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TRAVEL REPORT SUMMARY: Visit to Nanning, Guangxi, China for the WHO Consultation on Good Agricultural and Collection Practices (GACP) for Artemisia annua L. and gather information and contacts from participants and others on the global production and the ‘state of the art’ of A. annua.
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Summary:
GACP This meeting was to prepare the final draft for editing & publication, see Annex I for contacts list; there was a distinct lack of the agronomy discipline. The 3rd draft presented did not include inputs from international consultants (including the RO). WHO had sent these to a Chinese editor (with limited English) for insertion, giving him a short time frame of 1 month. The RO insisted that the A. annua GACP not be adopted at plenary conclusion. Local ‘hands on’ agronomy/biotechnology experts were not invited but the RO (thanks to Liang Qu, the future AGE Director) met them. Much of the 2003 GACP text for medicinal plants in general could have been used. - Now on line at http://www.who.int/medicines/library/trm/medicinalplants/agricultural.shtml.
A positive result is that WHO have agreed to support a joint WHO/FAO article on A. annua to collate the fragmented and dispersed information on the species. The RO agreed to start monitoring production (underway - see report). He also alerted the consultation that the useful production life of A. annua will be relatively short due to: a) The area and production efficiency increases will soon meet WHO’s artemisinin demand prediction, b) The biosynthetic production of artemisinin is relatively close. (See Annex IV for an example).
State of the art of A. annua This was, significantly, the most productive part of the trip. The window of opportunity for increased production of A. annua is envisaged to be mainly for the next 5-7 years or less as: a) production expansion is limited due to forecast demand, b) East African Botanicals Ltd. (EABL) are ahead by far in cultivation technology and production efficiency with novel techniques and yields will increase drastically. They have 4t/ha (which will increase) with 1.2% artemisinin (see report), c) synthetics are already being tested. EABL market only to Novartis. The RO was given a copy of EABL’s ‘Growers Production Manual for Artemisia annua, April 2005’. This was prepared with partial support from DFID, USAID, WHO and GTZ. He also obtained a copy of ‘Production and Application of Artemisinin in Vietnam’ A 1998 Vietnamese - Dutch research project.

The RO now has fairly accurate country cultivation data (Kenya, Ethiopia, Zambia, Uganda, Tanzania, China, Vietnam, Myanmar) and has contacted Cameroon, Mozambique, Madagascar, India, Thailand and Brazil for further data. The forecast for 2007 is about 12 000 ha with standard technology (see report table).

Economic production is limited to temperate to sub-tropical higher altitudes, 700-1000 mm rain and good well-drained soils. Water stress induces early flowering. All Chinese production is wild-harvested or from cultivation using seeds from wild populations with low yield and artemisinin content; varietal development has recently begun and Government supported cultivation in the Autonomous Regions will vastly accelerate selection and cultivation. The RO obtained a report on ‘The General Status of Artemisia annua in Guangxi and Future Research’ by Gaungxi Academy of Agricultural Sciences (GXAAS). (Chinese and English versions) from local and experienced authorities; thanks to Liang Qu. See annex II.
Recommendations:
GACP

FAO's main recommendations were:- that the revision be reviewed by email post-consultation - Allan Schapira (WHO) supported this and suggested that several months would be needed; - that the relevant 2003 GACP text be inserted rather than having to refer to 2 documents; - the contents structure be rearranged (underway); other propagation methods be included; - an audit trail be added which is vital for the production chain.

State of the art

- Priority should be put on investigation, characterization and collection of A. annua germplasm, which is threatened in PRC - the centre of origin (see report); Vietnam’s 10 minute ‘in field’ technique for artemisinin determination should be made available to all growing countries - this would also be invaluable for germplasm screening; - EABL’s production manual should also be made available.

- Considering that the expansion of A. annua cultivation needs to be demand driven, it is clear that a great deal more work needs to be done on development of buyer-linked supply chains, genetics and economics for its specialized cultivation in specific environments before it can be promoted to small farmers as a diversification option, especially in tropical W. Africa where it may not be economical and depends on the availability of local processing facilities. Also, there is no gap to fill in E. and S.E. Africa as EABL’s production will fill the demand. The WHO forecast for global production may be reached in 2007.
- WHO will pay a FAO consultant directly and FAO will provide office space for 1 month for the consultant to write an article (both WORD and EcoPort versions) collating fragmented and dispersed information on A. annua. The RO will supply basic information and contacts and jointly supervise the work with WHO. It will be peer-reviewed by RO contacts.

- There is significantly reduced pesticide use when A. annua is intercropped with maize and fruit trees (China) and there is a reduced incidence of coffee leaf miner when it is intercropped (Kenya). This opens a window for research on home garden cropping systems as 200 compounds have been isolated from leaves (James Duke, ARS GRIN, personal communication); some of which may repel/control mosquitoes.
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III.
Visit to:

Nanning, Guangxi, China.

IV.
Travel dates:

03.07 to 09.07.2005.

V.
Other FAO tasks:
Gather information and contacts from participants on the global production and the ‘state of the art’ of Artemisia annua L.
VI.
Co-travelers:

None.

VII.
Reasons for travel:
WHO Consultation on Good Agricultural and Collection Practices (GACP) for Artemisia annua L.
VIII.
Recommendations:

See above and - identify funding agencies to support the development of A. annua germplasm rescue and a passport/descriptor publication with IPGRI. IPGRI contacted.

IX. Future visits: None planned

X.
Report:.

GACP

The full report will consist of the reviewed guidelines when published.

State of the art

Production

Provisional production area forecast (ha) of Artemisia annua. Smallholder/Commercial.

	Country
	Region
	masl
	2005
	SH/C
	2006
	SH/C
	2007
	SH/C

	Kenya
	Cent/West
	> 1500
	0900
	40/60
	1500
	40/60
	2000
	40/60

	Uganda
	West
	> 1000
	0200
	60/40
	0900
	60/40
	0900
	60/40

	Tanzania
	N/Shighlands
	> 1000
	0450
	50/50
	0500
	50/50
	0600
	50/50

	Ethiopia
	SW
	> 2500
	0010
	100/0
	0100
	100/0
	0250
	80/20

	Zambia
	Lus - Chis
	> 0750
	0050
	10/90
	0500
	10/90
	1000
	10/90

	Cameroon 1
	Bamenda
	> 1600
	0000
	
	0100
	?
	0200
	?

	Mozambique
	2
	c. 1200
	?
	100/0
	?
	100/0
	?
	100/0

	Vietnam
	Hannoi
	050-400
	3000
	?
	3000
	?
	3000
	?

	China
	3
	400-800
	1200
	100/0
	2400
	?/?
	3600
	?/?

	Thailand
	4
	?
	?
	
	?
	
	?
	

	India 5
	Uttaranchal
	> 1000
	0200
	
	1500
	
	2000
	

	Myanmar 6
	Loikaw
	c. 1200
	0030
	100/0
	?
	
	?
	

	Brazil 7
	Nr. Londrina
	> 0600
	0300
	100/0
	0600
	100/0
	1000
	100/0

	Total
	
	
	6340
	
	10100
	
	14550
	


1 Cameroon - Kakwa-Biofarm was contacted; Winrock International is assisting Kakwa Biofarm to expand its Artemesia production. The near term goal is to set up a large scale extraction plant and to have at least 100 ha growing in 2006. Establishment of a laboratory and tableting factory in Limbe is almost complete for extraction of artemisinin and production of ACT drugs (with additional artemisinin from China).
2 Mozambique - FAOR requested - PG found that vegetative propagation being used. Action for Natural Medicines (ANAMED) with ICRAF are teaching farmers how to cultivate artemisia from stem cuttings. The plant is now grown in four districts - Angonia, Moatise, Tsangano and Makanga - in Tete province.

3 China - Guangxi, and Chongqing Provinces 50:50. None in Yunnan or Sichuan. (Data from GXAAS). Details of 2004 wild harvested leaves awaited from GXAAS. GXAAS advised that cultivation in Guangxi, and Chongqing will triple in the next 2 years. The Government is fully supporting this in the poor Autonomous Regions.

4 Thailand - AGPC/RAP requested - PG found that irradiation breeding being done. Director, National Center for Genetic Engineering and Biotechnology contacted.

5 India - An improved agrotechnology of high yielding A. annua variety ‘Jeevan Raksha’ (with artemisinin yield up to 1% content) has been developed at CIMAP, Lucknow and transferred to an industry (M/s IPCA Laboratories, Mumbai). The industry has already started cultivation of A. annua cv. 'Jeevan Raksha' in Uttaranchal state. PG made contact and cv. ‘CIM-Arogya’ having up to 1.2% artemisinin content has since been developed and data on hectare expansion obtained.

6 Myanmar - Seeds from Vietnam. Chinese seeds did not germinate.
7 Brazil - P.M. de Magalhães contacted - author of - “Since the development of the selection program for Artemisia annua L. hybrid lines of high artemisinin content and agricultural improvement within the program at CPQBA-UNICAMP, new selections have been annually evaluated for biomass yields, rates between leaves and stem, artemisinin content, and essential oil (composition and yields)”. (Crosses between Chinese and Vietnamese material - 2/39 x IV, 1V x 2/39, and Ch x Viet.55).

Notes

EABL kindly supplied the African information (except Mozambique and Cameroon). The yields across the 5 countries average 2.5 t/ha (0.75 - 4.2) with an artemisinin range by assay at 0.85 - 1.2%. They have a very close link with Novartis. The Mediplant, Switzerland, F1 ‘artemis’ was used in Kenya, Ethiopia and Zambia and F2 from ‘artemis’ in Uganda and Tanzania. Extraction plants: 2000 t/yr owned in Uganda; 4000 t/yr being built in Kenya; 1000 t/yr being converted in Ethiopia; 200 t/yr being converted in Zambia and Tanzania under consideration. Ethiopian production being promoted by the church. NB - the RO has contacted AgriCeft-Ethiopia (MIDROC Group) who are reportedly cultivating 300 ha (this is in addition to the table above). Vietnamese cultivation has stabilized due to the leveling of the demand. From Susan Minae’s report Madagascar plans to start production. FAOR contacted.
Propagation

Mostly by seed. Vegetative propagation has been developed. Tissue culture uses standard protocols.
Cultivation

China uses seed from wild populations which is broadcast and subsequently thinned (Annex III).

EABL’s manual will be made available after this report (Annex III). Seeds are pelleted and seedbed seedlings are transplanted to planterflats as a vigorous root system is needed at transplanting. East Africa has a second planting in August. A. annua planted over 2500 m in E. Africa is exhibiting the characteristics of a bi-annual plant.
Direct drilling is not possible due to the tiny seed (1000 seed weight = 0.03g).

Harvesting

An important factor for harvest is optimal leaf artemisinin content as ‘before flowering’ is not sufficient. EABL are using the Iatrascan technique which needs a nearby laboratory and takes 2 hours. Vietnam have developed an ‘in field’ technique which takes 10 minutes and results in fast farmer payment; probably a chromatographic strip technique - Nguyen van Thuan (Vietnam Research Centre of Medicinal Plants) will provide details.

EABL are developing a novel economic technique of mechanically harvesting the top third of the plant when green and irrigating for re-growth.

Wild harvesting of A. annua has the disadvantages of sparse distribution, low artemisinin content and unstable yields, which increase the production and processing cost. Usually, only an artemisinin content over 0.6% has commercial value.
Germplasm

- Harvesting wild A. annua before the flowering stage for high artemisinin content results in depletion of the seed and is a threat to the germplasm resources. Therefore, priority should be put on investigation, characterization and collection of A. annua germplasm. This could be through the CAAS/IPGRI Centre of Excellence for Agrobiodiversity research and Development, which has a branch in Yunnan.

The artemisinin contents in A. annua growing on limestone hills in Guangxi Province, PRC are higher than those in the plains and beside roads, generally by 0.03-0.28%.
Breeding

The genetic basis of artemisinin variation has been assessed and there is evidence for a quantitative inheritance of the artemisinin concentration. Additive genetic components are predominant, resulting in a high narrow-sense heritability estimate.

Thus, goods results can be expected from mass selection for the breeding of lines of A. annua rich in artemisinin. Yet, dominance variance is also present in the total genetic variability, indicating that crosses between selected genotypes should generate progenies with particularly high artemisinin content.
Gamma irradiation breeding has been carried out by the National Center for Genetic Engineering and Biotechnology, Bangkok and 3 mutation lines are being field tested.

The main African seed source is Mediplant (Switzerland) expensive F1 hybrid ‘artemis’ and resulting F2 populations are used. The anamed coordination in Germany has committed itself to making hybrid seeds available; one particular hybrid, named "Artemisia annua anamed", or "A3" is available. Brazil, has developed 3 hybrid lines, 2/39 x IV, 1V x 2/39, and Ch x Viet.55.

An improved agrotechnology of high yielding Artemisia annua variety ‘Jeevan Raksha’ (with artemisinin yield up to 1% content) has been developed at CIMAP, Lucknow and transferred to an industry (M/s IPCA Laboratories, Mumbai). The industry has already started a small area of cultivation of A. annua cv. 'Jeevan Raksha' in Uttaranchal state; this was developed using molecular breeding techniques with Agrobacterium tumefaciens to enhance the production of artemisinin. Also cv. ‘CIM-Arogya’ having up to 1.2% artemisinin content has since been developed using similar techniques.

Vietnam is advanced in selection of types for high artemisinin content and China has embarked on a selection programme; multiplying plant selections in isolation.
IPM

Guangxi AAS has shown a significantly reduced pesticide use when A. annua is intercropped with maize and fruit trees and East African Botanicals report a significantly reduced incidence of coffee leaf miner when A. annua is intercropped.

Annex I - contacts.

The WHO Consultation on Good Agricultural and Collection Practices (GACP) for Artemisia annua L. Nan Ning, China, 5- 7 July 2005.

Participants

Dr Yung-Hsien Chang, Vice President, China Medical University, 91, Hsueh-shih Road, Taichung, PRC. yhchang@mail.cmu.edu.tw
Ms Xingyu Chen, Director, Division of Cooperation, Department of International Cooperation, State Food and Drug Administration (SFDA), A38, Beilishilu Road, Xicheng District, Beijing 100810, PRC.

Mr Choi Peng Cheong, Chief, Division of Pharmacovigilance & Pharmacoeconomics, Department of Pharmaceutical Affairs, Health Bureau, Ày Sidonio Pals, No 49, Macau SAR.

Dr Daw Khin Phyu Phyu, Research Scientist, Biochemistry, Department of Medical Research (Upper Myanmar), Ministry of Health, 27 Pyidaungsu Yeiktha Road, Dagon, Yangon, Myanmar.

Dr Derong Ding, Associate Professor, College of Resource and Environment, South West Agriculture University, 216 Tiangskengqiaoa Beihei, Chongqing, PRC.

Dr Yingrong Du, Deputy Director, Department of Pharmaceutical and Medical Equipment, Bejing Municipal Health Bureau, 70 Zaolinqianjie Street, Xuanwu District, Beijing 100053, PRC.

Mr Antony Ellman, Consultant Agriculturalist, Socio-Economist, 15 Vine Road, London SW13 0NE, UK. ellmans@aol.com Tel: +44 20 8878 5882.

Dr Peter Griffee, Senior Officer, Industrial Crops Food and Agriculture Organization of the United Nations, Room: C-782, Viale delle Terme di Caracalla, 00100 Rome, Italy.

Mr Qingwu Guo, Division of Drug Manufacturing Supervision, Department of Drug Safety and Inspection, SFDA, A38, Beilishilu Road, Xicheng District, Beijing 100810, PRC.

Ms Peng Han, Program Officer, Division of Cooperation, Department of International Cooperation, SFDA, A38, Beilishilu Road, Xicheng District, Beijing 100810, PRC.

Professor Luqi Huang, Director, WHO Collaborating Centre of Traditional Medicine, Institute of Chinese Materia Medica, China Academy of Traditional Chinese Medicine, No J6, Nanxiaojie, Dongzhimen, Beijing 100700, PRC.

Dr Khin Phyu Phyu, Deputy Director, Dept. of Medical Research (Upper Myanmar), Ta – 2/89, Tamar x Thazin Sts., Between 63 & 64, Myothit, Mandalay. winny05@gmail.com
Dr Mawuli W. Kofi-Tsekpo, Chief Research Officer, Kenya Medical Research Institute, PO Box 54840, Nairobi, Kenya. (Consultation chair). wmkofi@nairobi.mimcom.net
Mr Yizhou Lan Director General of Guangxi Food and Drug Administration (GFDA), 1 Yuan Hu Road, Nan Ning , Guangxi, PRC.

Dr Ruichao Lin, Director, Division of Chinese Materia Medica and Natural Products, National Institute for the Control of Pharmaceutical and Biological Products, SFDA, 2 Tiantan Xili, Beijing 100050, PRC. linrch307@sina.com
Ms Maria Noemia Marques Rodrigues, Chief, Department of Pharmaceutical Affairs, Av. Sidonio Pais No 49, Macau SAR.

Dr Paulo Peter Mhame, Head, Department of Traditional Medicine, National Institute for Medical Research (NIMR), Ministry of Health, P.O. Box 9653, Dar es Salaam, Tanzania. pmhame@yahoo.com
Dr Chaturbhuj Nayak, Director, Central Council of Research in Homeopathy (CCRH), No.61-65, Institutional Area, Opposite “D” Block, Anusandhan Bhavan, Pankha Road, Janakpuri, New Delhi 110058, India. ccrh@del3.vsnl.net.in
Professor Nguyen Gia Chan, Senior Researcher on Medicinal Plants, 71 Luong Dinh Cua Street, Phoung Mai-Dong Da District, Hannoi, Viet Nam. nguyengiachan@fpt.vn
Dr Nguyen Van Thuan, Director, Research Centre of Medicinal Plants, National Institute of Medicinal Materials, Ngu Hiep, Thanh Tn, Hannoi, Viet Nam. vanthuan22852@yahoo.com
Professor Zhongzhi Qian, Director, Traditional Chinese Medicine Division, Chinese Pharmacopoeia Commission, Building No.11, Fa Hua Nan Li, Gymnasium Road, Chong Wen District, Beijing 100061, PRC.

Dr Dequan Ren, Deputy Director-General, SFDA, A 38, Beilishilu, Beijing 100810, PRC. RenDQ@sda.gov.cn
Dr Motoyoshi Satake, Institute of Environmental Science for Human Life, Ochanomizu University, 2-1-1 Otsuka, Tokyo 112-8610, Japan. satake@cc.ocha.ac.jp
Dr Setsuko Sekita, Director, Pharmacognosy and Natural Product Chemistry, Faculty of Pharmaceutical Sciences at Kagawa Campas, Tokushima Bunri University, Shido 13 14-1, Sanuki City, Kagawa 769-2193, Japan. sekita@nihs.go.jp
Ms Sujian Situ, Division of International Organizations, Department of Health, Ministry of Health, No.13 Baijiazhuang Dongli, Chaoyang District, Beijing 100026, PRC.

Mr Song Xiaobing, Supply Officer, Supply Division, UNICEF, 12 Sanlitun Lu, Beijing 100600, PRC.

Mr Shou Cong Wang, Department of Crop Plant, Ministry of Agriculture, No.11, Nong Zhan Guan Nan Li, Beijing 100026, PRC.

Dr Naiping Wang, President of Guangxi Traditional Chinese Medicine University, 179 Ming Xiu Dong Road Nan Ning, Guangxi, PRC.

Ms Xiaona Wang, Deputy Director, Department of Drug Safety and Inspection, GFDA, I Yuan Hu Road, Nan Ning , Guangxi, PRC.

Ms Xiaopin Wang, Vice Director-General, Internation Cooperation Department, State Administration of Traditional Chinese Medicine, No 13 Baijiazhuangdongli, Chaoyang District, Beijing 100026, PRC.

Mr Zhexiong Wang, Assistant Counsel, Department of Drug Safety and Inspection, SFDA, A 38, Beilishilu, Beijing 100810, PRC.

Mr Xinyu Weng, Division of Traditional Chinese Medicines, Department of Drug Registration, SFDA, A 38, Beilishilu, Beijing 100810, PRC.

Professor Bengang Zhang, Institute of Medicinal Plant Development (IMPLAD), Chinese Academy of Medical Sciences (CAMS), Haidian District, Xi Bei Wang, Beijing 100094, PRC. zhangbengang@163.net (Incorporated 3rd draft revisions).

Dr Guoyue Zhong, Chong Qing Institute of Chinese Medicine, 34, Nanshan Road, Huang Jiao Ya, South Rivege District, Chong Qing 400065, PRC.

Ms Jing Zhang, Technical Consultant, Department of Pharmaceutical Affairs, Health Bureau, Av Sidonio Pais No 49, Macau SAR.

Dr Jianqiang Zou, Deputy Director, Biotech & Health Division, Department of Rural of Science and Technology (MOST), 15B, Fu Xing Road, Beijing 100862, PRC.

Observers

Mr Gang Deng, Vice Manager, Guilin Pharmaceutical Co., Ltd., No.17 Shanghai Road, Guilin 541002, PRC.

Mr Charles Barnabas Gasston, Africa Bio-Medica Ltd., PO Box 15, Rumuriti, Kenya – c/o East African Botanicals, PO Box 30725, Nairobi, Kenya. bgasston@yahoo.com
Mr Weiming Pan, General Manager, Chongqing Holley Nature Resource Exploiture Co., Ltd., Floor 12, Guangyu Building, No.76, Jianxin North Road, Jiangbei District, Chongqing, PRC. weiming.pan@holley.cn
Mr Nelson Tan, Chongqing Holley Holding Co., Ltd. Floor 12, Guangyu Building, No.76, Jianxin North Road, Jiangbei District, Chongqing, PRC. nelson.tan@holley.cn
Mr Baozhong Wang, Director, Artemisinin Development Department, Kumnming Pharmaceutcial Corp. No.166 Keyi Road, Kunming 650106, PRC.

Mr Qunbin Wang, CEO of Shanghai Fosun Pharmaceutical Group Co., Ltd., No.2 East Fuxing Road, Shanghai 200010, PRC.

Dr Xiaojun Ma, Technical Consultant, Guilin Pharmaceutical Co., Ltd., No.17 Shanghai Road, Guilin 541002, PRC.

Mr Xiaohua Yan, General Manager, Guilin Pharmaceutical Co., Ltd., No.17 Shanghai Road, Quilin 541002, PRC.

Mr Zhemin Yu, Director, Investment Department, Fosan Pharmaceutical Co., Ltd., No. 17 Shanghai Road, Quilin 541002, PRC.

Mr Xiaoguang Zhao, President, Chongqing Holley Holding Co., Ltd., F12, Guangyu Building, No.76, Jianxin North Road, Jiangbei District, Chongqing, PRC.

Local Secretariat

Mr Chen Yehui, Director, General Office, GFDA, I Yuan Hu Road, Nan Ning, Guangxi, PRC.

Mr Liao Yun, Secretary, General Office, GFDA, 1 Yuan Hu Road, Nan Ning, Guangxi, PRC.

WHO Secretariat

Dr Ossy Kasilo, Regional Adviser, Traditional Medicine, WHO Regional Office for Africa, P.O. Box 6 Brazzaville, Republic of Congo. kasiloo@afro.who.int
Ms Yukiko Maruyama, Scientist, Traditional Medicine, Department of Technical Cooperation for Essential Drugs and Traditional Medicine, WHO, 20 Avenue Appia, CH-1211 Geneva 27, Switzerland. maruyamay@who.int 
Dr Aggrey Oloo, Malaria Unit, WHO, Parirenyatwa Hospital, P.O. Box BE 773, Harare, Zimbabwe. (Not present).

Dr Allan Schapira, Coordinator, Strategy and Policy Team (MSP), Roll Back Malaria Department (HTMIRBM), WHO, Switzerland. schapiraa@who.int
Dr Xiaorui Zhang, Coordinator, Traditional Medicine, Department of Technical Cooperation for Essential Drugs and Traditional Medicine, WHO, Switzerland. zhangx@who.int
Other contacts

DaoXi Yang, Vice Governor of Guangxi Zhuang Autonomous Region Government, No.2, Minsheng Rd., Nanning, Guangxi, PRC. Tel: +86-771-2855812, Fax: +86-771-2855811.

Hang Gu, Deputy Director General, Guangxi Foreign Affairs Office, No. 14 Minzhu Rd., Nanning, Guangxi 530023, PRC. gu_hang@mfa.gov.cn
Dr. Yehui Chen, Director, General Office, Guangxi Zhuang Autonomous Region FDA, 1, South Yuanhu Road, Nanning, Guangxi 530023, PRC. chenyh@gxfda.gov.cn
Meeting arranged in Nanning by Dr. Liang Qu, Director, International Relations, CAAS, Beijing. (Future AGE Director).

Dr. Qizhan Tang, Director and Associate Professor, Foreign Affairs Office, GXAAS, 44 Daxue Rd., Nanning, Guangxi 530007, CPR. tangqizhan@hotmail.com Tel: +86-771-3277580, Fax: +86-771-2230110. Note: Important English speaking contact who is supplying the RO with vital local data on A. annua.

Prof. Jiayien Zhou, Director General, GXAAS Biotechnology Research Institutes, Nanning, Guangxi 530007, CPR. nnzjy@163.com Tel: +86-771-3244725.

Dr. Hong He, Vice President and Professor, GXAAS, 44 Daxue Rd., Nanning, Guangxi 530007, CPR. honghe682@hotmail.com
Plus 2 junior research assistants.

East African contacts not present

General for East African Botanicals Ltd., P.O. Box 2610, Nakuru, 20100, Kenya. artemisia@africaonline.co.ke
Geoffrey Burrell, African Artemisia Ltd., PO Box 425, Arusha, Tanzania. geoffburrell@habari.co.tz
Other contacts made pre and post-consultation

Pre

James A. 'Jim' Duke 8210 Murphy Road Fulton, Maryland 20759 Botanist and Phytochemical Database jimduke@comcast.net and http://www.ars-grin.gov/duke
James E. Simon, Professor, New Use Agriculture, Director of the New Use Agriculture and Natural Plant Products Program, Co-Director of Agribusiness in Sustainable African Natural Plant Products Program (ASNAPP). jesimon@aesop.rutgers.edu
Post

Dan Gudahl, Winrock International, Corporate Contracts, 2101 Riverfront Drive, Little Rock, Arkansas 72202-1748. DGudahl@WINROCK.ORG Work Tel: 501 280 3058, mobile = 501 912 9720. Winrock assisting Kakwa Biofarm, Cameroon; info@kakwabiofarm.com and Mr. Toyang, ngeh@kakwabiofarm.com
Pedro M. de Magalhães, medicinal plants breeder, CPQBA-UNICAMP, Cidade Universitária, Caixa Postal 6171, Campinas - SP - São Paulo, Brazil. CEP 13.081-970. Tel.: +55 19 3884-7500, Fax: +55 19 3884-7811 pedro@cpqba.unicamp.br 

Anil Singh, breeder, Central Institute of Medicinal & Aromatic Plants, Lucknow, India. akscimap@yahoo.co.in 
Annex II

General Status of Artemisia annua in Guangxi and Future Research Focus: Good Agricultural practice (GAP)

Gaungxi Academy of Agricultural Sciences (GXAAS)

44, Daxue Road, Nanning, Guangxi 530007, China

The biological characteristics of A. annua
A. annua is a chrysanthemum-type herb with a short taproot and aggressive fibrous roots. It is an heliophilous
 plant, and has to allogamous
, monoclinous
 flowers, flowering during September and October. Its seeds, which can be sown and germinated in spring, summer and autumn, have no dormancy stage.

The artemisinin content varies at different growth stages: the first and highest is at full alabastrum
 stage, the second at alabastrum differentiation and the third at flowering and the fourth at the earliest seed ripening stage. The artemisinin is mainly distributed in leaves, alabastrum and flowers. The straw has little artemisinin. Therefore it is requested by the pharmaceutical factory to harvest A. annua from the beginning of to the full alabastrum stage for a high yield of artemisinin.
The effect of A. annua
In Chinese traditional medicine, A. annua is usually used for removing summer-heat, improving acuity of sight, dealing with rheum and relieving night sweat and so on. Recent researches show that A. annua contains a new anti- malaria component – qinghaosu (or artemisinin; arteannuin; QHS). Artemisinin, an alternative medicine to quinine, can deal with brain malaria, severe malaria, tertian malaria and anti-chloroquine malaria effectively and quickly. Further more, artemisinin has other biological effects, such as anti-schistosome, anti-virus and improving individual immunity and so on.

In China and internationally, the exploitation and applications of artemisinin has become a hotspot research field

It is reported that 400 million people are infected with malaria in the world annually and 250 million people need artemisinin for curing malaria in Africa. At present, the needs of artemisinin in Africa are mainly imported from China, France and Belgium. WTO revealed that artemisinin were severely short in the world. China is one of the main artemisinin producing countries and A. annua is mainly distributed in Guangxi, Yunnan, Chongqing and Sichuan Provinces. Guangxi, which organized an artemisinin export group company, is the leading artemisinin producing province in China.

The distribution and research of A. annua in Guangxi

Guangxi has become a main A. annua production Province in China, and about 670 ha have been planted in 2005, of which 340 is in Jingxi county; an A. annua production base for Guilin Nanyao pharmacy group company. The processing of A. annua in this county was probably 60% of all the country’s yields. In the past, the production depended on the wild A. annua, which has the disadvantages of sparse distribution, unstable yields, mixed associated species, low content of artemisinin (0.4%-0.7%), all of which create difficulties related to artemisinin production. The artemisinin content of A. annua in the mountainous area of Guangxi is high, and the artemisinin content of A. annua in Jingxi County even can reach 1.2%, which has great potential for exploitation.

According to statistical data, the dried weight yield of A. annua is about 2,250~3,000 kg/ha (13.5kg~18kg artemisinin /ha with the artemisinin content at 0.6%), however, the artemisinin content is variable from the different strains and the situation of their habitat. Usually, only A. annua with an artemisinin content of over 0.6% has commercial value. The related units in Guangxi have carried out some researches on effects of different cultivation measures on the biomass yields and effective components of A. annua, meanwhile different ecotype seeds and samples of A. annua have been collected from different areas for cultivation to see the difference among various types. The results show: (1) in the same distribution area, the artemisinin content in A. annua growing on limestone hills is higher than those in plains and beside roads, generally 0.03%~0.28% higher. (2) Some strains with higher artemisinin content have been screened out from a great deal of wild strains. These research results can provide beneficial scientific information to establish a stable, high yielding A. annua production base for the pharmaceutical industry and provide high-quality seed for cultivation.

Propagation of A. annua
It is difficult to maintain stable A. annua strains of high-quality and high-yields because of its biological characteristics: cross pollination, monoclinous flowers, seed-setting rate lower than 5% by self-pollination and easily cross pollinated. In order to provide the healthy and high quality seedlings for A. annua production, it is urgent to develop the technical system of agamous
 rapid propagation.

Good Agricultural Practice (GAP) for A. annua production

Necessity

Because of the shortage of artemisinin raw material, the artemisinin accounts for less than 1% in the international anti-malaria medicine market. At present, commercial artemisinin mainly be extracted from A. annua. Artemisinin production has mainly depended on wild A. annua resources for more than twenty years. However, wild A. annua has the disadvantages of sparse distribution, low artemisinin content and unstable yields which increase the production and processing costs. Obviously, artemisinin processed from available wild A. annua resources cannot meet increasing market needs. Meanwhile, harvesting before flowering stage for high artemisinin content can result in the reduction of the seeds and wild resources. Therefore, priority should be put on investigation and collection of A. annua germplasm resources and it is also important to implement GAP for A. annua production.

An A. annua tissue culture program has been launched in GXAAS and good results have been obtained, however, it may take time for application directly in the field. Until now, conventional cultivation is the main method to obtain artemisinin, therefore, the GAP is the key technology for A. annua production. The necessities of GAP are: GAP to standardize a series of measures: conservation of soil and water, fertilizer management, disease and insect control and post-harvest. GAP is the essential measure to secure the high-yield production, high-quality, safety and to obtain standardization. With the development of modernization of Chinese traditional medicine and economic globalization, Chinese traditional medicine is popular in the international market, it benefits more and more people in the world. Until now, Chinese traditional medicine has been exported to more than 130 countries. However, some of the Chinese traditional medicine cannot meet international medical standards due to heavy residues of pesticide. It is urgent to standardize the production of Chinese traditional medicine according to GAP. 

Significance:
(1) GAP is beneficial for conserving and sustainable utilization of wild A. annua resources and it also helpful for protecting and improving the eco-environment. (2) Inter-planting of A. annua with suitable crops can increase vegetation cover and soil organic matter, avoid the soil and water loss, improve soil productivity, and attain early benefits. (3) GAP can make A. annua grow evenly and to be harvested at the same time for high artemisinin content and low cost.
Contents of GAP
1. Eco-environment assessment of A. annua planting base. 
GAP for herbal plant production require that the planting environment meets some state standardization. For example, GB15618-1995 for soil environment, GB5084-92 for water quality and GB-2095-85 for atmosphere quality. The environment of the planting base is a very important factor that affects medicinal plant’s quality. In order to produce a high yield of quality herb, it is necessary to make a thorough environment assessment before selecting an area for herb production.

Monitoring elements and factors are:
Soil: Pb, Cd, Hg, As, Cu, Ph
Irrigation water: Pb, Cd, Hg, As, Cu, F, Ph

Atmosphere: TSP, SO2, NOX, F

2 Study on the quality of A. annua seeds and seedlings. 
Pure and healthy seeds and seedlings are a prerequisite to GAP for high yield of quality herb production. So the same attention should be paid to the quality of seeds and seedlings as that paid to the quality of medicinal plants. At present, research and reports on the quality of medicinal plants’ seeds and seedlings are few. So research on grade standard of A. annua seeds and seedlings is needed to set the foundation for GAP and can also be referred to for other herb production.
3. Study on the growth characteristics of A. annua
At present, there are few reports relevant to the growth characteristics of A. annua in cultivation. Therefore, it is very important to promote the research of physiology and to understand the growth characteristics of A. annua for implementing the Standard Operating Procedure (SOP) and Good Agricultural Practice (GAP) to get high yield and excellent quality of A. annua.

4. Study on nutrient characteristics of A. annua. 

It is common knowledge that nutrients are an important factor for crop growing, however, as a newly exploited herb, research on the nutrient characteristics of A. annua have not been reported, even though much research have been made on the nutrient characteristics of other crops. In order to get high yield of quality A. annua, it is necessary to launch the research on nutrient characteristics of this herb and to collect basic information for making reasonable fertilizing recommendations.
5. The Effect of different cultivation measures on yield and artemisinin content of A. annua
In order to implement the GAP on A. annua production and to get a high yield of quality, related cultivation measures have to be done to get specific data. The following topics are recommended for study:

1) The effect of different sowing time on yield and artemisinin content
2) The effect of different seed-sowing rate on yield and Artemisinin content
3) The effect of plant density on yield and artemisinin content
4) The effect of different fertilization model on yield and Artemisinin content 

5) The effect of harvest time on yield and Artemisinin content
6) The effect of inter-cropping on yield and Artemisinin content.

6. Research on Quality of Artemisia annua
Besides focusing on the artemisinin content of A. annua, another important thing to implement the GAP is the quality management of the medicinal materials. In order to ensure the medicinal materials’ “safety, efficiency, stabilization, controllability”, it requires using the appropriate pesticide during production and the pesticide residue and heavy metals in the herb and soil must be below the standard level. Thus, it is not only to analysis the artemisinin content, but also to test pesticide residue and heavy metals to ensure high yield of quality A. annua.
In a word, in order to make good use of the wild A. annua resources, priority should be put on investigation and collection of A. annua germplasm resource. GAP must be implemented to make A. annua production sustainable. Biodiversity and resource protection should be considered as well. Modern biological techniques should be applied to find new ways for providing high quality and large quantities of A. annua seedlings for large production to meet the market need of artemisinin.
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Dr Nguyen Van Thuan, Jingxi County, China showing the variation in A. annua planted from seeds from wild populations.
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Novel production of anti malaria drug ahead

Dafra Pharma and Plant Research International join forces to develop novel biotechnological routes for production of anti malaria drug. 

Dafra Pharma (Turnhout, Belgium) and Plant Research International (part of Wageningen UR, Wageningen, the Netherlands) have signed an agreement to jointly develop alternative and more reliable artemisinin production methods.

A two-fold research strategy has been adapted. The co-operative effort will be aimed at enhancement of production with the plant Artemisia annua, as well as the biosynthetic production of artemisinin by combining microbial fermentation and chemistry. During the first stages both projects will run in parallel, since the same enzymes that are used by the plant for production of artemisinin are also needed for biosynthetic production. 

Artemisinin is a plant-produced anti-malarial drug which has been in widespread use for curing malaria in Asia for many years. The recent rapid adoption by the African continent of this medicament has resulted in shortages in supply and increased prices of the active material. 

Dafra Pharma, which has been marketing artemisinin based therapy in Africa since 1997, became hindered by the shortage of supply for further expansion of its Artemisinin Combination Therapy in Africa. In the course of 2004, the problem became especially pertinent and a search for alternative production methods was started. 

The research institute Plant Research International has strong research capabilities targeted to exploit the unique properties of plants for pharmaceutical and health related applications. The institute has been involved in basic research into the biochemistry of artemisinin production since 1997. Within this time frame the enzymatic route in the plant was elucidated and one of the key enzymes, amorpha-1,4-diene, was isolated.

Further research has resulted in valuable additional information on the enzymatic steps leading to the biosynthesis of Artemisinin.

At the end of 2004 it became clear that a close co-operation between Dafra Pharma and Plant Research International could lead to success. As of the 1st of June the agreement has been signed to execute the first phase of the projects. Dafra will provide the funding for the research for this stage. Further capital investments and options for collaboration with other third parties, are actively being pursued. 

Dafra Pharma is an independent Belgian SME which has specialized in Africa and artemisinin therapy since 1997. Dafra’s products are present in all countries in Sub-Sahara Africa and have the largest turnover in Artemisinin therapies of all parties in the private market.

Plant Research International is part of Wageningen University & Research Centre. One of its main research topics is the use of plants for human health, using the vast possibilities of plants for the production of biologically active compounds.
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� Adapted to full exposure to the sun.


� Requiring two individuals to accomplish sexual reproduction; habitually cross-fertilized although capable of self-fertilization


� With both stamens and pistils in each flower, hermaphroditic.


� An older term for a flower bud.


� Without distinguishable sexual organs.





