This is also However, plant population density exerted a highly
evident from the significant and positive association of significant effect on essential oil content, as the maximum
dry leaf yield with branches number plant  (r = 0.79***, essential oil content (0.94 %) was recorded with a1

Table 5). There is high inter-plant competition for light at minimum population density and minimum essential oil
higher densities. Therefore, plants divert growth content (0.75 %) was recorded with maximum plant
resources for vertical growth to absorb the available light population density (Table 4). The essential oil content at
(Table 2). This is also supported by the significant and lower density is 25.3% higher than the value at higher
negative association of dry leaf yield plant  with plant density. In agreement with this study, Khorshidi et al. [19]1

height (r = -0.45***, Table 5). This can also be the reason and El-Gandi et al. [40] reported higher essential oil
for the decrease in dry leaf yield plant  at the highest content at lower planting density in Foeniculum vulgare1

density. and Ocimum basilicum, respectively. Higher plant
The effect of harvesting age, plant density and their population density affects essential oil production by

interaction on dry leaf yield ha  were highly significant decreasing nutrient absorption and exposure of plant to1

(p < 0.01, Table 1). At 4 MAT, the lowest dry leaf yields light [19]. This can be the reason for decreasing essential
ha  were recorded for planting densities of 6,944, 10,000 oil content recorded in this study at higher density. The1

and 15,625 plants ha ; increased with increasing density reduction may be also be due to competition for growth1

and higher dry leaf yields were recorded at planting resources in order to accomplish their primary growth. As
densities of 27,777 and 49,383 plants ha  (Table 3). Dry a result, production of secondary metabolites might have1

leaf yield ha  increased at 5 MAT for all planting decreased. This is also supported by the significant and1

densities with the highest scores at planting densities of negative association of essential oil content with leaf area
27,777 and 49,383 plants ha . After 5 MAT, dry leaf yield index (r = -0.5***) and dry leaf yield ha  (r = -0.38**,1

decreased for all planting densities with relatively higher Table 5). 
values at the two higher densities (49,383 and 27,777 plant Essential oil content obtained in this study is within
ha ). Thus, dry leaf yield ha  varied with variation in the range (0.04-1.9) reported by Namdeo et al. [12]. On the1 1

growth age and planting density. Variation in dry leaf other hand, it is slightly higher than the essential oil
yield in relation to growth age and planting density was content of 0.14-0.66 reported by Jain et al [41] and Ram et
also reported by Badi et al. [27] on Thymus vulgaris. al. [42]. The difference in essential oil content may be due

1

1

1

1

1

1

1

1
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to the fact that essential oil content is affected by than those at earlier growth periods. The result reported
numerous factors such as agricultural practices, growing by Laughlin [26], which shows an increased content of
conditions, planting density, climatic condition, soil artemisinin from bud stage to full bloom, also support this
properties and ecotypes [43]. finding.

Essential oil yield was higher for plants harvested at The highest artemisinin content in the older plants
6 MAT; even though there was no significant difference might be due to the conducive weather effect on the
among the tested harvesting ages (Tables 1 and 4). synthesis and accumulation of the secondary metabolites.
Contrary to this finding, many researchers reported a The increase in artemisinin content in later age can also be
significant effect of harvesting age on essential oil yield due to decreased level of leaf development (primary
of A. annua [44, 18, 45, 46]. Insignificant effect of growth) which enables use of available carbohydrates for
harvesting age on essential oil yield in this study may be synthesis of the compounds. This can be supported by
attributed to the difference in growing condition. the significant and negative correlation of artemisinin

Results indicated that essential oil yield was affected content with leaf area index (r = -0.69***) and dry leaf
very highly significantly (p < 0.001) by different densities yield ha-1 (r = -0.52, Table 5). 
of planting (Table 1). The maximum essential oil yield (19.2 Artemisinin content at the tested plant population
kg ha ) was obtained at plant population density of density was also differ very highly significantly (p = 0.001,1

27,777 plants ha , however yield is not significantly Table   1).    The   highest   artemisinin   content (0.41  %)1

higher compared to the yield obtained at plant population was   recorded   at   planting   density   of   6,944  and
density of 49,383 plants ha  (Table 4). While the lowest 10,000 plants ha ; it decreased with increasing density,1

essential oil yield (10.41 kg ha ) was obtained at reaching a minimum value (0.31%) at planting density of1

population density of 10,000 plants ha . The finding is in 49,383 plants ha  (Table 4). The artemisinin content1

agreement with the result of Simon et al. [18] who found obtained at lower planting density was 32.3 % higher than
higher essential oil yield at the highest plant density in A. the value at highest planting density. The highest
annua. Similar results was also reported on Foeniculum artemisinin content at lower density can be due to less
vulgare [19], Ocimum basilicum [40] and Thymus vulgaris competition between plants for growth resources; as a
[27]. The increase in essential oil yield at higher densities result, plants can allocate enough resources for the
may be due to the contribution of higher number of synthesis of secondary metabolite in addition to primary
plants, leaf area index and dry leaf yield ha  at high growth.1

densities. This is supported by the significant and Reported artemisinin content of A. annua dried
positive association of essential oil yield with leaf area leaves ranged from 0.01 to 1.4 [17, 48, 39, 11, 49, 50, 30, 51,
index (r=  0.39**) and dry leaf yield ha  (r= 0.69***, 33, 29]. The artemisinin content of dried leaves (0.15-1

Table 5). 0.75%) determined in the present study was with in the

Artemisinin: As result indicated, the effect of harvesting The effect of harvesting age and plant population
age was very highly significantly (p < 0.001) on density on artemisinin yield was very highly significant (p
artemisinin content (Table 1). The minimum artemisinin < 0.001). The interaction effect of both factors was also
contents (0.15 and 0.16%) were recorded for plants significant at 0.05 probability level (Table 1). At 4 and 5
harvested at 4 and 5 MAT, respectively. The artemisinin MAT, the studied plant population density did not give
content was increased with increasing age of the plant significant artemisinin yield difference. At 6 MAT, plant
and the maximum value was recorded for plants harvested population density of 49,383plants ha  yields the highest
at 7 MAT (Table 4). Extending harvesting age from 4 to 7 artemisinin yield; however, the yield difference was not
MAT; increased artemisinin content by 6.7, 180 and 400%, significant from density of 27,777 plants ha . Under the
respectively. The finding is inline with the result of Kumar last harvesting age (7 MAT)), all plant densities, except
et al. [28] who reported an increasing trend of artemisinin density of 10,000 plant ha  gave higher and statistically
content as days from transplanting to harvest increased. similar artemisinin yield (Table 3). Generally, an increase
Ram et al. [42] also reported higher artemisinin content for in artemisinin yield was observed with increasing age of
plants allowed to grow in field for longer period than harvest and plant population density. Delaying
those harvested at a comparatively shorter period. In harvesting from 4 to 7MAT, increased artemisinin yield
addition, Baraldi et al. [47] reported the highest content of ha  by 46.6, 195 and 320.8 %, respectively. The result is
artemisinin both in leaves and inflorescence at full bloom similar to the finding of Kumar et al. [28] who reported an

1

1

range of artemisinin content reported above. 
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increasing trend of artemisinin yield as growth age 6. Hirt, H.M. and K. Lindsey, 2000. Natural medicine in
increased. Increasing yield of artemisinin as age increased
to full blooming was also reported by Ferreira et al. [52],
Laughlin [26] and Pras et al. [53]. 

As shown in this paper, artemisinin content increased
with increasing age (Table 4). Since one of the important
factors determining artemisinin yield is the artemisinin
content, artemisinin yield ha  increased with increasing1

age. This is also supported by the significant and positive
correlation of artemisinin yield with artemisinin content (r=
0.83***, Table 5). 

Branch  number/plant;   LAI   =   Leaf   area  index;
DLP = dry leaf yield/plant (g); DLH = dry leaf yield/ha (t);
EOC = essential oil content (%); EOY = essential oil yield;
AC = Artemisinin content; and AY = artemisinin yield. 
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