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Abstract 

 

The antimalarial drug artemisinin is extracted from the leaves and flowers, harvested from the naturally growing 

and cultivated populations, of the asteraceae plant Artemisia annua. The species is indigenous to Chongqing region of China 

where it is a weed and is found growing into extensive wild populations. It has become naturalized (weed) in several 

agroclimates of its introduction in Asia, Australia, Europe and North and South Americas. A. annua is now beginning to be 

cultivated in several agroclimates of India. Agrotechnologies suitable for cultivating A. annua in the Indo-gangetic and North-

West Indian plains have been developed and introduced with the farmers. Here, the potential of A. annua becoming a weed, in 

the areas of its cultivation, has been assessed under the New Delhi agroclimatic conditions. Single plants of A. annua were 

observed to produce about 0.14×106 viable seeds. Cultivation of A. annua in field plots at two locations and enumeration of 

plants outside the plots of cultivation over a 10 year period was observed not to lead to escape of the plant into areas adjacent 

to the plots of A. annua cultivation. It is concluded that A. annua, despite being a prolific producer of seeds, is unlikely to 

become a weed in the agroclimate of north-west plains region of India. Therefore, subtropical agroclimates such as that of 

north-west Indian plains offer comparative advantage for the cultivation of the domesticated A. annua for artemisinin 

production. 
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Introduction 

 

The aromatic plant species Artemisia annua, of the family Asteraceae, is the only natural resource 

of the secondary metabolite sesquiterpene endoperoxide, artemisinin
1-4

. In this plant, artemisinin is 

biosynthesized and gets accumulated in the glandular trichomes which occur mostly on the leaves and 

capitula inflorescences
5-6

. The malaria causing populations of the parasite Plasmodium falciparum that 

have developed genetic resistance against other antimalarials, such as chloroquine and sulphadoxine-

pyrimethamine, are sensitive to artemisinin and several of its semi-synthetic derivatives
7-12

. Combinations 

of artemisinin derivatives, including arteether, artemether, artesunic acid and artelinic acid, with other kinds 

of selected antimalarials are the only reliable antimalarial therapies available
13-26

. Artemisinin combined 

with curcumin has synergistic effect against several developmental stages of malarial parasites
27

. Fixed 

dose artemisinin combinations- artemether + lumafantrine (Coarten), artesunate + amodiaquine 

(Coarsucam), artesunate + pyronaridine (Pyramax) and dihydroartemisinin  + piperaquine (Eurartesin)- are 

the preferred artemisinin combination therapies (ACTs) for treating malaria as well as for suppressing the 

development of any kind of artemisinin resistance in the malarial parasite
26-31

. Although some important 

progress has been made in the discovery of new antimalarial drugs, their possible introduction into 

antimalarial therapy, as substitute of or in combination of artemisinin, is several years away into future
32-34

. 

Since synthetic and bioreactor procedures to produce artemisinin and/or its analogues are as yet in the 

process of development, agricultural production of artemisinin is the essential means to sustain a supply 

chain of artemisinin
35-38

. To produce 330 tons of artemisinin (or 200 tons of its derivatives), for treating 500 

million cases of malaria that occur each year, A. annua must be harvested from 10,000 ha of its crops, both 

cultivated on arable land and found growing naturally in parts of China and other countries
3, 12, 39-44

. 

Artemisinin and its derivatives are therapeutically important beyond malaria. They are potential 

drugs against uveal melanoma, oral cancer and angiogenesis of tumors, schistosomiasis, toxoplasmosis, 

pathogenic fungi and bacteria, including multiple drug resistant tuberculosis, and hepatitis B
45-55

. A. Annua 

has also become an important component of veterinary medicine (56). A steady supply of artemisinin is 

needed to meet the challenge posed by malaria and also for its other uses, especially as widely used 

ethnoveterinary medicine
3, 57, 58

. 
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In the immediate future, A. Annua cultivation has to become robust to compete with food and 

vegetable crops. Improved genotypes and optimization of culture and pre- and post- harvest conditions are 

required for the competitive farming of A. annua. The shoot artemisinin content among the genetic 

resources of A. annua is known to vary from < 0.1 to > 2 %
59

. Multifarious approaches are being pursued to 

obtain genotypes of A. annua whose leaves bear high contents of artemisinin. Exercise of recurrent 

selection in the polycross progeny has led to a population whose members bear on average 1.4 % 

artemisinin
3, 60, 61 and present study

. Several of the loci that determine the artemisinin content related traits have 

been mapped
59

; thus efforts for marker assisted selection of A. annua genotypes with improved artemisinin 

yield have begun. The genetic engineering of the elements of the artemisinin biosyntheitic pathway and its 

regulation is yielding transgenics of A. annua that over-produce artemisinin
62, 63

. A crop fertilization 

schedule that enhances artemisinin yield has been standardized
64

. Several A. annua cultivation schedules 

have been developed for small farmers, in which A. annua precedes or follows grain/vegetable crops
3, 20, 65

. 

A multiharvest/ratoon cropping system of A. annua has been developed to obtain artemisinin in high yields 

(66, 67). Several by-products prepared from residual stems and roots and solvent extracted leaves have 

been characterized for improving the profit of A. annua farmers
68-74

. The stress conditions created pre-

harvest by exogenously applied/sprayed salicylic acid, abscissic acid or DMSO and creation of water 

deficit have been found to significantly increase the artemisinin harvest
75-79

. A. annua has begun to be 

cultivated outside of China and Vietnam, in India, Brazil, Australia, USA, UK, Ghana, Kenya, Madagascar, 

Mozambique, Nigeria, Tanzania, Uganda and Romania
77

. It’s cultivation is likely to be introduced in new 

areas in these countries and in more countries. A. annua is also being harvested from its natural populations 

abundant in Chongqing region of China and certain other areas of the world with similar agroclimate
64, 77, 80, 

81
. There is the possibility that A. annua may become a weed when cultivated in areas whose agroclimates 

match more or less with that in Youyang county, Chongqing, China, thus endangering the practice of 

general agriculture, in the new areas of  A. annua cultivation
64, 80

. Since A. annua is an alien species for the 

countries where its cultivation has been introduced, there exist additional dangers if such a species becomes 

a weed. The alien species growing as weeds can disturb the ecological balance between the local members 

of the flora and fauna. In several locations of A. annua introduction, in Vietnam, Europe, south and north 

Americas and Australia, the species is seen growing in the wild in the form of natural populations
64, 77

. 
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Some of the important traits shared by annual weeds are – prolific production of viable seeds and 

efficient seed dispersal. These properties appeared to be present in the A. annua genotypes undergoing 

domestication for cultivation in India. The artemisinin-rich cultivars of A. annua, that have been developed 

for cultivation in the agroclimates of north-west India and Indo-Gangetic plains, are Jeevanraksha, 

Jeevanraksha-2, Arogya, Jwarharti and Jwarharti-2
3, 60 and present study

. The objective of the present study was 

to test whether the above Indian cultivars of A. annua have the potential of becoming weeds in the 

agroclimate of North-West India, as represented by New Delhi. This long-term study over a ten year period 

shows that it is unlikely that the cultivation of A. annua in North-West Indian agroclimate will lead to the 

species becoming a weed of the area.  

 

Material and Methods 

 

Four A. annua genotypes (cultivars), namely Jeevanraksha, Jeevanraksha 2, Jwarharti and 

Jwarharti 2, were used. The cultivars had been developed out of segregants of a cross between two 

genetically distant accessions
60

. Starting from the F2 generation, individual segregants were screened at the 

pre-flowering stage, for artemisinin content in leaves, using a thin layer chromatography procedure (82). 

Plants bearing > 0.7% artemsinin were selected and rest of the plants were removed. Seeds produced on the 

selected plants were pooled to raise F3 generation. This procedure was repeated in each of the subsequent 

generations, except that plants bearing ≥ 0.9, 1.0, 1.2 and 1.4 % artemisinin were selected in the F4, F5, F6 

and later generations. The seeds pooled in F4, F5, F6 and F7/8/9 generations were respectively called 

Jeevanraksha, Jeevanraksha 2, Jwarharti and Jwarharti 2. 

The nursery and cultivation procedures have been described earlier
3, 67, 83

. Nurseries were raised in 

soil + farm yard manure, in clay pots and/or field plots, by sowing of seeds in January-March period. 

Seedlings were transplanted in field, during the period March-June. The field plots had been applied the N, 

P, K and S fertilizers @ 80, 40, 40 and 10 kg/ha. Plant to plant, and line to line distances were kept 40 cm 

and 1 m, respectively. The field plots were irrigated as and when required. The maintenance/cultivation 

plots of different cultivars were grown in different fields or at a minimal distance of 100 m when grown in 

the same field.  



 6 

In the year 2007, the four cultivars were quantitatively assessed for their developmental properties 

by planting them in the completely randomized design replicated five times. The cultivars were sampled for 

artemisinin content of leaves at pre-flowering stage in the middle of September and for whole plants in the 

end of December (Fig. 1). The plants were dug out and kept under a shed for shade drying. Roots, stem, 

leaves, seeds and leftover capitula were separated and weighed genotype- and replication- wise. The 

harvest index of seeds was estimated as seed biomass/root + stem + leaves + seeds + rest of the biomass  × 

100. Seed germination was tested by sowing the seeds in earthen trays filled with soil, using the standrized 

nursery procedure, in February 2008.  

The geographic parameters of New Delhi where these experiments were carried out, a part of the 

north-west agroclimatic region of India, are: the location 28°38′N 77°12′E; extreme temperatures received 

range from −0.6 °C (30.9 °F) to 46.7 °C (116.1 °F); annual mean temperature is 25 °C (77 °F); monthly 

mean temperatures range from 13 °C to 32 °C (56 °F to 90 °F); average annual rainfall is approximately 

714 mm (28.1 inches), most of which is during the monsoon rainy season in July-August/September; other 

seasons are autumn (September-November), winter (November-February), spring (February-March/April) 

and summer (April-June/July). 

 

Results and Discussion 

 

The average content of artemisinin in young leaves was 0.8±0.2, 1.0±0.2, 1.2±0.1 and 1.4±0.2 in 

Jeevanraksha, Jeevanraksha 2, Jwarharti and Jwarharti 2 respectively. The inter-cultivar differences in the 

developmental characteristics were not significant. Therefore, the plant development related observations 

are summarized collectively in the table 1. A. annua was observed to be a profolic producer of seeds. On 

average basis single plants of A. annua produced 13.5 g of seeds which amounted to 6.3% of the total plant 

biomass. Of the seeds produced, only 56% germinated. Flowering in A. annua plants was a continuous 

process that began in early October and continued until harvest time. Flowering resulted in the production 

of thousands of capitula (Fig. 1B), each of which bore dozens of flowers. Because of the asynchrony the 

seeds separated from the harvest must have been at different stages of development. Immaturity was most 

likely the reason for failure of 44% seeds to germinate. The observations showed that a plant of A. annua 
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produced about 0.14×10
6
 fertile seeds. The mean weight of a seed being 53 microgram, A. annua seeds 

would get widely dispersed under strong currents of winds. Close planting and multiple harvesting of A. 

annua crop plants has been shown to be a means for large harvests of artemisinin. Seeds produced on two 

plants of A. annua would be more than enough to plant 1 ha crop of the above kind. Thus the entire 

quantity of seed produced in the present experiment, that occupied less than 250m
2
 of a field plot, would be 

sufficient to crop A. annua over 750 ha of land. A total of 15 such field plots of A. annua are estimated to 

sufficiently meet the annual seed requirements of the crop worldwide (10,000 ha). Apparently, A. annua, 

on account of its tremendous potential to produce fertile seeds could become a weed of the local 

agroclimate, at New Delhi.  

The possibility of A. annua becoming a weed of the North-West regional agroclimate of India, 

represented by the New Delhi environment, was experimentally tested here. The test comprised of 

enumeration of A. annua plants growing in areas of 20m perimeter, and beyond, around the plots A. annua 

cultivation. The yearly surveys for the presence of A. annua plants in the perimeters around A. annua plots 

was conducted in late March. Consistent presence of A. annua plants outside of the cultivation plots would 

have meant escape of A. annua as a weed, into the local ecological milieu. 

One or more cultivars of A. annua were cultivated in 1 to 3 field plots at 1 or 2 locations over a 10 

year period from 2001 to 2010. The enumeration of A. annua escapees in the areas around the field plots of 

A. annua cultivation at the two locations was continued from 2001 to 2011. The cultivation schedule of A. 

annua at the two locations and results of observations on A. annua plants seen growing outside the A. 

annua cultivation plots are summarized in the table 2. It will be seen from the table 2 that occasionally a 

small number of plants were observed to be growing in the 20m perimeter around the plots of cultivation. 

At the experimental farm site 1 where A. annua was cultivated from 2001 to 2005, no A. annua plant was 

observed around the cultivation plots from 2007 to 2011. Like-wise, the perimeters of the field plots 2 and 

3 at the experimental farm site 2 that were cultivated with A. annua in 2005 and 2006 were observed to be 

completely free of A. annua from 2006 to 2011. The perimeter of the field plot 1 at the farm site 2 where A. 

annua was in cultivation from 2005 to 2010 was free of A. annua in 2010 and 2011. No A. annua plants 

were observed around and upto 200m beyond the A. annua cultivation plots when such a survey was 

conducted in 2010 and 2011. Since A. annua failed to escape into the environment immediately adjacent to 
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the plots of its cultivation, it is concluded that A. annua is unlikely to become a weed in the agroclimate of 

New Delhi or North-West agricultural region of India. 

The World Health Organization led programmes aim to control malaria as early as possible with 

the use of ACTs
12, 29, 30, 41

. Beside China and Vietnam, the convential producers of artemisinin, several 

countries, including India, are emerging as suppliers of artemisinin or dried leaves of A. annua (the raw 

material for artemsinin extraction)
77, 84

. India can become a major producer of artemisinin because of the 

following motivational factors. (a) Semitemperate agroclimates of North-West India and Indo-Gangetic 

plains are highly suitable for the cultivation of A. annua
3, 20, 67

. (b) A. annua is unlikely to become a weed in 

these agroclimates (present study). (c) Indigenously developed agro- and processing- technologies are 

already available
3, 20, 67, 83-90

. (d) Such internationally developed technologies are also accessible
58

. (e) A. 

annua can be easily fitted into the conventional cropping schedules pravelent in the targeted agroclimates
3, 

30, 58, 61
. The comparative advantages of A. annua cultivation and processing in India need to be exploited 

increasingly in the immediate future for benefit of farmers, industry and malaria afflicted populations. The 

A. annua enterprise for artemisinin production requires coming together of the government agencies, 

industry and farmers and their support groups.  
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Legend to figure 

 

Fig. 1- Field views of Artemisia annua at the pre-flowering (A) and flowering stages (B) of development. 
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Table 1- Seed production parameters of single plants, in the artemisinin rich cultivars 

Jeevanraksha, Jeevanraksha-2, Jwarharti and Jwarharti-2 of Artemisia annua 

 

a = observations taken on 10 plants/genotype in the year 2007; 

b = seed biomass + stem + leaves + leftover capitula. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Range of expression Unit plant parameter
a 

Minimum Maximum 

Mean  

 

Shoot biomass
b 

(g) 

 

113 

 

259 

 

181±38 

Root biomass (g) 19 45 30±7 

Seed biomass (g) 7.1 23.8 13.5±5.0 

Weight of 1000 seeds (mg) 46 62 53±4 

Seed fertility (%) 42 75 56±6 

Seed harvest index (%) 3.8 10.3 6.3±0.6 
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Table 2- The land area cropped with different cultivars of Artemisia annua at the two sites of the NIPGR experimental farm and the number of A. 

annua plants observed growing outside, in the 20m perimeter, of the cropped field plots, during the 2001 to 2011 period of experimentation 

 

Experimental farm site 1 Experimental farm site 2 

Field plot Field plot 

Serial 

no. 

Item/Detail 

1 2 3 1 2 3 

 

1 

 

Total farm area (m
2
) 

 

2600 

 

2504 

 

400 

 

3570 

 

3816 

 

3820 

2 Area cropped with Artemisia annua, in the year 2001; 1000
a 

0 0 0 0 0 

3 2002; 200
a
 0 100

c
 0 0 0 

4 2003; 400
a
 100

b
 0 0 0 0 

5 2004; 200
a
 400

b
 0 400

a
 400

a
 400

a
 

6 2005; 200
a
 100

b
 100

c
 400

a
 400

a
 400

a
 

7 2006; 0 0 0 400
d, e 

0 0 

8 2007; 0 0 0 250
a, b, d, e 

0 0 

9 2008; 0 0 0 200
e 

0 0 

10 2009; 0 0 0 100
e 

0 0 

11 2010. 0 0 0 100
e
 0 0 

12 Number of Artemisia annua plants found outside the 

field plot, in the 20m wide perimeter, in the year 2001; 

0 0 0 NA
f 

NA NA
 

13 2002; 5 0 3 NA NA NA 

14 2003; 4 0 2 NA NA NA 

15 2004; 1 2 2 0 0 0 

16 2005; 10 6 3 8 9 10 

17 2006; 11 0 2 5 0 0 

18 2007; 3 0 0 3 0 0 

19 2008; 0 0 0 8 0 0 

20 2009; 0 0 0 2 0 0 

21 2010; 0 0 0 0 0 0 

22 2011. 0 0 0 

 

0 0 0 

a = Area cropped with the cultivar Jeevanraksha; b = Area cropped with the cultivar Suraksha; c = Area cropped with the cultivar 

Jeevanraksha-2; d = Area cropped with the cultivar Jwarharti; e = Area cropped with the cultivar Jwarharti-2; f = NA, not applicable. 


